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Abstract. Smart nanoparticles integrated with music composition technology serve as a modern method to improve both
acoustic performances and structural quality independently from conventional media. Research investigates the theoretical
findings about how smart nanoparticles affect musical structures regarding their strength properties and vibration responses. The
intelligent system functions with smart nanoparticles to handle piezoelectric properties which let us control sound waves and
resonance behavior. A micro-electro-mechanical model allows us to determine the system’s equivalent properties and develop
motion equations by applying nonlinear stress-strain relations together with energy methods. There has been a study of
vibrational modes and frequency responses using numerical method on smart nanoparticles effects. The incorporation of smart
nanoparticles results in better structural stiffness alongside enhanced refinement of sound quality and improved resonance
frequencies which enhance musical composition precision. Advanced nanomaterials can now use this study as a basic
foundation to create innovative musical instruments and performance venues which enable novel acoustic engineering
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possibilities.
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1. Introduction

The composition of music ends up being a threefold
system between structural elements and acoustic principles
along with material attributes as musical instrument and
performance venue vibrations control sound quality.
Traditional materials used for musical constructions
demonstrate specific acoustic traits through wood and metal
components although they lack flexibility in modifying
their sound characteristics. Enhanced acoustic performance
becomes possible through the recent integration of smart
nanoparticles made available through nanotechnology
development. Smart nanoparticles demonstrate exceptional
features as piezoelectric and mechanical entities that allow
operators to actively manage both resonance and vibrational
attributes. (Solhjoo and Vakis 2015, Han et al. 2024, Liu et
al. 2023, Bai et al. 2025, Qiao et al. 2024).

Nanotechnology offers many new possibilities to
improve structural and vibrational quality in engineering
projects that include acoustics (Berghouti et al. 2023). Zinc
Oxide nanoparticles stand out among other nanomaterials
because they produce strong piezoelectric effects which Tan
and Tong showed makes ZnO perfect for better sound
behavior and resonance (2001). Piezoelectric nanomaterials
help us control vibrations so they enhance musical structure
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performance. Many scientific investigations confirm that
nanocomposite enhancements boost structural stability and
mechanical performance (Liew et al. 2014, Mehar and
Panda 2023). Scientists apply micro-electromechanical
models to explore piezoelectric effects in composite
materials which allows them to understand nanoparticle
enhancement of acoustics (Mirza and Skrabek 1991, Wuite
and Adali 2005). The study tests the theory behind how
smart nanoparticles improve strength and music
composition behavior when replacing typical concrete
building materials. We aim to improve the performance of
musical structures through the addition of 2ZnO
nanoparticles by enhancing their strength and ability to
control resonances.

For music papers, in 2023 Cui and Zhang researched
how nano-micro-control technology can improve breathing
power in vocal music methods. By experimenting with
nanoparticles they found that vocal training systems
produce more stable breath results while increasing
resonance which benefit music teaching methods. Kuang
and his team invented a new technique to boost instrument
sound quality and harmonics while using nanosheets and
surface coupling rules. Their experiments showed that
nanostructures increase signals that blend together perfectly
to give music improved quality and better tonal balance
when played. Zou et al. (2025) demonstrated how
nanoparticles can improve sound engineering by studying
their effects on porous beams in music production. Their
investigation showed how nanotechnology will help build
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better musical instruments with enhanced sound properties.
The researchers from Gurevich et al. (2024) and Su et al.
(2022) created an automatic music transcription framework
that specializes in analyzing intricate musical constructions
of sitar music. Xambo6 and Roma (2024) presented a study
about human-machine agencies during live coding for
music performance which displayed the advancement of Al-
driven creative music production. According to Wang and
Webb (2025) the transmission of Chinese music in Sydney
Australia represents the development of new teaching
models focused on community conservatories. The research
presented in these examinations defines the synchronized
relationship between music and technology with nano-
materials which creates promising prospects for future
investigations in music composition and performance.

The present research examines theoretical approaches
regarding smart nanoparticles in musical composition which
observes their strength-related effects together with their
acoustic effects while omitting conventional concrete
materials. Our goal is to boost the stiffness properties of
musical structures by using smart nanoparticles which also
leads to better resonance control while improving frequency
response. Using their piezoelectric properties these
nanoparticles open up new opportunities for advanced
sound generation which may shape future sound production
methods.

The development of theoretical groundwork depends on
micro-electro-mechanical modeling along with nonlinear
stress-strain  relationships and energy principles. A
numerical method analyzes vibrational behavior and
frequency shifts through its calculations. According to our
research  smart  nanoparticles  perform  structural
strengthening functions which also lead to improved
acoustic output enabling the development of advanced
nanomaterial musical technology. New understanding
gained from this research enables better application of
nanotechnology in acoustic studies which creates potential
future developments for both sound precision engineering
and music intelligence software.

2. Mathematical modeling

Fig. 1 shows how smart nanoparticles affect musical
instrument strength alongside their acoustic qualities. The
illustration presents a fundamental musical object such as a
drum membrane or string which incorporates smart
nanoparticles shown through small dots. The nanoparticles
embedded into musical instruments strengthen their basic
structures therefore creating more durable instruments
better able to resist physical stresses. The contagious pattern
of sound waves in the image demonstrates how nano-
particles strengthen acoustic characteristics. Nanoparticles
integrated into musical instruments show two advantages
which are represented by the labels “Strength Enhancement”
and “Acoustic Improvement” that demonstrate their
capability to improve mechanical structure while enhancing
acoustic characteristics.

The construction of higher-order beam theories occurred
to fix classical beam theory limitations by using advanced
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Fig. 1 Schematic of a musical instrument reinforced with
smart nanoparticles

displacement field models beyond Euler-Bernoulli and
Timoshenko beam assumptions. Higher-order theories
improve upon both the Euler-Bernoulli theory that omits
shear deformation as well as the Timoshenko theory which
maintains consistent shear strain across thickness. The
additional terms of higher-order theories enhance shear
strain capture accuracy. The sinusoidal along with parabolic
and hyperbolic shear deformation theories enhance
predictions of deflections and stresses and natural
frequencies when analyzing thick beams and nanostructures
because of significant size-dependent effects. Thai and Vo
(2012) developed a nonlocal sinusoidal shear deformation
beam theory that demonstrates its success in nanobeam
analysis of bending and buckling and vibration behaviors.
Mehar and Panda (2023) combined multiscale modeling to
determine nanocomposite curved structures yet established
that higher-order terms serve as critical elements for precise
thermal and mechanical measurement. Based on the theory
of higher order, we have (Thai and Vo 2012, Pandey et al.
2023):

Q:(x,z,t) = u(x,t) —zw,(x,t) + fA(x, 1), (D)
QZ (xr Z, t) = 0 ) (2)
Q3(xr Z, t) = W(x' t) ) (3)

where @Q; deflection and A is rotation and f is higher
order theory function. The incorporation of nonlinear strains
into structural analysis is essential in the prediction and
understanding of large deformations, post-buckling, and
nonlinearity in materials. Unlike linear strain theories that
make the assumptions of small displacements and rotations,
nonlinear strain formulations will struggle to address
geometric and material nonlinearity, thus making the design
more perceptive in predicting stress distribution and its role
in stability and deformation within engineering structures.
This is highly relevant in high deformation applications
originating in aerospace, biomechanics, and nanotechnology,
where hard bending, stretching, and torsional effects are
developed on the structure. The nonlinear strains are:

1 2
Exx = Uy — ZWyy + E (Wx) + fA,x' (4)

Exz = f,zA- (5)

With the capabilities to convert mechanical energy into
electrical energy and vice versa at nanoscale, piezoelectric



The effect of smart nanoparticles on the strength and acoustic behaviour in music composition 165

nanomaterials have attracted much significance. The zinc
oxide (ZnO) nanowires, lead zirconate titanate (PZT)
nanoparticles, and boron nitride nanotubes (BNNTSs) belong
to this family of materials that exhibit higher electro-
mechanical coupling because of their reduced size and high
surface-area-to-volume ratio. The piezoelectric properties at
nanoscale make those applications possible: energy
harvesting, sensing, and actuation in biomedical
engineering, flexible electronics, and structural health
monitoring. For example, ZnO nanowires have widely been
used to realize power-up nanosensors and energy-harvesting
devices, as they can transform external mechanical stimuli
into electrical signals, thus becoming suitable for wearable
and implantable technologies. The basic relations are:
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where, e;; and €;; are elastic, piezoelectric and dielectric
constants, respectively. Also, E, is electric field. The
above relations can be written as:

1 2
Oxx = Qll (u,x —ZWxx + E (Wx) + fA,x) - elez (8)

Oxz = QSS(f:zA) - elSEz' (9)

Dx = 915(ﬁz4) +Ell Ez: (10)

1 2
D, =e3 (u,x —ZWyy + 2 (W,x) + fA,x) +€33 E, (11)

Based on micro-electro-mechanical model, the electrical
and mechanical properties of the structure can be obtained
(Tang and Tong 2001). A MEMS numerical model helps
analyze the mechanical and electrical interaction in micro-
scale structures. They integrate electrical and mechanical
properties to study mutual influence on system behavior.

The model generally involves the definition of mechanical
behavior of the structure that may entail stress, strain, and
deformation, in addition to the electrical properties such as
voltage, current, charge distribution, etc. This process
allows for detailed system analysis ranging from the
mechanical deformations inducing changes in the electrical
properties and vice versa, i.e., in the case of piezoelectric
materials or electrostatic actuators.

Multiplying the benefits of these coupled fields, a
MEMS model can provide the knowledge on the
performance and design of micro-scale devices. Electrical
and mechanical properties of the structure, including
elasticity, conductive, and capacitance, offer opportunities
for performance investigations and validations through
simulations of these coupled governing equations for both
domains. The most distant response analysis of the system
against the external stimuli gives feedback for optimization
of designs for applications in sensors, actuators, and micro-
robots. Furthermore, MEMS models contribute to the
anticipation of failure modes that enhance reliability and
efficiency in the development of MEMS.

Energy methods are a class of techniques effective in
structural mechanics for analyzing deformation, stability,
and vibration problems of structures. They are based on the
principle of conservation of work and energy which states
that the total energy cannot be changed unless unbalanced
forces or moments act. Energy methods represent the total
energy of the system as a combination of strain energy (due
to deformation), potential energy (due to external loading),
and Kkinetic energy (in dynamic problems). The Energy
method simplifies the solution of complex structural
problems with a more direct approach by looking at energy
balance rather than solving directly for displacements or
forces. Based on this method, we have:

1 2
v=> [{™ (1= 2w+ 300"+ 7)) 4y 1)

v\ +0y,(f,4) — DyEx — D,E,

Finally, we have below relations:
OU: Uy + W W, = phil, (13)
24Q441 .
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8¢:Dyy +D,, = 0. (16)

The Finite Element Method (FEM) is a computational
method used to solve problems of large, complicated
structures or systems such as structural, mechanical,
thermal, and fluid mechanics by treating the continuum
body as a physical continuum of various distributed
parameters that describe its particular nature. These are
known as finite elements. The substructures or finite
elements are further connected where discrete points or
nodes lie. There are certain nodes where each the element of
force is characterized by a system of equations that define
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its behavior, which is then assembled together within a
global system of equations which can be analyzed using
general methods for estimating variables like
displacements, stresses, and temperature distributions. FEM
is conveniently used to analyze such irregular geometries,
analyzing complex boundary conditions and changes in
material behavior, which cannot be executed by analytical
approaches.

The FEM is based on discretizing the problem domain,
and approximations of solutions within each element using
interpolation functions. This is based on the mesh (a
partition of domain) which is used to discretize physical
structure (finer mesh, with ever more accurate solution) The
method forms a weak formulation of the governing partial
differential equations and then solves them numerically.
FEA can be utilized for both static and dynamic analysis,
where a structural response for different loading conditions,
vibration analysis, heat transfer, and fluid flow can be
studied. The nature of FEM allows to model complicated
systems more accurate and that is why FEM is very popular
tool in modern engineering/scientific simulations. The
displacement in an element is:

x¢(§)=Ne(§)d? 17)

where Ne(¢), and d-¢ are shape function and nodal
displacements, respectively. The stiffness matrix is:
ke=,INT (Be"CBe.dV} (18)

where Be is strain-displacement and C is material property
matrix. The governing equations in final form is:

{dy} {éib}}) _
( {{dd}}JrM{{d'd} =0 (19)
where [K;], [Ky.] and [M] respectively, represents the

stiffness matrix linear, nonlinear part of stiffness matrix and
mass matrix.

K

3. Results

Here we report a theoretical validation of the effect of
smart nanoparticles on theory relating both the strength and
acoustic properties in music generation with smart
nanoparticles research. Using computational models as a
combination of the nanoparticles embedding in composites
tailored for acoustic structures for analysis was performed.
smart nanoparticles in general represent a substantial
enhancement of structural integrity as well acoustic
performance were the materials analyzed resulted with
respect incorporation found.

Nanoparticle addition in acoustics properties, the
incorporation of nanoparticles conferred an alteration of the
resonant frequencies and pronounced drop in damping as
observed from reduced sound blowing time. Therefore, that
applications would benefit not only mechanically but also
dynamically from using smart nanoparticles would be
suggested in terms of musical fabrication structures and
sound generation over the material using conventional
smart materials.

Table 1 Material comparison strength with and without
smart nanoparticles

Material Tvpe Without With ZnO With BNNT
yp Nanoparticles Nanoparticles  Nanoparticles
Yield Strength
(MPa) 210 260 240
Young’s
Modulus (GPa) 4.5 58 53
Ultimate
Strength (MPa) 290 350 320
Fracture
Toughness 1.8 25 2.2
(MPa-m¥ )

Table 2 Acoustic behavior including resonant frequency and
damping

Material Type Resonant Damping Sound
YP®  Frequency (Hz) Factor (%) Duration (ms)
Wlthogt 480 22 120
Nanoparticles
With BN_NT 495 ”g 135
Nanoparticles
With ZnO 510 r 145

Nanoparticles

Table 1 shows the main mechanical properties for the
materials considered in this study, where strength properties
of base materials and of composites with smart
nanoparticles (ZnO, BNNT) are compared. The results
indicate a good improvement in all assessed parameters by
the addition of nanoparticles. The yield strength, ultimate
tensile strength, and Young’s modulus were increased by
~24%, 21%, and 29%, respectively using ZnO and by
~14%, 10%, and 18% respectively loading with BNNT.
These enhancements are due to the property-improving
nature of nanoparticles into the accompanying material
resulting in improved load-carrying and stiffness. A further
growth in fracture toughness confirms that the nanoparticles
had dramatically increased the material’s mechanical stress
resistance to avoid crack growth in the neat composite
which made it tougher. This indicates that smart
nanoparticles capable of improved strength and durability in
materials constituting sound-producing structures.

This is about the acoustic properties of materials as
listed in Table 2. The resonant frequency of the material
with component nanoparticles were shown to increase as
well, in this case ZnO having a larger shift (480 Hz to 510
Hz) when compared for BNNT (480 Hz to495 Hz). An
increase in the resulting resonant frequency of the material
because any vibration better and can produce sounds more
precisely in music composition with the presence
nanoparticles [18]. Damping factor (energy dissipation) was
found to decrease with the addition of nanoparticles,
representing the loss of sound vibrations elastically and the
longer time of sound propagation. ZnO gave the largest
reduction of damping (from 3.2%to 2.5%), yielding longer
sound duration: 120 ms without nanoparticles t0145 ms.
Hence, such smart nanoparticles not only provide a means
of improving the mechanical strength of material, but also
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alter the acoustics making it suitable for music composition
and sound production.

Convergence plot is shown in Fig. 2. FEM Analysis of
frequency shows how increasing number of elements in
finite element method (FEM) make the results stable. In
music composition, a numerical solution for sound quality
(driven by structural vibration) must be done with extreme
accuracy and stability. From the figure it is clear, that on
low elements number frequency oscillates violently and it is
questionable to predict resonance behaviour for structural
smart nanocomposite musical instruments in smart
configurations. Solution converges to around 15 elements as
the grid points increases indicating reliable model of
structural and acoustic modeling. This stability is critical in
designing optimized musical mechanics (as are vibrating
plates and soundboards) which have mechanical properties
engineered to control tonal clarity as well as harmonic
resonance.

The resulting curves in Fig. 3 indicate the relationship
between volume fraction of smart nanoparticles and natural
frequencies of vibrating structure in absorption acoustics in
music composition. Natural frequencies of the structure

increases and the vibration modes are stiff for higher
concentration of nanoparticles, which imply that higher
natural frequencies. This phenomenology directly affects
the timbre and sound of musical instruments in resonating.
For a vibrating structure in music sense, fundamental/
harmonic frequencies largely determine the pitch, timbre,
and the quality of sound of the instrument. For stringed
instruments (violin, for example) or keyboards, how each
sound the strings do when they vibrate in resonance with
the sound board.

With the introduction of nanoparticle reinforcement,
structural rigidity increases (as expected) giving rise to
better frequency response and sound projection. This is
especially pertinent when it comes to the engineering of
more complex musical materials, where a careful blend of
stiffness and damping is needed to regulate resonance and
thus all too familiar audible imperfections. Further, the
results show that both higher nanoparticle volume fractions
(Mode 2 — Mode 1, and Mode 3 — Mode 1) were
enhanced more in vibration mode. This means that
nanoparticles have a stronger impact on the higher
harmonics which are so important for an instruments
brightness and tonal complexity. The discovery could allow
musicians and instrument makers to artificially amplify
these effects by designing better soundboards, resonators
(string length) and even hybrid materials which increase the
efficiency of acoustics while allowing for more precise
tonal control.

The presented results in Fig. 4 provide evidence that
external electric voltage influences the vibration behavior of
a structure, which subsequently affects musical acoustics
and sound generation. As the voltage gets larger, the
resonance frequencies of the different modes move due to
an effect which stiffens up the structure. In subtle voltage
modifications lies the possibility of real-tuning instruments
which do not require physical alterations. From a musical
point of view, these phenomena point to possibilities for
next-generation acoustic control, especially in digital and
hybrid instruments.

Instead of man-made means of changing pitch and tonal
character (like tuning pegs or string tension) associated with
traditional instruments such as pianos, guitars, and violins,
it would become possible to create smart self-tuning
instruments, where using smart nanoparticle-reinforced
structures with piezoelectric qualities, the frequency
response would adapt continuously to getting optimal
performance according to player preferences or
environmental conditions. Additionally, the voltage-
controlled resonance will allow electronic music artists or
sound engineers to control harmonics and overtones with
incredible precision, greatly enhancing sound texture and
the expressive range in synthesized music. Interactive
performance spaces utilizing this concept may change the
way sound enters lots of variables dynamically through
voltage passing through the works of musicians using it as a
basis to pertain sonic difference and resonance control.

The relationship between beam length and the natural
frequencies shown in Fig. 5 reveals an important feature of
musical acoustics: the influence of geometry on tonal



168 Defang Kong, Faiza Benabdallah and Abhinav Kumar

Natural Frequency (Hz)

3 4 5 B

Mode Numbet
Fig. 4 External electric voltage impact on the frequency

1400
-

=0~ Mode 1
1200 8 Moda 2
Mode 3

N
X 1000+

800

600

Natural Frequen:

400 ¢

02 0.4 06 08 1
Beam Length (m)

Fig. 5 Length effects on the frequency

1600
[ =@~ ciamped
1400 + | = 8= Simply Supparted
Froo

1200
1000 ¢

B00

600 *

Natural Frequency (Hz)

400 ¢

2004¥
1 156 2 2.5 3 3.5 4 45 5

Mode Number

Fig. 6 Boundary condition impacts on the frequency

characteristics. With an increase in beam length, the natural
frequency of the vibrating structure lowers, and the pitch
thus becomes lower.

From a music composition perspective, the beam length
is for acoustic behavior, which opens new fields of well-
composed dynamic and nuanced soundscapes for composers
and sound designers. Longer beams could be employed to
generate richer, deeper notes, laying the foundation for the

musical composition, while shorter beams yield higher
pitches that lend energy to the breezy notes. Incorporation
of simply variable beam lengths or flexible design options
in instruments could allow modern music composers/
enhanced performers a certain degree of sound shaping on
the piece being created. The extent to which these
parameters can be invoked opens many possibilities for
musician-adaptive instruments within which a musician can
alter the length and state of tuning at any given point, giving
an exciting dimension to the performing and composing act.

Fig. 6 that illustrates the boundary condition effects on
acoustic behavior further emphasizes how strongly
structural conditions influence the tone and pitch
characteristics duality of different categories of instruments.
Since clamped boundaries lead to the production of higher
natural frequencies, they are perceived to produce brighter,
more focused sounds, typically found in the likes of electric
guitars and violins. They are made with rather rigid
supports, such that vibration is restrained at the ends,
leading to a higher frequency response at many modes. In
contrast, other common boundary conditions found in
acoustic stringed instruments, such as the simply supported
condition, allow for slightly lower frequencies and therefore
provide communities a warmer, fuller resonance that is very
appropriate for music genres requiring a fuller, rounder
sound. Finally, free boundary conditions, as evidenced in
percussion instruments such as drums and marimbas, yield
the lowest frequencies of heavy pneumatic sounds that are
perfect for creating resonant, sustained vibrations, which
become the foundational groove section for all musical
compositions.

It is obvious that understanding boundary conditions
and their influence on the acoustic behavior of instruments
opens up exciting creative avenues to musicians and
composers. Tinkering with the boundaries enables
composers to create tonal alterations amongst their notes
and a variety of resonances for expressiveness in their
music: clamped boundaries for short, percussive sounds and
free boundary for ambient, rich, melodic sounds that deepen
resonance on a yet wider scale. This provides the incentive
to build new musical instruments with adjustable boundary
conditions to facilitate real-time modifications in the timbre
of the instrument, enabling players to affect the entire sonic
quality of their performance. Such versatility in modulation
expands the creative possibilities for a composer as well as
the performers themselves and further broadens the sonic
horizon for modern music.

The plot in Fig. 7 demonstrating the volume percent
effects on acoustic behavior versus external electric voltage
reveals how the manipulation of nanoparticle content and
the application of an electric field can dramatically affect
the acoustic properties of materials used in musical
instruments. In music, the acoustic frequency of an
instrument plays a crucial role in determining its timbre, or
unique tonal color, which is shaped by the interaction of the
material properties and the structure of the instrument. By
increasing the volume percent of nanoparticles, the natural
frequencies of the instrument can be shifted, potentially
resulting in a brighter or richer sound depending on the
material’s response to the applied electric field. This
behavior is especially relevant in the design of smart
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Fig. 7 smart nanoparticle’s volume percent and external
electric voltage impact on the frequency
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instruments where dynamic changes in tone can be induced
by manipulating material properties, providing composers
with new tools for creating innovative sound experiences.
The ability to control acoustic frequencies with external
electric voltage introduces an exciting dimension to music
composition and performance. This approach can be seen in
electroacoustic music, where performers can alter the
timbre of their instruments in real-time, offering a level of
flexibility that was previously unattainable. For example,
electric violins or pianos that incorporate materials with
embedded nanoparticles could have their pitch and
resonance dynamically adjusted through voltage application,
allowing the performer to create a continuously evolving
sound. This level of control over the acoustic behavior of
instruments not only enriches the expressive range of the
performer but also opens up new possibilities for interactive
music compositions, where the acoustic environment itself
becomes part of the performance, responding to the actions
of the musician and enhancing the immersive experience.
Fig. 8 shows the boundary condition effect on the
frequency. For example, a clamped boundary condition will,
because of the boundary action, yield an instrument with a
sharper, better-defined sound at higher frequencies, like is
desired in instruments that require precise articulation and

brilliance, like the violin or piano. A simply supported
condition would produce a more resonant, fuller sound
conducive to instruments like guitars or drums where
separation of points allowing free vibration provides for a
never dull, round resonance. Other vibrating instruments
produce the lowest frequencies with minimal damping
through the free boundary condition and thus offer a sound
that is deep and resonating, particularly with the double
bass or cello, offering a powerful low-end foundation to
compositions.

A dynamic performance with the outer electric voltage
adding an interaction of these boundary conditions opens
this excitement for sound manipulation, right from the
electricity interface to the microphones for modern music.
Once an electric field is applied to those materials
embedded with smart nanoparticles or piezoelectric
materials, composers and musicians can vary the resonant
frequencies of the instrument in real time-directly affecting
the sound that is being produced. This is often called
adaptive sound control, where musicians can change the
tonal quality, volume, and pitch of their instruments during
performance. For example, the performer might elect to
vary the voltage applied to a smart instrument, such as a
piezoelectric cello, such that it would change in acoustic
frequencies, in normal playing, as the music dictates-a real-
time move from bright and sharp tones to rich, well-
sustained resonances. This potential opens possibilities of
interactive and immersive performances, where acoustic
behavior.

4. Conclusions

Smart nanoparticles are helping to wusher in a
paradigmatic change in both instrumental acoustics and
their structural integrity. Leveraging piezoelectric properties
in smart nanoparticles, we will now be able to monitor these
vibrational responses and resonance behaviors including
musical structures. The theoretical findings suggest that
when embedded into musical instruments, addition of these
nanoparticles will not only improve the strength properties
of the particular instrument but also help within a
significant extensity in the quality of sound produced. By
modeling through the micro-electro-mechanical system and
the nonlinear stress-strain relations, the system works well
to offer a calibrating dynamic where these musicians are
allowed to change the sounds in a segmented way during
performances, thus making them a class apart.

The findings in this dissertation hold great promise for
advanced nanomaterials in creating musical instruments and
spaces. Smart nanoparticles with excellent structural fidelity
will enhance the sound quality improvements, obtaining
resonance frequencies with precision. Such technologies in
acoustic engineering will feed into interactive sound design,
which may be one of the major products of live
performance and composition. Which, this innovation
covers more on another horizon in the creation of musical
instruments and performance spaces will enable musicians
and composers to find more modes of expression within the
fusing of science and art pushing the frontiers of traditional
acoustic design.



170 Defang Kong, Faiza Benabdallah and Abhinav Kumar

Acknowledgement

1. 2023 Longyan University Doctoral Research Initiation
Project: “Integration and Development of Technology and
Music”, Project Number: LB2023002

Princess Nourah bint Abdulrahman  University
Researchers Supporting Project number (PNURSP2025
R819), Princess Nourah bint Abdulrahman University,
Riyadh, Saudi Arabia

References

Bai, X., Xiao, Z., Shi, H., Zhang, K., Luo, Z., and Wu, Y. (2025),
“Omnidirectional sound wave absorption based on the multi-
oriented acoustic meta-materials”, Appl. Acoust., 228, 110344.
https://doi.org/10.1016/j.apacoust.2024.110344

Berghouti, H., Adda Bedia, E., Benkhedda, A. and Tounsi, A.
(2023), “Vibration analysis of nonlocal porous nanobeams made
of functionally graded material”, Adv. Nano Res., 7(5), 351-364.
http://doi.org/10.12989/anr.2023.7.5.351.

Cui, J. and Zhang, H. (2023), “Using nano-micro-control
technology to improve breathing pressure in vocal music
technique teaching innovation”, Adv. Nano Res., 15(3), 239-
251. https://doi.org/10.12989/anr.2023.15.3.239.

Gurevich, M., Dahl, L., Granzow, J., Schmidt, A.G., Vilaplana S.
and M.A. (2024), “(Dis)Embodied mechatronic displays for
telematic music performance”, J. New Music Res., 1-17,
https://doi.org/10.1080/09298215.2024.2442357.

Han, F., Yang, P, Du, H. and Li, X. (2024), “Accuth+:
Accelerometer-based anti-spoofing voice authentication on
wrist-worn wearables”, IEEE T. Mobile. Comput., 23(5), 5571-
5588. https://doi.org/10.1109/TMC.2023.3314837.

Kuang, J., Liu, Z. and Shocrah, M. (2024), “A method of music
education for sound absorption and in-phase harmonics
synchronization: Using surface coupling theory to couple
nanosheets in musical instruments”, Adv. Nano Res., 17(6), 525-
531. https://doi.org/10.12989/anr.2024.17.6.525.

Liew, K.M., Lei, ZX., Yu, JL. and Zhang, L.W. (2014),
“Postbuckling of carbon nanotube-reinforced functionally
graded cylindrical panels under axial compression using a
meshless approach”, Comput. Methods Appl. Mech. Engrg.,
268, 1-17. https://doi.org/10.1016/j.cma.2013.09.001

Liu, F., Zhao, X., Zhu, Z., Zhai, Z. and Liu, Y. (2023), “Dual-
microphone active noise cancellation paved with Doppler
assimilation for TADS”, Mech. Syst. Signal Process., 184,
109727. https://doi.org/10.1016/j.ymssp.2022.109727.

Mehar, K. and Panda, S.K. (2023), “Multiscale modeling approach
for thermal buckling analysis of nanocomposite curved
structure”, Adv. Nano Res., 7(3), 181.
http://doi.org/10.12989/anr.2023.7.3.181.

Mirza, S. and Skrabek, B. (1991), “Reliability of short composite
beam beam strength interaction”, J. Struct. Eng., 117(8), 2320-
2339.
https://doi.org/10.1061/(ASCE)0733-9445(1991)117:8(2320).

Pandey, H.K., Hirwani, C.K., Sharma, N., Katariya, P.V., Dewangan,
H.C. and Panda, S.K. (2023), “Effect of nano glass cenosphere
filler on hybrid composite eigenfrequency responses-An FEM
approach and experimental verification”, Adv. Nano Res., 7(6),
419-429. http://doi.org/10.12989/anr.2023.7.6.419.

Qiao, W., Zhou, L., Zhang, J., Liu, D., Gao, Y., Liu, X. and Wang,
J. (2024), “A highly-sensitive omnidirectional acoustic sensor
for enhanced human-machine interaction”, Adv. Mater., 36(48),
2413086. https://doi.org/10.1002/adma.202413086

Su, L., Cooper, A., Huang, Y.F. (2022), “Automatic music
transcription for sitar music analysis”, J. New Music Res., 51(4-

5), 278-299, https://doi.org/10.1080/09298215.2023.2251450.

Tan, P. and Tong, L. (2001), “Micro-electromechanics models for
piezoelectric-fiber-reinforced composite materials.” Compos.
Sci. Tech., 61, 759-769.
https://doi.org/10.1016/S0266-3538(01)00014-8.

Thai, H.T. and Vo, T.P. (2012), “A nonlocal sinusoidal shear
deformation beam theory with application to bending, buckling,
and vibration of nanobeams.” Int. J. Eng. Sci., 54, 58-66.
https://doi.org/10.1016/j.ijengsci.2012.01.009.

Wang, K., Webb, M. (2025), “Chinese music in Sydney, Australia,
and new modes of transmission: The case of a community
conservatory”, Int. J. Music Educ., In press.
https://doi.org/10.1177/02557614251318323.

Wauite, J. and Adali, S. (2005), “Deflection and stress behaviour of
nanocomposite reinforced beams using a multiscale analysis”,
Compos. Struct., 71, 388-396,
https://doi.org/10.1016/j.compstruct.2005.09.011.

Xambo, A. and Roma, G. (2024), “Human—machine agencies in
live coding for music performance”, J. New Music Res., 1-14.
https://doi.org/10.1080/09298215.2024.2442355.

Zou, H., Alsubih, M., Raja, V.K.B., Beemkumar, N. (2025),
“Advances in nanoparticle-enhanced music composition based
on porous beams: Implications for structural integrity and
acoustic performance”, Adv. Nano Res., 18(1), 75-81.
https://doi.org/10.12989/anr.2025.18.1.075.

CcC





