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ABSTRACT

This research presents a comprehensive theoretical and computational investigation of surface wave
propagation in advanced smart and functional materials, with particular emphasis on piezoelectric,
piezo-flexoelectric, thermoelastic, viscoclastic, and biological media at micro- and nanoscale
dimensions. Generalized dynamic models are developed to analyse Love-type, Rayleigh-type surface
waves in layered and composite structures, including piezoelectric quasicrystals, piezo-thermoelastic
half-spaces, multiferroic cylindrical shells, visco-piezo composites, and orthotropic biological
structures such as long bones. Surface and interfacial effects, namely surface elasticity, surface
piezoelectricity, surface permittivity, flexoelectricity, and imperfect bonding are rigorously
incorporated through spring-type and interface models to capture size-dependent wave behaviour.
Analytical formulations based on separable variable methods, and generalized thermoelastic theories
(Green—Naghdi type ITI and Three-Phase-Lag) arc employed to derive dispersion relations, secular
equations, phase velocities, attenuation coefficients, and energy loss characteristics under electrically
and magnetically open/shorted and thermally constrained boundary conditions. Numerical
investigations identify critical thickness effects, anisotropy ratios, bonding parameters, initial stress,
and magnetic field as key factors governing wave dispersion and damping. To overcome the high
computational cost of solving complex transcendental equations, the physics-informed and
data-driven machine-learning technique Physics-informed neural network (PINN) is integrated as an
efficient surrogate solver, enabling rapid parametric exploration with high accuracy. The outcomes
provide unified physical insight into electromechanical, magneto-electro-elastic, flexoelectric, and
thermoelastic coupling mechanisms across engineered and biological media. The developed
framework offers practical mathematical and computational tools for the design and optimisation of
surface acoustic wave devices, and non-invasive biomedical diagnostic technologies, while
remaining adaptable to a wide class of wave phenomena and material systems.

Keywords: Piezoelectric materials; Surface waves; Imperfect interfaces; Surface Acoustic Waves
devices.

Publications:

1. Seema and Abhinav Singhal. (2025). Investigating wave propagation across loosely bonded
interfaces in visco-piezo composites with flexoelectricity in LiNbo3 and AIN. Proceedings of
the Royal Society A: Mathematical, Physical and Engineering Sciences, 481(2311).
hitps./rdoi.org/10.1098/rspa.2024.066 1

2. Seema and Abhinav Singhal. (2025). Sutface cnergy transmission in dry long bones: A
continuum mechanics approach with initial stress and rotation. ZAMM-Journal of Applied
Mathematics and Mechanics/Zeitschrift fiir Angewandte Mathematik und Mechanik, 105(5),
e70101. https:doi.org/10.1002/zamm. 70101

3. Seema and Abhinav Singhal. (2025). Investigation of surface and interface effects of
piezoelectric quasicrystal different models with propagation of shear horizontal and
anti-plane shear horizontal wave. Acta Mechanica Sinica, 41(11), 524389.
hitps://doi.org/10.1007/s10409-024-24389-x

4. Seema and Abhinav Singhal, (2025). Study of SH wave propagation in Piezo-material
semiconductors with differential imperfect contact mechanism by approximating higher-order
quasi-classical method. Proceedings of the Institution of Mechanical Engineers, Part C:
Journal of Mechanical Engineering Science, 239(20), 8219-8232.
doi: 10.1177/09544062251353636

5. Seema and Abhinav Singhal. (2025). Surface effects study: a continuum approach from
fundamental modes to higher modes and topological polarization in orthotropic piezoelectric
materials. Journal of Applied Mechanics, 92(1), 011008, htips://doi.org/10.1115/1.4067204.

6. Seema and Abhinav Singhal. (2024). Examining three distinct rheological models with
flexoelectric effect to investigate Love-type wave velocity in bedded piezo-structure.
ZAMM-Journal of Applied Mathematics and Mechanics/Zeitschrifi fiir  Angewandte
Mathematik und Mechanik, 104(11), €202400724. hitps://doi.org/10.1002/zamm 202400724



7. Seema and Abhinav Singhal. (2025). Coupling study of surface energy transmission in
piezomagnetic tetrahedral laminate: a continuum mechanics analysis across a manifold
substrate  loaded by  viscous gel. Applied  Physics A, 131(4), 255,
hitps://doi.org/10.1007/s00339-025-08364-7

8. Seema and Abhinav Singhal. (2024). Theoretical investigation of SH wave transmission in
magneto-electro-elastic structure having imperfect interface using approximating method.
Applied Physics A, 130(8), 597. hitps.//doi.org/10.1007/500339-024-07744-9

9. Seema and Abhinav Singhal. (2025). Study of surface wave velocity in distinct rheological
models with flexoelectric effect in piezoelectric aluminium nitride structure. Journal of the
Brazilian ~ Society of Mechanical  Sciences and  Engineering, 47(1), 29.
https://doi.org/10.1007/s40430-024-05296-w

10.Seema and Abhinav Singhal. (2025). Mechanics of SH and anti-plane SH waves in
orthotropic piezoelectric quasicrystal with multiple surface effects. Acta Mechanica, 236(1),
439-456. https.//doi.org/10.1007/5s00707-024-04162-z

11, Seema and Abhinav Singhal. (2025). Analysis of Rayleigh-type wave energy transmission in
‘piezoelectric substrate following Green-Naghdi type III, Moore-Gibson-Thompson and
three-phase-lag theories. Acta Mechanica, 236(113, 6743-6772.
hitps:/idoi.org/10.1007/s00707-025-04493-5

12.Seema and Abhinav Singhal. (2025). Continuum Mechanics Analysis of Surface Vibrations
in Piezomagnetic Laminates on Manifold Substrates. Acoustical Physics, 71(4), 569-579.
htips:/fdoi.org/10.1134/S106377102460325X

13.Seema and Abhinav Singhal. (2025). Mathematical Modelling of Love-Type Wave
Transmission in Magnetostrictive Smart Materials with Imperfect Interface. Mechanics of
Solids, 1-16. htips://doi.org/10.1134/50025654425600448

14.Seema and Abhinav Singhal. (2026). Hybrid Analytical-Machine Learning Framework for
SH-Wave Dispersion in Piezo-Flexoelectric Layered Structures with Imperfect Interfaces.
Journal of Engineering Mechanics, 152(6), 04026020.
hitps://doi.org/10.1061/JENMDT EMENG-888. ‘

15.Seema and Abhinav Singhal (2026). Rayleigh-Type Surface Waves in Piezo-Thermoelastic
Materials: A Comparative Study Using Green-Naghdi III and Three-Phase-Lag Models with
Machine-Learning Surrogates. Mechanics of Solid. DOI: 10.1134/50025654425604811.

16.Seema and Abhinav Singhal (2024). Analysis of imperfect interfaces in cobalt ferrite plates
using a linear spring model: a comparative study with terfenol-D. Discover Materials, 4(1),
1-14. https://doi.org/10.1007/s43939-024-00170-x.

17.Scema, and A. Singhal (2024), Transference of love-type wave through Cobalt ferrite
CoFe204 layer structure, governed by an imperfect interface. AIP Conference Proceedings,
Springer  (SCOPUS).  AIP  Conf  Proc. 3242, 020010  (2024)
https://doi.org/10.1063/5.0234299.



