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The primary challenge in the development of modern Unmanned Aerial Vehicles (UAVs) lies in achieving an optimal balance between structural weight reduction and dynamic durability under impact and vibration environments. This research investigates a symmetric 1.5–7.0–1.5 mm Al-Polymer-Al sandwich configuration. The dynamic response was evaluated using a dual-method approach: analytical modeling based on Kirchhoff-Love theory in MATLAB and high-fidelity numerical simulation using the Abaqus/Explicit finite element solver. The polymer core was characterized using a viscoelastic Prony series model. The viscoelastic behavior of the central polymer core was modeled using a Prony series representation of the shear relaxation modulus . The material parameters for the polymer core were calibrated based on standard dynamic mechanical analysis (DMA) tests at room temperature, where the instantaneous shear modulus was , the long-term shear modulus was , and the relaxation time was set to  to accurately capture the short-term damping dissipation under impact loads. Theoretical analysis yielded a first fundamental frequency of 205.67 Hz. Numerical results demonstrated high convergence with the analytical data, showing a deviation of less than 3 %. The viscoelastic core effectively dissipated mechanical energy, dampening oscillations within a duration of 0.01 s. This hybrid approach is confirmed to be reliable for the design of complex composite systems in aerospace applications.
Keywords: Sandwich panels, UAV structures, Abaqus/Explicit, MATLAB modeling, Viscoelastic damping, Dynamic impact.
1. Introduction In the current aerospace industry, specifically in the design of Unmanned Aerial Vehicles (UAVs) and drones, structures are subjected to rigorous aerodynamic and mechanical loading conditions. The structural mass of the airframe directly influences flight endurance and efficiency, while high-frequency vibrations from propulsion systems and external impacts pose a risk to structural integrity. Traditional monolithic materials, such as single-layer aluminum alloys, often exhibit insufficient damping properties. Consequently, sandwich structures consisting of lightweight aluminum skins and energy-absorbing polymer cores are being increasingly utilized. This research aims to analyze the dynamic response of such panels under impulsive pressure and to evaluate the effectiveness of viscoelastic damping mechanisms through analytical and numerical methods.
Nomenclature 

 – equivalent bending stiffness, [N·m]

 – transverse displacement, [mm] 

 – first natural frequency, [Hz] 

 – mass per unit area, [kg/m²] 

 – damping coefficient, [N·s/m] 

 – Poisson’s ratio

2. MATERIALS AND METHODS
2.1. Analytical Modeling

In the initial stage of the investigation, the theoretical dynamic parameters of the sandwich panel were calculated based on the classical Kirchhoff-Love thin plate theory. This theoretical framework allows for the determination of the equivalent bending stiffness of the entire system while considering the transverse shear effects between layers. The total bending stiffness () of the three-layer sandwich panel was determined using the following expression:

 					(1)


Where  and  represent the elastic modulus and Poisson's ratio of each respective layer. The dynamic motion of the sandwich panel under impulsive loading is governed by the following partial differential equation:

 			(2)



In this equation,  w  denotes the transverse displacement,  m  is the mass per unit area, and  C  represents the damping coefficient. Where  represents the transverse coordinate measured from the neutral mid-plane of the sandwich panel along the thickness direction (). The biharmonic operator  governs the transverse bending deflection field of the equivalent viscoelastic plate. Given that all edges of the panel are fully clamped (Encastre boundary conditions), the following conditions were applied:
· 
	
· 
 (zero rotation at the boundaries).




The initial conditions at  assumed the panel to be at rest ( and ). The external impulsive pressure  was defined by the following function:

   				 (3)

The first-order natural frequency () of the plate was expressed as:

 					(4)
For the analytical calculations performed in MATLAB, the thicknesses of the aluminum layers and the polymer core were set to 1.5 mm and 7.0 mm, respectively.
2.2. Numerical Simulation (FEM)




In the second stage, a three-dimensional finite element model (FEM) of the  mm panel was developed using the Abaqus/Explicit software suite. In the finite element model developed in Abaqus/Explicit, the aluminum skins and polymer core were discretized using 8-node linear brick elements with reduced integration and hourglass control (C3D8R). A mesh convergence study was performed, leading to an optimal global mesh size of  for the panel face sheets and core, resulting in a total of 125,000 elements. The contact between the aluminum skins and the polymer core was modeled using a "tie" constraint to ensure perfect interlaminar bonding without slip. The explicit dynamic analysis utilized an automatic time stepping scheme with an initial stable time increment of approximately . To optimize computational efficiency without compromising physical accuracy, bulk viscosity parameters and mass scaling were applied, ensuring that the mass increase remained below  of the total structural mass throughout the impact event.
 The aluminum skins were defined as an elastoplastic material with a yield strength of 275 MPa. To accurately characterize the energy absorption capacity of the central polymer core, a viscoelastic model based on a Prony series was implemented. The structure was subjected to fully clamped (Encastre) conditions at the boundaries, and an impulsive pressure of 5 MPa with a duration of 0.002 s was applied to the center of the panel.
3. RESULTS AND DISCUSSION


Based on the analytical solutions obtained from the MATLAB environment, the equivalent stiffness of the proposed 1.5–7.0–1.5 mm configuration was found to be , while the natural frequency was determined as . To validate these theoretical values, the results obtained from the Abaqus simulation were subjected to a detailed comparative analysis.
The transient dynamic response of the sandwich panel center and the subsequent damping behavior under an impulsive load are illustrated in Figure 1.
[image: ]
Figure 1. Time-history of the central displacement for the sandwich panel under impulsive loading.


It is observed from Figure 1 that the maximum displacement occurring immediately after the impact is approximately  mm. A significant aspect of this response is the rapid attenuation of the oscillation amplitude. Due to the viscoelastic characteristics of the polymer core, specifically through the mechanism of viscous dissipation, mechanical vibrations are effectively damped within a time interval of merely  0.01  s. This rapid stabilization is critical for protecting secondary structures and electronic components housed within the UAV fuselage.
To evaluate the overall deformation profile of the structure, a displacement contour map was generated at the moment of maximum stress, as shown in Figure 2. 
[image: ]
Figure 2. Displacement distribution map (U, Magnitude) of the sandwich panel under impact.

The color scale ranges from blue (minimum displacement, 0 mm) to red (maximum displacement). The contour map indicates that the deformation is predominantly concentrated in the central region of the panel. The displacement values diminish towards the boundaries, reaching zero at the clamped edges. This distribution confirms that the Encastre boundary conditions implemented in the numerical model functioned correctly and reflect real-world structural constraints. Furthermore, to assess the mechanical integrity and potential failure zones of the design, the Von Mises equivalent stress distribution was analyzed (Figure 3). 
[image: ]
Figure 3. Von Mises equivalent stress distribution at the peak response time.

The color scale indicates the stress intensity, ranging from blue (minimum stress, 0 MPa) to red (maximum Von Mises stress, 275 MPa). The highest stress concentration is observed near the clamped boundary regions and the center of impact, demonstrating the energy distribution across the panel. The stress analysis is essential for identifying regions where the material might reach its plasticity limit. For the current configuration, the synergy between the aluminum skins and the polymer core ensures that stresses are distributed in a way that prevents catastrophic structural failure while maximizing energy absorption.
[image: ]
Figure 4. Time-history of the equivalent stress damping after the initial impulse.


Furthermore, Figure 4 illustrates the dynamic time-history of the equivalent stress damping response within the panel structure, showing a progressive stabilization after the impact event. To further elucidate the damping mechanism inherent in the polymer core, an analysis of the Viscous Dissipation Energy (ALLVD) for the entire system was conducted (Figure 5). It is observed that during the most active phase of the impact (specifically between the  0.001  s and  0.002 s intervals), the energy dissipated by the system increases sharply and subsequently stabilizes at a plateau of approximately  J. This energy evolution indicates that a substantial portion of the initial kinetic energy imparted to the panel is efficiently absorbed and converted into internal friction and heat by the viscoelastic core. This microscopic energy conversion process is directly responsible for the rapid stabilization of macroscopic stress and displacement amplitudes observed in the temporal graphs. The dynamic monitoring duration (0–0.01 s) was selected to cover the complete transient response phase, including the initial high-amplitude impact wave and the subsequent complete attenuation of the free vibrations.
[image: ]
Figure 5. Evolution of Viscous Dissipation Energy (ALLVD) within the polymer core.

To establish the reliability of the established finite element model (FEM), a rigorous validation process was performed. The numerical displacement data obtained from Abaqus were compared with the analytical solution derived via MATLAB on a synchronized scale (Figure 6).
[bookmark: _GoBack][image: ]
Figure 6. Comparative validation of the central point displacement: MATLAB (Analytical) vs. Abaqus (Numerical).

The comparison illustrated in Figure 6 demonstrates a high degree of convergence between the analytical and numerical trajectories. Both methodologies yield nearly identical vibration frequencies and peak amplitudes, with the overall error remaining consistently below 3 %. This high level of agreement validates the proposed modeling framework and confirms that the methodology is a reliable and accurate tool for the future design of complex aerospace sandwich structures.
4. CONCLUSION
1. The combined analytical and numerical investigations demonstrate that the 1.5–7.0–1.5 mm (Al-Polymer-Al) sandwich configuration represents the optimal structural solution for UAV airframes, providing an excellent balance between mass reduction and dynamic durability.
2. The implementation of a viscoelastic polymer core enables the dissipation of mechanical energy within an extremely short timeframe of  0.01 s. This high-damping capability effectively shields the vehicle's internal electronics and sensors from both engine-induced vibrations and external kinetic impacts.
3. 
The minimal deviation ( %) between the MATLAB theoretical results and the Abaqus/Explicit simulations confirms the high precision of the established methodology. This framework is recommended for the preliminary design and structural analysis of high-performance aerospace composite systems.
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