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[bookmark: _GoBack]The numerical analysis of the mechanical behavior of thin-walled steel cylindrical shells subjected to external dynamic pressure is a critical aspect of structural engineering. Understanding the response of these structures to rapid pressure fluctuations is essential for ensuring the operational safety of high-pressure vessels and industrial pipelines. In this study, the stress distribution and deformation patterns of a specific cylindrical model are evaluated under high-speed loading conditions. The investigation utilizes a steel cylinder with a radius of 100 mm, thickness of 10 mm, and length of 400 mm. The modeling process is automated within the Abaqus/CAE environment using Python scripting to enhance precision. The Explicit integration method is employed to solve the dynamic equations, incorporating the elastic-plastic properties of the material. Results indicate that under a dynamic pressure of 100 MPa, the maximum Von Mises stress reaches 108.3 MPa with a peak displacement of 0.167 mm. The reliability of the numerical model is confirmed through a comprehensive energy balance analysis.
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1. Introduction
Thin-walled cylindrical shells are extensively utilized in the chemical, petroleum, and power industries as primary components for transport and storage systems. These structures are frequently exposed to transient dynamic loads, such as internal pressure surges, external impacts, or seismic vibrations. Failure to accurately predict the stress-strain state under such impulsive conditions can lead to catastrophic structural damage. Traditional analytical methods often face limitations when dealing with complex boundary conditions and non-linear material behavior. Consequently, finite element analysis (FEA) has become the standard approach for structural integrity assessment. This research focuses on employing the Abaqus/Explicit solver to simulate the high-speed dynamic response of steel cylindrical shells, emphasizing the stability of energy components and the efficiency of automated modeling via Python.
2. MATERIALS AND METHODS
2.1. Governing Equations of Motion
The dynamic response of the cylindrical shell in the Abaqus/Explicit environment is governed by the semi-discretized equation of dynamic equilibrium. For a complex system with multiple degrees of freedom, the fundamental equation of motion is expressed as follows:


Where:
· 
 is the lumped mass matrix;
· 
 is the damping matrix;
· 
 represents the internal force vector, which accounts for both elastic and plastic stress states;
· 
 is the external dynamic pressure vector;
· 
 denote the displacement, velocity, and acceleration vectors, respectively.
2.2. Numerical Integration Scheme


The Explicit solver utilizes the central difference integration rule to calculate the state of the system at time  based on the known values at time . The nodal accelerations are computed at the beginning of each increment:


The velocity and displacement for the subsequent time step are integrated as follows:




This method is computationally efficient for high-speed dynamic events as it eliminates the requirement to invert the global stiffness matrix.
2.3. Material Constitutive Law




Given that the steel material exhibits plastic behavior under high-intensity dynamic pressure (100 MPa), the  flow theory based on the Von Mises yield criterion is applied. The total strain increment  is decomposed into its elastic  and plastic  components:


The yield surface is defined as:




Where  is the deviatoric stress tensor and  is the yield stress, set to 275 MPa for this investigation.
2.4. Geometric Parameters and Boundary Conditions



The structural model consists of a steel cylinder characterized by a radius () of 100 mm, a wall thickness () of 10 mm, and a total length () of 400 mm. The material properties are defined based on structural steel with an elastic modulus of 210 GPa and a Poisson’s ratio of 0.3.


The shell is discretized using high-order S4R shell elements to accurately capture the thin-walled behavior. Boundary conditions are defined as fully fixed supports (Encastre) at both ends of the cylinder. A uniform dynamic pressure of 100 MPa is applied to the external surface of the shell over the specified time increment. The cylinder is subjected to fully fixed support conditions (Encastre) at both ends, restricting all degrees of freedom ( and ). The internal pressure is applied as a uniform dynamic load distributed over the inner surface, simulating a transient pressure surge.
2.5. Automated Scripting and Implementation
To ensure the repeatability of the simulation and facilitate parametric optimization, the modeling process is fully automated using the Abaqus Python Scripting Interface (API). This approach allows for the systematic and error-free generation of geometry, mesh density control, and loading sequences, providing a robust platform for evaluating structural integrity under impulsive pressure loads.
2.6. Numerical Convergence Study
To ensure the reliability of the numerical results, a mesh convergence study was performed. The mesh density was increased until the maximum Von Mises stress varied by less than 2%. The stable time increment was automatically calculated by the Abaqus/Explicit solver based on the Courant-Friedrichs-Lewy (CFL) condition, ensuring numerical stability without excessive computational cost.
3. Results and Discussion
The numerical simulation provides detailed insights into the stress distribution and structural deformation of the cylindrical shell. The primary metric for evaluating structural safety is the Von Mises equivalent stress.
[image: ]
Figure 1. Distribution of Von Mises equivalent stresses in the cylindrical shell under 100 MPa pressure.
The maximum Von Mises stress is recorded as 108.3 MPa (Figure 1), which remains within the safe operational limits for the specified steel grade. The spatial distribution of stress indicates higher concentrations near the fixed supports, while the central region exhibits a more uniform stress state. The peak transverse displacement is measured at 0.167 mm.
[image: ]
Figure 2. Displacement contour map (U, Magnitude) at the peak loading phase.
A critical aspect of the Abaqus/Explicit analysis is the monitoring of energy components to ensure numerical stability. The relationship between internal energy (ALLIE), kinetic energy (ALLKE), and strain energy (ALLSE) is analyzed throughout the simulation duration (Figure 3).
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Figure 3. Evolution of energy components (ALLIE, ALLKE, ALLSE) during the dynamic event.
The total energy balance (ETOTAL) is observed to remain stable, indicating that no artificial energy is introduced into the system by the numerical solver. Furthermore, the ratio of kinetic energy to internal energy is maintained at a minimal level, confirming that the high-speed response is captured without significant inertial errors or numerical oscillations. This energy stability validates the precision of the automated Python-based modeling framework.
The total energy balance (ETOTAL) remains constant within a 1% variation throughout the dynamic event, indicating that no artificial energy is introduced into the system. The ratio of kinetic energy (ALLKE) to internal energy (ALLIE) is maintained at a minimal level, confirming that the high-speed response is captured without significant inertial errors or non-physical numerical oscillations.
4. Conclusion
The integration of the Abaqus/Explicit solver with automated Python scripting provides a highly accurate and efficient methodology for predicting the mechanical response of steel cylindrical shells. The numerical results demonstrate that the structure can withstand a dynamic pressure of 100 MPa with a maximum stress of 108.3 MPa and minimal deformation. The energy balance analysis confirms the reliability of the model, proving its suitability for real-world industrial applications. This approach offers valuable data for the safety assessment of high-pressure piping systems and pressure vessels operating under impulsive loading scenarios.
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