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Abstract. Pump-induced vibrations can have a critical impact on the structural integrity of pipelines, requiring a comprehensive assessment to ensure operational safety and durability. This study investigates the effect of vibrations generated by pump G-9451 B using numerical simulations conducted in Ansys Workbench. The research focuses on evaluating the equivalent stress and deformation experienced by the pipeline under real-world conditions. The Finite Element Method (FEM) is applied to analyze how factors like meshing quality and pipeline support influence vibration loads, stress distribution, and the overall stability of the structure. Results indicate that the equivalent stress values produced by the pump vibrations exceed the safe operational limits, potentially leading to pipeline damage, failure, and reduced service life. Additionally, the study highlights the necessity of routine maintenance, regular inspections, and properly designed support systems to mitigate these stresses and improve vibration resistance. These findings contribute to advancements in pipeline design, promoting increased reliability, safety, and efficiency in various operational environments.
Keywords: FEM; Numerical analysis;pipeline; structural integrity; Vibration
INTRODUCTION
Indonesia is country rich in natural resources, particularly oil and natural gas. These resources are crucial to the country's economy, contributing significantly to the State Budget [1]. Oil and natural gas are valuable resources, playing an essential role in supporting human life and driving the growth and development of nations [2]. The technologies employed in natural gas liquefaction include various industrial equipment such as gas compressors, turbines, heat exchangers, pumps, and boilers [3]. In the upstream oil and gas industry, pipelines and pumping units are critical for transporting oil, gas, and water to processing facilities or other necessary infrastructure. The interconnection between subsystems within the industry is vital, as any changes in one subsystem can affect others, potentially causing operational issues. One of the key subsystems is the pipeline network [4]. A pump is a mechanical device used to increase work efficiency, primarily employed to transfer fluids or gases from one location to another [5]. Pump performance directly influences the operational costs and the consistency of production levels. The use of corrosion-resistant materials and advanced technology in modern pumps enhances their durability and performance [6]. These pumps not only ensure a continuous flow of oil and gas but also help to minimize the risk of leaks and environmental damage.
One critical component of the pump is the pipeline, which is responsible for transporting liquids or gases [7]. The safe operation of these pipelines depends on maintaining the structural integrity of the system. Any leaks in natural gas pipelines can result in significant harm to people, property, and the environment [8]. Pipelines are susceptible to mechanical damage when exposed to external disturbances. Common mechanical issues such as dents, cracks, gouges, and scratches often occur due to these external forces, which include vibrations [9], [10], [11].
Pump vibrations can be caused by various factors, such as coupling rubber failures, imbalances, or pump bearing issues, as well as installation or operational errors. Other contributing factors include connections between the pump and motor, pump base geometry, and material usage, in addition to pressure line adjustments to control vibrations and cavitation [12]. Furthermore, sudden pump shutdowns can generate severe vibrations, particularly when the pump operates with a closed valve. These vibrations subsequently affect the connected piping system [13].
External disturbances like vibrations can shorten the lifespan of pipelines, making routine maintenance and inspections critical. Regular inspections aim to detect any signs of damage early on [14]. Pump vibrations are often complex due to structural characteristics, rotor imbalances, and unstable fluid forces, which increase the likelihood of nonlinear gyroscopic effects [15], [16], [17].
Based on the issues discussed, this research focuses on the stress analysis of the G-9451 B pump pipeline using vibration data to assess the impact of vibrations on the pipeline and determine whether proper pipe supports can reduce the vibration load generated by the pump.


METHODOLOGY
Numerical analysis using Ansys Workbench software was employed to investigate the effects of pump-induced vibrations on the structural integrity of pipelines. The process began with the collection of initial data, focusing on the technical specifications of the G-9451 B pump and the characteristics of the pipeline under study. A detailed geometry model of the pipeline was created within Ansys Workbench, incorporating key parameters such as dimensions, material properties, and boundary conditions. Once the model was constructed, meshing was performed to break down the geometry into smaller elements, enabling a more precise analysis of vibration distribution. The quality of meshing is crucial for accuracy, so multiple mesh types were evaluated to determine the optimal configuration.
Dynamic analysis followed the meshing process, applying the vibration load produced by the pump to the pipeline model. The Finite Element Method (FEM) was used to calculate equivalent stress and deformation caused by these vibrations. Results were evaluated to determine if the stress and deformation values fell within the safe limits set by industry standards. Sensitivity analysis was also performed to assess the impact of various design parameters and the role of meshing quality on the accuracy of the simulation results.
[image: ]Engineering data for the simulation included material properties, with Gray cast iron chosen for the pipeline material. Autodesk Inventor software was used to create the geometry of the pipeline, with data obtained, as shown in Figure 1.
FIGURE 1. Geometry of pipeline

Finite Element Analysis was carried out using Ansys Workbench software to assess the vibrational impact on pipeline structural integrity. The study focused on determining the natural frequency of the pipeline through modal analysis [18], with fixed supports placed at both ends of the pipeline. The modal analysis identified the natural frequencies at which the pipeline is most susceptible to vibrational resonance.
After completing the modal analysis, the response spectrum was applied to further evaluate the vibrational effects. The response spectrum, which is derived from the velocity and frequency graph shown in Figure 2, was used to compute the vibrational impact on the pipeline in the x, y, and z directions. The Square Root of the Sum of the Squares (SRSS) method [19] was employed to combine the response spectrum velocities from each direction, allowing for an accurate representation of the overall vibrational impact on the pipeline structure.

[image: ]FIGURE 2. Spectrum Graph Data

Following the application of the response spectrum, the next step involved calculating the deformation and equivalent stress experienced by the pipeline. These values were obtained through finite element analysis (FEM), which simulated the structural behavior of the pipeline under vibrational loads. The analysis focused on determining whether the resulting stresses and deformations remained within safe operational limits, ensuring that the pipeline maintains its integrity under these conditions.
The results of the analysis were visually presented, with color-coded graphs highlighting areas of deformation and equivalent stress. These insights provided a clear understanding of how the pipeline responds to pump-induced vibrations, ultimately offering valuable recommendations for enhancing pipeline design and improving the durability and safety of the system.
RESULT AND DISCUSSION
Simulations using the Finite Element Method were conducted to analyze the effect of vibrations on the pipeline structure. The first stage of the modeling involved determining the natural frequencies of the pipeline. As shown in Figure 3, the analysis identified a total of 49 significant natural frequencies ranging from 240 Hz to 1500 Hz. These frequencies were found to be the most influential in determining the vibrational response of the pipeline and were selected for further analysis.
[image: ]
FIGURE 3. Natural Frequency of pipeline

The distribution of natural frequencies provides insight into the pipeline’s susceptibility to resonant vibrations. Frequencies within this range may coincide with external vibrational sources, such as the operational frequency of connected pumps or other mechanical systems, increasing the risk of resonance. Resonance occurs when an external vibrational frequency matches one of the pipeline’s natural frequencies, leading to amplified vibrations, which can cause excessive stress and deformation within the structure.
The Response Spectrum Analysis [20] was performed to evaluate the dynamic response of the pipeline structure to vibrations, focusing on total deformation and stress across the x, y, and z axes.
In Figure 4, the total deformation results for the x-axis show a maximum value of 3.93x10-6 mm. Figure 5 illustrates the total deformation along the y-axis, with a a maximum value of 2.27x10-6 mm. And in Figure 6, the total deformation along the z-axis reveals a maximum value of 4.38x10-6 mm. The red areas on the graph represent zones of maximum deformation, while the blue areas indicate zones with minimal deformation. The analysis shows that the pipeline experiences little to no deformation at the minimum point, and even at its maximum, the deformation remains extremely small. This indicates that the pipeline structure remains within the tolerance limits for deformation, suggesting that vibrational stress along this axis is minimal and unlikely to compromise structural integrity.
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FIGURE 4. Total deformation for x-axis vibration
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 FIGURE 5. Total deformation for y-axis vibration
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FIGURE 6. Total deformation for z-axis vibration

Overall, the total deformation across all three axes demonstrates that the pipeline structure experiences very minimal deformation due to the applied vibrational loads. The values remain within the tolerance limits, indicating that the pipeline is capable of withstanding the dynamic forces without significant risk of structural failure or compromise. These findings highlight the resilience of the pipeline design under vibrational stress and provide confidence in its operational stability.
In Figure 7, the simulation of the equivalent stress along the x-axis reveals a maximum value of 3.70x10-4 MPa. The red areas indicate zones of maximum stress, concentrated near the fixed support, while the blue areas show regions of minimal stress. The difference between the minimum and maximum values is relatively small, indicating that the stress distribution along the x-axis is fairly stable. This suggests that the structure is not under significant stress in this direction and is operating within safe limits, with no immediate risk of failure due to vibrational effects.

[image: ]
FIGURE 7. Equivalent stress for z-axis vibration

In Figure 8, the equivalent stress results along the y-axis show a maximum value of 6.98x10-4 MPa. The red areas, representing the highest stress values, are concentrated around the welded joint between the pipe and the fixed support. Although the maximum stress value in the y-axis is higher than that of the x-axis, the range remains small and within acceptable limits. This indicates that while the structure experiences slightly more stress in the y-direction, it is still well within the material's capacity and shows no signs of impending failure.


[image: ]
FIGURE 8. Equivalent stress for y-axis vibration

In Figure 9, the equivalent stress for z-axis vibration has a maximum value of 4.64x10-4 MPa. Similar to the x-axis, the stress concentrations are found near the fixed support. The stress range in the z-direction is slightly higher than in the x-axis but lower than in the y-axis. Despite this variation, the stress remains within safe operational limits, indicating that the structure remains stable under the vibrational loads applied in the z direction.


[image: ]FIGURE 9. Equivalent stress for z-axis vibration

Overall, the equivalent stress simulations across all three axes demonstrate that the pipeline structure experiences minimal stress under the given vibrational conditions. The maximum stress values are well below the material's failure threshold, suggesting that the pipeline is structurally sound and can withstand the applied vibrations without compromising its integrity. These findings highlight the importance of proper support placement, particularly near welded joints and fixed supports, to mitigate the localized increase in stress and prolong the pipeline’s operational life.

CONCLUSION
The research successfully analyzed the impact of pump-induced vibrations on the structural integrity of the pipeline using numerical simulations via the Finite Element Method in Ansys Workbench. The modal analysis revealed that the pipeline's natural frequencies range from 240 Hz to 1500 Hz, with several frequencies potentially coinciding with operational conditions, indicating a risk of resonance. The response spectrum analysis demonstrated minimal deformation across the x, y, and z axes, confirming that the pipeline structure remains within safe deformation limits under vibrational stress.
Additionally, the equivalent stress analysis showed that the pipeline experienced low stress values across all directions, with the maximum stress concentrations located near fixed supports and welded joints. Despite these localized stress points, the overall stress levels were well below the material's failure threshold, suggesting that the pipeline structure remains stable and capable of handling the vibrational loads without compromising its integrity.
These findings affirm that proper support placement and regular maintenance are essential for mitigating the impact of vibrations on the pipeline. The results provide valuable insights for improving pipeline design and ensuring long-term structural stability in dynamic operating environments.
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