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[bookmark: _Toc229390445]Abstract.
This report uses ANSYS explicit dynamics to model the impact of a 9 mm iron projectile on a 2 mm aluminium plate. The model was tested by changing the velocity, the mesh and altering the boundary conditions. The results showed that stress and deformation were highly localised at the impact point and were sensitive to modelling choices. Comparison with literature showed that, although exact agreement was not achieved, the model produced realistic behaviour and stress values within a credible range. Overall, the study shows that computer aided engineering (CAE) is a useful tool for analysing impact problems, but its accuracy depends on model setup, validation and engineering judgement.
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Computer Aided Engineering (CAE) has become a fundamental component of modern engineering design. It enables the simulation and analysis of complex systems prior to physical manufacture. It helps to predict structural behaviour, stress distributions and failure points under a range of conditions. This capability has significantly reduced reliance on experimental testing, improving both efficiency and safety within the design process.
Despite its widespread adoption, CAE is not a perfect representation of real-world behaviour. All simulations are dependent on a series of assumptions, including simplified geometry, idealised boundary conditions and approximated material properties. These assumptions are required by the software to solve the design problems, but they introduce uncertainty into the results. Consequently, the accuracy of CAE outputs is highly dependent on how well the model represents the physical system, as well as the numerical methods used within the simulation.
Key factors such as velocity, mesh and boundary condition can significantly influence the results obtained from a simulation. Without careful consideration, these factors can lead to misleading conclusions, particularly in cases with high stress concentrations. For this reason, validation is essential to ensure confidence in simulation outputs.
This report aims to critically evaluate the use of CAE as a tool using the application of a 9mm projectile case study. This will be modelled through ANSYS and validated through comparison with published literature, followed by investigation of velocity changes, mesh refinement and boundary condition effects. Through this approach, the study will assess both the capabilities and limitations of CAE, demonstrating its role as a powerful, yet imperfect, tool that must be used alongside sound engineering judgement.
[bookmark: _Toc229390449]CAE Background
[bookmark: _Toc229390450]CAE In Engineering
CAE is widely used in modern engineering to predict how components and systems will behave under different conditions. One of the most common approaches is Finite Element Analysis (FEA), where a structure is broken down into smaller elements or nodes and solved numerically. This allows engineers to analyse problems that would be difficult to solve analytically, particularly when dealing with complex geometries or loading conditions [1].
In practice, CAE is used across a range of industries to assess structural performance, identify potential failure points and support design decisions. It has become a key part of the design process because it allows engineers to test ideas quickly without needing to manufacture physical prototypes. However, it is important to recognise that CAE does not produce exact solutions. The results are always approximations based on how the model has been defined, which means their reliability depends heavily on the assumptions made during setup.
[bookmark: _Toc229390451]Advantages of CAE
One of the main advantages of CAE is the ability to reduce both cost and development time. By using simulations, engineers can identify design issues early and avoid expensive changes later in the process. This is particularly useful when multiple design iterations are required, as changes can be made and tested relatively quickly compared to physical experiments [2].
CAE also allows engineers to investigate conditions that would be difficult or unsafe to test in reality. For example, high loads or extreme environments can be applied within a simulation without risk to equipment or personnel. In addition, the visual output provided by CAE, such as stress and deformation, makes it easier to understand how a component behaves and where potential problems may occur.
Despite these advantages, the usefulness of CAE is closely linked to how well the model represents the real system. Without careful setup and validation, the speed and convenience of simulation can lead to incorrect conclusions being made more efficiently rather than more accurately.
[bookmark: _Toc229390452]Limitations
Although CAE is a powerful tool, it is limited by the assumptions required to make problems solvable. One of the most common simplifications is geometry. In many cases, small features such as fillets or surface imperfections are removed to reduce computational effort. While this makes the model easier to analyse, it can also lead to underestimation of stress concentrations and effects.
Material modelling is another key limitation. Simulations often assume linear elastic behaviour, even though real materials may behave differently under certain conditions. For example, materials can deform plastically or respond differently under high loading rates. If these behaviours are not included in the model, the results may not accurately reflect real-world performance [3] [7].
Boundary conditions are also a source of limitation. In reality, loads and supports are rarely as simple as they are defined in a simulation. Small changes in how a component is constrained or loaded can lead to significant differences in the results. This highlights how sensitive CAE models can be to user input, and why results should always be interpreted carefully.
Another important limitation is meshing dependency. Since FEA relies on breaking a structure into nodes, the size and quality of the mesh directly affects the accuracy of the results. A coarse mesh may miss important stress variations, while an overly refined mesh increases computational cost without necessarily improving accuracy beyond a certain point. This means that the results obtained from a simulation are not only dependent on the physical model, but also on how it has been numerically represented.
Overall, these limitations show that CAE does not remove uncertainty from the design process. Instead, it shifts the responsibility onto the engineer to ensure that the model is appropriate and that the results are interpreted correctly.
[bookmark: _Toc229390453]Validation and Reliability
Because CAE results are based on assumptions and approximations, validation is essential. Without validation, there is no way of knowing whether the simulation is producing realistic results. One of the most effective ways to validate a model is by comparing it to an analytical solution, where one is available.
Analytical solutions are typically based on simplified conditions, but they provide a useful benchmark for assessing the accuracy of a simulation. If the results from CAE are in close agreement with analytical predictions, this increases confidence in the model. If not, it suggests that there may be issues with how the simulation has been set up.
Validation also highlights the importance of understanding the limitations of CAE. A model may produce visually convincing results, but this does not guarantee that they are correct. It’s important to use judgement when interpreting simulation outputs, considering both the assumptions made and the sensitivity of the results to changes in the model.
In highly dynamic problems such as projectile impact, direct analytical validation is often not practical because the response depends on transient contact, local plastic deformation and rapidly changing stress areas. In these cases, validation is more realistically carried out through comparison with published experimental studies, with the focus placed on physical behaviour and trends rather than exact numerical agreement. CAE should be viewed as a tool that supports engineering judgement rather than replacing it.
[bookmark: _Toc229390454]ANSYS
[bookmark: _Toc229390455]Software and Modelling Approach 
The simulation was carried out using ANSYS Workbench, with ANSYS Mechanical [6]. Workbench was used to define the geometry and assign material properties, while Mechanical was used to change velocities, generate the mesh, apply boundary conditions and control the solver settings.
An explicit dynamics approach was selected because the problem involves a high-speed impact occurring over a very short time period. In this type of event, stresses and contact forces change rapidly, and the interaction between the projectile and the plate is highly non-linear. A static analysis would not be suitable, as it would not capture the behaviour of the impact. The explicit solver therefore allows the model to represent the behaviours more realistically [6].
[bookmark: _Toc229390456]Original Model 
[bookmark: _Toc229390457]Geometry and Materials 
The model consisted of a 9 mm iron projectile impacting a flat aluminium plate with a thickness of 2 mm. The plate was assigned material properties corresponding to AL2024-T351 aluminium alloy, while the projectile was defined as iron.
The geometry was intentionally simplified to focus on the interaction between the projectile and the plate. This reduces computational cost and allows the simulation to run more efficiently. However, it is recognised that simplifying the geometry may affect local stress predictions, particularly in regions where stress concentrations occur. Despite this, the simplified model is sufficient to capture the overall impact behaviour required for this study.
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Figure 1 - 9 mm projectile geometry
[bookmark: _Toc229390458]Setup 
The original model represents the initial simulation setup prior to any refinement or comparison with literature. It uses a projectile velocity of 400 m/s, the mesh configuration of 0.001 m for the projectile and 0.0005 m for the plate and all fixed boundary conditions.
This model forms the foundation of the study, as it provides a consistent reference point for evaluating how changes in velocity, mesh and boundary conditions affect the results. By establishing a clear baseline, it becomes possible to assess whether modifications to the model improve accuracy or simply alter the results due to changes in assumptions.
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[bookmark: _Toc229390459]Results 
The results from the original simulation showed a maximum equivalent stress of approximately 577 MPa. This stress was highly localised at the point of impact, which is expected as the projectile transfers its kinetic energy over a very small contact area.
The deformation results showed a similar pattern, with the majority of displacement occurring directly at the point of impact. The plate exhibited localised bending, while the surrounding areas experienced significantly lower levels of deformation. This behaviour is consistent with the expected response of a thin plate subjected to a high-speed impact.
Overall, the results demonstrate that the model is capturing the key physical characteristics of the simulation. The concentration of stress and deformation at the impact point aligns with theoretical expectations and provides confidence that the simulation is behaving realistically at a fundamental level. These results also provide a baseline for comparison with both the literature and the refined models developed later in the study.
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Figure 3 - Equivalent stress - Original model
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Figure 4 - Total deformation - Original model
[bookmark: _Toc229390460]Literature Comparison and Validation 
The results from the original model were compared with published literature to assess whether the simulation produced realistic values. The primary reference used was the study by M. K. Bhuarya [4], which investigated projectile impact on aluminium plates using ANSYS. Their results for a 0° impact case showed extremely high equivalent stress values, including approximately 350 GPa, with values around 40 GPa reported for thinner plates.
At first, these values appear significantly higher than the result obtained in this study, which was approximately 577 MPa. However, this difference can be explained by several key factors. The reference study used a higher projectile velocity of around 830 m/s, which would result in higher stress values.
To provide a more realistic benchmark, additional literature suggests that aluminium plates subjected to ballistic impact can experience very high localised stresses under high-velocity loading, with the overall response strongly influenced by plate thickness, projectile type and impact conditions [5]. This is more consistent with the stress levels obtained in the present study and supports the view that the model is producing physically credible results. 
Based on this, validation was carried out by comparing the order of magnitude and overall behaviour of the results rather than attempting to match exact values. The original model result of 577 MPa falls within a realistic range, suggesting that the simulation is producing credible outputs.
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Figure 5 - Literature comparison
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Figure 6 – Literature comparison
[bookmark: _Toc229390461]Increased Velocity 
To improve the comparison with the reference study, the projectile velocity was increased from 400 m/s to 830 m/s, matching the conditions used in [4]. This allowed the effect of velocity on the structural response to be assessed more directly.
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Figure 7 - Equivalent stress (830 m/s model)
[bookmark: _Toc229390462]Analytical Validation 
A simplified analytical validation was carried out to assess whether the simulation results followed the expected physical behaviour. In high-speed impact problems, obtaining a fully analytical solution is difficult because the response involves transient contact, localised plastic deformation and rapidly changing stress distributions. However, simplified calculations can still be used to validate general trends and provide confidence that the model behaves realistically.
One of the most important factors in projectile impact is kinetic energy, as this represents the amount of energy transferred into the target during impact. The kinetic energy of the projectile can be estimated using . 
For the original model, the projectile velocity was 400 m/s, while the refined comparison model used 830 m/s. Since kinetic energy is proportional to velocity squared, increasing the velocity produces a significantly larger increase in impact energy. This means that even relatively small increases in velocity can result in much higher stresses and deformation within the target plate.
The analytical relationship therefore supports the trend observed in the simulation results. When the projectile velocity increased from 400 m/s to 830 m/s, the maximum equivalent stress also increased from approximately 577 MPa to 636.7 MPa. Although the stress increase was not directly proportional to the velocity increase, the overall behaviour remained physically realistic, as a higher energy impact produced a more severe structural response.
[bookmark: _Toc229390463]Comparison with Literature 
The results showed an increase in maximum equivalent stress to approximately 615 MPa, which is consistent with the expectation that higher impact velocity leads to greater stress and deformation. The stress remained concentrated at the impact point, but the magnitude and severity of the response increased. This confirms that the model behaves in a physically realistic way, as the relationship between velocity and stress aligns with fundamental impact mechanics. 
When compared to the results from [4], the higher velocity model shows improved alignment in terms of behaviour, although the numerical values still differ significantly. This is expected, as differences in model setup, material definitions and boundary conditions can all influence the results. The important observation is that increasing the velocity leads to an increase in stress. This reinforces the validity of the model, even though exact agreement is not achieved.
The results can also be compared with the experimental and analytical work by Rechts and Ipson [8], who developed a classic ballistic model for rigid projectiles impacting metallic targets. Their work does not report finite element stress values, but a key finding of their study is that impact response is dominated by projectile kinetic energy and target resistance, meaning that increases in projectile velocity lead to higher stresses and deformation within the target material. This directly supports the trend observed in the present study, where increasing projectile velocity from 400 m/s to 830 m/s resulted in a clear increase in equivalent stress. The comparison demonstrates that CAE validation is not based on matching exact values, but on ensuring that the model behaves in a way that is consistent with established research.
[bookmark: _Toc229390464]Mesh Conditions
The effect of mesh size on the simulation results was investigated by progressively refining the model and comparing the resulting equivalent stress and total deformation. This is an important step in CAE, as the accuracy of the results depends heavily on how many nodes the geometry is broken into, particularly in regions with high stress, such as the impact point.
The original model used a mesh size of 0.001 m for the projectile and 0.0005 m for the plate, which produced a maximum equivalent stress of 615 MPa. This provided a stable solution and served as a baseline for comparison.
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Figure 8 - Original model mesh
[bookmark: _Toc229390465]Coarse Mesh
To assess the effect of mesh refinement, a coarser mesh of 0.005 m was used in combination with the increased velocity model. In general, a coarser mesh reduces the ability of the model to resolve local stress gradients accurately because the load is distributed over larger nodes. In the present case, the coarse mesh produced a maximum equivalent stress of 692.4 MPa, which was higher than the later refined models. This suggests that the result may have been influenced by local numerical effects rather than providing a more physically reliable peak value. This is an important reminder that mesh changes do not always cause stress values to move in one simple direction, particularly in explicit dynamic impact simulations where contact behaviour and local element distortion can strongly affect the reported peak stress.
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Figure 9 - Coarse mesh configuration 
[bookmark: _Toc229390466]Refined Mesh
The mesh was then refined to 0.001 m under the increased velocity condition, which produced a maximum equivalent stress of approximately 636.7 MPa. This increase in mesh from the base model indicates that the finer mesh is better able to resolve the stress concentration at the contact region between the projectile and the plate. In explicit dynamic simulations, this is the expected behaviour, as smaller nodes provide higher resolution and allow more accurate representation of stress gradients.
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Figure 10 - Increased mesh model

Overall, the mesh study shows that the predicted stress is sensitive to mesh size, but remains within a relatively consistent range. This indicates that the model is reasonably stable and that the results are not purely dependent on discretisation. However, it also highlights that peak stress values in CAE should always be interpreted with caution, as they can be influenced by mesh density.
[bookmark: _Toc229390467]Sphere of Influence
To further improve the accuracy of the model, a sphere of influence was applied to refine the mesh specifically in the impact point. This approach allows a much finer mesh to be used locally, while keeping the rest of the model relatively coarse to reduce computational cost.
The use of a sphere of influence is particularly effective in impact simulations because the highest stress gradients occur in a very small region around the contact point. By increasing mesh density in this area, the model is better able to capture the true stress distribution and deformation behaviour.
In this study, the sphere of influence resulted in a more detailed stress distribution at the impact location, improving the visual resolution of the results and providing a clearer representation of how the load is transferred into the plate. However, this increased refinement also introduced numerical issues, including energy errors that caused the simulation to terminate prematurely.
This highlights an important limitation of explicit dynamics. While local refinement improves accuracy, it also reduces the stable time step of the simulation, making the model more prone to instability. As a result, there is a trade-off between accuracy and numerical stability.
The results demonstrate that targeted mesh refinement, such as a sphere of influence, is more effective than uniformly refining the entire model. However, it must be applied carefully to avoid solver issues.
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Figure 11 - Sphere of influence mesh
[bookmark: _Toc229390468]Boundary Conditions
The boundary conditions applied to the plate were varied to assess their influence on the results. This is a critical aspect of CAE modelling, as boundary conditions define how the structure interacts with its surroundings. In impact simulations, they have a significant effect on both deformation and stress distribution.
The original model used an all-fixed support condition, which provided a consistent starting point. From this, three alternative configurations were tested: displacement support, two opposite edges fixed, and no fixed boundaries.
[bookmark: _Toc229390469]Displacement Support 
The displacement support condition constrained the movement of the plate in a controlled way, allowing deformation while preventing rigid body motion. This type of boundary condition is often considered more realistic than fully fixed constraints, as it allows the structure to respond more naturally to loading. The results showed that the plate was able to deform more freely compared to fully constrained models, resulting in a more distributed stress pattern.
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Figure 12 - Displacement support equivalent stress results
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Figure 13 - Displacement support total deformation results
[bookmark: _Toc229390470]Two opposite fixed edges
In the case where two opposite edges were fixed, the plate behaviour became significantly stiffer. By restricting movement along these edges, the structure was less able to absorb the impact through deformation. As a result, the load was transferred more directly through the plate, which can lead to higher local stress concentrations. In practical terms, this means less of the projectile energy is dissipated through plate movement and more is retained locally around the impact zone, which causes the peak equivalent stress to increase.
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Figure 14 - Two opposite edge support equivalent stress results
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Figure 15 - Two opposite edge support total deformation results
[bookmark: _Toc229390471]No Fixed Boundaries
When no fixed boundaries were applied, the plate was free to move in response to the impact. While this allowed maximum deformation, it also resulted in behaviour that is not physically realistic, as the plate effectively experiences rigid body motion rather than resisting the impact. This highlights the importance of applying appropriate constraints, as a lack of boundary conditions can produce misleading results. 
[image: ]
Figure 16 - No fixed boundaries equivalent stress results
[image: ]
Figure 17 - No fixed boundaries total deformation results
Overall, the boundary condition study shows that the simulation results are highly sensitive to how the model is constrained. More restrictive boundary conditions reduce deformation but can increase stress, while less restrictive conditions allow greater movement but may reduce stress. This reinforces the idea that boundary conditions must be carefully selected to reflect real-world conditions as closely as possible. 
A comparison of the boundary condition results shows that the equivalent stress changed much more clearly than the total deformation. The displacement support case produced a lower maximum equivalent stress of approximately 476.69 MPa, while the two opposite edges fixed case increased to around 615.08 MPa. This is because fixing the plate edges increases the effective stiffness of the plate, reducing its ability to absorb impact energy through bending and forcing more of the load to remain concentrated near the impact point. By contrast, the displacement support case allows the plate to respond more naturally, which helps distribute the load and reduces the local peak stress. The total deformation values were almost identical in all three boundary cases, remaining close to 0.0968 m. This suggests that the deformation result is likely dominated by the motion of the projectile rather than the plate alone, meaning it is less useful for comparing support conditions in its current form. This is important because it shows that CAE results must be interpreted carefully, not only in terms of how the model is built, but also in terms of how the output is measured. For future improvement, the total deformation result should be scoped to the plate only, rather than all bodies, so that the effect of boundary conditions on plate displacement can be compared more clearly.
[bookmark: _Toc229390472]Discussion
The results from this study show that the model was able to capture the main features expected from a projectile impacting an aluminium plate. In all cases, the highest equivalent stress was concentrated around the point of impact, and the deformation was mainly localised in the same region. This is what would be expected physically, as the projectile transfers a large amount of energy into a very small contact area over a very short period of time. The model therefore appears to represent the general behaviour of the problem well, even though it remains a simplified numerical representation of a real-world example.
One of the clearest findings from the study was the effect of impact velocity. When the projectile velocity was increased from 400 m/s to 830 m/s, the maximum equivalent stress increased from around 577 MPa to 636.7 MPa. This is an important result because it shows that the simulation responds as expected. A higher velocity means the projectile carries more kinetic energy, so it is reasonable that the plate experiences a higher stress response. Although the increase in stress was not as large as might initially be expected, this may be due to the influence of other modelling factors such as mesh, boundary conditions and how the stress is extracted from the result plots. Even so, the overall trend is correct, and that is an important part of validating the model.
The literature comparison also helped place the results in context. The values reported in [4] were much higher than those obtained here, particularly for the 0° impact case and the 2 mm plate. However, this does not automatically mean that the present model is inaccurate. The reference study used a different projectile and more restrictive constraints, all of which would be expected to change the stress response. It is also likely that the reported stress values represent highly localised peaks. In a problem like this, that matters a lot, because very small differences in the contact setup or mesh resolution can produce large differences in the maximum reported stress. For that reason, the literature comparison is more useful for checking whether the simulation shows the correct trend and order of magnitude, rather than expecting an exact match.
The mesh study showed clearly that the model is sensitive to the amount of nodes present, particularly near the impact point. The original mesh produced a maximum stress of 615 MPa, while the coarse model produced values of around 692.4 MPa and the refined model produced results of around 636.7 MPa. This suggests that a finer mesh captured the local stress concentration more accurately, which is what would normally be expected. At the same time, the fact that the values stayed within a relatively similar range is encouraging, as it suggests the model is not producing completely unstable or inconsistent results. The sphere of influence approach was useful because it refined the mesh where it mattered most, rather than across the whole model. However, it also introduced energy errors and stability issues, which highlights an important limitation of explicit dynamics. In CAE, a finer mesh is not always automatically better. There is always a balance between local accuracy, stability and solve time, and this study showed that clearly.
The boundary condition study was also important because it showed how strongly the results depend on how the plate is constrained. When the plate was more restricted, the structure became stiffer and was less able to absorb the impact through deformation. This can increase local stress concentrations because the plate has fewer ways to redistribute the load. When the constraints were reduced, the plate was able to deform more freely, which changed both the deformation pattern and the stress distribution. In the case with no fixed boundaries, the stress values were reduced because the plate was essentially free to move rather than resist the impact. This is a good example of why CAE results should never be accepted without question. A model can look visually convincing, but if the boundary conditions are not realistic, the output may still be misleading.
Taken together, the results show both the strengths and limitations of CAE. On the positive side, the model made it possible to investigate the effect of velocity, mesh refinement and support conditions without the cost, time and safety concerns of physical testing. It also allowed the stress and deformation behaviour to be visualised clearly, which is one of the biggest advantages of simulation work. On the other hand, the study also showed that the results are highly dependent on modelling choices. They all had a noticeable influence on the predicted response. This means that CAE is most useful when it is used critically, with an understanding of its assumptions and limitations, rather than as a tool that simply produces one “correct” answer.
Overall, this study supports the view that CAE is a powerful tool for engineering design and analysis, but only when supported by validation, sensible modelling choices and engineering judgement. In that sense, the most valuable outcome of the work is not just the final stress value, but the understanding gained from seeing how the model responds to changes in setup.
[bookmark: _Toc229390473]Conclusion
This study investigated the impact of a 9 mm iron projectile on a 2 mm aluminium plate using ANSYS explicit dynamics. The model produced realistic impact behaviour, with stress and deformation concentrated around the point of contact. Refinement of the model showed that the results were sensitive to velocity, mesh density and boundary conditions, highlighting how strongly simulation outputs depend on model setup.
Comparison with published literature showed that, while exact numerical agreement was not achieved, the model produced the expected behaviours and stress levels. This suggests that the simulation was suitable for assessing overall response and model sensitivity, even though local peak values remained dependent on assumptions and numerical settings.
In conclusion, the work has shown that CAE is a highly useful tool for investigating complex engineering problems such as projectile impact. It allows different design and modelling parameters to be explored quickly and safely, and provides valuable insight into structural behaviour that would be difficult to obtain experimentally. At the same time, the study has also shown that the accuracy of CAE depends heavily on how the model is built, constrained and interpreted. For that reason, CAE should be seen as a tool that supports engineering judgement, rather than replacing it.



[bookmark: _Toc229390474]References.
1. O. C. Zienkiewicz, R. L. Taylor, and J. Z. Zhu, The Finite Element Method: Its Basis and Fundamentals. Oxford, U.K.: Elsevier, 2013.

2. R. D. Cook, D. S. Malkus, M. E. Plesha, and R. J. Witt, Concepts and Applications of Finite Element Analysis. New York, NY, USA: Wiley, 2002.

3. T. Belytschko, W. K. Liu, and B. Moran, Nonlinear Finite Elements for Continua and Structures. Chichester, U.K.: Wiley, 2014.

4. M. K. Bhuarya, M. S. Rajput, and A. Gupta, “Finite element simulation of impact on metal plate,” Procedia Engineering, vol. 173, pp. 259–263, 2017.

5. T. Børvik, L. Olovsson, S. Dey, and M. Langseth, “Normal and oblique impact of small arms bullets on AA6082-T4 aluminium protective plates,” International Journal of ImpactEngineering, vol. 38, no. 7, pp. 577–589, 2011.

6. ANSYS, Inc., Mechanical APDL Theory Reference. Canonsburg, PA, USA: ANSYS, Inc.,2025.

7. G. R. Johnson and W. H. Cook, “A constitutive model and data for metals subjected to large strains, high strain rates and high temperatures,” in Proc. 7th Int. Symp. Ballistics, The Hague, The Netherlands, 1983, pp. 541–547.

8. R. F. Recht and T. W. Ipson, “Ballistic perforation dynamics,” Journal of Applied Mechanics, vol. 30, no. 3, pp. 384–390, Sep. 1963



Page 2 of 2
image1.png




image2.png
| HiEihd A+ Explict Dynamics - Mechanical [Ansys Mechanical Enterprise] - &8 X
Home | Geometryimports | Display  Selection  Automation  Add-ons Learning and Support Quick Launch 20 ~
O % Samed selection [ Commands @images~ @
*K Coordinate System GJComment [ Section Plane
Duplicte Q | sobe | AMSE g pnctepont |y chart @Annotation | ASgSeomety
Gutine | sohen Insert Geometry
artn < DEE QA RBwR % C-HRAAAQ seet kMode- TR R R BB E ® '« ® 2 — [Clipboard~ [Empty] @Extend~ 9, Select By~ @ Convert~
Neme | search Outiine | v
W Project* Geometry Imports
£ (3 Model (a2) 23/03/2026 09:3¢
B Geometry Imports
1% Geomelry
78 Materidls
73K Coordinate Systems
78 Comectons
7 Mesh
&-/17 Explicit Dynamics (5)
/2l il Conditons
71l Analyss settings
713, Fed Support

- #8 Solution (6)
£ Solution Informaton
/& TotalDeformaton
/1 Equvalent Stress

Details of *Geometry Imports* ~RroOx

0050 (m)

[ E—— SSS—

Graphics Annotations v R x





image3.png
Context A Bxplicit Dynamics - Mechanical [Ansys Mechanical Enterprise]

Home | Geometryimports | Display  Selection  Automation  Add-ons Leamingand Support

O x| # Bl ®ineaseiecion [ Commancs @images~ @
B i coorainate system EIcomment  PSection Plane

ouste Q| Sohe | A ¢ i Uit BhAmotaton | A4SESRY

@ -aox QA RBwR % C-HRAAAQ seet kMode- TR R R BB E ® '« ® 2 — [Clipboard~ [Empty] @Extend~ 9, Select By~ @ Convert~
Name <[Seschoutine |

1 Project* Geometry Imports

= (@ Model (A4) 23/03/2026 09:34

/B Geometry Imports

%@ Geometry

71 vateridls

3 Coondinate Systems

B Comnections

7 Mesh

527 Explicit Dynamics (AS)

./ Tt Conditions

71l Analyss settings

/@, Fixed Support

- #8 Solution (6)
£ Solution Informaton
/& TotalDeformaton
/1 Equvalent Stress

Details of “Geometry Imports" ~RroOx

Graphics Annotations

s
0000 0025 0050 (m)
[ E—— SSS—
0013 0038

Quick Launch 20 ~

v ax




image4.png
Home | Mesh
Mesh Feature
Workflows~ | Detection
Mesh Workf Detect
Outline
Name -

m
=

Project
8 Hodel (as)

713, Fixed Suppor

Display  Selection

e %

Update Generate | Surface
Mesh

- x

-4/ Solution (A6)

A Explicit Dynamics - Mechanical [Ansys Mechanical Enterpris

Automation

%

Qa |ew

Addons  Learn

P a %W

Method Siing Face  Mesh Match

Meshing Copy Control @ Pinch

L8 Contact Sizing Rinflation " Geometry Fidelity & % R
AvRefinement B weld ©auad Layer | {8 Contact Mateh Group =
Mesh  Mesh

@ Feature suppress B Connect Node Merge Growp 'h5ir nuening

«8ee B0

Contact Node Node Pull | Qualty
Match Merge Move . | Worksheet

& % C-rQAAAQAQ St KMder FIRRDRERE v P E [EClipboard~ [Empty] @ Extend~ 9 SelectBy~ @ Convert~ _

I 0O

0010 0030

0040 (m)

i E

Metric Edges
Graph~ .

[

/

(> 2PN

vl snap





image5.png
Context  A: Explict Dynamics - Mechanical [Ansys Mechanical Enterprise]
Home | nflalCondiions | Dispay _ Selecion _ Automation _ Add-ons _ Learing and Suppert
§ | BB Snssean B @ | ) | |~ A
L] i Coordinate System CJComment [ Section Plane T=0 (7! _—
o Sobe | AN g octepoint Lichat @ Annotation | V100 4ngular Drop, | Graph Tobuar
Suine | s3ven e o views
Outine CH0X  QQ[@lv® % O QA @& Q St % Mode ¥
Nome [seoch Outine | o
1 Project* A: Explicit Dynamics

- [ Model (a4)
/B Geometry Imports
77 Geometry
71 vateridls
3 Coondinate Systems
B Comnections
7 Mesh
527 Explicit Dynamics (AS)
528 il Conditons
b Pre-Stress (None)
b Velodity
< il Analyss settngs
/@, Fixed Support
- #8 Solution (6)
B3 Solution Informaton
/@ TotalDeformaton
£ Equvalnt Stess

Detals of "Velocity” ~RoOx

Velocity
23/03/2026 09:56

Velocity: 400 my/s

=) scope

Scoping Method Geometry Selection

Geometry 1 Body

Graphics Annotations

=) Definition

Input Type Velodty

Pre-Stress Environment | None Available

Define By Vector

 Total 400. m/s

Direction Click to Change

Suppressed No

TR RB@E®® P E - Ecipoad- [Empty] @Exend-

T
0000 0025 0050 (m)
I I )
0013 0038

Select By~ @ Convert~ _

Quick Launch 20 ~

vax




image6.png
+ Explict Dynamics - Mechanical [Ansys Mechanica Enterprise] < - - &8 X
Display  Selecion  Automation  Add-ons Learning and Support Quick Launen 0o ~
R Named Selection Commands (@images™ 1.0 (True Scale] - v . . @rrobe v Snap | —» T Proportional Line Form  §, X Axis. 0 [0 D ~
i Coordinate System [JComment [ Section Plane | Scoped Bodies. - BB Maximum = uniform : Grid Aligned Solid Form &, Y Axis ‘Top by —
Dupliate Q | Sove | AMISE g pnotepont |y chart BAnnotation | ] Large Vertex Contours SS°MetY Contours Edoes g5 L] Vedort ——p—— | —p——— | "ongin  L.zAxs | Exottom Workeheet | Graph [Tablar
Gutine | savery insert Dispiey VectorDisplay Copped sosurioe Views
Tz CUER Qa V& %[0 RAAAQ St kModer TEEROERM®E = B £ ECipboard~ [Empty] @Extend~ 9 SelectBy~ @ Convert-
Neme ~[Search Outiine |~ ¢
([ project* Tabular Data v ax
- (B Model (4) Time (5] | Minimum [Pa] |[¥" Maximum [Pa] | [V Average [Pa]
B Geomety s 11755605 0. o o 2024 R2
v Geometry 5.0017¢-006 0. 5.7744¢-008  5.5605e-007
7 vaterids

100016005 48284e-005  5.58326-008  8.8536e-007
15001005 64605¢-005  5.51256-008  1.37626-008
20005 01688005 5486e-008  19483e-008
250016005 535176-006  54826-008  23031e-008
300016005 7.49216-006 |54343e-008  24605¢-008
350026005 1.1469-007  53676e-008  2.5284e-008
400016005 9.96226-006  52064e-008  26065¢-008
450026005 | 1.028e-007 | 48477e-008  27128e-008
500016005 52611e-006  49427e-008  28913e-008
550026005 8.17946-006  49976e-008  3.0383e-008
6.00016-005 1.02956-007 5.0292¢-008  31155¢-008
650016005 557346-006  5.0441e-008  3.0968e-008
7.00026-005 820136-006  5.0791e-008  29583¢-008
750016005 8.94296-006 | 4905e-008  2.6447e-008

73K Coordinate Systems
78 Comnectons

59 Soluton Information
/% Tota Deformaton
% Eanslentsiress

1386428
9494667
512477
7.5485¢6 Min

0001c.005 85657e-006 4200165008 20616e-006
534056005 754850-006  a0084e-005 1 63650-008 2
z
0.000 0025 0.050 (m)
Detaits of"Equivalent Stress < 5 L Se— S—
= scope 3 0013 0038
Scoping Miethod | Geamety Sefedion
Geometry AilBodies Graph cEx
= Defintion it
Animation m rames ~|2Sec (Auto)  ~ S 3Cycles AA
e Caualent Vo i) 1< > [m]>1 [@m| 2x 25ectaue) - B Q S| EE| k3o M.
B Time. 83403e5
DisplayTime | Last
Sepatate Data by iy No
Colcuate Time History | ves
identier
Suppressed No
= ntegraton Point Rests
DisplayOption | Averaged i . i . i .
Average Actoss Bodies |No 125¢5 2585 37565 55 6.25e5 75e5 8.3403e5
= Resutts
Minimum 7.5485¢-006 Pa ]
Maximum 4.0084¢-008 Pa L 1 1
Average 163662008 Pa v Graphics Annotations _ Graph





image7.png
Explcit Dynamics

Mechanical [Ansys Mechanical Enterpris

Wome | Resut  Diplyy  Selectin  Automation  Addons Lean
D Cut X Delete = My Computer - , @images~ . = E ¥ Tags (D Manage Views HiManage -
L e aree | S ommtes il Clcomment  [Bsection Pane E Qi User etined
DU D paste ymree~ | Cores 4 o Analysis luchat  Bamotaton | U Keftame Pysnowerrors BunitConveter  Elkey Assignmens | sfiky, (JReset Layout
Outline ~roOx G[C]+ Q@A Q@ Q St kModer T HEE EEME & = FClipboard~ [Empty] @Extend~ 9 SelectBy~ @ Convert~
Name - v.
[ project Dynamics
B (3 Model (a2) Total Deformation
Type: Total Deformation  Tbular Dsta v X
Unit m
Time s [V Minimum (m |[7" Maximum fm) |[V° |
Time: 8.3403¢-005 5 el 2 2
Cycle Number: 39410 2_[5.0017e-006 0. 199740003 6.188¢-005
24/03/2026 0936 5100010005 0 3174e003  15266e.008
4150010005 0 S7eTieons  26106e.004
/@ body g 0028696 Max Slzeos o 75604003 43699004
+/® sodySang 2 0025507 & 250016005 0 930626003 6.0285¢.004
-4/ Exphat Dyarics (45 0022319 730001605 0 110076002 77713008
T tere) 001913 & [25002e.005 0 12678002 975230008
y 0.015942 9 |4.0001e-005 0. 1.4336-002 1.2044¢-003
CoiErE 0] .5002¢.005 o 1596002 14371003 4
oy ! e 150001005 0 17645002 164960003
58 Solution (A6) _ T 1255002005 0. 193¢.002 1.8279¢-003 .
#E3 Soluton Informatir AT 13 |6.0001e-005 . 20955¢.002  1.9633¢.003
/@ Total Deformation o 12 |6.5001e-005 0. 22609002 2.057¢-003 F
/® Equvlent 15700020005 0 2azs2e002 211466003 i
161750010005 0 2sotsec0z 214270003
1780001005 0 2560002 214616003 — .
e 834030005 0 256002 21380003
v
Details of “Total Deformation” ~40Ox
=[scope "
Scoping Niethod | Geomety Seletion
Geometry A Bodies
=/ Definition 0.000 0.025 0.050 (m)
Tpe Totol Defomation [ e )
o Time 0013 0038
DispayTime Lot
Separste Data by Enty | No Graph “ax
Calawiate Time Hitory | es Animation |4 b (W] >l |[I] M [20Fomes  ~|25ectauo) +| B @ EE| .
Identier psiores
Suppressed o R
= Resutts _
Vinimam oo E e
Vaimum 2ass6e00zm A
Average 2136 03 o 12565 2565 37565 ses 62565 7565 83403e5

Minimum Occurs On | PlatelBoss-Extrudel
CorelRevolvet

Minimum Value Over Time

Maximum Occurs On

[s]





image8.png
~ | R Finite Element Simulation of Impz: X |

- 9 x
&  C [ @ nhitps//www.researchgate.net/publication/314251708_Finite_Element_Simulation_of_Impact_on_Metal_Plate/fulltext/58be174992851cA71d5bff02/Finite-Element-Simulation-of-Impact-on-Metal-Plate.pdf?origin=publication_detail&_t.. @ v €3 | {= o My chat

= | v VYV Draw v & A | ab | @ AskCopilot ~ - + @ 3 ofs | R D

o

=] /' €3 | Edit with Acrobat

0% 20000 40000 (mm)
o 15000 ()
0000 30000
ey B

Fig. 3 Simulations showing bullet impacting the plate at 15° and 45°.
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Fig. 4 Maximum Equivalent stress graph for different angles of impact

It was seen that bullet penetrated the plates at 0°, 15° and 30° angle but got bounced off at 45° angle. The inclination
angle of plate has effect on the maximum stress developed in the area. When the inclination is increased it is seen
that the maximum stress developed is decreased. Due to which fracture of material does not occur after a certain
angle. That is why there is no penetration of bullet after 45° inclination angle of plate with respect to bullet.
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Fig. 5 Finite clement simulations for bullet impacting plate with different thickness. (a) 6 mm, (b) 15 mm, (c) 20 mm and (d) 30 mm.
Maximum equivalent stress in plate was studied for various cases. A plot of maximum equivalent stress in plate as a

function of various thicknesses is shown in Fig. 6. The plot shows that maximum equivalent stress happens in the
case of plate with thickness 20 mm.
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Fig. 6 Maximum equivalent stress in plate as a function of plate thickness.
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