[bookmark: _Hlk204065572][image: University of Wales Trinity Saint David - myday]






Application of Computer Aided Engineering Processes






ACDB 5007 Computer Aided Engineering
Level 5 Ordnance, Munitions and Explosive Engineering
School of Applied Computing




Elias James



[bookmark: _Toc228809777]Table of Contents

List of Figures	2
List of Tables	2
1.	Introduction	3
2.	CAE Processes and Limitations	3
3.	Mortar Base plate Modelling in ANSYS	5
3.1.	Geometry and Material	5
3.2.	Loading and Boundary Conditions	6
3.3.	Mesh Setup	8
3.4.	Measured Outputs	9
4.	Validation of Baseplate Model	9
5.	Influence of Mesh and Boundary Conditions on CAE	12
5.1.	Mesh Influence	12
5.2.	Boundary Condition Influence	14
6.	Conclusion	17
7.	References	19



[bookmark: _Toc228809778]List of Figures

Figure 1 Geometry of the base plate in Autodesk (top).	5
Figure 2 Geometry of base plate in Autodesk (bottom).	5
Figure 3 Load conditions (red).	6
Figure 4 Boundary condition one (purple).	7
Figure 5 Boundary condition two (purple).	7
Figure 6 Coarse mesh - element size: 0.0283.	8
Figure 7 Medium mesh - element size: 0.01.	8
Figure 8 Fine mesh - element size: 0.001.	9
Figure 9 Cantilever beam model in ANSYS with a uniformly applied load (500N).	10
Figure 10 Deformation results of the cantilever beam in ANSYS.	10
Figure 11 Stress results of the cantilever beam in ANSYS.	11
Figure 12 Deformation results for Coarse, medium and Fine meshes.	12
Figure 13 Von Mises stress results for Coarse, medium and Fine meshes.	13
Figure 14 Strain results for Coarse, medium and Fine meshes.	14
Figure 15 Deformation results of BC 1 and BC 2.	15
Figure 16 Von Mises stress results of BC 1 and BC 2.	16
Figure 17 Strain results of BC 1 and BC 2.	17




[bookmark: _Toc228809779]List of Tables

Table 1 Aluminium 7068 material Properties.	6
Table 2 Cantilever beam values from Samal and Rao Study [16].	10
Table 3 This study’s ANSYS results comparison with the Samal and Rao study [16].	11
Table 4 Results of deformation, von Mises stress and strain for different meshes.	12
Table 5 Results of deformation, von Mises stress and strain for two different boundary conditions.	15



[bookmark: _Toc228809780]Introduction
Computer Aided Engineering (CAE) is a widely used tool in modern engineering applications and practice as it enables the simulation and evaluation of complex systems [1]. Its development was largely driven by computer advancements, the need for quicker development and lowering costs [2]. Numerical Modelling techniques such as the Finite Element Method (FEM) are used to perform Finite Element Analysis (FEA) which allows analysis of stress/structural, heat transfer and fluid flow for example [2]. Despite the advantages offered by CAE, the accuracy of its results is often challenged as results are highly dependent on a few factors.

The reliability of CAE simulations are highly dependent on factors such as mesh discretisation, boundary condition definition and material modelling. For example, mesh discretisation can mean that finer meshes generally improve solutions, but increase computational cost, whilst coarse meshes can lead to  inaccurate results [3]. Similarly, boundary conditions are also influential in CAE modelling, as they define how the model reacts with other things and the environment. Therefore incorrect boundary conditions can alter stress and deformation behaviour [4].  To therefore ensure the accuracy and reliability of simulation results validation against analytical or experimental data is crucial in numerical modelling [5]. Previous studies have shown that verification and validation processes are crucial for confirming that numerical models accurately represent real-world behaviour [6].

This study shows the application of CAE techniques to structurally analyse a mortar base plate subjected to a static load of 44.5 kN. It is modelled using aluminium 7068 and is analysed in ANSYS to evaluate stress, strain and deformation. A simple cantilever beam model is used to validate the numerical results and assess the reliability of the simulation process. The influence of mesh refinement and boundary condition selection on the accuracy of the simulation is also studied.
This study aims to review CAE processes and their known limitations and discuss the modelling approach used for the mortar base plate. A validation study using a cantilever beam is used and the influence of mesh refinement and boundary condition definition on simulation accuracy is analysed. The overall aim is to evaluate CAE tools and its limitations and highlight the importance of validation, appropriate discretisation, and realistic constraint definition in achieving reliable simulation results.
[bookmark: _Toc228809781]CAE Processes and Limitations
CAE FEM was originally developed for structural mechanic analysis but later found to be exceptional at most engineering analysis applications [1]. CAE follows a structured workflow that converts a physical engineering problem into a numerical model which predicts system behaviour [1]. This process commonly involves problem definition, geometry and material modelling, meshing discretisation, application of boundary conditions and a numerical solution [1]. This process allows for the analysis of complex systems that would otherwise be costly or difficult to test physically. Each stage of the process can influence the accuracy or reliability of the results. 
The FEM is the most common numerical technique that approximates a continuous domain by dividing it into a finite number of discrete sub domains called elements which are connected by nodes [7]. Each element is a simple geometric shape such as triangle, squares or tetrahedra and from this basic functions are created  so that each one is non zero over only a small number of elements [5]. FEM does not produce an exact solution but an approximation and this therefore means that the quality of the solution is directly dependent on the physical problem being represented numerically accurately [8]. This approximation is called discretisation error and should be managed by suitable modelling choices [8].

One of the biggest factors that affects CAE accuracy is mesh discretisation. The mesh is the geometry of the elements, and its size (density of elements) has a direct impact on the simulation to capture stress and localised effects [9]. Finer meshes generally provide more accurate results as they represent variations in the structure better, however they also increase computational cost and solution time [10]. On the other hand, coarse meshes can lead to inaccurate predictions and this therefore creates a trade-off between computational efficiency and solution accuracy [10]. Complete elimination of this discretisation error is not possible, and this therefore means that all FEM solutions contain some level of uncertainty.

Boundary conditions are also a factor in potential error in CAE modelling. Boundary conditions define how the structure interacts with its environment, i.e. constraints, supports and applied loads. In real life boundary conditions are complex and hard to replicate accurately within numerical modelling [9]. This leads to simpler boundary conditions within the modelling such as fixed supports. Small changes in the boundary condition definition can significantly alter stress distributions and deformation patterns within the model [4], [11]. 

In addition to these limitations CAE models rely on assumptions regarding material behaviours and loading conditions. Real life behaviour of deformation or dynamic effects may not be captured when structural analyses assume linear elastic material properties and idealised loading [12]. Also, numerical issues such as stress singularities can occur near sharp corners or highly constrained regions [13]. This can lead to false high stress values that will not be helpful for simulation results [14]. This highlights the importance of interpreting CAE results with caution and not taking them at face-value. 
Due to the uncertainties of FEM, conducting validation and verification of your results is therefore a vital part of the CAE Process. Validation is for assessing that the model accurately represents the physical system and verification ensures that the numerical model is applied correctly [14]. This is usually done by comparing similar solutions, experimental data or modelling to a known simple case. Without validation simulation results may have numerical errors or wrong modelling assumptions and end up inaccurate. This is especially important in safety-critical designs where there is no room for error. 


[bookmark: _Toc228809782]Mortar Base plate Modelling in ANSYS
[bookmark: _Toc228809783]Geometry and Material
The mortar base plate geometry was created in Autodesk CAD and imported to ANSYS Workbench for structural analysis. The design was based on a simplified L16 81mm mortar base plate to reduce computational cost and due to technical drawings of the base plate being unavailable. Figure 1 and 2 consists of a main outer ring, radial spokes leading to a socket (where the barrel would slot into and load applied), and supporting ribs and legs.
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[bookmark: _Toc228810168]Figure 1 Geometry of the base plate in Autodesk (top).
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[bookmark: _Toc228810169]Figure 2 Geometry of base plate in Autodesk (bottom).


The material assigned to the base plate was aluminium 7068, also named ordnance aluminium, which was selected due to its high strength to weight ratio [15]. Below in Table 1 are the property values used in ANSYS obtained from the Granta EduPack 2024 R2.
[bookmark: _Toc228812943]Table 1 Aluminium 7068 material Properties.
	Property
	Value
	Unit

	Young's Modulus
	7.29E+10
	Pa

	Poisson's Ratio
	0.33667
	

	Density
	2850
	kg/m3

	Shear
	2.73E+10
	Pa



[bookmark: _Toc228809784]Loading and Boundary Conditions
A static load of 44.5 kN was applied to the base plate socket to represent the loading conditions [16]. The load was applied to the socket of the base plate replicating real life loading conditions from the barrel recoil.  To simplify the model the load was applied at a 90 angle to the socket, however in real life applications the mortar would not be fired directly up and at a more acute angle.
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[bookmark: _Toc228810170]Figure 3 Load conditions (red).
Two different boundary condition configurations were applied in this study to assess their influence on simulation results. Boundary condition one used fixed supports applied at the base of the legs to represent the base plate being on a hard surface, see Figure 4. The second boundary condition also applied fixed supports to the base of the legs but also the underside ring to simulate a more real-life application where it is embedded in soil, see Figure 5. It is recognised that fixed supports may not fully replicate real life conditions where a degree of movement would be applicable as it is usually sunken in soil. This therefore adds a level of uncertainty into this simulation and highlights the need for careful consideration on boundary conditions in CAE. 
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[bookmark: _Toc228810171]Figure 4 Boundary condition one (purple).
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[bookmark: _Toc228810172]Figure 5 Boundary condition two (purple).


[bookmark: _Toc228809785]Mesh Setup
The mesh was created using the ANSYS meshing tool. Three different mesh densities were generated to investigate the effect of discretisation on solution accuracy: coarse, medium and fine mesh with element sizes of 0.0283, 0.01 and 0.001 m respectively. 
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[bookmark: _Toc228810173]Figure 6 Coarse mesh - element size: 0.0283.
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[bookmark: _Toc228810174]Figure 7 Medium mesh - element size: 0.01.
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[bookmark: _Toc228810175]Figure 8 Fine mesh - element size: 0.001.
[bookmark: _Toc228809786]Measured Outputs
The primary outputs obtained from the analysis were total deformation, equivalent (von Mises) stress, and maximum principal strain. Total deformation provides an indication of the overall displacement of the structure under load. Equivalent stress is used to evaluate the likelihood of yielding in the aluminium. Maximum principal strain shows localised deformation behaviour and is useful for identifying regions of high tensile strain. The results were visualised using contour plots within ANSYS and these enabled identification of regions within the base plate where stress and deformation were the highest. 
[bookmark: _Toc228809787]Validation of Baseplate Model
A cantilever beam validation case was used in this study to check the modelling approach in ANSYS and whether it will produce realistic results. The cantilever beam was selected in this validation due to its simple behaviour that can be directly compared to published data. The mortar base plate and the cantilever beam both experience bending and stress under load, this makes the beam suitable for validating this case. 

The validation study was based on the study by Samal and Rao [17] who analysed the stress and deflection of a rectangular cantilever beam using theoretical calculations and ANSYS. Their study considered a linear elastic, homogeneous and isotropic rectangular beam under different loading cases. Theoretical calculations were found and different ANSYS results were acquired using 8-node brick and 10-node tetrahedral elements. The results are in Table 2 below.


[bookmark: _Toc228812944]Table 2 Cantilever beam values from Samal and Rao Study [17].
	[bookmark: _Hlk228720479] 
	Theoretical Calculations
	Brick 8-node
	Tet 10-node
	Unit

	Total Deformation
	37.5
	18.277
	24.858
	m

	Stress
	150
	151.376
	112.77
	N/m2


In this study, the cantilever beam was recreated in ANSYS using the material properties and loading arrangement from the Samal and Rao study [17]. A rectangular beam was modelled with a fixed support at one end and a uniformly distributed load applied along the top of the beam (Figure 9).
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[bookmark: _Toc228810176]Figure 9 Cantilever beam model in ANSYS with a uniformly applied load (500N).
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[bookmark: _Toc228810177]Figure 10 Deformation results of the cantilever beam in ANSYS.
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[bookmark: _Toc228810178]Figure 11 Stress results of the cantilever beam in ANSYS.
[bookmark: _Toc228812945]Table 3 This study’s ANSYS results comparison with the Samal and Rao study [17].
	
	ANSYS Simulation
	Theoretical Calculations
	Brick 8-node
	Tet 10-node
	Unit

	Total Deformation
	37.532
	37.5
	18.277
	24.858
	m

	Stress
	14601
	150
	151.376
	112.77
	N/m2


As seen in Table 3, the deformation result from this study shows very close agreement with the theoretical calculations in Samal and Roa’s study [17]. The deformation result of 37.532m differs from the theoretical value of 37.5 m by 0.085%. This indicates that this modelling approach, boundary conditions, etc are accurately capturing the deformation of the base plate.
In contrast, the stress values appear to differ significantly when compared directly with the Samal and Roa results [17]. The difference is likely due to variations in stress evaluation methods, element formulation, or numerical representation within ANSYS. In finite element analysis, stress is highly sensitive to things such as element type and mesh density [13]. This is shown in the Samal and Rao study by different element types showing a large variation in stress results. 
Deformation results represent a global structure behaviour and tend to align closely with analytical solutions. Whereas stress results are more sensitive and can vary largely depending on factors such as modelling choices [18]. This therefore highlights an important point in CAE modelling that stress results are often less reliable than others and should be critically analysed.
Overall, this validation shows that the ANSYS model is capable of accurately reproducing expected deformation behaviour of a cantilever beam, providing certainty in the modelling approach used for the base plate analysis. Despite discrepancies in the stress results these are consistent with known limitations of FEM and do not invalidate the model.
[bookmark: _Toc228809788]Influence of Mesh and Boundary Conditions on CAE
[bookmark: _Toc228809789]Mesh Influence
A mesh refinement study was conducted to evaluate the influence of discretisation on the accuracy of the finite element results. Three mesh densities were used: coarse, medium, and fine. Element sizes, number of elements, and results are summarised in Table 4.
[bookmark: _Toc228812946]Table 4 Results of deformation, von Mises stress and strain for different meshes.
	Mesh
	Element Size
	Number of Elements
	Max Deformation (m)
	Max von Mises Stress (Pa)
	Max Principal Strain

	Coarse
	2.83E-02
	58921
	0.0017231
	6.84E+08
	0.0069583

	Medium
	0.01
	109440
	0.0017488
	6.08E+08
	0.0074558

	Fine
	0.001
	939773
	0.0017749
	5.77E+08
	0.0097335


The results show that deformation increases a little as the mesh density increases. From 0.001723 m in the coarse mesh to 0.001775 m in the fine mesh. This indicates convergence toward a stable solution, as there is only a small 3% variation between the coarsest and finest meshes. As deformation represents a global structural response and is less sensitive to mesh refinement compared to stress, this is expected. This suggests that all mesh densities are a reasonable approximation of structural behaviour.
Coarse
Fine
Medium

[bookmark: _Toc228810179]Figure 12 Deformation results for Coarse, medium and Fine meshes.


In contrast to deformation, the von Mises stress decreases significantly as the mesh density increases, from 6.84 × 10⁸ Pa in the coarse mesh to 5.77 × 10⁸ Pa in the fine mesh. This is a change of 16%, which is a significant amount and shows that stress is highly sensitive to mesh density. The higher stress values observed in the coarse mesh are likely due to poor resolution of stress gradients, particularly around regions of complicated geometry such as where the spokes connect. As the mesh density increases the stress gradients can be captured more accurately and this therefore results in different distributions of stress and a reduction in peak values.
Coarse
Fine
Medium

[bookmark: _Toc228810180]Figure 13 Von Mises stress results for Coarse, medium and Fine meshes.
Similarly, this can be seen for maximum principal strain, which increases with mesh density from 0.00696 to 0.00973. This reflects improved resolution of deformation behaviour particularly in the regions of high stress concentration.
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[bookmark: _Toc228810181]Figure 14 Strain results for Coarse, medium and Fine meshes.
The results clearly show that mesh refinement has a significant impact on the accuracy of FEA simulations and particularly stress and strain predictions. Deformation shows relatively minor variation and converges quickly while stress and strain remain sensitive to mesh density due to their dependence on displacement gradients and localised behaviour.
There is obviously a large increase in the element count from 58,921 to 939,773 and this shows the trade-off between accuracy and computational cost as the larger element count took significantly longer to run. The fine mesh provides more accurate stress results in critical regions but at a higher computational cost. The medium mesh could be considered appropriate for analysis as it offers a balance between accuracy and computational power. 
[bookmark: _Toc228809790]Boundary Condition Influence
A boundary condition (BC) comparison was carried out to assess how sensitive simulation was to the way the boundary conditions were set. The same coarse mesh was used for both cases so that the effect of the boundary condition could be isolated. In BC 1 (Figure 4), fixed supports were applied only to the base of the legs. In BC 2 (Figure 5), an additional fixed support was applied to the underside ring, trying to represent a more realistic application where it is sunken into the ground.

The results shown in Table 5 show that changing the boundary condition had a clear influence on the predicted structural response. In BC 2, the maximum deformation reduced from 0.0017231 m to 0.0014196 m. This is a reduction of 17.6% and would indicate that the additional constraint increased the overall stiffness of the model. This result is expected because fixing more of the underside restricts its movement and reduces the ability to deform under load.

[bookmark: _Toc228812947]Table 5 Results of deformation, von Mises stress and strain for two different boundary conditions.
	Boundary Condition
	Max Deformation (m)
	Max von Mises Stress (Pa)
	Max Principal Strain

	BC 1 Supports
	0.0017231
	6.84E+08
	0.0069583

	BC 2 Ring and Supports
	0.0014196
	6.32E+08
	0.0085052



BC 1
BC 2

[bookmark: _Toc228810182]Figure 15 Deformation results of BC 1 and BC 2.
The maximum von Mises stress also reduced from 6.84 × 10⁸ Pa in BC 1 to 6.32 × 10⁸ Pa in BC 2, a reduction of 7.6%. This suggests that the additional fixed support altered the load path through the structure and redistributed some of the stress away from the highest-stress region. In BC 1, the load is transferred mainly through the central hub and spokes toward the support feet, resulting in higher local stress concentrations. In BC 2, the extra support provides an additional restraint path, which reduces the stress carried by the spokes.


BC 1
BC 2

[bookmark: _Toc228810183]Figure 16 Von Mises stress results of BC 1 and BC 2.
Conversely, the maximum principal strain increased from 0.0069583 to 0.0085052, an increase of 22.2%. This shows that although the overall deformation and von Mises stress reduced, local strain concentrations became more distinct in BC 2. This may be caused by the additional fixed support creating localised constraint effects around the ring and adjacent spokes. Applying more fixed supports can artificially stiffen the model and this could create local stress or strain concentrations near constrained regions.


BC 1
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[bookmark: _Toc228810184]Figure 17 Strain results of BC 1 and BC 2.
These two differing results show how important an accurate application of boundary conditions are. Also, a fixed support is an idealisation and not a good representation of real-world conditions. This base plate for example would normally be placed on soil and therefore there would normally be some degree of movement when a load is applied, and it would not be a fixed support. The real behaviour of the base plate is likely to be somewhere between these assumptions. 
The boundary condition study shows that deformation, stress and strain can change significantly when the geometry, material, load, and mesh remain the same. This supports the previous point that CAE results should not be treated as absolute values and the parameters set within the model should be considered carefully. 
[bookmark: _Toc228809791]Conclusion
This study has demonstrated the application of CAE FEA tools for evaluating the structural behaviour of a mortar base plate subjected to a static load of 44.5 kN. The study obtained simulation results but also assessed the reliability of those results through validation, mesh sensitivity and boundary condition analysis. 

A cantilever beam based on a study from Samal and Roa [17] was used as the validation method for the modelling approach. There was a close agreement with the simulated and published deformation results which confirmed the modelling strategy. This provided confidence that the same approach could be used to obtain results on a more complex mortar base plate geometry. The stress value difference however highlighted the sensitivity of stress predictions to modelling assumptions and should be interpreted with caution.
The mesh refinement study showed that deformation results agreed with a relatively small variation, this indicated stable global behaviour. In contrast, stress and strain values varied more significantly due to mesh density and this demonstrated their sensitivity to discretisation and local geometry. This highlighted that CAE results are highly dependent on mesh quality and density, especially in regions with high stress concentration. Also, computational cost increased when the mesh became denser. Meaning a certain balance was needed where the finer mesh offered improved stress resolution, but the coarser mesh had less computational cost. The medium mesh therefore provided a middle ground and solution to this problem. 
The boundary condition analysis further showed the sensitivity of CAE results to modelling assumptions. BC 2 with an additional fixed support on the underside ring reduced overall deformation and stress but increased local strain. This showed how different constraint assumptions can alter load paths and structural response. Real-world support conditions are rarely fixed, and this highlights the importance of carefully selecting boundary conditions to ensure realistic simulation results.
Overall, this study confirms that CAE tools are highly effective for analysing complex engineering structures and can provide very good insight into structural behaviour. However, it also shows that the accuracy is strongly dependent on user-defined inputs such as mesh density, boundary conditions, and modelling assumptions. Therefore, CAE should be used as part of a wider process with other engineering tools, supported by validation and critical evaluation and not solely relied on.
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