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[bookmark: _Toc165202161]Abstract
In this study, Ansys and Solidworks were employed to run simulations to analyse the impact of a projectile on an armour plate with the objective of determining the occurrence of penetration. The simulation models were developed to replicate real-world conditions, incorporating material properties, geometry, and impact parameters relevant to ballistic interactions. The projectile's velocity, mesh density, and simulation package were systematically varied to explore their effects on penetration.
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[bookmark: _Toc165202163]Introduction
With the exponential increase in the ability of computers over the last few decades, their ability to help with various workplace tasks has made them crucial to everyday working life. Three of the main strands that have revolutionised the work place are: computer aided design (CAD), computer aided engineering (CAE) and computer aided manufacturing (CAM). Individually, each of these technologies do as the name suggests. That is enhance the design, engineering, and manufacture aspects of work with the use of computers. Individually, these techniques are powerful tools for their respective functions, but their true utility comes when techniques are tied together in a project; from start to end. An example of this that would have been extreme 10 years ago, but is now a reality, is the ability to produce cost effective, 3D printed housing [1]. The house can be designed using a CAD tool such as SOLIDWORKS, structurally tested using a CAE package such as Abaqus, and finally produced utilising CAM, such as 3D printing to achieve the finished product. This report will focus on only two elements both CAD and CAE, and will provide a discussion into the advantages and disadvantages of utilising this approach for a real world problem.
The aim of this study is not to produce an original piece of research, modelling a real world scenario as the resources to perform the optimum validation of the model were not available. A thorough study in this area of research will conduct the CAE study with the appropriate software, and then repeat the experiment physically to validate the results of the model. Once this process has been completed, the researchers may suggest that the model is accurate – providing the CAE results are a good match to the physical experiment. If this is the case, the researchers can continue to conduct further research using the simulation and provide results that would predict the behaviour that would be seen in the real world. Without the real world experiment it is impossible to be 100% sure that the simulation is accurate. However, the benefit of having the simulation is that it is far cheaper and quicker to run that a full scale experiment, and the results can be used as an indication as to what might happen. Given that the possibility of conducting a real world ballistic experiment was not possible, the validation of the model had to be done by comparing the results generated in this study to one that has already been done in the literature – and preferably one that has performed their own validation of their model, in the method outlined above.
There is a vast amount if literature in this field, meaning that there were a lot of options when it comes to picking a study to base the experimental setup off of. The study, A numerical study of steel and hybrid armour plates under ballistic impacts [2] was chosen, and slightly adapted such that the work was not a direct copy. The decision-making procedure for the changes that were made will be discussed in the model setup section of this report. A key factor to mention is the relation of the work done in this report to that of STANNAG 4569 [3]. The STANNAG is a document created by NATO that sets out specific criteria for a range of different threats, and in this case specifies the performance of armour plates against a range of targets. 
As has been discussed previously, there is no practical element to the experiment for better results validation. Therefore, in order to provide the best comparison possible with the resources available some sort of statistical / analytical model should be used. A common, and reliable method used in ballistic modelling is the Recht-Ipson model that estimates the ballistic limit velocity, and performs well with limited amounts of data – ideally suited for this experimental study scenario. The Recht-Ipson model is based on well known conservation of energy and momentum physics. 

Equation 1 - Conservation of Momentum
Through rearrangement we can yield the Recht-Ipson equation, where vr is the residual, vi is the initial velocity, vbl is the ballistic limit and a and p are empirical constants, shown in the equation below [4]: 

Equation 2 - Recht-Ipson Equation
[bookmark: _Toc165202164]CAD Utilisation
The software package used to create the 3D models for the numerical simulation was Solidworks. Solidworks is a package that allows for the generation of complex 3D geometries from simple starting shapes. In order to demonstrate the potential of Solidworks as a software package, the figure below shows a CAD drawing of a bullet that has been completed by the author of this study. It shows a typical design for an armour piercing round, modelled off the reference given. The model shown only includes the outer casing of a bullet, and has not included the core that would be present on a real round of small arms ammunition. The reason that the round has not been fully modelled is because it is not the object that would be used in the numerical study to follow, but rather shows the ability and detail that the Solidworks package has to offer.
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Figure 1 - Solidworks Bullet [5]
The model that would be taken forward and used in the numerical study is shown in figure 2 below. It represents a bullet core, taken from a paper be Ali et al [6]. The reason that only the bullet core has been used, and not a full model including the casing is to save on computational power, and allow for a more detailed analysis of the projectile impacting the plate. If the casing was included in the design, that this part of the model would also have to be meshed, and it’s behaviour as it impacts the plate observed. As bullet casings are made from materials that are softer (e.g. brass) than the dense core (e.g. lead), as they impact a hard target, they are rapidly deformed and do not penetrate. This can be seen in figures 3 and 4.
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Figure 2 - Projectile used in study

[image: ]
Figure 3 - Casing not penetrating [2]
[image: ]
Figure 4 - Casing not penetrating  [6]

While this interaction between the soft case and hard plate will play a part in the projectiles penetration, it will be negligible compared to the effect of the penetrating hard core. Therefore, to save on computational load and reduce the number of complex calculations that the software would need to complete to accurately model the severe deformation of the casing, it has not been included in the model on this study. This decision to not include it also reduces the risk of the simulation crashing, and so avoids the possibility valuable data being lost. 
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Figure 5 - Armour Plate
The other object needed to complete the numerical study is the armour plate. The study that formed the basis for this work utilised a circular face, with a radius of 50 mm, and depth of 12 mm [2]. The 50 mm radius of the plate is large enough to prevent interference of the stress-strains waves rippling off the sides of the model, and bouncing back into the area of penetration. As in the model set-up, the edge of the circular plate is defined as a boundary condition, any energy that reaches the edge will reflect and propagate back into the centre of the plate. In real life if a target plate was, this effect would still be seen, but some of the energy would be lost as it dissipates into the air – whereas in the model no dissipation occurs. If the armour was on a platform, then the waves could propagate over the whole area, and so it is possible no reflection would occur. With these factors considered the 50 mm radius was selected as it is sufficiently large enough to prevent this influence from occurring.
To create a file that is capable of being exported into the Ansys Workbench environment, an assembly was made in Solidworks. An assembly is a combination of multiple individual parts, and in this case is just the projectile and the armour plate. To get the projectile into the appropriate position in the assembly, a series of mates were used. Mates are tools that are used to create a mathematical expression that relate two surfaces together (e.g. setting once face perpendicular to another). In the case of this study, the centre of the projectile is aligned with the centre of the plate, and the tip of the projectile is 1 mm from the face of the plate. This relationship ensures that the bullet can only move along the z-axis (towards the plate) and starts in the simulation 1 mm from impact. It is important to not have the surfaces of the projectile and plate touching in the assembly as this can cause issues with the contact algorithm in the numerical solver. The 1 mm distance is also a key decision for aiding the simulation time. The software needs to perform calculations for every time step, and if the initial period of time is the projectile travelling through the air towards the target, then this is wasted computational power and time, as the aim of the study is looking to investigate the penetration into the target.
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Figure 6 - Assembly
An important point to make is that Solidworks itself does have the capability to perform finite element analysis. The types of simulation analysis that Solidworks is able to undertake are: 
· Linear static analysis 
· Kinematic analysis
· Fatigue analysis
· Frequency analysis
· Frequency analysis
· Thermal analysis
· Topology analysis [7]
As well as a multitude of others. While these are useful tools for a number of studies, it is not suitable for the types of high energy transfer that is seen in a ballistics style problem. For high energy transfers, a different type of software is preferred – known as a non-linear numerical solver. Available options for this type of problem include software such as Abaqus, and Ansys. 
[bookmark: _Toc165202165]Ansys Model Setup
[bookmark: _Toc165202166]Material Models
[bookmark: _Toc165202167]Bullet Core
A material model is the range of physical parameters that are applied to the different objects in a simulation. For example, in this work there is a ‘bullet’ projectile, and a static armour plate. Different materials, and respective material models were assigned to each of these objects in an effort to replicate the way that they would behave in real life, under the same conditions. 
The material and material model that was settled upon for the bullet core was hardened steel, and the MAT_PLASTIC_KINEMATIC (MAT_003) available in Ansys. MAT_003 is based upon the strain rate effects, first proposed by the Cowper-Symonds model in 1957. They investigated the strain-hardening and strain-rate effects in the impact loading of cantilever beams [8]. Through their work they were able to conclude the equation below, which scales yield stress with respect to the known strain rate dependent factors [2]. σ0 relates to the initial stress, ε is the strain rate, C and P are the Cowper-Symonds strain rate parameters. 

Equation 3 - Cowper-Symonds Model

In order for the simulation to run however, there are other material properties that need to be included. Examples of these include: density, Young’s modulus and Poisson’s ratio. Young’s modulus is a measure of the elasticity of a material, which relates to how readily the material can deform and stretch. Poisson’s ratio relates to the deformation of a material in directions perpendicular to the direction of the physical loading [9]. Through the relationship of Young’s modulus and Poisson’s ratio, the bulk modulus and shear modulus for a material can be derived. These factors together are known as Isotropic Elasticity in the Ansys software package, and is the elastic properties of the material that do not vary with direction. Figure 7 below shows in tabular form all of the properties that have been used for the hardened steel bullet core. From the figure, it is clear that there is no failure material model that has been included. A failure model will represent the conditions under which the material will fail and break apart. The choice to not include a mode of mechanical failure for the projectile is due to the observation that there was no plugging occurred during the physical experiments using the hardened steel core in [2], and in similar experiment conducted by [10].  
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Figure 7 - Bullet Core Material Properties
[bookmark: _Toc165202168]Armour Plate
A separate material model has been used for the armour plate. The density, and isotropic elasticity are once again required, and so have been included. A well established, widely utilised material model, is the Johnson-Cook Strength method [11]. The material model is a viscoplastic approximation that utilises several different properties. Examples of these properties include: thermoelasticity, von Mises yield criteria, associated flow rule, isotropic strain hardening, strain-rate hardening and softening due to adiabatic heating [12]. The equation that is utilised by Ansys to complete calculations is shown below. A, B, n, c and m are model constants, εeq is equivalent plastic strain, εeq* is the dimensionless strain rate and T* is the homologous temperature.

Equation 4 - Johnson Cook Strength
As discussed in the bullet core section, failure models are often also needed to facilitate the simulation calculating the ‘breaking apart’ of the material. Johnson and Cook have also devised a model for this area of material behaviour, and is based on damage accumulation in the material in question [13]. The factors needed to calculate the equation are: temperature, strain rate, strain path and triaxiality of the stress state. The equation is shown its basic form below. D is damage, Δεeq is incremental plastic strain accumulation and εf is the plastic strain at failure under the current conditions of stress triaxiality [12]. When D = 1 the material is calculated to have failed.

Equation 5 - Johnson Cook Failure
The values that are used in the model, D1 – D5 come from the derivation of εf  in the Johnson Cook failure equation above. εf is equated to relate to the stress triaxiality, strain rate and temperature, and is defined by the next equation.

Equation 6 - Plastic Strain Failure
D1 – D5 are the material constants, T* again is the homologous temperature and σ* is the stress triaxiality ratio, and is defined as σH / σeq where σH is hydrostatic stress [14]. The full set of Weldox 700E material properties that have been used are shown in figure 8 below, and the relevant properties have come from more that one source [12] [2].
[image: ]
Figure 8 - Armour Plate Material Properties
[bookmark: _Toc165202169]Ansys Software
Ansys is a collection of different software options that are managed by a workbench. As the problem being tackled in this study is a non-linear high energy transfer, the most suitable available options in Ansys is Explicit Dynamics and LS DYNA. The application that was chosen to run the simulations in this body of work was Explicit Dynamics. Although the paper that forms the basis of this report, [2] and many of the other research papers in this field have used LS DYNA, it was determined that Explicit Dynamics was the option that would be used. Reasoning for this choice will be clarified in the Discussion section. The previously generated Solidworks assembly was imported into the solver package, and so the only steps required to begin the simulation were to complete the various conditions in Explicit Dynamics
In an effort to determine causality for results, only one variable in the study was changed at each time. The two variables that were altered over the course of the experiment were the initial velocity and mesh size. Explicit Dynamics requires users to setup the simulations. For this experiment the conditions that were imposed will be stated, and their reasoning provided.
· Fixed support around the ‘edge face’ of the armour plate – to prevent the plate from moving down range with the projectile as it impacts
· Initial velocity with relationship to cartesian axis acting on the projectile – Only in the -Z direction to ensure the projectile travels down the correct axis, with the correct direction to impact the plate
· The material properties assigned to the projectile and the plate – The projectile was assigned with hardened steel, and the plate with Weldox 700E as discussed in the material model section.
· Mesh size – The mesh forms the nodes that the solver needs to complete the calculations as the different objects (i.e. projectile and armour plate) interact. A finer mesh will mean there a more nodes available to interact, and so more calculations will be needed to complete the simulation, increasing run time for a simulation.

[bookmark: _Toc165202170]Validation of Model (Results)
As discussed previously, the Recht-Ipson criteria would be used in this study to try and assess the models performance, to results seen in studies seen in this area. The table below will show all the different runs that were performed in Ansys, in an effort to investigate how changing one variable at a time impacts the simulation results, and to investigate the reproducibility of the previously stated literature. Note that for the armour plate and bullet material models are the ones that have been stated in the Ansys Model Setup section previously.





	Run Number
	Mesh Size (mm)
	Bullet Velocity (m/s)
	Ansys Package
	Full Projectile Penetration?

	1
	2
	900
	Explicit Dynamics
	Yes

	2
	2
	683
	Explicit Dynamics
	No

	3
	2
	850
	Explicit Dynamics
	Yes

	4
	2
	750
	Explicit Dynamics
	No (Hole formed)

	5
	2
	700
	Explicit Dynamics
	No

	6
	2
	800
	Explicit Dynamics
	Yes

	7
	2
	725
	Explicit Dynamics
	No

	8
	2
	683
	LS DYNA
	No

	9
	1.5
	700
	Explicit Dynamics
	Yes

	10
	1.5
	683
	Explicit Dynamics
	No (Hole formed)

	11
	1.5
	675
	Explicit Dynamics
	No (Hole formed)

	12
	1
	683
	Explicit Dynamics
	Yes


Table 1 - Experimental Results
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Figure 9 - Run 1, Full Penetration

Figure 9 above shows the penetration of the projectile, and the resulting mesh distortion from the simulation. 
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Figure 10 - Run 2, No Penetration
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Figure 11 - Run 2, Penetration Depth

Figures 10 and 11 above show the projectile failing to penetrate the armour plate. One type of data that can be obtained from this occurrence is the depth of penetration that the projectile achieved. The difference between the two Location Z values is 10.177 mm, which is the depth of penetration as the first location is an unimpacted node on the face of the plate, and the second Z location is the node location at the centre of the impact zone. While penetration depth is not the focus area of this study (only whether the projectile is able to fully penetrate), it is an interesting observation that gives information as to what velocities are achieving in terms of damage. For example, in Run 2, 10.177 mm of penetration is achieved with an impact velocity of 683 m/s. 
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Figure 12 - Run 4, Hole Formed, Projectile Bounce Back
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Figure 13 - Run 4, Hole
Figures 12 and 13 above show the projectile impacting the plate, and creating a hole, but does not result in the bullet penetration through the plate, and is instead bouncing back. Therefore, any result that occurs in this fashion can not be used in the Recht-Ipson analysis, as the residual velocity will not reflect the projectile after penetration occurs.
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Figure 14 - Run 9, Distortion of Mesh
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Figure 15 - Run 10, Mesh Distortion, Projectile Bounce Back
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Figure 16 - Run 12, Extreme Mesh Distortion

Figures 14, 15 and 16 above represent the mesh distortion that was observed when penetration was obtained with a finer mesh size at the lower velocities.
[bookmark: _Toc165202171]Discussion
[bookmark: _Toc165202172]General Discussion
While [2] is the basis that the model was built from, there are some important differences that should be briefly covered. A different material model for the armour plate was used, and therefore the penetration that a projectile achieves cannot be directly read across. In the discussion of these results, compared to those that have been achieved in the literature it is not an exact replica that was the aim. Instead, the degree to which the results are comparable will provide useful discussion points.  
The way in which the model was setup followed best practice from literature. The fixed support for the plate was added around the outer face, to keep it in place as the projectile impacted. This is a somewhat accurate representation of a real world scenario, as in practice the projectile would hit a platform (e.g. vehicle) with the armour on. The projectile impacting the vehicle would not cause it to move, and so fixing the plate in place is a suitable approach.
[bookmark: _Toc165202173]Effect of velocity
As discussed, the Recht-Ipson criteria will be used to decide if the simulation(s) that have been conducted achieve realistic results. Figure 17 below shows experimental and simulation results for impact vs residual velocity in the basis for work study [2]. The points on the graph represent the real data points for a simulation, or physical ballistic trial, and the curved line represents the expected result according the Recht-Ipson equation (equation 2). It is clear from their results that the simulation achieved consistently expected residual velocities, and that experimental data showed some fluctuation, but in general was in accordance with the Recht-Ipson equation. Another interesting observation is the degree to which the simulation underestimates the experimental results. If the model was perfectly accurate in simulating real world tests, then both of these results would lie on top of each other on the graph, but instead the simulation is lower at all points.

As the ballistic limit velocity for Weldox 700E has not been found under the simulation conditions that have been used in this study, the Recht-Ipson line cannot be fitted to the simulation data that was obtained. Plotting a graph of the impact velocity vs the residual velocity will show whether the results follow the same trend as those in the reference paper. While Weldox 700E was the material used in the study that formed the basis of this work and this study, a different material model (MODIFIED_JOHNSON_COOK, MAT_107) was used in the simulation setup for the reference paper. MAT_107 was not available in version of Ansys that was used in this study, and so adaptations had to be made. 
Figure 18 below shows the impact velocity vs residual velocity for the results obtained from this study. The residual velocity was calculated using the directional velocity analysis tool in the results section of a simulation. The projectile was selected, and the average velocity of all the elements in the projectile, travelling in the Z-direction was selected as the most appropriate approximation of the residual velocity. Ansys provides the residual velocity across all measured time step intervals of the simulation, and so to get a single value to plot on the residual velocity vs impact velocity graph, and average after step 4 was calculated. The first step was ignored, as this is the initial velocity, and time step 5 was chosen as the time to calculate from, as this is the time interval whereby the projectile has left the plate. 

[image: ]
Figure 17 - Recht-Ipson Criteria [2]

Figure 18 - Generated Results
From the data obtained in this study shown in figure 18, when the mesh size is kept consistent, we can see that as the impact velocity increases so does the residual velocity. This general trend is in agreement with the data in the literature, and so is positive evidence for the utility of using a simulation. It is also apparent from figure 18, and the data obtained in this study that the relationship between residual and impact velocity is not linear, and is beginning to follow a curve for the 2 mm mesh runs, which is also seen in the literature. There are however, significant differences between the values obtained in this study and those available in the literature. Figure 17 showed that in the simulated study that penetration, and hence a residual velocity occurred at low values (less that 700 m/s and less that 800 m/s), whereas the lowest velocity that saw full penetration with the 2mm mesh in this study was 800 m/s, and yielded a residual velocity of 46 m/s. Additionally, the residual velocity in the literature example at an impact velocity of 800 m/s was approximately 350 m/s – significantly different from the results in this works simulations.
[bookmark: _Toc165202174]Explicit Dynamics vs LS DYNA
As stated previously, the paper that formed the basis of this work utilised the LS DYNA software package in Ansys. Explicit Dynamics and LS DNYA are both finite element solvers, suited for high energy transfer scenarios. The background algorithm that solves the mathematical equations however is different, as has been demonstrated from the results of this study. Above, in figure X the penetration depth for run 2 was calculated to be 10.177 mm. below in figure 19 shows the penetration depth for run 8 – identical to run, but using LS DYNA instead of Explicit Dynamics.
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Figure 19 - Run 8, Penetration Depth
The penetration depth for run 8 is 5.614 mm, a significant difference to run 2. Other differences between the two runs included the run time – it was significantly shorter using LS DYNA, and the maximum deformation on the projectile in LS DYNA was higher. The fact the deformation was different in LS DYNA shows that the calculations the software is using are different, as the material model used in both simulations was the same. Further simulations using LS DYNA could be carried out in future work to investigate at what point the projectile fully penetrates the plate, and whether that is similar to Explicit Dynamics.
[bookmark: _Toc165202175]Mesh Size
Clearly, the results in table 1 show that the mesh size has a significant impact on the outcome of the simulation. Run 5 and run 9 were identical runs, but the universal mesh size was 0.5 smaller in the latter, and the smaller mesh run allowed the projectile to fully penetrate the target plate. This smaller mesh size leads to a greater number of elements, and therefore a greater number of node sites for calculations to take place, and therefore can be thought of as more accurate. Studies in this area of research typically use mesh sizes at approximately 0.3 mm [6] [2] [15] [16], however this was not possible for this research due to computational, and time constraints. As it was not possible to test a mesh with this size, it cannot be ruled out that the results would be a closer match to the literature values in the reference study. Run 12 with the 1 mm mesh had a run time of 24+ hours, and so was the finest mesh that was reasonable. the results from this smaller mesh size were trending in the direction of the literature studies, so acts as an indication that this is a significant factor influencing the differences that were seen.
One area that could have improved the run time on the study would be to apply circular zones to the face of the target, and graduate the mesh. For example, having the finest mesh zone at the centre of the target plate and then get progressively larger as you move outwards. This would decrease the total simulation time, but not sacrifice mesh density in the contact region. This approach was not taken however due to the time constraints on the work, and the fact that the finer mesh size had been shown to be more accurate with the finer size. The aim of the study was not to perfectly replicate a ballistic problem, but to give an indication of the suitability of modelling software in general. Another mesh related factor that could have been changed would be the element geometry. By default, the elements were tetrahedral, but Explicit Dynamics allows the user to change this to other geometries. In further research, if the aim was to more accurately simulate a ballistics scenario, the influence of this element geometry could also be investigated.
A final point on the mesh size is that with the finer mesh simulations, a large amount of mesh distortion is seen on at least one of the elements on the back face. In the setup, it has not been specified that when the elements experiences a certain amount of energy, they come away from the model as a ‘particle’ and are lost from the mesh. The fact that this feature has not been used could cause the projectile not to penetrate, when it otherwise might have. Literature [17] studies in this area occasionally utilise spherical particle hydrodynamics (SPH) to overcome this issue, but that has not been investigated in this set of experiments.

[bookmark: _Toc165202176]Material Model
In an effort to validate the material model, a separate tensile test numerical study was conducted. The results can be seen in figures 21 and 22 below, and the dimensions shown in figure 20.
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Figure 20 - Technical Drawing
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Figure 21 - Tensile Strength
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Figure 22 - Deformation
Figure 21 represents the tensile strength of the material, and figure 22 represents the total the distance that the material has stretched. The material that was used for this simulation was the Weldox 700E steel (the target plate). The top figure shows the material beginning to neck in the red region, which is the expected results for this type of test. The maximum value of 974200000 Pa (974.2 MPa) is close to the literature value of tensile strength at 4-53 mm thickness, which is 780-930 MPa [18]. This is an indication that the material model is performing correctly, as it is in the correct order of magnitude, and is not significantly different. Again, factors such as mesh density will affect the result, and the accuracy could be improved with subsequent iterations. The deformation, relating to the max elongation is not the result that would be predicted. The yield strength at this thickness is stated as 700 MPa, and so the model has been set up in a way that this would be achieved, and cause the material to fail at 14% elongation. 
The green region in figure 22 is the measurement that needs to be taken, as the red point is at the tip of the edge nodes which have been unrealistically overly distorted. The total elongation in this green region is approximately 0.5 mm, and the total length of the ‘dog bone’ is 64 mm, meaning the elongation is approximately 0.8 %, and so is significantly different to the literature. Part of the reason for this difference could be the way the model is setup. One of the end faces was set as a fixed support, and the opposite face was set as the point on which the force operates. This is causing the distortion along the edge elements, and so is affecting the accuracy of the result. This could be improved by selecting the whole of the wide region at each end of the dog bone, and setting those as the fixed support, and the area in which the force acts upon. This would prevent the edge nodes from over distorting, and would provide a more representative simulation.
[bookmark: _Toc165202177]Initial Experiments
A number of simulations were carried out prior to the runs 1 – 12 that have been included in this research. These initial studies saw results that were not in accordance with the predicted output. A material model for the projectile utilised the Johnson-Cook parameters that were seen in the material for the plate. When the simulation was ran with similar velocities and mesh density to those in table 1, the projectile would bounce off the plate, and produce no damage at all. In the process the projectile was severely distorted, and no indentation to the plate was made. This indicated that the material model for the hardened steel core was not behaving appropriately, and so had to be changed. This behaviour also occurred with an aluminium plate, which is significantly easier to penetrate than the Weldox 700E steel, further proving the issue.
[bookmark: _Toc165202178]Conclusions
To conclude, both Solidworks and Ansys have been shown to be useful tools for simulating applications with real-world importance. The main focus of this work has been to assess the finite element of Ansys, and it can be said that with limited resources and beginner knowledge of the software, results that tend towards those that are seen in literature can be achieved. The literature study that formed the basis of this work, as well as other studies in this field have shown good accordance with real world trials during the model validation process, and so proving that finite element analysis is a useful tool. There are clear drawbacks however, as results from the study are significantly different to literature values. There are also differences in real world vs simulation after model validation in literature work, showing that there is room for improvement in modelling as a whole. Further work could be to refine the model further, e.g. by refining mesh sizing to achieve results that are more similar to literature values.
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