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Abstract
Computer Aided Engineering (CAE) is used widely in the modern world, and it allows the user to quickly bring ideas into designs using endless materials while applying real-life engineering disciplines such as stress and strains, thermal & fluid analysis, and acoustic analysis. This report demonstrates how CAE can be used in order to quickly and precisely design an object and put it through simulations that it would face within its chosen environment. This report discusses what CAE is and where it originated from and what CAE software packages are available to use along with the known advantages and disadvantages that the user may face if using CAE to help them design and model their ideas. Two CAE packages were used for purposes of this report (Solidworks & Ansys Workbench) and a projectile and armour plate were created. The aim was to perform simulations of the projectile being fired at the armour plate at a velocity of 750 m/s using different types of materials and report on how the simulations performed and whether they represented what is thought to occur in the real-world environment. The armour plate was kept to the same material throughout the simulations and remained as a Teflon plate. The projectile was first simulated as a brass projectile and was then changed to a lead projectile. Once both simulations were successful the results were analysed and discussed.  
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1. Introduction
Computer Aided Engineering (CAE) is a modern way to create simulations on designs to ensure they are fit for purpose or can be used as a tool to improve a specific design by carrying out various types of simulations within numerous test settings ensuring the product design is or is not fit for its intended purpose [1]. There are many CAE software packages available that can allow engineers to successfully test their products before manufacturing commences and could therefore lead to costly issues if an issue is later found. The following CAE software is said to best CAE products of 2023 and is listed below [2]:

· ANSYS
· Siemens NX
· SimScale
· COMSOL
· Fusion 360
· Inventor
· Solid Edge

This report focuses on how CAE was used to create a scenario of a projectile colliding with a plate and what suspected damage to both items was likely to occur. Further details are provided throughout the report which will give information on the projectile size, materials used (projectile and plate), the velocity of the projectile, suspected results, and physical results.  

1.1. Aims & Objectives
The aim of this report is to show the following:
· The effectiveness of using CAE software to help in the manufacture of products and real-world scenarios.
· Advantages and disadvantages of CAE Software. 
· How CAE software can be used to create (for purpose of this report) a projectile and a plate that will act as the target.
· By changing the material properties, how the results may differ and how they would compare, and how true of a reflection they will be.

2. Background Information
Although to some CAE may only feel like a relatively new development but it has been around since the 1950’s. It is believed Douglas T. Ross, a researcher at the Massachusetts Institute of Technology (MIT) where he worked on a very early creation of Computer Aided Design Technology. Patrick Hanratty who worked at General Motors Research Laboratories who by many is regarded as the “Father of Computer-Aided Design (CAD)” designed Design Automated by Computer which is said to be the first commercial CAD software [3].  

The CAE market in 2021 was said to be valued at $8 Billion and is set to rise to $19.2 Billion by 2031 [4]. CAE is used in various sectors such as Automotive, Electronics, Defence, Healthcare, and Industrial Equipment throughout the world. 

CAE software can be used for a wide range of applications to support product testing and manufacturing and can perform many engineering disciplines such as the following [1]: 
· Stress & dynamics analysis
· Finite Element Analysis (FEA)
· Kinematics and dynamic analysis
· Thermal & fluid analysis
· Acoustic analysis 
· Boundary Element Analysis (BEM)
· Mechanical Event Simulation (MES).

FEA can be used to determine how an engineering design model will react in a real-world scenario which can cover factors such as stresses, vibration issues, and heat factors. [5] FEA will play a major part in this report as the reader progresses through it. 
It can be assumed that CAE has many advantages to its use in the modern-day world, but it can also be assumed that not every single real-world scenario can be factored in using CAE therefore, there may be various disadvantages that would need to be taken into consideration when using CAE. Below is a short list of the main Advantages and Disadvantages that may be met. 

Advantages
· Time-saving – By using CAE the user can design a product must faster than manually designing and can also easily edit and make changes should this be required throughout the design phase [6].
· Fewer errors – By using CAE software the user will be less likely to make mathematical errors as the software will do the calculations for them removing the human error factor of calculation. It is still possible for errors to occur with CAE software, but the CAE software should spot the error and highlight this to the user. [6]
· Ideas and prototypes can be quickly and easily designed and therefore can be viewed from various angles including using a wide range of various materials [7].  
· Ideas can be easily shared worldwide to allow consultation and further feedback to be included if required which in turn makes it easier to test and design (or re-design) a wide range of ideas. [7]
· CAE allows the user to have precise accuracy for drawing component dimensions [8].

Disadvantages
· Cost – CAE software can be costly and expensive to set up and will also experience in-cost in training the workforce to use the software and upskilling as and when software changes [7].
· Computer failure- Computers can crash or fail while using the software if they are not the recommended specification to allow the software to run as it is intended to. 
· CAE can run the risk of detaching the user from the real world and making it more difficult to approach designs in the physical aspect [9]. 
· CAE is only as good as the end user and CAE is therefore not able to tell the user which design would be best apply in the real world [10].
As per above, there are several advantages and disadvantages of using CAE and the end user would need to weigh these up to see what the best option for them is whether to use it or not. There are also issues with CAE software that would need to be taken into consideration such as the specification of the computer or computers required to successfully run the software, regular updates to keep the software up to date (this may include fixes to bugs that are detected), will staff who use the software be required to be trained or upskilled frequently and how accurate the design will be when successfully created at the manufacturing stage. 

Like any software, the CAE software has its limitations on what it can and cannot do. Depending on how the design has been created and materials used in the chosen CAE software once the mesh has been created to allow the simulation to run there may be a long wait time to gain the results of the Finite Element Analysis. The finer the mesh the more run time will be required for the simulation [11]. When using Mesh in CAE Mesh Deformation can be created to match the shape of the object within the model and then when the simulation is run will perform the simulation and can represent changes such as the linear elasticity [12]. When using CAE movement can also be added to the object to show how the object would act and this can be entered within as a velocity to show a speed of an object has been included [12]. With meshing objects depending on what the user is trying to achieve it may be wise to create a finer mesh on objects or areas where they would ideally predict where they are likely to be for example, a weak spot on a joint or area which may have more force included. 

3. Methodology 
For purposes of this report, it was necessary to use a CAE software to create objects and assemble them to perform a simulation and compare the results. In order to begin a CAE software called Solidworks was used. Solidworks allows the user to create precise engineering drawings with accuracy within the Part option in a 2D setting then this can be visualised in 3D from all different angles. Designs can be quickly made and amended quickly if required. Once all parts have been created within Solidworks they can be combined within the Assembly section. The benefits of using Solidworks allow the user to create their design using precise measuring and assemble their design to get a 3D representation of what it would look like in a real-world environment. 

For this report, Solidworks was used, and the following two items were created:
1. Projectile – This was based on a 50mm medium velocity projectile.
2. Armour Plate. 

The thought process behind this was to create a non-linear simulation that utilised the Solidworks CAE software application which allowed the creation of the above items to be created with the required sizing and dimensions needed. 

Once the items above were created they were imported into another software package called Ansys Workbench. Ansys workbench is a software package that allows the user to validate their designs and to also test their designs in a real-world environment [13]. FEA can be used to help demonstrate how a design may behave under the following types of conditions and the following types of tests can be undertaken [14]:
· Structural static analysis – This allows a smaller-scaled model to be analysed to ensure the full-scale design can be produced with the same results.
· Thermal engineering analysis – This simulation allows the user the test their design against various temperatures and compare the results.
· Engineering seismic calculations – Allows the user to measure the performance of their designs when dealing with vibrations and ground frequencies. 

FEA can measure against factors such as displacement, stress, strain, temperature, and natural frequency. Within Ansys Workbench Mesh can be created and altered to suit the design. An example could be to create a finer mesh on an object to study how it reacts under the conditions set. The materials for the design can also be added and edited with Ansys Workbench. An example could be that a plate has been designed and the material to be selected to be used from Ansys Workbench is steel. Ansys Workbench should then display all the steel properties such as young modulus, passions ratio, density, and tensile ultimate strength. A comparison to ensure that the figures for these are correct can be conducted by undertaking a search of material property data online [15]. A benefit to using Ansys ensures material properties can be easily changed and then results compared. 

Once the two objects created from Solidworks were imported into Ansys Workbench it was decided that two simulations would take place. The first simulation would take place with the projectile and the armour plate. The armour plate would consist of a Teflon plate which had a density of 2153 kg/m3 % [Fig.1].
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Figure 1 - Teflon material data
The projectile would be made of Brass that had a density of 8450 kg/m3 [Fig.2]
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Figure 2 - Brass material data

For the second simulation, the Teflon plate remained as is, but the projectile changed and became a lead projectile with a density of 11340 kg/m3 [Fig.3] 
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Figure 3 - Lead material data
Both simulations that were performed had the projectile traveling at a velocity of 750m/s. 

The mesh for both the projectile and the plate was a standard size that was calculated by Ansys software itself. The mesh sizing can be altered and resized to suit. 

4. Validation
Validation is a major part of ensuring the CAE software the user is using to test their designs is fit for purpose and will be able to provide a result to show how accurate the computational results are based on mathematical values and formulas. It can be assumed the closer the software result is to the pure mathematical solution the more effective the software will be at providing as close as possible results. There are many validation methods that can be used such as Truss Thermal Loading, Gravity Loading, Gap Filling Thermal and Cantilever with Axial Force. 

A previous validation experiment was undertaken by Yogesh H. Tambe and Pravin D. Nemade [16] which used Ansys Workbench and involved a simulation of a reinforced concrete beam with a foamed concrete beam under a four-point loading condition. The beam measured 2m (Length), 0.3m (Depth), and 0.2m (Width). Material Properties can be found below [Fig.4] 
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Figure 4 - Beam material data

Once the simulation was completed the results are as below in [Fig.5]  
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Figure 5 - Validation results for Beam
It can be seen from the results that there is a high percentage error from using the Ansys Workbench simulation deflection figure compared to the experimental deflection. Overall, there is an approximately 15% average error between the two beam-type errors. For this non-linear analysis of the beam, it was found that the results were “more sensitive” to conditions such as mesh sizing, loading conditions, and material properties. 

A validation experiment was undertaken as part of this report using Ansys Workbench 2021 which consisted of a cantilever beam with a uniform load [Fig.6].
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Figure 6 - Cantilever Beam Validation Result

The beam size was 1m (Length), 0.05m(width), and 0.005m (Height). The material information was then inserted to Ansys based on the below [Fig.7]
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Figure 7 - Cantilever Beam Material Properties
When using Ansys Workbench once the Modulus of Elasticity and Passions Ratio has been entered it will automatically calculate the Shear Modulus. 
One side of the beam was then set as fixed, and a uniform applied pressure was then added which equated to 2750Pa. The overall result that was to be expected was 157.143mm as per the analytical solution below [Fig.8].
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Figure 8 - Validation Results
The result from the simulation was recorded as 0.15715m. To transfer the value into mm all that must be done is to multiply the figure by 1000 which will equal 157.15mm. It is to be expected that there will be a change in the computational figure to the actual outcome result which has been demonstrated in this example. Although there is a slight change in figures if it was to be calculated as an error percentage there it will be lower than 1% and the actual figure is 0.00445%. As there is only minimal difference this can be accepted as a positive outcome and therefore based on this validation simulation would be deemed acceptable. 

If you compare the difference in figures from the two above validation simulations, you can see one has a high percentage error (approx. 15%) compared to a very low percentage error of under 1%. A limit would need to be set by the user as to what the maximum error percentage should be deemed an acceptable figure. It would be beneficial to perform another validation test to compare values or to even perform the same validation check on a similar CAE software and compare results. 

It can be assumed as per the validation test carried out using Ansys Workbench using the cantilever beam with a uniform load was a success then it can be agreed that this software can give accurate simulation results for the projectile and armour plate simulation. 

5. Results & Analysis
As previously discussed, there were two simulations that took place to aid this report. The 1st simulation to take place was a brass projectile traveling at 750 m/s and the projectile coming into contact with a Teflon armour plate and passing through it. [Fig.9] shows the projectile as it has hit the Teflon plate and is traveling its way through.
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Figure 9 - Brass Bullet and Teflon Plate

From [Fig.9] it can be seen that the projectile traveling at 750 m/s clearly does not have any trouble in penetrating the Teflon plate. It also shows a uniform defamation pattern on the Teflon plate with the entry and exit areas having the highest level of deformation. 

[Fig.10] shows the view from directly behind the projectile as it travels through the Teflon plate. This gives an improved view of the damage caused and shows parts of the Teflon plate or the brass projectile having fragmented and moving in the opposite direction to the traveling projectile. Further analysis would need to be carried out to confirm whether it is the Teflon plate or brass projectile that has fragmented on this simulation. 
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Figure 10 - View from behind brass projectile

[Fig.11] shows the brass projectile exiting the Teflon plate and what can be physically seen is that there is a uniform deformation of the Teflon plate which has been caused by the impact. It is visible that the projectile has struck the middle of the plate and caused uniform damage at the exit point which shows the highest deformation and this decreases as it travels further away toward the outside edges. The brass projectile can be seen to have been physically damaged towards the tip of the projectile and has therefore deformed although this is assumed to be expected due to the velocity the brass projectile hit the Teflon plate at. As previously mentioned, it is not clear if the brass projectile or Teflon plate has fragmented, and further simulations would need to be carried out to confirm this. 
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Figure 11 - Front view of Teflon Plate

[Fig.12] shows the Teflon plate in half during impact as the brass projectile travels through. As previously mentioned, it shows the that the entry and exit areas has the most damage although it can be assumed from this that there is less damage around the entry area and more damage at the exit area. This could be due to the velocity being greater at the point of impact and gradually losing velocity as it travels through the Teflon plate. This theory can be backed up by forensic science in bullet entry and exit wounds that shows the entry wound to be smaller but the exit wound to be greater due to the bullet slowing down and coming into contact with various tissue and body parts slowing the trajectory of the bullet as it exits the body [17]. 
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Figure 12 - Teflon plate in half

The second simulation was similar to the first although the projectile was changed from brass to a Lead projectile traveling at the same velocity (750 m/s). [Fig.13] shows that the Lead projectile has very easily travelled through the Teflon plate while causing minimal damage to the projectile itself but causing pretty major damage to the Teflon plate. An interesting spectacle from this shows the entry area to have greater damage than the exit area. This is a different pattern that was seen in the first simulation. What can be easily recognised is that the Lead projectile has stayed intact and hasn’t suffered as much deformation as the brass projectile achieved. The Teflon plate in this simulation has fragmented and pieces of the plate can be seen to have gone in the direction of the traveling projectile and also in the opposite direction. 
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Figure 13 - Lead projectile with Teflon Plate
[Fig.14] gives a greater demonstration of the damage caused by the Lead projectile striking the Teflon plate. There is greater deformation displayed as the Lead projectile enters the Teflon plate than when it exits. It is unclear at the time this report was generated why there is greater damage on entry than there was on exit, but it would be recommended that further simulations should be carried out to confirm results and compare where applicable. 
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Figure 14 - Side view
It would be recommended that further simulations should be carried out which would be similar to the second simulation to see if they have the same issue of a larger entry area than the exit. There could be many factors as to why this occurred, for example, incorrect mesh sizing, incorrect material properties, velocity issue, and overall design of the projectile and armour plate. In real world scenario Teflon would not be used as an armour plate as it is usually used as a nylon-type fabric on the outside of the vest or plate. Kevlar would be the ideal material to be used as an armour or bulletproof plate.  
6. Conclusion
From the simulations carried out for this report using CAE software, it can be assumed that they were effective, and they resulted in a simulation that was to be expected. For the first simulation, a brass projectile with a velocity of 750 m/s was launched toward a Teflon armour plate. An assumption was made prior to this simulation taking place that based on the material properties selected and velocity that the projectile would penetrate the armour plate with a view that it should also enter the plate and exit within the parameters set within the simulation. This was found to be an accurate assumption as it did in fact take place. The deformation of the Teflon plate was as expected with a uniform entry and exit area. Previously as discussed in this report it was reported that an entry hole should differ from the exit hole and in this simulation, this was an accurate representation. There was slight deformation on the brass projectile and some fragmentation of either the Brass projectile or the Teflon plate, but it was recommended that further simulations are carried out to confirm exactly what material this was. 

 For simulation two the projectile was changed to Lead which as per [Fig.3] is a more dense material than brass. The Teflon plate for this simulation remained the same as in the first simulation. It was assumed that as per the first simulation, the projectile would penetrate the Teflon plate, and in this simulation was found to be an accurate representation. The result showed that the Lead projectile easily penetrated the Teflon plate and there was minimal deformation of the Lead projectile although what looked to be fragmentation from the Teflon plate. An interesting find which was previously discussed was that the entry area of the projectile penetrating the Teflon plate was in fact larger than exit area which was found to be unusual. As mentioned further simulations and research should be carried out to find out if this would be a true representation or if there was an error in the simulation caused by the CAE software. 

The aim of the simulations was to see how effective the use of CAE software is and how easily ideas and objects could be created. This was found to be an accurate representation as a projectile and armour plate was easily and quickly designed and assembled within a CAE software tool called Solidworks. What was found during the creation of the projectile and plate was how easily the dimensions and geometry of the objects could be altered and changed to suit. This proves that the advantages of using a CAE software tool are correct and can be of benefit to the user to cut down the design time and easily change their ideas to suit as many design ideas as required. Another advantage was that simulations could be easily generated using as many materials as required and results could be easily compared and validated. This proves the theory it has the affordability aspect to carry out as many simulations as required without the physical aspect of designing an object and putting it through real-world issues at such an early stage of the design phase. 

However, although it can be assumed that the simulations were a success there was an issue with simulation two of the entry area being greater than the exit area. This could be an accurate representation of this simulation but as discussed further simulations and research should be conducted to determine if this is the case or if this is an error that was generated within the CAE software. If this was deemed to be a CAE software error then it would be a true representation of a disadvantage of using CAE software which was previously discussed where it is possible for the software to fail or not run as it was intended to.  

Overall, based on the simulations and work carried out it can be assumed that CAE software does have its advantages which in turn based on this report outweigh the disadvantages. Designs had been quickly designed within the CAE software where dimensions and geometry were easily altered and calculated much faster and accurately which was beneficial. Carrying out a validation scenario of the cantilever beam proved that the CAE software Ansys Workbench was accurate and displayed accurate results with only less than a 1% error value. If the error value was high this would demonstrate that the software was not going to give the user accurate results therefore should not be used and should be avoided due to its inconsistencies. This report has proved that using a CAE software tool is beneficial and is a true representation of real-world issues although care should be taken not to get too engrossed in the simulation world and forget about real-world aspects moving forward.  
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