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Introduction:
Computer-aided engineering (CAE) is the use of computers and software to create highly accurate 2D and 3D models in the design process. As well as this, it is also used for assembling parts, simulations and test how products will behave under certain conditions or different loads and stresses [1]. CAE enables designers and engineers to test and analyse the performance of a product with the use of a computer simulation [2]. By using CAE, designers can decrease the production time, reduce the overall cost and can test multiple different designs and materials quickly, meaning improvements are easily spotted and can increase the quality of the product. It also allows designers to spot any problems as early as possible meaning they can change them before it is too late. This is beneficial as it reduces cost and production time. 
Finite element analysis (FEA) is a tool used to test the engineering performance of designs [3]. It is the process of simulating the behaviour of a model under certain conditions in order to test its performance and analyse the results. By using computer software to do these simulations, it saves building a real prototype and therefore saves money if there are any problems and needs to be redesigned. Engineers are able to use the software to do multiple tests in a short space of time which means problems are identified quickly and any areas of improvement can be identified early on. This saves time as it means when the real prototype is built, there should be no or few issues with it.
This report will describe some background information on computer-aided engineering, talking about its advantages and the uses of it and then outlining the limitations of it. The methodology for the simulation will then be explained and it will then talk through the validation method used for the simulations. After that, the results and analysis from the simulations will be shown and finally a conclusion.
Background Information:
Computer Aided Engineering processes give designers and engineers an effective and efficient way of improving engineering designs. One application of this is product design and development. Various software such as SolidWorks and Ansys can be used to design and then test products in order to measure their functionality, durability and safety. Factors such as material properties, loads and stress and how they affect the product’s performance can be easier understood with the use of simulations. CAE can also be used to analyse the structural designs of machines, buildings, etc. which can allow engineers to simulate how the structure will behave under different conditions [4]. This allows improvements to be made in the early stages of the design. By making changes earlier on, money is saved on the project as it costs a lot more to alter the design once the project has started to be manufactured. Using the CAE software, engineers are able to simulate the manufacturing process and optimize it for speed, efficiency and cost-effectiveness. Any potential issues can be identified, and necessary adjustments can be made before beginning production. Another advantage of CAE is the saving of time and money. Virtual prototyping is quick and cheap and is an ideal alternative to building physical prototypes. This reduces the product development time and cost. 
CAE is a useful tool especially when it comes to saving time and money. By using CAE software, engineers are able to produce multiple prototypes very quickly for much cheaper. This allows various design ideas to be tested easily and will result in the final product being a higher standard. There is also much less risk as any design faults that could lead to design faults, failures or accidents can be identified early and changed easily [5]. By designing on CAE, it gives the designer much more flexibility. The software allows the designs to be easily modified without having to start from scratch, saving lots of time and allowing engineers to try out lots of different possibilities. This means improved innovation by engineers meaning products are of a much higher quality.
Computer Aided Engineering does have some disadvantages, however. Firstly, it requires significant investments in hardware, software and training. The software is very expensive and requires hi-spec computers to be able to run it. This is not cheap and is not affordable for everyone. It is also quite complex to use. The tools and software used can require a high level of training and expertise in order to use it effectively [6]. The simulations can also become inaccurate if the input data or model is incorrect or if it has poorly defined boundary conditions. Incorrect simulations could be very costly. If a product reacts differently to the simulations, then it can cause serious time delays and be expensive to redesign and build again, as well as having serious consequences in terms of safety and reliability. 
One useful application of CAE is testing explosives and ammunition. Testing new ammunition and explosives is very dangerous as there isn’t a certainty as to how it will react and can have devastating effects. Testing ammunition using CAE allows designers to understand how it will perform. Using software such as ConWep and PDecay, the performance of explosives can be simulated. This software can provide results about the velocity of detonation, distance that frag travels and the maximum pressure. This is useful when doing a trial for the first time as it allows trials managers to calculate a safe exclusion zone, and ensure the test is safe to do.




Methodology:
Using the software, SolidWorks and Ansys, the effect of firing a projectile at a wooden sheet was measured and analysed using the simulation. The projectile was made from cast iron and the sheet was made from wood. The first step was to design both objects on SolidWorks. This was a pretty simple process, as it was just a sphere and a sheet. This could then be transferred to Ansys. Being able to transfer the data from SolidWorks across to Ansys is very helpful as it allows engineers the ability to use different software that have different purposes. Once on Ansys, the explicit dynamics analysis system was opened. Explicit dynamics is a time integration method that is used for dynamic simulations in which velocity is a key factor [7]. This could be for free falls, high-speed impacts or applied loads. For this simulation, of a projectile hitting into a sheet, explicit dynamics was essential for analysing maximum deformation, strain rates, etc.
After both objects had been designed, the engineering data needed entered. It was decided to use cast iron for the projectile and wood for the sheet. Cast iron was a good material for the simulation due to it having high compressive strength and high wear resistance [8]. It isn’t ductile or malleable and is very hard and brittle. This is good as it won’t lose shape when it collides with the sheet. Oak wood was chosen for the sheet as it is one of the strongest woods [9]. 
Once the engineering data has been inputted, and the geometry imported, the model can be loaded. The materials then need assigning to the correct components. If this is not done, the results will be completely different to what is expected. Then the mesh needs generated. A reasonably small mesh was used for the simulation. This was to get a higher accuracy simulation. The original mesh was even smaller, but the simulation was going to take too long so it had to be changed. The mesh is the usual method of discretisation. Finite element analysis relies on discretisation. It involves breaking a large problem down into smaller, easier to solve idealised segments. The smaller the mesh, the more accurate the results are.
The next step was to set the conditions of the simulation. The 4 edges of the sheet first had to be set as fixed support. This is so that when the projectile hits the sheet, it does not just begin along. By doing this the projectile will stay still but will still be deformed when the projectile hits. The projectile then needed a velocity. This was set at 100m/s. The start time and end time also needed setting. Due to the projectile velocity being 100m/s, and the projectile being only a couple hundred millimetres away, the end time was not very long. If the end time had been longer, it would have increased the simulation time but would not have had any more effect on the result. The final step was to select which type of solution was wanted. For this simulation, total deformation was chosen. After this, the simulation could be performed.











Validation:
Before doing the real simulation, it was needed to do some validation. Validation for CAE software is important to show that the software is working properly. It ensures that you know how to set it up, put in the correct inputs and what influence those inputs will have on the results. This is important to show that a realistic outcome is produced with realistic results when modelling the actual design. It shows that the model is accurate and representative of the real-world system [10]. Validation is important as it enables the user to spot any errors, uncertainties and limitations in the model and the chance to correct them. This allows the user to have complete confidence in their actual model. This eliminates the risk of having different reactions when testing the real prototypes and having to redo the model. By having this safety, it is saving time and money.
For the validation, a cantilever with a uniform load was used. This is a relatively simple simulation, as all it is doing is proving that the software works. To start with, the model was designed in SolidWorks, with dimensions 1m x 0.050m x 0.005m. This was then saved as a step and then imported across to Ansys. The simulation was a static structural analysis, so that was opened, and the engineering data was entered. The engineering data was given as having a module of elasticity of 210,000MPa and a shear modulus of 105,000MPa. It also had a Poisson’s ratio of 0.
Once the engineering data was entered, and the geometry was imported, the model was generated. To begin with, the material of the object needed changed. As a default, the material is structural steel, so that needed changed to the new material that had just been entered into the engineering data. This ensures that the results are what you are expecting in order to validate that the software is working correctly. Once the material is assigned, the next step is to generate the mesh. The mesh is a method of discretisation which is what finite element analysis relies on. Using the mesh, the model is broken down into smaller, easier to solve idealised segments. The size of the mesh has a big impact on the simulation results. The mesh has an impact on the accuracy, convergence and speed of the simulation [11]. It is important to find the right size to compromise as if the mesh is too small, the simulation can take hours. However, if the mesh is too big then the results won’t be as accurate. For a model of an unusual shape, different mesh sizes may need to be used by using the ‘sizing’ feature. For this model, the mesh generated was just the default, as the model was of a relatively small size, so it was not too significant about making the mesh any smaller. Although it would have improved the accuracy, it would not have improved it by a huge degree. 
The next step in the validation is to add the load and constraints. Under ‘analysis settings’, constraints such as number of steps, start time and end time. For this simulation, these can all be left alone, but for other simulations where an object is in motion these constraints would be important for the accuracy of the results. When going onto ‘static structural’, the loads can be entered. This model required a fixed support to be added to one end faces of the cantilever beam. This was so that the deformation could be measured when the load was added to the object. After the fixed support was added, the load can be added to the top surface, as well as the direction of the load. For the validation simulation, the magnitude of the load was 2750Pa. The last step is to solve the simulation. The solution that was chose was total deformation, so once that had been selected it was ready to be solved. Depending on the mesh size and constraints, it can vary in the time taken to solve. The results of the validation are shown below.
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The total deformation of the cantilever beam was shown to be 0.15715m or 157.15mm. The file showed the maximum deformation to be 157.143mm. This proves that the software is accurate, and the validation was successful. The accuracy can be worked out by finding the difference and dividing by the original amount of 157.143 and multiplying by 100. This gives an accuracy of 99.99% which is definitely accurate enough. If the validation hadn’t been accurate, there would be no way of guaranteeing the real simulation to be accurate and the results would not be reliable and there would be no point in doing the simulation. By doing the validation beforehand, this ensures the software is accurate and results will be reliable. 
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As shown from the photos above, the projectile did not break through the wooden sheet. This was a surprise as it was expected to make it through. The maximum displacement was 0.10005m. This was relatively low, however, if the projectile had broken through the sheet like expected, it would have been much higher. The deformation of 0.10005m was relatively low for the problem. This shows that the oak wood had a surprisingly high elasticity. If the experiment were to be repeated, another material would have been used for the sheet in order to compare the two and get a decision on which material would be best. Due to limited time this was not a possibility. As well as this, it would have been interesting to measure the stress and strain on the materials in order to see what kind of pressure they were under. 
Another improvement that could have been made to the simulation could have been to change the shape of the bullet. If the bullet was designed with more of a pointed tip, it would have a greater penetration ability and would have had more chance of breaking through the sheet. The thickness of the sheet could also have been reduced. By reducing the thickness from 20mm to 10mm, it would have given the projectile a higher chance of breaking through. The material of the projectile could also have been changed from cast iron to steel. This may have given it a slightly better chance to break through the sheet, however, cast iron is a reasonably hard material and changing the material of the projectile may not have made much difference other than a slightly larger deformation. The load and constraints that were inputted could also have been altered. The projectile was given a velocity of 100m/s. If this had been increased, it may have broken through the sheet. As well as that, the end time could have been increased to allow the simulation to run for longer. This probably would not have changed the outcome, as the projectile seemed to have been stopped by the sheet anyway but could have been checked in order to be sure.
Overall, the results that were obtained were surprising, but still pleasing as it gave a good representation of the strength of the wood. If there had been more time, the simulation would have been repeated with changes to the materials, shape of the projectile and the inputs which would have allowed a mixture of results to compare with. Unfortunately, this was not possible due to time but in future it may be interesting to repeat to gain a better understanding of the simulation. 



Conclusion
In conclusion, the application of computer aided engineering processes is increasingly important in the world of engineering. The ability to simulate a problem and get reliable results without having to build a real-life prototype means a huge amount of money can be saved. It also saves an enormous amount of time and means that designers can be sure of their design before building a real prototype. The software allows lots of simulations in a short space of time, meaning different designs, materials and constraints can be trialled. This ensures the design is as good as it can be, and that quality is of a much higher standard.
In the simulation conducted, the projectile did not break through the sheet and showed a maximum deformation of 0.10005 metres. This simulation could also have been used to work out stress and strain values, pressure, etc. This simulation could have been used by engineers for designing buildings, armour or other surfaces that need to be tough. The data can be used to work out the strength of the material and if it is suitable. Therefore, saving designers and engineers lots of time and money as they can decide on the material and design without having to build multiple prototypes to test.
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