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1. Introduction 

Computer-aided engineering, or CAE, is the use of software to simulate performance in order to enhance product designs or aid in the resolution of engineering issues in a variety of industries. Product design, analysis, and optimization are all examples of engineering tasks that may be used. It can help engineers reproduce and test the presentation of items under various circumstances, recognize and address issues right off the bat in the planning cycle, and further develop general item quality and dependability. CAE is utilized by different experts, including engineers, creators, analysts, and researchers across numerous businesses, for example, auto, aviation, purchaser products, and hardware. Since the 1950s, engineers in the aerospace industry have used computer simulations to design and test aircraft components. This is where CAE got its start. Since then, the technology has developed and expanded in use across numerous sectors. [1] CAE addresses issues like: Analysis tools for process simulation for casting, moulding, and die press forming, stress analysis on components and assemblies using Finite Element Analysis (FEA), thermal and fluid flow analysis using Computational Fluid Dynamics (CFD), Multibody dynamics (MBD), and kinematics, and optimization of the product or process CAE instruments are programming that examinations computer-aided design calculation and has been created to help these exercises. For example, parts and gatherings' heartiness and execution can be assessed with the assistance of CAE instruments. Items and assembling hardware recreation, approval, and advancement are completely remembered for this definition. In the future, CAE systems will be a significant source of information that will assist design teams in making decisions. Computer-aided engineering is used in a lot of different industries, like shipbuilding, aviation, space, and automotive. [2]

1.1 Aims and Objectives

This report will zero in on the subtleties of things like the advantages and disadvantages of CAE, its viability, what the re-enactment is, and the way things were built. will demonstrate comprehension of CAE procedures, limitations, and practical application of those tools. The ability to simulate and test products in a virtual environment, which can save time and money over physical testing, is one of the advantages of CAE. Additionally, it may assist in the early identification and resolution of issues, resulting in products of higher quality and greater dependability. The high cost of software and hardware as well as the requirement for specialized training to use CAE effectively are two of its drawbacks. In addition, it may not always be possible to rely on the simulation results and accurate models that accurately reflect real-world conditions. When used correctly, CAE can be very effective. Compared to physical testing, it can help engineers find and fix issues early in the design process, saving time and money. It can also assist in maximizing product performance and enhancing product quality and dependability as a whole. The quality of the input data, the precision of the simulation models, and the expertise of the users all play a role in determining the accuracy and efficacy of CAE simulations.




2. Background Information 

The need to design and test complex systems like aircraft and spacecraft that couldn't be fully tested in the real world inspired computer-aided engineering (CAE). The earliest virtual experiences were created during the 1950s and 1960s by aviation design specialists who utilized centralized server PCs to display the way of behaving of airplane designs and frameworks. Since then, CAE has developed and expanded to include electronics, consumer goods, and automotive manufacturing. Dr. Patrick Hanratty developed the first numerical control system in 1957, which later evolved into CAD software. [3]

When compared to problems in the real world, CAE simulations have a number of limitations. One limitation is that simulations can only model a system's behaviour using the assumptions and input data used to build the model. This indicates that the model's assumptions and the quality of the input data determine the simulation's accuracy. Another limitation is that simulations can only accurately predict a system's behaviour under various conditions and can only model the system's behaviour under specific conditions. Also, reproductions may not represent every one of the factors and connections that happen, which can restrict their exactness. Finally, simulations may not be able to take into account all of the randomness and uncertainties that exist in the real world, which may limit their application. CAE simulations may also face difficulties due to thermal constraints. Heat moves and warm impacts can be hard to demonstrate precisely, especially in complex frameworks with different parts and associations. The quality of the input data, the assumptions made when developing the model, and the expertise of the users all contribute to the accuracy of thermal models. Therefore, it is essential to verify the accuracy and dependability of CAE simulations by comparing them to actual data. CAE simulations face additional difficulties with deformation. It can be challenging to accurately model the behaviour of materials under various loads and conditions, particularly with complex geometries and non-linear materials. Also, the exactness of misshaping models relies upon many elements, including the nature of the information, the suspicions used to make the model, and the ability of the clients. As a result, it is critical to validate CAE simulations against actual data to guarantee their accuracy and dependability. [4]

CAE simulations have several advantages. Compared to physical testing, simulations can be used to identify and address issues early in the design process, which can save time and money. This is due to the fact that simulations can be used to quickly evaluate a wide range of design options and scenarios, which can assist in maximizing product performance and enhancing product quality and dependability as a whole. Furthermore, reproductions can be utilized to assess the way of behaving of a framework under conditions that might be troublesome or difficult to imitate, like outrageous temperatures or tensions. Using CAE, fewer errors are made, and less effort is required. CAE configuration records can be put away and effortlessly imparted to further developed precision and thinking abilities on the product. Last but not least, simulations can be used to cut down on the need for in-person testing, which can help save money, time, and resources. [5]

SolidWorks is a CAD program for creating three-dimensional models of components and assemblies. It is generally utilized in the designing and assembling of businesses to plan and test items before they are constructed. In addition to tools for creating 2D drawings and documentation, SolidWorks offers a variety of tools for modelling, simulation, and analysis. It is popular among engineers and designers because of its powerful features and ease of use.[6] The Bullet and plate templates were made on this software then were put onto the Ansys software. On the Ansys software the materials, density etc. were entered in order to create the simulation. 

Limited component examination (FEA) is a mechanized technique for foreseeing how an item responds to true powers, vibration, heat, liquid stream, and other actual impacts. FEA works by applying mathematical equations to each element of a complex system before breaking it down into smaller, more manageable parts. After that, these equations are combined to make a model of the entire system that can be looked at and made better to meet specific design needs. FEA is generally utilized in designing and assembling to re-enact and test the exhibition of items before they are constructed. Computer-aided engineering (CAE) relies heavily on the use of finite element analysis (FEA). CAE software can simulate a product's performance under a variety of conditions, including various loads, temperatures, and pressures, by employing FEA. This permits specialists to streamline the plan of an item before it is fabricated, which can save time, decrease costs, and further develop general item quality. Additionally, FEA is utilized to evaluate a system's behaviour under conditions, such as extreme pressures or temperatures, that may be difficult or impossible to replicate in the real world. [7]


3. Methodology 
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Figure 1 - Bullet dimensions

The software Solid works was used to originally model the bullet and plate. The bullet [Fig.1] has a 9mm diameter with a length of 8mm before the curve at the end. These were then downloaded into Ansys software to insert materials and further details. The bullet was made from a lead material with a density of 11340 kg/m^3. This travelled at a velocity of 500 m/s into a structural steel plate. This structural steel plate was 100x100mm with a 5mm extrusion, it has a density of 7850 kg/m^3. The higher density of lead was purposeful for the bullet to travel clean through the steel plate.  This was then put into simulation with the bullet traveling towards and then through the plate. This ended up with an end time of 1.e-004 allowing the bullet to fully go through the plate. 

Density is a measure of how much mass is contained in each volume. In this case it is expressed in kilograms per cubic meter (kg/m³). The formula for density is mass divided by volume, or D = m/V. The bullet will typically deform, fragment, or ricochet off the plate when it hits a plate with a lower density. The specific way of behaving of the projectile will rely upon a few variables, including the overall densities of the slug and the plate and the speed of the shot. In general, the probability that the bullet will deform or fragment upon impact is higher the greater the density difference between the bullet and the plate. However, despite the plate's lower density, the bullet may still penetrate it if it travels at a sufficiently high velocity. When the plate has a mesh that is sufficiently small and a velocity balance that is sufficiently high, the bullet should be able to penetrate. On initial impact, the plate should stretch before splitting, allowing the bullet to pass through. Due to the lower density of the steel, the affected portion of the plate should experience the most stress.


4. Validation

In order to ensure the software package used to perform simulations is accurate it would be beneficial to undertake a validation experiment. There are many validation experiments that can be performed to check the accuracy of the software package. The main reason to perform a validation experiment is to ensure that the calculations that the software performs on objects created will match that of a physical-mathematical calculation. The closer the value of the validation simulation figure to the mathematical calculation proves how accurate the software will be. 

To prove this to be a beneficial step in the process a validation test was undertaken using Ansys. The validation test was set up within Ansys which used a cantilever beam (which was designed using Solidworks) being fixed at one side of the beam and a pressure (load) added to the other. The size of the cantilever beam [Fig.2] was the following:

•	1m – Length
•	0.05m – Width
•	0.005m – Height

[image: ]
Figure 2 - Cantilever beam information

The pressure of the load that was added was 2750 Pa. 

Based on a mathematical calculation the figure came to 157.143mm [Fig.3] as the analytical solution and therefore by performing this test validation within Ansys the main aim was to ensure the figure generated would be as close as possible to the analytical solution, therefore, proving the software can be deemed suitable for use.

[image: ]
Figure 3 - Results
From the test validation that was undertaken the result came to 157.15mm [Fig.4]  which can be agreed that this figure is very close to what was to be expected. In fact, based on a percentage the difference between the two figures is less than 1% which can be taken as a near-perfect validation test due to the low error percentage.  

[image: ]
Figure 4 - Cantilever beam with uniform load

Based on the validation test case of the cantilever beam it can be agreed that using Ansys software would be beneficial for this style of simulation as the accuracy is very close to what would be expected using a mathematical approach. In order to confirm this, further validation tests should be undertaken and results analysed to gain a more accurate representation for future simulations.

5. Results and Analysis 
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Figure 5 - results

[image: A picture containing diagram

Description automatically generated]
Figure 6 - results
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Figure 7 - results


The results of this impact can be seen in [Fig.5,6,7]  in [Fig.6]  the projectile has just impacted the target. From this we can see deformation on the target with material breaking off from exceeding the stress limit. As can be seen by the colour indicators the tip of the bullet is subject to lesser strain than the target plate. The deformation on the target so far just stretching the steel material rather than breaking off any fragmentation. There is gradually a change in the colour of the bullet, indicating higher stress levels as it moves further into the steel plate.
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Figure 8 - results

[image: ]
Figure 9 - results
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Figure 10 - results

The results of this impact can be seen in [Fig.8,9,10], in these figures the bullet has impacted the target. From this we can see deformation on the target is further stretching on the steel plate and beginning to see fragmentation with high stress at the start of the hole created. The back of the plate is yet to break fully through but in [Fig.10] you are able to see a layer of the meshing starting to split with the high stress levels. As can be seen by the colour indicators the tip of the bullet is subject to lesser strain than the target plate still. From this we can see deformation on the target with material breaking off from exceeding the stress limit. 
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Figure 11 - results
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Figure 12 - results

The results of this impact can be seen in [Fig.11,12], in these figures the projectile has now impacted the target and starting to penetrate through. From this we can see deformation on the target with material fragments breaking off from the exceeded the stress limit of steel. As can be seen by the colour indicators the tip of the bullet is subject to lesser strain than the target plate once again but with noticeable fragments of steel with max stress breaking off. 
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Figure 13- results
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Figure 14 - results
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Figure 15 - results


The results of this impact can be seen in [Fig.13,14,15], in these figures the projectile has fully penetrated through the target plate. Though a high level of stress on the bullet itself it does not compare to the stress levels on the target. This can be seen by the colour indictors. A clear hole is now in the target steel plate but the bullet remains the same shape with little to no fragmentation. 
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Figure 16

[image: Graphical user interface, application

Description automatically generated]
Figure 17

With this simulation being a success does not mean this didn’t take a lot of trial and error. Originally the bullet designed had a longer length with the curve at the top of the bullet being steeper therefore pointier. This point at the front of the bullet caused the bullet to deform at the tip and would make the simulation hard to run.
Simulations were unable to be completed to end term due to meshing errors. If the mesh is not small enough the simulation answers generated may not be as accurate as needed. On the other hand, if the mesh is too fine, the simulation will take much longer to run. Finding a balance between the mesh size was proven to be a challenge as the plate would simply snap or fragments would be too big to see any detail of the impacted damage. 
Materials were also changed throughout this simulation. 

The bullet was originally made from a brass material. A brass bullet is a type of bullet that is made from brass, which is an alloy of copper and zinc. Brass bullets are often used in firearms because they are easy to manufacture and are relatively inexpensive. Brass is also a dense and heavy material, which makes it a good choice for bullets because it can carry a lot of kinetic energy. Brass bullets can be used in a variety of different firearms, including handguns, rifles, and shotguns. Since brass bullets are so common a lead bullet was decided on instead. Although brass bullets are typically denser than lead bullets, lead bullets tend to cause more damage to plates. By increasing the velocity of the lead bullet, it made up for the lack of density. A typical handgun bullet has an average velocity of 244-366 m/s whereas the lead bullet used in this simulation is increased to 500 m/s. Originally the steel plate was instead made from tungsten. Tungsten is a very dense and extremely hard material that is often used in applications where high wear resistance is important, such as in cutting tools or armour-piercing ammunition. Tungsten is much harder than steel plates, which makes it a good choice for applications where the plate will be subjected to a lot of wear and tear. However, tungsten is also much more brittle than steel plates, which means it can crack or shatter under high stress. This is not wanted when the bullet hits the plate. Instead, steel plates are generally more ductile than tungsten, which means they can deform without breaking under high stress, making them a good choice for applications where impact resistance is important. Steel plates are also less expensive than tungsten plates, which makes them a good choice for applications where cost is a major factor.

6. Conclusion

In conclusion, what I assumed would happen did take place in the end. By playing about with materials, meshing, velocity and bullet sizing it created the simulation I predicted to happen. The lead bullet managed to penetrate through the steel plate with minimal fragmentation and a clear opening from the impact of the bullet. Using CAE was a success for this type of simulation though there were troubles with the Ansys software. Many error codes were given due to multiple different factors including meshing errors. This trial and error took up a lot of time, waiting around to see if it would successfully simulate. The use of SolidWorks to make the sizing of the bullet and plate was very easy to use and didn’t take up a lot of time. In future, a better software could be better to simulate this if time was more of an issue but in the end the results were successful. Further simulations would be required to ensure uniform results before progressing with the manufacturing if required. The simulation matched with the aims and objectives stated previously.
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