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This Report will provide an insight into a proportion of the work that was completed as a part of the physics module. During this physics module, an assignment was provided, and this consisted of assembling research on unique material properties. Therefore, by using this research to create a simulation of a high velocity ballistic impact onto a plate of different material. By completing this task, the tensile strength, and the stress of the armored plating whilst the penetration process occurred could be analysed by running the simulation. This also gave the opportunity to plot the velocity of the bullet with a graph. During this assignment 2 simulations were run using 2 unique speeds. For the two simulations the material properties used were a copper bullet and an aluminum plate. This report will also underline the reasoning for why the material properties used were chosen for simulation and how this design was created on the simulation software Abaqus.

[bookmark: _Toc134167729]2 Material Properties 

As mentioned previously, both simulations consisted of a copper bullet with an aluminum plate. The values shown for this material are shown in figure 1-6. Copper was chosen as the projectile as some of the advantages to the material property were the fact that it maintains more of its initial mass than lead bullets and this therefore provides a more symmetrical blossom [3]. However, some of the disadvantages to this material property were that copper bullets can be very inaccurate in comparison to lead bullets, but this does depend on the rifle used [4]. 




Figure 1(Copper Johnson-Cook Damage)  [1]
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Figure 3(Copper Density)    [1]                                     Figure 4 (Copper Elastic) [1]
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The next material property that was used for the armoured plating was aluminium. The materials used in this simulation are show in figures 7 and 8. Aluminium material property was also used for this simulation as armoured aluminium is known for being light weight, robust and is also resistant to corrosion as a replacement to steel [5]. This offers acceptable security without the matter of compromising mobility. However, a disadvantage of this material property is that it has less resistance due to light construction [7]. 

Figure 7(Aluminium Density)[2]                               
Figure 8(Aluminium Elastic)[2]
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Prior to the simulation being run there was the pre-set velocity that had to be altered to seek unique results from each simulation. For the first simulation the Copper bullet was given a velocity of 2000 metres per second. During the second simulation the copper bullet was given a velocity of 2600 metres per second so that alternative results could be evaluated from the 2000 metres per second first simulation. To alter this value, the pre-set field section allows for the velocity to be altered. In this first simulation it was changed from -1200 metres per second to 2000 metres per second and in the second simulation it was adjusted from 2000 metres per second to 2600 metres per second. After this the steps of the simulation should also be changed from 20 steps to 200 and this allows for more scope into where the stress and strain values highlight the plate.  

Furthermore, the other part of the setup which was adjusted prior to running the simulation was the creation of a job. To create a job, the user should go to job manager and then press create job and ensure when the job is created that this is named something meaningful to ensure that the individual could go back to this in the future. 

Once the job is created the simulation can now be run by submitting the job. By submitting the job, the simulation will then start rendering. If during the rendering process it is stated that the simulation has been aborted, it may be due to an incorrect material property being inputted or it could also be the velocity of the bullet. During this simulation the model aborted twice. One was due to the incorrect young’s modulus being inputted and the other was due to experimenting on the velocity of the bullet penetrating the aluminium plate at 3000 metres per second  

Once the job has successfully been rendered this means that the simulation can be seen in each of steps. This can be done my using the top tab and going to visualisation. This will then show the penetration of the bullet through the plate as shown in figure 9 and 10.  

[image: ]Figure 9 (Aluminium plate and steel example simulation side view)
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	Figure 10 (Aluminium plate and steel example simulation)
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This simulation highlights the stress and strain rate of a copper bullet penetrating the aluminium armoured plate. As previously mentioned, the first simulation consisted of a copper bullet and an aluminium armoured plate which was projected at a velocity of 2000 metres per second. During the first simulation it was shown during the 200 steps that the copper did not penetrate the aluminium armoured plate as shown in figure 11-14. However, what this does show is that the impact of the bullet contacting the aluminium plate sent reverberations throughout the bullet causing it to cause almost like a trampoline effect. 
Figure 11(Bottom angle of the armoured plate)
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Figure 12(Top angle of the armoured plate)
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Figure 13(Bottom view of middle of aluminium plate)
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Figure14(Level view of middle of aluminium plate)
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As previously mentioned, the second simulation consisted of a copper bullet and an aluminium armoured plate which was projected at a velocity of 2600 metres per second. During this simulation it shows that there was much more strain. More strain was put on the armoured aluminium plate as it covers a wider range than the first simulation. This also produced the similar result of no penetration and a trampoline effect which will be further discussed during the discussion section. In figure 15-17 you can see the results from the second simulation. 
 Figure 15(top view of armoured plate)
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Figure 16(Level view of armoured plate)
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Figure 17 (Bottom view of armoured plate)
[image: A screenshot of a computer

Description automatically generated with medium confidence]

[bookmark: _Toc134167734]5 Discussion

[bookmark: _Toc134167735]5.1 Definitions

Tensile Stress- The force that is put on a unit area of a material which results in the material stretching is known as tensile stress. [13]

Tensile strength- the resistance to lengthwise stress which is measured by the largest load in weight per unit area stretching in the direction of length that a given material can stand without pulling apart. [14]

Strain- A force or an influence that is the reason for providing pressure on something occasionally causing damage by tearing, pulling, or stretching the component.[15]

[bookmark: _Toc134167736]5.2 Discussion

As shown on figures 11-14 it can quite clearly identify that the tensile stress starts on the surface of the aluminium armoured plate, however, eventually makes its way to the most vulnerable part of the plate which is at the bottom. This is a highlight to the ultimate tensile strength of the aluminium which is 310 MPa and this shows that it is more than cable of withstanding the strain provided by the copper projectile going 2000 metres per second [8]. By also viewing the bullet it can be evaluated that if the weakest part of the armoured plate is the bottom. The impact of the bullet contacting the armoured plate sends shockwave through the bullet before being launched back into the air. This could potentially be due to a human error as the aluminium plate seems to have a stretchy affect to it when the copper bullet attempts to penetrate this. The change in the velocity is shown below in figure 18. 
Figure 18(Velocity of bullet graph simulation 1)
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During the second simulation it is shown on figures 15-17 that the bullet provides far more strain onto the plate going at 2600 metres per second and covers a much larger surface area onto the bottom on the plate on the second simulation than the first. Like the first the copper bullet does not penetrate the aluminium plate but again sends shockwaves through the body of the bullet. This helps to highlight that potentially the material property of copper is not beneficial as it is not able to penetrate aluminium at all. It can also be evaluated that the strain is almost transferred between the armoured plate as the bullet contacts the plate it provides a stress and then as the bullet makes contact and starts to elevate again the strain is then transferred into the top of the bullet as the plate as the tensile stress of the plate is resisting the bullet. As can be seen from the velocity of the bullet graph in figure 19 the bullet makes impact on the plate at 2600 metres per second and then slows down to 75 metres per second in 0.0001 seconds which is credit to the tensile strength of the aluminium armoured plating. 
Figure 19 (Velocity of the bullet graph simulation 2)
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In conclusion the material choice of a copper bullet being projected at an aluminium armoured plate is an unsuccessful simulation idea as the bullet and metal plate both bounce off each other which does not create the desired effect. As previously mentioned, the velocity of the bullet is a factor which looks the least likely to be the effect of an unsuccessful simulation as 2000 and 2600 metres per second speeds are both extremely fast and, in most cases, could cause a substantial amount of penetration and damage to an armoured plate. One of the simulations was tested at 3000 metres per second which during the rendering stage was aborted. The strain on the armoured plate also appeared to occur at the bottom of the armoured plate and this shows where each of the nodes were stretching in opposite directions during the impact of the copper bullet.  
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