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[bookmark: _Toc198545491][bookmark: _Toc198552869]Description of the Problem
The task is to create a simulation of a high speed ballistic impact of a projectile onto a target plate. The idea is to find out the stress and strain of different materials using unique materials and explore the ballistic problem. The simulations will show the use of the Johnson-Cook Model, plasticity, density, velocity, impact speed, Young’s modulus, Poisson’s ratio and damage evolution. The objective is to accurately show how brittle and/or dense each component is when introduced to speed and impact on an external entity.

[bookmark: _Toc198545492][bookmark: _Toc198552870]Description of Materials
[bookmark: _Toc198545493][bookmark: _Toc198552871]Titanium and Steel -
[bookmark: _Toc198545494][bookmark: _Toc198552872]Steel -
These materials were chosen as steel is significantly denser than titanium so using each material as different components can produce useful results. Steel has high density and strength so it can be related to real world situations, it has a high mass correlating to its substantial penetration of armoured vehicles. Steel is extremely cost-effective so its use in military and domestic components is prominent so the use of it in simulations is practical and applicable. 
[bookmark: _Toc198545495][bookmark: _Toc198552873]Titanium –
Titanium has a high strength-to-weight ratio making it useful in situations where lower mass is crucial to efficiency. Due to its lower density, it has a different impact dynamic meaning unique results. As an armour plate, it would be extremely effective due to its low mass. 
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Figure 2


[bookmark: _Toc198545502]“In order to close Johnson–Cook’s relations, it is necessary to know five constants A, B, n, C, m determined on the basis of experimental data. To describe the strain failure, it is necessary to determine the values of five constants Di , i = 1...5. There is no temperature dependence on the expressions of the yield stress and fracture because the current temperature of the blade is the same order with the initial temperature, thus m = 0 and D5 = 0” [1]
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[bookmark: _Toc198552875]Titanium Plate and Steel Bullet Simulation – Maximum Principle
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Figure 3
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[bookmark: _Toc198545499][bookmark: _Toc198552881]Steel Plate and Titanium Bullet Simulation – Maximum Principle
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[bookmark: _Toc198552888]Titanium Plate and Steel Bullet Simulation – S23
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[bookmark: _Toc198552901]Discussion
[bookmark: _Toc198552902]Titanium Plate and Steel Bullet Simulation – Maximum Principle
This simulation is showing a steel bullet striking a target plate of titanium. Figure 3 is showing the boundaries of the values of the Max. Principle. This has been implemented to accentuate the stress of each component. This is clear in Figure 8 as each shockwave is clearly seen and can easily be interpreted as stress. Through each image, the gradual penetration of the bullet can be seen, this shows that the resistance of the titanium plate is not up to standard. In the last 2 images of the simulation, the stress/strain of the material is quite sporadic showing that it may not be a stable material to use for an armour plate. Whereas, the bullet, even though it is under a lot of strain, is keeping its form throughout illustrating that it is a strong material even at high speeds.
[bookmark: _Toc198552903]Steel Plate and Titanium Bullet Simulation – Maximum Principle
This simulation is an excellent example of the density of each material. Similar to the previous simulation, limits were put in place, as seen in figure 9, to exaggerate the stress and strain of the contact of each material. Through the progression of the simulation, the bullet sends a fairly uniform shockwave of stress throughout the plate, showing its penetrative properties. Furthermore, at the end of the simulation, the brittleness of the steel plate is shown as it cracks from beneath the bullet. This shows that due to its density and mass if one area fails then it has a high chance of the entire entity to fail. Additionally, at the beginning of the simulation, the bullet is experiencing compression which is fractionally warping the bullet, this in turn, if attempting to penetrate a thicker, denser material then the bullet would sacrifice its integrity and fail structurally.
[bookmark: _Toc198552904]Titanium Plate and Steel Bullet Simulation – S23
The S23 visualisation option on Abaqus shows sheer stress in each simulation. As seen at the beginning of this simulation. The sheer stress has a value of -1.010 x 1010 in small but specific areas of the bullet and plate, this shows the stretching of the entities which grows as the simulation continues. The sheer stress throughout the plate is extremely random, this shows that the bullet was introduced to the plate with high velocity and the plate is acting accordingly. The reverberations in the plate shows it isn’t the most stable alloy to use. Towards the end of the simulation, the bullet is quite easily breaking through the plate without much deformation, this determines the fact that the steel bullet has a much higher density and, compared to the titanium bullet, a much higher weight-to-density ratio making it much easier for the bullet to penetrate. In real-world applications, titanium would be a good choice for body armour due to its lightweight but used as part of an armoured vehicle would not be a smart choice as under high amounts of force, for example a tank round, it would crumble and fracture.
[bookmark: _Toc198552905]Steel Plate and Titanium Bullet Simulation – S23
It is clear that in this simulation the titanium bullet is having a lot of trouble penetrating this steel plate. This is made evident by the S23 visualisation module. The bullet is experiencing mass amounts of compression and deformation due to its lower density. Additionally, the plate is also undergoing warping as it is stretching under the force of the bullet. The integrity of the bullet remains throughout but the plate cracks more and more as the bullet enters. To the point that it cracks form beneath. Due to the low mesh count, it creates a “random” shockwave pattern, which is easily noticed in the simulation. On the contrary, the bullet warps ever so slightly at the beginning but towards the end, it holds its structure very well to the point of braking through the plate. 



[bookmark: _Toc198552906]Critical Commentary 
[bookmark: _Toc198545503][bookmark: _Toc198552907]Limitations and Approximations –
A limitation of the simulations would be the mesh used. The mesh used isn’t fine enough to show the true stress and strain of the materials as only a fraction of it is shown due to the limited number of nodes, whereas if more were present then the simulation would be more detailed and more accurate allowing a more thorough analysis. The less detailed mesh of the plate causes “random” shockwaves through the plate, so a point to improve would be the use of a finer mesh. Additionally, this would also cause a problem when running the simulation as using a finer mesh would cause a very noticeable delay as the programme is trying to load a large number of variables. 
Another limitation would be using values found in online sources, journals, books etc. As the only materials that were used were found online, they would have to be used in that context. So irregular alloys were not supplied without first, unless the student found these values out for themselves.
[bookmark: _Toc198552908]References –

	[1] 
	B. A. E, G. I. L and K. E. I, “Determination and verification of Johnson–Cook model parameters at high-speed deformation of titanium alloys,” Aerospace Science and Technology, vol. 45, pp. 121-127, 2015. 


Figure 3-8, Titanium Plate and Steel Bullet Simulation – Maximum Principle
Figure 9-13, Steel Plate and Titanium Bullet Simulation – Maximum Principle
Figure 14-19, Titanium Plate and Steel Bullet Simulation – S23
Figure 20-25, Steel Plat and Titanium Bullet Simulation - S23
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