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1. [bookmark: _Toc172638411]Introduction 
For this assessment the learner is using the model database Abaqus to make two simulations of a high-speed ballistic impact of a projectile onto an armor plate target. The learner needed to undertake their own research of different martials, projectile shapes and other variables they might want to change. 
For the two different simulations the learner decided that they wanted to see what would happen if they used a strong dense material of tungsten as a plate, with a softer metal of copper as the projectile. The hypothesis being that as the two materials are very different one would have a greater effect over the other, such as when the copper bullet hits the plate it would deform or even break apart or when the materials are flipped the tungsten bullet would break through the copper plate.  For the second run as stated the materials would swap roles with copper being the plate and tungsten being the bullet.
[bookmark: _Toc172638412]Description of material.
The following tables are copies of the Johnson-cook and property values.
 For copper  
	A
	B
	C
	n
	m

	90MPa
	292MPa
	0.025
	0.31
	1.09


[bookmark: _Toc172637612]Table 1 - Johnson cook Copper values.
	D1
	D2
	D3
	D4
	D5

	0.54
	4.89
	-3.03
	0.014
	1.12


[bookmark: _Toc172637613]Table 2 - Johnson cook Copper damage values.
	Property
	value

	Youngs modulus (E)
	117 GPa

	Poisson’s ratio (V)
	0.33

	Density (ρ)
	8950 Kg/m3

	Yield stress (σyo)
	112 MPa


[bookmark: _Toc172637614]Table 3 - Other required Copper values
For Tungsten 
	A
	B
	C
	n
	M

	1507 MPa
	176.64 MPa
	0.016
	0.12
	1


[bookmark: _Toc172637615]Table 4 - Johnson cook Tungsten values.
	D1
	D2
	D3
	D4
	D5

	0
	0.33
	-1.5
	0
	0


[bookmark: _Toc172637616]Table 5 - Johnson cook Tungsten damage values.
	Property
	value

	Youngs modulus (E)
	400 GPa (Taken from Matweb as advised)

	Poisson’s ratio (V)
	0.29

	Density (ρ)
	19.3 g/cc (Taken from Matweb as advised)

	Yield stress (σyo)
	750 MPa (Taken from Matweb as advised)


[bookmark: _Toc172637617]Table 6 - Other required Tungsten values
[bookmark: _Toc172638413]Discussion 
Both simulations were ran at a velocity of 1200m/s with the changing factor being the materials swapped roles from simulation one and two. 
After the simulation was completed, the student took screen shots of the results so they could show their findings. For both runs the first thing the student looked at was the max principal so they could see the different areas of compression and tension damage.
Simulation 1:
[image: ] Figure 1 shows what the start of the impact looks like. Figure shows mostly compression at value of +1.120e+09 but it can be seen at the tip of the bullet there is some tension at -9.208e+08.

[bookmark: _Toc172638402]Figure 1 - Copper bullet first impact

[image: ]As the simulation goes on you can see how more damage spreads through the bullet and plate.[bookmark: _Toc172638403]Figure 2 - Increasing tension stress

From figure 2 the student can infer that the tension has increased, with the bullet now showing mostly a black is colour with a stress of -1.100e+10. It can also be seen that under the impact compression spot there is more stress -2.119e+06 being pulled apart. 
[image: ]
[bookmark: _Toc172638404]Figure 3 - evidence of stresses growing.
Finally for simulation 1, figure 3 shows how both stresses grow as more of the bullet hits the plate. The bullet can be seen still under tension stress this seems to be due to the plate compressing around the impact zone and pushing deformed parts of the plate back up to the bullet.  The first simulation did not run for very long but did show some traits of what the student expected to happen. Such as minimal damage to the plate but the bullet deforming.
Simulation 2: 
[image: ]For the second run the bullet and plate had their properties swapped which led to the simulation running for much longer. Figure 4 shows the start of the impact, the damage in simulation 2 is more drastic to the copper plate with a damage ring forming. The tension is at a stress of -2.349e+09 where the compression is at +1.652e+09. [bookmark: _Toc172638405]Figure 4 - Tungsten bullet first impact

The step jump to figure 5 shows far more damage but tells the student that there is a pattern forming with the alternating rings of stress from a light grey colour to a dark black colour happening both sides of the impact zone. 
[image: ]
[bookmark: _Toc172638406]Figure 5 - Start of ring pattern.
This pattern is then seen growing more intense with the rings of stress traveling up through the bullet while still causing bigger pockets of stress as it ripples out the plate seen in figure 6. 
[image: ]
[bookmark: _Toc172638407]Figure 6 - Ring damage developing.
In the last step of this simulation, it can be seen the area of stress increases as expected but when looking at the end of the bullet of figure 7 the tungsten is deforming when interacting with the copper plate. This goes against what was expected from the hypothesis as a material such as tungsten should have easily broken through the copper. 
[image: ]
[bookmark: _Toc172638408]Figure 7 - Final damage copper plate
 
[bookmark: _Toc172638414]Critical commentary on limitations 
After looking at all aspects of this assignment the learner has come across very clear limitations in the use of Abaqus those being 
· Lack of knowledge on Abaqus left the student unable to complete much alone needed much guidance from the lecturer.  
· When researching for Johnson-cook vales it is possible to find incorrect or sparse data to use.
· The simulation is very temperamental, the smallest of things can affect the resulting data. 
· After completing these simulations, the student had questions as to why tungsten would deform when hitting copper even though it is the denser material, this worries the student about reliability of the data. 
When doing further research online the leaner found a website [5] that gave some incite as to why the Abaqus simulation might have gone wrong. On the website “Ting Lou” responded to a comment talking about how the Johnson-Cook damage value 3 should not be added to Abaqus with a minus. He goes on to say that this is because the system is already set up expecting the value to be a minus so there is no need to add the symbol as that will affect the fracture strain, amplifying it from two to around eight. 
[bookmark: _Toc172638415]Conclusion 
In all the student believes that overall, the simulations were not a complete failure as they had some resulting date. The number of variables that might have caused errors has left the student to believe the data is invalid. The student now knows what could be improved and how to give the next experiment the best chance. In doing research for this assignment, the student found a paper of “Modeling of High-Rate Ballistic Impact of Brittle Armors with Abaqus/Explicit” [6] that he would like to read for further learning/ development.
[bookmark: _Toc172638416]References
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