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[bookmark: _Toc172206829]Introduction
This report contains findings from the simulations of a ballistic projectile hitting an armour plate, the materials used in these simulations were an RHA steel plate and a titanium projectile. There were two simulations completing using these materials but there were different velocities. One simulation at 500ms and the other at 1500ms. The results that will be taken will include the direct stress and the shear stress; these will then be compared to see how the materials behave with these different scenarios. The aim of these simulations was to identify how the different materials became damaged and then to see whether the faster velocity affected these results.
The hypothesis of these simulations was that the faster velocity would create more damage on the plate, this will be seen by the values of the stress and strain of certain points on the plate. 
[bookmark: _Toc172206830]Materials 
Before the simulations were completed the materials that were used needed to be researched and the values of these needed to be known so research time was used to find these out. These would affect the simulations and determine the results that were received. The learner had to decide the projectile material and the plate material. After research on multiple materials the decision of materials was made, the projectile was made of titanium and the plate material were RHA steel. The values for each material that were gathered were the density, poisons ratio, young’s modulus, yield, hardness, tensile, elastic modulus and all the damage values. 
The RHA steel material values.[1][2]
	Density
	7860

	Poisons ratio
	0.27

	Tensile strength
	1750

	Youngs modulus
	218

	Yield
	1320

	Temperature
	1573

	A
	980

	B
	2000

	N
	0.83

	C
	0.0026

	M
	1.4

	D1
	0.05

	D2
	0.8

	D3
	-0.44

	D4
	-0.046

	D5
	0
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The titanium alloy material values.[3][4][5][6]
	Density
	4430

	Hardness
	32

	Youngs modulus
	114

	Elastic modulus
	123

	Poisons ratio
	0.31

	A
	1000

	B
	780

	N
	0.47

	C
	0.033

	M
	1.02

	D1
	-0.09

	D2
	0.25

	D3
	0.5

	D4
	0.014

	D5
	3.87

	Temperature
	1570


[bookmark: _Toc172206814]Table 2 - Titanium alloy Ti6A14V
[bookmark: _Toc172206831]Results and Discussion
The results that were gained from the simulations were found by visually looking at the damage and the different colours that could be seen. For both simulations there were two screens one showing the shear stress and the tother showing direct stress. Another part of the results was looking into certain areas on the plate which allowed the learner to gather numerical values for these. This allowed for a comparison to be made. All the values gathered were from the initial impact point of the projectile hitting the armour plate. 
Simulation 1 was done at a velocity of 500m/s and two points were identified for the damage readings to be taken from. At point 10121 the direct stress had a value of -8.64457e+08 and the shear stress value of 4.6e+08. The learner then looked at the point below 10650 which had a direct stress of 1.59482e+08 and a shear stress of 6.4e+07. Simulation 1 results can be seen in figure 1. The point 10121 had a negative value which indicates that plate was being broken by the projectile and compression was occurring. However, at 10650 the value is positive which indicates that tension is occurring.
Simulation 2 was done with a velocity of 1500m/s. The first point recorded was 10604, the direct stress was -6.08726e+08 and a shear stress of 7.44477e+06. The second point was also directly below 10075 which had a direct stress of -1.43448e+09 and a shear stress of 1.04525e+08. Simulation 2 results can be seen in figure 3. The positive direct stress figures for this simulation showed that compression was occurring at these points. This indicated that the plate was being penetrated and breaking as the projectile hit.
In both simulations it was observed that some of the nodes were being deleted, this showed that the projectile was a stronger material and was breaking through the steel plate which the learner was expecting to see. By gathering the values of the different nodes in each simulation allows for a comparison to be made, allowing the learner to determine whether the velocity changed the damage. For both direct stress and shear stress the values increased with the higher velocity. For example, the direct stress in simulation 1 had a value of -8.64457e+08 and simulation 2 had a value of -6.08726e+08 and the shear stress in simulation 1 was 4.6e+08 and in simulation 2 was 7.44477e+06. Using these results gathered it showed that the increase in velocity damaged the plate more.
The colours that are shown in the simulation indicate the different stresses that can be seen. Figure 4 shows all these effect at the end of the simulation. In figure 4 that bottom of the plate is a grey colour which shows that the plate is being compressed down causing it to break. The Black and dark blue colour which can be seen in the projectile, this indicates that there is a tension force pulling up the projectile. In figure 4 it is seen the waves are pulling the plate apart and breaking of the material. The learner then paused the simulation at the start of the impact to see different stresses between the end and the beginning of the simulation. From figure 6 it shows that the stresses that can be seen is the black colour which indicates that there is tension occurring and the material is pulling apart through tension. This is occurring in both the plate and the projectile. This is the only stress that can be seen in the image.  This indicates that as the simulation occurred the plate had seen compression and tension which means that the projectile was breaking through the plate. 
The Abaqus simulations were completed to gather results for two different velocities effect on an RHA steel plate against a titanium bullet. A common issue throughout the process of undertaking the simulations was the simulations failing so the learner had to attempt the job multiple times to try get the most accurate results. However, these did not go to plan and the results gathered came from failed jobs, the reason behind these failures were because of the tension stress that the plate was under. This was shown via blocks being deleted in the plate. To gather results the learner positioned the projectile to the initial damage area in both simulations which allowed them to investigate the direct stress and the shear stress. This meant that an accurate comparison could be made between the two simulations. To combat the issues of the Abaqus system failing another job was done without damage deletion on, this was to hopefully see the whole simulation without the plate breaking to see if it had any changes. 
[bookmark: _Toc172206832]Conclusion
In conclusion the Abaqus simulations were successful, both simulations of the two velocities were completed and results were gathered. There were issues throughout the simulation process but ways to get round these were found. Overall, the simulations helped solve the hypothesis of the higher velocity would create more damage. The results gathered showed the learner that the increased velocity damaged the points more. When completing these simulations again it would be important to see the full simulation of the projectile going through the plate as this is what the learner was expecting to see before starting the experiment. The reason for this is the materials used, the titanium is a stronger material than the steel. 
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