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This report shows and highlights the different damage, stress and strain levels when a projectile hits a plate. This has been simulated using ABAQUS software. As the hypothesis suggested, the results show the damage to the plate, the stress and the strain were higher for the higher velocity.
[bookmark: _Toc171669656]Introduction
This simulation has been done to discover the different stress and strain levels when a projectile hits a metal plate at different velocities. The hypothesis for this is that out of the two simulations, the simulation with the higher velocity will show that the damage, sheer stress and tension will be a higher level than that of the simulation with a lower velocity. As all parts of the simulation were done using software, everything except the velocity will not be changed even excluding human error. Therefore, velocity is the independent variable, thus making stress and strain the dependant variables. The control variable would be the nodes that were selected for readings. The velocities chosen were 250 m/s and 1000 m/s, the reason for this was the real-world examples of a pistol and an assault rifle. The GECO .38 Special Lead Round Nose has a velocity ranging from 260 – 275 m/s [1]. The M193 ammunition (5.56) has an average velocity of 975 m/s from firing [2]. Based off this, a velocity just below and just above was chosen to run in the simulation.
 The materials used in the simulation are a Titanium alloy (Ti6Al4V) for the projectile and Q345C Steel for the plate. The Johnson-Cook damage parameters for both materials are shown in the table below.
	
	Ti6Al4V [3]
	Q345C [4]

	A
	1000
	374

	B
	780
	510

	C
	0.47
	0.052

	N
	0.033
	0.41

	M
	1.02
	0.679

	D1
	-0.09
	0.028

	D2
	0.25
	1

	D3
	-0.5
	-0.916

	D4
	0.014
	-0.006

	D5
	3.87
	-0.644

	Youngs Modulus
	N/A
	180 – 2730

	Poisson’s Ratio
	N/A
	0.270 – 0.3
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When a projectile hits a metal plate, there are stages the plate goes through: the initial contact, the spread of shock waves and the potential fragmentation of the projectile however in this simulation, fracturing isn’t seen. Figures 1 – 3 are simulation 1 at a velocity of 250 m/s and figures 4 – 6 are the second simulation at the velocity of 1000 m/s. The two same nodes were taken and analysed in both simulations, nodes 9569 and 10,098. These two nodes were specifically chosen as they would be directly affected by the penetration of the projectile on impact. On simulation 1, where velocity was 250 m/s, node 9569 gave results of sheer stress being 7.9 Mega-Pascals (MPa) and tension being 44.9 MPa. Node 10,098 gave a tension of 19.3 MPa and a sheer stress of 8.7 MPa. Simulation 2, with a velocity of 1000 m/s, gave results of tension being 32.3 MPa and sheer stress being -21.8 MPa at node 1. At node 2, sheer stress was -17.2 MPa and tension readings were 37.5 MPa. As noted in node 1, upon impact there is a very high compression stress and for it to be higher than the strength of the metal causing nodes to deform instantly and causing some nodes to be deleted. The spread of the shockwave causes both stress and strain however the trailing edge of the shockwave will cause tensile stress. In these simulations, no fragmentation was observed. Figures 1, 2, 4 and 5 show the stress and strain of both the initial impact and later in the simulation. 1 and 2 are for the 250 m/s. The capture of Max Principal is showing the direct stress, and the S12 is showing sheer stress. As the projectile hits the plate, the projectile itself undergoes direct and sheer stress and this can be seen in Figures 1, 2, 4 and 5. In simulation 2, it can be observed that the bottom of the plate has also suffered damage and a small chunk of the plate has been deleted. As it was the simulation with 1000 m/s, it can be observed that this is due to spalling, it occurs upon impact and/or stress [5]. 
[bookmark: _Toc171669659]Reliability
The reliability and accuracy of these results can be questioned due to factors that would occur in real life that aren’t considered on the simulation. Factors such as: wind, wind direction, air resistance, gravity, conditioning of either the plate or the projectile, the process of construction and the fact there is no explosive substance therefore simulating an inert projectile. Because the simulation is just a projectile hitting a plate at a certain velocity, it cannot be assumed that these results would match up if it was done in the real world. For example, gravity would cause bullet drop off and has the potential to cause the bullet to go into the plate at a slight angle as opposed to dead on. It would also cause a reduction in the velocity. Air resistance will cause a drop in velocity as well as drag. With the 1000 m/s simulation, as it is based on the 5.56 round, rifling is present and mixed with drag will cause the bullet to yaw [6] and skew the real world results even further as it has the potential to turn and enter at aa completely different angle and in some cases backwards. To make this simulation more accurate, the mesh could be finer and therefore giving more accurate results as stress, strain and damage could be seen more directly and in much greater detail. 
[bookmark: _Toc171669660]Velocity – Time Graphs
Figures 3 and 6 are graphs showing the simulations velocity over time. Something to note when looking at the graphs, is that despite acceleration being set to a constant 0 due to it being a constant velocity and there being no circumstances or factors to change this, the acceleration fluctuates drops and increases throughout both simulations. This is due to momentum and some nodes, on the projectile, hitting the plate directly and some still travelling at the constant velocity. As some nodes hit the plate, they decelerate due to resistance and as the back end of the projectile is still driving forwards, the momentum will carry it on through the plate. As it travels through, more nodes will decelerate, and momentum will pull and push it through etc. 
[bookmark: _Toc171669661]Conclusion
Quantitive results would be ideal for the future as it is easier to look for anomalies and skewed results. The current results shown could be an anomaly itself and there is no way of knowing. These results are based solely on the quality and that, as mentioned before, isn’t the best-case scenario. There is a higher probability for human error and anomalies. If a brittle metal was used, for example aluminium, the simulation would show higher values of stress and strain initially. This is because Aluminium has a lower Young’s Modulus (YM). Aluminium has a YM of 68 Giga-Pascals (GPa) [7] whereas the suspected lowest value of Q345C’s steel is 180 GPa. It would become clear that this is due to the plastic deformation. However, if a harder metal was used, fragmentation or shattering may be observed for either the plate or the projectile or both. The hypothesis for this simulation was correct and thus proves that at higher velocities, the metal plate experiences an increase on both stress and strain. The experiment suggests that YM and velocity are directly proportional however existing physical theory proves this to be wrong and therefore reducing accuracy of the results even further. Despite all the improvements that could be made, the hypothesis has been shown to be accurate and should be done again taking all previously mentioned problems into account and rectifying them. The next simulations should be done multiple times to guarantee reliability as well as accuracy with the results found.
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