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Introduction
The following report will set out an overview of the work done in the lab sessions in class performed on the computers using ABAQUS software that was provided in the block period. The task that was set out was to research the effects of a projectile impacting a material plate at a high speed. There are a multitude of different elements that can be changed to see the different effects such as speed of impact, different materials for the projectile and the plate, different shapes of projectile. The two simulations that are going to be researched over this report will be a comparison of different speeds using the same properties for both the projectile and metal plate. The projectile used was a steel bullet replica and the plate was aluminium. The results of the simulations will be discussed and compared throughout this report. 

Simulation Make Up
The way that this simulation was made up is through a projectile and material having its properties outlined. The simulations that are researched in this report discuss and detail the original design concepts and properties that were supplied by the lecturer. The creation of both the projectile and material was done through designing a projectile and a material plate in the design section of the software and then applying mesh to both as well. This mesh is vital in showing the stress and strain (damage) throughout the structure of, in this case, the metal plate. In figure 1 the mesh is clear and visible as you can see what the effects and damage that the material will go through. The damage graph colouring was then changed so that the effect of the stress and strain in the plate material would be clearly visible during each individual step of the simulation (there were 200 steps from start to finish). This was done to make the comparison easier to visualise and discuss.[image: ]
(Figure 1)

The properties of both materials of the projectile and the plate were added. This was the density mass and the elasticity. 
[image: ][image: ]
Figure 2						Figure 3
Figures 2 and three above detail the properties of the ‘STEEL’ projectile.
[image: ][image: ]		Figure 4					Figure 5
Figure 4 and 5 detail the properties that were included in the make up of the aluminium plate that the projectile impacts in the simulation. 
[image: ]






					Figure 6

The elasticity and plasticity the Poisson’s ration and Young’s modulus are also recorded, as this works with the melting temperatures that were provided for the materials. The Johnson Cook damage values were also provided (figure 6) and were needed to be added to the material properties to ensure that the different impacts on the properties can be calculated together. The figure 6 is showing the Johnson Cook damage values for the Aluminium plate. 

Changes Implemented 
This section of the report is going to detail the changes that were made to the simulation so that there could be a visible difference between both runs to provide conclusive evidence and data for comparison. There were many details that could have been changed but due to initially having a very minimal amount of knowledge of the software and limited time to complete both simulations and gather screenshots whilst also attempting to expand knowledge of the software, it was decided that the velocity of the projectile would provide the easiest way of comparing results of comparison between two simulations. This was able to be changed through opening the ‘edit predefined field’ tab and changing the ‘V2’ figure. The measurement of this section was of meters per second. The first simulation was completed using a velocity of 750m/s and the second simulation included a velocity of 1200m/s. 
It was also required to open the create job section of the software to ensure that the changes that were made could be saved so that there were two different saves of the simulation, one with the 750m/s velocity and another with the 1200m/s velocity. This needed to be done with the addition of the amount of steps to be used in the simulation. The more steps added, then the more detailed results would be provided. 200 steps were added to both simulation so that the results would be comparable through the changes at each step. These two different runs can then be accessed again through the job manager tab so that you can change between each simulation. After the simulations have been started you have to wait for the software to run the simulation before you can access the results. The maximum principal stress model was used for the visualisation of the simulations, this is what shows the comparable colours in the figures later in this report. 
Another change that was implemented into these simulations was the setting on how the simulation could be viewed. For instance, the view of the side profile was changed so that the simulation had almost be cut in half so that the stress and strain and damage could be easier to view side on and the effects of the projectile’s impact could be detailed more conclusively.  

Results Gathered
This section is going to show the results that were gathered over both simulations at similar steps so that they can be compared and discussed later in the report. There will be commentary on each part in this section to give an indicator on what is happening in the figures shown.
Simulation 1 – Velocity of 750m/s
This section will show screenshots taken at different stages and different angles of the first simulation where the velocity was set to 750m/s. 
[image: ]
Figure 7
In figure 7 the viewpoint is from the side with the simulation cut in half so that the effects can be seen from the point of impact. This figure shows the initial impact of the steel bullet into the aluminium plate, the red in the mesh shows the initial stress of the impact and the yellows and greens are showing how this wave is moving through the mesh of the material. 
[image: ]
Figure 8
Figure 8 is showing the progression of the stress and strain that the impact of the projectile has had. It shows how it has moved from the centre and has started to distribute across the plate and is still intense on the opposite side of the plate. It also shows that the projectile has started to penetrate the plate as well.
[image: ]
Figure 9 
Figure 9 is showing the waves of stress and strain across the material’s mesh and how it is going to and from both sides of the material and also either end as well. It is showing that due to the impact of the projectile the plate has started to give way on the other side. 
[image: ]
Figure 10
At the point of figure 10 the projectile is at it’s peak of impact. It doesn’t go any further than this however the effects of the stress and strain can still be seen across the plate. This is seen in the colours of the mesh and also the way that the mesh has been slightly penetrated at the point of impact and on the other side the material has been bent and become weak and broke due to the stress and strain energy it had to withstand. 
[image: ]
Figure 11
In figure 11 this is the last step of the simulation and shows the stress and strain residing throughout, the effects of the impact can be clearly seen to the structure of the plate and its mesh make up. However, the projectile was not able to penetrate at this velocity.
The following images will detail the same impact but from a view from above, this will showcase the stress and strain of the impact with the waves of stress and strain being visible. 
[image: ]
Figure 12
[image: ]
Figure 13
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Figure 14[image: ]
Figure 15
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Figure 16







The following figures will show the same simulation but from a view from the bottom of the plate. 
[image: ]
Figure 17[image: ]
Figure 18
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Figure 19
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Figure 20
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Figure 21[image: ]
Figure 22
Figure 22 shows the graph of the velocity and time of the simulation, the spikes in increase and decrease show the resistance of the plate during the impact.[image: ]
Figure 23
Figure 23 shows the material strain and stresses one step before the material breaks along the bottom. It is showing the maximum principle so shows the weakest part of the material just before the plate breaks.

Simulation 2 – Velocity of 1200m/s
This section will be like the last section in showing the figures of data gathered from the simulation and will include commentary on each side view figure. [image: ]
Figure 24
Figure 24 shows the initial impact of the projectile, the initial stress on the material is seen with the red and amber colours being present at the point of impact. At this point the plate is still intact.
[image: ]
Figure 25
Figure 25 is showing the stress from the impact move in waves across the material of the plate, this can be seen in the colours of light blue, green, yellow, amber and the continued pressure from the projectile still impacting is shown in the red and orange sections around the point of impact. 

[image: ]
Figure 26
Figure 26 is showing the projectile continue to penetrate the material and the stress and strain of this is appearing in the waves going back and forth across the plate material mesh in the form of the colours that can be seen in the figure. 
[image: ]
Figure 27
Figure 27 is showing the projectile to penetrate further into the auminium plate as the stress and strain continues to move across the plate, it is visible that the plate is starting to bend on the opposite side of the impact site and that the material and mesh there is beginning to break under the intense stress and strain in that area. 
[image: ]
Figure 28
Figure 28 is showing that the projectile is still penetrating through the material and that the stress and strain is residing across the whole material but is still intense around where the projectile is continuing to penetrate. The material is breaking under the stress and strain which has caused the projectile to continue to penetrate.
[image: ]
Figure 29
The data shown in figure 29 is that the plate mesh has now been penetrated and that the steel bullet has made it all the way through. The plate has broken and there is a visible part that has become detached from the rest of the mesh due to the stress of the impact of the bullet causing the plate to break and not be able to resist again the stress and strain. 
[image: ]
Figure 30
This data in figure 30 shows the projectile at its last step of the simulation. The stress and stain waves throughout the plate have resided compared to earlier on in the simulation however, at this point there is still visible strain still around the bullet. The material has been broken and has been penetrated from one side to another due to the force of the projectile and the stress and strain being too great for the plate material to withstand. 
The further figures that will be provided below will show the same simulation but from the angles of both above and below so that the waves of stress and strain can be clearly seen. Across the whole plate and not just at the point of impact. 
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Figure 31
[image: ]
Figure 32[image: ]
Figure 33[image: ]
Figure 34
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Figure 35
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Figure 36[image: ]
Figure 37[image: ]Figure 38
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Figure 39
[image: ]figure 40[image: ]
Figure 41
[image: ]
Figure 42
[image: ]
Figure 43
Figure 43 shows the maximum principle and this screenshot is taken one step before the plate material breaks and shows where the most stress is and also shows where the weakest part of the material is. 
Discussion 
From the results gathered from these two simulations there have been two different outcomes that have been achieved and data collected. Even by just changing the velocity of the projectile there is a visible difference in outcomes from the penetration achieved and the stress and strain that the aluminium plate would have suffered from. However, neither projectile in each simulations manage to achieve a full penetration of the plate. This is due to the aluminium being weaker than the steel as it has a higher tensile strength. This is shown by the projectiles ability to penetrate through the plate in the second test and still be able to slightly penetrate and cause damage to the plate in the first simulation as well.  
The failure to penetrate all the way through the projectile could be down to differing factors such as incorrect properties that were input into either the elasticity, plasticity, or the wrong Johnson Cook damage values. It could also just be that the velocity needed to be raised higher to be able to completely pass through the material. 
The mesh that was used for both simulations was able to achieve great data for comparison, as it can be determine the stress and strain waves that pass through the plate at both velocities. With both of the simulations it is visible with the amount of stress that each square of the mesh is being put under and it helps to pin point the way that the stress and strain moves across the plate and how the effects of this will cause to the structure as well. 
A big difference is that the second simulation shows a higher level of stress pass through the plate from each angle and shows how the plate becomes weaker throughout its structure which then shows it breaking with the maximum principle data (figure 43).
Conclusion
In conclusion these two simulations have been able to gather comparable data which can be used to understand the way that the stress and strain of an impact of a steel projectile has on an aluminium plate. With having a next to no knowledge of ballistics and the modelling software used to design and simulate ballistics it has been incredibly useful to improve knowledge and understanding through playing with the different property values of each material and getting to obtain a better understanding on the importance of the mesh and the design whilst using this software to be able to make sure that the simulations deliver as accurate results as possible. A slight negative that was found was that if the operator doesn’t have a great understanding of the software then it is easy to do put the wrong property value in which will cause the simulation to either fail or give wrong data. However, overall the experience with this subject and the software used has been interesting and new as well as beneficial of giving solid and reliable data whilst being able to improve knowledge and understanding through the usage of it. If it was to be completed again then better data would definitely be achieved through changing the plate material so that one simulation would be aluminium and then using another material to show the difference in resistance to the strain and stresses of the same projectile to each plate material.
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