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[bookmark: _Toc107868069]Abstract

This investigation was conducted to test and evaluate the ballistic impact of projectiles and targets, in which multiple tests were conducted with various materials in order to find which projectiles perform best at penetrating the target. This investigation will also look into which multi-layered targets withstand the ballistic impact the greatest by looking at the direct and shear stresses of the plate.
Below are the materials used for the tests during the investigation:
Projectiles:
· Steel 4340
· Aluminium
· Depleted Uranium
Targets:
· Rolled Homogenous Steel + Plastic
· Rolled Homogenous Steel + Aluminium
· Aluminium
All tests were conducted at the projectile velocity of 500 metres per second, however one extra test was conducted at 1000 metres per second to evaluate any differences in the results and see if there is an increase in target penetration.
The aim of the investigation was to conduct ballistic impact tests of the materials in the ABAQUS program to evaluate the stress-strain values upon impact of the projectiles into the multi-layered target to see how it penetrates and what combination of target best deflects the projectile.
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This report is going to highlight the effectiveness of various materials for ballistic impact of projectiles and targets. These materials have been selected because of there varied mechanical material properties which will be described in the materials section. 
To show the effectiveness of this, the computer program ABAQUS will be used to give a visual representation and analytical data which will allow critical evaluation of the maximum principal stress applied to both the projectile and target as the collide. 
The data from this investigation will show which projectile is the most effective to be used as a projectile to penetrate a target. The investigation will also highlight which target is the best armour to use to withstand a projectile.
The projectiles used in this investigation were selected in order to get data to show how projectiles with different density’s affect their ballistic impact into targets. 
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The materials used for this investigation were carefully chosen to represent a wide range of materials mechanical properties. 
This section is to show the material properties and values that were used to create the materials inside ABAQUS with explanation as to why each one was chosen.
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When researching the best projectile shape to use, armour piercing rounds have the best penetration of all ammunition types, this can come in a variety of shapes and sizes depending on the desired target. 
For example, in figure 1, the armour piercing high explosive (APHE) shell is used to defeat tank armour. The most commonly used tank armour is rolled homogenous steel which has a high density and is therefore able to withstand all small ammunition. 
To defeat this type of armour the APHE shell is used which is commonly known as a squash head round. This round works by impacting the rolled homogenous with its round top, due to the high velocity the round is travelling at the round impacts the outside of the tank and squashes against the armour then the payload of the shell is detonated. 
When the shell detonates on the tank a massive shock wave is produced which breaks off a scab of metal inside the tank which bounces of surfaces inside the tank and defeats any personnel. 
[image: ]A similar design was used for this investigation with a slightly more pointed end for better penetration upon impact of the target. 











Figure 1 [1]
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This material has been selected as after undertaking some research [2] this source describes the medium carbon steel alloy as having excellent tensile strength, toughness and good fatigue resistance. The material also has high shock and impact resistance which is an essential property for impact of projectiles on targets to allow it to impact further into the material without breaking apart.
[image: ]The properties that were used to enter into ABAQUS to make the material are as follows:Figure 2 - [2]

The Johnson Cook and other steel parameters for the material were found in a journal article [3].
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This material was chosen because it is a much more lightweight metal which is commonly used in light armoured vehicles and is cheap to manufacture, the material has less less tensile strength in comparison to the steel 4340 material however this will be a good comparison to see how much the two materials differ. The mechanical properties for this material to create it within ABAQUS were found in the journal article [4].
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This material was chosen because it has an extremely high density, high strength and hardness which enables it to have high penetration capabilities. Depleted uranium is commonly used in armour piercing projectiles [5], this is why it would be interesting to see how the depleted uranium shells penetration values compare with the steel and the aluminium rounds.
[image: ]The mechanical properties for this projectile were found in a journal article [5] which can be shown in figure 3.














Figure 3 - [5]
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[bookmark: _Toc107868077]Rolled Homogenous Steel

Rolled homogenous steel was chosen as a target material as this material has very high hardness and is incredibly shock resistant which is a really important property when trying to defend against high velocity metal projectiles. This material is made by hot rolling a single sheet of steel at the required thickness. By hot rolling this material it removes any imperfections in the grain structure to strengthen the bonds and stop the material breaking apart upon impact from a projectile. 
The values for the Johnson cook and mechanical material properties can be found in the journal article [6].
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The aluminium and plastic were chosen for the target materials as the filler layers in the multi layered targets, this is done to test whether making the target multi layered will help absorb some of the impact of the projectile which will be analysed in the results section. The same material properties were used for the aluminium as the projectile [4]. The material properties for the plastic material were already given in ABAQUS when we started the program so there was no need to research them.
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This section is the visualization of the impact of the projectiles on targets whilst showing the maximum principal stress at the given time on impact.
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[bookmark: _Toc107868081][image: ][image: ][image: ][image: ]Rolled Homogenous Steel + Plastic Target (Max Principal vs S12) 
[image: ][image: ][image: ]




[image: ]	






[bookmark: _Toc107868082][image: ][image: ][image: ][image: ]Aluminium + Plastic Target (Max Principal vs S12)
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[image: ][image: ][image: ]
[bookmark: _Toc107868087][image: ][image: ][image: ]Aluminium + Plastic Target (Max Principal vs S12)
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[bookmark: _Toc107868088][image: ][image: ][image: ]Rolled Homogenous Steel + Aluminium (Max Principal vs S12)
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[bookmark: _Toc107868095][image: ][image: ][image: ][image: ][image: ][image: ]Steel 4340 Round, Aluminium Target at velocity 1000
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[image: ]Examples using a probe to find values for Max Principal vs S12 for Steel 4340 into aluminium target at velocity of 1000.
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[image: ]Steel round vs Aluminium using the damage evolution @1000 velocity
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[bookmark: _Toc107868096]Steel 4340 Round, Aluminium Target with Fracture Energy Graph (@1000 velocity)                                        (Max Principal vs S12)
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[bookmark: _Toc107868097]Steel 4340 Round, Aluminium Target @1000 (Max Principal vs S12)
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[bookmark: _Toc107868098]Steel 4340 Round, Aluminium Target @1000 [image: ]without Fracture Energy


[bookmark: _Toc107868099]Steel 4340 Round, Aluminium Target @1000 with Fracture Energy
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Upon analysis of the projectiles its clear to see that the depleted uranium shell had the best overall penetration into the targets, the steel 4340 was second best and the aluminium shell preformed the worst. This was to be expected as the density of the depleted uranium shell was the greatest followed by the steel 4340 and the aluminium last.
It was interesting to see how much increasing the initial projectile velocity from 500 m/s to 1000 m/s affected the impact of the shell upon the target, this was a surprisingly high difference.
If this investigation was to be conducted again changing the projectile shapes to a sharper tip would create a smaller impact point which in theory would create a higher initial stress-strain on the target which would allow for greater penetration.

[bookmark: _Toc107868102]Targets

Upon analysis of the targets the rolled homogenous armour + aluminium had the best impact resistance which can be seen from the visualisation and max principle and S12 values showing the lowest shear—strain values within the target material.
The rolled homogenous armour + plastic performed second best with good impact resistance however the depleted uranium shell still managed to penetrate this target fairly well.
The aluminium + plastic target performed the worst of the three targets which can be seen as the maximum principal and S12 values being really high which indicates the target material was easily broken apart upon impact of the material.
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In conclusion the best overall performance projectile was the depleted uranium shell, whilst being the best material it also still has some constraints as the material has an extremely high manufacturing costs so it will be potentially unviable when being mass produced which is something that should be considered as the steel 4340 shell also performed well against most material types.
The aluminium shell didn’t work very well so shouldn’t be considered a option as a projectile.
If the investigation was to be undertaken again it would be interesting to see how various projectile shapes would affect the penetration and direct stress-strain values of the target as it would impact on a much smaller area if the projectile was much sharper at the end which could help the penetration of the shell.
The best overall performance of the target was rolled homogenous steel + aluminium, the multi layered target worked well to absorb the impact of the steel 4340 and aluminium projectiles, the high tensile strength rating and shock resistance helped stop the projectile breaking the armour apart and absorb the impact much better than the rolled homogenous armour + plastic and aluminium + plastic target. 
When comparing the data of the projectile at 500 m/s and 1000 m/s it was surprising to see how much more effective the projectile was when increasing the velocity of the projectile, this shows that firing the projectiles at much higher speeds greatly increases the armour penetration capabilities of the shell as it puts the targets under much higher stress which breaks the target material up.
In conclusion overall from the data and visualisation this investigation shows that higher density projectiles had much better armour penetration capabilities and high tensile strength and shock resistance helped targets deflect the projectiles better, also the higher velocity the projectile is fired greatly increases the stress-strain values in the target to break through it which allows better penetration.
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