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[bookmark: _Toc1661378751]Abstract

The problem given was to simulate a projectile impacting on an impact plate and capturing the tensile and shear stress values. As part of this, two simulations were carried differing plate materials. The results of these simulations were that aluminium performed better than copper in an armour role as it was able to completely stop the projectile. 

[bookmark: _Toc563577978]Chapter 1 - Purpose

1. The problem given was to simulate a projectile impacting on an impact plate and determine the failure mode either tensile or shear stress. As part of this, two simulations were carried out with different parameters regarding speed of projectile and materials used for the projectile and impact plate. 

[bookmark: _Toc1222022449]Chapter 2 - Materials Research

2. Before designing and simulating the projectile and impact plate. Material research was carried out to create a database of material parameters that will be used to create a Johnson-Cook model that will accurately simulate real life effects of a projectile impacting a plate. 
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[bookmark: _Toc131762304]Figure 1 - Material Manager
[bookmark: _Toc676208418]Chapter 2.1 – Simulation 1 Materials

3. For simulation 1, the material used for the projectile will be steel and the impact plate will be copper. 

4. [bookmark: _Int_CZFDsvzI]Steel is a very hard and strong metal compared to the other materials being used in these simulations having an increased capability to withstand wear and impacts. Steel Projectile Parameters:
[image: Table

Description automatically generated]
[bookmark: _Toc131762305]Figure 2 - Steel Parameters [1]
5. Copper is a very dense metal compared to the other materials being used in these simulations. Coupled with a high elastic modulus it can be elastically deformed more before it reaches its yield point. Copper impact plate parameters:
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Description automatically generated with medium confidence]
[bookmark: _Toc131762306]Figure 3 - Copper Parameters [2]
[bookmark: _Toc1069549006]Chapter 2.2 – Simulation 2 Materials

6. For simulation 2, the material used for the projectile will be steel and the impact plate will be aluminium. 

7. [bookmark: _Int_iqCvVhDV]Steel is a very hard and strong metal compared to the other materials being used in these simulations having an increased capability to withstand wear and impacts. Steel Projectile Parameters:
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[bookmark: _Toc131762307]Figure 4 - Steel Parameters [1]
 

8. [bookmark: _Int_EvdKFHN9]Aluminium is an extremely lighter metal compared to the other materials being used in these simulations. It also has a very low melting temperature and so greater susceptibility to heat and the lowest of the strain rates. Aluminium impact plate parameters:

[image: Material properties and Johnson–Cook model parameters for aluminium alloy. ]
[bookmark: _Toc131762308]Figure 5 - Aluminium Parameters [3]



[bookmark: _Toc905163100]Chapter 3 - Abaqus Simulations

[bookmark: _Toc1275910543]Chapter 3.1 – Simulation Design

9. For Abaqus to be able to simulate a ballistic impact, a projectile and an impact plate must be designed. As such I designed a projectile that is meant to represent a 7.62mm NATO round in terms of length and diameter. [4]
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[bookmark: _Toc131762309]Figure 6 - Projectile

10. The impact plate had a length and width of 30mm with a thickness of 5mm to emulate similar thicknesses of armour plates used for actual military applications. [5]
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[bookmark: _Toc131762310]Figure 7 - Impact Plate


11. These two parts were brought together in an assembly where the projectile was placed above the impact plate directly in the centre. 

[image: ]
[bookmark: _Toc131762311]Figure 8 - Projectile/Impact Plate Assembly



Chapter 4 - Results and Findings

12. During both simulations, data was collected to record tensile and shear stress values generated as the impact occurs. These results can then be used to determine the failure mode of the impact plate. In addition, a velocity graph will be plotted to see how the velocity of the projectile is reduced as it penetrates the plate. 

[bookmark: _Toc1447677864]Chapter 4.1 – Simulation 1

13. To reiterate, for this simulation the material for the projectile will be steel and impact plate will be copper. Also, the speed of the projectile impacting on the plate will be at 854m/s simulating the actual muzzle velocity of a 7.62mm. [4]

14. In simulation 1, Figure 9. As the projectile impacts the plate the velocity is reduced significantly at the 0.05e-03s mark. Between 0.05e-03s and 0.2e-03s period the velocity has a gradual reduction and then plateaus for the rest of the simulation as the projectile has passed through the plate and no longer meeting any resistance.
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[bookmark: _Toc131762312]Figure 9 - Simulation 1 Velocity Graph


15. Inspecting the plate, figure 10, as the projectile penetrates, there is minimal shear stress generated from the impact. 

[image: ]
[bookmark: _Toc131762313]Figure 10 - Simulation 1 Shear Stress
16. [bookmark: _Int_thsdpWpO]In figure 11 and 12, it can be seen that a very large area of the plate experiences a high amount of tensile stress as the projectile impact the plate. 
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[bookmark: _Toc131762314]Figure 11 - Simulation 1 Tensile Stress

[image: ]Massive tensile stress causing failure.

[bookmark: _Toc131762315]Figure 12 - Simulation 1 Plate Failure
17. [bookmark: _Int_8Nh2dofG]In figure 13, it can be seen that a very large area of the plate experiences a high amount of tensile stress, and the projectile can fully penetrate the plate and pass through. 
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[bookmark: _Toc131762316]Figure 13 - Simulation 1 underside view


[bookmark: _Toc223785128]Chapter 4.2 – Simulation 2

18. To reiterate, for this simulation the material for the projectile will be steel and impact plate will be aluminium. Also, the speed of the projectile impacting on the plate will be at 854m/s simulating the actual muzzle velocity of a 7.62mm. [4]

19. In simulation 2, Figure 14. As the projectile impacts the plate the velocity is reduced significantly at the 0.05e-03s mark. From then on, the velocity reduces until 0.3e-03s where the velocity reach 0 as the projectile has been caught by the plate to which it idles for the rest of the simulation. 
[image: ]
[bookmark: _Toc131762317]Figure 14 - Simulation 2 Velocity Graph
20. Inspecting the plate (figure 15) as the projectile penetrates, in step 1, minimal shear stress being generated from the impact.
 
[image: ]
[bookmark: _Toc131762318]Figure 15 - Simulation 2 Shear Stress

21. [bookmark: _Int_zBNnwAeB]In figure 16, it can be seen that a very large area of the plate experiences a high amount of tensile stress, but the projectile cannot completely pass through the plate. 

[image: ]
[bookmark: _Toc131762319]Figure 16 - Simulation 2 Tensile Stress
22. In figure 17 and 18, the immediate area around the projectile has low tensile stress and so the projectile cannot cause any more damage/deformation of the plate and will not be able to through the plate. 
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[bookmark: _Toc131762320]Figure 17 - Simulation 2 Tensile Stress
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[bookmark: _Toc131762321]Figure 18 - Simulation 2 underside view

[bookmark: _Toc85551501]Chapter 5 - Conclusion

23. In conclusion, the simulations itself are a success, the projectiles can impact and penetrate the plates causing realistic damage. In addition, the simulations can demonstrate and view the massive tensile and the minimal shear stresses generated from the impacts. The plates reduce the velocity of the projectile after impact, but the steel projectile still manages to penetrate and pass through the copper plate completely, due to possessing a tensile strength of 210Mpa the force of the impact far exceeded it strength and so experienced tensile failure. However, aluminium was able to stop the projectile completely and was able to withstand the impact and the massive tensile stresses exerted. This is due to it having a tensile strength of 572Mpa [6]. This demonstrates that aluminium could be used as armour in the right circumstances.
 
24. The theory has been proven and put into practice, however, the tensile and shear stress data collected cannot be classified as reliable. This is due to several factors:

24.1. Due to it being a simulation, real world extraneous variables will not be considered and so the results will not be truly valid.
24.2. The mesh used on the projectile and plate may have been too rough. If the mesh was finer and had more nodes, then a more detailed simulation can be created and provide more valid results. 
24.3. The Johnson-Cook material treats each parameter in this model is an independent variable, thus it cannot describe the coupling effects of temperature, strain rate and strain hardening on the flow stress. [7]
24.4. The material properties used may not be reflective of real-world material properties and as I did not create them myself but got them from journals, I cannot verify them myself to know if they true. 
24.5. The simulation design and parameters are a limiting factor as I had to change parameters to allow for the simulation to run skewing the results. 
24.6. The Abaqus software itself is a limitation as I could not test everything I wanted as the simulation would abort or outright would not work. 
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