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[bookmark: _Toc152143022][bookmark: _Toc172637694]Section one – Introduction
This lab assignment details the results of 2 simulations comparing the different stresses and how they affect the armour plating. The 2 simulations used RHA steel for the projectile with the material properties of: 
	[bookmark: _Hlk172637252]Density
	4,430 g/cm3

	Hardness
	32 N/mm2

	Elastic modulus
	123 MPa

	Thermal conductivity
	6-9 watts

	Linear thermal expansion
	7.5

	Young’s modulus
	114 GPa


[bookmark: _Toc172637949]Table 1- RHA material properties.
And the Johnson cook parameters of:  
	A
	1,000 MPa

	B
	780 MPa

	n
	0.47

	C
	0.033

	m
	1.02


[bookmark: _Toc172637950]Table 2- RHA Johnson Cook parameters.
And the damage of:
	D1
	-0.09

	D2
	0.25

	D3
	-0.5

	D4
	0.014

	D5
	3.87

	Tr
	20 Degrees Celsius 

	Tm
	1,570 Degrees Celsius 


[bookmark: _Toc172637951]Table 3- RHA damage.
 Titanium alloy Ti6A14V was used for the armour plating with the material properties of: 
	Density
	7,860 g/cm3

	Hardness
	43N/mm2

	Poisson ratio
	0.27-0.3

	Yield strength
	1320 MPa

	Tensile strength
	1750 MPa

	Young’s modulus
	218 GPa


[bookmark: _Toc172637952]Table 4- Titanium Alloy material properties.
The Johnson Cook parameters of: 
	A
	980 MPa

	B
	2000 MPa

	n
	0.83

	C
	0.0026

	m
	1.4


[bookmark: _Toc172637953]Table 5- Titanium alloy Johnson Cook parameters.


And the damage of: 
	D1
	0.05

	D2
	0.8

	D3
	-0.44

	D4
	0.046

	D5
	0


[bookmark: _Toc172637954]Table 6- Titanium Alloy damage.
The first simulation named job 1 consisted of the projectile hitting the plate perpendicularly at a velocity of 1200 metres per second and the second simulation named job 2 consisted of the projectile hitting the plating at a perpendicular angle with a velocity of 2400 metres per second. The first simulation was then completed another time with projectile damage deletion turned off. 
[bookmark: _Toc152143023][bookmark: _Toc172637695]Section Two – Results
Job 1- 1200 metres per second
The first simulation was done at a velocity of 1200 metre per second. One initial impact we can see a small compression wave travelling through the armour plate (figure 1). 
[image: ]
[bookmark: _Toc172637667]Figure 1- Job 1 initial contact showing compression.






this is then followed by a tension wave pulling the plate apart causing it to start cracking (figure 2).
[image: ]
[bookmark: _Toc172637668]Figure 2- Job 1 initial contact showing tension after compression.
To analyse further the simulation was paused at 85 frames (figure 3) and after comparing the two stresses it was determined that tension was the main cause of failure. The tension reading was 3.03e+08 pascals and the sheer stress only 1.95e+06 pascals. On completion of the simulation the plate began spawling material from the back of the plate showing a severe amount of damage to the plate (figure 4). 
[image: ]
[bookmark: _Toc172637669]Figure 3- pause at 85 frames.
[image: ]
[bookmark: _Toc172637670]Figure 4- final plate damage.
After reviewing the final plate damage using a probe on element 13847 (figure 5 and 6) It was determined that tension was the main stress causing the plate failure with a reading of 4.21e+09 whereas sheer stress had a reading of 1.59e+09. This was due to the high compression wave that causes the plating to pull apart resulting in tension. 
[image: ]
[bookmark: _Toc172637671]Figure 5- final plate damage with probe Max. principal.
[image: ]
[bookmark: _Toc172637672]Figure 6- final plate damage with probe S. mises.
As seen from the velocity plot (Figure 7) the nodes start at 1200 metres per second and crash to 1185 metres per second in roughly 28 milliseconds this shows a clear trend in the nodes slowing down as well as oscillating from the compression and tension waves. Due to the large drop off in speed it can be expected that if the simulation had run further the projectile wouldn’t have penetrated through the plating. 
[image: ]
[bookmark: _Toc172637673]Figure 7- velocity plot 1200.


Job 2- 2400 metres per second
On the second simulation on initial impact there is a large compression wave surrounding the projectile as seen by the dark blue ring on the armour plate (figure 8).
[image: ]
[bookmark: _Toc172637674]Figure 8- compression wave on initial impact.
This is followed by a large amount of tension pulling the plate apart as shown with the late grey circle in the centre of the plate. To see the best results the simulation was pause on 50 frames (figure 9) and element 5823 was chosen for analysis. Frame 5823 had a sheer stress of 1.49e+08 pascals and a max principal of 1.06e+08 pascals. This shows that with the increase of velocity the main stress causing the failure of the armour plating was sheer stress with a higher pascal reading. This caused the projectile to penetrate further and cause more significant damage and spawling on the back of the plate.
[image: ]
[bookmark: _Toc172637675]Figure 9- Pause at 50 frames.
At 123 frames (figure 10) it shows the final damage caused to the armour plate. For analysis element 12812 was chosen which had a max principal reading of 9.9e+09 pascals and a sheer stress reading of 1.5e+09 pascals. This shows that although sheer stress was the initial cause of failure the tension that followed was the final factor causing the damage. 
[image: ]
[bookmark: _Toc172637676]Figure 10-Final plate damage.
On review, it was believed that the simulation hadn’t worked as planned due to the light grey areas showing tension instead of compression which is unrealistic as Johnson cooks model doesn’t work as well at higher velocities. As we can see from the velocity plot (figure 11) the drop off in speed is minimal proving that at this velocity the projectile would have travelled straight through the armour plating. 
[image: ]
[bookmark: _Toc172637677]Figure 11-Velocity plot 2400.
Repeat of Job 1- no projectile damage deletion
After reviewing the factors causing the first simulation to crash after a certain time. Job 1 was repeated with no projectile damage deletion to analyse the changes. Although the simulation seemed to be more accurate due to this change the simulation stopped running before any damage was visible on the back of the plate. 
[bookmark: _Toc152143033][bookmark: _Toc172637696]Section Four – Conclusion
After completing both simulations and analysing the results, it was found that due to the Abaqus software the simulations would not run for long enough to achieve maximum results. Another issue found was that due to the damage deletion even though the back of the plate experienced damage and spawling it was not seen when running the simulation this led to approximations of the exact damage that was caused on the plate. A further issue found was due to the simulation running using the outside of the projectile to contact the plate as it started to deteriorate the nodes were deleted this cause the results to be less accurate, even after repeating without damage deletion the program failed to run long enough to see the full results. Another issue later identified was that due to the way Abaqus software is set up it automatically makes the Damage 3 value a negative number, this meant that when imputing the Damage 3 it became a positive number which would have a major effect on the results shown. Overall, after comparing the two simulations it was determined that tension cause the main damage to the armour plate in job 1 whereas when the velocity was doubled sheer stress was the main factor causing failure in job 2. Using these software packages allows for a greater understanding of the materials and how they can influence other materials for example how a weapon system or a bullet can be made to penetrate different types of armour plating that may be used for military vehicles. On the contrast it can also be used to help develop armour plating to provide further protection to vehicles and aircraft. 

[bookmark: _Toc152143034][bookmark: _Toc172637697]Section Five – Appendix
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Figure 12- the nodes chosen for the velocity plot.
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——  V:Magnitude PI: titanium alloy on RHA steel-1 N: 3867
—— V:Magnitude PI: titanium alloy on RHA steel-1 N: 3886_1
——  V:Magnitude PI: titanium alloy on RHA steel-1 N: 3904
——  V:Magnitude PI: titanium alloy on RHA steel-1 N: 3908
——  V:Magnitude PI: titanium alloy on RHA steel-1 N: 3909
15 [x1le-6] |~ V:Magnitude PI: fitanium alloy on RHA steel-1 N: 3943
——  V:Magnitude PI: titanium alloy on RHA steel-1 N: 3944
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