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For this assignment the learner is exploring the different stresses and strains of a high-speed ballistic impact onto a target plate. The simulation and results have all been produced on Abaqus. The learner was responsible for changing the materials of the projectile or the plate as well as creating a variable over two separate simulations so they could discuss the differences. After the simulation the leaner will have to investigate the direct and shear stresses of the projectile penetrating the plate, in order to understand the likely cause of plate failure. 

[bookmark: _Toc198542880]Abaqus Simulation 

Regarding the Abaqus simulation the student used a model file provided by the lecturer. Firstly, the student needed to decide on the materials used for the projectile and plate in the simulation. For the plate, the student used Aluminium. The behaviours of this material were found using Johnson Cook figures, provided by the lecturer, this can be seen in Table 1 below. For the projectile, the student used 
Ti 6Al 4V (Grade 5) Titanium Alloy, this was found by the learner and the material properties of the Titanium Alloy can be seen in Table 2 below [1] [2].

	[bookmark: _Hlk194495903]Material Behaviour 
	Notation 
	Value 

	Mass Density 
	
	2703

	Shear Modulus 
	
	26000000000

	Reference Sound Speed 
	c0
	5240

	Slope of the Us-Up Curve 
	s
	1.4

	Gruneisen Ratio 
	Gamma0
	1.97

	Yield Strength 
	A
	324100000

	Strain Hardening Coefficient 
	B
	113800000

	Strain Hardening Exponent
	n
	0.42

	Thermal Sensitivity Parameter
	m
	1.34

	Melting Temperature 
	
	925

	Transition Temperature
	
	293.2

	Damage Constant 1
	D1
	-0.77

	Damage Constant 2
	D2
	1.45

	Damage Constant 3 
	D3
	0.47

	Damage Constant 4 
	D4
	0

	Damage Constant 5 
	D5
	1.6

	Reference Strain Rate
	
	1


Table 1 – Material behaviours of Aluminium.

	Material Behaviour 
	Notation 
	Value 

	Mass Density 
	
	4430

	Young’s Modulus 
	
	114500000000

	Poisson’s Ratio 
	
	0.345

	Yield Strength 
	A
	862000000

	Strain Hardening Coefficient 
	B
	331000000

	Strain Hardening Exponent
	n
	0.34

	Thermal Sensitivity Parameter
	m
	0.8

	Melting Temperature 
	
	1660

	Transition Temperature
	
	1604

	Damage Constant 1
	D1
	-0.09

	Damage Constant 2
	D2
	0.25

	Damage Constant 3 
	D3
	-0.5

	Damage Constant 4 
	D4
	0.014

	Damage Constant 5 
	D5
	3.87

	Reference Strain Rate
	
	1


Table 2 – Material behaviours of Ti 6Al 4V.

[bookmark: _Toc198542881]After the materials were chosen for the projectile and plate the student decided to use the speed of the projectile as the variable to compare the different results. For the first simulation the learner had the projectile going at 1000m/s, for the second simulation the learner had the projectile travelling at 200m/s [3]. This provided the learner with totally different results to compare. The results from each simulation can be seen below. 

Results 
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For the first Simulation the max principal values used can be seen below in Figure 1. The black values show high levels of compressive stress, this is a force that shortens or compresses a material, like when something is squeezed or pushed from opposite directions. The red and grey values shown below are high levels of tensile stress, this is a force where the material is resisting being pulled apart when it's being stretched or elongated.
[image: ]
Figure 1 – Max principal values.

Firstly, in Figure 2 below, it shows the simulation before the projectile comes in contact with the plate. As it can be seen, there is no stresses or strain on either the projectile or the plate before contact is made. Both bodies are in equilibrium. 

[image: ]
Figure 2 – Pre-impact condition. 


Secondly, in Figure 3 below, this shows the initial impact of the projectile hitting the plate. The initial impact causes high levels of compressive stresses to the point of the projectile as well the impact point on the plate. It can also be seen that there are tensile stresses moving towards the back of the plate. This is because as the projectile strikes, compressive waves move forward while tensile waves propagate backward due to momentum transfer and boundary conditions.

[image: ]
Figure 3 – Initial impact. 

Next, in Figure 4 and 5 below, it shows the projectile about half way through the plate. There is continued compressive forces at the front of the projectile as well as the impact point within the plate. However, the tensile stress on the plate have increased with the plate having the highest level of tensile forces at the bottom of the plate. This is due to the projectile continuing to displace material, causing shear and tensile forces to increase. The plate stretches and begins to fail due to ductile tearing.

[image: ]
Figure 4 – Mid-Penetration 
[image: ]
Figure 5 - Mid-Penetration

As shown in Figure 6 and 7 below, the projectile is nearly broken all the way through the plate. The compressive forces have dissipated, except in the tip of the projectile as the momentum is still causing compressive stress. The reduced compressive stress is due to less material in front of the projectile to resist motion. The tensile forces at the exit of the projectile have increased as the material is pulled apart to make space for the projectile. This is because as the projectile tears through the plate it leaves the surrounding area in a stretched, stressed condition.

[image: ]
Figure 6 – Near-Complete Penetration. 

[image: ]
Figure 7 - Near-Complete Penetration.

Finally, as seen in Figure 8, the projectile penetrates the plate. Tensile forces surround the hole made from the projectile as the force has pulled apart the material, creating a residual tensile ring. High tensile forces can also be seen within the projectile as now there is no external forces pushing against it. Localised compression can be seen at the base of the plate, around the exit hole, this is due to the tensile forces around the hole pushing the material around it together. 

[image: ]
Figure 8 – Exit Phase. 
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For the next part of the results, I’m going to talk about the shear stresses of a single node within the simulation. For the first contact, as seen in Figure 9, the shear modulus was measured to be 2142.56 Pa. This shows minimal deformation initially.

[image: ]
Figure 9 

From figure 10 below, the shear stress equals 1.78674e+08 Pa. From this, we can determine that this node has been compressed due to the impact of the projectile. 

[image: ]
Figure 10







From figure 11 below, the shear stress equals 1.61863e+08 Pa. From this, there is a slight decrease in shear stress meaning the node has more tensile stresses as material is pulled apart.

[image: ]
Figure 11

From figure 12 below, the shear stress equal 2.01753e+08 Pa. Thus, we can infer the shear stresses have increased causing compression as the projectile pushes further into the plate.

[image: ]
Figure 12
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Max Principle.

For the next part of the results, I am going to talk about the max principal results on one particular node. For Figure 13, the max principal value is -3.1195e-07 Pa. This shows slight compressive forces as the projectile makes contact with the metal plate.  

[image: ]
Figure 13

From Figure 14, the max principal value is -5.43805e+08 Pa. This high negative value shows high compressive forces acting upon the node. 

[image: ]
Figure 14 









From Figure 15, the max principal value is -4.39853e+08 Pa. This has slightly reduced from the previous reading; this shows that the node has undertaken some tensile stress as the material starts to yield. 

[image: ]
Figure 15 

From Figure 16, the max principal value is -1.10168e+09 Pa. This is a significant spike, suggesting peak compressive stress before failure. 

[image: ]
Figure 16
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For the second simulation the max principal values used can be seen below in Figure 17. The black values show high levels of compressive stress. The red and grey values shown below are high levels of tensile stress.
[image: ]
Figure 17

From looking at Figure 18 and Figure 19 below and comparing it to Figure 17 above we can see that the initial impact for the second simulation is similar to the first simulation, however the forces are lower. Initial impact shows compression at contact and early tension in the projectile tip. 

[image: ]
Figure 18 – Initial impact

[image: ]
Figure 19

For the next part of the simulation, shown in Figure 20 and 21, we can see a localised compression point shown in black. We can also see high tensile stresses on the tip of the projectile, this is because the slower speed means the projectile deforms more and lacks the energy to cause full penetration.

[image: ]
Figure 20

[image: ]
Figure 21 














Finally, shown in Figure 22 and 23, we can see that the projectile has been rejected2 from the plate, showing that the lack in speed made it unable to go through. From these images we can see that the plate had high compressive forces on the back end and impact spot on the plate showing that the material had pushed together. We can also see high tensile forces around the initial impact point and the tip of the projectile showing that the material has been pulled apart. 

[image: ]
Figure 22

[image: ]
Figure 23
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For the next part of the results, I’m going to talk about the shear stresses of a single node within the simulation. For the first contact, as seen in Figure 24 below, the shear modules equal 1.85445e+08 Pa. This shows high initial shear as projectile contact’s the plate.

[image: ]
Figure 24 

From figure 25 below, the shear modules equal 371181 Pa. This shows compressive forces reducing the shear stresses of the node. 

[image: ]
Figure 25 









From Figure 26 below, the shear modules equal 3.74296e+07 Pa. This shows slight increase in shear stress as projectile is rejected from the plate, providing material relaxation after rebound.  

[image: ]
Figure 26
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For the next part of the results, I am going to talk about the max principal results on one particular node. From Figure 27, the max principal value is 7.12108e+07 Pa. This shows high tensile stress is present, early material elongation due to the projectile hitting the plate. 

[image: ]
Figure 27









From Figure 28, the max principal value is -2.55553e+08 Pa. This shows huge increase of compressive stress as the projectile pushes down on the node due to momentum. 

[image: ]
Figure 28 

From Figure 29, the max principal value is -1.20037e+08 Pa. This shows a reduced compression stress on the node. The compressive forces on that single node will decrease as the projectile rebounds after losing momentum. 

[image: ]
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Discussion.

The simulations conducted above at two different velocities of 1000 m/s and 200 m/s highlight significant differences in deformation behaviour and stress. These findings are important for understanding how materials behave under high stress and strain environments.

Firstly, the fundamental difference between the two simulations lies in the projectile's initial kinetic energy. Kinetic Energy = 1/2 mv2. Given that kinetic energy is proportional to the square of velocity, a projectile at 1000 m/s carries 25 times more energy than one at 200 m/s. This difference directly influences the forces that apply when the projectile hits the metal plate. Looking to the 1000 m/s simulation, the projectile successfully penetrates the plate, transferring enough energy to induce plastic deformation and complete failure through a combination of compressive and tensile stresses. Regarding the 200 m/s simulation, the energy is insufficient to overcome the yield and ultimate tensile strength of the plate, resulting in partial penetration and rebound of the projectile.

Secondly, at initial impact, both simulations display localised compressive stresses at the contact surface between the projectile tip and the plate. When observing the 1000 m/s case, the compressive wave travels through the material, followed by tensile waves as the plate stretches when the projectile moves through the material. The tensile forces eventually dominate at the rear of the plate, initiating ductile tearing as the projectile exits. In the 200 m/s case, the compressive wave pushes back due to insufficient force, and tensile zones form only near the impact site without causing full material failure. These results demonstrate the wave propagation dynamics typical of ballistic impacts (compressive shock fronts followed by tensile reflections). The transition from compressive to tensile failure is well-documented in materials science, particularly in metals with moderate ductility. [4]

Next, regarding the shear modulus values for a selected node in both simulations initially showed low values, this was followed by a sharp increase of compressive forces. Post-impact, fluctuations were observed showing changes between compressive and tensile deformation. In the 1000 m/s simulation, the shear stress peaked during mid-penetration, signifying material flow and plastic shear of this node. In contrast, the 200 m/s simulation showed less variation and a rapid return to low shear values, consistent with elastic rebound rather than material failure. Understanding shear behaviour is vital for predicting failure in a material, useful in armour panels or aircraft skins. 

Next is the max principal stress, during the early stages of both impacts, compressive principal stresses were present. As the projectile progresses in the 1000 m/s case, tensile principal stresses increase, indicating stretching and material failure of the plate. The peak stress value (−1.10e+09 Pa) shows the expected material failure thresholds for aluminium. Turning to the 200 m/s simulation, the principal stress values show a temporary compressive peak followed by a rebound, affirming that the material did not reach its failure threshold. This information is essential in designing materials that can withstand high-velocity impacts without failure.

[bookmark: _Toc198542889]Finally, understanding when a material will fail is vital to both safety and performance in real life situations. Military body armour relies on material deformation and energy dissipation. In car crashes, knowing the energy absorption and stress characteristics helps design safer vehicles, particularly for crumple zones. Furthermore, these results validate the use of computer simulations, which significantly reduces the cost and time of physical testing. Similar approaches have been successfully applied to simulate dynamic responses and failure in complex structures, such as in concrete under impact loading [5]. Showing the wide range of uses for computer aided design. 




Conclusion.

In conclusion, this report provides a comprehensive understanding of the stress and strain response of an aluminium plate under two ballistic conditions. At 1000 m/s, the projectile had sufficient energy to cause full penetration, resulting in high compressive stresses and high tensile stresses as the material failed via ductile tearing. In contrast, the 200 m/s simulation showed incomplete penetration, with the projectile being rejected and the plate mostly undergoing elastic deformation. These results confirm that projectile velocity plays a critical role in material failure. This can be used in real life examples like armour and vehicle safety systems. The use of computer simulations, significantly reduces the cost and time of physical testing.
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