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Using Abaqus, four simulations were run using Steel and Aluminium Materials with the Johnson-Cook Damage values to allow the software to run interactions between a Plate & Projectile at two different speeds. 

The simulations ran, with some good data captured which can be seen in this report. The user had a limited understanding of the software and its functionality which proved to restrict the potential of the results achieved. 

The simulations reflected the predictions, whereby the Aluminium Projectile would suffer deformation against the Steel Plate. And the Steel Projectile would pass through the Aluminium Plate. The anomalous result was the Aluminium Projectile deleting the Steel particles at the point of impact, right through the material. 
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[bookmark: _Toc132203863]5 Introduction

5.1 This report will discover the impact and resulting stresses and strains from a projectile travelling at  at a plate fixed in space. The impacts will be recorded within the Abaqus where a simulation will render the interactions, where varying stresses such as compression and tension are seen.

The sequence of interactions is as follows:
[bookmark: _Toc132203864]Steel Plate with an Aluminum Projectile at 
[bookmark: _Toc132203865]Aluminum Plate with a Steel Projectile at 
[bookmark: _Toc132203866]Aluminum Plate with a Steel Projectile at 
[bookmark: _Toc132203867]Steel Plate with an Aluminum Projectile at 
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Understanding the mechanical properties of the materials used will allow a prediction of interaction between the projectile being hard against a soft plate, and the projectile being soft against a hard plate. 

Prediction 1: Steel Projectile will impact and pass through the Aluminum Plate at 600 & 1200 with minimal damage sustained. 

Prediction 2: The Aluminum Projectile will deform against the Steel plate at 600 and suffer severe damage at 1200 limited damage will be seen within the steel plate.

[bookmark: _Toc132203869]6.1 Steel 4340 [1]

	[bookmark: _Hlk127879135]Parameter 
	Symbol/Unit
	Value

	[bookmark: _Hlk127879534]Density
	
	7860

	Shear Modulus
	G (Pa)
	

	Elastic Modulus
	E (Pa)
	

	Poisson’s Ratio
	PR
	0.28

	Yield Stress
	A (Pa)
	

	Hardening Constant
	B (Pa)
	

	Strain Rate Constant
	C
	0.014

	Thermal Softening Exponent
	M
	1.03

	Hardening Exponent
	N
	0.26

	Melting Temperature
	TM (K)
	1790

	Room Temperature
	TR (K)
	300

	Ref’ Strain Rate 
	EPSO 
	1

	Failure Parameter 
	D1
	0.05

	Failure Parameter 
	D2
	3.44

	Failure Parameter 
	D3
	-2.12

	Failure Parameter 
	D4
	0.002

	Failure Parameter 
	D5
	0.61





[bookmark: _Toc132203870]6.2 Aluminum Al5083 [1]

	Parameter 
	Symbol/Unit
	Value

	Density
	
	2700

	Shear Modulus
	G (Pa)
	

	Elastic Modulus
	E (Pa)
	

	Poisson’s Ratio
	PR
	0.3

	Yield Stress
	A (Pa)
	

	Hardening Constant
	B (Pa)
	

	Strain Rate Constant
	C
	0.0001

	Thermal Softening Exponent
	M
	0.859

	Hardening Exponent
	N
	0.551

	Melting Temperature
	TM (K)
	893

	Room Temperature
	TR (K)
	300

	Ref’ Strain Rate 
	EPSO 
	1

	Failure Parameter 
	D1
	0.0261

	Failure Parameter 
	D2
	0.263

	Failure Parameter 
	D3
	-0.349

	Failure Parameter 
	D4
	0.247

	Failure Parameter 
	D5
	16.8
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[bookmark: _Toc132203872]7.1 Nodes 

Selecting the right nodes was imperative that the point of impact was captured. Due to the vast math being simulated, by selecting a specific area to focus on, the calculations run where of a reasonable length. 

[bookmark: _Toc132203873]7.2 Mesh 

Having a fine mesh is vital for the simulation to run. This allows the parts to react in a way that is visible. And how distinct levels of stress can be seen within the material parts. The mesh allows for the parts to deform when overcome by energy. 

The material parts are discretized with a distinct number of nodes. These nodes have predictable shapes and can properly capture the object's physical shape when subjected to stress and/or strain. The modelling software then predicts the outcome and visually renders the result.

[bookmark: _Toc132203874]8 Interactions 


	[bookmark: _Hlk131605246]Steel Plate Aluminium Projectile 

	Figure 1 (max principals)

	Figure 2 (max principals)
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	The projectile contacts the plate. The simulation was filtered to show the stresses at the contact point and within the projectile & plate. Damage can be immediately seen rippling through the steel material, where the energy has overcome the tensile strength of the steel and continued through the plate creating a Hertzian cone as seen in fFigure2.


	Figure 3 (max principals)
	Figure 4 (max principals)
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	All the stresses can be seen to be tension

	Figure 5 (max principals)
	Figure 6 (max principals)
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	The simulation was re-run with greater/step frame rate capture. The projectile can be seen to be “pancaking” in Figure 6. This is expected as Aluminum is softer than Steel. The energy can be seen to be overcoming the tensile strength of Aluminum and start deforming forming “shoulders” that force against the plate. 

	Figure 7
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	The projectile can be seen to be undergoing compression, where the plate is being subjected to tension in Figure 7

	Figure 8 (sp23)
	Figure 9 (sp23)
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	The projectile can be seen to suffer the predicted damage effects as the Aluminum is softer than Steel in Figure 8. The shoulders of the projectile can be seen to start pancaking against the plate. The plate undergoes compression. 
The compression of the projectile is greater than that of the Steel plate as seen in Figure 9 which is to be expected. The Compression waves can be seen rippling through the Steel material. 


	Figure 10
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	The velocities of the projectile can be seen in the graph above Figure 5



				


	[bookmark: _Hlk131606150]Steel Plate Aluminium Projectile 12

	Figure 11
	Figure 12
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	The projectile can be seen to sustain massive deformation in Figure 11.
Figure 12 is a rear view of the Steel plate, where particle deletion was set to on. This simulation recorded only a few frames before the limitations of the software were exceeded.

	Figure 13
	Figure 14
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	The values were changed within the visualization tool where a circular wave can be seen to be emanating from the point of impact. The projectile was removed in Figure 14 where the effects beneath the projectile can be observed. The plate can be observed undergoing compression at the point of impact.

	Figure 15
	Figure 16
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	The projectile distorts in a way due to limitations within the software. With the mesh at the rear of the projectile stretching. 

Upon investigation it was discovered that the rear surface of the projectile was not captured within the step, so was fixed in place whilst the rest of the projectile accelerated forward.

	Figure 17
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	Velocities of the projectile can be seen in the graph above





	Aluminium Plate Projectile Steel 6

	Figure 18
	Figure 19
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	Aluminum Plate can be seen to be undergoing compression when the Steel Projectile makes contact

	Figure 20
	Figure 21
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	The projectile indents upon the plate, but then begins to reverse direction as can be seen in Figure 21

	Figure 22
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	Figure 22 illustrates the projectile in a reverse trajectory.

	
A velocity graph was lost during the report write-up. 
	

	

	





	[bookmark: _Hlk131606179]Aluminium Plate Projectile Steel 12

	Figure 23
	Figure 24
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	The projectile hit the plate immediately sheering its way through, 2.802e9Pa. The plate can be seen bulging on the back side in Figure 24. The projectile undergoes some internal tensile stresses 1.537e10Pa.

	Figure 25
	Figure 26
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	The projectile head penetrates through the plate, where spalling can be seen having been forced off the rear of the plate. The Compressive shockwave [2] was enough to over overcome the tensile strength of the Al.

	Figure 27
	Figure 28
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	The projectile loses forward momentum and begins to reverse direction as seen in Figure 28. 

	Figure 29
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10.1 Two parts were created: Target Plate & Projectile, the geometry was provided with the values set in a readymade file.

10.2 The materials were defined using the Johnson-Cook plasticity & damage models. This allowed for a more detailed interaction using “Investigation on High-Velocity Impact Performance…”  [1]

10.3 For each interaction the Parts were assigned the required material.

10.4 A step was created that allowed the parts to interact and were orientated in the required axis. This was a perpendicular arrangement.

10.5 A simulation time was set to be captured.

10.6 Predefined field for velocity to the projectile was assigned:  (as required), where the surface-to-surface contact input

10.7 Nodes were created within the mesh of the projectile and plate where likely contact was to happen. This reduced the total amount of effort required to run the simulation by limiting the areas to capture.

10.8 The simulation job was submitted, and the results were captured.

10.9 Velocity graphs were plotted for the projectile.

[bookmark: _Toc132203876]11 Analysis 

11.1 Steel Projectile  Aluminum Plate

The steel projectile partially penetrates the plate, causing minor damage. The projectile suffers minor internal stresses.

11.2 Steel Projectile  Aluminum Plate

This simulation proved the most interesting. This was because some of the parameters were changed allowing for more data to be captured within a smaller amount of time. If time allowed, then all the simulations would be re-run.
The projectile penetrates the plate causing damage to the rear in the form of spalling. This is like a High Explosive Squash Head Anti-Tank round, which sends energy through the material that overcomes the absolute material strength, breaking off on the other side. What was unexpected was for the projectile to not completely penetrate but stop and reverse course. 

11.3 Aluminum Projectile  Steel Plate

This was the first simulation run. The data capture was limited in the results that could be gathered. A compression wave [2] can be observed moving through the Steel plate, but not with enough energy to cause damage other than superficial. To allow the simulation to run, the damage values for the projectile were removed. 

11.4 Aluminum Projectile  Steel Plate

This simulation proved the most interesting with the damage being observed to the projectile. Only a few frames of data were captured before the limitations within the software caused the run-through to abort. The projectile can be seen to be rapidly deforming due to the softness of the AL compared to the hardness of the Steel. Particle deletion was on, which was the only way to obtain any data before the program would abort. The Steel plate can be seen to have particles underneath the point of contact and right through the plate being deleted, showing that there may have been enough energy imparted to damage the Steel.
[bookmark: _Toc132203877]13 Conclusion 

13.1 Each of the intended simulations worked, ranging in levels of success. The least information available was from the interaction between a Steel Plate and Aluminum Projectile at 1200  where the damage characteristics exceeded the program’s ability to run the simulation where one frame was captured. Even with one frame of information available, there was still enough data to use the interaction.

Towards the end of the lessons, a greater level of understanding of the software was gained, with more variables being changed, such as the number of frames captured within a shorter time would have given the simulations a far greater level of detail. Other materials could have been compared, leading to a greater understanding of the interactions at different velocities and how those materials react under greater stresses. 


The simulations run for the steel projectiles and Aluminum plates proved the prediction. The depth of variables applied was not a true reflection compared with the latter serials. Prediction one
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