Rebecca Dingwall			2217521



Table of Contents
Introduction	1
1. Description of material models	1
1.1 Model materials	1
1.2 Model Meshing	2
2. Simulation results	2
2.1 (V6) 600m/s-1 results	2
2.2 (V12) 1200m/s-1 results	3
2.3 (V18) 1800m/s-1 results	4
3. Discussion	5
3.1 Real world results comparison	5
3.2 Computational efficiency	5
3.3 Trends affected by the variable	5
4. Evaluation	5
Bibliography	6
Appendices	7
1. V6	7
	8
2. V12	9
3. V18	12

[bookmark: _Toc134931324]Introduction 
This report investigates the relationship between velocity of a projectile and the dynamic impact of stress-strain within an aluminium plate, how does the stress and strain initially impact the plate in order to cause deformation. It was intended to investigate the impact of change of velocity of a projectile into AHSS Steel TRIP780, as it has higher elasticity than other (DP590) automotive steel [1]. Finding the Johnson-cook model proved difficult as TRIP780 is a relatively new material, so the effect of velocity of a projectile on an aluminium target has been investigated. For the simulations ABAQUS Explicit software has been used as it is an explicit-dynamic finite-element solver that has the ability to simulate brief transient dynamic events [2]. 
[bookmark: _Toc134931325]1. Description of material models
It was intended to model a copper projectiles effect on an aluminium plate at varying velocities, however during the course of the simulations a simple model of a steel projectile and a more complex model of the plate being investigated gave clearer results in a shorter timeframe. 
[bookmark: _Toc134931326]1.1 Model materials 
Within the ABAQUS software the Johnson-cook damage model has been used, at a certain temperature and strain rate the Johnson-cook model can predict the flow stress of materials [3]. 
The Johnson-cook (JC) damage model for copper for the projectile can be found in reference [4] and the JC plasticity model for copper can be found in reference [5]. For the aluminium plate the JC model parameters were given in this instance. The first simulation using the copper JC models caused the program to crash, it was decided to continue using a simple steel model as the investigation was focused on the stress-strain impact of the target plate and not on the projectile its self. The values used for the simple steel model are as follows Density, Young’s Modulus and Poisson’s Ratio. 
[bookmark: _Toc134931327]1.2 Model Meshing 
The model mesh is fundamental in finite element analysis and consists of a network formed of cells and points, often called nodes, [6] it is within these cells and nodes that the stress and strain and deformation can be tracked and viewed in minute timestamps.
For the projectile a tetrahedral mesh was created and applied, this was due again to the investigation being focused on the effect of the plate and not of the effect on the projectile but also given the shape of the projectile. Tetrahedral meshes can often fit more obscure geometry, but it is less accurate than a hexahedral mesh. [7]
For the plate a hexahedral mesh was applied, with a finer, denser mesh at the impact point, this gives a more accurate representation of the stress and strain applied within the impact area, with the added benefit that the hex mesh often offers a higher degree of local deformities occurring on an impact study [8].
[bookmark: _Toc134931328]2. Simulation results 	
[bookmark: _Toc134931329][image: ]2.1 (V6) 600m/s-1 results  
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The results show that in V61 the element selected is under tension at 7.29058X107 while the element selected in V62 is under compression at -7.2805 X107. During this simulation the projectile did not penetrate the aluminium plate with a difference of only 103000Pa between the two elements selected, this non penetration can be explained given that failure will only occur under tension and the values between the direction of force have little difference. All other results can be found in appendix 2. 
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The results of V12 show a substantial difference of 58856600Pa between V121 with a value of -1.77672X107 and V122 with a value of 7.66238 X107. This shows a hertzian cone forming, during this simulation the projectile penetrated through the aluminium plate.  All other results can be found in appendix 2. 
[bookmark: _Toc134931331]2.3 (V18) 1800m/s-1 results 
[image: ]
[image: ]During this time stamp it is shown that the tension stresses are much lower than that of the compression stresses. But much like in the previous simulation there is evidence of a hertzian cone forming. The shear stress from the formation of the cone with a difference of 99278300Pa. V182 with a value of -1.20593X108 and V183 with a value of 2.13147 X107. All other results can be found in appendix 3. V182
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[bookmark: _Toc134931332]3. Discussion
The results given of the stress-strain on ABAQUS are shown as S.Max Principal and  S,S12 these results relate to a more realistic and directly measurable stress and a theory or estimation of yield failure in ductile materials respectively [9]. 
[bookmark: _Toc134931333]3.1 validity of simulation
Much of the reports during my literary search focus on a much a more complex or slightly different problems or materials, investigating projectile impact on aluminium with different projectile [10] a steel plate under the impact from a high-speed projectile of coal [11]. It has not been possible to validate the simulation with any open-sourced published journals, articles or reports. However, the report ‘Target Penetration and Impact Analysis of Intermetallic Projectiles’ investigates projectiles penetrating two aluminium plates at 1300m/s. the findings in the report state that the transition in dynamic interaction between multiple target plates at increasing projectile impact velocity. This still pushes for a more in-depth modelling of this given problem.  

[bookmark: _Toc134931334]3.2 Computational efficiency 
Within the first step of this experiment, the model crashed due to the JC model of copper and the JC model of aluminium, however once this had been changed the efficiency improved, the simulations of the simple model were fast and were solved, however if running between 16-20 simulations there are ways to improve efficiency using a simulation but this can affect accuracy with respect to ‘real life’ for example, using symmetry plane to run a quarter model with an assumption that all aspects of the model would be 100% symmetrical. This also runs into the argument of accuracy vs efficiency again of incorporating material defects into the model vs time it takes for the simulation to run. 
[bookmark: _Toc134931335]3.3 Trends affected by the variable 
Throughout each of the simulations the beginning of the hertzian cone formation can be seen in each one, with respect to the velocity, the lower the velocity the lower the shear stresses below the surface of the contact point, but a trend is beginning to form. As the velocity increased the size of the cone formation and shear stresses increased, this can be explained in more detail by Auerbach’s law that states “that the critical load for production of a cone crack is proportional to the radius, r, of the indenter sphere. With larger indenters, of several centimetres’ radius for a typical case, c1, and c2 merge and disappear before c0 exceeds the size of pre-present flaws.” [12]

[bookmark: _Toc134931336]4. Evaluation 
It would seem the relationship between the velocity of a projectile and the dynamic impact of stress-strain within an aluminium plate, the stress and strain upon initial impact begin to form a hertzian cone, a form of contact stress, however this sheer stress occurs below the surface of the initial impact to cause deformation [13]. Recommendations to further this study would consist of a repetition of the simulations that were outlined in this report but with a larger sample of data collected from each step, to then compare to the same data set run with a change of the shape of the projectile, as the hertzian cone applies to a circular contact point.  
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