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Abstract
The following report looks into improve a basic model of a shaped charge given to us in the assignment brief. This was done by first researching what factors effect a shaped charge and which of these coincide with areas we are interested in looking into. For this assignment we where simply interested in improving the jet formation of the model, this allowed us to ignore factors such as cost and penetration depth. The areas discovered through research that we could change to effect the jet formation where the case material, the energetic fill, the liner material and the meshing of the shaped charge. I decided on changing the meshing of the shaped charge running three simulation in total with the mesh being halved each time. This resulting in finding that a finer mesh produced a better jet formation with less distortion across the plane of symmetry where should in fact be no part of the shaped charge at all. The better jet formation also lead to a higher jet velocity so although not being looked into would in-fact improve the penetration of the jet.
Introduction
When looking at modelling a shaped charge we first must understand the function and operation behind them. Before we can produce a model, we must understand how a shaped charge works, for this we can look at previous papers researching the topic of shaped charges and the modelling of them. For this assignment we have to improve the given model in the brief to improve the overall jet formation, this allows us to make some assumptions about the simulation. Firstly the penetration properties of the jet are not important for the time being so can be ignored, this means we only need to look at the shaped charge itself and not the impact on a target. Secondly we are tasked with improving the jet that is formed in the simulation not improving the function of the shaped charge, this allows us to possibly use material combinations that would not be found the real world due to cost or difficulty of manufacture. We will look over all the possible variables that can be changed to possibly produce a better simulation and then decide on a single variable to change during our simulation run to see if this does in-fact improve our jet formation.
Research 
	From the fundamentals of shaped charges [1] we learn that a shaped charge applies explosive loading to a metal plate in order to form a jet. This jet is made of molten metal and is most often used for the penetration of an armoured target. We can therefore determine that for our model we will need to consider the plastic deformation of the material used for our liner. For this we will need to know the materials Poison ratio as well as yield and maximum stress. This means we could look at changing the liner material to possible produce a better jet formation or overall penetration. To achieve the greatest penetration with a shaped charge we require a stand off from the target material [1] however for this assignment we are simply looking at how to model the charge itself and not the effects on a target to the stand off distance can be ignored or the time being. This would however me a factor that must be considered in a more complex simulation of a shaped charge where you are attempting to evaluate its effectiveness for example.

	To achieve the explosive loading on the plate liner a shaped charge is packed full of an energetic material [2]. This energetic material could very based on who manufactured the shaped charge and the desired outcome as a change in the explosive fill will effect the jet. Because of this the type of explosive we use must be a factor considered when trying to improve the given model, a different fill from the original TNT fill given may produce a better jet. To change the energetic material used we will need the precise values for the detonation of the charge including detonation velocity and energy density of the material [3]. These numbers will be different for every given explosive and would be found through experimentation so error may appear in values found from less reliable sources which would effect the final outcome.

	The outer case of a shaped charge contains the blast allowing it to be focused towards to liner to produce the desired jet [4], from this we can see that some of the energy from detonation is lost due to deforming and destroying the outer casing. This will produce a large amount of fragments that will damage the surroundings, although this may be a desired effect in a military application for our model we simple wish to see a good jet formation. As the case deformation could limit the energy directed into the jet then this is another factor we could look into changing in the model, either by making the case un-deformable in the software or making it from a stronger material that will not deform and fracture as easily. The former would make our model less accurate to the real world as no material will be undamaged after being exposed to an explosion so the latter is the best choice if this is the option we decide to change.

	Now that we know the function and parts of the shaped charge that we could possibly change in the given model we can look into how it is being modelled to see if there is anywhere improvements could be made in the software itself. The Model we are provided with has a cause uniform mesh over the entire shaped charge, this could be changed to improve the reliability of the results we get. [5] shows that a finer mesh produces a more accurate result, it also discusses the benefit of having a changing mesh over the course of the shaped charge. This is done as we are only interested in the jet formation from the shaped charge so the case mesh could have a courser mesh, improving processing time of the simulation and allowing for a finer and more accurate mesh to be applied to the liner without it slowing down drastically which would happen if the finer mesh where applied all over. 
Simulation & results
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Description automatically generated]Our simulation was run using the Abaqus finite element modelling software, the basic model to simulate that we where provided with has an outer case material of steel, energetic fill of TNT and a copper liner. In the hope to improve this model and get a better jet formation I will be changing the meshing of the liner, this is being done in the hope of getting a movement from the liner which more closely resembles that found in the real world.Figure 2

[image: ]Figure 1

The first set of results is from the basic model without any changes being made to it, this has been done to create a point of comparison between how the model was and what the final result after the changes is. As can be seen from figure 1 there is a large amount of distortion that crossed the plain of symmetry instead of forming a forward jet, Figure 2 shows the mesh of this basic model which is course and has no difference between the mesh of the liner and the mesh of the rest of the shaped charge.
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Description automatically generated]Figure 3 shows the speed of the jet taken at its tip over time, which show a quick increase to 2.5km/s and then a gradual decline.Figure 4
Figure 3

Figure shows the distortion that can be seen after the first change to the mesh, this distortion is still slightly visible crossing the plain of symmetry however it is significantly less than can be found in Figure 1. The mesh for this shown below in Figure 5 is half the [image: A picture containing accessory

Description automatically generated]size of that used in the basic simulation.
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Figure 6



Figure 6 shows the jet speed for this second test, it can be seen that the jet peaks quickly at 3km/s but sharply drops down to 2.5km/s before a gradual decline similar to that seen in figure 3.
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Figure 7 shown the third and final simulation, as it can be see there is virtually no distortion across the plane of symmetry and a very clear jet formation out the front of the shaped charge. 
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Figure 8


Figure 9 above shows the mesh used for the last simulation, this mesh is half that used in simulation 2 and therefore one 4th of the original mesh. This much finer mesh results in there being 4 time as many elements allowing for more precise calculation in the movement of the plate. Figure 9 on the right shows the speed of this jet formation, similar to figure 6 it can be seen peaking at 3km/s however this jet does no quickly drop in speed and instead holds at that velocity for 0.02 seconds before beginning its gradual decline down. 
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Figure 11
Figure 12

Lastly we can see figures 10, 11 and 12 which shows simulations 1,2 and 3 respectively. These images are taken from exactly half way through the simulations and show the initial jet formation. As can be seen the jet in figure 10 is chaotic with no true point forwards in the desired direction. Figure 11 has a slightly more uniform jet formation however it can be seen that some parts of the jet are traveling faster on one side than the other resulting in a small amount of distortion as was seen in figure 4. Figure 12 having the finest mesh of the 3 can be seen to have a very uniform jet formation without any visible distortion and a clear forward-facing jet as desired.
Discussion
As it can be seen from the simulation results reducing down the mesh of the liner to a finer mesh allowed for more accurate calculations of the motion of the liner. This resulted in getting a clearer jet formation that more accurately represents that see in the real world, which is am improvement over the original model given therefore achieving the brief given to improve the jet formation. Although this provided a better jet formation as desired it does not mean that further improvements could not be made or that other methods of changing the shaped charge would not yield equal or better results. The difference in the resulting speed of the jet which saw an increase over the 3 simulations with the last simulation having the fastest jet can be attributed to the fact that with minimal distortion in the jets formation and direction there was less interaction between different parts of the liner causing the jet to slow down resulting in a faster overall jet. 

The finer mesh produces a best jet however this does not mean that an even finer mesh would have even better results, although true that there would possibly be less distortion still you would reach the point of diminishing returns where the increase in time to run would not be worth the increase in accuracy. An alternative to this would be to have a no linear mesh, this would mean having a smaller mesh over part of the cone, the tip for example with the mesh size slowly increasing as it travels away from this area. Such a method would allow for very fine meshes over the parts of interest without having to mesh the whole part to the same hight level of precision allowing the simulation to run faster. To use this method effectively you would first need to identify the areas of greatest importance in the formation of the jet as they may not be as straight forward as initially believed.

 It would be my recommendation that if further study where to be done into this area a look into changing the other 3 factors mentioned previously should be carried out however the mesh should remain as that used in simulation 3 as we have seen that this reduces the distortion and leads to a clearer jet. This would allow you to more easily Annalise the other factors as you would have to worry about random distortion caused by the mesh. By running different investigations into each of the areas and using the best resulting outcome from each as you move to the next would allow for a simply yet effective method of optimisation of a shaped charge as a whole.
Conclusion
To concluded we can see that the brief was achieved and met with the use of a finer mesh providing greater accuracy in the calculations allowing for a better jet formation. The jet formation although not as it would have been seen in real world examples is closer than the original simulation was which allows us to say that we are on the correct path for identify the best method and setting for the simulation of a shaped charge.
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