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[bookmark: _Toc92748490]Abstract

· Overview of what the task was, 
The brief for this lab assignment is to:
· Undertake a literature review of relevant research on shaped charges and their modelling, including the material models used.
· Modify one of the existing models with the aim of producing a better jet formation. [1]





[bookmark: _Toc92748491]Contents
Contents
    
Front cover	1
Abstract	2
Contents	3
1.	Introduction	4
1.1.	The task	4
2. Method	5
2.1.	Literature review	5
2.2.	Shaped Charge: effect of change in liner material, casing material and explosive fill material	5
2.3.	Effect of Abaqus FEA processing adaptations on shaped charge jet formation	5
2.4.	Assumptions, assessment of success criteria and materials	6
3. Results	7
3.1.	Effect of case material change Steel to Tungsten	7
3.2.	Liner material alternative	8
3.3.	Explosive fill composition alternative PBX-9501 with Copper liner and steel case	9
3.4.	 Explosive fill composition alternative PBX-9501, glass liner and tungsten case	10
4. Discussion	11
5. Conclusions	12
  6. References	13




1. [bookmark: _Toc92748492]Introduction
1.1. [bookmark: _Toc92748493]The task

The aim of this lab report is to carry out research by way of a literature review, into shaped charges and their modelling, to include the various material models used. This will be achieved by literature review of how and where a shaped charge can be used and a basic review of the mechanical concepts including formation of a cutting jet.

Based on the findings of the literature reviews and some basic tests of the original Lagrangian model, the existing model will be modified with the aim of producing a better jet formation. [1]  





[bookmark: _Toc92748494]2. Method
2.1. [bookmark: _Toc92748495]Literature review
In order to modify the existing model and produce a better jet formation from the shaped charge model, current and previous methods of modelling shaped charges by use of Finite Element Analysis (FEA) modelling will be carried out. This research will be carried out by way of a literature review and will look specifically at the benefits of meshing with a fine mesh versus a coarse mesh.  

2.2. [bookmark: _Toc92748496]Shaped Charge: effect of change in liner material, casing material and explosive fill material 

Other than the shape of the liner i.e. angle of the liner (angle of cone) or whether a hemi-spherical liner would in fact be better, there are other factors which could affect the shape and formation of the jet. These could be: 
1. The material from which the liner is made 2
2. Type of explosive fill material used 
3. The material from which the case is made 
The starting point for initiating changes to the shape charge model needs to be concluded after observing the original model. The original model consisted of a Copper liner, TNT explosive fill and Steel case and was produced by a shaped charge design loosely based on a standard shaped charge design (Aseltine 1980) [1] [2].

All models were built in ABAQUS CAE 2021 Finite Element Analysis (FEA) package by Professor Donne and modified by the author to give the desired output. 

Changes will then be made to both materials and modelling.  

2.3. [bookmark: _Toc92748497]Effect of Abaqus FEA processing adaptations on shaped charge jet formation

One other way of producing a better jet formation is to not only look at the properties of the materials forming the jet in the shaped charged, but also to look at the modelling properties of the FEA package being used to model it; in this case ABAQUS CAE 2021. Due to the fact that the computational time required increases vastly as the mesh size reduces, there is a trade-off to be made between a finer more accurate output and computation time [3]. There are other modelling considerations that could be factored in, to achieve a better or more realistic shaped charge model, but as computation time is limited the focus will be mainly on changing the properties of the materials as mention in the last section. Therefore as a result of running the original model the only mesh change that will be made while investigating the material property changes will be the re-meshing of the apex of the liner cone into a much finer mesh, as this is the part which seems to distort the most, but also carries the elements capable of the highest change in velocity. 

2.4. [bookmark: _Toc92748498]Assumptions, assessment of success criteria and materials
There must be some assumptions to outline what kind of output indicates a better production of jet formation, this will be in comparison to the original model (albeit with a finer mesh at the apex of the cone liner) these are as follows:

· Visually the jet will look more extended and therefore protrude further 
· There will be less overspill of explosive material (or what seems to be detachment of the liner at the edge interface with the case
· There should be an increase in velocity
· The furthest most point will be taken as the jet and not distortion
· The ultimate outcome will provide a neat jet (i.e. no distortion of elements into other planes and little to no ‘overspill of material’

It should be noted that to attribute changes in jet formation to specific changes made to material properties, only one variable or property will be changed as once, these will be carried out as follows:

· Change in case material: to tungsten instead of steel (to help reduce over spill of explosive fill) while keeping copper liner and TNT explosive fill as per original model
· Change in liner material to aircraft glass (to reduce weight but also help in liquefying of liner to form a better jet), but keeping TNT explosive fill and original steel case
· Change the explosive fill to a higher power per gram substance to hopefully give more power while keeping the steel case and copper liner
· If all the above make a marked difference as expected they will be combined at this point to compare the outputs

The resulting velocity graphs and snapshots of the model jet formations will be provided in the Results section and the finding discussed in the Discussion section.

	Material Properties:

	Part (Material):
	Density (Kg m3):
	Young’s Modulus (GPa):
	Poison’s Ratio:
	Yield Stress (MPa):
	Ultimate Tensile Stress
	Plastic strain (initial):
	Plastic strain (final):

	Case (Tungsten): [4]
	19300
	400
	0.28
	750
	980
	0
	0.7

	Liner (Aircraft glass): [5]
	2500
	47
	0.3
	7
	17
	0
	0.3

	JWL Coefficients: [6]
	Density (Kg m3):
	A
	B
	ꙍ
	R1
	R2
	Detonation energy density (MJ Kg-1):

	Explosive fill material (PBX-9501:
	1842
	852400
	18020
	0.38
	4.6
	1.3
	5.5
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[bookmark: _Toc92748499]3. Results
3.1. [bookmark: _Toc92748500]Effect of case material change Steel to Tungsten 
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Graphs (above) showing original steel case (Left) versus Tungsten Alloy case (Right) and the snapshots of the jets formed (below – Steel case (left) and Tungsten (right)):
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3.2. [bookmark: _Toc92748501][image: ]Liner material alternative
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3.3. [bookmark: _Toc92748502][image: ][image: ]Explosive fill composition alternative PBX-9501 with Copper liner and steel case














3.4. [bookmark: _Toc92748503][image: ][image: ] Explosive fill composition alternative PBX-9501, glass liner and tungsten case

[bookmark: _Toc92748504]
4. Discussion

Results shown in section 3.1. show that the change in case material has had a significant effect on the both the level of ‘overspill’ of the explosive material and the velocity of the foremost point of the jet. The velocity has increased from just over 2.25 Km s-1 to just over 2.5 Km s-1. It should be noted that the case seems to swell which maybe due to the case absorbing some of the detonation energy, this could mean that less energy goes into detaching the liner from the case possibly causing ‘overspill’ of the explosive products/materials. 

The change in liner material to aircraft glass (shown in section 3.2., shows a considerable increase in both velocity and acceleration. The velocity increases to a maximum of just over 3.5 Km s-1 and reaches this in just under 0.04 ms in comparison to the original model which takes just over 0.06 ms to reach maximum velocity.

Changing the explosive fill  (as shown in section 3.3.) from TNT to PBX 9501 causes a massive ‘overspill’ of detonation products/explosive material, but it should be remembered that this is with the steel case and copper liner and as such should improve with the Tungsten case and glass liner. The velocity however increases as expected to just over 3.00 Km s-1 and in only just over 0.04 ms, this is probably due to the greater detonation energy density. 

Finally in section 3.4. the combination of the Tungsten case, aircraft glass liner and PBX 9501 explosive fill can be seen. This shows a much improved jet, with a maximum velocity of just under 5.25 Km s-1, which is achieved in just 25 µs. It should also be noted that there is very little distortion at this stage, with no ‘overspill’ or lining detachment from the case. Although not included, there was also no projection of elements out of the plane i.e. if the model was rotated vertically 90 degrees upward there were no elements projecting out from the x-axis.  





[bookmark: _Toc92748505]5. Conclusions 

The results of this lab assignment show that the performance and appearance of the jet can be improved by changing the case to a material of a more forgiving substance and more dense material such as Tungsten, in combination with an explove filler material that has a higher detonation energy density and a liner material that has a lower density, but with the ability to liquify. 
Futher work could be carried out from a modelling point of view to increase the fineness of the meshing of the liner aswell as the interface between the liner and explosive fill material in order to prevent distortion and produce a better output.  
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