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Abstract
In this report the author explores the history, purpose, function and design aspects of shaped charges and then examines how they are commonly modelled using computer simulation software. In order to explore this further, two shaped charges with differing cone geometries are then modelled in 2D using the Abaqus® FEA software suite. The results of these two models are then compared and discussed, before the shaped charge with the better performing geometry is modelled in 3D for further evaluation, not only of the chosen charge design, but of the performance of the software suite itself and its viability and usefulness for modelling shaped charge jet formation.
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1. 1. Introduction to Shaped Charges
1.1. Overview & Use
 A shaped charge is an explosive device that uses a hollow cavity in the front of the charge to direct the energy of the explosion and thus maximise the penetrating power through the target material. Now a well-known and often-used explosive device, aside from their most common application within military weapon systems, [1] they can be found within many industries, including within oil/natural gas extraction to fracture porous rock at the bottom of a borehole, for rock breaking in quarrying/mining, for cutting structures in demolition (even more so in their linear form), and have even been used in space; A shaped charge was even deployed in space by the Hayabusa2 mission in order to acquire a deep surface, high quality sample of the asteroid 162173 Ryugu. [2]
[image: ]Whilst this report shall predominantly focus on shaped charges used within military applications, the design and operating principles are much the same, save for some choices made for specific environmental or other use case requirements.
Shaped charges can be found in a large variety of modern munitions particularly those designed for anti-armour use, such as Missiles, HEAT (High Explosive Anti-Tank) Rounds (Fig. 1) & Grenades, and Torpedoes due to their penetrative capabilities. [1][3] They are also widely used in EOD and breaching, with many “user-filled” variants available, provided as an empty case and liner which an operator hand fills using plastic explosive. [4] (Fig. 2)
Fig. 1 – Shaped Charge HEAT Warhead. [3]
[bookmark: _Hlk195240091][image: ]Fig. 2 – User Filled EOD/Demolition Shaped Charge (Baldrick)
1.2 History of Shaped Charge Development
The shaped charge as we know it today is actually a combination of two effects: That of the hollow cavity in the front of the explosive charge, and that of its ability to collapse a metal liner forming the “jet”. [5]
The effects of hollow charges were known about as far back as 1792, when German mining engineer Franz Zaver Von Baader wrote about the benefits of using hollow charges in a journal, specifically with the aim of maximising and directing the effect of the explosives, thus reducing the amount required per shot, reducing cost and increasing efficiency. This saw limited adoption at the time within the mining industry, and was somewhat curtailed by the lack of availability of high explosives. It saw a resurgence in use during the 1880s when it was applied to nitrocellulose, a high explosive compound for the first time. [5]
It was roundabout this time that the possibilities of utilising this effect to direct a metal liner were first noticed, initially completely by coincidence. Chemist Charles E. Munroe, discovered it by accident whilst working at the US Naval Torpedo Station in 1888 after raised stamped lettering on a metal plate adjacent to an explosion was transferred onto the metal surface behind. He explored this further before he created the first true conical shaped charge six years later in 1894. The effect of collapsing this conical liner has since become known as the “Munroe effect”, which has over time adapted to describe the combination of both the hollow charge effect and that of the liner within. [5]
Initial recognition and adoption of the possibilities of the concept of the conical liner were slow, but it was researched further throughout the early 20th century, not only by the U.S but also by Germany, Britain, Switzerland, France and the Soviet Union. It was quickly realised that its best use would be against armour and as such was applied into anti-tank rifle grenades and rocket launchers used during WWII., becoming known as “High Explosive Anti-Tank”, or HEAT. [5]
1.3 Function, Construction, Design Parameters & Performance
[image: ]In modern shaped charges, the design almost always consists of a conical cavity lined perfectly by a by an identically conical “liner”. The liner is usually constructed of a reasonably high density, ductile metal such as copper. This is shown in figure 3. 
Fig. 3 – A Shaped Charge (Cross Section) [1]
[image: ]Upon detonation of the explosive, the shock wave progresses through the charge from the initiation point and then progresses up the sides of the cavity/liner, collapsing the metal cone at supersonic speeds, creating a “jet” of metal. This jet is often described as being molten or plasma, but is actually neither. This initial jet consists of approximately 20% of the metal contained in the cone, and is followed by a “slug” containing the remainder of the metal. The velocity decreases along the jet’s length, with the tip travelling close to the Velocity of Detonation (VoD) of the Explosive (~8000m/s) and the trailing edge of the slug travelling closer to ~2000m/s. This velocity gradient results in the jet elongating, or stretching, as it travels, before finally exceeding its limit of deformation and beginning to fragment. An example of a shaped charge jet is shown below (Figure 4).
Fig. 4 – A shaped Charge Jet [1]
In order to maximise penetration using a shaped charge, it needs to be positioned an appropriate distance from the target when it detonates, known as the “stand-off” distance.  This is to allow the jet to fully form, since the length of the jet is directly proportional to the penetration able to be achieved. This is usually between two and five charge diameters.
The shape of the liner also has an effect on formation of the jet, both the angle of the cone and the shape of the apex, whether it is sharp or rounded. 
Finally in order to achieve the best performance, the explosive used in the charge itself should be one with the highest possible density and VoD, since these will result in the highest detonation pressures and thus the best and most powerful jet formation. As such, shaped charge warheads usually consist of high performance military explosive compositions primarily composed of either HMX or RDX [1], with other additives where necessary depending on sensitivity, and blast requirements. These compositions are then cast or pressed into place to maximise the density of the final charge and ensure that no air pockets or fissures are present which could adversely affect the jet formation.
Many sizes of shaped charge are available, from <15mm up to >700mm in diameter. [6] Unsurprisingly, the size of shaped charge employed in a military context is usually the largest possible within the chosen delivery method (missile diameter etc).
1.4. Modelling of Shaped Charges
With shaped charges being such a versatile tool, particularly on the battlefield against armoured vehicles, it is only logical that many academic, corporate and government entities wish to research them in order to improve their performance and create optimised solutions to defeat new targets. However, physical explosive trials are difficult, labour-intensive, potentially dangerous and *very* expensive. 
As such, there is increasing interest in modelling shaped charges using digital modelling/simulation software suites. These allow potential design changes and concepts to be modelled virtually to gain a rough idea of performance, and allows a huge degree of flexibility within this, such as being able to “chop and change” different explosives, liner materials and target materials to fully optimise a design before proceeding to the prototype stage. Most of these suites fall under “Finite Element Analysis” (FEA) where calculations are made using the finite element method to calculate/predict an object/element’s behaviour.
There is a large range of such software suites available, with some of the most common being AUTODYNE®, LS Dyna® or ABAQUS®, the latter of which will be utilised later in this report. All of these softwares are capable of modelling in both 2 dimensions and three dimensions, however as with any machine output, the resolution and final result quality does depend on the quality of the programming, settings and material parameters inputted. [7], [8]
Most FEA softwares are capable of modelling with two distinct approaches, Lagrangian modelling and Eulerian Modelling:
Lagrangian modeling tracks individual material points as they move and deform, with an attached mesh which deforms along with them. This approach is more suited for solid mechanics where analysis of the stress and/or strain exerted on a material over time is important. However, where larger deformation is seen, the mesh can distort excessively, requiring remeshing or other interventions to keep the model result accurate. [9]
Eulerian modelling keeps the mesh fixed in space whilst the material elements flow through it. This method is therefore more commonly used for tasks such as fluid dynamics or scenarios involving material flow on a large scale, with given examples being metal flow or explosions – hence why this is often used for shaped charge modelling. Since the mesh doesn’t deform, it avoids distortion issues within the mesh itself, however the elements can still encounter issues. Eulerian modelling, when used correctly, generally gives a high quality final result geometrically, but is less reliable for tracking material properties (such as stress/strain) throughout. [9]

2. 2D Modelling & Analysis
2.1. Chosen Model Introduction (Alfords® VULCAN®)
Whilst most attention is often given to the large, precision manufactured shaped charges contained within both complex weapons systems such as missiles, and smaller man-portable ammunition such as 40mm grenades and portable anti-tank weapons (e.g. RPG7, NLAW), “user-filled” shaped charges have played an important role in the EOD and battlefield engineering sphere since the 1990s. These offer a completely different way of thinking; rather than the shaped charge being supplied as complete munition, the user is supplied with what is in effect an empty container, consisting of a casing and a liner, for them to fill with an available explosive.
Initially intended solely for military use with standard in-service plastic explosive (often referred to as simply “PE”), the application of these user-filled shaped charges has expanded to encompass commercial and humanitarian spheres too. Civil engineering contractors are now frequently using “user-filled” linear cutting charges during structure demolition, whilst humanitarian demining agencies prefer the “user-filled” methodology due to them being able to ship in empty charges which aren’t subject to any transport restrictions/dangerous good requirements and then fill them with whatever explosive is already available in the country within which the work is being carried out. 
[image: ]Fig. 5 - Alford® VULCAN® in use on an item of UXO (Unexploded Ordnance)
An interesting development within this is the huge amount of “try it and see” experimentation that has been undertaken to assess the performance of these charges with lower detonation velocity commercial blasting explosives, rather than the intended military explosives they were designed around, due to their comparative abundance and ease of sourcing. For example, using the contents of sticks of dynamite (Nitroglycerin based), which have an unconfined Velocity of Detonation (VoD) around the >2000m/s region [10], whereas the current issue PE8 military explosive (RDX based) has a VoD of approx. 8000m/s [11]. This is, however, caveated with the fact that NG based explosives are much more sensitive than military PE, and as such, charge filling needs to be undertaken with a greater degree of care if it to be used.
However, “user-filled” charges do have some drawbacks – the fill is, by its very nature, subject to variation in quality due to the explosive used, the user’s filling technique, whether any tamping tools were used etc., and as such performance will always be lower than a similar charge with a precision cast fill. However, in the smaller scales that “user-filled” charges find themselves used, it is accepted that the performance is sufficiently reliable provided that the operator has had appropriate training on filling the charges correctly.
The study undertaken in the second part of this report will attempt to model one of the most common “user-filled” shaped charges, the Alford Technologies® VULCAN®. Initially developed in 1987 and mass produced since 2000, it is in use globally as an EOD, breaching and demolition charge. [4], [12]
Based around a plastic container and an interchangeable 30mm liner, the Vulcan® is an extremely versatile explosive device, with adjustment rings also allowing the operator to “tune” the amount of explosive in the charge to the required target, which is particularly important with EOD work.

[image: ]Fig. 6 –Alford® VULCAN® components [4]
As seen in figure 6, amongst the range of Projectiles available for the Vulcan® is a copper, 2mm thick 100° shaped charge liner, referred to by Alfords° as a “Jet-Forming Cone” or “JFC”, as well as a 2mm thick EFP disc. Both options are also available in Magnesium, with the intention for use to burn out a munition as it is initiated.
In this study, we will conduct an investigation to compare the performance of the shaped charge liner and the EFP liner using the Abaqus® software suite. This will initially be conducted in 2D, before the more successful design, as determined by a variety of factors to be discussed, is again modelled, except in 3D.
2.2. 2D Model Setup – 100° JFC
[image: A screenshot of a computer

AI-generated content may be incorrect.]For both 2D models conducted, the parts were modelled as Axisymmetric, since this lends itself to the complete charge’s cylindrical nature. Whilst not as accurate as modelling in three dimensions, this allows the results of the 2D model to be “swept” through 180 or 360 degree to give a good visual indication of what the jet formation from a complete charge would look like. The type was set as “deformable” since we will be trying to model deformation of our components, and the base feature was defined as “shell”.
Fig. 7 – The part modelling setup.
To begin the modelling process, the geometry of the Vulcan® conical liner was approximated from available drawings and then recreated using the SKETCH functionality in the PART Module. Specifically, the liner and HE charge were replicated as two separate parts. 
The decision was made not to model the casing surrounding the warhead. This was in large part due to its construction, namely consisting of thin plastic, which in reality has very little effect on the propagation of the blast wave throughout the explosive and the effects upon the liner. Additionally, if it were to be modelled, the simulation would have to model the flight path of hundreds of fragmentation pieces, which would vastly increase the computing power required and the time taken to run the simulation.  Substituting this easily frangible case for a solid equivalent in the model was considered, however the author decided that this would offer additional containment not found in the original, which could affect the performance of the shaped charge jet formation. As such, it was decided to omit the casing since this was deemed likely to have the minimum affect possible on the results. The completed parts are shown in Figures 8 & 9.
[image: A white rectangular object with yellow dots

AI-generated content may be incorrect.][image: A white line on a blue background

AI-generated content may be incorrect.]Figs. 8 & 9 – Completed Parts in ABAQUS® Part Module
[image: A screenshot of a computer

AI-generated content may be incorrect.]Once the parts had been successfully modelled, they were assigned sections in the PROPERTY module, specifically “Copper Section” and “HE Section”, for the Liner and HE respectively. Following this, materials were assigned to each of these sections. The properties of copper were acquired from the ABAQUS® Materials Database and then validated using an external source. [13] These are shown in figures 10-14. For the explosive fill, PE4 was chosen since it it is known to be in common usage and has almost identical parameters to C4, arguably the most popular military Plastic Explosive in the world.he Jones-Wilkins-Lee Equation-of-State (JWL EoS) parameters of PE4 were researched [14], [15] and then added into ABAQUS® as a new material. This is shown in Figures 15-16
Figs. 10-14 – Copper Material Parameters
[image: A screenshot of a computer

AI-generated content may be incorrect.][image: A screenshot of a computer

AI-generated content may be incorrect.]Figs. 15 & 16 – PE4 Material Properties.
[image: A blue rectangular object with yellow dots

AI-generated content may be incorrect.]Following assignation of the materials to the parts, the two parts were assembled in the ASSEMBLY module. The completed Assembly is shown below in figure 17.
Fig. 17 – Completed JFC Assembly in ABAQUS®
The STEP module was then used to create an explicit, dynamic solver step. The Time period was set to 50 microseconds, as that should provide an adequate window to allow propagation of the detonation wave and formation of the jet whilst avoiding excessive runtime post formation, which would come at a high time & computational cost.
Next, the LOAD module was used to define boundary conditions, namely to set symmetry in the X-plane, as we needed to ensure that the model’s energy was constrained to propagate vertically as if it was a 3D model, and so that nothing crosses the centreline, thus allowing us to sweep round the results of the simulation should we so wish to later. This can be seen in figure 18.
[image: A screenshot of a computer

AI-generated content may be incorrect.]Fig. 18 – Load Module & Boundary Conditions for JFC
For the part Interactions, set within the INTERACTION module, rather than define all the individual surface contacts separately, the general contact (explicit) interaction type was used to define all of the surface contacts at once. Within this, the mechanical/Tangential behaviour was set as frictionless and the Normal behaviour was set as “Hard Contact”.
The two parts were then meshed using the MESH module. The two parts were meshed separately, with the explosive beginning with a generic seed of 1mm and the liner having a mesh seed of 0.2mm. In order to assist with modelling the jet formation, the mesh on the liner was then adjusted to have a gradient of element size along its length, with the mesh at the central point being 0.1mm, which then tapered out to 0.5mm at the edge of the liner. Both parts were meshed using tri elements, since these offered the most consistent mesh across the angled top surface. The final mesh can be seen in figure 19.
[image: A blue and yellow pixelated rectangle

AI-generated content may be incorrect.]Fig. 19 – The final mesh chosen for the JFC 2D Model
Finally, all of the chosen parameters were saved and the model was run within the JOB module.
2.3. JFC Results
The model ran quite well and as can be seen in figure 20, an excellent initial stage jet was formed. Unfortunately, the model didn’t run to the elongation stage of jet formation due to excessive element distortion. Element deletion was explored as a possible solution to this, as well as a finer mesh, however neither was able to offer much improvement to the final output, and as such the initial model ran was selected as the one to be featured in this report.
[image: A blue and black object

AI-generated content may be incorrect.]Fig. 20 – The initial result from the 2D JFC model.
[image: A computer screen shot of a blue bird

AI-generated content may be incorrect.]As mentioned earlier, utilising the tools within the Abaqus® visualiser, this result could then be swept round and/or mirrored, and then the expanded HE removed, in order to more clearly show the final form of the jet. This can be seen below in figures 21-23.
[image: A blue and black bird

AI-generated content may be incorrect.]Fig. 21 – The result swept through 180°
Fig. 22 – A mirrored view of the final result, providing a good representative jet outline.






[image: A blue and black airplane in the sky

AI-generated content may be incorrect.]Fig. 23 – The swept jet with the HE removed, showing the jet formation.
The average velocities of the elements within the jet tip were taken and then plotted as a single line on a graph, shown in figure 24. This appears to convey that the elements had reached a speed of 4000m/s, somewhat lower than the circa 8000m/s expected (since this is the VoD of the explosive). This could be due to several factors, most likely of which is either flaws in the material model or unnoticed factors due to the lack of casing, other assumptions etc.
[image: A graph with a line

AI-generated content may be incorrect.]Fig. 24 – Graph Showing Average Jet Tip Element Velocity
2.4. 2D Model Setup – EFP
Similarly to the JFC 2D model, the EFP’s dimensions were approximated from available sources and it was then sketched within the PART module., followed by a corresponding HE charge, upon which the two parts were combined within the ASSEMBLY module. This can be seen below. 

[image: A blue rectangular object with a curved edge

AI-generated content may be incorrect.]Fig. 25 – Completed EFP Assembly in ABAQUS®
The EFP projectile/liner and the HE were assigned to the Copper & HE sections created previously within the PROPERTY module, utilising the same material parameters & models. Similarly, the run time of 50 microseconds within the STEP module was also kept the same, since this didn’t seem to have caused any of the issues in the previous model and would provide a standard baseline for the model.
Also similarly to the previous JFC model, boundary conditions were defined within the LOAD module to ensure that the model wouldn’t propagate past the central axis. This can be seen in figure 26.
[image: A blue object with a white screen

AI-generated content may be incorrect.]Fig. 26 – Load Module & Boundary Conditions for EFP
For the part Interactions, set within the INTERACTION module, it was again chosen to define contact using the the general contact (explicit) interaction type rather than all the individual surface contacts individually. Within this, the mechanical/Tangential behaviour was set as frictionless and the Normal behaviour was set as “Hard Contact”.
[image: A blue and yellow dotted rectangular object

AI-generated content may be incorrect.]The two parts were then meshed within the MESH module. The decision was made to use a very similar pattern/combination of element sizes to the previous model. As such, the mesh on the projectile/liner was made to have a gradient of element size along its length, with the mesh at the central point being 0.1mm, which then tapered out to 0.5mm at the edge of the dish. Both parts were again meshed using tri elements, since these offered the most consistent mesh across the curved top surface. The final mesh can be seen in figure 27.
Fig. 27 – The final mesh chosen for the EFP 2D Model
Once all details (both new and carried over from the previous model) had been checked, the model was submitted within the JOB module and allowed to run.
2.5. EFP Results
The 2D EFP simulation had a very similar outcome to the 2D JFC model, in that the simulation ran through to the initial formation stages of the projectile before aborting due to excessive element distortion. Again, a few adjustments were made to both the mesh size and by activating elemnt deletion, but the models with these changes refused to run for more than a couple frames, crashing before the shockwave reached the liner. This is a good demonstration of the delicateness of these models, which shall be discussed further later on within this report. However, the initial stage slug formation can be seen in the result gained below, in figures 28 & 29.
[image: A computer screen shot of a pyramid

AI-generated content may be incorrect.][image: A computer screen shot of a blue and white object

AI-generated content may be incorrect.]Fig. 28 – The initial result from the 2D EFP model. (Swept)
Fig. 29 – The partially formed slug with the HE removed. (Swept)
We can see that whilst a large slug is forming as expected, there is also a small protrusion, a “false jet” from the front of the slug, indicating that the geometry of the EFP isn’t geometrically ideal in this scenario. However, when the velocity of the slug and this “false jet” are measured, we can see that the slug is travelling at an increasing velocity between 1000-1500 m/s (about as expected), whilst the false jet is stabilising around the 2400 m/s mark. This velocity indicates that it’s not a true shaped charge je formation, even compared to our unexpectedly low velocity from our JFC model, and it is therefore likely to be formed from material pressures, in this case probably excess material thickness in the centre of the EFP dish.





[image: A graph with red and blue lines

AI-generated content may be incorrect.]Fig. 30 – Graph showing result velocities of the EFP slug & “False Jet”
2.6. Comparison of Designs
Following the outcome of both models, it is obvious that, despite the challenges, the 100° JFC is the better performing of the two models, both due to runtime, quality of the physical output and stability of velocity. However, the lower than expected velocity on the shaped charge (JFC) simulation did cause concern so the model parameters were checked. No obvious flaws were found, so the decision was made to keep them the same into the 3D model with the expectation of seeing if similar speeds were recorded.



3. 3D Modelling & Analysis 
3.1. Model Setup
[image: A screenshot of a computer

AI-generated content may be incorrect.]In comparison to the 2D model, the parts for the 3D model were set up as a 3D deformable solid. Since the charge is still cylindrical, the parts were created using the “revolution” functionality, since this would allow the 2D sketches created earlier to be imported and then swept round 360° to create the 3D parts required. 
[image: A white cone with yellow dots

AI-generated content may be incorrect.]Fig. 31 – 3D Part Creation
Fig. 32 – 3D 100° JFC Part
[image: A white cylinder with a yellow line

AI-generated content may be incorrect.]Fig. 33 – 3D HE Part
Despite the issues encountered earlier, the confidence in the material models previously selected was still high, so the same models and parameters were applied to the 3D parts in a similar manner to the 2D model using the “assign section” functionality within the PROPERTY module.
Following the property assignment, the two parts were added as instances within the ASSEMBLY module. Since the parts were complete and weren’t later going to have their results rotated, no boundary conditions were assigned. In a similar fashion to the 2D models, within the INTERACTION module contact was defined in a “general” manner as frictionless, hard contact.
The parts were then meshed. Initially, the same mesh gradients of 0.1 -  0.5mm for the liner and 0.2 – 1mm for the HE, however when meshed this exceeded the maximum number of nodes allowable within the ABAQUS® educational licence, within which the author was operating. As such, the density of the mesh had to be decreased. This was done by increasing the element size within the liner to a gradient between 0.2 – 1mm, and within the HE to a gradient of 0.4 – 2mm.
Once the meshing had been completed, the model was checked by the operator before a job was created in the JOB module and the task was run.









[image: A blue and black triangular object

AI-generated content may be incorrect.]Fig. 34 – Final Mesh of the 3D Liner
[image: ]Fig. 35 – Final Mesh of the 3D HE Charge.
3.2. Results
Following submission of the 3D model, it was noted by the operator that very little was occurring. After checking to ensure that it was, in fact, running, the decision was made to leave the computing machine and return later.
Upon return to the terminal, it was apparent that the model had crashed, and the job aborted. Very little information was available within the warning/errors section of the monitoring window, other than it was likely due to element distortion issues once again. 
Using the visualisation window, with the colour gradient set to “pressure” it was noted that the explosive detonation wave had only proceeded a few mm into the charge before the model crashed in over a 45 minutes of run time.
Various solutions for resolving this were explored, including adjustments to the material model, changes to the mesh, adding boundary conditions, defining contact surfaces individually and the possibility of adaptive meshing, however the operator was ultimately unsuccessful and the task abandoned once all researched methods of potentially solving the problem were explored.
The author regrets to inform the reader that the model failed and no solution was found by the time of writing.


4. Discussion
Within the three tasks above it has been seen how valuable of a tool Finite Element Analysis Softwares, and indeed Computational Modelling & Simulation in general is to exploring geometries & performance of shaped charge designs, enabling any number of designs to be evaluated in comparatively little time without the required for expensive precision engineering/prototyping and explosive trials.
However, it has also been abundantly clear how “fussy” and potentially temperamental precision modelling can be, with success of the model often depending on the definition of the material parameters provided, the meshing characteristics selected and the interaction definitions. What is also interesting to note how, due to the computer calculations being decided and calculated in real-time, the same model can be run multiple times and different results will potentially be gained each time.
The amount of functionality available in any of these FEA software suites, but demonstrated in our examples within ABAQUS® is huge, however in order to fully utilise this functionality both significant computing power and a notable amount of operator skill are required. The author is keen to note that he is aware that his level of competence is below that of a career CAE modeller, who could likely have troubleshot some of the issues encountered during the tasks with significantly less effort and/or research.
The benefits and disadvantages of 2D vs 3D modelling have also been quite visible throughout these tasks. The cylindrical nature of shaped charges (excluding linear cutting charges) enables a rough idea of the performance and jet formation to be gained from a rotated/mirrored 2D model, significantly reducing the computing power and run time required.
The potential for the detail available in a full 3D model is excellent, however the difficulty/complexity of running these models, combined with the awareness of the computing power and the run time required (both of which are inversely related to each other – higher power will reduce the run time and vice versa) means that 3D models are best utilised during later stage analysis in commercial/academic environments with the appropriate resources – the fact that the educational licence node count was exceeded with a relatively small model is a good example of the amount of factors at play when modelling in the “real world”.


5. Conclusion
To conclude this report, the author conducted a literature review of the function of shaped charges, the history of their development and their use within a variety of applications. It was then explored how they can be modelled utilising a range of Finite Element Analysis (FEA) softwares. To explore this further, the Dassault Systems® ABAQUS® software suite was used to run a selection of models and explore their accuracy and utility.
In particular, the author chose to model the shaped charge and EFP variants of the modular Alford® Vulcan® “user-filled” shaped charge. The results gained from the 2D models, whilst not to completion, provided a good insight into how relatively simple models can illustrate the performance of these charges to a good degree. The lack of results from the 3D model selected to run after these contrast this with the potential difficulties and precision of running the models, particularly at a larger scale or with a greater degree of finesse.
The utility of such software tools is obvious when given the appropriate environment, resources and support to utilise them to their full capabilities, and particularly within the energetics field, with the inherent safety, environmental and cost concerns of the repeated practical “try it and see” design approach of the past.
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