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[bookmark: _Toc169986888]Introduction
This paper proposes a research activity investigating the effect of charge depth on the performance of shaped charges. Despite investigations into explosive performance underwater, the specific relationship between depth and shaped charge performance has yet to be defined. 
[bookmark: _Toc169986889]Aims & Objectives
The main project aim is to evaluate the performance of currently available user-filled shaped charge systems when initiated at pressures simulating depth underwater. This can be broken down into a few goals as follows: 
[bookmark: _Toc169986890]Goal 1: Explosive pressure testing 
The project will conduct an explosive trial at Alford Technologies, checking for shaped charge performance (depth of penetration, proof of ignition) when ignited under pressure. This trial has already been started, projected to return results by Winter 2024. 
[bookmark: _Toc169986891]Goal 2: Simulations
The project will run simulations of shaped charge ignitions at varying depths. This will aim to support the trial data, as well as establish numerical relationships between shaped charge performance and charge depth. 

[bookmark: _Toc169986892]Background to the Proposed Research
As has been well documented, explosive events underwater have markedly different characteristics to those on land. After the initial detonation, the event can be defined as two distinct phases: the initial shock wave, and an oscillating bubble phase [1]. The gas generated by the detonation expands until the pressure from the water exceeds the gas pressure, collapsing the bubble and creating another shock wave, called a bubble pulse, as in Figure 1. 
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[bookmark: _Toc169877643]Figure 1: Illustration of underwater explosion phenomena [2]
Important to note is that as depth increases, peak overpressure and the shock wave energy decrease [3]. In simulations, it has been shown that the positive overpressure of the shockwave, the maximum bubble size, bubble energy and bubble period all decrease with depth [4], as in Figure 2. 
[image: ]
[bookmark: _Toc169877644]Figure 2: Exponential decay of bubble energy and shockwave energy with increasing depth [4]

There has been a lot of work already conducted into the area of underwater shaped charge performance, particularly the formation of the metal jet. Explorations into through water formation of the jet and air vs water stand offs prove that an air cavity produces shaped charge projectiles with better velocity and shape [5] [6]. 
Research in this area is typically conducted using 2D simulations, such as the example seen in Figure 3. 2D modelling is chosen over 3D as it massively reduces computational time, and the results are considered symmetrical. Eulerean modelling methods are widely used in shaped charge and underwater explosion simulations, as the large deformations can crash Lagrangian simulations [7].
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[bookmark: _Toc169877645]Figure 3: Example of a 2D model of a shaped charge [5]. 
While all these papers take into consideration the effects of increasing the density of the travel medium (water), no paper has addressed the relationship between depth and shaped charges to any meaningful extent. As has already been identified in reviews on the topic, the high experimental cost and the requirements of safety impede on practical research in this area [8]. 
This research aims to identify if the performance of shaped charges can be so linearly defined with increasing depth as the effects of a typical blasting explosive, or if the mechanics of forming a jet from the liner scale in another way. 


[bookmark: _Toc169986893]Experimental Design
[bookmark: _Toc169986894]Outline of Experimental Procedure
The behaviour of the shaped charges at depth will be measured in two ways; a pressure vessel (Figure 4) filled mostly with water held at the desired pressure with regulated air flow from gas canisters, and by computer modelling on ANSYS or similar software packages. 
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[bookmark: _Toc169877646]Figure 4: The pressure vessel design
[bookmark: _Toc169986895]Data Collection
From the trial: proof of initiation, diameter of hole in target and depth of penetration. 
From the simulations: deformation of target, velocity of jet, shockwave propagation, depth of penetration, pressure measurements surrounding target/shaped charge. 
[bookmark: _Toc169986896]Data Evaluation
The data gathered will be compared to land-based performance, as well as measured against the increasing in depth. 
[bookmark: _Toc169986897]Risks & Limitations
The largest risk comes from the construction and running of the simulations, which may require long computational times given the complex nature of explosive modelling. 
The biggest limitations come from the computational power available during the research. This will limit the complexity of the models used, and may provide only indications of performance if they cannot be run for the duration of the jet formation and interaction with the target.
[bookmark: _Toc169986898]Ethical Issues
No ethical issues were identified in the planning of this research activity. No participant data will be collected or stored, and all practical work will follow pre-established H&S / environmental controls. 

[bookmark: _Toc169986899]Resources & Planning
[bookmark: _Toc169986900]Resources Required
[bookmark: _Toc169986901]Physical Resources
As the trial has already begun with all requirements met before beginning, no physical resources will be required moving forward, as all remaining work is simulation based.
[bookmark: _Toc169986902]Human Resources
Only the principal researcher’s time is needed for the simulation work. The trial has already begun, so the team’s time is already paid for by the project.  
[bookmark: _Toc169986903]Other Resources
Software licences may be required to be purchased depending on the specific requirements of the simulations. UWTSD already owns a licence for ANSYS, but an exploration will be required to determine if it is fully suitable for the simulations.
[bookmark: _Toc169986904]Gantt Chart
[image: A screenshot of a project management

Description automatically generated]Figure 5 shows a Gantt Chart breaking down the key stages of the research activity, highlighting the key dependencies identified in this planning stage. Of note, the literature search will feed directly into the modelling, as the equations governing the behaviour of the explosive and the damage model will need to be identified before modelling begins. The trial can be conducted alongside the simulations, as the results of either the simulation or the trial do not depend on data from the other. [bookmark: _Toc169877647]Figure 5: Gannt chart for the research project
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