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Figure 1 - Graph up to 100kg
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In this report, I will use background research and current methodology to further validate the current selection criteria when choosing a cover area on a trial site. It is currently broken down into three aspects, unconfined charges, light cased charges and heavy cased charges. 
When developing new and novel explosive articles, they need to undergo a series of testing to understand many different aspects, from performance to safety. There are many considerations when choosing where you can trial a new explosive article. The limit of the certain range needs to be taken into account. The explosive article will let off a considerable amount of noise and gaseous products, this needs to be done in an environment that is designed for such activities.
There are systems in place to aide the overall safety of the explosive activity such as a safety distance calculator for informing you, based on an algorithm whether or not your explosive article is within the limits of the range. It will give you an overall distance either in a radial format from the detonation zone, or a directional cover area. This will give you an idea of how far any fragments of material will be projected from your chosen article.
In terms of trial safety this is vitally important information. You could be on a range with several other hazardous activities taking place and this calculator gives you an initial idea if you need to scale down your explosive fill or to put other mitigations in place.
Current background research is based on techniques of capturing fragments and not much based on the selection criteria for safety distance measurements when working on an explosive range. I will use any data gained and refer to techniques used in the background research to validate any results.
The current system in place to understand your safe distances on a trial are as follows;
Unconfined = 130 x W1/3 Light cased = 446.3 x W1/5 Heavy cased = 634 x W1/6
This gives an indication of the cover area you might require when using an explosive fill with a metal case or any metal surrounding an explosive with the potential to cause fragments. It’s a simple system in which you input the weight of your explosive and the weight of your metal casing and it will give a safety distance to use. For examples, when using 10kg of explosive fill with 5kg of metal casing your overall weight is 15kg. For unconfined this gives a safety distance of 321m, for light cased its 767m and heavy cased 996m. There is no definition between light and heavy cased charges so I will investigate this further.
Figure 1 shows the graph representing the weight of the explosive device and the cover distance required to safely perform any firings on that device. As you can see from the key, red represents the heavy cased charges, blue represents the light cased charges and green is from unconfined.

[bookmark: _Toc71113251]Background to the Proposed Research

· W. Arnold & E. Rottenkolber “Fragment mass distribution of metal cased explosive charges”
Arnold & Rottenkolber used a data collection method based on image processing of photographs of witness plates where holes had been pierced by impacting fragments, with the aide of computer software. Their approach was to measure the hole distribution and from that infer the mass distribution of the fragments knowing their velocity and thickness. They compared three different steel cylindrical charges having a diameter of 100mm and a height of 200mm. The charges were made with KS33 (HMX/HTPB 90/10). Two half shells are fitted around the explosive, the first part they used 2mm thick aluminium alloy and steel and subsequent trials done with 6mm mild steel and hard steel.
A method for fast data collection of fragmenting shells was sketched, this method was applied to generic casings of missile warheads and heavier cased ammunitions. Mass distributions were gained from this method and were presented for four different cases. From their research they found that from a comparison between the material strength, the largest fragments were formed from the casing with the intermediate strength. A development of a fragmentation model suitable for axial fracture remains to be achieved. [1]
· A. Catovic & E. Kljuno “A novel method for determination of lethal radius of high-explosive artillery projectiles.
Catovic & Kljuno used a new model to define the estimation of the lethal radius of high-explosive artillery projectiles against human targets. Their model consisted of computer aided design modelling, fragment mass distribution, initial velocity of the fragments and the high explosive projectile lethal radius estimation. The results they gathered were compared with experimental results obtained based on tests in an arena environment. The model can be implemented and used with any terminal ballistics’ scenarios for high explosive projectiles. [2]
· C. Bai, H. Wang & C Feng “Analysis of Criteria for assessing safety distance for focused warhead fragments based on CDEM”
Their study consisted of using a continuum-based element method to build a new method for warhead safety distance, simulating the fragments over space and time for tungsten and steel fragment focused warheads to derive a respective safety distance for personnel. They found that the fragmentation risk is significantly higher for horizontal placement than for vertical placement, the safety distance increases nonlinearly as the threshold energy decreases. [3]
These studies will bare some impact on the work that I am proposing in the means in which I can record the data. I will be using a data collection method of witness plates, much like Arnold & Rottenkolber but I will use this information alongside the other forms of data to paint a broader picture. Computer aided design will be used throughout this project, to aide in the selection criteria for the chosen material design and properties. Finite modelled can then be used much like C. Bai, H. Wang & C Feng to understand its potential output before the trial phase commences.

[bookmark: _Toc71113252]Aims & Objectives

· To understand the limitations of the current cover area calculation system in place.
· Develop a prototype design with the aide of CAD and modelling experts
· Model several suitable prototypes with differing material thickness to project fragments from an explosive load.
· Manufacture the design and undergo a testing schedule to assess the fragment capability.
· Use the prototype against a varying quantity of explosive fill.
· Design a SSoW with all relevant paperwork (Risk assessments, Trials plans)
· Collect data from using a range of methods (HSV/HET-V/fragment collection methods/Capture screens).
· Record data and analyse against the current system in place.
· Implement/back up the current system in place.

[bookmark: _Toc71113253]Experimental Design

i. [bookmark: _Toc71113254]Outline of Experimental Procedure

Phase 1 – Liaise with modelling team to 3D model and design 2 prototypes, one from a thin metal case (5mm), one from a thicker metal case (10mm). Each prototype will be able to house enough explosive to make an overall weight ranging between 5kg – 15kg. These will be 3D modelled and designed before manufacture to ensure they are fit for purpose. Liaising will all SMEs along this process to ensure the prototype is fit for purpose and the results will be suitable for the requirement.
Phase 2 – Undergo finite modelling testing of the new prototype and choose the most applicable explosive to be filled into the prototype by liaising with explosive subject matter experts. Gather results from the finite modelling to refer to real time data when moving onto the trial phase.
Phase 3 – Perform the full-scale test with all the instrumentation to collect as much data as possible to analyse against the current system. Undergo a rigorous testing regime of both the ‘light’ and ‘heavy’ cased articles starting with an overall weight of 5kg and incrementally increasing by 1kg until 15kg. The trial will consist of the charge being placed at a certain height from the ground and repeated with all the design variants until all the data is collected. This trial will take place on an explosive range so all legislation regarding use of explosives and any safety legislation will be followed.

ii. [bookmark: _Toc71113255]Data Collection

· HSV (high speed video)
This will be used as an overall safety aspect to ensure the explosive article performs in the correct manner and can be visually confirmed with all parties involved of a successful firing. The video can be used to understand the detonation velocity of the chosen explosive fills – in turn this will grant some data of the initial velocities of any fragments of the casing. It can also be used to track fragments through the air and see where they potentially hit any target plates.
· Flash x-ray 
This will be used to understand how the casing ruptures/fractures and will give an idea of the strength of the metal casing and the possibility of large/small fragments.
· Fragment collection/velocity screens/witness plates 
These will be used to capture the fragments as they fly through the air. These give a real time reading of the velocity of the fragment that has passed through the screen. We can use this data to understand the distance the fragment has travelled.
· Pressure Gauges
These will be placed underneath the explosive charge; they will give the initial velocity of detonation and the pressures exceeded from the explosion.
All these instrumentation systems will be situated in a suitable arena to capture the data from the explosive prototype. The results will be recorded alongside a firing log to indicate the results of each shot. The instrumentation equipment will be housed in suitable barriers to protect from any potential damage.

iii. [bookmark: _Toc71113256]Risks & Limitations

The explosive range has set limits to adhere to, in terms of noise production, fragment distance and explosive NEQ (overall mass of explosive). These will be adhered to at all times throughout the trial process. The explosive limit for the range far exceeds any of the mass of any of the chosen prototypes, the main issue is the distance the fragments could potentially travel.
Noise limits will be forecasted through the MET office by supplying the overall weight of the explosive prototype. An image of the local area is then supplied showing the noise distance calculations at certain boundaries across the range. The limits will be adhered to at all times and never exceed the given boundary for noise limit.
The production of fragments from the explosive article will be mitigated as ALARP. Barriers and other means of mitigation will be used to direct the fragments into the area of interest. Stop barriers and screens will be implemented at the end of the range as a hard stop. 
Any technical issues arriving from the trial will be discussed in detail with the trials team and any technical members involved. All trials members will be briefed on all tasks and be suitably trained and qualified to perform the tasks described.
The trail detail will be covered in a trials plan and a risk assessment and will be signed off by line management before any work commences.
Financial issues could arise from funding from MOD whether this is a viable option to determine the safety distance currently in place. This could be project funded if beneficial to the division its applicable to. 

[bookmark: _Toc71113257]Resources & Planning

b. [bookmark: _Toc71113258]Resources Required

· Manpower – Modelling and Engineering team, Trials team, H&S team, Line management, external organisation.
· Infrastructure – Explosive range within limit. Processing facility for stemming explosive devices, Explosive magazine.
· Consumables – Explosives, Prototype devices, Blast screens, Pressure gauges.
· Instrumentation – High Speed Video, Blast/Velocity screens, Pressure gauges, Flash X-ray.

To aide with the planning of the project I have included a Gantt chart to keep track of timeframes and to ensure I meet every aspect of the project life cycle. Any ethical issues arising from this project would be understood before any proposals for funding are made.
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Figure 2 - Basic Gantt Chart



Figure 3 - Gantt Chart Schedule
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