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[bookmark: _Toc132287273]Introduction
0. [bookmark: _Toc128490803]This project will investigate the potential of alternative materials in constructing 10-gram detonator shields, with the desired outcome of increasing visibility, decreasing overall mass, and maintaining safety performance. 
10-gram detonator shields are used frequently within munitions breakdown processes, intended as protection for persons dismantling and handling primary explosives with a net explosive quantity of ≤10g (or secondary explosives and low explosives at relative NEQ's, e.g. TNT equivalence [1]).
The design certificate for the current 10-gram detonator no longer exists due to errors made during the digitisation process, so new detonator shields cannot be made to the exact specification. 
Having no means of replacing shields realises an opportunity for both a capability update from the older design and a new drawing to certify for manufacture, future-proofing.   


[bookmark: _Toc132287274]Background
With the increasing levels of global conflict, novel systems are constantly developing, industrial and improvised [2]. The munitions breakdown team are working on OME (Ordnance, Munitions and Explosives) with more significant safety considerations than legacy stores, with new compositions and safety features. 
Detonator shields are essential and constantly utilised protective equipment throughout breakdown operations. Without the drawings and design certificate, the capability to hazard-type rate and create new shields is lost, leaving a critical protective device unable to be used with more hazardous novel stores.
Because of this, extreme safety measures [3] must be implemented, causing delays to work and costing customers more to have their work carried out. 
[bookmark: _Toc132287275]Construction
Currently, the detonator shields used in Munitions Breakdown consist of a 5mm rolled steel plate and 5mm ballistic glass housed in a steel plate surround of similar thickness. 

[image: \\rfrnprdfil01\Munitions Breakdown FHD\Team Folder\Breakdown capabilities\Shields\X64 Sheild 1(1).JPG]
[bookmark: _Toc132296455][bookmark: _Toc132296522]Figure 1 – 10-gram detonator shield [Front]
[image: \\rfrnprdfil01\Munitions Breakdown FHD\Team Folder\Breakdown capabilities\Shields\X64 Sheild 1(3).JPG]
[bookmark: _Toc132296456][bookmark: _Toc132296523]Figure 2 – 10-gram Detonator shield [Left Hand Side]
[bookmark: _Toc132287276]Alternatives
Polycarbonate is a strong material found in blast shields/cases. It is in testing for its use within the explosive industry, often as a shield for personnel protection from debris and explosive effects (Detonation wave, shock wave, heat, fragmentation) [4].


[bookmark: _Toc132296457][bookmark: _Toc132296524]Figure 3- Polycarbonate material properties [5]


[bookmark: _Toc132296458][bookmark: _Toc132296525]Figure 4- AISI 1008 Steel Material Properties [6]
Polycarbonate’s tensile properties are lower than the rolled steel at approximately 4.9 times lesser for ultimate tensile strength and 2.0 times lesser for yield strength. For compression and stretching, this would not be desirable. 
The density of steel is 6.25 times more than that of polycarbonate, and the elasticity is over 100 times greater. 
The reduction in density and increase in elasticity could allow for a lighter-weight detonator shield that could absorb the explosive shock of a detonation rather than a barrier reflecting incident waves and blocking heat transfer to the person working. 
A shield made of majority polycarbonate would be primarily transparent, allowing greater ergonomics to the user and increased safety when concerned with the placement of OME; stores can be viewed without having to investigate behind the shield, putting the worker at greater risk should a hazard occur.  
[bookmark: _Toc128490807][bookmark: _Toc132287277]Aims and Objectives
[bookmark: _Toc128490808][bookmark: _Toc132287278]Aims
· To provide a suitable replacement for the current 10-gram detonator shields using polycarbonate in the materials.
· To improve the ergonomics of the 10-gram detonator shields.
· Maintain or improve the safety performance of 10-gram detonator shields.
[bookmark: _Toc132287279][bookmark: _Toc128490809]Objectives 
· Create replacement 10-gram detonator shield designs.
· Create Three-dimensional models for 10-gram detonator shield designs.
· Use simulation software to test three-dimensional models against 10 *1g detonators.
· Measure and compare the mass of polycarbonate-based detonator shields.
· Measure explosive effects of personnel behind 10-gram detonator shields.
[bookmark: _Toc128490811][bookmark: _Toc132287280]Experimental Design
[bookmark: _Toc132287281]Design Procedure – Original Shield 
· Hand draw original shield design.
· Create a 3D model in AutoCAD/Solidworks.
· Create a simulation rig of 10 * 1g detonators firing at the shield screen.
· Values are taken at the point of personnel – Pressure, Temperature, Lumen and Decibels (dB), if possible.
· Record with screenshots and software data the state of the shields materials.
· Repeat five times.
· Record Data for comparative analysis.
[bookmark: _Toc132287282]Design procedure – Polycarbonate Shield
· Hand draw design
· Create a 3D model in AutoCAD/Solidworks.
· Create a simulation rig of 10 * 1g detonators firing at the shield screen.
· A record at the point of personnel – Pressure, Temperature, Lumen and Decibels (dB) if possible.
· Record with screenshots and software data the state of the shields materials.
· Repeat five times.
· Record Data for comparative analysis.
[bookmark: _Toc132287283]Post Comparison Original & Polycarbonate
· Review data and change design where failure can be seen in the polycarbonate shield. 
· Create a 3D model in AutoCAD/Solidworks.
· Create a simulation rig of 10 * 1g detonators firing at the shield screen.
· A record at the point of personnel – Pressure, Temperature, Lumen and Decibels (dB) if possible.
· Record with screenshots and software data the state of the shields materials.
· Repeat five times.
· Record Data for comparative analysis.
· Repeat from 5.3
[bookmark: _Toc132287284]Data Evaluation
· Data will be reviewed, and anomalies and trends will be noted down. 
· Shield mass is calculated from the volume of shield material multiplied by material density.
[bookmark: _Toc132287285]Risks & Limitations
· Human error – reading and reviewing the data should be done twice on different days to reduce error; a second set of eyes would also be ideal.
· Data lost – While simulations can be repeated, it is likely not to return the same results.
· Simulation software is only as good as the variables set up within the system. – Potential for different results in actual life trials should all variables not be recognised
[bookmark: _Toc128490813][bookmark: _Toc132287286]Resources & Planning
[bookmark: _Toc128490814][bookmark: _Toc132287287]Resources Needed
· Pens/pencils
· Paper
· Ruler
· Pair of compass
· Simulation computer
· Drawing office computer
· 
· Simulation Software
· CAD software
· Microsoft Excel (Data logging)
[bookmark: _Toc128490816][bookmark: _Toc132287288]Plan – timeline

[image: ]
[bookmark: _Toc132296459][bookmark: _Toc132296526]Figure 5- Gantt Chart for Major Project Timeline
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