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3.1 The issue with using TNT as the main fill is that it has a relatively low melting point, which makes it rather hazardous when in hotter climates. The rather large swings in temperature especially in the desert can cause the TNT to melt and reform with cracks or voids, which then makes the Ordnance incredibly dangerous to handle. The inertia of being fired could cause the TNT to detonate. A proven way to make use of TNT’s properties is to combine it with other High Explosives that have higher melting points, but are on their own, harder to cast & initiate. TNT acts as a great intermediary within the explosive train. 

The safest way to store and transport OME is separately in its component form. This interrupts the explosive train so that in the event of an incident the total effect will not be felt. 

A viable and effective through life support regime is required for all OME so that the OME can be employed safely in any environment that it is deployed and that when it comes to the end of its service life, the OME can be disposed of safely without impacting the environment.
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5 Introduction

Large Caliber ordnance is required for its destructive or supportive effects when employed in conventional type warfare. The ability to reach far distances, deliver a High Explosive, fragmenting shell to destroy or suppress enemy positions, provide illumination support to ground troops in another area during dark hours, or even deliver smoke screening to cover advancing troops to contact is invaluable to operational effort.

Very simply, large-calibre ordnance is comprised of the following systems & subsystems:

[bookmark: _Toc126765444]Weapon system to deliver the payload.
	Muzzle
	Barrel
	Breach
	Firing Mechanism 
	Platform (vehicle)
[bookmark: _Toc126765445]Shell 
	Fuze (specific role) 
	Exploder (High Explosive only)
	Shell (HE, Smoke or Illuminating (+infra-Red))
	Charge 
[bookmark: _Toc126765446]Charge 
Cartridge Case
	Propellant
	Primer
	Igniter (if bag charged)
	Tube Vent Electric (for bag charges only)

This report will go over, in brief, the requirements for safe storage and transport and how safety is assured during intended use. The subjective ordnance will be a TNT cast-filled shell fuzed with an in-service multi-role fuze (L174), that will be propelled by an electrically initiated (L10) primered cartridge case, filled with triple-based propellant.

[bookmark: _Toc126765447]6 Explosive Trains & Specific Safety Features 
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“An explosive train is a sequential arrangement of explosive components with
the fundamentals being an easily initiated primary explosive (initiator), a booster
sensitive enough to be reliably initiated by the modest output of the initiator but
also providing much higher output to initiate the relatively insensitive main
charge” [1].
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Explosives trains create a stepped approach for transferring energy to initiate explosives of greater insensitivities. This allows smaller, more easily initiated articles to function, creating the energy required to initiate larger secondary/tertiary explosives [1]. 
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The TNT cast-filled shell has a recession at the top which allows for an exploder (booster) and fuze to site.

The fuze (depending on function or role) will be set either manually or electronically so that when the purpose has been met, the function passes energy into the booster, which then initiates the main charge. 

The fuze will have several intrinsic safety features that allow for the safe handling of the shell without the risk of detonating unintentionally. These features are as follows:

Setback
Spin 
Timed
Creep 
Safety Arming Unit

Without a very specific arming sequence being followed, then the fuze will not be able to function.
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A primered cartridge case, with an electrically initiated primer, when initiated by an electrical pulse will ignite the propellant within the charge, creating gasses that rapidly expand, where the obturation between the shell and the breech, forces the shell out of the barrel at speed. 

An electrically initiated primer is safer than a percussion-capped primer as a specific stimulus is required to initiate the composition whereas, with a percussion cap, a sharp pointed object that makes forceful contact has the potential to function the primer. This could cause catastrophic effects to any person handling or within the vicinity, especially if more charges are present, for the unintentional initiation to propagate.
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Trinitrotoluene or simply TNT is created by the nitration of Toluene when mixed with Nitric & Sulfuric Acids [2]. At this point, TNT is considered crude and requires further processing to make it safer and more stable. This is accomplished by controlling the level of impurities and unsymmetrical trinitro compounds within the substance.
These unsymmetrical compounds and by-products degrade the TNT reducing not only its shelf life, increasing its sensitivity, and reducing its compatibility with other materials if not removed [2] whilst also further lowering the melting point.
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Figure (1) TNT molecule 
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	Characteristics
	Data

	Colour 
	Pale Yellow / Crystalline / Solid 

	Molecular weight 
	227.1 g/mol

	Melting Temperature
	80Cap

	Thermal Ignition Temperature 
	300

	Crystal Density 
	1.654 @ )

	Energy Formation 
	-184.8 

	Enthalpy of formation 
	-261.5 

	Friction Sensitivity 
	>353N

	Impact Sensitivity 
	15

	Oxygen Balance 
	-74

	Velocity of Detonation 
	6850 m/s


 [2] 
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TNT can be easily loaded into shells by casting or pressing due to its low melting point; whilst also being compatible with other substances to form other compounds that can do work. i.e., RDX which makes up the majority of UK in-service large calibre HE ordnance with a 60/40 mix (60% RDX 40% TNT). 
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TNT is prone to exudation when exposed to high[er] temperatures. Cracks start to form which increases its sensitivity due to friction between the cracked surfaces, thus potentially detonating prematurely when subjected to sudden forces such as being fired [2]. 
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[bookmark: _Toc126765458]8.1 RDX TNT (60/40)

Already proven in-service large calibre ordnance uses a 60:40 mix of RDX/TNT. The benefits of using these combined explosives are that RDX is more desensitized due to its coating with wax, oil or grease forming a polymer-bonded explosive making it less susceptible to unintended initiation, then placing the crystals in a polymeric matrix creates a stable mix. RDX however does have a higher melting point than TNT, making it more difficult to cast into a shell but when paired with TNT the melting point falls to a temperature which allows for a pourable mixture to be obtained [2].
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	Characteristics
	Data

	Colour 
	White/crystalline/Solid 

	Molecular weight 
	222.1 g/mol

	Melting Temperature
	Type A:202-204 Type B: 192-193

	Decomposition Temperature 
	2 

	Thermal Ignition Temperature 
	

	Crystal Density 
	1.82 @20 )

	Energy Formation 
	+417 

	Enthalpy of formation 
	+318 

	Friction Sensitivity 
	120N

	Impact Sensitivity 
	7.5

	Oxygen Balance 
	-21.60

	Velocity of Detonation 
	8440m/s


[2]
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All OME must be kept within a defined temperature as defined within its relevant publication to avoid prematurely ageing and degrading the chemical stability of the Explosives, and rapidly degrading its performance [3]. When aged, the Explosives can lose their stability, becoming more susceptible to unintended initiation to external stimulus i.e., friction and or impact. By keeping the OME above   & below  [4] The service life is preserved.
The way this is assured is by regular temperature checks. 
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All types of explosives are classified as dangerous goods and must therefore comply with either the Carriage of Dangerous Goods (if travelling solely in the UK) or the European Agreement Concerning the Carriage of Dangerous Goods by Road (ADR) if travelling through the EU [5]. 

All civilian dangerous goods are classified by the relevant design authority that will state how the items must be transported to be compliant. It is this action that allows for the safe transportation of civilian Explosives by road, rail, or air [5].

Military-grade explosives are classified by the Explosive Storage and Transport Committee where a temporary or permanent classification will be assigned that will explicitly state how the OME must be packaged for transportation to be compliant [5].
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The safest way to transport OME will be broken down into its subcomponents. This allows the explosive train to be disrupted by removing the more sensitive subsystems in the train. 
Explosives are classified by Hazard Type as well as compatibility. This ensures that an incident is not made worse by having OME travel together which could create a complete and viable explosive train making the situation catastrophically worse.
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All Inservice OME goes through several tests to a set standard that when passed will approve the OME into service.
These tests include drops of varying heights & configurations, liquid fuel fire, spigot intrusion, frag attack, sympathetic detonation & slow cook-off. These tests presume the most common forms of negative contact the OME will have during use. The OME will also be environmentally stressed (heated, cooled & vibrated) to emulate theatres around the globe of extreme temperatures with transit included. Once the OME has been environmentally stressed it is then tested against a control piece to see if it performs as designed.  

[bookmark: _Toc126765467]12.2 In-service Surveillance (ISS)

All OME is given a service life. When this is exceeded but the provenance of the OME can be identified, then the OME may be given a life extension. This is conducted by firing a set number as directed by the design authority of the required LOT/BKI and ensuring that they perform as designed by comparison against a “master standard”. If the OME performs as intended, life can then be extended. 
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OME that is required for life extension will be analysed at the molecular level to assure that the compounds are still chemically sound.
This is achieved by sectioning the OME and extracting the fill, which can then be analysed. If the stability is satisfactory, then this forms part of the case for life extension. 
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13.1 The explosive train where possible should always be incomplete and only fully assembled when intended for immediate use. In this example, the shell must not be fuzed but plugged during storage & transportation using an INERT plug, being fuzed immediately before use. 

The charge system is required to remain within its CAD-approved packaging during storage and transport. This action will protect the propellant from humidity changes which will negatively affect the integrity of the propellant by hydrolysis. 

13.2 When stored the OME must be kept at defined temperatures & set humidity within its approved packaging to avoid decreased performance or increased sensitivity. TNT has a melting point of  at which point when heated and cooled may result in TNT “needles” that will detonate when broken [6]. This makes the movement of TNT natures very dangerous when the provenance of the OME cannot be assured.

13.3 Polymer-bonded explosives are proven to be safer due to their innate resistiveness to friction, impact, and shock. They will also only function when the prescribed initiation stimulus is presented. Due to the increased cost of manufacture, a compromise of TNT/RDX is a viable and proven alternative to solely TNT-filled ordnance.

13.4 All personnel handling OME must be competent to do so. Any activity taking place must have relevant safe systems of work with relevant supervision. The environment must be considered.
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