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[bookmark: _Toc140440860]Abstract 
This report shows the research carried out into explosive chains and the use of TNT as a main fill explosive within a train. Documenting the findings about the explosive train, applying them to the in service munition of the M107 155mm artillery round. Progressing into looking at the TNT fill in more detail, showing the reasons why it is still used 100 years after its initial use. Before looking at the drawbacks of it as a material, enabling research to be carried out into additives to the material such as HNS or alternative fills such as RDX. Through this research it allowed the author to look into the safety of such munitions, how they can be safely stored and transported. Before looking into future directions for 155mm munitions and different viewpoints of what a 155mm round will look and behave like in the future.
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[image: ]This report sets out to document research into explosive chains, how they work and the safety associated with them. This is in terms of safety storage and operation. Looking into a specific explosive in more detailing and viewing the benefits and drawbacks of its use. Using research to find possible alternatives or adaptions to it.
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26568.doc (epa.gov) [1]
An explosive chain works in terms of sensitivities, for example the order required to light coal includes using a match, then paper, then wood, followed by the coal. 
“An explosive composition is initiated or detonated via an explosive train. The explosive train is an arrangement of explosive components by which the initial force from the primer is transmitted and intensified until it reaches and sets off the main explosive composition. Some components of explosive trains are summarized in Table 4.5. Almost all explosive trains contain a primary explosive as the first component. The second component in the train will depend upon the type of initiation process required for the main explosive composition. If this main explosive composition is to be detonated then the second component of the train will burn to detonation so that it imparts a shockwave to the main composition.” [2]
Impetus –The impetus to begin the explosive chain this can be began spark, flame or impact as part of the ignition train. For example firing pin or electrically contact, connected to a highly sensitive explosive which will be in the primer. [3]
Primer – The first event within the chain, this is used in the ignition train to ignite the propellant powder likely to be black powder or similar, or to create the initial shockwave within the explosive train likely to be petn due to its high sensitivity but comparatively low energy in comparison to the chain. [4] due to being very sensitive this is of a very small NEQ, in order to reduce risk whilst still maintaining critical diameter and energy output to reliably begin the explosive chain. 
Booster – Part of the explosive chain to aid the transition to the main charge, made from a more sensitive material than the main charge with a high energy output to push the shockwave into the man charge, likely to be a less sensitive material such as TNT.
Main Charge – Also known as the ‘Payload’, this is typically the largest NEQ of material in the explosive chain and provides the main effect from the munition. For example TNT is usually the main filling of artillery shells which is of low sensitivity but high energy output. 
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[image: ]The fuze is the main safety device in place for an artillery rounds main fill for transport, operation and storage, designed only to detonate the payload reliably when it needs to. The components are shown in the schematic below, allowing the fuze to be set for firing, more specifically for delay, fragmentation, or detonate on contact with target.
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US Army: new rounds for 155 mm artillery - EDR Magazine



Old Chemical Weapons and Related Materiel Reference Guide (bulletpicker.com)
The author has chosen to use a US artillery shell to show an example of the explosive chain. More specifically the 155mm artillery round widely used within and outside of NATO. The US used M107, is said to be the army’s standard high explosive projectile. [5]
It can be seen through figure x, a cross sectional view of the 155mm. That it includes both an ignition and explosive train. 
Within the explosive train the M107 features; a fuze including a primer, a booster and a main charge.

Fuze – Typically a M51A5, as explained in [6], this is a multi-function fuze with the ability to be set for point detonation, delay plunger or in air fragmentation firing. It is the main safety feature for the m107 due to starting the explosive train. After the fuze is activated by these events the explosive chain begins by igniting the primer.
Primer – Black Powder which is highly sensitive to impact, flame or spark so it well suited to the application in the fuze to start the explosive train. This is due to black powder deflagrating and therefore burns to detonation. Allowing the various functions of the fuze ie delay mode to be possible. (Potassium Nitrate) - [7]
Booster – Typically a 40-grain tetryl booster pellet [8], used to be sensitive enough to be detonated by the black powder primer but provides enough energy from its detonation wave to continue the detonation wave into the insensitive main charge.
[bookmark: _GoBack]Main Charge – M107 charges are typically filled with a secondary explosive like TNT (Trinitrotoluene 2,4,6), or Composition B (a mixture of TNT and RDX, typically a wax or resin of RDX.)	
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TNT – Trinitrotoluene (2,4,6) was first being investigated prior to 1902 by British and German researchers. The Germans used TNT as their replacement for Picric acid in 1902 whereas the British continued research until 1907 to ensure its superiority to picric acid, as found in JSP 333 [9]page 20 chapter 2.  By 1914 and the beginning of WW1 TNT became the worldwide standard for artillery munitions which has remained until now.
TNT was a beneficial munition to bring in in the turn of the century, this is due to the materials needed being readily available especially within Britain as toluene can be gained through coal tar, and with a history of coal mining with England this suited.
It can be seen that TNT is toluene in the 3rd nitro group with locations 2, 4 and 6 occupied within its benzene diagram, and the name ‘Tri’ confirming this. 
The Crystal structure of TNT is shown G.R Millers’ report [10] describes that cat TNT “forms large single crystals from ethyl acetate solutions; these crystals have conical rather than flat faces”
Physical properties 
Through the PubChem documents for TNT it can be seen that the melting point is 80.1degrees C, and explodes at 240degrees C. [11]
[bookmark: _Toc140440867]Why TNT?

It is a highly efficient explosive as explained by Imperial College [12], to typically produce 1 litre of gas per gram of TNT, which is around 1000 time increase in volume. 
Within the armed forces there is a 
Cost is cheaper but new alternatives could be better but not used due to increased cost, even if outweighed by safety. [13]
By using melt casting it is easy to fill in larger quantities and reduced risk, it is also an efficient method taking around 4 hours to complete all steps of the process to fill a munition. The entire traditional TNT casting process time is 4hr 30min. [14]
Will spend most of its life for long durations being stored.
Safer handling – although carcinogenic 
Safer transport – insensitive 
Used since ww1 and 2 after being found through picrin or picric acid so well documented, Even today TNT is used as a reference value in defence and wider with kingery bulmash curves being used to compare new explosives to their ‘TNT equivalent’ due the large amount of tests that have been done to back up data about TNT for the last century. Legacy data 
Cost is cheaper but new alternatives could be better but not used due to increased cost, even if outweighed by safety. [13]
Aids the need to function and be safe and reliable, safe to store and transport and no risk of unwanted initiation and work correctly when needed.
Due to m107 having TNT which is insensitive, if it falls into the wrong hands it will be hard to set off without the other parts of the chain or similar, terrorism ect.

[bookmark: _Toc140440868]Implications or Problems with TNT
As highlighted the melting point of TNT is 80.1 degrees C. In recent theatres day temperatures can be upwards of 35 degrees, if TNT is within a large high tensile steel round such as 155mm artillery the steel can reach temperatures above 80 degrees in the day. Falling to temperatures less than zero in the desert at night. 
If melted, when cooling and re-solidifying causes the fill to be at the angle at which is it stored, which can affect the explosive chain if the material is not in direct contact. It can cause voids and cracks in the fill which again could prevent the continuation of the shockwave and explosive chain. Upon change in state back into solid fill the crystalline structure of the TNT is affected, making the crystals smaller which can increase its sensitivity. Moreover may cause the loss of hot spots. Moisture is created during this process within the fill, which could cause improper detonation within the chain.  
Moreover the TNT, when In liquid state can flow to fill into the threads of the round, being dangerous for breakdown or strip down of the munition due to the high amount of friction caused by undoing the fixings/hardware. 
The points mentioned above can lead to negative effects ballistic life of the round which cannot be checked due to not being able to take apart to check due to meltcast filling of the munition without xray or actually firing samples from different batches, this could prove dangerous due to possible impartial detonations or in barrel detonations. Similarly adiabatic heating, can cause in barrel failures or can cause increased ignition temperature of rounds such as the m107 which could cause improper detonation. All of which will cause inaccuracy, failure to fire or poor effect on target.
It can be confirmed through, [15] that the use of TNT munitions has a lasting environmental impact, effecting the land and water supplies local to areas in which they have been used.

[bookmark: _Toc140440869]Alternatives or Additives to TNT

Through research it is clear there is a wide range of alternative explosives that could be used in modern times as a direct alternative to TNT. For example a full RDX fill of a 155mm round, the rdx would produce more energy and be a more efficient detonation. The drawbacks of using this as alternative is cost, it is estimated that a TNT filled round is 1/6th of the cost of an RDX fill. Similarly TNT is still used due to the manufacture processes still readily available.
[image: ]Nitro guanidine is a well-documented alternative to TNT fill, but has its own drawback like most explosives. Upon melting it forms ammonia water vapour and solid products. This is not good for the chain. TNT can do a day temp cycle and be similar to when it was first made. [2]
To aid with diurnal cycling, rounds such as the M107 is TNT are mixed with RDX and wax, this can prevent the reduction of Chrystal size of TNT during physical state changes due to temperature, it also reduces the amount of moisture created inside the main fill during this phase. The addition of the RDX and wax can increases the performance and have increased brisance, improving the fragmentation effect of the case upon detonation.
Through reading [16], it can be seen that a Hns stabiliser (hexanitrostilbene) can be added in the melt casting process in small quantities, within the application of a M107 round 0.3% of the TNT fill is added which is around 40grams. It can be seen in this report that the addition aided the creation of more consistent crystalline structures within TNT post meltcasting. Moreover reducing the risk of the TNT’s sensitivity increasing. 
Other suitable alternatives for consideration can be found within the Kingery Bulmash or Conwep applications in terms of performance.
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The use of Insensitive main fills in charges such as TNT are a safety feature within itself, due to the reduction of accidental initiation and the difficult to actually get the TNT to detonate. Meaning the use of an explosive chain is a safety device of rounds such as the M107 155mm.
The use of a Fuze aids the safety of the device, due to its main function which is to maintain the safety of the main fill during transport, handling, storage and loading, only allowing the TNT fill to be detonated after setting of the fuse and firing. It can ensure the munition is safe and reliable at its primary function when required.
The M107 has the ability to remove the fuze for storage and transport, this creates a permanent break in the explosive train. And safety for movement of the munition.
An M107 has the benefit of a transit cap to avoid contamination of the main fill when the fuse is not fitted. This will prolong the life of the munition and ensure it works as intended. It also has a moisture trap within the design of the casing, to prevent issues caused during firing operations.
Driving band aid the safety of the crew during firing to prevent leakage of propulsion gasses leaking back down the barrel. This fills the rifling with carbon and can lead to misfires in the after prolonged use.           
                                Artillery - General Dynamics Ordnance and Tactical Systems (gd-ots.com)
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In order fulfil safety requirements and expected lifespan of the munition safe storage is critical in order to ensure correct operation upon use. The explosives regulations 2014 [17] helps to set guidelines for the safety in storage. Including preventing the M107 from being in direct sunlight which could create heat cycling of the TNT fill. Similarly the room must be temperature controlled to ensure it is not allowing the munition to get anywhere near the 80.1degrees melting temp. Humidity control is important to extend the munitions life, a humid atmosphere can cause rapid degradation of the steel casing, which is a large safety risk due to oxidisation and possible leaking of fill. It is best to store in as small quantities as reasonable practicable to reduce the overall risk, as well as removing fuzes and storing in different magazine or esh where possible.
[bookmark: _Toc140440872]Safe Transport 

A 155mm round is classed under the ADR regulations and under OME DSA03 [18]to be classed as 1.1F If transported with the fuze in place, which is reduced to 1.1d with the fuze removed. Due to a break in the explosive chain. This aids to more easy transportation with a munition that follows the principles of an explosive chain. This is due to being a secondary high explosive without means of initiation. (UN NO168) Where possible it is best to transport the fuzes separately, although allowed by ADR it would increase the safety of transport. It is best to transport the shells with the lifting eyes in place to prevent contamination of fill and to ease movement, reducing the risk of dropping or related incidents. (although low due to insensitivity). 
UN 0167 - ADR 2017 - English - PROJECTILES with bursting charge (adrbook.com)
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If transported with fuze. 



[image: ]Without fuze 1.1d. 
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“Insensitive munitions are munitions that are designed to withstand stimuli representative of severe but credible accidents.” As described in [19].

[image: ]
There is currently a large push within industry to look into alternative fills for 155mm shells to further create IM’s, with the goal to transport and store under 1.5 hazard classification group as highlighted with JSP520. [20]
In service munitions like the M107 are currently susceptible to RF which is being looked into to improve the safety of rounds, this is due to increased RF in transport via air compared to by road.
Research into safety is being improved for parts of the explosive trains, for example the big push to make detonators and primers lead free, and remove the use of materials such as mercury fulminate lead stiffnate due to its toxicity high and drive to be reduced by MOD.
Future areas for research include ram jet, base bleed artillery shells, increased propellant storage and service life, improved compatibility for transport. To be found under the NGMS [21]

[bookmark: _Toc140440874]Conclusion and Thoughts for Further Research

Overall a lot of information has been gathered in research for the preparation of this report. It can be seen that TNT is still used due to still being suitable for its application, with years of research, knowledge, testing and understanding behind it. There are some new and innovative ideas coming through to improve its effectiveness, safety of storage and transportation. It would be beneficial to look into areas in more detail due to report constraints, specifically future research as this is changing regularly as new ideas are developed, for example the new BAE 155m charge, capable of 100Km firing distance.
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