









[image: ][bookmark: _Toc139033499]Figure 1 – Remains of a munition’s storage site. [5]
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[bookmark: _Toc139034344]ABSTRACT
This report investigates the explosive train, its components, transportation, and storage of them. It remains to be seen what a valid outcome would be moving forward in the explosive world, but this report concludes various options which would see the decrease in weight, risk of ignition and storage problems. 
Many things are to be considered when trying to solve these factors. Breaking the explosive train apart until the latest moment seems a sensible way to do so but by doing this, there are many other issues that arise with various components. Some of these are addressed but not all due to a limited word count. This report scratches the surface of a very detailed and in-depth subject, should the student have had a larger word count, they would have addressed further issues with the individual components but this report does give strong indications that there is definitely room for improvement going forward.
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1. [bookmark: _Toc139034345]Introduction
In this report the student will consider what is necessary to achieve safe storage and transportation of a large calibre artillery round. To investigate this, firstly the student must understand the weapon system including the components and materials used.
The student will be assessing the components, explosive trains, storage and transportation of fixed rounds and separate loading rounds. The separate loading round will use stick propellants and the high explosive will be melt cast TNT.
Upon the findings from the above, the student will determine whether the current set up is satisfactory and suggest ways in which the system could be improved.
2. [bookmark: _Ref139032868][bookmark: _Toc139034346]Explosive Trains
[image: ]
[bookmark: _Ref139029491][bookmark: _Ref139029495][bookmark: _Ref139029523][bookmark: _Toc139033500]Figure 2 - Fixed round and Separate loading round components
[image: Ammunition | Britannica]
[bookmark: _Toc139033501]Figure 3 - A view of 3 systems broken down by part [1].
Generally, an explosive train is a sequence of events which lead to detonation and will consist of a detonator leading into a booster, then a main charge. As an example, this could be a primary explosive leading into a secondary and then a tertiary.
Figure 2 - Fixed round and Separate loading round components, shows two different rounds and their makeup. The student is taking a closer focus on the Separate loading round. 
In this case the primer will contact the igniter pad which is used to facilitate the ignition of the propelling charge. The igniter pad will usually contain a primary explosive such as mercury fulminate. This will start the explosive train. A primer is used to start the ignition train for burning/deflagration whereas a detonator would be used for detonation. The Propellant will burn and cause a release of gas, this will create build-up of pressure which will propel the projectile towards the target. The projectile follows the detonation train and will consist of a detonator which tends to be a primary explosive. That will in turn initiate the booster that tends to be a secondary explosive and the booster will initiate the main charge which would generally be a secondary explosive too. 
[image: Example of a 3-step high explosive train]
[bookmark: _Ref139029364][bookmark: _Toc139033502]Figure 4 - Basic high explosive train [1]
3. [bookmark: _Toc139034347]TNT
[bookmark: _Toc139034348]3.1. Background and Information 
TNT also known as Trinitrotoluene is a compound used in explosive work with the formula of C6H2(NO2)3CH3 and has a melting temperature of around 80°C at which point it will spontaneously detonate. [2] on the other end of the scale, the boiling point is around 240°C.
The molecular weight of TNT is 227.15 [3].

[bookmark: _Toc139034349]3.2. Melt cast TNT
In general, melt cast explosives are composed of granular explosive components. In this case the student is looking at TNT, an insensitive secondary explosive. Melt cast explosives are widely used in munitions as they have the bonus of being relatively low cost and very easy to mould/shape [4]. But as stated in the new journal of chemistry there are efforts in changing melt cast TNT and substituting in another material as the melt cast matrix in the explosive charges. This is due to its low performance (Vdet = 7300 m s−1) and security issues. Melt cast TNT is brittle and prone to cracking which leads to instabilities within the material [5].
4. [bookmark: _Toc139034350]Propellants
[bookmark: _Toc139034351]4.1. Propellant definitions
A propellant is used within a weapon system to do exactly what it says on the tin, to propel something. In the case of the separate loading round, stick propellant is used and will caused a build up of gas and pressure to then force the projectile to shoot towards the target.
There are four types of propellant.
Single based propellants: A propellant in which Nitrocellulose is the only explosive ingredient. This would usually be used in small arms ammunition. 
Double based propellants: These propellants contain Nitro-glycerine in addition to Nitrocellulose. They are more energetic than single based propellants and likely use a stabiliser such as carbamite.
Triple based propellants: Triple based contain Nitrocellulose, Nitro-glycerine and up to 55% nitroguanidine. Again, a stabiliser is likely to be used.
High energy gun propellants: This is as simple as adding RDX to simple or double based propellants.
[image: ]
[bookmark: _Ref139029353][bookmark: _Toc139033503]Figure 5 - Projectile with bagged propellant. [5]
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[bookmark: _Ref139029432][bookmark: _Toc139033504]Figure 6 - Complete round showing cutaway cartridge. [5]
In Figure 5 - Projectile with bagged propellant. [5] And Figure 6 - Complete round showing cutaway cartridge. [5] it can be seen how rounds would look with the propellant charge bags included at the back of the system. For figure 4, a BL (Breech loading) round is shown and It was a QF (Quick firing) round used for figure 5.
[bookmark: _Toc139034352]4.2. Stabilisers
Stabilisers were mentioned in the above definitions of the propellants. A stabiliser absorbs oxides of nitrogen and have the ability to dissolve in the propellant matrix. They are inert to Nitrocellulose and Nitro-glycerine. They are used due to Nitrocellulose and Nitro-glycerine decomposing slowly at normal temperatures forming Nitrogen, mainly Nitrogen dioxide. If these oxides are not removed, then it could lead to things such as auto ignition or a shortened storage life of the propellant. They play a key part in the lifecycle. 
The shelf life is usually determined not by stabiliser depletion but by the deterioration of physico-mechanical properties or ballistic performance which can render the propellant unsafe to handle or unreliable in use [8].
Sherif Elbasuney points out that conventional double-base propellants, with proper percentage of stabiliser, can offer a safe chemical life of at least 20 years [9] which indicates that measurements of the materials involved would be very important to the process.




[bookmark: _Toc139034353]4.3. Cartridge cases
[bookmark: _Toc139034354]4.3.1 Cartridge case use with propellants
The case is integral to the functionality and make-up of the system, and this is due to it essentially being the housing for the functional components and the protection from external elements. 
Examples of cartridge cases can be seen below in Figure 7 - Examples of cartridge cases.
[image: ]
[bookmark: _Ref139029340][bookmark: _Toc139033505]Figure 7 - Examples of cartridge cases.
Cartridge cases are used for the following.
· To contain the propellant
· To provide environmental protection to the propellant and primer
· The composition can be varied to aid wear reduction and extend barrel life.
Cartridge cases must be flexible enough to expand under pressure and seal the rear of the barrel, yet strong enough to remain intact at peak operating pressure. Commonly, brass is used as the material due to its good corrosion resistance.
There are downsides to using cartridge cases such as.
· An added mass to the system
· The hot components ejected from the gun are potentially hazardous
[bookmark: _Ref139031680][bookmark: _Ref139031692][bookmark: _Ref139031696][bookmark: _Ref139031700][bookmark: _Ref139031717][bookmark: _Ref139031725][bookmark: _Toc139034355]4.3.2 Potential elimination of cartridge cases
As mentioned in JSP 333 [8], although Brass cartridge cases have been used for over a decade, there has been many investigations into eliminating the use of them. One of the reasons for this is the rising cost of the material due to mineral reserves becoming depleted. Suggestions and then attempts were made to salvage some of the already used cartridge cases to recycle them but this became an expensive mission. A second reason would be the weight, Brass is a very dense material and increases the overall weight of the case hugely. This is not an ideal scenario for transportation and use when being handled by the user.
JSP 333 [8] goes on to mention three potential solutions to the changing/removal of the cartridge case. 
· Scale down the size of the cartridge (this would have effects on the range and barrel life).
· Complete removal of the metal case.
· Replace the metal case with a combustible one.
The final suggestion of a combustible case was the approach taken when designing the separate loading road. The case is fully combustible. It remains to be seen which approach will lead the way in future designs for weapon systems.
One theory was tried and tested by various companies including NASA. This is the introduction of liquid gun propellant. This could be used via the Figure 8 - Travelling charge injection system. The propellant is loaded behind the projectile and is backed by a perforated piston as can be seen in the figure.
As written by Alan Bailey and S.G. Murray [9], There are advantages to using a liquid propellant including.
· The elimination of cartridge cases
· The ease of manufacture, storage, and transportation.
· Low vulnerability of ignition by enemy fire
· Easier use in armoured vehicles
· Reduction of smoke, flash and bore erosion
[image: ]
[bookmark: _Ref139031082][bookmark: _Toc139033506]Figure 8 - Travelling charge injection system [9]
5. [bookmark: _Toc139034356]Transport, Storage, and life of the components
5.1 [bookmark: _Toc139034357].Transport
Transportation will be involved within every munition due to parts being made in different locations. They get build and travel to their destination. A safer and more beneficial way to ensure there is no chance of accidental ignition would bet to transport all parts of explosive train separate to minimise risk. When not being transported, all explosives will usually be stored in magazines.
Breaking the explosive train would include keeping primary explosives away from secondary due to their difference in sensitivity as mentioned in section 2, Explosive Trains.



[bookmark: _Toc139034358]5.2. Storage
An OME has requirements upon storage which are not limited by but include:
· Ensuring the performance of the munition remains constant under defined storage conditions for the defined lifetime in years.
· It must remain safe against accidental functioning due to impact or hot storage conditions.
· It must not emit harmful gases upon storage.
When propellant is in storage over time, it produces nitric acid, so to combat this, a stabiliser is added to mop up the nitric acid produced. The issue with this, is that it can deplete over time. 
[bookmark: _Toc139034359]5.3. Life of propellants
[bookmark: _Toc139034360]5.3.1 Chemical safe life
The chemical safe life of a propellant is the period of which the propellant is stored without the risk of it undergoing auto-catalytic decomposition. The chemical safe life is limited by the extent of chemical ageing reactions [9]. A simple breakdown of the chemical ageing of propellants can be seen in Figure 9 - Chemical ageing of propellants.
The general shelf life of an explosive can be seen below in Figure 8 - Shelf life of explosives. 
[image: ]
[bookmark: _Ref139029303][bookmark: _Toc139033507]Figure 9 - Shelf life of explosives [9]
[image: ]
[bookmark: _Ref139029795][bookmark: _Toc139033508]Figure 10 - Chemical ageing of propellants

[bookmark: _Toc139034361]5.3.1 Ballistic life
The ballistic life of a propellant is  the period during which the ballistic specification of the propellant is maintained within its original limits. This may be when you may send the propellant for training rather than in service. This is affected by three main factors:
· Rate of degradation of Nitrocellulose (The weight of nitrogen per kg, essentially what will be lost in nitrogen)
· Extent of surface migration (e.g., surface moderant)
· Changes in composition (e.g., water absorption, solvent loss)
The ballistic changes are assessed by closed vessel testing. As stated by Anique Mukhtar [8], closed vessel testing is used for the measurement and comparison of ballistic and energetic properties of propellants by the ignition of a specific sample mass.
[bookmark: _Toc139034362]5.3.3 Physico-mechanical life
The physico-mechanical life of a propellant is the period over which it may be used without presenting an additional hazard to the user. This could be due to an increase in brittleness.
The degradation of Nitrocellulose is a main cause of this, but it can be down to the evolution of insoluble gases like nitrogen, inside the larger grains also.
To determine changes in the mechanical properties, tensile tests are performed. These tests give you the tensile strength, yield strength, and ductility of the material.
6. [bookmark: _Toc139034363]TNT alternatives
To try and improve upon using TNT as a melt case explosive, one study looked at using Polynitrated azoles. Within their testing, they tried to improve the stability and energetic properties of the product [5].
Examples of a poly nitrate are, 1-methyl-2,4,5-trinitroimidazole (MeTNI)3 and 1-methyl-3,4,5-trinitropyrazole (MeTNP)4 as well as 3,4-dinitropyrazole (DNP)
[image: ]
[bookmark: _Toc139033509]Figure 11 - Melt cast explosives molecular structure [5].


7. [bookmark: _Toc139034364]Conclusion
Seemingly a replacement for trinitrotoluene would have its pros and cons. It may be possible to find some polynitrated azoles which have high positive heats of formation  due to their Carbon and Nitrogen bonds, but this would ultimately come at a cost due to TNT being very cheap. And as stated in the new journal of chemistry study [5], the other issue with the polynitrated azoles is that the nitro groups lead to increased acidity of the heterocyclic proton and this can result in problems for storage, one of the factors addressed earlier. A potential solution for this would be to perform Alkylation to increase stability but as from the above texts mentioned when this was put into practice, they did not melt before decomposition.
A study was performed at Chimia on the chemical stability, compatibility and shelf life of explosives and it can be seen in the Figure 11 - Ageing process based on stabiliser depletion [9], that the use of a stabiliser would prolong if it were to be stored at a lower temperature. Therefore, to buy more shelf life on the product and keep the detonation train in a better condition, lower storage temperatures may be beneficial. 
[image: ]
[bookmark: _Ref139030611][bookmark: _Toc139033510]Figure 12 - Ageing process based on stabiliser depletion [9]
Liquid propellant was mentioned in section 4.3.2 Potential elimination of cartridge cases. This is also another potential risk reducer and an answer to storage and transportation issues. When it comes to minimising risk when transporting the munition, breaking apart the explosive train appears to be a likely way to stop any danger of accidental ignition. From the explanation of the explosive train, how it functions and the reliance on each component to set the next off, the delivery of each separately would limit the risk.
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