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1. By calculation, determine the oxygen balance of the overall mixture and its approximate velocity of detonation.





Using the ratios of energetic materials within the mixture. The velocity of Detonation (VoD) of the mixture can be approximated:




2. Explain which of the explosives offers the highest brisance, what you understand by that term, and what you think the likely products of detonation of this mixture are likely to be. From your view of the detonation products, do you believe the composition to be more efficient than an equivalent munition containing TNT alone. 
Brisance, with regards to explosives, illustrates the shattering effect an energetic material has on objects around it. Explosives with high brisance are ideal for munitions designed for fragmentation attacks. Detonation Pressure is a key attribute to an explosive’s brisance as they are directly proportional to each other. If an energetic material has a high Detonation Pressure, it will have high brisance [1]. Using this knowledge, the Detonation Pressure of the mixture of 60% RDX and 40% TNT has been compared to pure RDX and pure TNT to determine which explosive has the highest brisance. Using the ratios of RDX and TNT within the mixture, the Detonation Pressure (DP) has been approximated for this comparison:



Comparing the DP’s of each explosive, it can be concluded that pure RDX has the highest brisance as it’s DP is the highest at 31.9 GPa.
Please see below the process that has been used to determine the products of detonation of the mixture:
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Please see below the process that has been used to determine the products of detonation for an equivalent munition containing 100% TNT:
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 


Evaluating the resultant products of detonation of the mixture and an equivalent munition containing 100% TNT, it is evident that the mixture is more efficient. This is because the mixture produces more water vapour, less carbon monoxide, more Nitrogen and less Carbon upon Detonation. The mixture produces less toxic gases into the atmosphere making it more environmentally friendly whilst still delivers the desired results. This evaluation could have been predicted by looking at the Oxygen balance of both energetic materials, as the mixture has a more positive Oxygen balance than TNT.


3. Explain the type of explosive train you would design to effectively detonate this munition, including the explosive parameters of one primary explosive you would use in the design. You must identify the minimum effective explosive properties of this primary explosive (such as density, gain length, critical diameter) to effect a successful detonation. In your chosen initiation system (shock or burn to detonation), provide a basic breakdown of a likely composition (you may use a diagram).

The constructed explosive train to detonate this munition uses shock to initiate the mixture. For the initiator, an L2A2 Detonator has been selected. This detonator uses ASA as the primary charge and a small amount of PETN as a base charge [3]. For the booster, a mixture of RDX/wax has been selected. This is because pure RDX is very sensitive to initiation by impact or friction. RDX is desensitised by coating the crystals with wax [2].
The explosive parameters of ASA are not readily available. However, as the two primary explosives that make up ASA are known (Lead Azide and Lead Styphnate) the parameters of ASA can be predicted. Please see below the explosive parameters of Lead Azide and Lead Styphnate:
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Figure 1 - Explosive Parameters of Lead Azide and Lead Styphnate

ASA is made up of Lead Azide, Lead Styphnate and Aluminum. For ease of calculations, the Aluminium has been excluded. As a result of this, the estimated figures will be lower than the true values. With this assumption in mind, the calculations have assumed ASA is made up of 70% Lead Azide and 30% Lead Styphnate [4]. Using this information, the explosive parameters of ASA can be estimated using data from figure 1. Please see below the estimated explosive parameters of ASA:
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Figure 2 - Estimated Explosive Parameters of ASA


Critical diameter is an essential explosive parameter for any energetic material. This parameter relates to the minimum diameter of an explosive charge required to sustain detonation [2], any charge with a lower diameter than this figure will not be able to sustain detonation. For the components that make up ASA, Lead Azide’s critical diameter is 0.05mm [5] and Lead Styphnate’s is 0.5mm [6]. Using the formula above, relating to estimating relevant explosive parameters, the critical diameter of ASA can be estimated. This value comes out to be 0.2mm (rounded up from the calculated value of 0.185mm). 
Another imperative explosive parameter is gain length or “run-up distance”. This dictates the minimum distance (or length of an explosive charge) for the energetic material to reach a steady Velocity of Detonation [7]. For Lead Azide, the run-up distance is 1-2mm [8] and for Lead Styphnate the run-up distance is less than 0.1mm. As Lead Styphnate is so sensitive the conditions required to reach a steady Velocity of Detonation occur almost instantly, some pieces of open literature state that there is no measurable run-up distance [1]. Using the figures for run-up distance of Lead Azide and Lead Styphnate, the run-up distance for ASA has been estimated. The estimated value is 1.5mm (rounded up from the calculated value of 1.43mm).

In order to initiate the main charge using shock, each section of the explosive train must successfully transmit enough pressure to initiate the next section. Each explosive has an initiation pressure, this is the minimum amount of pressure required to start detonation.
As the L2A2 Detonator is widely used for military applications, it can be established that the ASA primary charge successfully initiates the PETN base charge. Therefore, the calculations for initiation of the booster from the detonator will be using the detonation pressure of PETN. Please see below the calculations:






To calculate the shock transmitted to booster (RDX/wax):







As the pressure transmitted to the booster (30.71 GPa) is greater than the critical initiation pressure of RDX/wax (1.136 GPa) [9], the detonator will successfully initiate the booster.
Using the same calculations stated above, please see below the calculations for the initiation of the main charge by the booster:




To calculate the shock transmitted to the main charge (RDX/TNT):







As the pressure transmitted to the main charge (33.9 GPa) is greater than the critical initiation pressure of RDX/TNT (1.136 GPa) [9], the booster will successfully initiate the main charge.
Please see below a diagram of the device that will set off the main charge:







BOOSTER
MAIN CHARGE
INITIATOR
L2A2 DETONATOR (ASA/PETN)
RDX/WAX
RDX/TNT MIX (60% RDX, 40% TNT)


Explain how you could improve the performance of this explosive to operate as an effective grounded sea mine, including your reasons for choice of potential additives to the explosive.

To improve the design depicted above for an underwater sea mine application, the booster would be rearranged in such a way that it would “split” the main charge into two sections. The detonation train would be placed inside a metal sphere between two buoyancy chambers, similar to figure 3. 
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AI-generated content may be incorrect.]For the initiation system, instead of contact firing pins (as seen in figure 3) the new design would use a miniature sonar system to detect targets. This system would be placed on 3 sides of the mine to ensure that the sonar would not mistakenly detect the anchor for a target. This would be linked to the detonator to initiate the detonation train when the sonar system detects a target. Please see below a diagram of the proposed design:
As seen in the diagram above, Aluminium has been added to the main charge of the sea mine. This has been done due to Aluminium’s reactivity with oxygen and water. Aluminium acts as a secondary fuel that reacts exothermically with oxygen to form aluminium oxide, releasing a lot of heat. This boosts the blast radius and brisance of the charge and produces an incendiary effect to the detonation products [11].
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