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Abstract

The aim of this report is to understand the importance of critical diameter and critical density in relation to successful detonation. The critical density would be calculated through various graphs and other factors would be calculated via equations and formulas. The report will also cover the difference between an unconfined explosive and a confined explosive, as these will give difference results due to the directional forces. 

Introduction

The report shall discuss products and outputs of HMX whilst also outlining the reasonings for the diameter and density for the explosive used, therefore showing an understanding of the theoretical and practical applications and functions. Whilst HMX is one of two of the explosives in this report the other substance is Lead Azide, typically used in detonators or primary explosives. Each substance will have a critical density and diameter , whilst also having various equations to show the outputs and oxygen balance of these explosive substances. The various equations would be Oxygen Balance, Velocity of Detonation, Detonation Pressure and the maximum and minimum charge diameter and density. 
Within the report there will also be descriptions and diagrams/graphs showing the correlation to diameter and density, whilst also using diagrams to show the difference between Primary and Secondary explosives. There will also be a small description on boosters and what booster the writer would use in the explosive train detailed below, with real world applications as well as the functional charge critical diameters and densities.


Explosive Trains

Within the OME industry a constant has been kept no matter how advanced or basic explosives get, this would be the need for an explosive train. Whether the explosive train comes in the form of a binary explosive or a simple detonator and a ball of Plastic Explosive, there has always been a need to have an initiator and a main fill charge. For this reason, there must be a minimum size which is needed to produce enough activation energy to propagate the main fill/explosive. For example, if you had an L2A2 Electric Detonator with 0.01g worth of primary explosive in it and 0.5g of secondary explosive it would not give off an idealistic detonation. 
The main difference between Primary and Secondary explsoives would be that Primary explosives are much more sensitive than your typical secondary explosive. Primary explosives function at an extremely low sensitivity range, this is measured in Newtons. An example of how little force is needed to detonate a Primary explosive is Lead Azide (Pb(N3)2 , which can be detonated with as little as 0.1-1 Newton of force. A secondary explosive is something which is needing a primary explosive or an outside stimulus to function, this stimulus is most commonly a Primary explosive or a variant of a thermal runaway from an Electric Bridge wire Detonator (EBW). 
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With the two types of explosive you can form an explosive train, this can either be done simplistically or in a complicated way. This is usually due to the requirement or the given effect from that munition, for example a 105mm shell will have a fuze which would house a “detonator” or a primary composition which will be armed after a certain amount of centrifugal force has been applied to the fuze. After this has occurred then the fuze would be armed, therefore ready to detonate. The primary explosive would then detonate and propagate the booster charge, which in turn ignites the main fill. 
Fuze
Booster
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A booster is what helps propergate the main fill and does this by having a lower activication energy which in turn helps detonate the main fill by achieving that activation energy for the main fill, for an artilery shell it is usually RDX/TNT mix.

Secondary Explsosive 
 
The secondary explsoive chosen is Cyclotetramethylenetetranitramine, more commonly known as HMX. HMX is a widely used secondary explsoive in many different munitions like nucluear systems, plastic explsoives and rocket propellant. 
HMX is made by being a by-product of the manurfacture of RDX. HMX is closely related to RDX not just in mixture but also in its chemical properties. HMX shares a very similar melting point at 257-280 degrees celcius for HMX, it also has a TNT equivalance of 1.50 this means it is better than TNT by a fair margain. HMX’s oxygne balance works out to be -21.622 (3.d.p) , 
 = -21.622 . 

HMX has many other properties which are important when choosing explosives for tasks. Activation energy is a very important factor for the secondary explosive, as you need enough energy to activate or in this case propergate the main fill. This is typically done by having the primary in the explosive train give off enough energy to function the secondary. HMX’s activation is 220E/KJ mol-1 . 
Primary Explsoive 
Lead Azide is a widely used primary explosive which is highly sensitive with a sensitivity of 0.1-1 Newton of Force to activate, many primary explsoives are highly sensitive. Lead Azide has a TNT equivalance of 0.16, where TNT is 1.00. IT has a power index of 12.80, these values are to be expected to be lower than those of secondary explosives due to the TNT equivalance being so little, the values are lower due to the lesser power. 
The primary being discussed has an activation energy of 160 E/KJ mol-1, lower than a secondary explsoive but as a primary it will have a lower activation energy as it is more sensitive to outside simtuli. These outside stimuli are usually: heat, friction, light and impact or ESD (Electrical Static Discharge). The oxygen balance for Lead Azide is -5.49.  Every primary explsoive is typically used in detonators or as said above fuzes, however there is some discussion about wether or not PETN is a primary explsoive as it is widely known as a secondary explsoive in industry but referanced as a primary due to its sensitivity. 
Activiation energy is an important factor in using explsoives as you have to make sure there is enough energy to break apart the bonds which are holding the chemical bonds toegther.
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The above shows how activation energy working to create that explosive reaction. 

Critical Density and Diameter 
Critical density and diameter are the main factors that go into building an explsoive charge. This would determine the pressure given off and the heat of detonation, whilst also showing the weight of explosives needed to achieve the right pressures and affects. One of the aims for this report is to show the understanding of the critical density of the chosen secondary and primary explosives and then put them into an explosive train that functions correctly. For this report there will be an example and diagram of the explosive train discussed.
The critical density of HMX WAXED is 1.10 g/cm-3  [2]. This would give a detonation velocity of 9110 ms -1 (REFERANCE) , so if a detonation velocity of 18220 ms-1 was needed the density of HMX would need to be at least 2.20 g/cm-3.The critical diameter for HMX Waxed is 6.0<Dc7.O mm [2]. A key factor when trying to calculate the density of an explosive would be the compactness of the HMX, as when you make up an explsoive charge you would not want to have large air bubbles as it will affect the detonation and pressure given. However, in manurfacture there is a large amount of microscopic air bubbles in the explosive which help the detonation process. The miscroscopic air bubbles will help create hotspots within the substance which will detonate as they are sqaushed and carry on the detonative process, this concept is carried through to any explosive. 


Pressure builds up creating hotspots 




The critical diameter for HMX will increase the detonation velocity due to HMX being a heterogeneous explosive, this means that the chemical substance will not detonate perfectly but will lose more energy behind the detonative wave rather than in the wave. The critical density of Lead Azide is 3.14g/cm-3 [1, p. 290], this gives off a detonation velocity of 4500ms-1 [1]. This again would increase dependant on the pressure or density needed. Unconfined the explosive would be affective but would need more substance to give off the needed pressure, but when confined there is less pressure needed as the energy will reflect off the walls of the container and increase in pressure. The critical diameter of Lead Azide is 0.4-0.6mm [1, p. 290] .
With these two explosives in mind there can be theories to what will happen when the two mix and how they can be detonated. In industry there are many different ways to detonate a secondary explosive, some safer than others. One way is to have the lead azide confined in a detonator and it then placed into the secondary explosive, this can be either done by having the HMX in a bag or on a plate/ bare floor. This will then create an explosive train which can be detonated by Electrical Static Discharge (ESD), friction or heat. However, an explosive train doesn’t need to be a detonator it could be a small pile of primary substance that is mixed into the secondary explosive powder, this would then be detonated by heat or friction as they could be the most likely stimuli to be closest to those substances; this could be a deflagration  to detonate where the pressure increases to that over supersonic levels. If both explosives are confined then less densities are needed due to the pressure and heat being retained in the confined space, this for a primary substance is typically in a L2A2 electric detonator which is encased in a thin metal container (contained) which provides a guide for the pressure and heat. The secondary would be contained in a plastic or metal container which would do the same as the detonator or shown below.
 








The above shows the arrows indicating the pressure building up within the confined space. 
The explosive train designed is combined with a booster charge, which is made up of a smaller amount of HMX waxed [1]. 

				Booster
Main Charge
Detonator 
Lead Azide: 
Diameter: 1.2cm 
Density: 6.28g/cm-3
DV: 9000ms-1




HMX Wetted:
Diameter: 70mm 
Density: 110 g/cm-3
DV: 91,100ms-1 
HMX Wetted: 
Diameter: 24mm 
Density: 4.40g/cm-3
DV: 36440ms-1












This would be a confined explosive train.

Conclusion
Overall, the density and diameter of an explsoive charge is essential to the output and the function of the explsoive train. This is due to the charge either being to big and not getting an idealistic detonation or in some cases the main charge/secondary explsoive is burnt up when the detonation reaches its peak pressure. This pressure peak is shown as an example on the below.
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This shows the instant peak of when the detonation is at its highest pressure as it is instantanous. It is also important to functionally get enough activation energy to break the chemical bonds of the booster or secondary explosive, primary gives that to the secondary. The critical density and diameter are immensely important as covered by this report but also are different as each explosive chemical will have a different diameter or density due to how it is confined or unconfined or if it has wax in it or not.
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