ACDA5010-Principles of OME-Exam-9th July 2020
Student Number-1810348

SECTION A

Question 1) Distinguish between combustion, deflagration and detonation and detonation of a high explosive.

ANSWER
Combustion is the process of a material releasing energy in the form of heat and the production of a gas, for example petrol which is a fuel combines with oxygen in the air and when exposed to an ignition source such as a spark the hydrocarbon chain reacts with the oxygen and releases CO2 and H2O as it’s products.

Deflagration is the process in a material where the combustion propagation through the material allows the material to burn away rapidly, for example unconfined gunpowder when lit with a match produces a deflagration combustion reaction

Detonation is a super-sonic combustion process through a material where a shockwave travels through the material at a speed equal to or greater than the speed of sound in that material. For example high explosives such as RDX are detonated in such a fashion.

Question 2) What is the mechanism of a deflagration-to-detonation transition in an explosive?

ANSWER
A deflagration to detonation transition is where the combustion reaction speeds up and builds up energy within the material from sub sonic to super sonic speeds. Such a transition can be induced through the use of partial confinement of an energetic material or through the use of geometry changes. Such a reaction can be problematic in systems such as solid rocket motors where if the combustion process isn’t controlled or the material has defects a deflagration to detonation reaction may occur.

Question 3) Blast and fragmentation are lethal effects of a high explosive munition. What design changes can vary the relative effectiveness in a munition of fixed external size such as an artillery round?	

ANSWER The use of an engineered fragmentation ring and knotching within the casing to allow the fragmentation to fragment in a pre-designed size. The use of a different energetic fill which may provide more or less brisance depending on the application. Different design of geometry of casing and fragmentation components such as using an ogive as opposed to cone or adding a convex or concave radius to the cylindrical body of the munition. Use of reactive materials in the fragmentation fragments such as zirconium and magnesium. Use of different materials to reduce wall thickness of casing.

Question 4) Distinguish between primary and secondary explosives. What is the purpose of a booster explosive in a munition?

ANSWER A primary explosive is a material which is very sensitive to initation stimuli such as spark, friction, impact or heat. Primary explosives can burn readily and in many cases can burn to detonation. A secondary explosive is a material which requires a greater amount of energy to detonate it and won’t initiate readily when exposed to heat or other stimuli, but they can burn in the case of C4. A Secondary explosive will only detonate when enough of an insult is provided to it normally through the use of a primary explosive. 

The purpose of a booster charge in a munition is to ensure that enough energy is provided to the main charge from the detonator. It is part of the explosive train of the munition. This is required because the detonator isn’t powerful enough to initiate the main charge that is used but may be enough to detonate a small amount of another more power explosive which in turn is powerful enough to detonate the main charge.

Question 5) Why are the propellant grains in some gun charge systems perforated with several holes? 
ANSWER The perforation in propellant grains is there to provide a larger surface area for the reaction to take place on. A larger surface area allows for a faster reaction. Some gun systems have many hundreds of thousands of propellant grains in their cartridge. The small particle size of each grain coupled with the larger surface area provided by the multi tubular design allows for a sufficiently quick reaction to propel the projectile out of the barrel.

Question 6) A typical pyrotechnic flash composition consists of a mixture of powdered aluminium and potassium perchlorate. What changes in the properties of the mixture might result from varying the particle size of the fuel?

ANSWER Varying the particle size of the fuel, in this case the aluminium, will result in a number of changes. The first could be the reaction time in that a smaller particle size will allow for a faster reaction, a faster reaction time could also lead to a brighter flash to be observed. A larger particle size would result in a slower reaction and a duller flash to be observed. A change in reaction speed would also have a change in the duration the effect would last for. For example an illumination flare needs to be visible for a longer period of time than a tracer round from a gun.

SECTION B

QUESTION 1) Sketch and describe the phenomena resulting from the detonation of a blast warhead detonating in air, and the variations that result with changing altitude and distance from the ground. What design characteristics of the warhead are important for maximising the effect on a target? 
Describe the phenomena observed after a detonation underwater, and likely effects on the target.
What, briefly, are the advantages and disadvantages of air blast/fragmentation warheads?	
ANSWER
[image: ]
[image: ]
The two images above are graphical depictions of the phenomena that occurs from a blast warhead detonating in air. The top image shows the static and dynamic pressure that is experienced. It shows that the point of initiation there is a significant overpressure, the static pressure then begins to decay and a dynamic pressure is induced in this decay, the static pressure continues to decay until it becomes a negative vacuum pressure and then pressures begin to normalise. The second image shows the effect of altitude on an air blast weapon. The weapon is initiated above ground and a blast wave propagates, as the wave comes into contact with the ground a reflected wave is generated, when these reflected waves meet the original blast wave they combine together creating an even more destructive wave exhibited by the mach stem. A mach stem is likely to form when the height of blast is greater than 10m/kg3 (I think, my notes are a little dodgy on this fact). A change in altitude will have a change on the formation of the blast wave, for example the atomic weapon dropped on Hiroshima wouldn’t have been as destructive if it was initiated too high above the city as a mach stem may not have been generated, the same could be said for if the weapon were initiated on the ground. There are a number of design characterisitcs that need to be taken into account for the design of an effective air blast weapon. For example the type of explosive used, High explosive materials do a good job of providing enough energy and creating a blast however the use of a thermobaric or a fuel air explosive could increase blast pressure significantly over that of conventional high explosives. Another aspect is the casing material. A lighter case material would allow for a greater blast effect to be observed however this may affect the durability of the weapon when being handled or transported to target. 

A detonation wave underwater presents a number of phenomena. The effect of the surface of the water for an underwater blast is similar to the effect of the ground in an airblast in that the blast wave can reflect off the surface. The pressure produced by an underwater explosion creates a bubble that oscillates which can cause significant problems for underwater and surface targets. The seabed also has an interaction with the blast wave as well as the surface and can create a bulge to a shockwave as it travels through water. The figure below shows what happens in water after an underwater explosion.

[image: ] 
 Likely effects on target after an underwater explosion may include injury and death if it’s a human and they are in the water. Ships compartments may be damaged, even catastrophic failure if directly below a ships keel. Submarines may be disabled if strong enough blast.

Air blast/fragmentation weapons have advantages and disadvantages with them. Advantages include the fact the weapon is omni directional and can be used to destroy a large target such as an aircraft or ship or multiples of. They are cheap to produce especially if unguided and of simple well understood construction and materials. Their disadvantages is also the fact it is omni directional in that if a precision hit is required it isn’t the tool for the job. Distance and altitude from target may present problems in the effectiveness of the weapon and this must be tuned to environment of use and the weapon itself and its intended target. Increased collateral damage is another disadvantage in that surroundings may be damaged to a level that isn’t desirable.

QUESTION 2) Sketch and describe the design and performance characteristics of the two most common forms of directed energy warheads. Outline the important design characteristics, the requirements placed on the explosive filling, and the effect on performance of the distance from target at the moment of initiation
ANSWER The two most common directed energy warheads are the conical shaped charge and the explosively formed projectile.[image: ]
The diagram above shows a conical shaped charge. The shaped charge is initiated and the blast wave through the HE fill is shaped by a wave shaper, this is to ensure the blast front is uniform. As it travels through the HE fill it contacts the apex of the cone first and starts turning the cone inside out into a jet which is travelling at a significant speed. The pressure and temperature in the explosion make the jet perform in a molten or plasma like way however there is dispute over this until it can be proven. 
The second form of directed energy warhead is the explosively formed projectile shown below.
[image: ]

 The cone has been replaced with a dish and the waveshaper has been removed. When initated the dish is pushed inside out and forms a slug which moves at a slower speed than the jet created by the shaped charge.
Both weapons have to have a standoff distance between the cone/dish and the target, this is so that the jet or slug can form properly before impacting the target.
Both weapons have similar design considerations that need to be taken into account. In the case of a shaped charge the cone angle, cone diameter and standoff of the weapon all need to be taken into account. The cone diameter dictates the amount of stand off required and the cone angle dictates the length of jet generated for penetration of the target material. These are also true of EFP’s. 
Material choice is also a consideration and will have an effect on the target effect. Ductile materials are preferred and copper is used widely due to this and its temperature conduction characterisitics under high pressures and temperatures. Ceramics can also be used as shown in the photograph below (Students personal collection of trinkets) [image: ] 
The photo shows an EFP formed by the bottom of a glass wine bottle. Standoff for the weapon was 13cm (1.5 cone/dish diameters) and the slug completely penetrated the 20mm plate and mate a indent in the 10mm plate that was behind it. 
Geometry must also be considered such as cone angle and dish radius, the above photo was generated by a glass bottle that had a geometry that was a hybrid between that of a shaped charge and an EFP.
Explosive fill is also a consideration. The fill must be in intimate contact with the cone or dish and must provide enough energy to form the jet or slug, RDX/wax based explosives are commonly used in this application, they must be of uniform type and density to provide the best effect. 
Spin is also another aspect of a shaped charge particularly in its deployment from distance. High spin rates reduce the effectiveness of the shaped charge, Weapons such as PG-7 are fin stabalised but with a small rotational stabalisation through flight to the target. 
Methods of defeating shaped charges are available, the one employed on various tanks is the use of explosive reactive armour where an explosive charge on the tank is initiated when struck by a shaped charge weapon and disrupts the formation of the shaped charge, bar armour is also employed and shorts out the electrical circuit that would initiated a shaped charge weapon. 
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