OME Level 4 Examination 2020 – Questions and Model Answers


Question 1
Distinguish between combustion, deflagration and detonation and detonation of a high explosive.
(5 marks)
Answer
Combustion : Release of energy without great change in pressure.
Propagation by thermal conductivity and hot gas permeation
Deflagration : Violent combustion with release of hot gas and flame
Detonation : Propagation of reaction by means of a supersonic shock wave within the material.

Question 2
What is the mechanism of a deflagration-to-detonation transition in an explosive?
(5 marks)
Answer
Combustion of the explosive releases heat which passes into the unburned explosive by conduction and/or convection. Thermal expansion and perhaps pressure from unvented combustion products can compress the explosive causing further heating. With certain explosives these processes can raise the temperature to the ignition temperature in advance of the combustion zone therefore increasing the rate of combustion and of pressure rise. The pressure wave can transition into a shock wave sufficient to ignite the explosive and travel at the speed of sound in the material. The violent combustion (deflagration) transitions to a detonation.



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?
(5 marks)
Answer
Selection of explosive.
Mass ratio of case to explosive. Thicker case means less explosive, usually larger fragments, and reduced blast effect. Thinner case means smaller but perhaps more and faster fragments and greater blast effect.










Question 4
Distinguish between primary and secondary explosives. What is the purpose of a booster explosive in a munition?
(5 marks)
Answer
All these types of explosive detonate.
A primary explosive detonates very readily from impact, friction, spark, etc., and must be handled with great care, and used in small quantity. A secondary explosive provides the required effect in a munition. It may be used in large quantity to produce that effect, so it must be safe to handle under reasonable precautions. A booster explosive must be safe to handle, but is more sensitive than a secondary, initiates more readily from a primary, and in modest quantity can initiate a secondary. Its incorporation on the initiation train allows greater reliability with minimal quantity of primary.




Question 5
Why are the propellant grains in some gun charge systems perforated with several holes? 
(5 marks)
Answer
The rate of gas evolution from a solid pellet decreases with time as the surface area decreases, so the propulsive effect decreases with time. Perforation provides an additional combustion surface which increases in area as burning proceeds, maintaining or increasing the rate of gas production, and allowing more rapid acceleration of the projectile.


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?
(5 marks)
Answer
Fine powder has a larger surface area to volume ratio than coarse powder. A fine powder heats more rapidly than a coarse powder from the same heat flux. Compositions containing fine powders therefore tend to ignite more readily, burn more vigorously, and react more violently than those with coarse particles. 










Question 7
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?
(35 marks)
Answer
A sketch showing the progress of the blast wave indicating the static and dynamic curves, and the positive and negative phases. 
Detonation near the ground causes reflected shock waves which enhance the effect and produce a Mach stem increasing in height with distance. Damage results from shock due to impact of the shock wave, and the more prolonged pressure of the dynamic wave which can cause greater movement. At high altitude blast effects diminish rapidly because of the low air pressure.
Choice of explosive is important. Aluminised explosives are preferred because although the reaction of the metal with oxygen is very energetic, it is slow relative to the detonation process and occurs largely with the gaseous detonation products (water, carbon monoxide, carbon dioxide) increasing the energy of the blast waves.
The mass ratio of case to charge is also important. The higher it is the more energy is required to rupture it and the less is available for the blast wave.
Fuel-air warheads can be very effective, but are more complicated to produce. The fuze must trigger a double stage detonation. The first ruptures the case and disperses the liquid fuel to mix with the air. The second, very soon later, ignites the fuel/air mixture which produces the required effect. The peak pressure is usually lower than that from a solid charge, but the duration of overpressure is much longer.
Underwater, a fast shock wave travels (faster than in air) from the detonating warhead. Near the seabed it is augmented by a positive reflected wave, near the surface it is diminished by a negative reflection.
Water is not very compressible, so the gaseous detonation products are confined in a bubble which alternately expands and contracts. The oscillating bubble tends to move towards any solid surface and can eventually collapse onto it. Target damage is initially due to vibration, but the final collapse can rupture a hull.
Blast/fragmentation warheads are relatively simple to construct. A significant disadvantage, however, is that when detonated outside a target much of the effect (blast, fragments) is wasted and collateral damage is usually undesirable. Internal detonation has an essentially omnidirectional effect and may be very effective although indiscriminate.



Question 8
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.
(35 marks)
Answer
The two forms are the Explosively Formed Projectile (EFP) and the Shaped Charge (SC). They both rely in the pressure of the detonation wave through the explosive with which they are in intimate contact to deform and accelerate them to very high velocity.
Both types consist in essence of a cylinder of high explosive with an appropriate metal enclosure at the end (called the liner) remote from the point of initiation. The immense pressure of the detonation wave compresses and deforms the metal with a result which depends on its initial shape.
The liner of an EFP warhead is essentially a smooth dish. On firing the pressure more or less inverts the dish as it ejects it from the warhead case. The projectile is essentially a blob of metal travelling at very high speed which is capable of perforating fairly thin armour.

[image: D:\Work\Swansea\images\Images - Doig\EFP p55.bmp]EFP

The liner of a SC is usually simply conical. It collapses towards the axis and ejects as a jet travelling at perhaps 10 km/s which is capable of penetrating several times its initial diameter of steel.

[image: design - SC - jet and slug schematic copy]



Good performance, particularly of the shaped charge, requires axially symmetrical collapse of the liner. This requires high axial symmetry of all the components of the munition. The explosive must be initiated on the axis, and the explosive filling must be uniform in composition and density to ensure an axially symmetrical detonation wave
The liner must distort symmetrically without fracturing. SC liners are usually of copper alloys.
The tip of the jet (originating from the tip of the cone where there is maximum HE/metal ratio) travels fastest and the jet elongates in flight eventually breaking up into droplets which probably do not fly directly in-line.  The penetration depth into the target is much reduced.


Question 9
Describe the processes occurring during the launch of an artillery projectile. Give examples of different types of propellant charge system and their advantages and disadvantages. Give examples of the processes other than translation of the projectile that absorb the energy of combustion.
(35 marks)
Answer
The system consists of an igniter, a propellant charge, and the projectile. 
The charge may be contained within a metal cartridge case which is fastened to the projectile (fixed charge system) so that the entire system is loaded into the gun as one.
Alternatively, the projectile is separate from the charge system and is loaded on its own. The charge is contained within a combustible container and one or more charges are loaded behind it (incremental charge system). The increments are not all the same, and must be loaded in the correct sequence (base charge, increment 1, increment 2, etc.). This gives a more convenient result (perhaps equal increases in range per increment) than would be found with constant mass increases.)
The fixed charge system is more robust and less likely to be affected by damp storage for example. However, the muzzle velocity cannot be changed and the range can be varied only by gun elevation.
[image: a3] (example)
The incremental charge system allows greater variation in angle of attack: the same target may be hit at different angles (and different speeds) with different increments of charge. For repeated engagements at short distance smaller quantities of propellant are consumed leading to reduced gun wear, but increased propellant waste due to unused increments which cannot be used and must be scrapped. 
[image: gun - charge - 155mm HOW US M3A1 copy]        [image: gun - charge - 155mm HOW FH70 copy](examples)
On ignition, the propellant burns, the pressure in the breech rises initially at constant volume. At some point the projectile starts to move and accelerates along the barrel. Combustion ceases (“all burnt”) while the projectile is accelerating along the barrel.
Acceleration of the projectile is the most important use of the combustion energy. Excessive acceleration must be avoided because of the danger of “set back” of the explosive charge leading to ignition by adiabatic compression and in-bore explosion.
[bookmark: _GoBack]However, probably most of the energy is released in hot combustion products following projectile exit. Significant amounts contribute to heating the projectile and gun (leading to lifetime concern), and to mechanical work such as rotation of the projectile, engraving the driving band, recoiling the weapon, etc..
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