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BEGIN EXAM QUESTIONS HERE!

SECTION A
ANSWER ALL QUESTIONS

Question 1

What are the 5 principal factors that affect the performance of a warhead? 
[2 marks]



Describe what is meant by isotropic and non-isotropic propagation?  

[3 marks]

Question 2 

Describe how blast is affected by altitude. What changes would need to be made to a blast warhead operating against fast-moving targets at 100 metres altitude compared to the same fast-moving target at 15,000 metres? Assume that the designer does not want to change the distance at which the proximity fuze would function at either altitude.    
[5 marks]

Question 3

A tungsten alloy long rod penetrator (density 17000kgm-3) is fired against a sloped monolithic sheet of RHA (density 7850kgm-3), whose vertical thickness (t) is 0.5 metres. The angle of strike of the penetrator () is 40o to the normal.  

[image: ]

1.    Calculate the actual thickness of armour (l) that the penetrator must defeat.   
[2 marks]

[bookmark: _Hlk98758721]2.    Assuming the impact is hydrodynamic, and the penetrator is 53.5cm in length, use a suitable equation to determine if the penetrator will defeat the RHA target.
[2 marks]
	
Question 4

Describe the two principal methods of damage that can be inflicted upon a floating vessel when an explosion occurs underwater.
[3 marks]

Why does adding aluminium to an underwater explosive improve performance?   
[3 marks]

Question 5

Sketch a typical pressure-time curve for an explosion in air and annotate representative time periods of effect. Describe the nature of impulse and its importance in inflicting damage upon a target.
										
[5 marks]

Question 6


What is meant by the ballistic life of a gun propellant?  
[2 marks]

What are the factors that influence the ballistic life of a gun propellant?   
[3 marks]



SECTION B
ANSWER TWO OUT OF THREE QUESTIONS

Question 7

You have been tasked to design a ‘non-such’ munition to defeat a modern main battle tank. The armour of the tank is thought to be composite, comprising unknown layers of RHA, ceramic plates, and spall lining. The glassis plate, turret and sides of the tank are protected by ERA and an active protection system is evident. The tank is tracked, not wheeled, and the belly armour is flat.

Describe the methods by which a tank such as this could be defeated, and the types of lethal mechanism that could be considered. For each lethal mechanism considered, explain their advantages and limitations.


[35 Marks]



Question 8

a.	Define what is understood by the term ballistics. On a diagram, identify the important parameters of internal ballistics and explain what is required to move a spin-stabilised projectile from breech to muzzle exit. 

[10 Marks]


b.         Describe the difference between single, double and triple-base gun propellant in respect to composition, ballistic performance and grain design.  Define what is meant by progressive, neutral and regressive burning rate and the effect of a grain shape on propellant performance. You may use labelled sketches and diagrams to support your answer.     

								
[15 Marks]


c.	Describe the types of additives that a gun propellant may require to extend storage life, reduce barrel wear, and muzzle flash.   

					[10 Marks]


Question 9

a.	A cylindrical fragmenting warhead is involved in a fire on a lorry following an accident. The warhead is RDX/TNT and burns to detonation. Given the following information, calculate the initial fragment velocity (Vo):

	Gurney Constant
	Mass of Explosive (C)
	Mass of warhead casing (M)

	2700 ms-1
	12 kg
	8 kg





										[5 marks]



b.	The warhead is pre-fragmented, with each fragment a 10mm steel cube (density of steel 7850 kgm-3). Estimate the fragment slow-down (Vs) at a distance of 100m from the explosion.

The following information is provided:




Where:

Cd = drag coefficient for fragment = 1.6
Density of air () = 1.225 kgm-3
S = distance from point of detonation
A = area of fragment
M = mass of fragment 

 							
										[8 marks]

Explain how the answer may change if the fragment geometry were changed to that of a sphere of diameter 10mm.


                                                                                                        [2 marks]

										
c.	The explosion has happened so quickly that the immediate area has not been cleared effectively. A car, 100m away, is struck by the fragmentation. Given that the kinetic energy density required to penetrate the car is 6 Jmm-2, will the fragmentation enter the passenger area?
 
										[6 marks]


d.	Describe the five goals of IM compliance and how it could be achieved for a warhead such as this.						
										[14 marks]
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