Scientific Principles of OME Design – Calculation Question
 
A warhead designer has been asked to create a cylindrical warhead from PBXN-109, which must provide a blast and fragmentation effect for use against armoured fighting vehicles and accompanying infantry. Only static trials on the warhead are to be conducted initially to prove concept and lethality.

They are told that the launch platform cannot accommodate external warhead dimension greater than 280 mm length by 155 mm diameter. The case thickness should be uniform (10 mm), with pre-formed etching to generate fragmentation of the size (10 mm x 10 mm x 10 mm). The case should be made of mild steel, with centre-rear means of initiation. 

Using the data in the table below, calculate the following (showing all your working): 

1. The mass of the explosive charge (c)
2. The mass of the warhead case (m)
3. The initial fragmentation velocity (Vo) for a static warhead
4. The beam angle for the static warhead
5. The slant range required to defeat an armoured personnel carrier

	Variable
	Units
	Remarks

	 D -  PBXN-109
	7480 ms-1
	

	
	1700 kg m-3
	

	
	7860 kg m-3
	

	
	1.225 kg m-3
	

	 (109)
	2560 ms-1
	

	TNTe (109)
	1.66
	

	Drag coefficient
	1.6
	Cube face on tumbling

	KED APC
	100 J mm-2
	

	M
	kg
	Mass of case

	C
	kg
	Mass of charge



Equations required:

Initial fragment velocity:       


Taylor Angle:

Fragment slow down velocity: 

But, do you know how to take natural logs to make S the subject of the formula?

Density Equation: 

Kinetic Energy Density Equation: , where A is in mm2


Solutions:

1. What is the mass of the explosive charge? The case thickness is 10 mm, therefore the diameter of the explosive charge would be 0.135 m (155 mm – 20 mm = 135 mm). Therefore, radius is 0.0675 m



Therefore,  m3

Therefore, mass of charge =  kg

2. What is the mass of the warhead case? This equals the volume of the entire cylinder minus the volume of the explosive

m3

Therefore, mass of case =  kg

M/C = 1.47, so it is a fragmenting munition by the looks of it.

3. Initial fragment velocity



 ms-1


4. Beam angle. To do this answer justice, you need to represent the angles with a clear diagram. I have provided an example below. Remember to calculate the beam angles at A and B, then add them together. If you know it is a 90 degree angle then say so in the question – words such as “Angle A is 90 degrees, therefore the cosine of 90 degrees = 0, therefore theta at A is 0 degrees.
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A        

B      o

Therefore, beam angle = 0 + 6.74 = 6.74o

5. Slant range to defeat an APC must be > 100 Jmm-2. In this question you MUST use the KED equation to determine the critical velocity Vs, then substitute it into the slowdown equation. See below. If you don’t know how to take natural logs, I have shown this step as well.


Jmm-2 

1 m2 = 1000 x 1000 = 1,000,000 mm2

Area of fragment = 0.01 x 0.01 = 0.0001 m2

Mass of fragment = 7860 x (0.01 x 0.01 x 0.01) = 0.00786 kg

Therefore, ms-1












AND, IF THE EXAM WAS TO TEST YOU, THEN WHAT ABOUT CENTRAL INITIATION OF THE CHARGE?

If this is the case, go back to the diagram and place the initiation point in the centre. As per the classroom notes, draw lines to the extreme edges and work out alpha and theta. They will be different. In this case alpha is (tan-1 (77.5/140)).


[image: ]

A         6.11o

B      o

Therefore, beam angle = 6.11+6.11 = 12.22o

Let me know if you have any problems.
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