


1. Abstract

A visit to the Cranfield Ordnance Test and Evaluation Centre (COTEC) was organised to make use of their facilities and to gain an understand of how an OME Trial would be conducted under “real world” conditions. Whilst there, an unknown device was detonated and based on the data obtained, the Operator was to determine the nature of the device and the Energetic Material (EM) filling used. An Analysis was performed, the data was analysed and a Conclusion reached.
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1. Introduction

Prior to the Trial taking place, several potential options of device were highlighted and they are as follows: 

	
	NEQ
	Case Weight
	Total Weight
	EM Filling
	Fragmentation Mass (Avg)
	Fragmentation Drag C
	Fragmentation Velocity

	Mk83 Munition
	225kg
	229kg
	454kg
	Comp B
	115g
	0.82
	1950m/s

	M67 Grenade
	185g
	213g
	398g
	Comp B
	2g
	0.5
	1674m/s

	RGD5 Grenade
	110g
	200g
	310g
	TNT
	0.3g
	0.5
	1567m/s

	81mm Mortar
	760g
	1.334kg
	4.15kg
	TNT
	1.75g*
	1.6
	1734m/s

	RPG7
	730g
	1.6kg
	1.975kg
	HMX
	0.1g
	1.4*
	1831m/s

	155mm Shell
	11.50kg
	31kg
	42.55kg
	Comp B
	2.1g
	1.87*
	1551m/s

	Pipe Bomb
	264g
	417g
	681g
	PE8
	0.83g
	1.6
	2047m/s



The Fragmentation Mass of the 81mm Mortar and Drag Coefficients of the RPG7 and 155mm Shell were missing and so have been estimated from external sources; the RPG7  and 155mm Drag Coefficients were taken from studies performed in the US, with 155mm Coefficient being an average of supersonic fragmentation: (0.76+2.98)/2 = 1.87 [2] and the RPG7’s Coefficient of 1.4 was estimated from a Velocity Chart for Mach 4+ Fragmentation [1]. Mass of 81mm Mortar Fragmentation was also an estimation, a Trial performed by the Spanish MOD [3] showed that most Fragmentation collected ranged between 0.5g and 3g so it is reasonable to assume a median measurement: 1.75g.   

The Staff at COTEC informed the Operators that a 10 Kilogram NEQ limit was in place, which instantly disqualified the Mk83 Munition and 155mm Shell from consideration. Therefore, only the Pipe Bomb, M67, RGD5, and RPG7 could be the unknown device. 

1. Experiment Conditions

To obtain the necessary data, a small-scale Arena Trial (illustrated by Figure 1) was set up consisting of a 50cm raised platform that the Device shall be placed on, double-layered Fragmentation Packs, three Pressure Gauges placed linearly at varying  distances from the Device and Velocity Foils. The data from all of these components are needed to determine the nature of the Device.
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Figure 1 – Completed Trial Layout

Fragmentation Packs are compressed packages of Cardboard that are designed to “catch” high-speed Fragmentation without damaging any pieces of ejected material, this ensures that Fragmentation is preserved un-altered and can be accurately measured and analysed. These were placed in two Packs thick and one Pack high and banded to steel support struts, this was done to eliminate the threat of over-penetration; high-velocity Fragmentation may have had sufficient energy to piece through one Pack but it is unlikely that two would be penetrated. Packs were also labelled so that any recovered Fragmentation could attributed to a specific area of the Device’s detonative arc. 

Attached to the Packs are Velocity Foils, shown in Figure 2 ,which are  placed under constant electrical current and are designed to be broken by Fragmentation. In so doing, the circuit is broken and flow of electricity will cease and indicate the Velocity of the impacting material. Similar to the Packs, these are also labelled so the reading from each Foil can be attributed to their location relative to the Blast’s epicentre.
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Figure 2 – Velocity Foils fitted to Fragmentation Packs

The final critical component of the Trial are the three Pressure Gauges placed 1, 2 and metres from the detonation epicentre as shown in Figure 3. Commonly, an internal Piezoelectric crystal converts the Kinetic Energy of the Blast Wave into a measurable Electrical Signal, or a built-in diaphragm provides constant Electrical Resistance and the change in pressure from the Blast Wave bends the diaphragm and alters the Resistance, resulting in a change in Voltage proportional to the Blast Pressure [4]. These Gauges were placed at varying distances from the epicentre to measure how the Blast Wave dissipates and to ensure accuracy of captured data.

Based on what it already known about OME, it is hypothesised that Blast data obtained will not be as “smooth” as previously studied idealised examples due to atmospheric and equipment Noise, and that Fragmentation obtained will consist of many small high-velocity pieces and fewer large relatively low-velocity  Fragments.
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Figure 3 – Blast Gauges

1. Experiment Results

The Device was successfully detonated and data from the Blast was gathered. Without consulting results from the Foils and Gauges, it was observed that the smoke generated was dark in colour, indicating a negative oxygen balance which rules out Nitroglycerine based EM which would generate white smoke.

Also observed was a Fragmentation Strike on the closest Blast Gauge as shown in Figure 4. As such, any data obtained cannot be considered reliable and can be ignored during the Analysis phase. Figure 5 shows the Fragmentation pattern of the Device, as no downwards-facing penetrative hole was observed at the Blast’s epicentre, it is unlikely that the Device used was a Shaped Charge and thus the RPG-7 can be discounted from consideration. The Fragmentation also appears to have mostly spread amongst the lower Foil positions which implies that the Device is cylindrical as a rounded device would show a more consistent spread pattern, the staff at COTEC confirmed this hypothesis by informing the Operators that the Device was indeed cylindrical.
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[image: ]Figure 4 – Destroyed Blast Guage
Figure 5 – Fragmentation Pattern

Fragmentation obtained from the Blast, as shown in Figure 6, appeared to have a reddish hue, implying that the Casing for the Device was Copper based, possibly Brass or pure Copper. However, this is likely material from the Velocity Foils that has “bonded” to the Fragments as they pass through the Foils and it would be impossible to determine what material the Fragments are until cleaned in a laboratory. 
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Figure 6 – Fragmentation obtained from the Blast


1. Analysis of Results

[image: ]A large quantity of Data was generated from the sensory equipment used and additional Chemical information was provided using Fournier-Transform Infrared Spectroscopy (FITR) analysis. 
Figure 7 – Cleaned Fragmentation

The collected Fragmentation was collected, cleaned in Acetone and measured, as shown in Figure 7. Post cleaning, the hypothesis of a Copper or Brass casing being used was proven to be false, the Fragments are clearly Steel which would imply that the Device is not the 81mm Mortar as most consist of a Cast Iron Casing with Aluminium Tail section [5], neither material is present in the collected Fragmentation. The Fragmentation is also Natural rather than Pre-Formed, thus leaving only the Pipe Bomb, M67 and RGD5 as potential options.

Considering the Pressure Guage Data, Figure 8 shows the obtained results and as expected, the data from Guage 1 is completely unusable due to the Fragmentation Strike.  Figure 9 is the same data but Gauge 1 has been removed and shows an initial Pressure of ~450KPA with a secondary Pressure of ~660KPA. As the Device was only suspended 50cm from the ground, Ground Shock was expected to occur. However, as the Device has been established as cylindrical already, the large spike is explained by the Device being Fuzed from the top: the Shockwave is moving through the EM downwards and a majority of energy is being directed into the Ground not unlike a Gun Barrel and subsequently reflected.
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Figure 8 – Raw Pressure Guage Data
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Figure 9 – Refined Pressure Guage Data



Moving onto the FTIR Data, testing of the collected Fragmentation indicated Peaks at 3070 cm-1, 1600 cm-1, 1040 cm-1 and 1270 cm-1 as indicated by Figure 10. 
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Figure 10 – FTIR Data

	Chemical Bonds
	Wavenumber

	O-H
	3650 – 3590

	N-H
	3500 – 3300 , 1650 - 1590 , 900 - 650 

	=CH-H
	3100 – 3070 , 1420 – 1410 , 900 – 800

	=C-H
	3100 – 3000 , 2000 - 1600

	C-H
	2900 – 2700 , 1440 – 1320

	=-CH3
	2880 – 2860 , 2970 – 2950, 1380 – 1370  

	O-H
	2700 – 2500 , 1320 – 1210 , 950 – 900

	C≡C
	2140 – 2100 

	C=O
	1750 – 1700 

	C=C
	1600 – 1500 

	C-N
	1340 – 1250 

	C=N
	3400 – 3000 

	C-O-C
	1200 – 1180 

	N=O
	1360 – 1290 

	-C-H
	770 – 730 


Figure 11 – FTIR Reference Chart

Cross-referencing these Wavenumbers with Figure 11: an FTIR Reference Chart shows a strong presence of C-H bonds at 1600 cm-1 and 3070 cm-1, N-O Bonds at 1600 cm-1, C-N Bonds at 1270cm-1 and 1040cm-1. All of these factors indicate that the EM used is RDX based which rules out the M67, RGD5 as these use a TNT-based Fill therefore the only viable selection from the provided list is PE8. Further evidence to this claim is indicated on the far left of the Data is a “hump” at 3500 cm-1 which indicates the presence of a Plasticiser and this is also shown by the FTIR Test Results in Figure 12 and out of the remaining options, only PE8 has a plasticiser in the mixture [6].
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Figure 12 - FTIR Test Results

1. Conclusions

Based on all the evidence obtained during the Arena Trial, the Device used was a Pipe Bomb using a section of Steel Pipe as a Casing, likely a scaffolding pole as these are freely available and relatively cheap, both useful features to any hostile actors looking to manufacture Improvised Explosive Devices on a local level. The reflected Ground Shock also indicated that the Pipe was not sealed either; if it were, such a large secondary Pressure would not have been observed and instead a majority of Pressure would have vented from the open top as the Blast Wave would take the path of least resistance. 

The FTIR data also revealed that the Filling was PE8 due to Wavenumber figures showing presence of Plasticiser in the EM and is also the only material that is both a Polymer Bonded Explosive (PBX) and contains RDX.  This exercise has been useful to outline how unknown Explosives can be identified based on Evidence and process of elimination as well proving that “real world” data is not as straightforward as those studied under ideal conditions.
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Experimental vibrational frequencies [cm~'] Description of the normal modes of vibration Comments

3075 CH stretch (s) Strong
3066 CH stretch (a) Strong
3001 Plasticizer Weak
2930 Plasticizer Weak
1738 Plasticizer Weak
1593 NO stretch Strong
1574 NO stretch Strong
1533 NO stretch Strong
1460 H-C-N bend (a) Strong
1434 H-C-N bend (a) Strong overlap
1390 C-N stretch Strong
1351 C-N stretch Strong
1312 N-N stretch Strong broad
1269 C-N stretch Very strong
1233 C-N stretch strong Overlap
1218 C-N stretch Strong overlap
1040 C-N stretch Strong
924 0-N-0 bend Strong broad overlap
882 N-N-O bend Medium
843 N-N-O bend Medium
783 N-N-O bend Strong
753 Ring distortion Medium
604 Chair type ring distortion Medium overlap
590 Ring distortion at carbon atoms Medium overlap
461 Ring distortion Weak

410 Ring distortion Weak




