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1.0 [bookmark: _Toc219496156]Introduction to the Trial
The objective of the trial was to determine an unknown explosive device using fragmentation and blast data gathered from an arena trial setup using different methods including straw board packs, make velocity foils and pressure gauges. 
As the trial was blind, the students were given a list of potential explosive devices that could be being used. A range of methods were employed to determine what the ordinance could be. 
With the students having varying degrees of trials experience, they spread themselves out evenly so the teams were generally working to the same level.  The teams worked independently to set up the four elements used, but there was only one shot taken and the data was shared between the cohort.
The arena and equipment were set up by the students (see below).  Each of the four teams set up one part of the trial. 
· Straw board packs
· Make foils
· Pressure gauges
· Cables

[bookmark: _Toc219496157]1.1 Test Configuration and Setup
[image: ]
[bookmark: _Toc219496078]Figure 1 - Trial Set Up

As shown in the above picture, the four straw board packs were arranged in an arc around the explosive device at a distance of about 1.5m, each straw board pack had three velocity foils arranged vertically. The three pressure gauges were set at a perpendicular to the direction of blast so that they could read the pressure wave as it passed across them, they were also set at equal distances (1m, 2m and 3m) so that a wave form could be assumed. The cables were coved by steel girders and sandbags to reduce the chance of stray fragmentation breaking the cables during the explosive event.
[bookmark: _Toc219496158]1.2 Measurement techniques
[bookmark: _Toc219496159]1.2.1 Straw Board Packs 
[image: ]
[bookmark: _Toc219496079]Figure 2 - Straw Board Pack
Strawboard is standardised in accordance with DEFSTAN 93-59 (26) [1] which outlines the guidelines for the consistency and structure of the board.  It’s measured using the Mullen Test.  This is a measure of total hydraulic pressure expanding a diaphragm [2].  The strawboard is commonly used to measure shell fragmentation, angle of impact and to assume velocity of projectile via inertial calculations.
[bookmark: _Toc219496160]1.2.2 Velocity Foils
[image: ]
[bookmark: _Toc219496080]Figure 3 - Velocity Foils on Straw Board
A very thin sheet (approx. 0.5mm) sheet of copper in a comb dovetailed together that when hit by a fragment imparts an electrical impulse which is connected via cables to a data recorder.  Once the fragment hits the sheet and breaks the foil the data recorder measures the time the impact took place compared to ignition, thus records the velocity of the fragment via speed/distance/time as the distance from the device is known. The foils used in this trial were copper but other studies have shown that a range of materials are used in trials with similar success such as aluminium.  AEP-55 describes the use of aluminium foils for similar tests. [3]

[bookmark: _Toc219496161]1.2.3 Pressure Gauges
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[bookmark: _Toc219496081]Figure 4 - PCB Sensor [4]

Placed perpendicular to the blast wave, pressure gauges work by measuring the force across the face of the sensor.  The sensor housing is shaped like a dinner plate to allow the wave to pass smoothly over the surface disrupting it as little as possible. The gauges are placed at one metre intervals so that the estimation of the blast wave can be created as it gives the user an idea of how the wave changes over distance whilst ensuring minimal interference between sensors. The above diagram of a PCB Pressure Sensor shows how the gauge works internally [4].
[bookmark: _Toc219496162]1.2.4 Cables
[image: ]
[bookmark: _Toc219496082]Figure 5 - Cables with Protection
Cables were used to connect the sensors together and transport the data to the data recorder so the results could be analysed.  The cables were protected by steel girders which covered the vast majority of the lengths.  Sandbags were placed over the connections to ensure there were no holes through which fragments could pass.









[bookmark: _Toc219496163]2.0 Results
[bookmark: _Toc219496164]2.1 Foils Data
	Pre-Fire Settings

	Foil No.
	Foil ID
	Location of foil
	Distance from charge stand to center of foil (m)

	1
	1F-A
	Frag pack 1
	TOP
	1.46

	2
	1F-B
	
	MIDDLE
	1.3

	3
	1F-C
	
	BOTTOM
	1.3

	4
	2F-A
	Frag pack 2
	TOP
	1.41

	5
	2F-B
	
	MIDDLE
	1.4

	6
	2F-C
	
	BOTTOM
	1.4

	7
	3F-A
	Frag pack 3
	TOP
	1.52

	8
	3F-B
	
	MIDDLE
	1.4

	9
	3F-C
	
	BOTTOM
	1.4

	10
	4F-A
	Frag pack 4
	TOP
	1.5

	11
	4F-B
	
	MIDDLE
	1.4

	12
	4F-C
	
	BOTTOM
	1.4


[bookmark: _Toc219496177]Table 1 - Pre-Firing Foil Information
	Post Fire Results

	Apparent # of Strikes
	Initial Strike Time from Trigger (ms)
	Additional Strike Time from Trigger (ms)
	Additional Strike Time from Trigger (ms)
	Additional Strike Time from Trigger (ms)

	2
	4.5953
	6.95548
	 
	 

	1
	1.71048
	
	 
	 

	1
	1.72476
	
	 
	 

	2
	2.07088
	3.15038
	 
	 

	2
	1.76334
	1.79764
	 
	 

	3
	1.7305
	1.76032
	1.7996
	 

	0
	2.65346
	 
	 
	 

	1
	1.78502
	 
	 
	 

	2
	1.76556
	1.7938
	 
	 

	1
	2.6625
	 
	 
	 

	1
	1.7422
	 
	 
	 

	0
	1.7822
	 
	 
	 


[bookmark: _Toc219496178]Table 2 - Post-Firing Foil Information
Table 1 shows the number of foils and their location in the arena set-up as well as giving information on the exact distance between the explosive device and the centre of the foil.  This is important information to have as it will allow the students to determine the velocity of the fragmentation. In table 2 details on the apparent number of fragments that hit the foil and the time step of the initial strike on that foil as well as subsequent strikes.  From this data we can see that more fragments landed on the left-hand side of the arena giving the impression that the device was initiated from the right-hand side.  In most cases, the fragments took approximately ~1.7ms to travel from target to foil.  The time between the earliest and latest trigger signal was ~0.32ms.  From this we can determine what the average velocity of fragment was using the speed/distance/time equation. The average distance to the charge was 1.4m and the average time to first impact for the fragments was 1.94ms.
1.4m / (1.94ms/1000) = 721.65m/s
[bookmark: _Toc219496165]2.2 Pressure Data
	Time (s)
	Gauge 1 (1.009m)
	Gauge 2 (2.075m)
	Gauge 3 (3.090m)

	-0.080000000
	0.1203
	0
	-0.066393

	-0.079996000
	0.10311
	-0.040245
	-0.066393

	-0.079992000
	0.10311
	0
	-0.066393

	-0.079988000
	0.085926
	-0.020122
	-0.082991

	-0.079984000
	0.10311
	0.020122
	-0.066393

	-0.079980000
	0.10311
	-0.020122
	-0.066393

	-0.079976000
	0.1203
	0
	-0.066393

	-0.079972000
	0.10311
	0
	-0.066393

	-0.079968000
	0.10311
	-0.020122
	-0.066393

	-0.079964000
	0.10311
	-0.040245
	-0.066393

	-0.079960000
	0.10311
	0
	-0.049795

	-0.079956000
	0.1203
	0
	-0.066393

	-0.079952000
	0.10311
	-0.020122
	-0.066393


[bookmark: _Toc219496179]Table 3 - Pressure Data
[image: ]
[bookmark: _Toc219496180]Table 4 - Pressure Graph
Table 3 shows a snapshot of the data collected from the pressure gauges and which gauge it relates to.  In total there were exactly 20,000 data points for each individual gauge running at an interval of one data point every 4µs (microseconds).

Graph 1 is the collation of all of the data collected in the extended version of table 3. The colour of the line is associated a different gauge, yellow relates to gauge 1, red relates to gauge 2 and subsequently blue relates to gauge 3. The results from gauge 1 appear to be anomalous as the readings fluctuate between peak output in both the positive and the negative. This was most likely caused by a piece of fragmentation hitting the housing causing ringing that affected the results gained. 
[image: ]
[bookmark: _Toc219496083]Figure 6 - Hole in Gauge Housing
Because of this, below is a depiction of the graph with gauge one removed so that the data can more easily be interpreted.
[bookmark: _Toc219496181][image: ]Table 5 - Pressure Graph without Gauge 1

It can now be more easily seen that the pressure wave reaches gauge 2 before gauge 3 with a larger peak (~440kPa).  This shows that the pressure wave gets smaller the further from the target it gets. A better understanding could be gained if the data from gauge 1 was valid.
[bookmark: _Toc219496166]2.3 Strawboard data 
[image: ]
[bookmark: _Toc219496084]Figure 7 - Fragged Straw Board
The results gained from picking the strawboard yielded 90 fragments of varying size with a total mass of 74.5g.  The average fragment mass was 0.826g, this is significant as in ballistics fragments over 0.5g are generally considered as effective as they retain enough kinetic energy to penetrate light armour and skin. Figure 8 shows that the frag was not pre-formed as they were in long strips.  This suggests the munition was likely cylindrical in shape.
[image: ]
[bookmark: _Toc219496085]Figure 8 - Example of Fragment
[bookmark: _Toc219496167]3.0 Conclusion
· Mk 83 Air dropped munition – this was ruled out as the effect witnessed was not consistent with one of a size of this munition.
· M-67 grenade – this was discounted as the fragmentation was shown as not pre-formed.
· RGD-5 Grenade – this was also discounted due to the number of fragments and the fact that they weren’t pre-formed.
· 81mm Mortar AR-M81 – The thickness of the fragmentation shows that this is not a viable option as the casing of the mortar is significantly thicker than the fragments collected.
· RPG PG-7VL – This was a potential match but in final analysis between other experts and the author this was determined not likely to be the munition as the explosive fill would not produce a pressure wave consistent with the results seen because it’s not as high of a peak pressure as seen in the results.
· 155mm – This is not likely to be the munition as the size of charge is greater than the data suggests, and the average mass of fragmentation is quoted as 2.1g whereas the data shown an average fragment mass of 0.826g.
· Pipe Bomb – All of the data suggests that this was the munition due to the size and nature of the fragmentation as well as what was seen in the pressure data.

[bookmark: _Toc219496168]3.1 The Gurney Theory
This may not be an accurate model for the trial undertaken as the Gurney Theory struggles with non-linear acceleration and three-dimensional expansion. The shortcomings with this theory don’t lend themselves to practical applications due to the non-ideal nature of trials so is more suited for theoretical scenarios.
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