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Abstract
Students attended a	trial at COTEC with the goal of safely conducting a fragmentation arena trial to identify an unknown explosive device. Methods of identification for the students were blast overpressure, fragmentation analysis, chemical swabbing and velocity foils. The device was found to be a pipe bomb made from PE-8 which was identified from list munitions. This is report 2 of 2 and dives into evaluation of methods of data capture used on this trial and potential future improvements.
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[bookmark: _Toc216722651]Introductions
[bookmark: _Toc216722652]Students from UWTSD on the OME course were attending the COTEC range on the 15th of October 2025. 
During a range day there are many tools that can be used to measure all aspects of a trial. Within the students range day we were limited to Fragmentation analysis, blast overpressure, chemical analysis and velocity foils.
This report evaluates the methods used to aid the students in identification of the munition. 
Team
The student’s range experience varied across the class mostly due to their prospective business. Businesses in attendance were BAE systems, DE&S, DSTL and DNO. DSTL and BAE systems students had a greater knowledge of trial experiences due to individual day roles. DE&S whilst being munitions-based business is more computer based and therefore hands on experience minimal across students. DNO what the least experienced at ranges due to the fact of their day jobs being nuclear and trials being a lot less common.
[bookmark: _Toc216722653]Personal Trial experience
The writers trial experience consisted of a weeklong mortar trial at COTEC. It was a base plate validation trial and consisted of over 80 mortar bombs being fired with key data captured of Muzzle velocity, muzzle blast pressure and high-speed camera footage. The trial included the setup of equipment and assembly of the trial’s hardware. This enables the writer to have an understanding of the environment and tools available for use. Another trial the writer had experienced was a 5 inch naval gun firing up in Eskmeals. This consisted of similar data being captured with addition of radar. However, the trial was set up and ran by trial staff compared to the mortar trial.
COTEC
COTEC [1] was originally an MOD site built in 1960, it was called MOD Proof and experimental establishment. It had vertical firing capabilities for artillery and recovery. In 1995 Cranfield university leased the facility for 11 years and renewed in 2006. It has many facilities making it a versatile trial site. Some of the facilities include ammunition proofing (and conditioning), Explosive qualification, UN hazard classification, IM (Insensitive munition) testing, Fragmentation arena, Flare track, bespoke trial and research, High altitude testing and disposal. 
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Above is a map of COTEC facilities, as seen above each area is separated to allow for multiple trials to be ran at once to improve the capability of site. The trial conducted for this report was conducted at the forward battery shown below. The forward battery is limited to a 10kg NEQ (Net explosive quantity) without special permissions from range control this limits what can be conducted on site.
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The forward battery has many capabilities such as live firing, high altitude testing and fragmentation arena. It was the ideal location for the trial due to the unusually high number of personnel conducting the trials.

[bookmark: _Toc216722654]Tools used
As Previously stated in the first report the tools used in this trial were predetermined by the trial officer and the University. The tooling available for this trial was blast pressure gauges, strawboards, velocity foils and chemical analysis.

[bookmark: _Toc216722655]Gauges
Piezoelectric gauges [2] were used to obtain blast pressure of the detonation event. These gauges use the Piezoelectric effect to convert mechanical stress into measurable electrical charge. Piezoelectric gauges have rapid responses and wide range which make them ideal for explosive events. These gauges are sensitive to a lack of calibration. The gauges were numbered 1,2 and 4. Gauge 3 did not exist due to previous fragging; they are not relabelled to ensure continuity.
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Strawboards are commonly used for fragmentation capture. These are boards are used as witness boards. Data collected like the penetration depth the fragmentation velocity can be calculated. The fragmentation can also be recovered for further analysis using this tool. Each board measured 105(H)x80cm(W) and each pack are 20 sheets. The boards were mounted to a frame and were placed in a 113 horizontal arc (31.4% coverage) and 15 vertical arc due to the munition being a pipe bomb and orientated upright the vertical arc was less critical to the trial compared to the grenades stated on the munition list.
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Velocity foils used in fragmentation trials to calculate fragmentation velocity. When a fragment penetrates the foil, it closes the circuit which signals back to the controls room. Form this data and the initiation data the velocity of the fragment can be calculated. The velocity foils run off a 5v open circuit and a logic analyser measures the foils state and state change.
[bookmark: _Toc217044880]General trials Notes
· Charge was based a small table and det cord were through the centre of the table
· L2A2 detonator 0.98g asa/PETN
· Height of munition table 397mm
· Weather overcast 13c
· Northeast wind
· Sample rate 250kHZ
· Conversion constant 30mV = 3kPA
· 1ms delay on data

[bookmark: _Toc216722658]Validity of each tool
Visual
Through the window of the forward battery building during the detonation black/grey smoke was seen through the window by a few students. The windows of the battery were extremely dirty and tinted. This could lead to misinterpretation on what was seen as stated by 1 of the students who could see through the window.
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Whilst piezoelectric blast gauges are commonly used industry they have some limitations, without calibrations they often drift and the setup of the gauges can have a high effect to the validity of the data. The gauges were 1m above the ground (the ground was not level) on scaffolding pipe work placed onto the concrete pad. Each connection used rubber at the joint. All the gauges were checked to be within their calibration dates before use to mitigate drift as much as possible.
The first gauge (1m) during the detonation event was struct by fragmentation which meant the data produced from the gauge was not adequate for analysis. This indicates a lack of gauge protection. The gauge should’ve been more heavily protected or moved further away from the detonation event.  
All the gauges were affected by ground shock [3], this is a seismic stress wave transmitted though the ground from the blast pressure. This can affect gauges that are in contact with the ground. This in turn creates noise in the data as the gauge is vibrated. 
The gauges not being hard mounted to the ground is a positive for data validity, the connection between the ground and the gauge are friction based which means the ground shock is primarily able to travel through the concrete without affecting the gauges set up. The rubber on each joint further dampens any energy transferred from this [4].
 However, due to the density of the concrete pad the shock wave travels faster then the blast shock wave traveling through the air. This means it can create a false initial wave however this wave diminishes faster than the blast wave travelling through the air. This causes the gauge at 1m to be affected the most and the effect decrease as the distance increases.
The gauge at 1m will experience the most violent forces of the 3 gauges. Due to this it despite the mitigation in place the effect. The gauge set up will experience vibrations from the ground and the blast pressure attempting to push the pole over. This would be shown in the data however the fragmentation strike has meant the data is unsuitable for analysis.
The gauge 2m from the detonation point will experience less forces form the first gauge. At this distance the gauge will experience less vibrations from the ground but still substantial enough to be observed in the results creating noise in the results. The pole will experience a pole whip. This is where the point at which the gauge is connected lags behind the base creating a low frequency wave like a sine wave in the pressure plot. The rubber connections will dampen the chatter of metal on metal.
The gauge at 3m the gauge is the most isolated from these effects. The Gauge should produce the most accurate results of the 3. The noise shown in the results was likely due to the blast pressure causing the pole to sway. 
Another noise factor within the trial site was not ideal for measuring the blast pressure. The ideal trial site would be an open arena with little objects for reflection and obstruction. The COTEC trial site contained the battery building, cinder blocks, containers and other construction components. These objects and the concrete ground create points of reflection. As the pressure wave hits an object the reflected pressure wave travels faster than the initial pressure wave. The gauge 3m away from the detonation point was closest to the pile of cinder blocks which is why it experienced the noise.
[bookmark: _Toc216722660]Strawboards
Strawboards are commonly used in fragmentation trials due to the ability to recover fragmentation and dat such as the penetration depth to calculate the fragments lethality. Straw boards are stacked sheets of compressed fibreboard, this means they have specific storage conditions that must be kept to as the structure can deteriorate. Due to being manufactured from fibreboard the boards are Porus [5]. The boards were found at COTEC to be unprotected from the environment, and the day was damp meaning the boards had absorbed moisture into the structure.  This in turn will affect the structural integrity of the boards and affect the data collected.
Strawboards are data rich method of data capture. The straw boards recover the fragmentation which allows for the fragmentation to be chemically analysed, average fragment mass, fragment shape and impact zone. These characteristics allow for munition identification for designed (Preformed) fragmentation or natural fragmentation. The fragmentation collected was observed to be natural and aligned with the average mass of the pipe bomb. The Fragmentation could also be observed to hit the strawboards in a band [6] which was a strong indication of a pipe bomb over a grenade which wouldn’t have impacted the boards in a band. A mortar bomb fragmentation tends to have larger fragmentation as the base and finer fragmentation towards the fuse end.
Due to the strawboard packs being 4 sets of flat surfaces imitating half a semicircle around the detonation point, the penetration depth by layers cannot be used as final as if the fragmentation hits the board at an angle it would have penetrated more depth, then if it had struck perpendicular to the board. 
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The strawboard packs once attached to the frame, students observed some gaps between each, this would allow for fragmentation to be missed when it was assumed that the 113 degrees was covered.
Straw boards are reliable methods of data capture however they are laborious to set up and gather the data after the trial. Each board must be individually analysed for each fragmentation depth and mass, and which extends the time until the data is available for analysis.
Another limitation of the board despite the board being softer than the fragmentation the fragmentation can break on impact making obtaining average fragmentation data difficult. To gain data for velocity and lethality the theoretical equations  don’t always account for the real-world variables such as the fibreboards intake of moisture affecting the structure and fragmentation breakdown. 
Some alternatives for straw boards are Chip boards which are cheaper but aren’t as tightly tolerances and properties such as knots and the grain will affect the structure of the board. The improved option is to use aluminium sheets. The structure isn’t affected by climatic conditions unlike the strawboards. Aluminium sheets also have greater consistency making theoretical equations more accurate and reliable. There sheets are more expensive to purchase though then fibreboards and have less prehistoric data for comparison.

[bookmark: _Toc216722661]Velocity foils
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Velocity foils are cost effective way of obtaining fragmentation velocity data. The foils when penetrated by fragmentation the circuit is completed. This is calculated using the distance travelled and the time. The velocity foils were placed on the surface of the strawboards at a set distance of 1.2m. Each straw board had 3 velocity foils placed on the surface. This coverage left a lot of potential data without a method of capture. Velocity foils are regarded to only be able to reliably give data for the first fragmentation impact; this meant due to using a few large velocity foils the only a small percentage of fragmentation strikes were recorded giving a small window of knowledge. Furthering this the cables ran from these velocity foils were laid on the floor which as previously discusses due to the nature of the concrete pad the cables would be affected by the ground shock creating potential for noise.
Due to the munition being a pipe bomb the blast waves are altered compared to a natural blast wave. The wave will expand in a parallel to the ground and outward like a circle and the perpendicular expansion to the ground more restricted. This means that the flat surfaces in the strawboards used to replicate a circle affects the distance the fragment has travelled compared to a fragment directly in the centre. This will affect the fragment velocity outcome. The velocity foils used were the make screens rather than break screens, this is a positive because break screens are more affected by soft debris (environment). 
The best ways to improve this set up would be to improve the coverage of the straw boards in velocity foils. This would enable a greater data set to be obtained. Use of a high-speed camera can be used in conjunction to confirm fragmentation strikes over soft debris but also be used as another effective way of calculating fragmentation velocity. 
Cables
Cables whilst not providing any new data to the trial are vital to the trial. These cables not only transport the data from the gauges and foils to the control room. But also send the signal for firing from the control room to the munition. Therefore, these cables need to be protected from fragmentation and isolated from interference. The Gauges used BNC Cables and were ran through a port in the wall of the control room, each cable was labelled at both ends to ensure no mix up of gauges. I beams and sandbags were used to cover and protect these cables as they were at risk of fragmentation and therefore data loss. No cable suffered from fragmentation strikes in this trial.
The velocity foils used data cables to connect the foils to the logic analyser in the control room. 
The cables were run along the floor together; this could lead to inter cable interference. Furthermore, the cables can be affected by the ground shock. This occurs due to the different densities of the cable affecting the transfer of the shock creating concentrated stress spots. This also means that the cable and ground move and stretch at different rates under the shock wave. This movement can damage the cable; this movement of the cable affects the cables impedance which create further noise. 

Theory
The data captured by the methods above are useful however are often use in conjunction with theoretical equations for analyse of different characteristics. Such as the depth of penetration and fragment mass these measurements can then be used to calculate lethality and fragmentation velocity. These equations are useful however don’t directly correlate to real world results due to variables missing. 
Chemical analysis
The trial area once the detonation had occurred was then chemically analysed. A few students were given swabs and key areas were swabbed. The table leg found away from the main trial area was swabbed, below the detonation point and the front face of strawboards. These swabs were rubbed onto the intended area and then bagged to prevent contamination. Then mixed with fresh acetone before analysing on the FTIR machine is conducted. Acetone was used due to its high solubility and high volatility. 
Personnel
On the range there was a mixture of experience amongst the students. Due to the range in business attending the course some students primarily from DSTL and BAE Systems had a greater experience of trials compared to students from DNO and DES. To combat this range of knowledge the students were split into groups with varying experience.

Additional Data capture methods?
Another analysis method to help identify the munition would be analyse the material of the fragmentation. Each munition would have specific traits from the casing material.
A method of analysing the fragmentation at the trial site to give a initial indication of the fragmentation type would be to use a magnet to test the magnetism which would identify ferrous metals such as steel and cast iron which would be represented in most artillery or mortar bodies. Non- ferrous metals such as Aluminium, copper and tungsten would suggest warheads, shape charges and armour piecing rounds.
This is a simple experiment to identify the potential material from a list of material density. The process consists of weighing the fragment and placing the fragment in water and measuring the amount of water displaced (Fragment volume). From this the density can be calculated and compared to a list of known material densities. This is simple and cost-effective way of identification however it is limited to materials with known density. 
For more specific identification of the materials and exact compositions are possible but requires more expensive equipment. There are a few methods of identification in the field.  One method is a Handheld X ray Fluorescence [7]which is handheld device which points for 30 seconds at the fragment and gives a read-out of the element detected. This device would identify grades of material which can be used to identify the exact munition used.

[bookmark: _Toc216722663]Overall conclusion
Overall, the types of data capture used were suitable for a university range day, the application of some methods could be improved for accurate results. The addition of fragmentation analyses using density would be an ideal addition to the methods used.  If this was a more critical task to identify the munition with an extended budget there would be more data capture methods suitable for this application such as the X ray fluorescence. 
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