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[bookmark: _Toc219646479]1.0 Introduction
In the field of Ordnance, Munitions, and Explosives (OME), diagnostic tools such as strawboard, pressure gauges, and velocity foils serve as foundational components for characterising explosive events. These materials and instruments allow engineers to quantify the lethal effects of munitions, including fragmentation distribution, blast overpressure, and shockwave propagation.  As described in CW 1 [1] there were three tests used in the experiment to determine what the explosive device may have been in an arena trial conducted by students. 
It is important to know how each of the different experimental data capture techniques that are used and what information they provide to enable the whole picture to be seen.  In the world we currently live in with the heightened terrorist threats and development of new HME (Homemade Explosives) it is important to have the access to trial equipment and to be able to expand knowledge and experience to react to the developing future threats.
[bookmark: _Toc219646480]1.1 Strawboard
Strawboard is a compressed paper-based material historically used as the standard witness capture medium for fragmentation trials.
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[bookmark: _Toc219645082]Figure 1 - Strawboard
In arena trials munitions are placed within a semi-circle of strawboard panels. The fragments penetrate the boards, and the Depth of Penetration (DOP) is measured to estimate the fragment's energy absorption and terminal velocity based on historical calibration standards. These historic standards are calculated through the internationally recognised Mullen Test.  The Mullen Test is particularly significant for characterising "capture materials" like strawboard. It provides a baseline for a materials’ physical integrity and its ability to resist localised force [2]. 
It provides a reliable record of fragmentation pattern spread and allows for the physical recovery of fragments for post-test analysis. Its effectiveness is currently hampered by rising costs and limited availability, as it is often produced by a single manufacturer. 
Since the 1960s, strawboard has served as the primary capture medium for assessing munition fragmentation in arena trials. Its established calibration allows researchers to reliably determine fragment velocity by measuring the depth of penetration (DOP). While strawboard was historically affordable and widespread, recent political and economic shifts have severely restricted its availability and increased costs. A study undertaken by COTEC (Cranfield Ordinance Testing and Evaluation Centre) evaluates more sustainable and cost-effective alternatives based on NATO ARSP-03 guidelines, which prioritise factors such as availability, environmental impact, and performance in explosive environments. 

	Material
	Thickness range (mm)
	Density (kg/m³)
	Precursors

	Strawboard
	3.7
	2.72
	Good quality recycled paper

	MDF
	4
	500–1000
	Wood residuals ground in a steam environment and combined with wax and a resin binder

	MDF
	6
	500–1000
	Wood residuals ground in a steam environment and combined with wax and a resin binder

	MDF
	18
	500–1000
	Wood residuals ground in a steam environment and combined with wax and a resin binder

	Underlay
	4
	33,850
	Various, including wood chips, plant fibres, softwood flakes, sawdust, paper. Pressed into resin boards as with MDF

	Plywood
	8
	580–620
	Thin sheets of 90° laminated wood, held together with starch paste or glue

	Chipboard
	9
	620–640 ±5%
	Small wood particles mixed with resin and pressed under high heat and pressure to form a rigid board

	Bamboo
	4.8
	500–800
	Most commonly grown in Southern Asia, very hard outer surface

	Hardwood
	3
	10,656
	Treated panels of plywood; soluble constituents dissolved out, increased lignin content producing grainless hard board

	Polyvinyl Chloride (PVC)
	2.9
	700
	Thermoplastic

	Polycarbonate
	3.8
	120
	Oil-based plastic, transparent, fully recyclable

	Plexiglass / Perspex
	5.8
	1180
	Polymethyl Methacrylate (PMMA), acrylic-based recyclable plastic



[bookmark: _Toc219644288]Table 1 - Strawboard Alternatives Data [1]

Burnability – This is important as the burning rate of the material should be kept as low as possible.  The risk of fire should be kept to a minimum and should be controllable.
Calibration – The materials used should be the same and made to a specific standard so tests and results can be reliable.
Cost – As multiple firings might be needed the cost should be kept as low as feasibly possible.
Availability – There should be no issues with the supply chain.
After testing ten potential materials against criteria including density, burnability, and ease of handling, Medium Density Fibreboard (MDF) was discovered to be the favoured alternative. MDF provides a similar capture performance to strawboard but at approximately 75% less cost, with significantly more availability [1]. 

[bookmark: _Toc219646481]1.2 Pressure Gauges
Pressure gauges in OME are essential for measuring the air overpressure and impulse generated by an explosion.
In the munitions trial undertaken by the students in CW1 the pressure gauges we arranged in a line perpendicular to the blast wave at intervals of 1m (1m, 2m, 3m). The blast caused a pressure wave which is measured when the wave front passes the face of the gauge. The Piezo-electric pressure gauge is able to detect the force of the wave going by sending a reading to the data logger which produces a graph for the user to see. From this graph a wave shape can be assumed as well as the speed of the wave when combined with the data from multiple pressure gauges. A number of gauges have to be used together as the gauges only measure a single point in space meaning the more gauges used, the greater the understanding of the wave form.  The pressure sensors are places on a rubber mat to reduce the effect of ground shock as this can affect the results collected. This is important because waves move quicker through the ground than in air due to the greater density of particles [4]. 
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[bookmark: _Toc219645083]Figure 2 - Pressure Gauge
The effectiveness of pressure gauges relies on the number of gauges used.  In order to get a fuller picture, one would need to use at least three gauges which is costly and takes time to set up. Due to their multiple usage abilities once they have been purchased, they can be reused but if they get hit by a fragment or break, they are circa £1000 each to replace [5].  
Assumptions are made on the complete wave shape as the pressure wave can only be measured in a 2D plain due to the arrangement of the gauges.  This can lead to inconstancies when compared to modelling and other graphical data collection techniques. 
Although the drawbacks are minimal there are some other methods and techniques that can be used for measuring blast waves and understanding the reactiveness of explosives.
Hypodermic Needle Gauges are used for quick, accurate measurements of blasting pressure at the nozzle or through hoses to check for pressure loss in industrial blasting applications. In OME and industrial blasting hypodermic needle gauges are used to measure the pressure directly at the nozzle. 
Specific air over-pressure microphones sense low-frequency peak pressure levels (typically 100dB to 148dB) during quarrying or large-scale blasting and can be used for measuring pressure, though this is not commonly used in an OME setting. In the field of Ordnance, Munitions, and Explosives, air overpressure microphones are specialised sensors used to measure the peak positive pressure produced by an air blast wave during detonation. These microphones record air blast as a noise reading in decibels (dB) or Pascals (Pa). Overpressure microphones typically use a linear frequency weighting (e.g., 2Hz to 250Hz) to capture low-frequency concussions that occur below the human audible range. Microphones are typically sensitive from all angles but are often oriented toward the blast source to minimize interference from reflections [6]. 
In a paper written by Diaz and Rigby [3] they explain that the explosion of gram sized charges offers the possibility of studying the very early stages of a blast as well as the influence of different charge geometries. High speed cameras allow for recording of the early shock wave and pressure gauges can measure overpressure histories from which arrival time can be determined. In recent years, researchers at the University of Sheffield (UoS) Blast and Impact Laboratory have conducted approximately 80 far field arena tests using hemispheres of PE4 explosive [7], and a smaller number of near field tests using spheres of PE4 [8]. One important observation to make is that in deriving the blast wave the explosive is considered a point source and the energy is released within an infinitesimally small volume. 

[bookmark: _Toc219646482]1.3 Velocity Foils
Velocity foils, often made of aluminium or specialised conductive materials, are used as simple yet effective time-of-arrival (ToA) sensors. The case of the trial conducted by the students a copper foil was used [2].
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[bookmark: _Toc219645084]Figure 3 - Velocity Foils on Strawboard Packs
In a typical setup, foils are placed at a known distance from the munition (usually on the straw board in the case of an area trial). Foils work by emitting an electrical impulse down a wire to a data recorder when struck by a fragment, this allows for the time of arrival of the first fragment to be measured. They are widely used in static explosion tests because they are inexpensive and easy to deploy compared to Doppler radar or high speed cameras. While a single foil can only measure the fastest fragments, a series of foils can provide a velocity profile. Velocity foils are typically sacrificial; they are destroyed during the event and cannot be reused, making them single shot diagnostic tools.
In comprehensive OME testing, these three tools are often used concurrently. Strawboard (or modern substitutes) captures the physical fragments and their spatial distribution, velocity foils provide the temporal data to calculate their speed, and pressure gauges quantify the invisible blast wave that accompanies the fragments. This multi modal approach is necessary to fully characterise the effectiveness and lethality of a munition system.

[bookmark: _Toc219646483]2.0 Alternative Techniques for Data Capture
In this section discussion will be made to review the effectiveness of the equipment used to measure the explosive device in the experiment as detailed above. A focus will also be given to alternative measurement techniques that could also have been used.

[bookmark: _Toc219646484]2.1 High Speed Video
In the field of Ordnance, Munitions, and Explosives (OME), camera based diagnostics have evolved from qualitative documentation tools to high precision quantitative instruments. By 2026, high speed imaging and specialised optical techniques are being used to measure shockwave propagation, fireball dynamics, and structural deformation with accuracy that often exceeds traditional mechanical sensors. 
The obvious alternative (and addition) to the above methods would be the use of a high speed video camera for blast wave tracking.  This would not only allow the blast wave to be seen with much greater detail; a better understanding would be able to be gained about the velocity and shape of the whole wave. In the experiment conducted by the students this method of data capture was not a viable solution due to the aim of the experiment.  If a camera had been used then the students would have been able to see the munition, thus defeating the purpose of the trial.
[image: ]
[bookmark: _Toc219645085]Figure 4 - Blast Wave Image [9]
Modern high speed cameras, operating at frame rates of 100,000 to 2,000,000 fps, allow for precise tracking of the shock front and fireball. 
· Time of Arrival (ToA): By utilising edge-detection algorithms on HSV footage, researchers can determine the shock front's position as a function of time. Data from 2026 indicates that optically recorded ToA exhibits significantly lower variability compared to traditional pressure gauge data.
· Near Field vs. Far Field: In the near field, cameras track the luminous fireball/air interface. In far field scenarios where fireballs are absent, researchers use techniques like zebra boards or background distortion to identify the shock wave's leading edge. 
A good example of a camera that could be used in this scenario is the Phantom TMX7510, which has a maximum frame rate of 1,750,000 fps. [10]. 
[image: ]
[bookmark: _Toc219645086]Figure 5 - Phantom TMX 7510
[bookmark: _Toc219646485]3.0 Discussion 
[bookmark: _Toc219646486]3.1 Strawboards
During the experiment the strawboards were not used as effectively as they should have been due to time constraints.  Ordinarily, on a trial the position would be recorded of the fragments in each layer of the strawboard pack, this is so that a conclusion can be drawn on the spread pattern and penetration of the fragments.  Rather than a full analysis completed only the larger fragments were collected to be weighed and measured, this would have had a compromising effect on the overall quality and accuracy of the results.
Research suggests that an alternative material for strawboards would have produced similar results such as MDF, but a lower cost for the material.

[bookmark: _Toc219646487]3.2 Pressure Gauges
Unfortunately, during the experiment one of the pressure gauges (Gauge 1) was hit and damaged by a fragment from the explosion.  This gave rise to erroneous results from this gauge, and it was considered that these should not be used in the experiment to determine the type of explosive device.  However, it was still possible to use the results from gauge 2 and 3.  This is demonstrating a real world scenario of the limitations of using this type of apparatus for the experiment.  

[bookmark: _Toc219646488]3.3 Velocity Foils
For each of the 4 strawboard packs there were 3 velocity foils positioned in front them.  One on the top of the board, one in the middle and one on the bottom section.  As a velocity foil is classed as a destructive test (i.e. one it has been used it can’t be reused), it can only therefore measure the first impact from a fragment.  Using 3 foils added to the accuracy of the experiment as it meant up to 3 impacts could be measured on each of the four strawboards for a single explosive test.  One way to improve this further would be to increase the number of velocity foils used on the front of the strawboards; however, the limiting factor in this experiment was that that the data recorder used only had 12 ports, therefore it couldn’t have been expanded in this experiment but for future experiments it could be considered to use multiple data recorders or one with more ports.

[bookmark: _Toc219646489]3.4 Cables 
In order to prevent damage to the apparatus during the explosive test, the cables used to carry the data from the apparatus to the dataloggers were protected using metal girders and sandbags. This method of shielding the cables seemed effective as there was no damage accrued by any of the cables during the firing.
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[bookmark: _Toc219645087]Figure 6 - Cables with Protection

[bookmark: _Toc219646490]4.0 Conclusion
It can be concluded that the experiment was successful in the effect that it produced a satisfactory result in determining the type of explosive being detonated; however, in the above discussion it has drawn attention to several aspects which could have been better conducted if time was not such a limiting factor (i.e. the full and complete analysis of the strawboards, rather than just collecting the data from the larger fragments).  There were also suggestions of better and more advanced techniques and equipment that could be utilised in further experiments to determine the results quicker and more accurately than the methods that were used in this experiment.  The best piece of apparatus for this experiment would be a High Speed Video (HSV), as this could produce accurate results without the risk of damage of the apparatus.
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