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[bookmark: _Toc220059579]1. Introduction 
The role of data capture for evaluating and investigating OME cannot be understated. To understand and in some cases physically see what is happening during any phase change, what is occurring during detonation and the impact of any changes to manufacture or design. This report will be focusing on the typical ways data is captured during explosive trials with a comparison to previous work carried out and the data capture methods used on a trial held at COTEC. 
It is particularly unusual during an OME trial to not know the explosive device being detonated due to all the pre work, including computer modelling of the explosive or explosive device prior to the trial. This pre work is done to both inform safety and the computer modelling data is used to validate the practical data gathered from the trial and instrumentation. Post blast and crater and scene evaluation methods can be used to give an estimation on charge size, outside of defence this is mostly studied for mining [1] and forensics [2] [3].
The data typically gathered on explosive trials, though not exhaustive consist of:
 Visual Data 
Pressure Data, peak and impulse. 
Fragmentation Data, velocity, throw, size & spread
Detonation Velocity
IR signature 
As mentioned, this list is not exhaustive, there are many other types of data to be collected, for example for crater profiling, or burn time, persistence and spacial extent i.e. flare function, for device or data specific collection. The types of data collected and methods for collection vary greatly. Typically, the aim of the project or trial dictates what data is required and the accuracy needed. This will give an indication to the method of collection. This report will discuss and compare some of these collection methods having previously been captured at COTEC compares to other methods available. 
[bookmark: _Toc220059580]2. Context 
The capture of quality, usable data during explosive trials is fundamental to understanding the behaviour of the explosive or explosive device. The data captured and analysed enables the observation and quantification of explosive phenomena that can’t otherwise be measured. This data can then be used to inform safety decisions [4] , design validation and munition effectiveness [5], this data can also contribute to forensic assessments following a detonation event [6] [7]. 
Trials data feeds directly into decision-making throughout the lifecycle of an explosive or explosive device, from small scale hazard testing and compatibility testing to prototype testing and then through the explosive qualification demonstrating safety and performance [8]. The qualification outcomes are dependent on trials and test data. 
Prior to a trial, modelling and historical data inform any predicted outcomes, this enables appropriate safety controls and will give estimations to the types of trial data likely output, although this is dependent on the modelling used. For example for pressure gauges, a predicted range of pressures is required to select the correct gauge type as well as any signal smoothing or amplifying required as without this predicted range this data can be lost to electrical noise [9]. Any data gathered from the trial is then fed back into the computational model for validation. 
It must be noted that there must be a balance between obtaining quality, usable and accurate data while navigating the complexity that the majority of large-scale explosive testing, like that performed at COTEC is done outside. The electrical components of the instrumentation is not always rated for use in wet weather, the equipment used must be sensitive enough to capture the data required, occurring in microsecond timescales, while in some cases being subjected to overpressure and thermal affects from the event. Often any during fragmentation trials, it is expected to lose at least 1 if not a few pressure gauges, if high speed video is being used, mirrors and protective enclosures can be used to try and preserve the camera as best as possible while still being able to capture the data.  Effective data capture requires both appropriate equipment selection and data analysis to interpret results, this is particularly poignant when data sets are incomplete or affected by any post-blast conditions.
[bookmark: _Toc220059581]3. COTEC Data Capture Methods
The methods used during the practical session at Cranfield Ordnance Test and Evaluation Centre (COTEC) consisted of a small arena trial, utilizing fragmentation packs, make foils and dynamic pressure gauges with the addition of trace swab analysis.  The group was given instruction as to the measurement to the centre of the charge as well as the orientation of the charge. 
[bookmark: _Toc220059582]3.1 Fragment Evaluation 
Strawboard packs were mounted in portrait to the steel frames in a double layer. 
Strawboard has been used in fragment arena trials since the 60’s, calibrated to a known standard [10]. Traditionally fragment weight and distribution mapping occurs [11] during the collection processing and analysis phase of a trial. This fragment throw, penetration depth, size & spread data is often multiplied to give an estimation to the whole omnidirectional fragment behaviour of a device. 
	Strawboard:
	Arena dimensions:
	OME item placement:

	105cm (H) x 80cm (W)
	Diameter: 1.5m
	Centre of the ark 0.5m from the ground to the centre of the charge.

	Single strawboard pack = 20 sheets
	Horizontal ark: 113
	

	double layer= 40 sheets.
	Vertical ark: 15
	



During the COTEC practical, the fragments were collected from the strawboard packs, but no fragment mapping of throw, depth or spread was conducted. 

[bookmark: _Toc220059583]3.2 Fragment Velocity
Velocity foils were used to collect fragment velocity data. The foils used were make foils, when a metallic fragment contacts the foil, it makes the electrical circuit and the data recorder used will record the time of this made connection [12]. Velocity foils are cheap and simple to use with an efficient data recorder and well labelled foils and cables. Most commonly only the first strike to each foil will be analysed as any subsequent strikes logged by the data recorder could be false positives.

[bookmark: _Toc220059584]3.3 Pressure Data 
Piezoelectric dynamic pressure gauges were used to collect pressure data, resulting in peak pressure results. There was conditioning and amplifying of the signals from the pressure gauges to the data recorder. Dynamic pressure gauges give real time pressure change monitoring [13] while signal conditioning and signal amplifying are needed for the pressure gauges to gather useable and accurate data, with a reduction of electrical noise the conditioning and amplifying transform the data into a format able to be processed by the data recorder or data processor [14] [15] [16].  




[bookmark: _Toc220059585]4. Critical Evaluation of Data Capture Methods 
[bookmark: _Toc220059586]4.1 Fragment Evaluation
As previously mentioned in section 3.1 strawboard used to capture fragments, is calibrated to a known standard to map depth penetration, weight and distribution. A key strength of using this method is that it’s well established, has proven reliability, and historic use within the UK for fragmentation mapping [10]. Additionally, using a relatively simple calculation allows for the understanding of energy absorption [17]. Strawboard packs are relatively simple to set up in comparison to any electrical instrumentation, and when used in optimum weather conditions (with no rain or humidity to affect the density) can produce consistent and repeatable results.  A limitation to this method is the UK climate, where rain can cause inconsistencies in the density of the strawboard packs. The full fragment mapping using strawboard can be time consuming and repetitive, leading to the possibility of human error skewing results, with the added complexity that strawboard is getting increasingly difficult to procure [10]. Overall, this method remains suitable for fragmentation mapping, although there are alternatives. It must be noted that the strawboard packs were not used in a traditional manner during the COTEC trial; there was no post blast analysis or mapping conducted of any impact points or depth, instead the fragments were removed for further chemical analysis. This absence of systematic fragment mapping during the COTEC trial restricted the ability to assess fragment distribution and fragment energy, negatively impacting the results seen in CW1. On this occasion the use and set up of calibrated fragmentation packs or strawboard could be described as an oversite, as a much cheaper and more readily available material like MDF could have been used to gather the same results with less financial impact. 

[bookmark: _Toc220059587]4.1.1 Fragment Velocity 
Velocity make foils as described in 3.2 were used to collect fragment velocity. From an operational perspective this method appears appealing due to the low cost and ease of deployment, with the added benefit that inclement weather does not impact any of the data gathered nor does it affect the workings of the foils during rain. This approach offers clear operational advantages; however, it also introduces notable constraints. Make foils will only log a data entry when a conducting, metallic material passes through, for context if a team investigating home-made explosives within a thick 3D printed (plastic) case, no data would be obtained [18], which in the application this was intended for CW1 an ‘unknown’ device this could have produced no usable data. Only velocity end point is logged and an inaccurate measurement from the casing to the foils would skew the results as the simple distance over time calculation would be incorrect [18]. Each foil placed, as mentioned in section 3.2 is only usable for the initial strike, any subsequent strikes could be a false positive resulting in only a single data point per foil. Another notable constraint due to the simplicity of velocity foils only an average velocity of a fragment can be obtained [18]. If the data is needed for any model validation the inherent lower resolution of this data could be insufficient. Additionally, if case brake up and the formation of fragmentation was being investigated or intended safety distances were the subject of the study, this method and any resulting data could only be viewed as complimentary due to the sub-optimal quantification of values. 

[bookmark: _Toc220059588]4.2 Pressure Data
The pressure data obtained used piezoelectric dynamic pressure gauges as described in section 3.3. In the practical application of the gauges used and subsequent resulting data seen in CW1, free from electrical noise demonstrates that during the set-up of the gauges including settings, amplifiers and the conditioning required there was pressure range that was known [18]. The pressure data output from dynamic pressure gauges can produce reliable accurate results although this effectiveness is highly dependent on the selection of the correct gauge, the gauge set up and the knowledge of the required signal conditioning and amplifying [18]. The resulting data from this method are highly dependent on correct placement and orientation of the gauges [19]. Piezoelectric pressure sensors can also be susceptible to thermal shock, although this can often be minimised by gauge design, circling back to an earlier point stating gauge selection for the required application is one of the largest influencers on the accuracy and repeatability [19] [9] [18]. Small variations in the set-up of the signal conditioning and amplifying can result in a whole data set being lost to electrical noise [9]. However, in the given scenario for CW1 it would have been possible to gather the information required for gauge selection and set up if there had been an additional charge [18], but there was not. There are additional knowledge requirements when interpreting pressure gauge data, although not complicated there can be additional assumptions required by the data analyst although this would be clearly stated. Within the context of the COTEC trial this approach was appropriate given the known pressure rage values. 
[bookmark: _Toc220059589]5. Alternative Data Capture Methods 
A suggested alternative for the capture of fragmentation data would be the use of High-Speed Video (HSV) with the ability of fragment tracking and acceleration values able to be obtained as well as an optical view to be able to track the spread and size of fragments. Combining fragment velocity and fragmentation data into one method with a higher degree of accuracy than the methods used, although this accuracy is largely dependent on the competency of the data analyst. HSV has its own limitations including cost, to gather useable quality data, HVS is light, resolution and lens dependant, but to set up HSV is relatively simple [18]. These improvements in accuracy and set up time could result in increased cost. 
An additional alternative would be the use of heterodyne velocimetry (Het-v) within an enclosed chamber, although this method would give highly accurate results [9], with the addition of pressure sensors without any environmental impact (other than increased reflections) the resulting pressure and velocity data would be comprehensive enough to validate complex computer models there would be a significant financial impact, and training burden to the operators due to the complexity of heterodyne velocimetry. In principal Het-v is a displacement interferometer using lasers to deliver light to and from the target, any shifted light is mixed with original laser light to generate a beat frequency that is proportional to the velocity processing of this raw signal allows the user to derive velocity verses time [20] [21]. Het-v has been shown to be able to deliver comparable data to traditional techniques and to be able to provide data far beyond the range of traditional techniques with higher fidelity [21].  
[bookmark: _Toc220059590]6. Discussion 
The data capture methods employed during the COTEC trial demonstrate the balance that must be achieved between operational practicality, and the quality of data required to meet specific trial objectives. While the instrumentation used was appropriate for a small-scale arena trial with known charge parameters, limitations in data resolution and completeness influenced the confidence with which conclusions could be drawn, particularly in relation to fragmentation behaviour and munition effectiveness.
Fragmentation data capture using strawboard packs is a well-established and historically validated technique; however, its effectiveness is dependent on the full implementation of post-blast analysis procedures. During the COTEC trial, the absence of systematic fragment mapping significantly reduced the analytical value of the fragmentation packs, limiting the ability to assess fragment distribution, penetration depth, and energy. This restriction directly impacted the usefulness of the fragmentation data within CW1, highlighting that even proven methodologies can yield sub-optimal results if not applied in accordance with their intended analytical framework. In this context, the use of calibrated strawboard offered limited additional benefit over simpler witness materials, suggesting a mismatch between instrumentation choice and trial objectives.
Similarly, the use of velocity make foils provided a low-cost and robust method for obtaining fragment velocity data; however, the inherent limitations of the technique restricted the depth of analysis. The reliance on conductive fragment interaction and the recording of only a single velocity point per foil reduced both data completeness and resolution. As a result, the velocity data obtained is more suitable for indicative assessment rather than detailed model validation or safety-distance determination. These limitations reinforce the importance of aligning data capture methods with the intended analytical outputs, particularly when investigating unknown or non-metallic devices.
In contrast, the pressure data obtained using piezoelectric dynamic pressure gauges was of higher analytical value. The successful capture of clean pressure signals suggests that appropriate gauge selection, placement, and signal conditioning were achieved, supported by prior knowledge of expected pressure ranges. This highlights the critical role of pre-trial modelling and historical data in informing instrumentation configuration. Nevertheless, the sensitivity of pressure measurements to setup parameters and environmental conditions underscores the potential fragility of electrical instrumentation in outdoor explosive testing environments.
The alternative methods discussed, including high-speed video and heterodyne velocimetry, demonstrate the potential for significantly enhanced data resolution and analytical capability. However, these improvements come with increased financial cost, complexity, and training requirements. As such, their adoption must be justified by the specific aims of the trial and the level of confidence required in the resulting data. For exploratory or instructional trials, simpler techniques may remain appropriate, whereas detailed design validation or forensic reconstruction would benefit from higher-fidelity methods.
Overall, the findings indicate that while the data capture methods used at COTEC were operationally appropriate, limitations in their application and resolution constrained the robustness of the conclusions drawn. Effective explosive trials therefore depend not only on the selection of appropriate instrumentation, but also on its correct implementation and alignment with clearly defined analytical objectives.
[bookmark: _Toc220059591]7. Conclusions and Recommendations 
This report has critically examined the data capture methods used during explosive trials, with specific reference to those employed during the practical session at the Cranfield Ordnance Test and Evaluation Centre The findings demonstrate that while established data capture techniques remain valuable, their effectiveness is highly dependent on appropriate selection, implementation, and alignment with clearly defined trial objectives.
Overall, the trial demonstrated that the capture of meaningful explosive data is not solely dependent on instrumentation capability, but on the effective integration of modelling, experimental design, and environmental considerations. Central to this process is the clear definition of trial objectives, as these ultimately determine the suitability of any data capture method. While certain techniques may appear to deliver comparable outputs, differences in data resolution, completeness, and analytical relevance can be significant. For example, although velocity foils may offer a cost-effective means of capturing fragment velocity, they are fundamentally inadequate for examining the natural fragmentation behaviour of a device, where detailed characterisation is required.
This highlights the importance of clearly defining the questions to be addressed by specific data sets prior to trial execution. It cannot be assumed that a single data capture method will be sufficient, nor that the use of multiple inappropriate methods will collectively produce meaningful or defensible results. Effective data capture therefore depends on the deliberate selection of techniques that are directly aligned with the intended analytical objectives.
[bookmark: _Toc220059592]7.1 Recommendations 
For the next iteration of these trials there is a recommendation of running two separate trials with clearly defined objectives to collect and use the types of data that would be collected during real-world events. The current mishmash of data is not representative of a real world scenario and obscures any rational problem-solving pathways. With the first trial focusing on gathering evidence for an explosive device, to evaluate its effectiveness or for validation and certification according to DSA 03. OME part 1 (DCOP) OME design requirements or explosive materials qualifications. This includes some of the methods used during the COTEC in conjunction with HSV to enable the critical examination of case break up. 
The second trial will focus on forensically examining a post blast scene this could include a civil engineers report including the force required to cause the damage that has occurred, a peak pressure value could be derived from this, or post blast crater analysis utilising Kingery- Bulmash, Kinney-Graham and Gurney mathematical models, using ground material density to gather a TNT equivalent value for the amount of explosive used, with FTIR swab analysis and post blast scene analysis leading to attribution to give the activities more authenticity. 
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