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1. Introduction
Evaluating the performance of weapon systems is a critical task for both weapon manufacturers, and government parties to understand their target defeat capabilities and lethality. 
However, the ability to evaluate the behind-target performance of shoulder-launched weapon systems employed against enclosed spaces (rooms, vehicles etc), is currently lacking. Whilst there are standardised target sets available [1][2], there is no agreed testing regime or dataset and as such many different trials have been conducted with no direct comparability [3], which creates challenges when performance of multiple systems needs to be compared or the effect against a specific target needs to be calculated.
As such, there is scope to work towards developing an apparatus and method to standardise the test used to evaluate these weapon characteristics, enabling higher quality data collection against a wider variety of target types which can be used for modelling, and if further employed, comparability between other systems.
[bookmark: _Toc233198395]

2. Background to the Proposed Research

Trials of propelled weapon systems (rockets, missiles etc.) can generally be categorised into two types: static and dynamic. A static trial being one where the warhead is fired whilst stationary, whereas in a dynamic firing trial the entire system is fired as intended at a target some distance away.
To evaluate the complete performance of a system, a combination of the two would often be utilised. Static testing would be used to collect free-field blast data, fragmentation [4] and perhaps conduct flash x-ray of any shaped charge elements [5], whereas dynamic testing would be used to evaluate the flight characteristics and the ability to defeat target surfaces (such as walls [1] or armour [2]). This combined does not, however, provide an accurate insight into the behind target effects of a dynamically fired system.
Dynamic testing of such systems against enclosed spaces has typically been done using representative targets, such as constructed buildings [1][3][6] or vehicles [3]. This can be extremely expensive, requires large amounts of preparation time and physical range space and can limit the applicability of the results to the specific targets tested. 
More genericised enclosed space testing has been explored through a multitude of different methods, including ISO containers, pressure vessels, vehicle surrogates and partial or full enclosures of “pendine” stacking concrete blocks, however the exploration of these options seems to have been done somewhat haphazardly across the OME test & evaluation community, with no agreed solution and thus a wide variety of trials which are not directly comparable. [3]
This is made worse by the development of more complex, multipurpose weapon systems that can defeat a wider range of target types both structural and armour, often through use of dual warhead designs (see figure 1). [6] This wider target set creates problems for assessing weapon performance, as it is often unfeasible to trial against every possible target a weapon system could come up against, and thus makes it harder to predict exactly what it can and cannot defeat, and thus it’s lethality in the field.
This project seeks to work towards developing a standardised enclosed target apparatus capable of collecting a data set suitable for modelling which can be used to predict damage to a wide variety of targets. [8][9][10] By developing this standardised apparatus, the author seeks to enable a much greater level of data quality, repeatability and comparability between different systems tested than is currently possible. It will also hopefully reduce the time, complexity and cost of trialling such systems.
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[bookmark: _Toc233198396]Figure 1. – The SAAB AT4 is an example of a shoulder launched weapon system that has evolved to have many variants capable of defeating a wide variety of targets. [11]

3. Aims & Objectives
Aim:
To develop an apparatus and associated method for measuring the behind-target effects of shoulder launched weapon systems when used against enclosed spaces.
Objectives:
1) Carry out a review of methods from past trials, literature and standards
2) Develop and design an apparatus capable of collecting the required data in an efficient and optimal manner.
3) Commission manufacture of the apparatus.
4) Write a method for use of the apparatus.
5) Plan and deliver validation testing to evaluate the ability of the apparatus to collect the data required.
6) Process data and use to inform further usage/development of the apparatus.
7) Write up findings and recommendations in report, presentation and poster form.
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4. Experimental Design

[bookmark: _Toc233198398]4.1 Outline of Experimental Procedure
The end apparatus will be tested via one or more validation firings conducted using an agreed surrogate to replicate the likely effects of a weapon system it could be expected to be deployed against. This will be used to collect an example data set to evaluate its performance., as well as de-risk any future use.
[bookmark: _Toc233198399]4.2 Data Collection
Data will be collected during the firing(s) using a range of instrumentation commonly used within the OME test and evaluation sphere. This could include the following: 
	Instrumentation
	Purpose

	Hopkinson pressure Bars
	Blast Overpressure measurement on structure.

	Pressure Gauges 
(Embedded within the vessel surface)
	Blast Overpressure measurement on structure.

	Pressure Gauges
(Free standing within vessel)
	Blast overpressure measurement for space within structure

	High-Speed Digital Video
	Filming of explosive event and for corroboration of other data.

	Thermocouples
	Temperature of Explosion Measurement

	Pyrometry
	Temperature of Explosion Measurement

	Acoustic Measurement Equipment
	Sound Pressure Level (SPL) measurement for human injury modelling, specifically relating to Tympanic Membrane Rupture (TMR)

	Dstl “Thoracic Rig”
	Representative pressure measurement for human injury modelling

	Fragmentation Capture Medium
	To capture fragment size and distribution to inform lethality modelling of both primary and secondary fragmentation.


[bookmark: _Hlk233272768]Table 1 – Proposed Instrumentation Types for Data Collection
[bookmark: _Toc233198400]4.3 Data Evaluation
Data collected from instrumentation will, where required, be interpreted using manufacturer software. Quantitative numerical data will then be processed and collated using Microsoft Excel and statistical analysis methods
Any fragmentation captured will be extracted and measured by hand before being recorded on Excel.
If required, data collected will then be input into modelling and analysis software as appropriate. 
[bookmark: _Toc233198401]4.4 Risks & Limitations
There is a risk that the more senior technical staff (SMEs) may be unable to contribute and advise for the project in the predicted manner if their workload changes.
Due to its size, the manufacture of the apparatus will be outsourced. This presents a risk that the apparatus will not be manufactured in time for the proposed validation testing slot. 
There is a risk that the currently booked range dates for the validation testing may become unavailable due to unforeseen circumstances which may affect dates for testing.
[bookmark: _Toc233198402]4.5 Ethical Issues
The proposed project is purely to develop a piece of data capture apparatus and an associated method for its use. There are no participants, and it does not influence the end use of any weapon system and therefore there are no foreseen ethical issues. 
As is to be expected with any explosive work, the project does present some health, safety and environmental risks, however these will be made ALARP via adherence to an approved SSOW and the relevant Dstl process and policies.
For further detail, please see the completed UWTSD Research ethics form in Annex A. 
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[bookmark: _Toc233198404]6.1 Resources Required

[bookmark: _Toc233198405]6.1.1 Physical Resources
The predicted physical resources required are shown in table 2. 
	Physical Resource

	Manufacture of Final Apparatus (Outsourced)

	Tools and associated equipment.

	Instrumentation Team Fee

	PTN Range Hire (2 days)
· Range Area
· Range Safety Charge
· Range Prep Room

	Apparatus Storage Fees (On PTN Range) (2 weeks)


Table 2 – Physical Resources Required
[bookmark: _Toc233198406]6.1.2 Human Resources
The predicted manpower requirements[footnoteRef:1] are shown in table 3.  [1:  As the proposed research project is part of a wider Dstl project and its trials, this is an estimation based on how much of the wider human resourcing for that project will be required for the proposed work specifically.] 

	Person
	Dstl Staff Level
	Hours Required

	Design Engineer (Author and Student)
	4
	350

	Mentor, Trials Manager and Trials SME
	6
	25

	Technical SME (Various – approximated)
	6
	10

	Technical Reviewer
	7
	2

	Planning Engineer (Workshop)
	5
	4

	Project Manager
	6
	2

	Project Support Officer
	4
	2

	Trials Conducting Officer
	5
	8

	Instrumentation Technician
	4
	16 (2no. 8)

	Range Technician
	3
	16 (2no. 8)

	Trial Support
	4
	16


[bookmark: _Toc233198407]Table 3 – Human Resources Required
6.1.3 Other Resources
Any other resources predicted to be required are shown in table 4. 
	Other Resource

	Use of Solidworks CAD Software & Licence


[bookmark: _Toc233198408]Table 4 – Other Resources Required


[bookmark: _Toc233198409]6.2 Gantt Chart
A Gantt chart Showing the predicted project timeline is shown in figure 3.
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Figure 3 – Project Gantt Chart
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ANNEX 1 – APPLICATION FOR ETHICAL APPROVAL

In order for research to result in benefit and minimise risk of harm, it must be conducted ethically. 
The University follows the OECD Frascati manual definition of research activity: “creative work undertaken on a systematic basis in order to increase the stock of knowledge, including knowledge of man, culture and society, and the use of this stock of knowledge to devise new applications”. As such this covers activities undertaken by members of staff, postgraduate research students, and both taught postgraduate and undergraduate students working on dissertations/projects.
The individual undertaking the research activity is known as the “principal researcher”.
This form must be completed and approved prior to undertaking any research activity. 
SECTION A: About You (Principal Researcher)
	1
	Full Name:
	Alexander Lamdin

	2
	Student Number:
	2217661

	3
	Email address:
	2217661@student.uwtsd.ac.uk

	4
	Programme of Study:
	L6 BEng OME Engineering Degree Apprenticeship 

	5
	Director of Studies/Supervisor:
	Dr Ewa Kazimierska



SECTION B:  Internal and External Ethical Guidance Materials
	
	Please list the core ethical guidance documents that have been referred to during the completion of this form (including any discipline-specific codes of research ethics, location-specific dodes of research ethics, and also any specific ethical guidance relating to the proposed methodology).  Please tick to confirm that your research proposal adheres to these codes and guidelines. You may add rows to this table if needed.

	1
	UWTSD Research Ethics & Integrity Code of Practice
	☒
	2
	UWTSD Research Data Management Policy
	☒

	3
	
	☐



SECTION C: Details of Research Activity
	1
	Indicative title:
	Evaluating the Behind-Target Effects of Shoulder-Launched Weapon Systems

	2
	Proposed start date:
	01/05/2026
	Proposed end date:
	19/03/2027

	
	Introduction to the Research (maximum 300 words in each section)
Ensure that you write for a Non-Specialist Audience when outlining your response to the three points below:
· Purpose of Research Activity
· Proposed Research Question
· Aims of Research Activity
· Objectives of Research Activity
Demonstrate, briefly, how Existing Research has informed the proposed activity and explain
· What the research activity will add to the body of knowledge 
· How it addresses an area of importance. 

	3
	Purpose of Research Activity
To develop a technique, (namely an apparatus and method of use) for measuring the effects/performance of shoulder launched weapon systems when used against enclosed spaces.

	4
	Research Question
1. What is the best way to simulate weapon deployment against a variety of enclosed spaces within a trials environment?
2. What is the best way to collect an accurate and representative data picture of such weapon use?
3. How can we improve on experimental techniques used currently and in the past?


	5
	Aims of Research Activity
To develop an apparatus and associated method for measuring the behind-target effects of shoulder launched weapon systems when used against enclosed spaces.

	6
	Objectives of Research Activity
8) Carry out a review of methods from past trials, literature and standards
9) Develop and design an apparatus capable of collecting the required data in an efficient and optimal manner.
10) Commission manufacture of the apparatus.
11) Write a method for use of the apparatus.
12) Plan and deliver validation testing to evaluate the ability of the apparatus to collect the data required.
13) Process data and use to inform further usage/development of the apparatus.
14) Write up findings and recommendations in report, presentation and poster form.


	
	Proposed data collection methods (maximum 600 words)
Provide a brief summary of all the methods that may be used in the research activity to collect data, making it clear what specific techniques may be used. If methods other than those listed in this section are deemed appropriate later, additional ethical approval for those methods will be needed. You do not need to justify the methods here, but should instead describe how you intend to collect the data necessary for you to complete your project.

	7
	Data will be collected through the deployment of a variety of sensors during validation testing of the apparatus, such as high-speed video, pressure gauges and thermocouples. Records of design decisions and testing will also be collected via written notetaking.
No data will be collected from human or animal sources.



SECTION D: Scope of Research Activity
	
	Will the research activity include:
	YES
	NO

	1
	Use of a questionnaire or similar research instrument?
	☐
	☒

	2
	Use of interviews?
	☐
	☒

	3
	Use of focus groups?
	☐
	☒

	4
	Use of participant diaries? 
	☐
	☒

	5
	Use of video or audio recording?
	☐
	☒

	6
	Use of computer-generated log files?
	☐
	☒

	7
	Participant observation with their knowledge?
	☐
	☒

	8
	Participant observation without their knowledge?
	☐
	☒

	9
	Access to personal or confidential information without the participants’ specific consent?
	☐
	☒

	10
	Administration of any questions, test stimuli, presentation that may be experienced as physically, mentally or emotionally harmful / offensive?
	☐
	☒

	11
	Performance of any acts which may cause embarrassment or affect self-esteem?
	☐
	☒

	12
	Investigation of participants involved in illegal activities?
	☐
	☒

	13
	Use of procedures that involve deception?
	☐
	☒

	14
	Administration of any substance, agent or placebo?
	☐
	☒

	15
	Working with live vertebrate animals?
	☐
	☒

	16
	Procedures that may have a negative impact on the environment?
	☐
	☒

	17
	Other primary data collection methods. Please indicate the type of data collection method(s) below.
	☐
	☒

	
	
	
	



If you have ticked NO to every question then the research activity is (ethically) low risk and you may skip section E and continue to section F.
If YES to any question, then no research activity should be undertaken until full ethical approval has been obtained. 
SECTION E: Intended Participants
SECTION F: Anticipated Risks
	
	
Outline any anticipated risks that may adversely affect any of the participants, the researchers and/or the University, and the steps that will be taken to address them.  


	1
	Risks to participants
For example: sector-specific health & safety, emotional distress, financial disclosure, physical harm, transfer of personal data, sensitive organisational information. If you have identified in section D that there are no participants then enter N/A and go skip to question 3.

	
	N/A
	

	2
	If research activity may include sensitive, embarrassing or upsetting topics (e.g. sexual activity, drug use) or issues likely to disclose information requiring further action (e.g. criminal activity), give details of the procedures to deal with these issues, including any support/advice (e.g. helpline numbers) to be offered to participants. Note that where applicable, consent procedures should make it clear that if something potentially or actually illegal is discovered in the course of a project, it may need to be disclosed to the proper authorities

	
	N/A

	3
	Risks to the investigator
For example: personal health & safety, physical harm, emotional distress, risk of accusation of harm/impropriety, conflict of interest

	
	
The lead investigator will be exposed to health and safety risks of personal injury due to working with explosives, plant machinery and manual handling during the validation testing phase of the project.
	
All trials and explosive handling work to be conducted will be subject to an approved SSOW and also existing Dstl Policies and processes. This includes all possible mitigations such that the risk from the work is reduced to ALARP.


	4
	University/institutional risks
For example: adverse publicity, financial loss, data protection

	
	
Due to the current political climate, the university may be at risk of adverse publicity due to this project’s close links with the Defence (WOME) industry.
	
The research will be conducted within a secure government site. Only the final report will be provided to the university via the moodle system, and the work will not publicised outside of approved channels.


	5
	Environmental risks
For example: accidental spillage of pollutants, damage to local ecosystems

	
	
During the testing phase of the project, the environment may be at risk of contamination by explosive residue or generated debris/waste.

	
A Dstl environmental risk assessment will be carried out prior to testing and all relevant Dstl environmental and waste disposal policies will be followed.



SECTION G: Feedback, Consent and Confidentiality
If you have identified in section D that there are no participants then enter skip this section and continue to section H.
SECTION H: Data Protection and Storage
	
	Does the research activity involve personal data (as defined by the General Data Protection Regulation 2016 “GDPR” and the Data Protection Act 2018 “DPA”)?
	YES
	NO

	1
	“Personal data” means any information relating to an identified or identifiable natural person (‘data subject’). An identifiable natural person is one who can be identified, directly or indirectly, in particular by reference to an identifier such as a name, an identification number, location data, an online identifier or to one or more factors specific to the physical, physiological, genetic, mental, economic, cultural or social identity of that natural person. Any video or audio recordings of participants is considered to be personal data.
	☐
	☒
	
	If YES, provide a description of the data and explain why this data needs to be collected:

	2
	N/A

	
	Does it involve special category data (as defined by the GDPR)?
	YES
	NO

	3
	“Special category data” means sensitive personal data consisting of information as to the data subjects’ –
(a) racial or ethnic origin,
(b) political opinions,
(c ) religious beliefs or other beliefs of a similar nature,
(d) membership of a trade union (within the meaning of the Trade Union and Labour Relations (Consolidation) Act 1992),
(e) physical or mental health or condition,
(f) sexual life,
(g) genetics,
(h) biometric data (as used for ID purposes),
	
☐
	
☒

	
	If YES, provide a description of the special category data and explain why this data needs to be collected:

	4
	N/A



	
	
Will data from the research activity (collected data, drafts of the thesis, or materials for publication) be stored in any of the following ways?
	YES
	NO

	5
	Manual files (i.e. in paper form)?
	☒
	☐

	6
	University computers?
	☐
	☒

	7
	Private company computers?
	☒
	☐

	8
	Home or other personal computers?
	☐
	☒

	9
	Laptop computers/ CDs/ Portable disk-drives/ memory sticks?
	☒
	☐

	10
	“Cloud” storage or websites?
	☐
	☒

	11
	Other – specify:

	☐
	☒

	12
	For all stored data, explain the measures in place to ensure the security of the data collected, data confidentiality, including details of backup procedures, password protection, encryption, anonymisation and pseudonymisation:

	
	
Digital data files will be stored on Dstl corporate IT systems adhering to Dstl data handling policies and processes.

Any hard copy information or portable devices (e.g. USB drives) will be stored in an approved security container on a secure Dstl site in conjunction with Dstl policy.

All Dstl systems are highly secure, encrypted and accredited.




	
	Data Protection

	
	Will the research activity involve any of the following activities:
	YES
	NO

	13
	Electronic transfer of data in any form?
	☒
	☐

	14
	Sharing of data with others at the University outside of the immediate research team?
	☐
	☒

	15
	Sharing of data with other organisations?
	☐
	☒

	16
	Export of data outside the UK or importing of data from outside the UK?
	☐
	☒

	17
	Use of personal addresses, postcodes, faxes, emails or telephone numbers?
	☐
	☒

	18
	Publication of data that might allow identification of individuals?
	☐
	☒

	19
	If YES to any question, please provide full details, explaining how this will be conducted in accordance with the GDPR and Data Protection Act (2018) (and/or any international equivalent):

	
	
Data generated may need to be transferred between Dstl corporate and/or grey IT systems, in which case it will be done using an approved method such as an encrypted password-protected USB drive or via the internal Dstl data transfer services and software.

Hand written notes may need to be transferred to IT systems, in which case hard copies will be destroyed via an approved method upon completion.

All Dstl systems are highly secure, encrypted and accredited.

As no personal data is being generated, compliance with GDPR and DPA2018 is N/A
 

	20
	List all who will have access to the data generated by the research activity:

	
	
1. Alex Lamdin – All Data
2. Employer (Dstl) – All Data
3. UWTSD Supervisor – Limited Data and Final Report
4. Wider UWTSD as required – Final Report Only
5. Marker, Second Marker & External Examiner – Final Report Only


	21
	List who will have control of, and act as custodian(s) for, data generated by the research activity:

	
	
Alex Lamdin


	22
	Give details of data storage arrangements, including security measures in place to protect the data, where data will be stored, how long for, and in what form. 

	
	
Digital data files will be stored on Dstl corporate IT systems adhering to Dstl data handling policies and processes.

Any hard copy information or portable devices (e.g. USB drives) will be stored in an approved security container on a secure Dstl site in conjunction with Dstl policy.

Data will be retained in accordance with the Dstl Data Retention policy and wider research needs.

All Dstl systems are highly secure, encrypted and accredited.


	22
	Confirm that you have read the UWTSD guidance on data management (see https://www.uwtsd.ac.uk/library/research-data-management/)
	☒

	23
	Confirm that you are aware that you need to keep all data until after your research has completed or the end of your funding
	☒





SECTION I: Declaration
	
	The information which I have provided is correct and complete to the best of my knowledge. I have attempted to identify any risks and issues related to the research activity and acknowledge my obligations and the rights of the participants.

In submitting this application I hereby confirm that I undertake to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice which is published on the website: https://www.uwtsd.ac.uk/research/research-ethics/ 

	1
	Signature of applicant:
	AlexLamdin
	Date: 24/6/26


	2
	Director of Studies/Supervisor:
	Ewa Kazimierska
	Date:

	3
	Signature:
	

	



FOR INTERNAL USE ONLY:
	
	Ethical approval given 

	1
	Signature of assessor:
	
	Date:


	2
	Name:
	

	3
	Role:
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