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[bookmark: _Toc200712076]Introduction / Aim and Objectives
This project investigates whether Additive Manufactured (AM) explosives can replicate the performance, reliability, and safety of traditionally produced High Explosives (HE). This is a key challenge as AM technologies continue to develop within the defence sector. The aim is to assess the feasibility of AM explosives by comparing their structural properties, energetic output, and safety characteristics with those of conventional explosives. The project will evaluate explosive formulations, manufacturing consistency, and sensitivity, with particular attention to safety standards and Insensitive Munitions (IM) compliance.
The value of this project lies in the growing interest from defence organisations in AM as a means of improving design flexibility, reducing material waste, and enabling safer production environments. For the project to be successful, it must deliver a focused technical comparison supported by safety analysis and regulatory awareness. The final deliverables will include a detailed literature review, a critical feasibility assessment, and a set of conclusions and recommendations regarding the suitability of AM for HE applications.

	SMART Objectives

	1
	Synthesise findings from the literature review into a critical summary of AM techniques, materials (e.g. CL-20, HMX), and their potential advantages and limitations in HE applications by August 2025.

	2
	Compare performance characteristics (density, sensitivity, detonation properties) of at least two AM explosives against traditional formulations using secondary data by September 2025

	3
	To assess regulatory, safety concerns, including IM compliance, production hazards, and integrate this into the safety assessment section by November 2025.

	4
	Develop and run a basic CAE model of an AM explosive geometry to simulate detonation effects or stress distribution, with initial results by December 2025

	5
	To deliver a critical feasibility assessment and final report that evaluates whether AM explosives are a viable and safe alternative to traditional methods, with conclusions and recommendations written by early February 2026.


[bookmark: _Toc200660915]Table 1 - SMART Objectives

[bookmark: _Toc200712077]Background / Literature Review
This major project, “Investigating the Performance of Explosives Manufactured by Alternative Techniques”, explores the potential of AM technologies, commonly referred to as 3D printing, for fabricating HE components. This review evaluates current academic and defence literature to contextualise the proposed work.
Several studies have examined the application of AM to Energetic Materials, often with a focus on shaping performance and energy density. Sichuan University of Science and Engineering conducted a comparative review of AM methods, identifying binder jetting and Direct Ink Writing (DIW) as viable for printing explosives such as HMX and CL-20 with acceptable sensitivity levels and strong detonation properties [1]. However, their work remains theoretical and lacks experimental validation, particularly at larger scales.
North University of China developed a CL-20-based ultraviolet-curable explosive ink using DIW, achieving dense  high energy prints with reduced sensitivity and favourable combustion characteristics [2]. While the study slightly highlights improved safety and mechanical integrity through UV curing, it did not explore long-term ageing, regulation, or Insensitive Munitions (IM) compliance.
Los Alamos National Laboratory utilised PolyJet printing to fabricate miniature plane-wave lenses and demonstrated precise detonation control using SPIFFY testing, achieving arrival-time jitter below 20 ns [3]. Although their work demonstrates the high accuracy and potential of AM in wave shaping, it was limited to small scale tests and did not address scalability or operational deployment; however, the approach was noted as a valid and effective method for academic investigation, making it highly relevant to feasibility studies such as this major project.
Fritz’s earlier work on traditional explosive lens design introduced inert plastic inserts for wave shaping. Although not AM specific, it offered conceptual value for future 3D-printed lens designs [4]. The use of inert wave shapers may aid in improving safety and reducing the reliance on high-sensitivity materials during prototyping.
Beyond academia, the defence sector has shown strong interest in AM for explosives, with support from the UK Ministry of Defence and US Department of Defence. Cranfield University and several Chinese institutions have also contributed research. Strategic programmes like AMTEM and EDA initiatives highlight growing international focus, though most remain at low Technology Readiness Levels and lack widespread validation [5].
While the technical potential of AM for high explosives is well recognised, the literature reveals a clear lack of detailed safety analysis, with limited focus on hazard mitigation, IM compliance, or regulatory control. This project seeks to address these gaps by evaluating safety, regulation, and long-term reliability as part of its feasibility assessment. Ethical concerns, such as proliferation and misuse, are also largely overlooked. Despite the clear benefits of AM, such as design flexibility, waste reduction, and complex geometries, significant challenges remain around scalability, validated safety frameworks, and responsible implementation.
[bookmark: _Toc200712078]Project Design
This project will use a combination of qualitative input and technical modelling to assess the feasibility of AM explosives. Interviews with experienced explosives professionals will be carried out to gain insight into practical challenges, safety concerns, and the applicability of AM technologies in the defence sector. Their expertise will help validate assumptions and identify limitations not fully addressed in current literature.
AM methods such as Fused Deposition Modelling (FDM), Direct Ink Writing (DIW), Binder Jetting, and Stereolithography (SLA) will be examined in detail. These processes are central to the study, as the project revolves around their potential use in fabricating HE. Where appropriate, simulations or trial models will be created to assess their suitability.
Bambu Studio will be used for 3D modelling and slicing, as it is a readily accessible tool for visualising and preparing AM geometries. While this project will reference industrial AM processes, it should be noted that the exact software used in high-grade defence applications is not known. Computer-Aided Engineering (CAE) tools such as SolidWorks, ANSYS, or Abaqus may support modelling or stress analysis. Excel will be used for systems engineering tasks. Safety analysis software may be experimented with. Data will be analysed thematically, with comparisons drawn across performance and safety metrics.
[bookmark: _Toc200712079]Resources / Planning
A flowchart [Fig.1] has been developed to outline the structure and progression of the project. Given the broad research potential of the topic, there is flexibility in how the project can evolve. Ideally, the inclusion of a practical trial would significantly enhance the report; however, limited funding may restrict this, making CAE-based simulation a more feasible alternative. Printing with a non-energetic filament that mimics the properties of high explosives is a safe and practical way to demonstrate print accuracy and structural fidelity. If circumstances permit, the opportunity to work with energetic materials would provide valuable insights and strengthen the project's technical depth.
Deliverables will include CAE simulation results, an inert 3D-printed model, a safety assessment and a final feasibility discussion. 
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	Link
	Author
	Title
	Methodology
	Materials
	Conclusion/Results
	Limitations/Gaps
	Relation
	Safety/Regulatory 
	Reliability

	Link 1
	B.Tan,
N. Liu
	3D Printing for Explosives and Propellants Applications
	Literature survey & comparative assessment of AM techniques (FDM, DIW, binder jet, SLA). 
	CL‑20, HMX/TNT, Al/AP composites, polymeric binders.
	Demonstrates feasibility of printing energetic materials (CL-20 composites); achieves high-density; noted reduced sensitivity.
	Mostly theoretical; lacks full-scale explosive tests; limited practical validation.
	Directly aligns: Reviews advanced AM methods for explosives.
	Highlights sensitivity reduction; minor mention of sympathetic detonation; lacks regulatory detail.
	High: depends heavily on cited literature, not own experiments.

	Link 2

	S. Kong, 
D.-j. Liao, 
Y.-m. Jia et al
	Performances and direct writing of CL-20-based ultraviolet curing explosive ink
	- Developed UV-curable ink containing CL-20
- Used direct writing printing & UV polymerisation
	- CL-20 (HNIW)
- Ultraviolet curing polymer
-Unsaturated polyester 

	Uniform, high-energy structures (1.80 g/cm³) with reduced sensitivity and good performance; improved safety and precision via UV curing.
	Did not explore long-term stability, environmental ageing, or full detonation behaviour in large-scale trials
	Directly aligns: Evaluates feasibility of 3D printing (direct writing) of CL-20-based explosive ink
	Improved safety over raw CL-20 due to matrix embedding; no discussion of full-scale regulatory compliance or IM standards
	High: Demonstrated stable formulation and effective curing, but lacks full-scale repeatability validation

	Link 3

	J. P. Lichthardt, B. C. Tappan, P. R. Bowden, M. W. Olinger, D. L. McDonald
	A simple 3D printed plane wave explosive lens based on Fritz parameters
	- PolyJet additive manufacturing (AM)
- Small-scale plane-wave lens (PWL)
- SPIFFY shock initiation testing.
- J. Fritz Parameter
- Streak camera
	- PBXN-110
- Primasheet 1000 
- PBX 9407
- Glycidyl azide polymer (GAP) binder
	Produced high-resolution (~10s µm) wave shapers; reliable planar shock waves; significantly reduced cost/time; enabled complex lens geometries.
	- Small-scale lens demonstration only
- No live full-scale detonation tests
	Directly aligns: Uses additive manufacturing to create precise, cost-effective explosive wave lenses
	- Focuses primarily on lab-scale safety, casting explosives, and small-scale test containment. -- No regulation discussion
	Moderate: Reliable in small-scale SPIFFY tests (<20 ns jitter), but unverified at larger scales.

	Link 4


	J.N. Fritz
	A Simple Plane-Wave Explosive Lens
	Designed a plane-wave lens using iterative detonation timing corrections; tested physical models and used 2D code simulations (MACRAME).
	C-4 (donor), PMMA (inert wave shaper), PBX-9501 (acceptor)
	Achieved smooth wave fronts with <50 ns deviation after first iteration; demonstrated reliable shaping using inert plastic insert
	Not an AM study; no fabrication method beyond basic machining; limited to planar wave geometry (not full 3D lenses); no scalability discussion
	Partially aligned: Explores simplified lens geometry and wave-shaping using inert inserts, relevant to shaping concepts in AM, but does not involve additive manufacturing techniques
	Safety is considered through inert materials; lens design avoids fragments; lacks regulatory depth or IM compliance discussion
	High experimental repeatability: iterative tuning method proved effective for lens timing and wave shaping

	Link 5

	European Defence Agency (EDA) 
	Additive Manufacturing Techniques for Energetic Materials: New Opportunities for Defence Applications
	Multi-phase R&D project: reviews, material selection, printing & testing of charges; hybrid AM-conventional integration.
	Inert and energetic materials (not specified) 
	AM enables novel geometries, reduced costs for short runs, improved precision and scalability; supports future EU capability in 3D-printed energetics
	Ongoing research; low TRL stage; no detailed formulation or full safety/performance data publicly available
	Directly aligns: Focused on developing AM techniques for energetic materials in warheads and propellants
	Explicitly targets safety within AM environments; considers IM compatibility and future regulation needs
	Moderate: Promising, but currently early stage; full-scale demonstrators and performance data yet to be validated

	Link 6

	Xue H, 
Zhou Q, 
Xiao C, 
Huang G
	Perspectives on Additive Manufacturing for Warhead Applications
	Review-based study; outlines technological gaps, current AM state, and hypothetical applications in warheads.
	TNT/nano HMX melt-cast explosive; CL-20
	Major design freedom, part count reduction, mass efficiency, and faster prototyping; supports novel warhead concepts (e.g. adaptive, scalable, and complex fill geometries).
	No experimental results; mostly conceptual; lacks specific material formulations or real detonation testing.
	Directly aligns: Explores AM benefits and challenges for warhead and explosive system design, especially complex geometries.
	Identifies critical need for safety protocols in AM energetic processing; acknowledges IM and ESD handling gaps.
	Very High: Strong conceptual potential with highly relevant insights; practical reliability expected to improve as AM processes mature.



[bookmark: _Toc200712082]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:
	Craig Crawford Maclellan

	2
	Student Number:
	2114212


	3
	Email address:
	2114212@student.uwtsd.ac.uk

	4
	Programme of Study:
	Ordnance, Munitions and Explosives 

	5
	Director of Studies/Supervisor:
	Steven Kelly (work)
Jenni Steen (academic)



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:
	[bookmark: _Hlk200706113]Investigating the Performance of Explosives Manufactured by Alternative Techniques

	2
	Proposed start date:
	12/05/2025
	Proposed end date:
	27/03/2026

	
	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
This research explores whether high explosives produced using Additive Manufacturing (AM) methods, such as 3D printing, can match the safety, reliability and performance of those made using traditional methods. Conventional production of explosives can be hazardous, inefficient and difficult to scale. In contrast, AM offers the potential for improved design flexibility, reduced material waste and safer production environments.
The project will evaluate how suitable AM is for fabricating high explosives by examining energy output, structural integrity and sensitivity. It will also explore broader safety and ethical considerations, including regulatory compliance, risk of misuse and how current safety protocols apply to these emerging technologies.
This topic is important because, while defence organisations are investing in AM for energetic materials, evidence supporting its practical safety and performance remains limited. This research seeks to fill that gap by drawing on existing studies, expert opinion and digital simulations to better understand whether AM could become a responsible and viable method for producing explosives in the future.
(this box should expand as you type)

	4
	Research Question
"Can high explosives manufactured using additive techniques perform as safely and reliably as those produced through conventional methods?”
As 3D printing becomes more advanced, its application to energetic materials has attracted increasing interest. However, it remains uncertain whether AM explosives can deliver the same energy density, consistency and safety required in defence and engineering contexts.
This research question is designed to assess not only technical capability but also regulatory and ethical readiness. It will investigate whether AM methods can meet existing safety standards and identify any areas where safeguards or further development may be necessary before widespread use.
(this box should expand as you type)

	5
	Aims of Research Activity
The main aim of this project is to investigate whether explosives produced through additive manufacturing can achieve the performance, reliability and safety required for high-risk applications. This includes assessing how AM may offer benefits in production efficiency, structural design and operator safety.
The research will examine whether these advantages can be achieved without compromising strict defence safety standards. It also aims to evaluate how AM processes align with current regulations, including Insensitive Munitions (IM) compliance, and whether they introduce new challenges such as consistency issues or risks related to unauthorised use.
By synthesising existing studies, modelling explosive behaviour and incorporating expert insight, the research aims to deliver a balanced and responsible safety assessment.
(this box should expand as you type)

	6
	Objectives of Research Activity
· To critically review existing research on additive manufacturing for high explosives and identify current limitations and potential benefits.
· To compare performance characteristics, such as energy output, density and safety, of AM explosives with traditional formulations using secondary data.
· To develop and analyse basic computer models that simulate the structural behaviour or detonation dynamics of AM explosives.
· To consult subject-matter experts to gather practical insights and assess real-world challenges.
· To evaluate how AM technologies relate to safety regulations, IM standards and ethical concerns including misuse or proliferation.
· To produce a safety assessment with clear conclusions and recommendations on whether additive manufacturing offers a safe and effective alternative to conventional explosive production.
(this box should expand as you type)

	
	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
	
Literature Review:
A structured review of academic, industry, and defence publications will gather data on performance, safety, and regulatory aspects of both conventional and 3D-printed explosives. Findings will be organised using a literature matrix to support comparative analysis.
Expert Interviews:
Semi-structured interviews will be conducted with professionals in explosives engineering, AM, or safety regulation. These will gather qualitative insights into real-world feasibility, safety concerns, and manufacturing challenges. Interviews may be recorded (with consent), transcribed, anonymised, and stored securely in accordance with GDPR/DPA2018.
Modelling and Simulation:
CAE tools (e.g., SolidWorks, ANSYS, Abaqus) will simulate explosive geometries under stress or detonation conditions. Models will be sliced in Bambu Studio or similar software. All simulations are digital and do not involve live explosives.
Secondary Data Collection:
Quantitative data (e.g., detonation velocity, density, sensitivity) from published sources will support performance comparisons between traditional and AM explosives. This data will also inform assumptions used in simulations.
Observational Notes:
If inert 3D-printed models are produced, observations will be recorded on accuracy and practicality. This will help demonstrate how closely AM can replicate complex explosive geometries.
Spreadsheet Handling:
Microsoft Excel will be used for system engineering applications, log literature findings, model outputs, and interview data. Graphs and tables could support final analysis and reporting.
Other:
No live explosives are planned to be used at any stage of this project. While it is unlikely, conducting or observing a live explosive trial would offer valuable insight. Should an opportunity arise to observe additive manufacturing involving energetic materials in an industrial setting, additional ethical approval will be sought prior to any involvement.
(this box should expand as you type)





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.
	☐
	☐

	
	Details of any other primary data collection method:
(this box should expand as you type)
	
	


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
	
	Who are the intended participants:
	
YES
	
NO

	1
	Students or staff at the University?
	☒
	☐

	2
	Adults (over the age of 18 and competent to give consent)?
	☒
	☐

	3
	Vulnerable adults?
	☐
	☒

	4
	Children and Young People under the age of 18? (Consent from Parent, Carer or Guardian will be required)
	☐
	☒

	5
	Prisoners?
	☐
	☒

	6
	Young offenders?
	☐
	☒

	7
	Those who could be considered to have a particularly dependent relationship with the investigator or a gatekeeper?
	☒
	☐

	8
	People engaged in illegal activities?
	☐
	☒

	9
	Others. Please indicate the participants below, and specifically any group who may be unable to give consent.

	☐
	☒

	
	Details of any other participant groups:

(this box should expand as you type)
	
	



	
	Participant numbers and source
Provide an estimate of the expected number of participants. How will you identify participants and how will they be recruited? 

	10
	How many participants are expected?

	Fewer than five participants are expected for this project. Participants will be identified based on their professional experience in relevant areas such as explosives engineering, additive manufacturing, or defence safety regulation. They will be approached via existing academic and professional networks, including university lecturers, former supervisors, and industry contacts. All participants will be contacted directly through email with an information sheet outlining the purpose of the project, their voluntary involvement, and the confidentiality of their responses. Consent will be obtained prior to any interviews taking place.
(this box should expand as you type)

	11
	Who will the participants be?

	Possible participants:
· University lecturers or academic supervisors in explosives engineering or manufacturing
· Defence sector professionals (e.g. Ministry of Defence)
· Energetic materials researchers (e.g. from Cranfield or similar institutions)
· Additive manufacturing specialists in defence or industrial
· Explosives safety regulators or advisors
· Engineers or technicians experienced with 3D printing of high-risk materials
· Members of standards organisations (e.g. related to Insensitive Munitions or NATO STANAGs)

(this box should expand as you type)

	12
	How will you identify the participants?
	
Participants will remain anonymous unless they give explicit written permission. No names, job titles, or organisations will be recorded or published. Interview data will be anonymised and stored securely, with audio recordings deleted after transcription. All outputs will refer to participants by generic labels (e.g. Participant A). No identifiable information will appear in the final report without prior consent.


(this box should expand as you type)




	
	Information for participants:
	
YES
	NO
	
N/A

	13
	Will you describe the main research procedures to participants in advance, so that they are informed about what to expect?
	☒
	☐
	☐

	14
	Will you tell participants that their participation is voluntary?
	☒
	☐
	☐

	15
	Will you obtain written consent for participation?
	☒
	☐
	☐

	16
	Will you explain to participants that refusal to participate in the research will not affect their treatment or education (if relevant)?
	☒
	☐
	☐

	17
	If the research is observational, will you ask participants for their consent to being observed?
	☒
	☐
	☐

	18
	Will you tell participants that they may withdraw from the research at any time and for any reason?
	☒
	☐
	☐

	19
	With questionnaires, will you give participants the option of omitting questions they do not want to answer?
	☒
	☐
	☐

	20
	Will you tell participants that their data will be treated with full confidentiality and that, if published, it will not be identifiable as theirs?
	☒
	☐
	☐

	21
	Will you debrief participants at the end of their participation, in a way appropriate to the type of research undertaken?
	☒
	☐
	☐

	22
	If NO to any of above questions, please give an explanation 

	
	
(this box should expand as you type)



	
	Information for participants:
	
YES
	NO
	
N/A

	24
	Will participants be paid?
	☐
	☒
	☐

	25
	Is specialist electrical or other equipment to be used with participants?
	☒
	☐
	☐

	26
	Are there any financial or other interests to the investigator or University arising from this study?
	☐
	☒
	☐

	27
	Will the research activity involve deliberately misleading participants in any way, or the partial or full concealment of the specific study aims?
	☐
	☒
	☐

	28
	If YES to any question, please provide full details 

	
	Is specialist electrical or other equipment to be used with participants? Yes
At present, no specialist electrical or other equipment will be directly used by participants.
However, there is a possibility that a 3D printer may be demonstrated during the project in the presence of participants (e.g., for observational purposes or to support expert discussions). In such cases, participants will not operate the equipment themselves, and all appropriate health and safety procedures will be followed.
If a more involved trial or demonstration is proposed involving participant interaction, further risk assessment and ethical approval will be sought before proceeding.
(this box should expand as you type)



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.

	
	Risk to participants:

1. Professional Discomfort 
2. Personal Data
3. Misrepresentation 
4. Machine-based risks
5. Clarification on explosives

(this box should expand as you type)
	How you will mitigate the risk to participants:
1. Participants may be asked about sensitive topics. All questions will be optional, and interviews can be paused or stopped at any time.
2. Any identifying details will be anonymised unless explicit consent is given. Audio recordings (if used) will be securely stored and deleted after transcription.
3. Participants will be offered a chance to review their input to avoid misinterpretation.
4. In the unlikely event that participants observe or assist with inert 3D printing demonstrations, normal lab safety procedures (e.g. ventilation, PPE) will apply to prevent minor risks such as heat exposure or mechanical injury.
5. No live explosives will be used or handled at any stage. Should a rare opportunity arise to observe industrial AM processes involving energetic materials, it would only proceed with separate ethical approval.
(this box should expand as you type)

	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

	
	


(this box should expand as you type)

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

	
	Risk to the investigator:
1. Mild physical risk

(this box should expand as you type)
	How you will mitigate the risk to the investigator:

1. All 3D printing will follow proper PPE and safety procedures in place.

(this box should expand as you type)

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

	
	Risk to the University:
1. Adverse Publicity
2. Data Protection Breach
3. Misrepresentation of Research Scope
4. Unauthorised Use of Institutional Resources
5. Safety Compliance (e.g. lab or equipment misuse)


(this box should expand as you type)
	How you will mitigate the risk to the University:

1. The research will be framed professionally, and care will be taken not to make claims beyond the evidence. Any external references to the University will be accurate and respectful.
2. All data involving human participants will be anonymised and stored securely in line with GDPR/DPA2018.
3. Project scope and claims will be clearly stated to avoid reputational risk or misinterpretation of the University’s role.
4. Use of any University resources (e.g. lab time, software, printing) will be approved in advance through appropriate channels.
5. All lab or equipment-based activities will follow standard University safety procedures and receive supervisor oversight.

(this box should expand as you type)

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

	
	Risk to the environment:

1. Potential environmental risk if any energetic materials are handled or produced
2. Minor waste from 3D printing activities (e.g. support material, filament scraps)
3. General energy consumption from equipment use (3D printers, modelling software)
(this box should expand as you type)
	How you will mitigate the risk to environment:

1. No live explosives will be handled without explicit institutional and legal approval. If an opportunity arises to observe or support 3D printing of energetic materials, this will be conducted in a certified facility with environmental safeguards in place.
2. All 3D printing activities conducted independently will use inert or low-risk materials, with waste properly managed.
3. Power use will be minimised through efficient planning and equipment shutdown when not in use. All activities will comply with environmental safety and sustainability policies.

(this box should expand as you type)



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.

	1
	Feedback
What de-briefing and feedback will be provided to participants, how will this be done and when? 

	
	Participants will be offered a brief verbal or written summary of the findings related to their input once the research is complete. At the end of the interview, they will be informed of how their insights contribute to the overall research and invited to request further updates if they wish. A dedicated contact email address will be provided, allowing participants to reach out for final outcomes or additional information after the project’s submission.
(this box should expand as you type)

	2
	Informed consent
Describe the arrangements to inform potential participants, before providing consent, of what is involved in participating. Describe the arrangements for participants to provide full consent before data collection begins. If gaining consent in this way is inappropriate, explain how consent will be obtained and recorded in accordance with prevailing data protection legislation.

	
	All participants will be fully informed of the nature and purpose of the research before any data is collected. Prior to participation, they will receive an information sheet detailing the project’s aims, what participation involves, the voluntary nature of involvement, data protection procedures, and their right to withdraw at any time without consequence.
Consent will be obtained through a signed consent form for interviews conducted in person or via video call. If interviews are conducted online or by email, digital consent will be requested and recorded through a consent statement agreed to via reply. All consent forms will be securely stored as personal data, in compliance with the UK General Data Protection Regulation (UK GDPR) and the Data Protection Act 2018.
Participants will also be reminded that any identifiable data will be anonymised, and audio recordings (if applicable) will be securely stored and deleted following transcription.
(this box should expand as you type)

	3
	Confidentiality / Anonymity
Set out how anonymity of participants and confidentiality will be ensured in any outputs. If anonymity is not being offered, explain why this is the case. 

	
	Participants will remain anonymous unless they give explicit written permission. No names, job titles, or organisations will be recorded or published. Interview data will be anonymised and stored securely, with audio recordings deleted after transcription. All outputs will refer to participants by generic labels (e.g. Participant A). No identifiable information will appear in the final report without prior consent.
(this box should expand as you type)



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
	Names and job titles may be collected solely for the purpose of arranging and conducting expert interviews. This data helps ensure participants are appropriately qualified and relevant to the research area. However, all identifying information will be anonymised in the final outputs, and no personal data will be published without explicit consent. Audio recordings (if used) will be treated as personal data and securely deleted after transcription.
(this box should expand as you type)

	
	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
	


(this box should expand as you type)



	
	
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:

	
	
All data will be kept in password protected cloud storage on the University Office 365 system which will not be shared. Audio/visual data will be transcribed and would be shown to participants to check accuracy of reporting. Any USB sticks used to store or transfer data will be password protected. All participants will be given a unique identifier to ensure confidentiality and this list will be kept securely in the password protected folder. 

(this box should expand as you type)



	
	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):

	
	
All data will be encrypted and kept in password protected cloud storage on the University Office 365 system which will not be shared. Any USB sticks used to store or transfer data will be password protected. All data transfers will be encrypted and password protected.  All participants will be given a unique identifier to ensure confidentiality and this list will be kept securely in the password protected folder. The data will be stored until the completion of the project and then deleted. In accordance with the DPA2018, participants will have the right to ask to see what data is held relating to them, and this data will be deleted immediately if the participant requests this, in which case the data will not be used in the project.

(this box should expand as you type)

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

	
	1. The principal researcher(myself)
2. The academic supervisor
3. The work based supervisor
4. The second marker or external examiner for assessment purposes
(this box should expand as you type)

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

	
	1. The principal researcher(myself)
(this box should expand as you type)

	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. 

	
	All data will be encrypted and kept in password protected cloud storage on the University Office 365 system which will not be shared. Any USB sticks used to store or transfer data will be password protected, and will be reformatted at the end of the project in order to destroy the data. The data will be stored until the completion of the project and then deleted. 

(this box should expand as you type)

	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:
	[image: A black letter in a circle

AI-generated content may be incorrect.]
	Date: 13/06/2025


	2
	Director of Studies/Supervisor:
	Steven Kelly
	Date: 13/06/2025

	3
	Signature:
	S.Kelly

	





FOR INTERNAL USE ONLY:
	
	Ethical approval given 

	1
	Signature of assessor:
	
	Date:


	2
	Name:
	

	3
	Role:
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