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[bookmark: _Toc233371692]1. Introduction, Aim & Objectives
The pyrotechnic delay compositions are a widely used formulation within the ordnance, munitions and explosives (OME) sector. Despite its operational importance, current manufacturing processes are relying heavily on manual operation and produce inconsistent yields, raising both productivity and safety concerns on the production scale. The project is worth pursuing because low yield and manual dependency in pyrotechnic manufacturing have direct implications for cost efficiency and personnel safety.

Aim: To design a method of manufacture that theoretically offers higher and more consistent yields with reduced manual operation to improve safety. This process will productionise the current methodology.
[bookmark: _Toc233371693]1.1 SMART Objectives
The following objectives have been written to be Specific, Measurable, Achievable, Relevant, and Time-bound (SMART):

[bookmark: _Toc233371754]Table 1 - (SMART Objectives)
	
	How this project meets it

	Specific
	The project targets a pyrotechnic composition; evaluating the steps required in the process.

	Measurable
	A theoretical yield improvement will be quantified by comparing existing records against the redesigned process, as well as reduced manual steps that all meet ER14.

	Achievable
	The project uses existing process records, publicly available regulations, and standard software tools. No live pyrotechnic trials are required, keeping scope manageable within the project period.

	Relevant
	Improving the production process directly supports the sector's need for safer, more repeatable manufacture — aligned with both the course and professional practice.

	Time-bound
	Each objective maps to a phase in the project plan. The full project concludes by March 2027, with interim milestones at the end of each phase.



[bookmark: _Toc233371694]Objectives
Objective 1 — Material Requirements & Specification: To identify stakeholders and document the key material requirements and performance specifications for the chosen pyrotechnic composition, establishing the technical criteria that any redesigned process must satisfy.
Objective 2 — Process Review & Bottleneck Analysis: To critically analyse the existing manufacturing process by the end of September 2026, identifying a minimum of three bottlenecks that contribute to low yield or increased manual handling, supported by reference to published process engineering literature.
Objective 3 — Baseline Process Flow Design: To produce a documented baseline process flow diagram capturing the current state of the manufacturing process as a reference point against which the redesigned process can be compared.
Objective 4 — Alternative Methods & Redesign: To research and evaluate alternative manufacturing methods for each process step focusing on the identified bottlenecks, selecting the most appropriate options based on their potential to improve yield and reduce manual handling, and incorporating these into a fully redesigned process flow.
Objective 5 — Yield Estimation: To calculate an estimated percentage yield for the redesigned process using published data on equivalent pyrotechnic compositions and standard yield calculation methods to demonstrate a quantifiable improvement over the existing process.
Objective 6 — Safety & Risk Documentation: To produce a draft risk assessment for the redesigned process compliant with the Explosives Regulations 2014 and current HSE guidance, reflecting the specific hazards identified during the process redesign.
[bookmark: _Toc233371695]2. Background to the Proposed Research
Pyrotechnic manufacturing has three key areas to consider: chemistry, process engineering, and explosives safety regulation. The specific pyrotechnic delay composition formulation shares similar problems with other delay compositions, with particular challenges when moved from small-scale preparation to full-scale production. Factors such as particle size variation, moisture sensitivity, and the manual nature of operations all contribute to yield inconsistency and increased risk to operators.
The pyrotechnic process engineering has been studied by many researchers before. For example, the studies of Cooper and Kurowski on the processing of energetic materials established the relationship between the mixing uniformity and all the materials completely reacting, which is also applicable to the delay-type pyrotechnic compositions [1]. Shimizu also conducted a study on pyrotechnic reaction mechanisms, which helped to outline and confirm the fundamental process parameters, i.e. the mix time, the batch size and the pressing force, affect the pyrotechnic yield [2].
A process design methodology such as that described in Crowl and Louvar's book on chemical process safety for the task of hazard identification when scaling up a process offered a basic framework [3], while Henkin and McGill outline sensitiveness testing in the production of pyrotechnics [4]. Any new process design would have to meet the safety criteria as laid down in recent Health and Safety Executive (HSE) documents and, in particular, The Explosives Regulations 2014 [5].
The majority of work within the process improvement field, often referred to as lean manufacturing, concentrates on the elimination of waste from production processes. A number of authors have contributed to this body of work, including the founders of the lean movement, Womack and Jones [6]. For pyrotechnic components, where there is a high likelihood for an incident due to the nature of the materials being manufactured, the identification of waste — particularly where this waste is created from manual handling techniques that add no value to the production process — is an important aspect to address. The method of standardising a process for the manufacture of pyrotechnic components is also well established within the OME. NATO STANAGs exists for the qualification and acceptance testing of pyrotechnic components, and the importance of standardised safety documentation to support the repeatability of process steps for energetic materials manufacture is well established through the work of the Institute of Makers of Explosives [7, 8].
While a wealth of information already exists on the process engineering of pyrotechnics, there is currently a lack of published information relating to the practical production of small-batch quantities of specific pyrotechnic formulations within the OME sector. The large majority of existing literature refers to the process engineering of bulk explosives and the large-scale commercial production of fireworks.
[bookmark: _Toc233371696]Ethical Consideration
This project involves the discussion of handling energetic materials and the design of processes that could present risk to personnel if poorly executed. All work will be conducted in line with site-specific safety regulations, relevant legislation (including the Explosives Regulations 2014 [5]), and under appropriate supervision. No live trial batches will be produced without prior ethical and safety approval. (See appendix A)
[bookmark: _Toc233371697]3. Project Design & Methodology
[bookmark: _Toc233371698]3.1 Development Methods
The project will use a mixed-methods approach combining process analysis, document review, and comparative data analysis:
1. Process mapping: The current selected pyrotechnic delay composition manufacturing procedure will be mapped using a swim-lane process flow diagram to identify manual steps, decision points, and waste.
1. Gap analysis: The current process will be benchmarked against best-practice process engineering principles and regulatory requirements to identify specific areas for improvement.
1. Redesign iteration: An improved process flow will be developed, with changes to mixing sequence, batch sizing, and handling procedures justified against yield and safety data.
1. Comparative analysis: Yield data from the existing process (where available from records) will be compared against projected outputs from the redesigned process using basic statistical comparison.
[bookmark: _Toc233371699]3.2 Tools and Resources
The following tools and approaches will be used, each selected for their relevance to the OME sector:
1. Process flow software (e.g. Lucidchart or Visio) for swim-lane diagrams - appropriate for clearly communicating process steps to both technical and non-technical stakeholders.
1. Microsoft Excel for data recording and comparison - appropriate for straightforward numerical analysis without requiring specialist software.
1. Relevant BSI standards, NATO STANAGs, and HSE guidance documents as reference frameworks.
[bookmark: _Toc233371700]3.3 Data Analysis
Yield data will be collected from existing production records where accessible and compared against the redesigned process outputs using percentage yield calculations and basic variance analysis. Qualitative data - such as operator feedback on manual handling steps - will be captured through structured observation notes and used to support the process redesign rationale.
[bookmark: _Toc233371701]4. Resources, Planning & Deliverables
[bookmark: _Toc233371702]4.1 Deliverables
1. Final technical report (8,000 words) covering process analysis, redesign, and recommendations.
1. Revised process flow diagram for the selected pyrotechnic delay composition manufacturing procedure.
1. Draft risk assessment for the redesigned process.
1. Completed ethics form (Appendix A).
[bookmark: _Toc233371703]4.2 Project Timeline 
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The timeline sequences each objective so that earlier phases directly inform later ones — material requirements and process review (Objectives 1 and 2) must be complete before the baseline flow (Objective 3) can be drawn, and the redesign (Objective 4) builds on that baseline. Yield estimation (Objective 5) follows the redesign, and safety documentation (Objective 6) runs across four months as it needs to reflect the finalised process before it can be completed. Write-up begins in January 2027, with submission in March 2027.
[bookmark: _Toc233371704]4.3 Resources Required
1. Access to existing pyrotechnic process documentation and production records (subject to site approval).
1. Access to relevant regulatory standards and technical references (via university library and HSE online resources).
1. Supervisor guidance sessions — approximately four sessions across the project period.
1. Process flow diagramming software (free or licensed version as available).
No laboratory equipment or live pyrotechnic handling is required for this project. Where existing data is unavailable, the analysis will rely on publicly available reference data and documented best practice.
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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:
	 Libbie Bush

	2
	Student Number:
	2223155


	3
	Email address:
	2223155@student.uwtsd.ac.uk

	4
	Programme of Study:
	OME Degree Apprenticeships 

	5
	Director of Studies/Supervisor:
	Jenni Steen



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
	· [image: ticked]

	2
	UWTSD Research Data Management Policy
	· [image: ticked]

	3
	
	☐



SECTION C: Details of Research Activity
	1
	Indicative title:
	Redesign and Productionisation of a Pyrotechnic Delay Composition Manufacturing Process

	2
	Proposed start date:
	July 2026
	Proposed end date:
	March 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
· Ob jectives 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 design a manufacturing process that is safer and more efficient than current techniques 


	4
	Research Question
Redesign and Productionisation of a Pyrotechnic Delay Composition Manufacturing Process


	5
	Aims of Research Activity

To improve the current method of manufacturing pyrotechnic delay composition for a higher yield and reduced manual processing  

(this box should expand as you type)

	6
	Objectives of Research Activity

Objective 1 — Material Requirements & Specification: To identify stakeholders and document the key material requirements and performance specifications for the chosen pyrotechnic composition, establishing the technical criteria that any redesigned process must satisfy.
Objective 2 — Process Review & Bottleneck Analysis: To critically analyse the existing manufacturing process by the end of September 2026, identifying a minimum of three bottlenecks that contribute to low yield or increased manual handling, supported by reference to published process engineering literature.
Objective 3 — Baseline Process Flow Design: To produce a documented baseline process flow diagram capturing the current state of the manufacturing process as a reference point against which the redesigned process can be compared.
Objective 4 — Alternative Methods & Redesign: To research and evaluate alternative manufacturing methods for each process step focusing on the identified bottlenecks, selecting the most appropriate options based on their potential to improve yield and reduce manual handling, and incorporating these into a fully redesigned process flow.
Objective 5 — Yield Estimation: To calculate an estimated percentage yield for the redesigned process using published data on equivalent pyrotechnic compositions and standard yield calculation methods to demonstrate a quantifiable improvement over the existing process.
Objective 6 — Safety & Risk Documentation: To produce a draft risk assessment for the redesigned process compliant with the Explosives Regulations 2014 and current HSE guidance, reflecting the specific hazards identified during the process redesign.

(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
	Yield data will be collected from existing production records where accessible and compared against the redesigned process outputs using percentage yield calculations and basic variance analysis. Qualitative data - such as operator feedback on manual handling steps - will be captured through structured observation notes and used to support the process redesign rationale 

(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?
	☐
	· [image: ticked]

	2
	Use of interviews?
	☐
	· [image: ticked]

	3
	Use of focus groups?
	☐
	· [image: ticked]

	4
	Use of participant diaries? 
	☐
	· [image: ticked]

	5
	Use of video or audio recording?
	☐
	· [image: ticked]

	6
	Use of computer-generated log files?
	☐
	· [image: ticked]

	7
	Participant observation with their knowledge?
	☐
	· [image: ticked]

	8
	Participant observation without their knowledge?
	☐
	· [image: ticked]

	9
	Access to personal or confidential information without the participants’ specific consent?
	☐
	· [image: ticked]

	10
	Administration of any questions, test stimuli, presentation that may be experienced as physically, mentally or emotionally harmful / offensive?
	☐
	· [image: ticked]

	11
	Performance of any acts which may cause embarrassment or affect self-esteem?
	☐
	· [image: ticked]

	12
	Investigation of participants involved in illegal activities?
	☐
	· [image: ticked]

	13
	Use of procedures that involve deception?
	☐
	· [image: ticked]

	14
	Administration of any substance, agent or placebo?
	☐
	· [image: ticked]

	15
	Working with live vertebrate animals?
	☐
	· [image: ticked]

	16
	Procedures that may have a negative impact on the environment?
	☐
	· [image: ticked]

	17
	Other primary data collection methods. Please indicate the type of data collection method(s) below.
	☐
	· [image: ticked]

	
	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?
	☐
	· [image: ticked]

	2
	Adults (over the age of 18 and competent to give consent)?
	☐
	· [image: ticked]

	3
	Vulnerable adults?
	☐
	· [image: ticked]

	4
	Children and Young People under the age of 18? (Consent from Parent, Carer or Guardian will be required)
	☐
	· [image: ticked]

	5
	Prisoners?
	☐
	· [image: ticked]

	6
	Young offenders?
	☐
	· [image: ticked]

	7
	Those who could be considered to have a particularly dependent relationship with the investigator or a gatekeeper?
	☐
	· [image: ticked]

	8
	People engaged in illegal activities?
	☐
	· [image: ticked]

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

	☐
	· [image: ticked]

	
	No participants 
	
	







Page 4 of 12 
ACDA6017 — OME Major Project proposal 
image2.png




image1.jpeg




image3.jpeg
Prifysgol Cymru
¥ Drindod Dew Sant
University of Wales

Trinity Saint David




