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[bookmark: _Toc104160525]	Objective: 
The objective of this project proposal is to determine if electron beam melted (3D Printed) Titanium liners perform better against machined Titanium Liners, and conventional copper shaped charge liners. While also taking into considerations manufacturing time and manufacturing costs.  
[bookmark: _Toc104160526]	Problem Identification and possible Solution:  
The purpose of this research is to identify improved manufacturing techniques to produce Shaped Charge Liners, while also attempting to identify liner materials that will improve performance. 
Titanium has been highlighted to have better penetration at greater standoff distances compared to Copper. [1] This could be a result of having a greater density due equation no.1. 

Equation No.1 – Penetration Depth [1]
However, Titanium is known being difficulty to machine due to the strength of the material. 
Additionally, Shape Charge liners have tight tolerances. This is because if the liner is not asymmetric this can affect the performance of the liner jet. [2] Therefore, Titanium is not an ideal candidate due to machining challenges. 
With the development of 3D printing (additive manufacturing) techniques. Electron beam melting can be used to rapidly prototype components in the Titanium Alloy Ti-6AI-4V. This alloy has been previously used to create prosthetic components for medical purposes. [3]
[bookmark: _Toc104160527]	Impact of Research
Therefore, electron beam melting could be used to manufacture Titanium liners for shaped charges. This could lead to faster manufacturing times, reduced manufacturing costs [4] and allow access to better performing materials. Additionally, if electron beam melted liners proved to perform better than machined liners, more complex geometries could be explored in the future via rapid-prototyping. 
Finally, if EBM is more cost-effective and faster than traditional machining this will allow shaped charge designs to be altered for different roles and a wider variety of applications without the need of bespoke tooling. 






[bookmark: _Toc104160528]Chapter 2: Background 
[bookmark: _Toc104160529]What is a shaped Charge
[image: A picture containing shape

Description automatically generated]Shaped Charges (SC) are explosive devices used in various fields ranging from mining, civil demolition to applications for Military use. 
Figure No.1 – Hollow Shaped Charge
[image: A picture containing graphical user interface

Description automatically generated]They operate by utilising the Monroe effect which concentrate energy to a singular point to achieve penetration. [5] For example, figure No.1 shows a shaped charge with no liner, however has been placed a set  distance away from the target. This is known as the stand-off distance. Upon detonating, the products from the explosive forms large amount of gas and energy which create an intense localised force which penetrates the material. 
Figure No.2 – Shaped Charge with Liner
However, this penetration can be further improved by using a thin layer (metal, plastic, ceramic to create a liner which fits intimately with the mould of the explosive material. [1] 
[image: Shaped charge jet and slug formation [4]]During the detonation process, the liner is subjected to larger detonation pressures which forces the liner to become an inviscid incompressible fluid, similar to shape of figure no. Upon impact of the liner with the target, the liner then displaces the target material creating penetration. 
Figure No.3 – Shaped Charge forming Slug and Jet [6]


[bookmark: _Toc104160530]Shape Charge Manufacturing Methods and Tolerances
For military applications the shaped charge liner is a conical shape, and has been manufactured through a variety of methods consisting of casting processes, forming process, machining process and other technics such as grinding and metallizing. [2] However, for the liner to be effective the component needs to have tight tolerance. 
For example a 81mm copper cone the wall thickness tolerances in the transverse plane was: +-0.00508mm, while the concentricity had to be within +- 0.0508mm. It was noted that without these tolerances performance dropped as the asymmetric variations caused unstable jets as they deviate from the axil. [2]

[bookmark: _Toc104160531]Relevant Research Papers 
· Cranfield University: One of the most relevant paper to this project was submitted in 2019 by Cranfield University which was titled “The effect of 3D printed material properties on shaped charge liners”. [7] This paper investigate the use of Selective Laser Sintering (SLS) to manufacture Aluminium liners and copper Liners. 

From an explosive trial within the report it was found that the Aluminium SLS liners had greater penetration than machine liners. However, the copper machined liners had greater penetration than Copper SLS liners. This was reasoned to be because SLS components have porosity because of the manufacturing method and was noted to be one of the greater drawback of this technique. 

· Missouri University of Science and Technology: Another similar research paper was published in 2018 titled “Additive Manufacturing of Liners for Shaped Charges”. [8] For this report an shaped charge liner of SS 304L was analysed and manufactured by Selective Laser Sintering. 

Different geometries were tested as additive manufacturing allowed more complex shapes. As such honeycomb designs were tested to change the mechanical properties of the liner. However, from the research solid liners performed the best. 

Overall, this paper also showed positive evidence towards using SLS for the manufacture of shaped charge liners. 

[bookmark: _Toc104160532]Summary of Research 
Both papers investigated the use of SLS to manufacture liners and received similar conclusions that 3D printed liners had improved performance. However, neither took into account of manufacturing times or manufacturing cost. Therefore, despite having improved performance this might not be practicable because of cost of the components. 
Additionally, for this project proposal EBM is desired over SLS. This is because EBM will produce components with less porosity. Therefore, reducing possible performance issues highlighted by Cranfield University.
Finally, from a literature review published in 2019 it was deemed that Titanium had improved performance at greater standoff distances when compared to copper. Therefore, Ti-6A-4V will be manufactured by EBM.   
[bookmark: _Toc103977245][bookmark: _Toc104160533][image: Diagram

Description automatically generated]Chapter 3: Objectives
Figure No.4 – Overview of Objectives

[bookmark: _Toc104160534]Objective One: Determine Mechanical Properties 
The first stage is to determine the mechanical properties for EBM Titanium and machined Titanium. This is because the EBM materials are antistrophic, therefore allowing the printed materials to have different mechanical properties depending on the direction of the print. 
[image: See the source image]Within the first two months of the project start date, 40 Titanium components will be manufactured as per Figure No.5. 
Figure No.5 – Tensile Test Specimen [9]
10 of the 40 components will be machined, while the remaining 30 Titanium components will be 3D printed using EBM techniques in different directions.  
This will then allow a Tensile Test to be conducted to collect the mechanical properties of both the Titanium Alloy Ti-6AI-4V and EBM Titanium Alloys. This data can then be used for computer modelling in Objective Three. 
[bookmark: _Toc104160535]Objective Two – Computer Aided Design of Shaped Charge
Upon completion of the tensile testing of materials, a Computer Aided Design (CAD) model using of a shaped charge liner in a simple shape charge munition will be created over the next two weeks using Solidworks or any equivalent CAD tool. 
By creating a model it can then be used for both the manufacture of Titanium Liners and for the computer model in Abaqus or a Finite Element Analysis software. This will ensure that the next stage (Computer Modelling) will accurately  reflect the final product. In both physical design and computer model design. 
[bookmark: _Toc104160536]Objective Three – Abaqus Modelling
Five langrangian-eurlian models will be experimented through Abaqus, a computer modelling software, over the next two month period. This is to determine the suitability of using Titanium as a shape charge liner. The modelling data will use the mechanical data from objective one for titanium, while literature research data will be used for copper. Additionally, literature data will be used for the explosive fill (RDX).  
The five models that will be experimented are: 
1. EBM Titanium Liner X-Direction Mechanical Properties 
2. EBM Titanium Liner Y-Direction Mechanical Properties
3. EBM Titanium Liner Z-Direction Mechanical Properties
4. Machine Titanium Liner Mechanical Properties 
5. Conventional Copper Liner 
By determining the different mechanical properties from the 3D printed Titanium this model will indicate which direction should be used for the liners. For example if model number 2 showed the best performance this would indicate that the Titanium lines for Objective 4 (Live Firing) should be printed in the Y-direction. 
[bookmark: _Toc104160537]Objective Four – Live Firing
Provided the computer modelling supports the demand for further research, a live firing will be executed over the final four months to accurately determine the penetration performance of EBM manufactured liners and machined liners. 
Further information about the experiment can be found in Chapter 4. 
[image: Diagram

Description automatically generated]However, to quickly summaries figure No.6 shows the expected objectives and outcomes for each stage. 
Figure No.6 Summary of the objectives and outcomes 

[bookmark: _Toc103977246][bookmark: _Toc104160538]Chapter 4: Experiment Design 
From the objectives of this project the following questions has been created: 
“Does Electron Beam Melted (EBM) manufactured liners perform better than machine liners, when also taking in account manufacturing time and cost?” 
An open question has been created over an Hypothesis because there are multiple inputs that can affect the final outcome. This question has been designed to understand how different inputs can affect the practicality of using EBM techniques to manufacture liners from a business perspective, 
Additionally, because of the style of the question, this question will be answered by measuring the relationship in the following data: 
· Penetration Performance 
· Manufacturing Times
· Cost of Manufacture 
[image: Diagram

Description automatically generated]However, for each section this can be broken further down into single quantitative values.
Figure No.7 – Input Variables affecting argument
· [image: Shape, arrow

Description automatically generated] Penetration Performance (Discrete Data): This data will be collected form a live trial, similar to the arrangement of Figure No.8. Several steel plates of the same thickness will be spaced equidistance apart. This will then allow a rough measurement for penetration depth, while also allowing visual analysis of penetration through components.  
Figure No.8 – Shaped Charge Trial Set-up

· Manufacturing Cost (Discrete Data): To measure this the cost of materials, tooling and operator hours will be measured and calculated for the work. This variable is dependant also dependant on the manufacture times. 

This variable is important because if it turns out EBM liners perform similarity of machine liners however cost more or less to manufacture this will assist determining if EBM manufacturing techniques are suitable for future use. 

· Manufacture Times (Discrete Data): This will be measured by comparing the print times of an EBM manufactured liner against an engineer machining a liner themselves. 

This variable is important because this will determine if EBM manufacturing techniques reduce the lead time for shaped charge liners while being within tolerance. This when combined with cost and performance would then determine if EBM is a suitable alternative for the manufacture of 

[bookmark: _Toc104160539]	Data Analysis 
For each data input it is expected as minimum to repeat the test five times for each scenario. Therefore, when calculating the mean this will reduce the weight of any anomalies, when compared to three pieces of data. Additionally, this considers possible costs due experiment design.  
Since each input is discrete data a three dimensional scatter graph can be used to visualise all data simultaneously. However, due to be each input being a different unit (Cost £, Time -minutes, Penetration depth - mm) this format will not accurately describe any correlation. 
Instead, for each input the samples for each liner configuration will be compared on a plot graph. This will then better represent the data, as then an average can be taken as well. This will then show each test sample quantitative data, and the average for the group. 
However, as the inputs have been separated into their own group work will need to be conducted to show the links and relationships between these inputs in the discussion of the project report. 








[bookmark: _Toc103977247][bookmark: _Toc104160540]Chapter 5: Resources and Planning 
[bookmark: _Toc104160541]Gantt Chart
Below is the proposed time-frame for the project. Four weeks have been included for Annual leave. Additionally, extra time has been assigned to analyse data / write report. This is to allow buffer time in case any tasks slip because of technical faults or unforeseen circumstances. 	 
[image: A screenshot of a game

Description automatically generated with low confidence]
Figure No.9 – Project Proposal Gantt Chart

[bookmark: _Toc104160542]	Resource Required 
[image: ]Table No.1 – Resources Required
[bookmark: _Toc104160543]Summary
In summary the objective of this project proposal is to determine if electron beam melted (3D Printed) Titanium liners perform better against machined Titanium Liners, and conventional copper shaped charge liners. While also taking into considerations of manufacturing time and manufacturing costs.  
To achieve this, first a mechanical study of tensile test specimens will be conducted. This will then allow computer models to be generated. Finally, the computer models will then be supported by a live firing. 
During the preparation of the live firing, data will be collected from the manufacturing stage to determine if the difference of cost and manufacturing time is adequate for the improved/decrease in performance. 
Finally, the penetration performance of the live trial combined with the data from manufacturing and cost will then highlight if EBM is practical for mass production of shaped charge liners. 
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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:
	Frazer Graham 

	2
	Student Number:
	S1907690


	3
	Email address:
	1907690@student.uwtsd.ac.uk

	4
	Programme of Study:
	OME Apprentice 

	5
	Director of Studies/Supervisor:
	David Holly 



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:
	Electron Beam Melted Shaped Charge Liners 

	2
	Proposed start date:
	Sep 2023
	Proposed end date:
	June 2024

	
	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
The purpose of this project proposal is to determine if electron beam melting (3D printing) could be used to manufacture Titanium liners for shaped charges. This could lead to faster manufacturing times, reduced manufacturing costs and allow access to better performing materials. Additionally, if electron beam melted liners proved to perform better than machined liners, more complex geometries could be explored in the future via rapid-prototyping.


(this box should expand as you type)

	4
	Research Question

“Does Electron Beam Melted (EBM) manufactured liners perform better than machine liners, when also taking in account manufacturing time and cost?” 


(this box should expand as you type)

	5
	Aims of Research Activity

· To determine if EBM manufacturing techniques is a valid technique in terms of cost and manufacturing time for large scale production. By comparing performance, cost and manufacturing time of EBM titanium liners against conventional shaped charge ammunition and machined titanium liners.  

· To determine if EBM manufactured Titanium Liners perform better than machined liners, by comparing EBM manufactured liners against machined titanium liners. 

· To determine if Titanium Liners perform better than conventional ammunition, by comparing machined titanium liners against conventional shaped charge ammunition.


(this box should expand as you type)

	6
	Objectives of Research Activity

In summary the objective of this project proposal is to determine if electron beam melted (3D Printed) Titanium liners perform better against machined Titanium Liners, and conventional copper shaped charge liners. While also taking into considerations of manufacturing time and manufacturing costs.  
To achieve this, first a mechanical study of tensile test specimens will be conducted. This will then allow computer models to be generated. Finally, the computer models will then be supported by a live firing. 
During the preparation of the live firing, data will be collected from the manufacturing stage to determine if the difference of cost and manufacturing time is adequate for the improved/decrease in performance. 
Finally, the penetration performance of the live trial combined with the data from manufacturing and cost will then highlight if EBM is practical for mass production of shaped charge liners. 


(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
	This should describe how you intend to collect data. It should not include a discussion of the theoretical basis for your data collection methods. Please note, that if you intend to collect any audio/video recordings of interviews with participants then these will be are classified as Personal Data under GDPR/DPA2018. If you intend to use these then note this in section H.

For the testing of materials, data will be captured in form of charts and software programs to store electronic data on a hard drive. 
During the manufacture of components it will be asked that the engineers record their time spent on manufacturing the component for the analysis. This will be stored electronically. 
Additionally, for live trials data will be recorded via pen and paper and then stored electronically. In addition Cameras will be used to show the jet formation during live firing. 
(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:
Complete this only if your participants cannot give consent. This includes animals

(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?

	Ballpark figures are fine, but make sure that you explain how you will identify and contact your participants.
No more than roughly ten - fifteen participants. This is looking at number of engineers to produce components, and team members to conduct trial work and record activities.  

(this box should expand as you type)

	11
	Who will the participants be?

	
They will all be employees of Dstl, or a contractor from Dstl

(this box should expand as you type)

	12
	How will you identify the participants?
	
These participants will be instructed and notified of the project before any formal agreement and actions declared. Therefore, no work will be done unless they have formally written and confirmed they understand the portion of any activity and how the data they contribute will be used. 

(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 

	
	You should be able to tick YES for all of these questions. If not, then explain why not in this box.

(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 

	
	You should be able to tick NO for most of these questions. For any cases that you have ticked YES then provide details in this box. If you are using cameras/voice recorders to record interviews then please state that in this box.

Other interest are classed as defence applications. Parties may wish to know more information about the trial, or try and mislead / have biased opinions to enforce their own agenda. 
(this box should expand as you type)



SECTION F: Anticipated Risks

	
	[bookmark: _Toc104160546]
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:
There are always risks. Do not write N/A unless you have no participants.


Harm from conducting trial activities such as machining or being in proximity of explosives. 
(this box should expand as you type)
	How you will mitigate the risk to participants:



(this box should expand as you type)

For each activity a risk assessment will be conducted to reduce risk to an acceptable level. Control measures will be put in place to ensure a safe working environment. 

	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

	
	
Not Applicable. 

(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:
There are always risks. Do not write NA.

Risk of handling explosives and manufacturing, handling components during trial activities.



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



(this box should expand as you type)
For each activity a risk assessment will be conducted to reduce risk to an acceptable level. Control measures will be put in place to ensure a safe working environment

To avoid conflict of interest between the university and Dstl, all information will be based at official. 

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

	
	Risk to the University:
There are always risks. Do not write NA.

Data loss, harm of participants during trial set-up and during trial. 

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

For each activity a risk assessment will be conducted to reduce risk to an acceptable level. Control measures will be put in place to ensure a safe working environment

To reduce harm to general public, Dstl sites will be used which will prevent unauthorised access to the general public. 

(this box should expand as you type)

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

	
	Risk to the environment:
Explosive materials 


(this box should expand as you type)
	How you will mitigate the risk to environment:
Impact to environment will be assessed as part of Dstl Trial / Experiment Plan. Appropriate clean down standards will apply. 


(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? 

	
	You don’t need to email your participants with your final report. A good alternative is to set up an email address that they will be able to contact for further details or results.

Participants will be able to access any feedback and de-briefing via contacting my work email. fgraham@dstl.gov.uk 

(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.

	
	If you are using a paper questionnaire then you should have the participants sign an appropriate consent form. These forms will count as personal data and should be noted as such in section J.
If you are using an online questionnaire, then you should have a screen before the questions start that acts as a consent form, informing participants that by clicking on the NEXT button they are providing consent.

Before any work is conducted by the participant, I will discuss with them the work I am conducting and how they will fit into the project. Here I will outline what would be expected from them and their roles within the project. I will gain electronic written consent before asking them to conduct any activity. If at any point they wish to leave they can do so, and any data will be removed. This will be conducted verbally. 
(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. 

	
	Do not collect names unless you really need them. Do not name participants or organisations in any research publications (including the thesis) without their explicit permission.

Names will be removed. Only roles will be used and job title. Additionally, companies will not be used to protect commercially. 

(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.
	☐
	X

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

	2
	This includes audio/video data of participants, but can also include IP addresses and usernames. Names, addresses and emails also count, as do consent forms.

(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),
	
☐
	
X

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

	4
	What counts as ‘sensitive’ will differ between cultures. Any information on behaviour that is not in accordance with cultural norms would count as sensitive personal data.



(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:

	
	If possible, save your data on computers that are secure and regularly backed up. Many cloud services only provide GDPR-compliant storage for business customers. An example of suitable text is given below.

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. 

Access to PC’s are locked and require security passes to access. Additionally, Dstl laptops have a variety of security locks to prevent unauthorised access. Any paper documentation will be stored alongside laptop in a locker to prevent unauthorised access. When data is not in use it will be stored. 
(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):

	
	This includes data such as drafts of your thesis as well as experimental or survey data. An example of suitable text is given below.

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:

	
	Normally the principal researcher, possibly also the supervisor and, if the project has an industrial partner, a representative of that partner. Possibly also external examiner or second marker?
Myself, my liner manager, my project supervisor, examiner. I will also provide the data submitted by participants back to themselves if they request to see what they submitted.  
(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:

	
	Usually the principal researcher.
Myself – I will be responsible for the security of the data 
(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. 

All data will be stored on an encrypted hard drive, additionally data will be stored onto my work PC. To access PC, this will be stored on a secure site, in a secure locker and will require passwords to access. The data will be stored for the duration of the project and then saved onto Athena for the company records. 

(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:
	FKG 
	Date:
23.05.2022

	2
	Director of Studies/Supervisor:
	
	Date:

	3
	Signature:
	

	





FOR INTERNAL USE ONLY:
	
	Ethical approval given 

	1
	Signature of assessor:
	
	Date:


	2
	Name:
	

	3
	Role:
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Activity  Number  Resources Required  Activity  Number  Resources Required  

1.1  Solidworks program or alternative  CAD design program. Available at  work and University   campus.  1.3  Laboratory required with Tensile  Testing machine. Computer required  with appropriate program.  Hard drive  required for storage of data     

1.2  Manufacture of Components.  Materials, tooling and machines  required. Can either be completed in  house or supplied by external  customer.  1.4  Microsoft word and computer to  create write up analysis.     

Activity  Number  Resources Required  Activity  Number  Resources Required  

2.1  Solidworks program or alternative  CAD design program. Available at  work  and University campus.  N/A  N/A  

Activity  Number  Resources Required  Activity  Number  Resources Required  

3. 1  Time required to research  appropriate papers.  Computer with  online access and database. Can be  used at work.   3.2  –   3.7  Abaqus required to create models and  simulate   performance of shape  charge liner materials.   Program  available at University Campus.      Hard drive for storage of data.   

3.8  Microsoft w ord and computer to  create write up analysis.     N/A  N/A  

Activity  Number  Resources Required  Activity  Number  Resources Required  

4.1  Computer resources to create risk  assessment document.  Time for line  managers approval and review.   4.2  Computer resources to  create trial  plan as per company policy. Time will  be required for line managers to  review and approve documentation.   

4.3  Computer resources and time to  book equipment as per  trial plan in  4.2.   4.4  Components to be manufactured in  house . Therefore, require tooling,  person hours, machine, materials.   Alternatively, can be requested to be  manufactured externally.   

4.5  Resources for trial team to set up  and conduct experiment. Equipment  required,  person hours,  instrumentation, and hard driv e for  the trial.   4.6  Time and resources to continue trial.  Extra time in case of misfires,  unexpected delays or technical  problems.   

4.7  37hrs   to clean down work area.   4.8  Microsoft word and computer to  create write up  and  analysis   of data .   

4.9  Microsoft word and computer to  create final project report.      N/A  N/A  

 


