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Introduction:
A shaped charge is an explosive device that is capable of high penetration on anything from armoured plating, to rocks in the mining industry [1]. Shaped charges come in a variety of dimensions and setups; however, they all follow the same principle of directing their energy on a focussed concentrated point to exert the maximum momentum possible in one plane of direction [2]. Most shaped charges are made from three main components:  casing (often plastic), metal liner (typically copper) and an explosive material. The orientation of these three components can alter the output of a shaped charge. However, they all experience the Munroe effect [3]. 
The Munroe effect is the main underpinning of shaped charges. It is the greatly increased penetration by an explosive device by inverting a conical metal liner for it to form a plasma like jet of high velocity. 
The Munroe effect is achieved by the setup of a shaped charge. This involves a concave metal liner often in a cone shape. An explosive material then backs this metal liner. This is all then sealed tight in a plastic/metal casing. There will be electrical components as well to initiate the device. Once the device is set off by an electrical stimulus, the high explosive detonates at a supersonic rate propagating a wave of intense pressure into the metal liner. The metal liner then compresses and moves forward. As the liner compresses it inverts in on itself. The liner no longer looks like a cone but instead a slug/jet of hot plasma like metal. Due to the intense pressure and heat, the metal liner becomes a plasma (not solid, but not liquid). This plasma elongates and stretches. The tip of this jet often breaks up and has the highest velocity of in some cases 10km/s. The tail often has a slower velocity due to it having more mass than the tip, this moves at 2-5km/s [4]. The breakup of the jet is random. If you fired 100 identical shaped charges and used rapid flash x-ray to capture the jet formation they would all vary. This is mainly down to the fact that the metal liner will always contain impurities and hairline cracks in different areas, which in turn affects the output of the device.
As well as impurities and hairline cracks in the liner affecting the output, the shape of the metal liner will also affect the output. 
It is this investigation where I shall model different simulation setups to see which shaped liner produces the best penetration into an aluminium block.
I believe this project is worth doing because, the majority of current in service munitions with implemented shaped charges all use a similar liner shape. If I can prove that a different or new novel shape can be better utilised to maximise penetration, then current standards will have to be changed. Thinking far down the line, if penetration can be increased by a new liner shape, armour will have to have an advancement in technology to counter the advancement in attack through penetration. 
Shaped charges are not only just used in the defence industry but also the mining industry. Although a completely different industry, they also require penetration characteristics from the shaped charges they use. When quarrying out cliff faces, they use shaped charges to cut away at the rock. A new liner may be of use for them as well as the defence industry.



[bookmark: _GoBack]Aims and objectives:
· Produce an accurate simulation of the SMEOD20 charge.
· Design 5 new liner shapes.
· Model these 5 liner shapes in the hope to…
· …Find a new liner shape that increases penetration using the same conditions (same NEQ, casing etc.)
· Compare penetration, velocity, breakup and V.J.M plots to trial data from models.
My end goal will be to compare the penetration of 5 different shaped liners. A trial that I attended in my first year of joining Dstl was looking at a shaped charge called SMEOD20. It is a shaped charge produced by Saab. The trial involved flash x-ray systems to look at the penetration from the charge in an aluminium block. In order to take an environmental approach at this, the data from the already completed trial can be utilised to help re-create a model of this charge. If the simulation can be properly set up to obtain the same jet velocity and the same penetration, then I can start to modify the liner shape and compare penetration. This will result in the saving of explosive material without having to be used, as the models will be accurate to the trial that took place. To ensure the model is accurate I can compare the penetration into the block, breakup of the jet, velocity of the jet and velocity jet mass plots from the trial.

Background to the proposed research and literature review:
The use of shaped charges has been ongoing from the Second World War, where the likes of Germany, England, France and Italy all constructed their own unique designs. Although old technology now, back then they would cause significant damage to enemy tanks. Nowadays technology has advanced and the introduction of tandem warheads has arisen. The tandem warheads often introduce two shaped charges that fire almost instantaneously to one another by implementing a complex time delay fuse. 
The performance of old and new shaped charges can obviously be altered by changing the explosive. Research has been done that concluded a more brisance (shattering affect) explosive causes a longer jet formation. Likewise, a higher Net Explosive Quantity (NEQ) also produces a longer jet. However, there has been little research on the effect of changing the shape of the liner. The closest work I can find is:
[image: ]The influence of the radius of the liner on the jet formation by Li Ding [4]. The investigation looked into the liner radius and how that went on to change the formation of the jet. This would also affect the penetration characteristics. The level of science in this piece of work is really in depth and uses some newly developed formulas to work out properties of shaped charges. However, there is no mention of the jet break up. A big part of the jet formation is how the plasma breaks up into pieces. I know from previous work on trials at Dstl that the breakup is one of the most significant factors relating to penetration.Figure 1. Influence of radius of liner on jet formation by Li Ding [4].


Another similar piece of work is an article from Salih Saran [5]. The work included looking at the geometry of liner shapes. This is more relevant to my investigation as we are both looking at the same independent variable. Salih goes on to compare aluminium liners, whereas I’ll be focussing on copper liners. Copper is more malleable than aluminium thus making it elongate more when in plasma state. Work has been done on the best material for liners by previously mentioned Zhang – Zong Xian. His work concluded steel, aluminium and copper are the best. Although Salih was looking at the geometry of the shaped charges, the shape of the liner never actually changed.
[image: ]Figure 2. Showing the different liner shapes from Salih’s work. [5]


In figure 2 we can see that the liner shape follows the basic principle of being the traditional cone shape. In my investigation I’ll look into changing the cone shape to other shapes that stray away from the traditional norm of a conical design.
Finally, an article from Cranfield University on 3D printed liners for shaped charges also relates to my area of interest for this investigation. It relates to my investigation because 3D printing can be utilised to create complex shapes/designs to a high standard that you can’t with other manufacturing processes. In my investigation I am planning on using some CAD or modelling software to create some complex shapes for liners. These liners could then be 3D printed to get a real world feel for them. The Cranfield article further relates to my investigation because it goes as far as changing the shape of the actual high explosive. This is something I had not thought of until my literature review. However, for simplicity I shall not change the explosive shape as my one independent variable will be the liner shape. If I were to change the explosive shape then I would not be able to conclude the difference in penetration is due to just the liner shape [6].
[image: ]	Figure 3. The changing of high explosive to match the liner shape [6].



Analysis methodology: 
	List of tools needed:
	Why they are appropriate

	Modelling software
	To run simulations of shaped charge devices detonating

	CAD software
	To design complex liner shapes in 

	3D printer
	To visualise the shapes designed

	Previous trials data
	To validate my models

	SMEOD20 shaped charge
	To understand the makeup of said device and produce an accurate model

	3D Scanners
	To analyse previous blocks of penetration 



This investigation will be kept as simple as reasonably possible. Trials that I have contributed to, have already taken place. The data from these trials can help me validate a model. If I create a model of the standard SMOED20 that gives me the same outputs as the trial did, then I can say any change in my model is down to the liner shape being altered.
The model can be validated by velocity data, penetration data, breakup data and velocity jet mass plots. If my model has the same values as the trial for the above components, then any change in my model data will be down to the difference in liner shape.
The models will have implemented tracers in which they will track certain parts of my model such as the jet tip. The model will also have a fine mesh to create an accurate data set.













Gantt chart:
[image: ]
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	4
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SECTION E: Intended Participants
	
	Who are the intended participants:
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	1
	Students or staff at the University?
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	2
	Adults (over the age of 18 and competent to give consent)?
	☐
	☒

	3
	Vulnerable adults?
	☐
	☒

	4
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	5
	Prisoners?
	☐
	☒

	6
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	Those who could be considered to have a particularly dependent relationship with the investigator or a gatekeeper?
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	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?
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	11
	Who will the participants be?

	N/A

	12
	How will you identify the participants?
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	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?
	☐
	☐
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	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.
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	☐
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	25
	Is specialist electrical or other equipment to be used with participants?
	☐
	☐
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	26
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	27
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	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.
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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:
N/A
	N/A

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

	
	N/A

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

	
	Risk to the investigator:
There are always risks. Do not write NA.
Risk of physical harm from electronics, energetic materials, slips, trips, manual handling and adverse weather conditions.
	How you will mitigate the risk to the investigator:

Risk assessments will be undertaken prior to any work. 
Only trained personnel, as defined by ESA NOS, will be allowed to handle energetic materials. I am competently signed off for the ESA/NOS process.


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

	
	Risk to the University:
	How you will mitigate the risk to the University:


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

	
	Risk to the environment:
3D printing can be argued to be energy use heavy.
	How you will mitigate the risk to environment

Turn the printer off when not in use. Only use it when needed.



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.
N/A

	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.
N/A

	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.
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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
	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),
	☐
	☒

	
	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 captured using encrypted “standalone machines” on a closed network.
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	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 captured using encrypted “standalone machines” on a closed network. 
(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?
Principal researcher: Oliver Overton
Lead Technical Reviewer
University Supervisor

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

	
	Usually the principal researcher.
Principal researcher

	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 captured using encrypted “standalone machines” on a closed network. 
(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
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