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[bookmark: _Toc93001337]Introduction 

[bookmark: _Toc93001338]To analyse the performance of different explosive materials and to collect the data required to model explosive materials in numerical models, cylinder expansion (CYLEX) tests are conducted. Annealed copper 101 has historically been used in CYLEX experiments due to its ductile properties which allow for a large volumetric expansion before rupture. This produces a long wall expansion measurement which is an important component for feeding into numerical models of the explosive material under test.
However, when conducting large scale tests or for building large data-sets the cost of manufacture and raw materials for the tubes becomes prohibitive. 
An investigation is to be done into alternative materials; initially identifying potentially suitable materials and examining relevant variable such as material properties and manufacturing techniques. Tests will be carried out using FMEA modelling of the cylinder expansion experiment and using experimental data to compare chosen materials to copper C101.
Aims & Objectives.
[bookmark: _Toc93001339]Aims 
The aim of this investigation is to produce a report that assess and highlights the potential use of several materials as a replacement copper C101
[bookmark: _Toc93001340]Objectives 
· To critically analyse potential materials against copper, specifically with regards to ductility, cost and its performance when used under expansion tests conditions 
· Evaluate alternative manufacturing methods, such as annealing, to improve the performance of materials when compared to copper
· To establish a list of potential materials suitable for further study and experimentation against copper, outside of the scope of this investigation
· To carry out suitable modelling or experimentation to test materials. 
[bookmark: _Toc93001341]Expected Outcomes. 
It is expected that through completion of this investigation, alternative materials will have been identified as potential replacements of copper C101 for use in CYLEX experiments. 

[bookmark: _Toc93001342]Background Research
The cost of a single Copper C101 tube of 300mm with internal diameter of 25mm and wall thickness of 5mm is approximately £400. This is the standard dimension required by a CYLEX experiments. See Appendix for further evidence. Any alternative proposed material should show a significant reduction, greater than ten percent, in cost for manufacture without compromising the reliability and accuracy of the experiment.

In order to evaluate alternative materials’ performance to C101 copper it must first be understood why this material is used, and its performance parameters under test defined. As described in [1], C101 copper has a high ductility and impact strength. Jackson further supports this by stating C101 copper, annealed, is the standard material for Cylinder test practices as it does not rupture prematurely [2]. Lindsy states that velocity of wall expansion at volume expansion 2 and 7 are most useful. Therefore any material selected to compare with copper C101 must not rupture before 7 volume expansion has been achieved [3].
Copper, being naturally resistant to corrosion and inert, also results in good compatibility testing with various explosive materials.

Others have attempted to combine multiple test such as CYLEX and DAX (Disc Acceleration test) to avoid the high costs of CLYEX tubes [4]. This may provide insight as to why Copper C101 has not been assessed for replacement in any great depth as others has looked to mitigate the CYLEX tests short comings by splicing the experimental design with other characterisation tests. From research, one paper has been found which looks to assess steel as an alternative to copper, Svingala et al substitute a c101 copper for steel due to the explosive having a large critical diameter, thus increasing the size of tube require and resulting in C101 copper being financially unsupportable as a tube material [5]. The conclusion of [5] does state their testing had agreement with previous CYLEX tests and that this experimental method appears to be viable.  

R. Castedo states that Lagrangian style models appear to be the best for replicating the cylinder wall expansion [6]. This will be explored further in for application in investigation modelling. 


[bookmark: _Toc93001343]Experimental Design 
[bookmark: _Toc70437125][bookmark: _Toc93001344]4.1 Outline of Experimental Procedure 

Catanach et al outline the specification for a Cylinder test [7]. This information in combination with experiment designs from [8] and [9] will be used to derive a test arena and inform data capture requirements. Test design from [4] will also be assessed for contribution to experimental design. 
A generic test design of the tube under test being placed in a charge holder which allows the placement of Time of Arrival Devices and precise, measurable positions from the tube walls. This holder will also accommodate Heterodyne Velocimetry (HET-V) collimators, again, as precise and measurable distances. The holder will be designed such that optical measurements from standoff imaging devices will have an unobstructed field of view of the tube as well as suitable surrounding area to capture wall expansion. 
[bookmark: _Toc70437126][bookmark: _Toc93001345]4.2 Data Collection
Data will be collected from FMEA modelling of the CYLEX experiment and from experimental firings. Data collection from both methods will be undertaken by suitably trained personnel.
[bookmark: _Toc93061471]Table 1 Data Collection
	Data type (variable)
	Method/spec 
	output

	Case rupture 
	Optical
	Calibrated High speed footage of event

	Wall velocity
	Het-V heterodyne velocimetry 
	Velocity time trace

	VOD
	Time Of Arrival Device’s time of arrival device 
	Voltage time data points 

	Detonation pressure 
	Time Of Arrival Device’s time of arrival device 
	Voltage time data points 



[bookmark: _Toc70437127][bookmark: _Toc93001346][bookmark: _Toc70437128]4.3 Data Evaluation 

Data will be evaluated against wall expansion, expansion volumes and time of tube rupture in order to compare different materials and there properties to that of copper C101. 
[bookmark: _Toc93061472]Table 2 Data, Method and Outputs
	Type of data
	Analysis Method 
	Output 

	Wall velocity 
	Bespoke MatLab code
	Velocity time graph 

	Time of case rupture 
	Visual inspection of footage 
	Table of time and volume 

	Time Of Arrival Device’s output voltage time reading 
	FAMOS
	Graphical displacement time and table of figures. 



[bookmark: _Toc93001347]4.4 Risks & Limitations

[bookmark: _Toc93061473]Table 3 Risk, Impact and Mitigations
	Risk 
	Impact
	Mitigation 

	Effects of COVID 19 pandemic, restriction to staffing/site access. Site closure
	Failure to deliver output to timescale 

	Regular LFT testing for all individuals taking part in the investigation. Regular sanitisation of work stations and hand washing. Masks to be worn when within two meters of other staff. 


	Infrastructure booking failure

	Milestones missed, increase financial cost, loss of experimental data/inability to collect experimental data 

	Regular minuted meetings with resourcing managers of the booked facilities to ensure any problems are resolved in a timely manner.  

	Commercial failure to deliver equipment 
	Financial cost increase
	Request regular updates on commercial status 

	Staff injury / incapacitation

	HSE investigation, cessation of work. 
	In-depth trials plan and Risk Assessment assessed by company Health and Safety team. No work to be carried out before sign off of documentation is completed. All staff working on investigation will be suitably qualified and competent with evidence and senior management authorisation


	Instrumentation failure 
	No data collection from experiment
	Instrumentation will be set-up and tested in a “dummy” arena in the lab before being deployed to the experiment site. All cabling, cameras and electronic equipment will be tested before deployment and testing pre and post firing will be carried out. 


	 Man power booking/deployment failure 
	No staff available, failure to deliver to timescale 
	Regular meeting with staff resourcing mangers will be carried out. Staff redundancy will be in place such as back-up TCO’s and Trials managers 

	Damage to infrastructure 
	Great financial increase, failure to collect data, cessation of experiment 
	Instrumentation equipment will be protected using steel cable covers and sand-bags. Cameras will be positioned outside of the test chamber, at 90 degrees to the event and within hardened cover (splinter-proofs) they will view the test via mirrors 



[bookmark: _Toc93001348]Resources and planning 

[bookmark: _Toc70437131][bookmark: _Toc93001349]6.1 Resources Required.
[bookmark: _Toc70437132][bookmark: _Toc93001350]6.1.1 Physical Resources 
· FMEA modelling package, most likely ABAQUS.
· Suitable high-speed imagers 
· Time of Arrival Devices 
· HET-V. 
· Data acquisition system.
· Detonators 
· PE8 plastic explosive. 
· Suitable trials area.

[bookmark: _Toc70437133][bookmark: _Toc93001351]6.1.2 Human Resources 
· Trials manager. 
· Deputy Trials manager. 
· TCO, Trials Conducting Officer. 
· Instrumentation technician. 
· Range group team member to act as safety link for TCO.
· Health and safety representative
· [bookmark: _Toc70437135]Project manager

[bookmark: _Toc70437129][bookmark: _Toc93001352]6.1.3 Ethical Issues
This proposal does not require the use of participants in any capacity, nor does it contain any element of animal or human testing. See Appendix for further information.
Planning
A Gantt chart has been produce, see Table 4 Gantt chart to assist with the planning of the project.
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[bookmark: _Toc93062358]Figure 1 Gantt Chart
[bookmark: _Toc93001353]Appendix 
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[bookmark: _Toc93062359]Figure 2 Cost Quotation
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Subject: RE: job no. 21036

Please be advised that the estimate of cost for the supply of the required 12 off CW024A /
C109 Copper Tubes is £4,756.32,,,

Delivery to be 7-8 weeks from receipt of order.

If this is amenable to you please supply authorisation to proceed.

Best regards,

D' ng Tech uteshe, TMiET
Special Projects
Planning Engineer
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APPLICATION FOR ETHICAL APPROVAL

0 order for research to resultin benefit and minimise risk of harm, it must be conducted ethically.

The University follows the OECD Frascati manual defnion of research activity: “croaive work
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SECTION A: About You (Principal Resoarcher)

1 [FulName: LAWRENCE WILLIAM GROOM
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3 | Email address: 1810351 @student uvtsd ac uk
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4| Programme of Sty S
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ETHICS FORM - OME STUDENTS ONLY
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= Aim of Research Actiy
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data nocessar fo vou to complete your project
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SECTION D: Scope of Research Activity
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Use of computer-gencrated og fles?

Partcipant observaton viththeirknoviedge?

Partcipant observaton vithout theicknowledge?”

ccas o peronal o conidria Formaton VAo T parEprs speckc

o st o e e S e TR T
experienced s physical, mental or emofignaly harmful ofensive?

11| Performance ofany acts which may cause embarrassmentor afect sefesieem’

12 [ Investigaton of prticipants invlved in egal acvies?

13| Use of procedures that nvave decepton?

14| Advinistation of any substance, agent o placebo?

15| Working with ve vertebrate animals?

16 | Procedures that may have a negative impac on the envionment?

17| Oer primary data collecion methods. Please indicte he type of data colecion

methodis) below.
Detal ofany other pimary data collecion method

olo|o|ojo|o|o|o|o|o|o|o|o|olalo
Bla|zie|zzle|e|eeeelee a3

o
]

(s b shout xpand 5 you e}

1fyou have ticked NO 1o every question then the research acivy s (ethically)low rsk and you may skip
section E and continue o secton F

16 YES 10 any queston,then no research activiy should be undertaken unl ullethical approval has been
obtained.

Elica Approval Fom — OME Students Ony




image5.JPG
ETHICS FORM - OME STUDENTS ONLY

SECTION E: Intended Participants

Who are the intended pa 3

Students orsaff at the Uriversiy?

"Aduts (over the age of 18 and competent 1o give consent)?

Vnerable aduls?

Chilron and Young Poople under
Guardin vl be roquired)

187 (Consent fom Parent Carer or

Prisoners?

oung offenders?

“Those who could bs considered 1 have & paricularly dependant 19aHoRSHD Vil
the nvestigator or a galekeeper?

o|o|o|o|o|o|o|aff
CIEREIEIEAE- 10

People engaged in flegal aciviies?

thors Please Indicate e paricparts below, and specicaly any ioup vho
may be unab to ive consent.

o
®

etal of any other paricpant groups.
NA

Participant numbers and source
Provide an estimate of the expected number of paricipants How vill ou identiy patcipants and
how will hey be recruted?

10

How many paricpants are | NA
expected?

"

Who wilthe paricipants be? | NA

12 | How will you identify the. NA
paricpants?
TWiormaton for porieipants: s o [
73 [ Vo escie e i esearch procedures o pricpants S
adhance. o thal they re nfomed sbout wht o expect?
14 | Will you tell participants that their participation is voluntary? o o a
15 | Will you obtain written consent for participation? o o a
o | VAyou o patcpars il eheal®o oriapate e Sl
resedrch il ot affec thoi eaiment o educaton (1 elevan)?
7 [ h rsearch s cbservationl wilyou ao patcpants for el SR
consen o being bserved?
o Wl you e parcipants that Ty may i Fom e researal | | |
anybmo andfor am reason?
il cuestonnies. il yo g parpants e gt o eriting
1 v % olo|m

san 2022

a4 Approval Form - OME Sudents Onty




image6.JPG
ETHICS FORM _ OME STUDENTS ONLY

Jo [Vl you el pariciparis W el Gata Wl 5o reatod v ul EalicilEs
confdentalf and tha, i published, 1t wll not bo identiable as theirs?

21 | Wil you debietparicpants at the end o thet partcpation. naway |5y | @ | @
approprate to the type of research undertaken’”

22 [ 11NO to any of above questions, pleasa give an explanation
The proposl s o requitements o paricpans, on an vesigator s eged

Information for participants: P
24 | Wi paricipants be paid?
25 | s speciaist electrica o other equipment o be used with paricipants?
25 | Ave there any fnancial o ofer nferests o he investgator or

Universiy arising from ths study?

27 | Wilhe research actiiy involve delberately misieading pariciparts 1
any way, o the partal ot full concealment ofthe specific study aims?

28 [ I YES to any question, please provide fulldetals

o|o|ele
®l@|8=E
o|o|o|ofE

SECTION F: Anticipated Risks

utline any anticipated ks that may adversely affect any of the paricipants, e
researchers andior the University, and the steps that will be taken to address them.

Risks to partcipants
4| For example-sector-specifc heath & safety, emoional distress, inancil dscosure, physical harm,
Hransfer of personal data, sensitive organisaional iformation. I you have ideniied n section D

that here are no paricipants then enter N/A and go sip to 3
Risk o paricpants Fow o megets 54 T B PTEERS
This proposal has no partcipants. Only an NA

Investgator is required.

T research acivty may inchade sansive. ombarrassing o pSaling Topcs (s g Soxual acivty
drug use) o ssues ikely 1o disclose nformalion requiing frther acton (s g criminal acii). Give.
5 | detas of the procedures o deal with these issues,incuding any supportadice (e helpine

numbers) o be ofered o paricipants. Nole thal where appiicable, consent procedures should
make It cear that f something potentiall o actual legal i discavered i the course f a projet,
it may need o be discosed to the proper authories

NA

Riska o the investigator
3. For example personal ealt & safety. physical harm. emtional disres, sk of accusaton of
hamiimproprety. confic of interest

Rlsk o the invesigator T 0 e T P e
Risk ofnjury caused by Experimentation wil be cared outn

Slps, ips and falk. accordance o sk assessment and tals plan,
~Unplannediunintentional detonation of charge | both of which wil reaue sian-off by company's
 Electocution dus 1o fauy nsiumentation | health and safely board

equipment

Jan 2022
5 Etica Approval Fom - OME Students Ony




image7.JPG
ETHICS FORM - OME STUDENTS ONLY

o [y ke

For fnania loss, data protection

e iy Fow o et o P Uy

Rlsk of adverse publcy hrough njury of Investigator wil have completed relevant HES

Investigator due to ncorrec procedures ez and b al o preset documenied

[T ——— Alltesting il be done n accordance ith
rolovani sk assessment and methods.

statements signed off by al relevant authortes

o [Environmental fsks -
For al splage of polltants, damage to local ecosystems
Risk o the emtonment T e e
Damage caused by in proper disposal o energeiics materil lof over from the
Pt e ‘xporment il be sesessod o tegry by a

relevanty rained and experience indvidual and
either re-packaged fo ramoval to magazine or
T per——— taken to a controlled locaion and dostroyed.

SECTION G: Foodback, Consent and Confidentialty

1fyou have dentied in section D tht there are no partcipants then enter skip tis secion and continue 1o
section H

T [ Fosdback
‘Wha de.brifing and feedback il be provided to patcipants, how wilthis be done and when’
NA

7 informed consent

Descaibe the arrangements fo inform potental paricipants, befor providing consent,of whatis
involved inpartcipating Describe the arrangementsfo paricipants to provide fullconsent before
data colicion begins Ifgaining consent i tis way i nappropriate, explan hor consent il be
obtsinedan ecodedinsccrdance vt prevaling Gt pecion

T Confdantaiy Anonymity
Seot how anomi o ptcpans and cononialty i b rred i any o

‘anonymity s ot beng offered. axplai why s s th case

NA

SECTION H: Data Protection and Storage

oes e research aciviy invove personal data (as defined by e General
Data Precion Rogulaton 2016 GOPR'andhe Dala recton A 2018 | YES | N0
Ay
“Porsonal data” means any ormation eating 1o a7 eriied or
dentable natura person (data subjct). An dentiiabl natural
person s one who can be ened.dreclyor indrectl, in
particular by eforence fo an denifer such as a name, an
1 denifcation number, locaton data. an onine danttfier o fo e or
‘more factors specifc o the physici, physiologica, genatic, menta),
‘oconomic, culualor socal antt o that natural porson. Any
a0 o aucko recordngs o partcpants 1 consdered fo be
personal data

6 Elica Approval Fom - OME Students Ony




image8.JPG
ETHICS FORM - OME STUDENTS ONLY
T1YES, provide a descrpton of the data and oxplain why this data needs 1o be colected

NA

2

Does it involve specialcategory data (as defined by the GDPR)? YEs [ No
Special caregory Gata" eans sorsive porsonal oa GOy o
nfomaton s o daa suyects -

(@) racl o e g,
{0)poical oinons.
(¢ Tbiousbetets o tve beets of a simiar naturs,
3 ) membersipof 3 rade o (witi e meanig o te Trade
Unon and Lobour Relatons (Consoldaton) Act 1992, o | x

(6] prysialormental heath or conion,

0 sexal e,

@ genetes,

() oot cata (s uoed for 0 uposes),
TTYES provide a descripon ofthe spcalcategory data and explan why s data noeds o bo
collected

o |na

Will o from th research acivy (collecied data, raft of e thesis, or
matorias for publicationbe stored in any of the allowing woys?

ol o 3

Home or other personal computers?
Laplop computers/ CDs/ Portable disk dives/ memory sicks?
10 | “Cloud” storage or websites?

1 | Other— spodiy:

For 3 tored data, xplaln he measures n pace 1o onsurs e socuy of 1o
12 | confidentalty, incuding detals of backup procedures, password protecton, encrypto.
misation and sion
Al data vl be sored o password protected computer systemsaptops andor enciypied FDD. Al
the above-meniioned assets wilremain on it ihi the enciosed area. * All paper assels
(loabooks) wil be kept one site and sired wihin th loca strong room (safe)under sign-or access.
“he enclosed area s a double fenced area locatad atthe cenir of the companies main she and
maned 24hours a day by armed members of the MOD police

5
5
7 | private company computers?
8
5

§u o= o oo 8| 7
glo|o/olo o

Data Protection

Wil he research acti invalve any of the folowing aciites: YEs | No
13 | Electronic ransfr o data i any form? ® | o
| S oGt i obr o Uy ot o Tedie wsowch | 53 [
15 | Sharing of data with other organisations? o =
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76 | Export of dat ousida he UK o iporing of data fom outid the UK? o=
17 [ Useof prsonal addresses postcodes faxes emals or elephone rumbers? | 0| @
10 | Publcaton ofdaa that migh sow enticaton of mdhiduats? o=
10 | 1YES 10 any queston, lesse provideful dtals, xplaining how this vl be conducted n
accordance wilh the GOPR and Data Prolecion Ac (2010)(adio any inteational equivalnt)
WA
Al daa shall be stored, ransfrred. o ransporid on encrypled andlo password proected
devices ininewih compary polcy AllUSG sicks and HOD's wl b signed ou fom the
invesiaatrs focal el it anc wil nly b ccessibly o the nvesigator

20 Lis a o wil have accesst he dta generated by th research aciviy
Tvestgator

71| st who wil have contol o and act a5 custodan(s) o, daia genarated by e research aciiy
Trvestgor

22 | Give detal of data sorage arrangements nchudng secury messures i place o ot e e
here data il be siored. hot o o and i what form
Al daa shall be collcied and toreon a password potected orkssued computer Tris
computer wil b signed ot 1 he investgaor e begiming of he xperimant and ket witin
ineiocalsronroom(safe) when ot use. Data colectd I logbooksshal b sored wiin the
invesigalos focl S7ong room when ot se. Al asets paced AN th srng room will e
signing nand out wih proo of denticaton (uique stafserial numbar and ot ) requied

22 | Colomit you have read the UVTSD gudance on daa managament (ree -
o s utsd ac e ary research-Gota-management)
Confrm Watyou 1o sware it you eed o e ata url e your

23 | reseach has compleed o the end ofyourfnding )

SECTION : Declration
The ooy Ve have provided s corectand compie o e st of oy Fnoviedge Thave
atompied fo ey any riks and ssues relaied o he research acii and acknovdedge my
Gbiaaons and he g ofhe paricpants.
In submiting this appicaton | hraby coni that | undartake 1o ensure tha th above named
tesearch acidy il maatthe Unvery Research Eics and Itegy Cods of Pactie which &
publshed on the wabshe s s sc kesearcheseach-eics
o AO0TZ022

1| Sianatureof applicant: | LWGROOM

5 [Dveciorar Do
Studes/Supenisor

3 [ Sgnaure
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