RESEARCH PROPOSAL

TO DESIGN AND ENGINEER DETECTION INSTRUMENTATION SUITABLE FOR ENVIRONMENTAL SEAL TESTING OF LIVE AMMUNITION DURING WATER IMMERSION





RESEARCH METHODS:
Project Proposal


RALPH WHITTAKER
UWTSD
STUDENT ID: P148322


TEST RANGE ENGINEERING

MODULE: PROJECT PROPOSAL

M5X01051
LECTURER: DR JOHN REES 

UNIVERSITY OF WALES
MAY 2016

TABLE OF CONTENTS



SECTION										    PAGE

TITLE PAGE											1
TABLE OF CONTENTS									2
PROJECT PROPOSAL									3
1. INTRODUCTION										3
2. SCOPE											3
3. BACKGROUND TO AREA OF STUDY AND PROPOSED RESEARCH			3-6
4. RESEARCH AND DEVELOPMENT METHODS						7-8
5. RESOURCES, PLANNING AND RECOMMENDATIONS					9
REFERENCES									       	10 BIBLIOGRAPHY									        	10
APPENDIX: 											11 
· MIND MAP						
· GANTT CHART



PROJECT PROPOSAL
1. Introduction
	The following document is a proposal for a final year research project and identifies the necessary methodologies, strategies and research required to approach, develop and successfully complete the task to deadline. The aim of the project will be to demonstrate the skills and knowledge gained throughout the course and present them in the form of an engineering solution.
2. Scope
	An introduction to the realization of the project will firstly provide the origin for its purpose. An outline of the nature of the project, its vision and aims of established objectives will highlight the potential benefits that will hopefully be achieved from undertaking this task. A brief consideration will be made of the current literature and research pertaining to this topic. Project planning and management will identify and summarise areas necessary for research and study and will include the timescales required. Finally, a forethought of preconceptual ideas will lay a foundation in preparation for the initiation of the assignment. 
	The title for the proposed project is; 
To design and engineer detection instrumentation suitable for environmental seal testing of live ammunition during water immersion
	The main aim of the project will be to develop an instrument for counting and logging the bubbles that form under water due to escaping air (egress) from leaking seals of ammunition rounds. The primary objective will be to eliminate the current potential human error when overlooking tests and to improve the procedure to a level where technicians do not discount any seal failures. This will be achieved by developing an electronic data capture instrumentation package. The project will incorporate existing technology and combinedly apply it in a strategy suitable for the test. This will result in all eventualities being accounted for and no data will be lost or omitted due to fatigue or the monotony of the present procedure. Instrumentation is an area that I am personally interested in and a subject that I would like to expand my knowledge on. The final project will consist entirely of my own work, developed through existing research of others.	Comment by John Rees: Overseeing, I think
3. Background to area of study and proposed research	
The Test
	The Ministry of Defence (MoD) requires manufacturers of ammunition to test assets in accordance with Defence Standards (DEF STAN 00-35) to confirm that the product complies with certain standards and can be deemed safe and reliable for use on the battlefield. One very important environmental trial, Test CL29 – Immersion, is to assess the survivability of ammunition during accidental total or partial immersion in water and to prove the manufacture seals resist against water ingress. 
‘The purpose of this test is to determine the capability of materiel to operate whilst submerged or to survive accidental immersion in water. The test is applicable to materiel that is intended to be immersion resistant, military level packages designed to provide protection during partial immersion, and operational containers to assess their effectiveness during partial or total immersion.’ [1]
	The project will concentrate on the following specific ‘Basic Sealing’ test (Fig. 1) as specified in MoD Defence Standard 00-35, Part 3 [1]. This is the most frequently used immersion trial carried out in the test lab:	Comment by John Rees: Good use of referenced material.
[image: ]
Fig. 1										
	At present within the workplace, a basic test exists to check the seals on the casing of small live ammunition, to certify the assets as being waterproof. Entire batches of rounds are randomly selected, defined by the customer in the trial instruction (TI), then each test item is individually weighed. After noting the pre-test weights, the rounds are immersed under specified depths and temperatures of water for set durations. This allows the items to be checked for leaks or holes along the casing joints, by logging any escaping air. Once the rounds have been submerged inside a temperature controlled water tank, a Technicians’ role is to physically observe and video record the items and their underwater test surroundings with an underwater camera for the entire test duration. This enables the technician to determine whether the rounds ingress any water and therefore egress any gas (air). After allowing the rounds to settle and ignoring the initial surface air (from the outer casing and dipping apparatus) to disperse through the water, any further unwanted escaping air is commonly observed as a constant or partial stream of bubbles. Such an observation is considered a seal failure and is noted by hand. 
	The level of failure is signified by the number of bubbles rising from the ammunition to the surface of the tank. The test therefore involves the technician trying to roughly count as many rising bubbles as possible and to hand draw their findings on a printed diagram of the test item, noting where the bubbles rise from. This can sometimes be considered an impossible task, especially when the seal breach is vast and occurs quickly. The number of escaping bubbles is written down as part of the findings and this information is passed onto the manufacturer in the form of a written bubble count figure, along with a video footage file from the camera, signifying a leaking seal. If the seals are performing as intended, preventing water ingress, the bubble count is zero and the video footage reflects no defects in the ammunition casing. 
	When the test time duration is complete, the rounds are immediately withdrawn from the water tank and dried off by hand by gently wiping the surface of the casing with a cloth. Rounds are then individually weighed using scales and any difference in weight also suggests a breach in the casing. An increase or decrease in items weight post testing can be a result of the rounds taking on water and becoming heavier or reacting with the waters’ temperature difference, where cold rounds have been placed into hot water (expansion), blowing out and releasing small amounts of propellant, becoming lighter. 
	The repetitive and mundane task of observing and counting bubble streams for 15 minutes at a time for multiple tests can potentially result in human error, especially if concentration levels fall. If a seal fails and bubble streams are missed during the test observations, the entire test then purely relies on the weighing procedure to become the sole method accountable for signifying a possible seal failures. Consequently, there is room for improvement for this particular method of testing, to eliminate the unintentional omission of true findings due to the unfair lengthy reliability of technicians to visually stare into the water tank and remember when and where the bubbles formed whilst trying to count them. 	Comment by John Rees: OK.  Good definition of the problem and justification of the potential requirement for instrumentation to replace human observation.
	This is an import environmental test for ammunition to pass in order for them to be deemed fit for service in waterlogged conditions or against accidental eventualities. The manufacturer needs to be certain that the seals are watertight, comply to DEF STAN and are suitable for use within wet combat zones. For instance, ammunition could be deployed near lakes or rivers and if they were to roll into the water, or accidentally be dropped into water, the operator needs to be confident that the rounds will remain sealed and intact, performing as intended.
	To aid the task of logging leaking seals and bubble occurrences, additional instrumentation could be introduced to the test to relieve the observations to a fewer number of visual glances. An automatic sensory detect, alert and record system could be used to make a more accurate judgement and record of the scale of the leak. A hardcopy of the findings could then be presented to the customer in the form of an electronic data count capture, along with visual footage and possibly a sound recording.
	The main area of study for this project will relate to an instrumentation solution suitable for implementation within the test range engineering environment to aid current on-site immersion trials within the QinetiQ workplace. The bulk of research will evolve around finding suitable sensor technology that can be used to detect underwater bubble streams and methods for recoding such data. As a technical project with the intentions of resolving an issue within the physical working environment, research into existing products will help verify the existing possibilities available in terms of component purchasing and compatibility. Cost of production can then also be considered and hopefully kept within a maximum low budget of £100 for the prototype model. The expense of the project however, may become an issue due to the possibility of having to purchase existing expensive off-the-shelf instrumentation. Some electrical equipment may simply prove too expensive to purchase. To solve this issue, it might be that certain components will have to be made from scratch.
	The project will also involve a great deal of programming development for the systems software. The control system will be a major section of the product and will need to be designed to accurately process the input signals to collect data and save the results throughout the test. Once the product specifications are set, the control system code can be written and applied to an electronic controller such as a Peripheral Interface Controller (PIC). The entire system will act as an underwater environmental data analyser for the immersion test, that listens for certain acoustic levels and filters out any unwanted noise.  
	After carrying out brief preliminary research, it is evident that there is are a variety of reliable and valuable sources of literature relating to this area of study. Marine research methods and industrial underwater leak detection systems have been widely developed and there are many variations of profession instrumentation currently used for this purpose. The MoD Defence Standard 00-35 [1, 2] already uses various complex methods of leak detection equipment and gas differential calculation systems. The open availability of this reliable source and its stated methods, that must be used, is an ideal starting point to refer to for research since it will be what needs to be adhered to. There is also a vast amount of credible documentation and research published regarding underwater acoustic bubble detection, mainly relating to ocean studies. Publications exist in the form of online and offline written literature and video content such as the television programmes Sound Waves: The Symphony of Physics, by BBC4 [3, 4]. During episodes titled Making Sound and Using Sound, scientific evidence is clearly presented on how hydrophones can clearly detect sounds under water. 
	Online web browsing of existing manufactures of electronic leak detection equipment such as Leaktronics.com [5] provide a good source for technical advice and the realisation of potential techniques. A handbook created by ONDA titled Hydrophone Handbook [6], identifies what a hydrophone is and the many different types available. SEA [7] is engineering and design services company that provides solutions to Government agencies and this is another reliable source to use for advice on underwater instrumentation. Documents from the European Commission [8] also highlight the need for underwater bubble detection equipment for the measurement of gas leaks in pipelines. Well established scientific and instrumentation sources such as these provide credible existing research for consideration and possible applications to the solution. Books on the topic includes The Acoustic Bubble by T.G Leighton of which includes a topic on bubble detection and bubble motion. The literature contained within this book may provide valuable reading.
	Due to the Test Range on site regulations, the final product will be an uncertified working prototype only, that will simulate the outcome of the solution. Equipment manufactured with the intention of being utilised within a Potential Explosion Site (PES) must pass several real-world tests and meet many standards for it to conform to the Joint Service Publication JSP 482, the Ministry of Defence Explosive Regulations. For this project, a fully functional prototype will suffice.  	Comment by John Rees: Clear evidence of background research and use of the literature.
	The main aim of the study is to identify suitable underwater measuring and recording techniques and use these findings to design and produce a working device in the form of an instrumentation package ideal for the basic immersion test. The following logical objectives will be the targets of the research project that will aim to provide a suitable solution:
1. Identify and analyse suitable detection and recording methods and equipment for underwater bubble formation.
2. Design and develop accurate, safe and easy to use underwater data capture (prototype) instrumentation for short duration, ammunition seal testing (e.g. for Cased Telescoped Ammunition, 40mm CTA rounds)
3. Identify and incorporate an immediate pass or failure safety alert system that can be used to notify the test technicians during or after testing 
4. Record and present the results in a format suitable for the customer to interpret easily for evaluation 	Comment by John Rees: An appropriate set of high-level objectives.


4. Research and development methods

	The research for this project will focus on existing instrumentation currently available and how that can be incorporated into the product design. For this it will be necessary to use a positivism and experimentalist approach and investigate how scientists conduct underwater sound recordings and capture bubble production. Industrial and scientific research from published online sources, ocean study conferences, television programmes and engineering publications will all enable an analysis and selection of the most suitable methods to use. The project will use a feature-driven development method to design a product that fulfils a user and technical specification. Discussing the project with senior engineers and technicians that perform the test may also provide valuable elements to consider and evaluate, hopefully encouraging a conclusion of the potential features required and choices that need to be made. Aiming questions towards the personnel with hands-on experience in the task is an ideal opportunity to identify any issues that could arise throughout development and will allow primary data to be gathered. Multiple user input gives an advantage of ensuring all key stages of the original process are identified. Accompanying them during a live test will also help analyse finer details of current methods. For example; 	Comment by John Rees: Seems an appropriate approach to the problem.

· What data needs to be collected and how often?
· How is data currently presented? 
· How accurate and reliable does the new system need to be? 
	
	Interviewing personnel from the QineitQ data capture department (Instrumentation) will also highlight possible technologies for recording the data and filtering out the results into valid data. This will involve real-time conversion of analogue data into a digital data response in the form of a feedback system and alerting the person on standby who is monitoring for leaks.	Comment by John Rees: Good – using the resources around you is the professional approach.  It might also be useful once you have a prototype of the user interface taking it to  the same people for comment.
	The project will begin by researching into available types of underwater measuring tools, capable of detecting bubble formation. The project will explore the options and possibilities of recording sound under water and noting the current methods that work. Studying motion and acoustic detection technology will help decipher existing feasible and beneficial equipment and how such technological combinations can be applied to the system solution. Exploring types of data capture methods for occurrences in water (sounds and visuals) and numerical counting over timed durations will lead onto researching methods for presenting and recording the converted analogue to digital results. Whether it be a copy of the live recording of sound and video footage, along with graphical plots of occurrences over time, the solution will need to save the data accurately, therefore research into data storage will be necessary. 
	Existing marine and sound recording devices could provide the ideal starting blocks for this project. Underwater microphones and transducers used in hydrophone technology will prove paramount to finding a suitable system for my design. A self-regulating pass / fail alarm system that alerts the test technicians would benefit the persons carrying out the test, allowing them to concentrate more on the safety aspects of the tests. 
	Experimentation will initially be necessary to determine how and whether air bubbles can be counted underwater using equipment such a waterproof microphone, within the test cell conditions. This simulation will involve setting up a water tank containing a leaking item (variations of bubble stream releasing rates and volumes) in the proposed environment and then determining the sensitivity and accuracy of chosen detection equipment. Research of existing technology and how it can be applied will lead onto the design of the package, including determining the user and technical specification and the devices’ features and electronic layout. 
	With the intention of recording how many bubbles are being produced and from what location over a set duration, it will be important to identify methods of waterproof visual data capture from research. This will lead to the study of underwater image capture and the available lighting techniques to capture bubble formation, consequently it will require the trial and error of sufficiency lighting up a water tank. 
	The fact that water, electronics and explosive material is potentially a deadly combination, great care will be needed to ensure the instrumentation is safe to use under water and does not impede on the test or put employees at risk. Limitations of testing in water will therefore also have to be considered. Electronic equipment, will potentially have to be of low voltage and watertight, as to not introduce any hazards to the testing environment.
	The device will need to coincide with the DEF STAN regulations of the test and therefore will require its own design features to account for these standards. For example, to be powered throughout the test in warm water (60°) for a specified amount of time. 
	Following research and brainstorming ideas, final designs will present a theoretical solution and production of the system will begin. The schematics of the electronics will be computer simulated and the controller will be programmed alongside the calibration of the sensory instrumentation. Lastly the hardware for the system will be built with all the electronic components installed, ready for the complete package to be tested. 	Comment by John Rees: All good points.  The engineering of this test system is clearly an important factor in its chances of success.
	A final prototype, user manual and test of the device will display the projects solution. A reliability comparison will be made of the new device against several identical trials to ensure the system is consistent. Known calculated data (leak imitation) will also be used to ensure it is a valid method of detection and that it is delivering the results according to what is actually happening. This will involve carrying out several controlled simulations during the trial run of the device, each being under specified conditions and eventualities. A comparison will also be made of a variety of repeated user tests (under exact same conditions) against results collected using the original method of observing recordings. User feedback will provide recommendations regarding how the new system could be improved in the future. This process will hopefully prove the new device beneficial, complying to all user specifications. 	Comment by John Rees: Testing against existing methods will give you a rich set of data to evaluate and explain.
	The expected outcome of the project will be to improve the current data capture method for this particular test by producing a set of safe, reliable and accurate instrumentation tools that work together as a package for the logging and recording of seal test data. This will be a more evidential record to provide the customers about how their products perform under the immersion test. The customer can then continue with their decision on whether the products are fit for purpose. 
	Completion of successful research and design will deliver a final project that will hopefully consist of prototype portable instrumentation hardware that has the potential to be implemented into the workplace. An evaluation and conclusion of the project will then be made as to how well the solution achieved the aim and objectives of solving the proposed engineering problem.


5. Resources, planning and recommendations
Physical and human resources required for this project include the following;
· Computer workstation with circuit development software (Proteus) and programming language compiler (CCS).
· Access to research / journals / books (online and library)
· Laboratory and production equipment / tools for production of prototype
· Interview time with work colleagues for advice and help deciphering device user specifications.
· Test facility (water tank at temperature) for testing of final prototype.
· Technician to test functionality of final product under various scenarios.

	The short amount of time allocated for this project is only around 30 weeks, it is therefore vital that a plan is adhered to, for completion of the project on time. Planning each stage of the project will help logically structure the study to allow it to develop and progress as intended. Poor project time management or the setting of unrealistic goals could lead to delays. A Gantt chart (see appendix) will provide a guide to follow and a timeframe to stick to, confirming the work rate required. A mind map (see appendix) will continue to serve as a good method for writing down thoughts and findings as the project progresses. Development will then be easier to define and keep track of throughout the year, aiding the project report writing. 
	Plugging an off-the-shelf hydrophone into a speaker is an ideal starting point for the project. Firstly, it needs to be determined if underwater bubble formation detection is possible and whether the environmental lab test conditions are too noisy for such methods. It might even be possible to calculate leak rates (bubbles per second), in which case the instrumentation would also be useful for trials within Test CL30 – Sealing (Pressure Differential), where it is required to measure leak rates [2]. Experimenting with existing equipment will help identify the possibilities of this project.  
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APPENDIX
· Mind map: Below is a mind map created when brainstorming initial ideas for the project.
[image: ]

· Gantt Chart: As part of project planning and management, the following is a Gantt chart displaying the proposed program and timescale of each component of study for the project.	Comment by John Rees: The breakdown of tasks is basically sound.  It is sensible to include some small contingency for unexpected problems and redesign.
[image: ]
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