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[bookmark: _Toc530490651]Abstract
The most important element of preparing for a project is to define the way in which the research is to be carried out. An engineering problem based around mechanical deformation and failure modes is introduced to which a study will investigate. The main purpose of the study is to bring about a new knowledge in regards to the particular situation. A literature review discusses key elements in relation to unmanned aerial vehicle safety and deformation of launcher rails in an effort to recognise work that may assist the project. Research methodology is explored in detail to provide a sound starting point for the research. 
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[bookmark: _Toc530490653]Chapter 1 - Introduction
[bookmark: _Toc530490654]1.1 Observed Problem
An issue has been identified with an unmanned aerial target pneumatic rail launching system, shown in figure 1. Targets are propelled into flight via the acceleration that is delivered by the launching system. It has been noted that a particular section of rail in this system has been the subject of some unexpected deformation. To compensate for the deformation, adjustments have been made to the launcher’s connecting equipment. An element of uncertainty in regards to the safe operational limits of the launching system exists due to the deformation and adjustments made. Considering the nature of the work and the value of the targets; a lack of knowledge around the issue is a significant cause for concern.
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[bookmark: _Toc530490419]Figure 1- Target Launcher (Robonic, 2018).
[bookmark: _Toc530490655]1.2 Company Background
QinetiQ is a global organisation devoted to the development of sovereign defence capabilities. The company’s Weapon Division offer services based around: experimentation, research, test, evaluation, training and rehearsal, principally to the United Kingdom’s Ministry of Defence. Air trials are hosted for the purpose of evaluating and improving weapon systems, the Aerial Targets department are responsible for delivering a realistic threat situation with unmanned aerial targets (QinetiQ, 2018a).
[bookmark: _Toc530490656]1.3 Aims
The long term aim of the project is to improve the Aerial Target department’s delivery to the customer. This improvement will be provided by ensuring the safe operation of the launching system and facilitate a reduction in current and future unanticipated failures. The success of the project with coinciding recognition will reinforce the company’s profile within the sector.
[bookmark: _Toc530490657]1.4 Objectives
The completion of the following objectives will enable the delivery of the project’s long term aims.
1. All relevant information regarding the issue at hand must be identified and evaluated to provide a sound understanding to enable informed decision making. 
2. A set number of hours per week will need to be defined for the research and a schedule must be followed.
3. The root cause of the deformation must be fully understood through investigation.
4. Potential improvements to the system are to be developed in line with an appropriate engineering procedure. In the interest of delivering the best possible solution it is imperative to utilise current methods and up to date software. 
5. Operational parameters and recommendations are to be developed and incorporated into the capability framework in an attempt to improve safety. 
6. The research must be fully documented and clearly presented in an engineering report to allow for peer review and future reference. 
[bookmark: _Toc530490658]1.5 Project Title
An investigation to provide guidance on the operational limits of an unmanned aerial target launching system which has experienced mechanical deformation.
[bookmark: _Toc530490659]Chapter 2 - Literature Review
[bookmark: _Toc530490660]2.1 Introduction
The literature review aims to reveal, analyse and draw useful conclusions of previous work which will be of benefit to the research project. Defence related topics are summarised initially to set the scene and highlight the importance of the proposed research, specific technical elements relating to the research are then explored and evaluated.
[bookmark: _Toc530490661]2.2 Literature Review
The use of unmanned aerial vehicles in the defence sector for the purpose of testing and evaluation has increased steadily in recent years (Wilson, 2013). The tighter control over defence budgets has forced the development and utilisation of UAVs to alleviate the cost implications of traditional methods (Silva, Cabreira & Freitas, 2018). It is recognised that the increase in utilisation may be a direct stimulus for higher failure rates; the probability of incomplete development before distribution is significant. The work of Enrico, Fabio and Lorenzo (2018) confirms the reliability issues currently observed with the increasing use of UAVs for this purpose. Their work proposes the requirement of a large development programme at the initial stages to produce a robust design with safety in mind. Kundu (2010, pp. 10-11) strengthens this view from a similar, yet highly regulated field by stating “technological advancements have been incorporated”, which relates to the continual development involved in commercial aviation. The relevance here is to appreciate the amount of time that is required for inherent faults to surface; equally, the time that is required to investigate and remedy them. 
It would only seem prudent to expect substantial design revisions through the course of a UAV programme’s operational period, due to developments in this field only being a recent matter.   Barnpounakis, Vlahogianni and Golias (2017) discuss the demands from international organisations for rigorous safety strategies from the standpoint of protecting operators and civilians alike. The tactical benefits of a UAV capability are easily overstated without the consideration of safety constraints; a mission management system has the ability to encompass and coordinate a range of mission elements, including safety (Raji et al., 2014). 
Parametric modelling, simulation and finite element analysis are key components for understanding any weaknesses in a UAV launcher rail design. Krishana, Panda and Jayaraman (1997) conducted an investigation which proves how simulation modelling of UAV launching can identify design deficiencies in the system as a whole. Tatake et al. (1994) investigated efficiency issues of a capacitor bank railgun by applying simulation modelling; one of the research outcomes resulted in an optimised launcher design. Considering when these two pieces of work were completed and the limited software capabilities that were available; the end results were beneficial to the systems in question. Present day CAD packages contain a huge range of complex analysis functions to which the user can quickly obtain the desired results, at any stage of the design (Geromin, et al., 2018).  Laperriè, Ghie and Desrochers (2006) argue that with all of the advances in design it should be obligatory to understand the sensitivity and effect of any change that is made to a design- at any stage. It is proposed that the concepts highlighted here are a benchmark for analysing a potential design based problem. 
A research article investigating launcher rail deformation provides some insightful observations which may assist further research. Wen, Lei and Xiangzhong’s (2011) numerical analysis shows that the velocity of the load has a major impact on deflection magnitude; this is comparable to the issue at hand through the use of varying mass targets. The analysis also reveals that the mass of the rail itself has no bearing on the observed deformation; this proves that the general argument of ‘the bigger the better’ is not necessarily accurate in all cases. In particular, this would suggest the presence of an active mechanical failure running alongside the complex stress; furthermore, Case (2014) introduces the concept of failures dependent on the material temperature. It is noted that the effects of heat transfer between the jet engine exhaust and the rails of the launcher are to be assessed: this factor may have direct influence over the rail’s mechanical characteristics. 
The mechanical loading of the rails is seen to be similar to that of a roller coaster; Braccesi and Cianetti (2015) present a comprehensive study focused on the analytical approach of solving rail loading problems for the purpose of easing the selection of material sizes. Matlab analysis software is utilised to determine the most stressed sections of a rail and the requirements for accommodating those stresses. The work has developed a procedure by which the appropriate rail size can be determined, the conclusion states: “The data needed by this procedure are: the rail track tridimensional geometry and the time histories of contact forces between vehicles and rails” (Braccesi & Cianetti, 2015). This article may provide direction in regards to selecting the appropriate method of analytical study of the launcher rail. The work of Piekarska and Goszczyńska-Króliszewska (2017) aims to provide analytical methods for predicting the strength of steel structures after welding. The heat introduced by welding is shown to effect the characteristics of the material; consideration towards the manufacturing process of the launcher rail may be required. Akköka, Acar and Açmazb (2013) present work which models wear on launcher rail components; wear is shown to introduce crack propagation which leads to material failure. FEA is developed around the Archard wear law to determine safety factors of components. Incorporating sections of the stated work may prove useful when modelling and evaluating the launcher rail design; an abundance of relevant material is available to support the development of analytical research methods.


[bookmark: _Toc530490662]Chapter 3 - Research Methodology
[bookmark: _Toc530490663]3.1 Philosophy
It is proposed that critical realism is the most suitable ontological approach for the research project. An example may clarify the approach: a calibrated instrument measures the temperature of a material and displays it to the researcher. The criticism here is: the reading is only for a single point in time and space; the temperature may be vastly different in another point within that same material. The purpose of critical realism is to apply critique to all matters in an effort to reveal the undisputed truth. Investigations and experiments should be criticised continually until the point is reached where the results are undeniable and completely truthful. Only at this point may the profound results be accepted as scientific knowledge. Sorrell (2018) defines the work of a critical realist as: “to develop empirically supported theories and hypotheses about how, why and under what conditions particular phenomena occur”. There is more purpose in understanding the true fundamentals of an engineering problem than attempting to make insular interpretations and assumption based upon immediate belief that all that is observed is true, such as the positivism philosophy. 
[bookmark: _Toc530490664]3.2 Type of Research
In accordance to the nature of the study the research will be analytically based; analysis and evaluation of the available data. Descriptive evaluation will be limited to technical observations of the phenomena. In accordance to the purpose of the study the research falls into the applied category, also known as action research. Eden and Ackermann (2018) provide a comprehensive programme for the development and use of action research techniques; this may provide a pathway from problem to solution. The study will aim to answer questions from a purely mechanical point of view to align with this notion.
[bookmark: _Toc530490665]3.3 Research Approach
The abductive approach will form the basis of the proposal and early stages of the project as limited information of the problem will be available. This approach to reasoning allows the formation of a hypothesis based upon the observed deformation of the launcher rail; the true understanding of the   cause is unknown and cannot be assumed due to several entwined variables. During the research; when a point of enlightenment is reached and a critical understanding of the cause is developed, it may be prudent to amend the research approach to inductive reasoning. This will allow for the expansion of theory which will be based upon specific, scientific observations (Research Methodology, 2018a). This alteration of approach accommodates critical realism: in the beginning the information is vague and open to criticism. As the research progresses, focus can be directed towards specific information that was not originally available. This process of narrowing-in will become more and more difficult to criticise and the truth will be presented.
[bookmark: _Toc530490666]3.4 Research Design
Qualitative methods are to be used initially to build a knowledge of rationalism around the issue (Theory of Knowledge, 2018). In essence, the qualitative methods will provide detailed observations of the effect; however, information degrading the cause will be opinion.
Quantitative methods will provide the handling of experimental data; theories will be tested and results will be sought in regards to devising a true understanding of the cause. 
The qualitative methods are to be categorised as exploratory research; to understand the nature of the issue and gain a rationale. Likewise, quantitative will be categorised as conclusive research and focus on the true, measurable specifics (Research Methodology, 2018b).
The combination of methods is imperative in order to gain credibility; limiting the research to only one method would invite criticism for omitting relevant factors. Kumar (2011) highlights the importance of a well-constructed research design to facilitate repeatability, a vital element of this engineering investigation as it may hold potential to be applied elsewhere. 
[bookmark: _Toc530490667]3.5 Data Collection Methods
The qualitative and quantitative methods outlined above both provide primary forms of data. It is important to fully understand the opinions of the people directly involved in the operation of the equipment: discussion and questionnaires will be vital in bringing this information to light. Reviewing non-analytical logs and maintenance records will contribute towards the initial understanding of the problem. The numerical data required for conducting investigations will be collected directly from the launcher at the time of use. Secondary data has been referred to in the literature review and will continue to expand throughout the project as formulas, theories and further relevant information is required. 
The research will uphold the notions of reliability and validity by providing quality, trustworthy work; which, if repeated can deliver the same outcome given the appropriate information and instruction. Golafshani (2003) confirm there are many ways of arriving at the truth but the path to it must be defined as reliable and repeatable. 
[bookmark: _Toc530490668]3.6 Sampling
Stratified random sampling will be implemented for the collection of survey data; understanding the difference in opinions between the demographic groups within the workforce will be useful. No sampling will be necessary in regards to the numerical data due to its limited availability; some non-relevant data may be omitted to maintain focus on the topic (CustomInsight, 2018).
[bookmark: _Toc530490669]3.7 Resources and Constraints
Time allocation to the project is the most demanding resource as it bears a monetary cost; it must be well planned and milestones should be followed to ensure sufficient progress is being made. An agreement is already in place that grants access to view documentation and company records. In order to gain access to the launcher during a trial or exercise, permission will be sought far in advance and a plan will be devised for collecting any additional data. Access to online resources are facilitated through both the company and the university. A range of instrumentation equipment for analytical data capture may be requested through the electronics department. The investigation work will require access to range of software, the following programmes may be utilised through student licencing: Autodesk Inventor with Nastran In-CAD, Dassault Systèmes Solidworks, Mathworks Matlab and the Microsoft Office package including Project for scheduling. 
A potential constraint of the project will be the availability of the launcher for direct analysis; a contingency may be utilised which delegates the data capture to the aerial target personnel. A work instruction and list of requirements will be delivered to staff in this instance.  
[bookmark: _Toc530490670]3.8 Ethical Considerations
In the case of the individuals who are prepared to contribute towards the research, their consent will be sought via email so there is a definite record. The individuals will be made aware of the purpose of the research and informed that any findings are limited to use within the research. The individuals will remain anonymous throughout the study. Personal details will be managed in accordance with current data protection legislation; guidance relating to this matter will be sought via the company’s security team (The Data Protection Act, 2018). 
Working within the defence sector gives rise to ethical issue that can prove damaging if not dealt with correctly and efficiently. If significant issues do arise, the company’s ethical liaison officer will be referred to. Innovation and excellence are the key principles of the company’s vision therefore it is imperative that any negative effects on people are avoided. Equality, diversity and inclusion are to be fully supported by the research where appropriate; discrimination amongst other negative factors have no place in the modern working environment (QinetiQ, 2018b). Both the company and the university publish codes of practise; these are to be understood and followed stringently to promote good practise (QinetiQ, 2017) (UWTSD, 2018).
[bookmark: _Toc530490671]3.9 Research Presentation
The findings of the research will be presented through the means of a technical report which assumes a certain level of familiarity with engineering concepts. The report will conform to the standards as set out by the university for technical report writing and Harvard referencing. Additional entities will be incorporated to satisfy the requirements of the company; a disclosure statement for example.
[bookmark: _Toc530490672]3.10 Project Time Plan
A time plan has been devised to provide a preliminary scope for the proposed work; the main purpose of the plan thus far is to assist with scheduling and provide a general direction to enable progress, shown in figure 2. The table has been populated from information held within the project Gantt chart, this will be reviewed and amended as required. 



	Task Name
	Duration
	Start
	Finish

	Project Proposal
	26 days
	16 Oct '18
	20 Nov '18

	Identify potential project
	5 days
	16 Oct '18
	22 Oct '18

	Review Literature
	5 days
	23 Oct '18
	29 Oct '18

	Construct Research Methodology
	5 days
	30 Oct '18
	05 Nov '18

	Write Report
	10 days
	06 Nov '18
	19 Nov '18

	Milestone- Submit Proposal to UWTSD and QQ
	0 days
	19 Nov '18
	19 Nov '18

	Deliver Proposal Presentation
	1 day
	20 Nov '18
	20 Nov '18

	Project Activities
	346 days
	21 Nov '18
	18 Mar '20

	Request Permission for Access to Documentation
	5 days
	21 Nov '18
	27 Nov '18

	Collect Information
	31 days
	28 Nov '18
	09 Jan '19

	Collect Data During Launcher Trial
	30 days
	10 Jan '19
	20 Feb '19

	Modelling and Simulation
	30 days
	21 Feb '19
	03 Apr '19

	Milestone- Investigative work complete
	0 days
	03 Apr '19
	03 Apr '19

	Results Delivery
	127 days
	24 Sep '19
	18 Mar '20

	Structure all of the findings
	5 days
	24 Sep '19
	30 Sep '19

	Write Technical Report (period includes xmas break)
	120 days
	01 Oct '19
	16 Mar '20

	Deliver Project Presentation
	1 day
	17 Mar '20
	17 Mar '20

	Submit Project to UWTSD and QQ
	1 day
	18 Mar '20
	18 Mar '20

	Milestone-  Project Complete
	0 days
	18 Mar '20
	18 Mar '20


[bookmark: _Toc530490420]Figure 2- Project Time Plan
 

[bookmark: _Toc530490673]Conclusion
This project proposal has discussed the research methods required for undertaking the task of investigating mechanical deformation of an unmanned aerial target launcher. Aims and objectives are set to confine the study to what is deemed appropriate; although, these may change as the understanding of the subject develops. The literature review identifies and highlights elements of similar studies that may prove helpful; the re-use of CAD processes for example. Defence sector UAV issues are discussed initially to set the scene, this is followed by exploring specific mechanical analysis methods. The relevant research methodology principles are defined and discussed to provide a clear direction for the proposed study. 
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