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Abstract
During the combined Systems Engineering & Work Based Group Project Module, students within the cohort were split into groups and given a design exercise; to design a weapon system capable of incapacitating an enemy communications centre housed within an office building, whilst minimising collateral damage. 
To do this, students were provided with a set of systems engineering tools and were instructed to collaborate and use this as well as their prior knowledge to follow the systems engineering process through the complete product design lifecycle. The projects were then presented, with the author’s group having designed a UAS-based system. This report details how the team worked together to achieve the aims of the project, whilst making the most of each individual team member’s area of expertise, with particular focus on the author’s contributions to the Test & Evaluation part of the project.
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1. Introduction
In the level 5 combined Systems Engineering/Work-Based Group Project (SEWBGP) module, students within the cohort were tasked with using their acquired knowledge and the toolset from both the level 4 and 5 SE modules to create a solution to fulfil a given mission brief, namely: 
“A requirement has been raised for an explosive device capable of neutralising a hostile communications centre, housed in a room within the second floor of an office block building. The design should be capable of accurate delivery into the room from a distance of at least 100m and the effect event should be such that collateral damage to adjacent rooms or potential occupants is minimised.”
This task required students to work together in pre-selected groups, each of which had been chosen to bring together individuals from different areas of the OME industry. By utilising the various experiences held within their teams, alongside the skills acquired in the SE modules, it was intended that teams could create a theoretical solution that had a real-world foundation, and thus prove a much more valuable exercise, with the design output being of a high quality.
The students were beginning from a blank slate with nothing but the given mission statement and thus had to design a system from scratch at multiple sub-system levels, before continuing to the process engineering & manufacturing stages, development of a test and evaluation (T&E) plan and finally, a disposal plan for end-of-life management of their system. The results of the exercise were then presented to a panel of industry personnel.
It is worth noting at this point that due to the time, manpower and resource constraints within the module blocks, the task was completed as a narrowed down example, where once the overall system had been established, the critical sub-system would then be the sole one carried forward, through to a single critical component within it for the process and manufacturing phases of the project. Whilst this reduced the amount of pure systems engineering work within the project to a manageable amount, the teamwork, project management and problem-solving skills required were mostly unaffected.


2. Team Profile & Role Allocation
Following the initial briefing of the design task, the predetermined groups were released, alongside the highlighted requirement for group members to take on responsibility for individual roles within the project. The members within the author’s group all agreed it was best to meet immediately to discuss experience and the most suitable role allocations, since whilst all the individuals were known to each other at a preliminary level, the exact careers and experiences of each member of the team weren’t. As such, a group discussion was held, where the following introductions and decisions were made:
Person A (the author) is employed at the Defence Science & Technology Laboratory (Dstl), and comes primarily from a test and evaluation background, with experience in field trials, explosives classification, EMTAP testing and Small-Scale Hazard Testing (SSHT). It was agreed that person A (the author) would take on the role as Test & Evaluation (T&E) lead, as well as advising on end usage practicalities.
Person B is also employed at Dstl and has experience in market research/COTS product evaluation, land munitions, armour trials and development of energetic compounds utilising machine learning models. Person B took on the role as the Research & Development (R&D) lead.
Persons C & D are employed at the Defence Nuclear Organisation (DNO) as safety engineers, working to assure processes, procedures and facilities relating to the UK Nuclear Deterrent. Together, persons C & D took on the Safety Role. Person C also had management experience, as well as an extensive knowledge of Microsoft ® Excel® so adopted the impromptu role of project manager where required.
Person E is employed at BAE Land Systems, and primarily works within munitions filling facilities in a variety of engineering roles. Due to this experience, it was decided that person E would lead the manufacturing phase of Project Trojan.
Person F is employed at Defence Equipment & Support (DE&S) as a safety engineer, and has experience in through life support, safety cases/justifications and legislative compliance of munitions within UK service. Person F took on the role of Disposal, Demil & Breakdown Lead, as well as advising on relevant legislation.


3. Workload Management and Task Assignment
Whilst the core roles listed above were identified, it was also realised that the workload between each one wasn’t necessarily to an equivalent level. Due to the SE element of the project, all team members would be involved in the major steps/design decisions within the design process (such as Quality Function Deployment and Function Means Analyses), as these would be carried out in person/via video call in a group setting. However, within these, it was mutually agreed that oversight of any points of specific relevance (e.g. functional test criteria, safety specific requirements or disposal specific requirements) would be overseen by the relevant role-holder. (e.g. T&E, Safety or Disposal leads respectively).
Even where work was carried out individually by the relevant role holders, it was important to ensure constant, clear communication between each individual, particularly where a piece of work they were responsible for was required to be completed for an upcoming group session. As such, three main methods of communication/project management were employed within the team:
1. A schedule for key milestones which was established within the first week of beginning the project. This ensured that everyone within the team was “singing to the same hymn sheet” and left no ambiguity about deadlines for required inputs to major parts of the SE process.
2. Agreed upon yet flexible deadlines for each piece of work, the required date and completion of which was marked on a shared spreadsheet. This made sure everyone was aware of each other’s progress and could plan around each other. Dates were set in accordance with everyone dedicated “project time” within the weeks the team was apart (i.e. evenings, weekends etc.) to keep progress throughout the project running smoothly. Any changes were discussed amongst the group to keep everyone in the loop.
3. A shared group chat with all team members. As the middle portion of the time available for the SEWBGP module required team members to work apart from each other, this was vital to ensuring good two-way communication so that knowledge could be shared, queries could be answered, and issues could be highlighted as quickly as possible.
With a few minor exceptions, the team felt that these three methods worked well together, and that the workload was fairly shared amongst the team members, with individuals identifying where their role-specific workload would lighten in the team meetings and “backfilling” on any individual task needing to be completed to help ensure the common goals were met to schedule and good progress was achieved.
The team collaboratively decided on the project name Project Trojan.

4. Test and Evaluation Role
In his role as the lead on Test & Evaluation, the author sought to use his first-hand experience of similar OME testing activities to inform the requirements for the project’s test plan. 
This included advising the group on the tests that the designed system would be required to undertake should it enter service, especially since meeting the relevant standards was established as one of the customer requirements from the start. This included, but was not limited to, the tests defined in the following:
1) Standards for the qualification of explosives as specified in JSP 520 (Safety and Environmental Management of Ordnance, Munitions and Explosives over the Equipment Acquisition Cycle) Part 2, Vol 10, Chapter 3. [1] and DSA 02.OME Regulation 107 and DSA 03.OME DCOP 107. [2] This included:
i) AOP-07 (Manual of Data Requirements and Tests for the Qualification of Explosives Materials for Military Use) [3]
ii) STANAG 4170 (Principles and Methodology for the Qualification of Explosive Materials for Military Use) [4]
iii) Def Stan 07-085 (Design Requirements for Weapons and Associated Systems) [5]
iv) STANAG 4147 (Chemical Compatibility of Ammunition Components with Explosives (Non-Nuclear Applications)) [6]
v) STANAG 4518 (Safe Disposal of Munitions, Design Principles and Requirements, and Safety Assessment) [7]
vi) Energetic Materials Testing Assessment Policy (EMTAP) Manual of Tests. [8]
2) Environmental testing to Def Stan 00-35 Part 3 [9]
3) UN Hazard Classification testing (for storage and transport) according to the UN Manual of Tests and Criteria. [10]
4) DSA 03.OME Part 1: DCOP 112 (OME Vulnerability (Insensitive Munitions)). [11]
5) JSP 520 Part 2, Vol 11: Insensitive Munitions. [12]
The author also had to specify functional metrics, target values and performance criteria (determined with the R&D lead) throughout the SE process, and to ensure that the tests specified at all levels/stages successfully ensured that all aspects of the design were assessed where, and when, required to allow the hypothetical development of the project to continue with minimal interruptions or unforeseen issues. This also included vital “basic” tests/checks such as dimensional compatibility between components etc. 
Due to the “narrowed” scope of the design exercise, the tests specified were similarly narrowed to ensure that the tests suggested throughout the task were the correct ones for the chosen components/sub-systems.
Due to his larger amounts of “hands-on” experience with weapon systems compared to other team members, the author also advised on product features from an end user point of view, where external opinions could not be sourced.

5. Wider Team Working and Lessons Learnt
Now that the project has concluded, several points of note can be identified from the group working experience:
· As already established, each team member has a differing employer, career background and knowledge set. As such, each team member was used to following different local procedures, ways of working etc, which occasionally caused some gaps to emerge when collaboratively working. There were also a few instances of team members assuming another had certain knowledge already, when they did not.
· Team members have differing levels of seniority and autonomy in their usual career, and it was harder for some to adjust to working on a level playing field once within the project environment, both up and down!
· Some team members strongly preferred to work alone when given the opportunity, whereas some preferred to work collaboratively wherever possible. This would occasionally lead to one individual choosing to leave a group session to work independently, causing minor issues with planning workloads for the group sessions.
· There was, on occasion, differing opinion as to the deployment of certain items within the SE toolset. Some team members felt that every tool should be used wherever possible, whilst others felt that a tool’s usage could be omitted wherever it wasn’t strictly necessary. 
Whilst these points did become apparent, the author would like to emphasise how, in his opinion, the group predominantly worked very well together in the delivery of the design project. Upon consideration, all of these are to be expected given the wildly differing day-to-day roles of the team members, and the different environments within which they work. He believes it was a valuable experience and, going forward, a lesson in not making assumptions about how those you’re working with might do something. Where possible, in future, he will seek to clarify colleagues’ individual requirements and collaboratively plan beforehand, especially when working on time-pressured projects.


6. Presentation, Feedback & Reflection
Following the conclusion of the design project, the team presented their work in the form of one 45-minute presentation to an audience of industry personnel, all of whom were given the opportunity to ask questions upon its conclusion. This audience included the two lecturers for the SE/WBGP module, who were assessing the presentation. One of them, Lecturer X, focussed on the systems engineering content of the presentation, and the other, Lecturer Y, primarily assessed the presentation skills of the team members. The author has received the feedback from the presentation, which shall be discussed henceforth.
Both lecturers agreed that the overall standard for the presentation was very high, both with regards to the academic content explaining how and why the SE toolkit was applied as well as the standard of delivery of the presentation itself. In particular, the following were praised:
· Overall design of the presentation, with the slides and content having clear formatting which was informative yet easy to read. 
· The fact that the formatting/design was consistent throughout each presenter’s section.
· The “flow” throughout the presentation with well-rehearsed handovers between presenters.
· The presentation being book-ended between a clear introduction to the team members/their roles and a summary/conclusion.
It was noted that a references slide was missing, and the author admits that this was an oversight the team made due to not explicitly referring to anything during the presentation, however with hindsight, admits also that a slide listing the resources used would have been a good addition. With regards to the T&E specific references, they can be found elsewhere within this report.
Following the team feedback, the author was provided with individual feedback from both lecturers, which is as follows:
Lecturer X (Systems Engineering/technical Content):
· The reasons for testing and the rationale were explained.
· The test values for component trials were derived
· The ties into QFD were good
· View on component trials, how would you identify performance values for components?
· Are you confident of scale up from test scale to operational scale?
· Lethality trials…where did the values come from?
· Compatibility with platform??

The author is glad that his rationale behind the testing program was conveyed successfully, and that the lecturer was satisfied with his ties into the SE toolset. Regarding his questions, the performance values for components would likely be identified via already established data (such as the shockwave required to initiate the chosen main fill material) and indeed from existing successful products on the market. The author is confident that the tests will scale up successfully, and other than hazard testing conducted following the recommended quantities in the EMTAP manual, which predominantly relates to the composition of the material, and as such is minimally affected by scaling, the author intends to do most tests at final production scale. 
The values for lethality trials would be gained from a series of tests against representative antennae arrays to determine the minimum required blast loading to successful disrupt them beyond operability. These tests would also include firings against representative building constructions (e.g. brick walls) to determine the maximum acceptable figure for the blast loading to be kept beneath to minimise collateral damage.
The compatibility of the initiation sub-system with the wider UAS sub-systems would be tested in an iterative manner, with communications, physical compatibility and function all being tested individually prior to final system trials (e.g. in flight).
Lecturer Y (Presentation Skills):
· Good volume, pace and open body language, with confident delivery throughout
· Reasonable interaction with the audience
· Quite a bit of presenting to the screen/group members
· Some “umm” and “err”ing
The author is pleased that his volume, pace and body language came across well, as he enjoys presenting. He is not entirely surprised to hear that he presented to the screen too much. In prior rehearsals, likely due to his ADHD, he tended to wander off points, adding unnecessary detail and “waffling”. This caused issues with the timing and flow of the presentation and as such; to mitigate this, he was frequently checking the slides to keep himself on track to the points being made. This likely unfortunately caused this tendency to angle himself towards the board. He will try and avoid this in future, as well as consider the use of another monitor within the audience direction to mitigate this.


7. Conclusion
The combined Systems Engineering/Work Based Group Project module offered a valuable opportunity to gain experience with systems thinking, project delivery, cross-workplace collaborative working and people skills in a closed environment without the pressures of financial involvement. Other than a few differences between individuals, the author feels the group project went very well, and each team member was able to successfully contribute from their individual areas of expertise.
He would like to thank his fellow team members for their efforts and contributions to the project.
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9. Annex 1 – Project Trojan Group Presentation
The Project Trojan Group Presentation can be found here:
L5 WBGP Presentation - FINAL.pptx
(Link will work for D. Holley & J. Steen)
Alternatively, a copy can be shared via email. Please contact the author at 2217661@student.uwstd.ac.uk if needed.

10. Annex 2 – Project Trojan Systems Engineering Toolset Spreadsheet/Workbook
The Project Trojan Workbook can be found here:
Project Trojan SE Toolset Workbook.xlsx
(Link will work for D. Holley & J. Steen)
Alternatively, a copy can be shared via email. Please contact the author at 2217661@student.uwstd.ac.uk if needed.





