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[bookmark: _Toc199252787]Introduction
This report is based on the group working element of the design brief that was given for the Systems Engineering module.  The design brief given was that a requirement was raised to develop an explosive device which can neutralize a hostile communications centre, located in a room within the second floor of an office block building.  The proposed design had to be capable of accurate delivery into the room from a distance of at least 100 metres and that collateral damage to adjacent rooms by the payload should be minimized.  To do this, the cohort were split into small design teams to develop a solution to the design brief using a set of established systems engineering processes and tools.  Each member of the team took on a particular design role respective to their specialties with me taking on product safety for the design.  Other areas explored by members of the team were manufacturing, safety and governance, trials and testing, and disposal.
Where all the Systems Engineering tools that were used were covered in my ‘Systems Thinking Design Report’, this report will explore more of how the design team performed and worked together and what could have been done differently.  It will cover how the team designated tasks to each other and how we kept on top of time ensuring the project was delivered on time and to a high standard.  It will also cover what my role in the team was and how I worked alongside my design team leaning on them for information and being collaborative to deliver the final concept.  The feedback from the design concept presentation delivered to the main customer and various other stakeholders will then be commented on.  This will be followed by any potential design alterations that would be made to the concept after presenting it and hearing the feedback from it.  Finally, reflections will be made on the task, how the group worked together and anything that could have been done differently to make the team better.
[bookmark: _Toc199252788]Design Project Management
[bookmark: _Toc199252789]Systems Tools
Initially when first given the design brief, my team and I decided it would be a good idea to complete all of the Systems Engineering tools for the design phase together as a team, so QFD 1 and QFD2.  This way we were all on the same page with the design concept and had a clear understanding of what decisions we came to and why we came to them.  This is when as a team we started to assign tasks to complete either individually or in smaller groups.  These tasks were all from the Systems Engineering design book and were mainly in relation to the manufacturing of the munition, so QFD 3 and QFD 4.  We were confident we could do this as each team member had a clear picture of the path we wanted to go down and everyone had access to the design book to make changes and question team members decisions.
[bookmark: _Toc199252790]Action Tracker
Once all of the design concept tools were completed as a team, tasks were then given to different members of the team to go and complete fore a deadline.  This was done through an action tracker, seen in Figure 1, which was created and added into the design book that everyone was working off of.  The action tracker included the task that was to be completed, when it was to be completed for, who it was assigned to, the date it was completed, and any additional comments.  By using an action tracker, it allowed us as a team to give individuals or groups tasks to go away and complete for a set date, so then the project can move forward from there.  This also helps everyone in the team understand the progress of the project and to ensure that everyone in the group takes on an equal amount of work. [1]
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[bookmark: _Toc199252278]Figure 1 - Action Tracker
[bookmark: _Toc199252791]Regular Meetings
Another way in which we tracked progress was through regular group meetings and also regular meetings with the main customer.  Once we completed the group work and assigned individual tasks, it was important to meet up as a team and go through and discuss the work we had completed so that everyone can understand the work you have done and discuss if there are any changes that need to be made.  The periodic meetings with the main customer were particularly useful as they allowed us to update on our current progress and feedback was given on whether we were still aligned correctly with the requirements or if there had to be any tweaks in order to realign.  This kept us on track and gave us confidence that we were producing the correct system.
[bookmark: _Toc199252792]My Role
For the design phase, all members of the team worked together to complete it.  Once all of the Systems Engineering processes were complete, including the assigned tasks in the action tracker, we decided to divvy up different areas to research for the presentation.  These roles were split up in line with team members specialties and preferences when possible.  The role I took on within the design team was Product Safety, which covered all the safety measures to do with the product and its manufacturing.  I did this due to my background with safety in my workplace and this is the pathway that I am on within the OME degree apprenticeship.  The other roles that were taken on by different members of the team were Safety and Governance which covered the regulatory and legislative side to safety, Manufacturing, Trials and Testing, and Disposal.  
[bookmark: _Toc199252793]The PResentation
For the presentation it was decided that we would go with a simple theme with clear font that would be kept consistent throughout the presentation.  This was done to give us a seamless flow and not look like five different presentations going into one at the end. Initially, as the first approximately twenty slides were all completed as a team, we split them up equally between everyone on who was going to present them and all contributed to the notes for each slide.  We also thought it was a good idea to include the initials of the person who was presenting the slide in the corner as they were all intertwined it prevents confusion amongst the team and improves flow.  We started off with a title page along with the names of each presenter and their student number seen in Figure 2. 
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[bookmark: _Toc199252279]Figure 2 - Presentation Title Page
  
The next slide showed what roles each team member took on followed by a contents page showing what was going to be included in the presentation and what order seen in Figure 3 and 4.
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[bookmark: _Toc199252280]Figure 3 - Roles and Responsibilities
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[bookmark: _Toc199252281]Figure 4 - Presentation Contents
 We then explained the design brief given to us along with a general use case of what we though the munition might look like before Systems analysis.  The next fifteen slides covered all of the Systems Engineering tools used for our design which are explained in my ‘Systems Thinking Design Report’ before arriving at a final concept.  This final concept allowed us to being together all of the Systems processes we used and display what we wanted our munition to look like, how it would work, and some of the product specifications such as the mass and the Net Explosive Quantity (NEQ). This can be seen in Figure 5.
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[bookmark: _Toc199252282]Figure 5 - Final Concept
This is when the presentation split into each team member talking about their chosen discipline.  We chose an order which we thought made sense with Safety and Governance setting the tone, followed by Manufacturing, then Trials and Testing, then Product Safety, and finally Disposal.  
[bookmark: _Toc199252794]Product Safety
Firstly, when considering Product Safety, I had to think about all the different key areas for the system where safety precautions would need to be taken.  Ultimately, I came to the decision that storage and transport, the delayed arming unit, and the manufacturing of the High Explosive fill would be what my primary focus was on.  
My first slide was about Storage and Transport where I linked it back to the QFD process as a key noise factor that was highlighted was around ‘poor storage conditions’.  I decided what temperature and humidity conditions the munition will be stored at along with how it will be packaged for transport to ensure safety and included images to allow the audience to see my vision.  This slide can be seen in Figure 6.
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[bookmark: _Toc199252283]Figure 6 - Storage and Transport Slide
I then went on to talk about what I thought was our main safety system within the weapon which was the Delayed Arming Unit (DAU).  A DAU ensures that the munition only arms when we want it to as it keeps the explosive sequence out of line.  So, in the case of an accident, handling error, or malfunction, a premature detonation is avoided.  A DAU can be initiated in several different ways including time delay, distance, environmental conditions, or a combination of these. [2] I then went on to explain how the DAU operates using the image on the slide which is seen in Figure 7 as reference for the audience. The DAU will have a spring-loaded detent which holds the detonator out of line.  On impact with the window, the deceleration will allow the detent to compress the spring and move out of the way allowing the detonator to move into alignment, arming the fuze.  This adds significantly to the safety of the munition as the explosives will be unable to be initiated unless these conditions are met.
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[bookmark: _Toc199252284]Figure 7 - DAU Slide
I then moved onto the safety precautions involved with the manufacturing of the High Explosive fill, seen in figure 8, as this was a key component identified during our system analysis.  I firstly highlighted that manufacturing High Explosives should be done in a blast-resistant structure with reinforced walls and pressure relief panels and each process such as mixing, pressing, and cutting is separated to prevent large incidents and chain reactions. [3]  I then mentioned that manufacturing QFD 1 gave the output of mixing and quality check being the most important processes when manufacturing High Explosives which acted as an introduction to the next two slides.
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[bookmark: _Toc199252285]Figure 8 - HE Manufacturing Safety Slide
I then went on to talk about the safety measures that should be taken when mixing High Explosives in the manufacturing process.  The slide in Figure 9 shows a table with a hazard on one column and the safety precautions for the hazard on the other.  I chose to include a table as it is easy to read for the audience and to refer to when presenting.  Being conscious of presenting time, I only decided to expand on two of the hazards in the table which were highlighted with a red box so that the audience was clear which elements I was referring to.
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[bookmark: _Toc199252286]Figure 9 - HE Mixing Safety Slide
I then chose to keep a similar format for the next slide about the Quality Check stage in the High Explosive manufacturing process, which can be seen in Figure 10.  I included a table but this time with a hazard in one column, why that hazard is dangerous in another, then the mitigation for the hazard in the final column.  Again, I only expanded on two hazards highlighted in a red box due to time constraints.
[bookmark: _Toc199252795]Presentation Feedback
The feedback and questions given by the main customers after listening to the presentation can be seen in Figure 10
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[bookmark: _Toc199252287]Figure 10 - Presentation Feedback
[bookmark: _Toc199252796]Team Feedback
From the team feedback it is mentioned that there was ‘simple slides with a clear layout’ and ‘good contrast between the text and the background’, which is pleasing to hear as this was what we were going for as a team.  The comments about the ‘small text’ are taken on board along with the recommendation to practice in the room where the presentation would be taking place or one of similar size.  This is something that I will implement going forward.  It was mentioned that there were ‘a number of acronyms throughout’ which could be ‘confusing and difficult for a layperson to understand’.  While we take these comments on board, we aimed our presentation at the main customer who would know these acronyms but understand it is better to be safe and include full names.  It was also mentioned about having no references, this was an oversight from the group that will be taken on going forward in future presentations.
[bookmark: _Toc199252797]Personal Feedback
[bookmark: _Toc199252798]Dave Feedback
It was mentioned about ‘SET for the item in pack’, which I’m assuming is Stable Environmental Testing.  As I was focusing on product safety, I provided the means of packing and storing the munition safely taking into consideration the different conditions and climate it would be likely to be in.  Any testing of this would be carried out by the Trials and Testing team who I would work in conjunction with to produce the best product.  There was also a question regarding the DAU and if it would ‘still be safe after vibration and drop’, this was considered and this is why the protective nose cone was placed on the munition until its deployment but the testing of this is still to be completed.  
[bookmark: _Toc199252799]Jenni Feedback
It was mentioned there was ‘quite a bit of reading from slides’ which is taken on board and is something that I will look to improve on for next time I am presenting.  I think more knowledge and time spent on the subject matter would help me steer away from this.  Also mentioned was ‘some “umm” and “err”ing’ which is something that I don’t realise that I do but again more knowledge around the subject and presentation practice can help with this.
[bookmark: _Toc199252800]Potential Design Changes
After presenting to the main customer and various other stakeholders, one of the questions that was posed to us was what would happen if the munition didn’t hit the target and how would it stop?  As I covered product safety for the munition, I took this question as this is something that I considered but it wasn’t included in the presentation.  A failsafe mechanism would be introduced where if the munition did not beam ride to its target and completely swayed away from that then there would be a manual override from the operator who would be able to manually self-destruct the munition.
[bookmark: _Toc199252801]Reflections and Conclusion
In reflection, I felt my team worked very well together as we all understood the systems engineering process together at the beginning and all kept each other accountable for actions that we had to complete.  We also worked well as there was no difficult people or personality clashes within the group so there were no discussions getting heated or team members feeling disgruntled by decisions.
If I was to do something differently it would have been including the final concept of the munition earlier on in the presentation.  I felt as a team that because we all knew what we were talking about, we assumed the audience did too.  So, when we were talking about all of the systems engineering processes to do with the munition, it would have been helpful to know what concept these were for.  For next time, it would be helpful to do a run through of the presentation in front of people who weren’t involved as they would be able to give an outside view of if we were clear with our message.
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Roles & Responsibilities

Chris Jenkins (CJ) (BAE Systems) - Manufacturing
Ben Lloyd (BL) (DE&S) — Safety and Governance
Jess Eardley (JE) (DSTL) — Trials & Testing
Fraser Goodwin (FG) (DNO) — Product Safety

Tom Appleby (TA) (DSTL) — Disposals
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The Concept

« HE Fragmentation
« Steel fragmentation sleeve, fragments ~10mm?
* Drone mounted and released
* Beam riding
» Delayed Arming Unit fuzed initiation
« Adjustable fin stabilisation
@ Double based propellent
+ Total mass of munition: 14kg
+ NEQ: 0.5kg

CJ
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Product Safety —
Storage and Transport

+ Storage
o During analysis of our system, a key noise factor that was
highlighted was around 'poor storage conditions'
o Munition will be stored in a climate-controlled area of 20°C.
o Munition will also be stored in a humidity-controlled
environment with a relative humidity of 40%.
« Transport
o Munition will be packed in an airtight impact-resistant
container with humidity indicators inside.
o Waterproof cover for high-humidity environments
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Product Safety —
Delayed Arming Unit

» To ensure it is safe to handle and
operate the munition, we have
included a delayed arming unit
fuzing system.

* This munition arming system will
be initiated when it contacts the
window.

* The munition will also be fitted
with a protective nose cone until it
is loaded onto the drone and the
nose of the munition will be covered
until deployment.
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Manufacturing Safety
— HE fill

Through our systems engineering analysis, we identified that the
High Explosive fill for the munition was a key component in the
system.

When manufacturing HE there are certain precautions that must be
taken to ensure safety of operators.

From manufacturing QFD 1, it came out that our most important
processes were the mixing of the HE mix and the x-ray and quality
check.
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Manufacturing Safety
- Mixing

Safety S

Friction & Impact Use low-shear, non-sparking mixers.
Avoid metal-metal contact

Electrostatic Discharge (ESD) Operators have anti-static
clothing/footwear.
Mixing vessels grounded

Heat Control Temperature strictly controlled.
Indirect heating used

Contamination Control RDX pre-filtered/purified prior to
mixing

Uncontrolled Chemical Reactions Mixing done in small batches

Emergency cooling systems

FG
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Fraser Goodwin Team 4

good volume and pace. Quite a bit of reading from slides, 

especially later on in the presentation, but clear efforts at 

interacting with audience shown. Good, open body language 

throughout. Confident delivery, evidence of practice and 

preparation. Some “umm” and “err”ing, this could come across 

as unprepared or lacking confidence which is not the case in 

this presentation.

Team feedback /  Questions

simple slides with a clear layout. Text is quite small throughout; 

this makes it difficult for the audience to read especially at the 

back of a room or in larger rooms. Consider recon of the 

presentation room with the presentation to avoid this in future. 

Good contrast between the text and the background. Slide 

theme is consistent throughout the various sections giving a 

good cohesive team unit feeling. Reference to other people’s 

sections showed collaboration. Slides did contain a number of 

acronyms throughout; this could be confusing and difficult for a 

layperson to understand. Good introduction to team members 

and roles. No real conclusion, a single slide to sum up the key 

points could have been useful. No references? A reference slide 

at the end of the presentation would have been helpful.

Feedback / Comments Dave

Showed output from Pairwise

Then to QFD 1 

Defeat of target important. Arming similarly important .

Package details described

Requirements for packaging spelled out.

What about SET for the item in pack? Transport vibration, Climate, drop 

etc?

Delayed arming unit….would this still be safe after vibration and drop?

Manufacturing safety. A lot of the what presented. Need to know the why.

Quality check in the process……put these in AFTER you know what to 

check.

Feedback / Comments Jenni
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Message in Chat when Done

Action Due Date

Completio

n Date Ower Comments To Do ist Date

P Diagram SYS 21-Feb BL Complete

P Diagram HE-FRAG 21-Feb JE Amend group slides add notes 

P Diagram ARM 21-Feb CJ

WW SYS 21-Feb FG

WW HE-FRAG 21-Feb TA

WW ARM 21-Feb All

Main Fill and frag sleve To be discussed on teams call 28/02 1730

Manufacturing requirements  done

Process Map 28-FebALL done Team

Manufactureing QFD 1 06-Mar FG Jess to add

Function Means for manufacture 06-Mar CJ Jess to add

QFD 2 Manufacturing 06-Mar TA+BL

Concept design and CAD 06-Mar JE

1st key P diagram  13-Mardone JE+TA

1st key what why 20-Mar FG+BL

QFD4 20-Mar ALL

Set up Power Point 20-Mar 18-MarCJ Powerpoint template completed and screen grabs started will share and discuss 20/03

Project name 20-Mar ALL Went with Obscura (take a look at slides when provided 20/03)

Manufacture  CJ

Trial and Testing JE

Disposal TA

Product Safety FG

Safety and Governance  BL

TEAMS - THURSDAYS 1730 ALL Starting 28/02


