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[bookmark: _Toc119853675]Introduction
[bookmark: _Toc119853676]Project problem
The problem that the team has been given is that the production line has a limited storage compacity of 4 completed parts on a gravity fed storage system.  This causes productivity to halt in till the storage has been manually emptied.  Production will continue with the storage being full in till all available bus units are full then the production and supply will stop.
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[bookmark: _Toc119853686]Figure 1 Current storage system on production line
[bookmark: _Toc119853677]Project goals
The end goal of the project is to use the UR3(Universal Robot 3) robotic arm to unload the completed units from the limited gravity feed storage away to either another larger storage venue or to another automation system.  To measure the completion of the project.  The amount of completed parts before production is affected should have an increase of 500% (20 completed parts) without manual interaction.  The time constraints for this will be a deliverable and complete system incorporated to the existing system by 23/03/23.  This will be delivered with a presentation and a written report. 
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[bookmark: _Toc119853687]Figure 2 UR3 Robotic Arm (Universal Robots, 2022)


[bookmark: _Toc119853678]Team structure and responsibilities 
There are six members of the team that are working on this project.  These members will have a selection of different roles and responsibilities that come with each position.  
Joshua Todd – Team leader and tooling design assistant, and system performance review.  This will be the overall smooth running of the team with the project and ensuring that the project keep focus. Assistant to tooling design to come up with preliminary designs ready for refinement.  There will be an element of system performance review in the way of an air flow monitoring system.  

Jamie – Material selection and costing.  This will be to research the types or materials available and to come to a decision as to what materials will be use for different stages of the project.  The costing of such materials and components that will be required along with design time will be costed.

Callum – Project planning, and storage design.  The planning of roles and time frame will be dictated from this role, to help with overall time management.  Preliminary storage design, to make sure that we have some designs that meet the requirements laid out in the brief, ready for refinement.

Oli Turner – CAD design refinement, tooling and storage design, and prototype printing.  Refinement of all initial designs after section from initial ideas, ensuring that construction and design needs have been meet.  Ensuring the successful and operation functionality of all 3D printed parts.

Nathan – Robotic programming and communication.  Having the UR3 robotic arm to go along a pre-determined path to deliver the components from the production line to the storage facility.  With a program made, communication with the production line sensors w be required to ensure correct operation at the correct timing to avoid inefficient working or potential collisions.

Abdulah – CAD Design, tooling, and dimensioning.  Assisting with all CAD design work and ensuring that all components are of correct sizing to fit all existing components.  

There are several major group tasks that need to be completed in a timely manner.  These tasks are:
1. Finalisation of tooling concept and costing of tooling
2. Finalisation storage concept 
3. Choice of programming for UR3 Robotic arm
4. Component, material decision and costing of components and materials
5. Completion of tooling design 
6. Prototyping and initial tests
7. Operational tests and performance analysis 
8. Fully combination of individual components and progress review
9. Review full project 
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[bookmark: _Toc119853688]Figure 3 Gantt Chart for team activities
Table 1 is a expected bill of costs along with lead times for delivery.  Some items are stocked by wholesalers and others need to be procured before delivery can take place.  Due to supply line complications these lead times may still increase.  

[bookmark: _Toc119853693]Table 1 Bill of Costs along with lead times
	Item or process
	Cost / Estimated Cost 
	Lead time 

	Suction cup holders x4 
	£28.96 Per Part
	2 Weeks

	Vacuum generator 
	£44.60
	7 Weeks

	Pneumatic line 4mm
	£26.64
	1 Day

	Arduino Uno 
	£24.24
	1 Day

	IR break beam sensor x2
	£26.50 Per Part
	2 Days

	SEN0360 Air mass sensor
	£88.66
	1 Day

	3D Printing 
	£80-120 Per kg of powder
	4 Weeks

	Total
	£453.01
	






[bookmark: _Toc119853679]Team leader, Tooling design, System review 
Joshua Todd is the team leader and has some other responsibilities in other areas too.  The definition of a team leader as stated in the Cambridge Dictionary 2022 is ‘the person in charge of a team: the team leader needs to be able to motivate all member of the team’.  Using Belbin’s model the best sort of person would be some one that would score high on the ‘Coordinators’ ‘Teamworkers’ and ‘Shapers’ areas (M.Mostert, 2015).  These areas would make a good leader that would have  good focus on the teams objective, delegate work appropriately, have the necessary drive to ensure that the team keeps moving, and to help the team gel.  
The overall score in the Belbin’s test for Joshua has some good points for a team leader and some not so great points.  
[bookmark: _Toc119853694]Table 2 Table showing Joshua Todd's Belbin's model results
	
	Implementer
	Coordinator
	Shaper
	Plant
	Resource
Investigator
	Monitor
Evaluator
	Team
Worker
	Complete
Finisher

	Score
	13
	2
	14
	4
	5
	7
	6
	19



[bookmark: _Toc119853695]Table 3 Table showing the grading system of Belbin model along with Joshua’s score zones 
	 
	Implementer
	Coordinator
	Shaper
	Plant
	Resource
	Monitor
	Team
	Complete

	 
	 
	 
	 
	 
	Investigator
	Evaluator
	Worker
	Finisher

	Low
	0-6
	0-6
	0-8
	0-4
	0-6
	0-5
	0-8
	0-3

	Average
	7-11
	7-10
	9-13
	5-8
	7-9
	6-9
	9-12
	4-6

	High
	12-16
	11-13
	14-17
	9-12
	10-11
	10-12
	13-16
	7-9

	Very high
	17-23
	14-18
	18-36
	13-29
	12-21
	13-19
	17-25
	10-17

	 
	 
	 
	 
	 
	 
	 
	 
	19



From table 2 it can be seen that Joshua todd scores highly in the Implementer, Shaper, and complete finisher roles.  These are roles that can help and be detrimental to being a team leader.  The very high score in Complete Finisher can be a problem due to the nature of wanting to see what the individual is working on through to completion.  As a team leader it is important to be able to swap and change to help or motivate other team members, this can end up with a low completion rate for their own tasks.  
The high score in the Implementer is beneficial due to the tendency to be very good at planning out a practical plan and committing to it.  Problems with this are that with the need to alter plans and change the direction on the fly can become unsatisfactory or entirely difficult to follow for those with high implementer scores.  This can cause a reduction in flexibility as the project develops.  
The good score in the shaper area is the area that is probably the best for the team leader role that Joshua has scored in.  The ability to keep the team motivated and to keep going in a clear direction is the most important out of the other areas.  

It would have been better if Joshua had scored a little higher in some of the other areas to make him a more complete package to be a team leader.  A score of 2 in the ‘Coordinator’ zone is one area for concern, with such a low score the team will be relying on other members to try and draw out the best from the team members.  With the overall scoring the role of team leader dose not quite fit the profile for Joshua, but a more senior role where they could assist with the planning and then have their own project to complete.  While helping ensure the timekeeping of the project would fit Joshua better due to the results from the Belbin test.  

The main objectives that Joshua Todd has are shown in table 4.  These objectives are somewhat broad due to the nature of the group.  The group had taken an approach to the project that is in line with the newer more adaptable Matrix leadership framework as apposed to the more traditional leadership frame work.  This is due to the lack of members to have the traditional authority leadership style and the need for a collaborative leadership (Cassidy, 2018).  
[bookmark: _Toc119853696]Table 4 Table of Joshua Todd's Objectives
	Objective 
	Description 
	Time expectation

	Team management 
	Overall running of the group throughout the entire project.  To keep all members productive and motivated.  Also to use suitable risk mitigation to ensure that no singular area can have a catastrophic effect on the project 
	4 hours a week 

	Tooling design 
	To assist in the initial design of the tooling system that will be deployed.  This will take into consideration the storage facility that will also be used with the new configuration.  
	30 hours at the initial stages of design
20 hours to refine chosen design

	System review 
	To review the current system that is currently in place along with pinpointing potential issues.
	40 hours 

	Monitoring system 
	Using previous findings to design an appropriate monitoring system that will be able to give accurate data on usage of resources (compressed air) at the designated tooling station.  Considerations are to be made as to the ability of this system to be rolled out over the rest of the system if successful, along with compatibility issues 
	40 hours

	Monitoring systems dashboard 
	To create an appropriate visual dashboard software that will have all required data visible and the ability to be added to in the event of expansion 
	20 hours 
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[bookmark: _Toc119853689]Figure 4 Personal Gantt Chart for the Project duration
There are several milestone events for the stated objectives.  The importance of having milestones cannot be underestimated, most projects run over budget or over time due to the lack of tracking of important milestones.  Milestones ensure that the project is progressing at the speed that is required and gives an indication on weather certain areas need more work or reworking due to not hitting milestones (Patil, 2022).  The most important ones are listed below.
1. Generating a suitable number of concept designs for tooling 
2. Deciding on the tooling design
3. Deciding on a system that will be able to process all the monitoring requirements of the system
4. Having a working dashboard interface 
The main gateway for this project from the individuals perspective would be having a clear and precise understanding of the existing systems operations. This is due to without this understanding most other objectives cannot be completed to a satisfactory standard.  With the completion of this gateway, an efficient tooling design can be finalized as a true understanding of the load along with working conditions that the tooling will be working in is achieved.  The monitoring system cannot be implemented if there is no understanding of what the system is meant to be monitoring.  As such a dashboard could not be efficiently designed due to a distinct lack of accurate and understood data.  

These reasons make the system review the hurdle to all other objectives in this project for Joshua, the affect that not completing this would have on the overall project would have massive implications in regards to time and cost.  


[bookmark: _Toc119853680]Risks and Risk Mitigation 
Several risks can hinder the overall progress of the project.  There are 2 main areas that Joshua had to take in to careful consideration, these are member management and purchase lead times.

[bookmark: _Toc119853681]Member management 
With a small team such as the one being deployed on this project being in direct contact of all the members is of the highest importance.  Once a single person slips it can have a knock on affect to several other areas.  Due to this reason it helped to make a decision on what team format should be used, the matrix composition has been chosen to help alleviate this issue.  With this set up moving people around to different areas in the project becomes easier as every member understands that their position is fluid and they have a basic knowledge and understanding of most other roles that the other members are involved in.  The small nature of the team meant that this was a very viable option, this is known as collaborative leadership (Cassidy, 2018).  

Without this option another way of mitigation to the risk of problematic members would be to have multiple team members to work on the same part of the project, this would be inefficient with this project as there are many areas that need to be covered.  Another method would be to have ‘disposable’ project routes.  These would be areas of development that you benefit the overall project, but they would not be required to be completed.  These would be areas that do not impact the initial problem but would improve the end result.  The monitoring system would be one such area.  Although it has a very valid and important part to the project, itself dose not help to increase the storage capacity.  

[bookmark: _Toc119853682]Purchase Lead Times 
Lead times on purchases can be a major problem regardless of the project, and especially so with this project.  Having a longer period of time for the completion of the project helps with the lead time problem.  one of the biggest contributions to delayed delivery times on components can be related to two main factors, the UK leaving the euro trading zone and the global pandemic that is covid-19.  With leaving the Euro trading zone it has placed more restrictions on all trading across boarders inside the Euro zone.  This has caught business of all sizes at a standstill, where rolling deliveries have now become stuck at borders awaiting permission. 

The global pandemic coincided with a global shortage of computer chips that are required in nearly all daily product in the western world.  This had the affect of products being completed and awaiting a chip to become operational, this has left fleets of vehicles ready to be sold but are not operational.  The monitor system requires some of these chips.  To help mitigate this risk, the project had to be flexible as to what components were used.  This meant that where possible designs were altered to accommodate different components that were less desirable but in stock or available in a shorter time frame to ensure completion of the project.  The scale of the operation had also been altered, this is due to the need to prove the operational efficiency of the project over fully implantation of the proposed systems.  



[bookmark: _Toc119853683]Conclusion
Overall the project in its infancy has progressed well.  The team members have been able to work together adequately to have an acceptable level of progression.  There had been some issues regarding illness, this was accounted for my having a fluid team structure.  As the team leader Joshua had to step into a few different roles to assist due to these problems.  Going forward with the rest of the project it is expected that Joshua may need to once again assist different areas of the project.
  
The initial designs were selected due to the usability of both the tooling and the storage, the storage also meets the requirements of the increase set out at the start of the project.  A presentation to the client with the chosen designs along with components and lead times will be undertaken to confirm the designs along with expected completion dates of the hardware to be implemented.  
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