


[bookmark: _Toc9204457]Abstract
Representing the organisation, a team of three competed on a UK National World Skills Competition (WSUK) in the Manufacturing Team Challenge (MTC) category. With strong personal relationships from communally serving a four-year mechanical apprenticeship, the team showed an understanding of the individuals’ strengths and weaknesses as well as feelings and emotions to maximise the team’s capability; communicating seamlessly and at an exceptional level to form an efficient and effective union. The final measure of success was competing against six other semi-finalists where Gold, first place was won. 
We were required to select own team that would offer the broad and necessary skills to be successful in electronics, fabricating and welding, machining and CAD. After thoughtful consideration, we formed a mechanical biased team based on the ability to work together which already had been proved in other projects. However, being maintenance fitters it meant that we would initially show skill shortcomings compared to other competitors who would be professionals in their sector. As a result, we had to be self-motivated and driven to seek additional training and development to fill the knowledge gaps.  
Hill and Lineback (2011) emphasises that it is easy to underestimate the definition of a team, where often a group of people deal with the issues on an individual bases; instead of collaboratively diagnosing and solving problems. An effective team consist of individuals who are ‘mutually committed’ to collectively work towards a common goal, taking responsibility for actions as a team which reflects our WSUK team. 

[bookmark: _Toc9204458]Goals and Objectives 
The two main types of objectives are ‘general’ which sets an overview and ‘specific’ which are more defined and time bound according to Mullins and Christy (2016). The general objective was to design and manufacture a wheelchair that will enable the team to successfully win the MTC competition, showcasing our skills and talent to accelerate our careers according to World Skills UK (2019). This set a ‘meaningful criteria’ that reduced the misunderstandings and was used as a performance measure of the team, leading to a strategic plan that aided commitment and motivation.
The design brief was analysed in detail to form clear and reachable ‘SMART’ objectives that identify the purpose, plan and action. However, Copeland (2019) suggests the acronym emphasised by Mullins and Christy (2016) lacked the ability to reflect on efficiency and feedback, therefore a revised approach of ‘SMARTER’ which includes ‘evaluate’ and ‘review’ would have enabled the team to understand potential improvements.   
According to World Skills UK (2018) supported by Mullins and Christy (2016), the ‘specific’ goal (See Appendix: 1.0 for design brief precis) is to design and manufacture a highly manoeuvrable electrically powered wheelchair that is suitable for users with mobility needs; where the wheelchair must be able to negotiate potential real life obstacles and be light enough so that mobility users can lift the wheelchair into and out of a vehicle. The wheelchair will be manufactured during the competition which may limit access to certain resources.  
The goals set for competition were ‘measured’ using the design brief criteria and marking scheme so that we could self-asses our performance and keep track of our progress. The design specification identified an obstacle course used to test the wheelchairs manoeuvrability on the day of the competition and thus, being a key performance indicator as suggested by Aized (2016). Also, an understanding for mobility user’s 95th percentile ensured the maximum safe lifting limit was not exceeded and provided a measure of the potential risk to cause harm. An alternative measure of success was acquiring the required skills and experiences by completing structured training courses and assessments to be competent prior to the competition. 
The team produced objectives that were ‘achievable’ by understanding the agreed specification so that every team member understood the terms. Furthermore, the objectives were reviewed to ensure they were ‘relevant’ and ‘time bond’ to ensure the project stayed focused and on track using Microsoft Project to show the definitive dates and times as per deadline.  

[bookmark: _Toc9204459]Team Members Roles and Responsibilities
The analysis is spilt into two sections per team member, forming ‘pre-competition’ and ‘during competition’ roles and responsibility which has been displayed in the form: 
‘Role’
‘Responsibility’
On reflection, the team could have improved the structure and thus performance by allocating ‘proper’ roles; instead of each individual doing a bit of everyone else’s job as emphasised by PMBOK (2013). For example, roles defined as project manager, team leader, team member, gatekeepers and potentially a steering committee (Harvard Business Review 2016). It is important to note the team shared the overall responsibility for the projects progress and success according to Mullins and Christy (2016). 
	
Team Member
	
Pre-competition 
	
During competition

	Member 1:
Sam
	1. Project Planning
1.1. Mechanical Gantt Chart Tasks and Work Schedule 
1.2. Manufacturing Flow Diagram
1.3. Mechanical Health and Safety
1.4. Mechanical Training

Mechanical Team Preparation
Material Handling
Tooling
COSHH
PPE
Jigs, Forms and Templates

Design Brief Analysis and Product Design Specification
Target Market Analysis (Mechanical)
Mechanical PDS

Mechanical Design
Existing Product Research 
Material Selection

Prototype 
Machining/Turning
Fabricating and Welding
Mechanical Assembly

WSUK Communication Liaise 
Hotel Booking and Dietary Requirements 
Organising Pre-Briefing
WSUK Site Access
Point of Contact

	1. Mechanical Tasks
1.1. Machining/Turning
1.2. Fabricating and Welding
1.3. Mechanical Assembly

2. WSUK Communication Liaise 
2.1. Signing In/Booking On
2.2. Trouble Shooting
2.3. Point of Contact

3. Surprise Project
3.1. Mechanical Elements



	Member 2:
Joe
	1. Project Planning
1.1. Electrical Gantt Chart Tasks and Work Schedule 
1.2. Electrical Health and Safety
1.3. Electrical Training

2. Electrical Team Preparation
2.1. Hardware Handling
2.2. Software Handling
2.3. Tooling

3. Design Brief Analysis and Product Design Specification
3.1. Target Market Analysis (Electrical)
3.2. Electrical PDS

4. Prototype 
4.1. Hardware Installation 
4.2. Software Programming

	1. Electrical Tasks
1.1. Hardware Installation
1.2. Software Programming

2. Test Driver
2.1. Negotiate Obstacle Course
2.2. Wheel Change
2.3. Timed Sprint


	Member 3: 
William
	1. Project Planning
1.1. Budget Spending and Costings 

2. Employer Communication Liaise
2.1. Fleet Car Hire and Transport
2.2. Developing a Budget
2.3. Training Informant 
2.4. Point of Contact

3. Portfolio (Section A)
3.1. Research Analysis
3.2. Initial Designs
3.3. Design Analysis/FEA
3.4. Design Development 
3.5. Final Designs 
3.6. Operations Manual
3.7. Trouble Shooting Guide


	1. Wheelchair Assembly
1.1. Miscellaneous Tasks
1.2. Material Preparation

2. Competition Portfolio (Section B)
2.1. AutoCAD Inventor: 3D Modelling
2.2. AutoCAD Inventor: Technical Drawings 

3. Employer Liaise 
3.1. Progress Reports
3.2. Point of Contact
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[bookmark: _Toc9204460]Introduction
The ability to be able to work with multi-disciplinary teams is essential for the success of future projects. These skills and experiences developed through the involvement with this topic focus, the World Skills UK (WSUK), will be used throughout my careers with the hope to better my understanding of group communication skills. Mullins and Christy (2016), identified the two main types of theories including Belbin and Type A and Type B personality questionnaires that were used to identify my traits as a team member. It is discovered that my personality suits the traits of my job role, where each trait has its strengths but also has its weaknesses. 
[bookmark: _GoBack]Before the reflection could happen, the overall team roles and responsibilities and thus their associated tasks were identified to portray an outline of the project to the reader. It is important to note that there are two sections discussed, including pre-competition and during competition timelines which has a duration of four months and two and a half days respectively. The overview of the project can be identified in the appendix in the form of Gantt charts. Also, milestones and gateway have been discussed within the report. 
The final section identifies areas of concern that had the potential to cause the collapse of the project. Risks migration methods were identified to understand and monitor the effects. Finally, Pagana (2015) suggests the implications of the emerging technology on the performance of a team, where the implications can improve long distance communication but can leave a sense of disconnection when compared to face to face conversations.  

[bookmark: _Toc9204461]Main Findings 

[bookmark: _Toc9204462]Skills and Personality Traits
[bookmark: _Toc9204463]Belbin’s Team Roles and Type A and Type B Personalities
For successful performance in the WSUK, the team’s performance is as important as the performance of the individuals according to Mullins and Christy (2016). It is emphasised that non-focused groups can have individuals with unique and random skills; however, this does not necessarily make a good team.   
Belbin’s theory and Type A and Type B personalities theory was used to analyse the strengths and weaknesses within my team role, identifying the most relevant personality traits. Mullins and Christy (2016) infers, personality questionnaires (Appendix: 2.0 and Appendix 3.0) can provide a ‘valuable diagnostic tool’ to analyse/audit individuals enabling a team to be diverse; having ‘personalities, skills and abilities’ that complement each other.   
My behaviour and characteristics were preferred as an implementer and completer finisher which suits my role within the team according to Mullins and Christy (2016).  I was required to gain technical knowledge and understanding of machine operations and equipment for turning, MIG and TIG welding as well as folding and pressing of sheet steel; requiring disciplined approach to follow health and safety regulations and strict training schedule to gain the required experience in a short space of time. Also, as the teams labour was costed per hour, it was essential that I worked efficiently and proactively to minimise the time used within the competition which is a key characteristic of an implementer. Likewise, an implanter has a reliable trait which is essential for trusting relationships within the team. However, Mullins and Christy (2016) infers that an implementer takes a rigid approach resulting in an inflexible working style; limiting the ability to quickly adapt to new possibilities which was a disadvantage for a competitor under pressure to solve new problems.  
Furthermore, Mullins and Christy (2016) emphasises the trait of a completer finisher was well suited to the WSUK as it showed a characteristic to deliver projects on time and to a high-quality standard, which is essential for project planning. Supporting this theory is Jankowski (2016), suggesting a Type A tendency within my personality which presents a constant sense of time urgency, where an impatient attitude was shown towards delays and distractions. However, the competition is a stressful environment which disagrees with Belbin’s completer finisher trait as they tend to worry; causing added stress for the team and resulting in hostile anger as a Type A personality. A completer finisher is also reluctant to delegate tasks which constrains the principled of effective teamwork as suggested by Belbin. (2019).
Additionally, Belbin’s questionnaire emphasises a low teamworking score for listening and co-operations skills, suggesting a weakness which should be a key characteristic of a team; as a result, it was difficult to understand the emotions of individuals according to Mullins and Christy (2016). However, individuals who are team workers generally are indecisive at making decisions under pressure which does not reflect myself.  
Belbin (2013) emphasises the accuracy of Belbin’s theory may not reflect our teams true behaviours as these can be distorted by mood, ‘self-awareness and desire to influence the results’. Therefore, it is suggested that psychometric testing should be used in conjunction with personalities questionnaires to provide behavioural evidence to support or oppose other theories. Also, it is emphasised that no particular role within a team is more important; instead the team should be balanced, reflecting our WSUK team.   

[bookmark: _Toc9204464]Team Motivation
[bookmark: _Toc9204465]Maslow’s Hierarchy and Herzberg
During the build-up and throughout the competition it was essential that motivation was maintained to proactively achieve the end goal of winning the WSUK. According to Mullins and Christy (2016) and Putnam (2015), Maslow’s hierarchy of needs emphasises a methodical fulfilment of the five levels for the team to be satisfied and suggests that individuals always want more than what they do have, so a ‘satisfied need is no longer a motivator’. Mullins and Christy (2016) suggest Alderfer’s revised hierarchy model which infers that these needs can be satisfied in any order. Hence, the WSUK offered the ability to fulfil the highest level of needs, being ‘self-actualisation’ and development through gaining new training and education over the standard incentives from being paid a competitive salary, financial bonuses and holidays. Also, the motivation was sustained with progress tracking using milestones and gateways.     
Herzberg two factor theory aids the understanding of the motivational needs of the team and can roughly coincides with Maslow’s model. Firstly, according to Herzberg, Mausner and Snyderman (2017) the hygiene factors relate to the ‘physiological needs’ and if absent will lead to dissatisfaction. These needs include adequate working conditions and temperatures, access to basic sanitation as well as hunger and thirst fulfilments which were all met throughout the WSUK journey. 
Secondly, Herzberg emphasises good performance as a ‘motivating’ factor resulting in job satisfaction; where WSUK offers a feeling to satisfy our own personal goals. Praise and recognition were gained for the continued high work ethic and dedication to promote the organisation and exceed their expectations. Maslow’s ‘love’ need gave the team a sense of responsibility and belonging to the company as well as the ‘esteem needs’, so that the organisation showed appreciation in our achievements. It is important to consider that these motivating factors affect the level of satisfaction only and not the level of dissatisfaction according to Mullins and Christy (2016). 
On the other hand, there are other external factors that affected the team’s motivation and satisfaction which covers Maslow’s ‘safety and security’ needs, including reduced manufacturing production volumes and uncertainty within the workforce which resulted in reduced motivation and depression that affected not only work but our personal lives and thus the competitions progress according to Bryn (2014).
[bookmark: _Toc9204466]Tuckman’s Model
Mullins and Christy (2016) supported by McGrath and Bates (2013), emphasises Tuckman’s model which identifies the stages of team development and relationships. The individuals started the ‘forming’ stage during a team building adventure course a few years prior the competition, which provided the initial develop and understanding of each individual skill sets; forming the basis of strong and unbreakable bonds vital for effective communication and teamwork ability during the competition. Mullins and Christy (2016) suggested other theories which cover a ‘unity’ stage, where an emphasis on the time to form bonds can takes ‘weeks’. For our team, we had four years. The initial formation showed anxiety between members, each member being opinionated and attempting to make an impression as each other’s personalities; hierarchy of leadership, roles and responsibilities were established. 
As well as the team building adventure program, the individuals had worked on previous projects enabling the ‘storming’ phase to be passed where forceful disagreements and pecking orders were formed. As a result, an ‘agreement on a meaningful structure and procedure’ was established to find common ground in the ‘normalising’ stage; developing an understanding of the acceptable behaviour and co-operation prior to the competition. Mullins and Christy (2016), infer once the former stages are completed the ‘performing’ stage results in a more effective and efficient team. 
The latter stage of Tuckman’s model, ‘mourning’, was an addition to the original theory according to Nayab (2019). The team celebrates the accomplishments and disbands, leaving individuals with a sense of loss at the end of a major project. However, as our team was closely netted together outside as well as within work, this latter stage was never fully completed to where a sense of ‘sadness and anxiety’ was present, but instead enabling the reflection of our performance to improve our weaknesses. This previous team working experience meant that the team had already cycled through Tuckman’s theory multiple time; which allowed further forming of trusting and positive relations between the team members where openness and honest attitudes were present.
Reflecting on the team’s development, Mullins and Christy (2016) suggested Tuckman’s theory should have followed a close framework pattern. However, the real reflection did not necessarily follow the linear development between the stages, as the real application altered its course. During the competition build up, conflict and heated debuts would occasionally occur in the performing stage unlike how Tuckman suggests. Therefore, we discovered that there is no definitive separation line between the stages.  




[bookmark: _Toc9204467]Overall Group Tasks 

Please see: 
Appendix: 2.0 for pre-competition group task breakdown with start/end dates. 
Appendix: 4.0 for during competition group task breakdown with start/end dates.
Appendix: 3.0 for pre-competition Gantt chart. 
Appendix: 5.0 for during competition Gantt chart.
Appendix: 6.0 for Sam’s pre-competition tasks and associated durations.
Appendix: 7.0 for Sam’s during competition tasks and associated durations.

[bookmark: _Toc9204468]Milestones 
[image: ]As Snyder (2013) suggests, the team used milestone to mark significant events in the project (Figure: 1.0 and Figure: 2.0), completing key areas such as selecting an adequate design, completing the portfolios, manufacturing the product with the desired timeframe and testing the prototype. As Hill (2010) infers, milestones in a Gantt Chart (Appendix: 3.0) are zero-time events, with no duration that serve as an indicator for progress. Reflecting on our project milestones, only the first few were kept within the planned schedule dates/times, including: setting SMART objectives and undertaking the required training. 
As the team approached the final deadline, our time management and organisational skills was tested to great lengths, where every other pre-competition milestone over ran and caused unnecessary delays. As van Well-Stem et al (2004) suggests, this may have been due to a lack of a defined ‘project manager’, which intruded a slack attitude towards work as no one took on the responsibility or realised the importance of the role and thus as a result we were ‘always’ behind schedule. Also, at the time of the competition adequate time management should have been essential as I was attending full time work, an apprenticeship program and a part time degree course. I struggled to keep up with the workload. Therefore, Hill (2010) implies an analysis of the clock model to provide a structure for managing my time. Additionally, Snyder (2013) suggested an increase in milestone frequency and quantity could have improved the accuracy of the monitoring, however, Chatfield and Johnson (2016) emphasises the importance of avoiding over management and micro-controlling of tasks.



[bookmark: _Toc9204469]Gateways 
It is important to note that a gateway review is not just a standard periodic project status update that provides communication of cost, risk and performance to management (employer). A project gateway formally reviews at transitional points in the project which covers ‘design, build, produce and test’ according to Snyder (2016). As Elite Consulting (2019) suggests, we used a gateway to understand if we were ready to proceed to the next activity to ensure all previous tasks were completed to an adequate standard and if the team’s resources are ready to be re-utilised. The gateway addressed the key causes of project failure and potential risks. As we did not have a dedicated project manager, we collaboratively concluded the projects state and updated the next gateway as necessary. 
There were several gateways in the project which were defined during design brief analysis. One of the gateway reviews verified if the protypes mechanical and electrical function met the performance criteria as requested by the WSUK specification, such as climbing a 150mm kerb (World Skills UK 2018). The gate covered scope to meet the customer needs, updating the schedule based on dependencies and available resources; identifying if the project cost and time is within the budget, cost recordings were up-to-date; quality assurance and quality control processes were complete and risks and their impacts were identified (Stratton 2003). 
As this gateway timeframe was late in the project being the day before the main event, it unsettled the feelings of the team. The gateway provided an opportunity to ‘kill’ the project if its purpose and benefits were no longer consistent with the risks as suggested by Jutte (2019). The attendees to our gateway review were not just the personnel in our team but sponsors, financial funders and management. Traditionally, Jutte (2019) implies the gateway reviews would exclude team workers, having only project managers and senior management as meetings may be of sensitive nature due to manning numbers and changes of project purposes, but being such a small team, we did not have to worry.  
As a gatekeeper, I oversaw the actions of other team members to ensure we met the requirements for the wheelchairs mechanical function and was leading the passage through the gateway (Snyder 2016). When our project initially failed to climb the kerb on a pervious gateway a few weeks before the competition deadline, I examined the reasons why and established that the designs were inadequate to meet the required standards of the specification and thus the SMART objectives. Therefore, I rescheduled this new gateway the day before the deadline (14th November 2018). On reflection, this resulted in there being less than twenty-four hours before the deadline which did not leave enough time to make any major modifications to the project. However, luckily on the revised gateway the product did meet most of the specification were there only minor adjustments needed. For example: upon test driving over the kerb, tyre pressures and seating positions were adjusted to make the climbing easier. Furthermore, the gateway confirmed that the material selection, welded joint quality and dimensional tolerances as well as folding capability into a car boot complied. 
Stratton (2003) emphasises, a project manager is not normally the gatekeeper as project managers are usually deep into the project and feel a sense responsibility, possibly causing hesitation to discontinue the project in the worst-case scenario. For our application, we individually assigned the gatekeepers for different stages in the project and project managed as a team which did cause complications on agreeing major decisions, as there was no single person to make the overall command, therefore we relied on techniques such as matrix analysis and DFMEAs to aid the decision making processes as suggested by Hill (2010). Therefore, in effect we were gatekeeps and project managers which can be frowned upon according to Stratton (2003).  
[bookmark: _Toc9204470]Time, Performance and Cost Management
The gateway review is an opportunity to understand and monitor cost and performance figures. As part of the WSUK specification, we were required to provide predicted labour timings for review, where if over overestimated penalties or fines could be issued depending on the severity of the miscalculation which emphasises the importance of being accurate. This example below uses a PERT (Program Evaluation and Review Technique) as indicated by Kinsey (2019), to identify if targets were met with the analysis of multiple manufacturing runs using the frame jig to create the wheelchair. Also, it is suggested that PERT can be a subjective view and can be difficult to calculate accurate results with multiple project variable. Therefore, for more accurate prediction of project start and end dates then please refer to the Gantt chart.  

Technical Performance 
To manufacture wheelchair using jig:	Best Time = 1.5Hrs 
					Medium Time = 2.3Hrs
					Pessimistic Time = 3.5Hrs

Standard Time 	 	= 	[(1 x Best Time) + (4 x Med Time) + (1 x Pess Time)]/6
         (Hrs)		=	[(1.5) + (4x2.3) + (3.5)]/6
			= 	2.37Hr
Skewed Pessimistic 	= 	[(1 x Best Time) + (3 x Medium Time) + (2 x Pessimistic Time)]/6
         (Hrs)		=	[(1.5) + (3x2.3) + (2x3.5)]/6
			= 	2.57Hrs

The PERT review suggests that the calculated standard time would have a 3% difference from the manufacturing target value of 2.3 hours; where the pessimistic time being at 12% from the manufacturing target value. Therefore, the next few sections will investigate alternative ways to increase efficiency and make improvements to the best time. 

Cost Performance
The labour cost for manufacturing was £40 per hour as specified by the WSUK. Therefore, 
Best Cost (£)	 	=	 1.5 x 40
			= 	£60.00
Standard Cost (£) 	=	 2.37 x 40
			= 	£94.80
Pessimistic Cost (£) 	=	 2.57 x 40
			= 	£102.80

Even though there is only an £8.00 difference between the standard and pessimistic cost, every gain/advantage increases the likelihood of success. According to World Skills UK (2018), the difference in cost is further amplified depending on our final compliance with the scores; emphasising the importance of effective cost efficiencies. As a result, process improvements will be used to attempt to consistently manufacture the product around £60.

Lean Principles
Ford Motor Company (2014) emphasises the strategy of 5S’s of lean, which defined a methodology of ‘sort, set, shine, standardise and sustain’ that results in a clean, organised and safe working environment to aid the reduction of waste and optimise productivity. The 5S tool was used to organise the tools and equipment into a working triangle, so that unnecessary tools were eliminated and the required tools were in easy reach to reduce the ‘motion’ waste as suggested by ASQ (2019) and supported by Lean Manufacturing Tools (2019).  
However, on reflection we found it difficult to sustain the organised structure when pressure and pace increased during the competition, which was not identified in the gateway. Therefore, as a future improvement for setting the equipment in order, shadow boards could have been used to create an almost fool proof system. 
Additionally, Ford Motor Company (2014) refers to the seven wastes as ‘transport, inventory, motion, waiting, overproduction, over processing and defects’ as a cause of non-value added activities. The team used the methodology to minimise the quantity of reworks required because of defects and poor quality which would waste time. Also, there was an attempt to reduce the waiting time during slack periods. On reflection, the poor scheduling and planning resulted in some team members waiting on standby, even though the critical path was analysed within the Gantt chart (Snyder 2016). On reflection, all manufacturing processes should have been tested before the competition to ensure accuracy. 



[bookmark: _Toc9204471]Areas of Concern
This will investigate the strategies to migrate the potential risks to reduce the threat to project objectives; which is the process of tracking current, identifying new and evaluating the risk managements effectiveness according to Mitre (2019).

1. [bookmark: _Toc9204472]Design Failure: Motors
The initial product prototype utilised compact pistol drills as motors to drive the rear wheel of the wheelchair. Even though these were high speciation drills with over 90Nm of torque developed through a planetary gearbox, the motors itself could not deliver enough power to overcome obstacles such as fifteen-degree hills and 150mm kerb. Likewise, the driveshaft mounting method that utilised the keyless chucks would either ‘chew up’ the flats or lock themselves onto the shafts. Also, the pistol drills did not have designated mounting points causing misalignment issues when ‘jubilee’ clamped to the frame, resulting in excess stress outside the design parameters of the drill bearings. As a result, preventing the team to deliver the task objective of having a function wheelchair. 
Steps of Risk Management
According to Mitre (2019) and van Well-Stem et al (2004), there are risk migrations steps that need to be followed to reduce the risks to acceptable levels once the plan is implemented, it should be continuously monitored to determine its effectiveness where adjustments actions can be made if necessary. These steps include: ‘risk identification, risk impact assessment, risk prioritisation analysis, risk tracking and risk migration planning, implementing and monitoring’. 
Matrix Analysis
A matrix analysis can be used to assess the frequency of a risk and identify its consequence severity which is aimed at understanding the current risks. Mitre (2019) emphasises the categories and options available for these risks.
Accept: With the approval of the project manager or gate keeper, we could have decided to accept the risks and implement no control measures. However, this would have resulted in the collapse and failure of the wheelchair project. 
Avoid: This includes changing the design requirements and adjusting budgets and schedules to create an alternative path around the obstacle. However, the WSUK design brief specification was set in stone and unable to be altered to suit our individual needs. Alternatively, the team investigated the possibility of something we could control, including redesigning the motors. 
Control: This would result in actions to minimise the impact of the risks. The teams control measure was to alter the design to utilise the motors’ housing bolt holes, however we concluded this would introduce further new risks of potentially breaking the casting and injection moulded body.  
Transfer: This would include changing the team or management to personnel that would accept the potential risks associated with the initial design. However, this option was not acceptable in our case as the risk was a design failure; thus, resulting in a product that did not work. The transfer method could be utilised with management or team decision making issue. 
Monitor: This includes monitoring with the hope that the project conditions would change to reduce either the severity or frequency of the risk. This did not apply to our wheelchair.   

Poka Yoke
Poka Yokes can be used to ensure certain conditions are meet before continuing to the next step to minimise the risk of defects as well as to eliminate the occurrence of errors as Kanbanize (2019) suggests. With the original mounting design of the motors failing to meet the standards, Poka Yoke techniques were used to improve the quality and reliability of the mounting strategy by completely utilising alternative wheelchair motors that had dedicated mounting points. The motors would bolt onto the frame and the wheel would bolt to the hub with a PCD, instead of a failure prone self-locking chuck. This fool-proof method created an intuitive process that was simple to setup and making it difficult to incorrectly perform the operation.  
DFMEA and DMAIC
A Design Failure Mode and Effect Analysis is another systematic approach used to identify product and process failures according to Ford Motor Company (2014). This breaks down to failure observation, the effect of the failure, the underlying cause and the severity. However, DFMA is subject to errors which includes common mistakes of not updating and reviewing current DFMEA documentation as well as having inconsistent analysis across the board. This is similar to what the team found, where a brief training cause was required to understand its scope and objectives as we set the ranking criteria too closely together and did not identify current solutions. 

[bookmark: _Toc9204473]2. Funding and Budget
With the poor organisation of the project resulting in an unnecessary tight deadline, we submitted the budget funding request late to the employer which increased the risks of project failure as there was a large lead time on the financial approval. With days to the event, we had to request an emergency funding from our sponsor just to make up for the lost time. On reflection, if adequate scheduling took place it would have identified the potential constraints and reduced the risk of failure.  
Also, it is important to point out that the final design was created three weeks prior the competition, where we were almost required to start from scratch which resulted in unnecessary costs and spending for fast shipment orders for replacement components, for example: motor drivers, motors, wheels and electrical ribbons. As a result, leading to an increase in labour from overtime and additional stress, testing the team’s bond and working skills. The additional labour cost could have been avoided if time was spent more efficiently. 
Activity Based Costing
According to Kim (2017), activity based costing is a process used to identify indirect and direct costs of a project, covering planning and manufacturing which adds to the total end cost to ‘optimise profit margins’. However, this method of costing is more suited to long-term projects, giving a measurable illustration of the long-term cost implications, but would have given a predicted value that could be used to project the required budget earlier in the timeline and thus migrating the risk. The team was at a risk of spending too much time, money and resources on the wheelchair project, emphasising a possible failure point. Therefore, costing strategies should be used throughout the project and for gateway reviews. 



[bookmark: _Toc9204474]Emerging Technology 
In review of how technology aided the success of the team, Mullins and Christy (2016) suggests mobile learning has presented intense opportunities to enhance the knowledge and experience of the team at the touch of a button; on the go and anywhere in the world, as long as there is a connection to the world wide web. The power of this connectivity enabled the team to access technical data, operational instructions as well as to explore design inspirations and manufacturing ideas. Ultimately, the emerging technology provided the essential access to knowledge to successfully achieve the outcome, however, digital technology lacked the specific information and its application to fully aid the team’s success. We found high importance in face-to-face learning form field specific lectures and professionals. As an example: research was conducted for how to specifically use an Arduino board to meet the design specification but found it difficult due to a variety of different possible scenarios we could use. A lecture was able to provide experience and specific guidance. 
Likewise, Mullins and Christy (2016) implies the team’s capability to succeed was enhanced with access to collaborative communication through social media and messaging platforms; offering the ability to conduct long distance conferencing and messaging to provide essential communication out of work hours. However, Mullins and Christy (2016) argues that electronic communication techniques can lack the personal interactions that are seen from face-to-face communication where personal emotions are difficult to judge and understand. Pagana (2015), provides evidence that conference calls can be disconnecting, resulting in the team being less proactive with the time spent on the project.  








[bookmark: _Toc9204475]Conclusion
Reflecting on the team’s marginal win in the WSUK competition, it can be concluded that even though we succeeded with our unguided approach, we could have improved the performance by tenfold. The lack of a project manager as suggested by Mullins and Christy (2016), more than likely resulted in the team’s lack of drive as no one accepted the fully responsibility for keeping track of the deadlines and schedule, even though initially we created the Gantt charts. Furthermore, the poor time management resulted in limiting time to test and improve the prototype, emphasising the importance of not postponing the milestones and gateways (Snyder 2016). Also, the poor time management resulted in unnecessary spending for fast shipments and special delivers. As an improvement, the clock model was identified to refine the time management process and minimise the implication of time-wasting activities according to Hill (2010).  
There were two major concerns identified within the project, including raising the funding and a potential design failure. The reflection identified techniques such as DFMEA, Poka Yokes and matrix analysis to reduce the risk of a failure (Ford Motor Company 2014). Also, lean principles were used to reduce the manufacturing times of the wheelchair and thus the overall project cost. 
The team’s strongest skills was the ability to work effectively together under pressure which had been developed through years of communally working together, to a point where we complement each other’s emotions. According to Mullins and Christy (2016), Belbin’s theory supports the idea of positive team bonds and relationships with each member having different personality traits. My role within the team was well suited to the requirements of a competition environment.
Likewise, my technical understanding of manufacturing processes has been developed to enable me to use the skills learnt within my job sector. To further my leaning and improve my progression, the experiences developed can be applied to a future project so that the methodologies will provide an improved structure towards my approach to the project. 

· 
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MANUFACTURE TEAM CHALLENGE

COMPETITION BRIEF

Competition registration March 1st 2018 - 7th of April 2018
https://www.worldskillsuk.org/



The project brief.

This brief specifies the requirements for the design and manufacture of an electric powered wheelchair, suitable for use by a single person with mobility needs.

In this instance the Wheelchair must be highly manoeuvrable in order that it can be used both indoors and outdoors. It should be able to overcome obstacles such as kerbs, potholes, doorsteps and similar obstacles that may be encountered during everyday use. The wheelchair will be expected to negotiate a course, which is designed to simulate obstacles that may be encountered at the end of the competition. The wheelchair should be lightweight and fit in as small a space as possible to accommodate lifting into and out of a vehicle. The wheelchair can be disassembled or folded to facilitate this, but must be simple and quick to set up and take down.


Marking Scheme

	Section
	Criteria
	Marks
	

	A
	Main project performances
(Inc. Section B of portfolio)
	40
10

	B
	Main project costs:
Manufacturing Time
Materials
Machining Time
	
 5
 2
 3

	C
	Portfolio (Section A only)
	10

	D
	Surprise project
	30

	Total
	
	





A.	Main Project (40 Marks)

The wheelchair should: -

●  Fit into a range of vehicle boot spaces so must dismantle or fold into a box, (to simulate a small car boot), of no more than 900mm by 600mm by 450mm.
											(2 Marks)
●	Be dismantled or folded so as to fit a boot space as quickly and easily as possible. This will be marked as a time trial with one team member dismantling the wheelchair into the box, then reassembling the wheelchair and driving it a short distance. Fastest time 2 Marks, slowest 0 marks and all others graded between.
											(2 Marks)
●	Be as light as possible order that lifting into a car boot be as easy as possible. Lightest Wheelchair will receive 2 marks, heaviest 0 and all others graded between.
											(2 Marks)
●	Have a battery system that is positioned onboard the wheelchair.
											(1 Mark)
●	Have a charging point built into it, to replenish the batteries.
										         	(1 Mark)
●	Have an electrical system of 36 volts or less.
										         	(1 Mark)
●	Have a joystick that controls forward movement.
										        (0.5 Marks)
●	Have a joystick that controls reverse movement.
										        (0.5 Marks)
●	Have a joystick that controls left turning movement.
										        (0.5 Marks)
●	Have a joystick that controls right turning movement.
										        (0.5 Marks)

●	Have a joystick that can be mounted universally on either side of the chair, to ensure it can be used by left and right-handed persons.
											(1 Mark)
●	Be able to negotiate being driven over a square sided step of 150mm in height.
											(1 Mark)
●	Have as small a turning radius as possible. Smallest turning circle 2 marks, largest 0 marks, all others graded between.
											(2 Marks)
●	Have a comfortable seat for long term use. 
											(1 Mark)
●	Have an adjustable seat providing back rake and height adjustment.
											(1 Mark)
●	Have an LCD panel to display, battery charge status, high, medium and low as a minimum.
											(1 Mark)
●	Have an LCD panel to display a “System active” message, when the wheelchair is turned on.
											(1 Mark)
●	Have an LCD panel to display a “moving” message when the wheelchair is performing any movement.
											(1 Mark)
●	Emit an audible sound, that is clear to hear from 5 Meters away when and only when reversing.
											(1 Mark)
●	Be able to move safely up and down a 15-degree incline/decline under control. A full stop will be required on the incline and restart of manoeuvre in both directions. 1 mark for each successful stop.
											(2 Marks)
●	Be designed with aesthetics in mind and should be a marketable product.
											(2 Marks)
Safety

●	The electrical system should be able to be switched off via a key.
											(1 Mark)
●	Any mechanisms and surfaces should be free from being a trap, crushing or   cutting hazard.
											(2 Marks)
●	The wheelchair should have a mechanism to lock the wheels when not   powered. Mechanical or electrical handbrake. This will be tested on the 15-degree incline.
											(2 Marks)
●	The wheelchair should be unable to fold or dismantle unless it is wished. 
     I.e. have a safety lock mechanism to prevent folding unless released.
												(1 Mark)
●	All electrically conductive parts must be guarded.
											(1 Mark)
●	No sharp edges should be evident.
											(1 Mark)

Maintenance

The following components should have ease of access for removal and replacement: -

●	The battery.

●	The wheels.

One of the two will be randomly selected during the test. The fastest time for removal and replacement of the selected item will receive 2 marks, the slowest will receive 0 marks. All others graded between.
											(2 Marks)
Time Trial
During the testing the course laid out in Figure 1, the wheelchair will be driven by one member of the team.  The time for the completion of the course will be recorded, any of the following appropriate penalties will be added to the time:

For each time the wheelchair goes outside of the track.          2 Seconds
Driver unseating 					        	           2 seconds
Using any means to move the wheelchair bar its own power/drive system 
                                                                                                 5 seconds
Breakdown and maintenance required			          30 seconds

The total time with penalties added will then be used to determine the total time.
Fastest time 5 marks, slowest time 0 marks, all others graded between.
											(5 Marks)

Note: for all graded marks for each 10% between the highest and lowest a band is set. Your time, weight etc will score the points for the band you fall into. 

e.g. if the fastest time is 120 seconds and the slowest 170 seconds, if your time is 151 seconds, the for each 10% between the bands will be.

120-124.9 5 marks.  125-129.9, 4.5 marks.  130-134.9, 4 marks. 135-139.9, 3.5 marks. 140-144.9, 3 marks. 145-149.9, 2.5 marks. 150-154.9, 2 marks. 155-159.9, 1.5 marks. 160-164.9, 1 mark. 165-169.9, 0.5 marks. 170 0 marks. 
Therefore, a time of 151, would score 2 marks.








Portfolio B – to be completed during the competition 
(10 Marks)

During the competition the participants will carry out the following I.T. related tasks, rough sketches can be brought to the competition: -

●	Manufacturing drawings for all components to be made. (Autodesk Inventor)

●	3D Assembly drawing(s). (Autodesk Inventor)

●	Electronic diagrams/drawings. (AutoCAD Electrical)


B.	Manufacturing Costs (10 Marks)

Working hours (5 Marks)
For every 10% more expensive than the team with the lowest calculated working hour cost (see note below). 0.5 Marks will be deducted proportionally.


Additional cost for using equipment (3 Marks)
For every 10% more expensive than the team with the lowest additional equipment cost (see note below). 0.3 Marks will be deducted proportionally.

Raw materials (2 Marks)
For every 10% more expensive than the team with the lowest additional equipment cost (see note below). 0.2 Marks will be deducted proportionally.

Compliance.
The total cost of equipment, materials and labour will be modified by project compliance to specification. 
Compliance to specification means that your marks for your built project will be calculated as a percentage and adjust your costings as follows.

Final build cost =      .      Total cost x 100             . 
       	                      % compliance to specification

Example 
If total cost is £2,500 and compliance is 100% then build cost would be £2,500
If total cost is £2,500 and compliance is 80% then build cost would be £3,125
If total cost is £2,500 and compliance is 60% then build cost would be £4,167     
If total cost is £2,500 and compliance is 40% then build cost would be £6,2500    
If total cost is £2,500 and compliance is 20% then build cost would be £12,500    
If total cost is £2,500 and compliance is 0% then no marks awarded for cost section. 
Note: Marks will be calculated using calculations in the CIS scoring system
C.	Portfolio A (10 Marks)

A portfolio is to be presented prior to the competition. This portfolio is to be assessed as a component of this project. The portfolio is to be in electronic format but presented in both hard copy and electronic form and to include: -

●	Team member details. Name, company, company address, qualifications and job title.

●	Team preparation.

●	Design calculations and sketches/drawings.

●	A Spreadsheet list of materials and components used with catalogue prices ex Vat.

●	Evidence of material and component costs.

●	A work schedule for the team during the competition and build with estimated costs for time and machinery usage. (See costings sheet.)

●	 Operation and maintenance manual.
 To include: - 
●	Troubleshooting guide.
●	Operation and installation of the joystick control.
●	Replacement of any batteries and wheels.
●	Safe operating procedures.
●	Calculations of battery longevity. 
		
●	A poster display 1000mm x 600mm (minimum size) detailing each team member’s details and their employers, a description of the project solution including a 3D model of their vehicle, which will be presented prior to the competition and displaying during the competition.


D. Surprise Project (30 Marks)

An unseen project requiring welding and fabrication, machining and electronics skills will be supplied with all materials to be completed during the challenge period. 



Costings

	Item
	Cost

	Working time: If one team member is working it is costed as all are working.
	£90 per hour

	Use of Lathe and Welding equipment
	£40 per hour

	Use of Pillar Drill, Cut off Saw, Box and Pan, or Guillotine
	£20 per hour

	Pre-manufacture of Printed circuit boards
	£0.25 per CM2



The minimum time for booking each machine is fifteen (15) minutes, and 15-minute intervals thereafter.

[bookmark: _Toc9204478]Appendix: 2.0 (Belbin’s Questionnaire)
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w232 Assemble loop for motors, fuses, motor  30mins  Fri16/11/18 Fri16/11/18 142
drivers and E-stop
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3.133 Deburr 2 mins Fri16/11/18 Fri16/11/18 158
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