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[bookmark: _Toc25552172]1. Abstract

To plan, conduct and manage a group engineering project, with the goal to design and fabricate a system to enable user-operated, power-assisted steering for larger displacement motorcycles: from initial design concepts to primary test model production phase. 
[bookmark: _Toc25552173]1.1 Background

Gone are the days when the majority of popular motorcycles on the market were raw, performance- driven, sporty machines which, not only looked fast and sounded incredible, were also relatively lightweight and agile; they also had to meet much less stringent emissions regulations!  In today's current market, especially with influence from politics and mainstream media, the buying habits of the motorcycle customer base has changed and, as a direct result of this, development from manufacturers has swayed from focusing on powerful super-sports to production of smaller cc, more utilitarian and multi-purpose motorcycles, in particular,  adventure-tourers and dual sports machines, with popular selling examples consisting of Yamaha's MT range, Ducati's scrambler and BMW's R ninety.
Also, with public interest evolving towards future technologies now focusing on being more 'eco-friendly', electric motors and computer assisted autonomous driving/ riding are emerging to be fields which have gathered momentum and are advancing rapidly. However, even with the agenda to be a ‘greener’ society, customers will likely not purchase a new motorcycle which isn't in some way an advancement on the last model. This means the customer expects the new motorcycle to be more economical, faster, handle better and/or, be lighter than the last model. With the added focus towards developing battery and electric powered motorcycles, the components themselves are usually quite heavy and require substantial support and sufficient shock proofing for component integrity and the health and safety of the rider. This extra mass adds to the overall bulk of the motorcycle and increases handling weight for the rider. Also, with customers not wanting to have a reduced range of travel by using electric when compared to petrol, and with petrol engines being fairly economical (54.7 avg. mpg for a 2016 Suzuki Sv650s) multiple or large batteries must be used to match the travel range, which again adds more weight.  
This project aims to develop a device which, when equipped to a motorcycle travelling at slow speeds, will amplify the riders steering inputs, making the motorcycle feel easier or lighter to turn. This would allow manufacture costs to be reduced by allowing the usually lightweight and expensive components to be substituted for cheaper, more common and heavier materials during construction of the motorcycle, whilst still providing good perceived rider handling for the customer e.g. magnesium/carbon fiber wheels, titanium exhausts and aluminium frames, could all be replaced with steel without affecting  the handling feedback for the rider.  The reduced cost to manufacture could then be passed to the customer and another ‘budget’ model could be made available. This would appeal to buyers who want a motorbike that handles and feels like a more luxurious version but don’t possess the budget or taste for the luxury model, which has kept the higher price point maintaining its exclusivity and justification on price. The use of a device constructed to aid manual steering of the motorcycle could also potentially benefit able-bodied and disabled riders by helping to reduce fatigue whilst riding or assist in making the motorcycle turn process easier.
[bookmark: _Toc25552174]2. Team Management
[bookmark: _Toc25552175]2.1Brief

	The group performing the task will consist of two team members and involves research into existing steering methods and experimentation and development of new technologies within the commercial motorcycle market sector. Once the relevant information has been investigated and understood, each team member will have independent roles and responsibilities and will undertake their designated individual tasks, before re-grouping as a team to consolidate ideas and validate results. After consideration has been given to the analysis of the produced findings, the final decision on the best strategy for advancement towards production of a working prototype will be then be determined. 

[bookmark: _Toc25552176]2.2 Group Tasks

[image: ]Due to time constraints and the overall scope of the project, certain tasks will need to be completed as a group with full participation from all members. This will involve heavy consultation between individual members and a constant back-and -forth approach to the sharing and passing on of data. This requires team members to be mindful of set target deadlines but to also be flexible with self-scheduling of tasks to ensure all deadlines are met. (See Figure. 1)Figure 1: Group Project Tasks Schedule designed by Mateusz Skoczylas

[bookmark: _Toc25552177]2.3 Team Member Roles

TABLE 1: TEAM MEMBER ROLES
	Member Name
	Individual Tasks

	Nathaniel    - Allcock         
	Materials/Composition and current steering technologies research

	                     -
	Initial cad design of concept ideas

	                     -
	Stress analysis and optimisation of hardware components

	                     -
	Motion simulation of working model

	                     -
	Raw materials unit price costing (bill of materials)

	                     -
	Fabrication of mechanical hardware

	Mateusz      -Skoczylas
	Research data analysis and determine expected operating conditions/ tolerances

	                     -
	Initial design of electro-mechanical control system (operating system)

	                     -
	Determine dimensional constraints of system control

	                     -
	Costing of control unit – bill of materials

	                     -
	Fabrication of control system and programming





[bookmark: _Toc25552178]2.4 Belbin's Model

 	Due to variation amongst individual members in relation to differing personalities, characteristics and behaviours, it is likely that the selected team will possess a range of different skill sets and work preferences. Therefore, sociological considerations will have to be made to ensure the team is well-balanced and collaborates efficiently depending on the situation requirements. “Belbin (1981) went some way towards clarifying team roles in his book Management Teams. Here he identified different kinds of roles in management teams – roles such as shapers, company workers, resource investigators, etc.” ( (McCann, 1996, p. 118)
When researching further into Dr Meredith Belbin, we can start to understand that for a team to be high-performing and successful, it must possess a range of nine different ‘clusters’ of behaviour known as ‘team roles’. This does not mean that the team needs nine members to be balanced, but more so that the individual members must possess a combination of behaviour characteristics or ‘team roles’ and then the members be grouped accordingly, depending on their shown behaviour characteristics to ensure an overall balance. (Belbin Associates, 2019) (See Fig. 1)
 	However, for the project manager and the team involved to be effective, according to Belbin’s ideology, each member must undergo a Belbin Self-Perception Inventory and the results be shared and compared with each other, so that each member  can be made aware of how to adapt or moderate their individual dominant traits to better the overall performance of the team. By analysis of the findings from the inventory, the project manager now has some insight into the group behaviour and can avoid any obvious clashes of personalities or pre-empt any overshadowing conflicts. They can now also better predict likely successful team combinations and pair complimentary characteristics, allowing them to be more effective and better suited to deal with the project at hand.
[image: ]Figure 2: Team Roles (Taken from belbin.com





[bookmark: _Toc25552179]2.5 Reflective Self-Analysis Report

Upon self-completion of the Inventory developed by Dr R Meredith Belbin, Chairman of the Industrial Training Research Unit in Cambridge, which was designed to ‘outline what I regard as my typical behaviour within the group’, my results were pleasing. They indicate that I generally display an all-round skill set of behaviour roles. I scored above average in the ‘Implementer’, ‘coordinator’ and ‘Team Worker’, categories having eleven, nine and then eleven points again, respectively. I also scored high in the ‘Plant’ category, gaining 9 points with the average score being 7.3. I discovered that for the ‘Shaper’ category, however, my score was 9 points and, whilst still being within the range for the normal average (9-13points), was on the lower end of the average boundary with the average score being 11.6. ‘Resource investigator’ and ‘Complete Finisher’ were sections I also scored average in. (See table 2)


TABLE 2: BELBIN’S SELF-PERCEPTION INVENTORY RESULTS

	
	Implementer
	Coordinator
	Shaper
	Plant
	Resource Investigator
	Monitor Evaluator
	Team Worker
	Complete Finisher 

	Average Score
	10.0
	8.8
	11.6
	7.3
	7.8
	8.2
	10.9
	5.5

	My Score
	11.0
	9.0
	9.0
	9.0
	7
	8
	11
	6



NB* Inventory has been derived from several earlier versions, hence, the lack of ‘specialist’ category as not needed for this task.



Figure 3: Self-Assessment Belbin’s Inventory

Figure 4: Visual Representation of Percentage Score Belbin's Inventory
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If following Belbin’s model, this means that I should focus on trying to improve the skills required for the behaviour role of a ‘shaper’. This means adapting my behaviour to be even more motivated and to not lose focus on the task at hand. I should also try to keep the team moving and improve on my drive to overcome any obstacles or pressures that may arise. Whilst trying to improve those areas of my behaviour, attention deserves to be spent improving  my efforts and contribution towards  ‘Monitor Evaluator’ and ‘Resource Investigator’ behaviour roles, as I will need to be outgoing and able to spot new opportunities throughout the task and also think logically about any decisions to be made regarding the project. (see figures 2 and 3)















[bookmark: _Toc25552181]3. Personal Tasks and Responsibilities

[bookmark: _Toc25552182]3.1 Organisation of Tasks

For this specific project of designing and creating a power-assisted steering device for a larger sized motorcycle, my contribution to the group will consist of completing a series of defined tasks over a certain period of time, primarily focusing on the research, design and manufacture of the physical hardware components. (See Table 3)
To assure the success of my role within the team, it is imperative that I set realistic goals and achievements and can actively plan and pinpoint defining criteria for measuring key performance indicators and desired outcomes. Also, the need for careful planning will help to avoid making mistakes which could be easily foreseen, such as timetabling errors, stock order issues and production time delays. According to The Chartered Institute of Purchasing Supply, “Having a clear strategic vision for the project is absolutely vital” and “it is hard, if not impossible, to argue against the need for any project to be well defined…for delivery timescales (completion dates), financial constraints (budgets) and clear technical specifications (quality parameters).” (Smith, 2009)
For ease of task management, I personally find it advantageous to arrange duties in order of importance. First - of their priority for completion and then, secondly – in terms of estimated hours required to complete the task. If these two criteria are known first, then the latest commencement date in order to meet the delivery timescale (completion dates) can be calculated. This helps to prevent over-run, which has a knock-on effect with budget and quality. This method of advance preparation can also be used to determine if any tasks can be started earlier than originally intended, benefitting the project by allowing some flexibility to be built into the demanding time, finance and technical parameters.
Once a timescale is given to each task then the process of costing can begin with regards to labour, materials and parts, staff and their required equipment and/or facilities. The result of this pre-liminary costing will then influence my main decisions with respect to the manufacture of the design and materials used in construction, depending on the balance remaining from the agreed budget once the factors mentioned earlier have been considered.








Table 3: Personal Tasks

	Task
	Intended Method of Completion
	Equipment Needed 
	Start Date
	End Date
	Predicted Hours

	Research into materials/composition and current steering technologies
	Reading modern engineering journals, related media and online articles
	Computer/Device with internet access,
Access to library,
USB drive
	23/10/19
	30/11/19
	50

	Initial CAD design of concept ideas
	Computer-aided design software (Solidworks)-
Use of features and sketch tools
	Desktop with ‘Solidworks’ program installed,
USB drive
	11/11/19
	17/11/19
	15

	Motion simulation of working model
	Computer-aided design software (Solidworks)-
Use of animation functions and mates
	Desktop with ‘Solidworks’ program installed,
USB Drive
	24/11/19
	26/11/19
	20

	Stress Analysis and optimisation of hardware components
	Computer-aided design software (Solidworks)-
Use of program to explore potential refinements
	Desktop with ‘Solidworks’ program installed,
USB Drive
	17/11/19
	02/02/20
	30

	Raw materials unit price costing (bill of materials)
	Research into current market prices by use of comparison tools and visiting local merchants
	Device with internet access,
Price comparison app/website,
Visit to local merchants

	20/11/19
	02/02/20
	30

	Purchase of mechanical hardware
	Online purchasing,
Telephone or in-store purchasing
	Mobile Phone with online access,
Visit to local merchants
	02/02/20
	13/02/20
	10

	Fabrication of mechanical hardware
	Relevant construction techniques dependent on design outcome
	Tbc during further meetings 
	13/02/19
	27/02/20
	50










[bookmark: _Toc25552183]3.2 Bill of Materials

[image: ]
Figure 5: Spreadsheet to Show Early Bill of Materials

This is an early estimate for the expected costs of physical components. A more thorough costing analysis will be presented later, once other research and set parameters have been considered within the scope of the project. It is difficult to predict costing with more accuracy at this stage due to fluctuations in product design, specifications and global markets.

[bookmark: _Toc25552184]3.3 The ‘Iron Triangle’

 	The term ‘iron triangle’ is used to explain the relationships between the time, cost and scope of a project as each parameter is dependent on each other: if any variable changes it directly affects another variable eg. if the time is extended then the cost or scope for the project can increase (Wysocki, 2012). To be a good project manager I will need to be aware of how each variable is linked with the others to maintain a good balance. (see figure 6)
[image: ]Figure 6 Iron Triangle with Consideration for Ccope








[bookmark: _Toc25552185]4. Measuring Organisational Improvement

[bookmark: _Toc25552186]4.1 Milestones 

A milestone is an activity which is dependent on select criteria being met and is time relevant, however, it does not take any time to complete and in such aspect is not a task but more an indicator or marker to allow the overall performance of the project to be gauged in relation to each task.
 “Identification of project milestones depends on who is interested. For senior management, there may be only a few milestones, even in large projects. However, for project managers there may be many critical points in the project schedule at which major decisions must be made, large changes in the resource base must be initiated, or key technical results achieved. The milestone’s relevant to lower levels relate to finer detail and occur with higher frequency” (Mantel, 2010) 

[bookmark: _Toc25552187]4.2 Personal Milestones and Achievements

In this instance, there are some key milestones I will need to be aware of and it will be necessary to plan my tasks around these to ensure good progress is being made towards completion of the project. Relevant significant milestones to my duties include;
· the summary and analysis of background research 
· the completion of the cad model and working simulation
· the start of the optimisation phase
· the finalisation of component design
· purchase of the materials
· commencement of fabrication
Once these milestones have occurred, it should become obvious as to how likely I will be able to meet the expected deadlines and submission dates for the designated tasks. If a task has exceeded the allocated time allowance or hasn’t met the required deadline, the milestones can be looked at as an indicator or starting point for remedial planning e.g. if the summary of the background research is delayed this will have a knock on effect with the completion of the cad model and simulation. Likewise, if certain milestones occur and objectives are met e.g. if the finalisation of the component design is completed early, then purchase of the materials can begin sooner than anticipated. I will need to monitor carefully the upcoming milestones if the project is to be successfully completed on time.



[bookmark: _Toc25552188]4.3 Primary Gateway Objective

 	With this project, the main gateway objective I need to achieve is the completion of the working cad model and the optimisation of the hardware components. This is of the utmost importance for my contribution to the project to be successful. If the cad simulation of the model is delayed longer than planned, the building phase will start later than anticipated and could mean there is not enough time left to make and test the prototype.
[bookmark: _Toc25552189]4.4 Overall Gantt Charts

[image: ]Summary Gantt Chart
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Belbin Inventory Self- Assessment Results

Average Score 	Implementer	Coordinator	Shaper	Plant	Resource Investigator	Monitor Evaluator	Team Worker	Complete Finisher	10	8.8000000000000007	11.6	7.3	7.8	8.1999999999999993	10.9	5.5	My Score	Implementer	Coordinator	Shaper	Plant	Resource Investigator	Monitor Evaluator	Team Worker	Complete Finisher	11	9	9	9	7	8	11	6	



Percentile Rank from Belbin Inventory Self- Assessment

Average Score 	Implementer	Coordinator	Shaper	Plant	Resource Investigator	Monitor Evaluator	Team Worker	Complete Finisher	10	8.8000000000000007	11.6	7.3	7.8	8.1999999999999993	10.9	5.5	My Score	Implementer	Coordinator	Shaper	Plant	Resource Investigator	Monitor Evaluator	Team Worker	Complete Finisher	11	9	9	9	7	8	11	6	
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Group project schedule

Last updated: 22/11/2019 Matt

Acnviry startdate  End date & &
Initial product specification 01-Oct-19 .1[23-Oct-19
Report writing 01-0ct-19_|20-Mar-20
Power steering & handling model research 23-0ct-19  |02-Feb-20
Materials research 23-0ct-19 [30-Nov-19
Analysis of Alexander's 2D data 24-0ct-19 _ [01-Feb-20
Intial prototype CAD designs 11-Nov-19  |17-Nov-19
Bill of materials for initial prototype 11-Nov-19  [27-Nov-19
Streering model thesis validation using experiments 14-Nov-19  [14-Nov-19
Initial prototype stress analysis & optimisation 17-Nov-19  [26-Nov-19
Initial control system input/output diagram 17-Nov-19  |26-Nov-19
Initial prototype motion simulation 24-Nov-19  |26-Nov-19
Initial control system schematic 25-Nov-19  |26-Nov-19
Evaluation of initial CAD model/system (inc. bill of materials) |26 Nov-19  [27-Nov-19
Interim Viva preparation 27-Now-19 _ |01-Dec-19
Futher CAD (inc. final) 03-Dec-19 _ [02-Feb-19
Revised Control system input/output diagram 03-Dec-19 _ [02-Feb-19
Revised Control system schematic 03-Dec-19  |02-Feb-19
Bill of material 03.Dec-19_|06-Feb-20
Futher stress analysis, optimisation & motion simulation 10-Dec-19 _ [02-Feb-19
Futher model motion simulation 10-Dec-19  |02-Feb-19
Evaluation of revised CAD model/system (inc. bill of materials) |03-reb-20  |06-feb-20
Final model adjustments (if required) 06-Feb-20  |13-Feb-20
Fabrication of final concept 13-Feb-20 _|27-Feb-20
‘Hands on /validation 27-Feb-20  |12-Mar-20
Final Viva preparation 13-Mar-20 _|20-Mar-20

Interim Viva: starting 02/12/2019
ject hand-in date: 23/03/2020
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Item Required Quantity Unit Cost Delivery Charge Total Cost Total Cost + VAT
Steel Tube 20x500m! £16 £2 £18 £21.60
Damping oil 1itre £4.99 £0 £4.99 £5.99
reservoir casing (steel)  2kg £10 £0 £20 £24.00
olive mounts 2 £1.25 £0.50 £3 £3.60
motor 1 £40 £2.99  £42.99 £51.59
spring 2 £3.99 £1.50 £9.48 £11.38
o-rings 4 £0.25 £1.00 £2.00 £2.40
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Resource Availability

Figure 1-1: The scope triangle
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