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[bookmark: _Toc25528602]Abstract & project aims
The project focuses on implementing power-assisted steering in motorcycles, working alongside Alexander Przybyla’s research into transient handling behaviour. This technology could benefit a large audience, it could provide the following benefits over a conventional steering system;
· From the aspect of safety, the system could help the rider recover a bike from a dangerous situation such as a low side.
· From racing riders’ point of view, the system could help improve lap times by reducing fatigue through the duration of a session, and it could provide faster corner tip-in (especially on bikes with high inertia).
· From injured riders’ perspective (including those who have mobility issues), the system could reduce pain and potentially allow riders who have previously given up motorcycling to ride again.
· For people with less physical ability, it could make riding more accessible and less physically demanding. 


[bookmark: _Toc25528603]Team member roles
To summarise, I am mainly focusing on the control system aspect, whereas Nathaniel Allcock is focusing on the mechanical design of the system. There are also several areas where shared responsibility is required. 
Roles/tasks assigned to myself:
· Data analysis/handing model research
· Researching and designing the control system
· Creating and evaluating bill of materials – group time management
Section 2.1 explores my reasons for choosing the above tasks by looking at the Belbin model and behaviour patterns.
Roles/tasks assigned to Nathaniel:
· Research into materials
· Modelling a prototype
· Analysis of 3D model – motion study & stress analysis
Areas of shared responsibility:
· Manufacturing
· Group meetings
· Performing experiments to validate the thesis
· Validating documents before submission
· Looking into existing power steering technologies

[bookmark: _Belbin’s_model_&]

[bookmark: _Toc25528604]Belbin’s model & behaviour patterns
[bookmark: _Toc25436610][bookmark: _Toc25528605][image: ]
Figure 1 - Belbin model results
[image: ]The Belbin model, when used alongside ‘Type A and type B’ behaviour pattern questionnaire, allows me to understand my strengths and weaknesses. This means that I can apply myself to team roles that utilise my strengths, making the team more effective (Belbin, n.d.). At the same time, I can also improve on areas which need attention. Low results for the Belbin model areas of ‘coordinator’ and ‘team worker’ suggest that the main skillsets that require improvement are leadership and communicating effectively with other team members. I decided to focus in on one area of the assignment where those skills are crucial, hence the reason for choosing group time management & bill of materials evaluation (where communication between all team members is important) to be my responsibilities. Rather than just getting those tasks done, I will aim to improve the methods used to complete them, thereby improving on the coordinator and team worker areas of the Belbin model. Figure 2 - behaviour patterns results

The areas where I scored high were ‘shaper’, ‘plant’, as well as ‘complete finisher’. I will use the ‘complete finisher’ to my advantage, helping the team with getting tasks done. As for ‘shaper’ and ‘plant’, both of those skills come in very useful when finding ways to solve a challenging problem. Control systems is not an area which is highly covered within my modules; however, I have taken this on as a challenge. Without an electrical control system, this project won’t be fully complete. I have also found through previous projects that I enjoy data analysis type of work, hence why I chose to analyse Alexander Przybyla’s data. I find that analysing data allows me to find answers by utilising free & analytical type of thinking - this is something that I would associate with a high score in the ‘plant’ area.
The results for behaviour pattern show that I am a type-A person, correlating with the results from the Belbin model. Type A’s tend to have a sense of urgency, and like being challenged, however, those exact behaviour patterns also have a negative impact on the team (e.g. by ignoring, inappropriately challenging or hurrying others). This explains the low score for ‘coordinator’ and ‘team worker’ areas of the Belbin model.


[bookmark: _Toc25528606]List of overall group tasks including associated timings
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Figure 3 - group tasks in detail


[bookmark: _Toc25528607]Detailed list of my tasks/responsibilities
[bookmark: _Toc25528608]Task breakdown in detail
Please refer to section 4.2 for task schedule/time allocated to each task
Data analysis – Creating electrical system specification
By analysing sensor readings from Alexander Przybyla’s 2D data of rider input on the Ducati 1199 Panigale S, it is possible to determine the operating conditions a power steering system will need to meet, knowing the maximum torque that the system would have to produce. From this data, I can choose an appropriate electrical motor (see preliminary bill of materials for more detail on motor choice). The force/torque data will also be passed onto Nathaniel who will optimise the mechanical parts based on stress analysis. I will also be able to tell how fast the system will need to respond by looking at how long it takes the rider to apply full steering torque, as well as the frequency of steering head oscillations. I will then look into microcontroller clock/recording frequency to determine if it is suitable. Generating a torque vs roll rate graph will tell me how much torque/steering input is required to achieve the desired roll rate. Assuming the result will be linear or polynomial, I will be able to predict roll rate beyond the supplied data. There are also plans to use the data (along with feedback) for modelling amplification curves based on speed, lean angle and other factors, where a rider might want the steering amplification to degrade mid-corner for example.
Control system – input/output flowchart 
An input/output flowchart will be created to make sure that the system produces the desired output in any condition it encounters. This is to make sure that the system works effectively under any circumstance and to ensure safety features are implemented in a scenario where a component fails. It is important to note, that as the project progresses, the input/output flowchart will be continually iterated & evaluated as new features are added to the system. After the system control system will be built and tested, it will be validated against the input/output flowchart and system specification.
Control system - schematic
A full system schematic will be implemented towards the end of the project once the above tasks have been completed. It will represent the layout and wiring of the system in detail, ensuring that the product is ready for manufacture. 
Control system – manufacturing
The control system will be manufactured using the components listed in section 4.2 (bill of materials), using components and tools that are readily available and cost-effective.
Bill of materials evaluation 
I will evaluate the cost of the project, looking into ways in which the total cost can be reduced, while also considering time constraints and the possibility of reusing existing components for power steering.
Extra tasks:
Time management & group meetings
I will produce a Gantt chart, to help team members complete tasks within a specified timeframe, so that nothing is left until the very last minute. Where a task takes longer to complete than expected, the length of other tasks will be updated to ensure that the project still gets completed on time. In such a case, a meeting might also be organised to discuss whether more time should be allocated to the group project module. Group meetings will be organised weekly to ensure that all members of the group are on schedule.
Viva presentation preparation
I will ensure that the control system part of the presentation is fully complete up to a high standard.
[bookmark: _Task_schedule][bookmark: _Toc25528609]Task schedule
[bookmark: _Preliminary_bill_of][image: ]
Figure 4 - schedule for my tasks

[bookmark: _Toc25528610]Preliminary bill of materials (including a list of required equipment)
During the making of bill of materials, I made sure that the components were realistic to source – cost-effective and readily available.
[image: ]
Figure 5 - bill of materials draft
[bookmark: _Toc25528611]Significant milestones
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Figure 6 - significant milestones


[bookmark: _Toc25528612] Gateway objective
Please note, that the system input/output flowchart makes up an integral part of the gateway objective. The system performance will be assessed on how the system responds to inputs. For example, if the system behaves correctly in any scenario outlined in the input/output flowchart, the system is 100% effective, from the perspective of reacting to inputs.
In addition to this, I have created a less specific gateway (shown below), that contains the overall objectives of the control system.
[image: ]
Figure 7 - Project gateway


[bookmark: _Toc25528613]Potential issues
[bookmark: _GoBack]Manufacture – If I realise early on, that it might not be possible to manufacture the device in time (which could become apparent as I discover more potential problems with the system), I will consider making a small scale version that is easier to manufacture and source components for. This will allow me to still manufacture a prototype but on a small scale. Making a smaller scale version will mean that there will be fewer constraints, and the motor will not need as much torque. I might also consider switching from an electrical motor to a hydraulic system if it is more feasible. 
Sourcing components – There might be a delay when sourcing components due to unforeseen circumstances (for example the university doesn’t have the correct gauge wire in stock). In such case, I will look for replacement options (in this case I would use a lower gauge wire as it will still meet standards). I will also consider using a different supplier.

[bookmark: _Toc25528614]Group tasks & associated timings (Gantt chart)
[bookmark: _Toc25528615]Group Gantt chart
[image: ]
Figure 8 - Gantt chart for group tasks
[bookmark: _Toc25528616]My Gantt chart
[image: ]
Figure 9 - Gantt chart for my tasks
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Belbin model results
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Type A/Type B questionnaire

My score: | 34|Type A
Score table:

41-50 Strong Type A

26-40 Type A Tendency
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Areas of shared responsibility

|Completed by: Matt

[Task

Description

[Start date

End date

Product specification

[Getting an understanding of what
criteria the product must meet

01-0ct-19)]

23-0ct-19)]

Report writing

[riting the report to standards
specified in UWTSD's report writing
puidelines

01-0ct-19)]

20-Mar-20)

Validating the report

[Checking the report for any mistakes.

15-Mar-20|

20-Mar-20]

Research into existing technologies

Exploring different concepts, patents.
and existing technologies (including
in other vehicles) that could help
with the development of the device
outlined in product specification

23-0ct-19)]

02-Feb-20)]

Research into handling model

Exploring various materials such as.
vittore Cossalter ‘Motorcycle
[dynamics' book to gain an
understading of potential scenarios
the device could encounter.

23-0ct-19)]

02-Feb-20)]

Steering model validation
experiments

Basic validation of steering model
thesis by looking at steering angle at
2 range of speeds

14-Nov-19|

14-Nov-19|

Evaluating prototype

Evaluating the basic prototype

[ computer model that was created for
the interim viva presentation. This.
includes going back to product
specification to make sure all
objectives are met

26-Nov-19)]

27-Nov-19)|

Interim viva preparation

Preparing a powerpoint file and
rehersing the presentation before
viva takes place

27-Nov-19)]

01-Dec-19|

Evaluation of revised CAD

Evaluating the revised computer
model that was created after interim
viva presentation. This includes
20ing back to product specification
0 make sure all objectives are met

03-Feb-20]

06-Feb-20)]

Final model adjustements

[Altering the final model it any
problems were found during the
evaluation stage

06-Feb-20]

13-Feb20)

Fabricating the final model

Fabrication of final model using,
to0ls available in the machine
workshop

13-Feb20)

27-Feb-20]

‘Testing/Validation

Ensuring that the device meets.
prodct specification under real life
conditions.

27-Feb-20]

12-Mar-20|

Final viva preparation

Preparing a powerpoint file and
rehersing the presentation before

[viva takes place

15-Mar-20)

20-Mar-20)

(after interim viva)
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Task brakedown - schedule

Last updated: 22/11/2019 Matt

ACTIVITY Startdate  End date $ $ kS & &
Data analysis (used to create control system specification) 24-Oct-19|+1|01-Feb-20
Initial Input/output flowchart (control system) 17-Nov-19  |26-Nov-19
Revised Input/output flowchart (control system) 03-Dec-19  |02-Feb-19
Initial Schematic draft (control system) 25-Nov-19 _ |26-Nov-19
Revised schematic (control system) 03-Dec-19  |02-Feb-20
Bill of materials evaluation of initial control system 26-Nov-19  |27-Nov-19
Bill of materials evaluation of revised control system 03-Feb-20  |06-Feb-20
Manufacturing (control system) 13-Feb-20  |27-Feb-20
Interim Viva control system presentation preparation 27-Nov-19  |01-Dec-19
Final Viva control system presentation preparation 13-Mar-20  |20-Mar-20

Group meetings

every week - Monday

Estimated task
duration (hrs)
20
3
12
1
10
1
3
35
2

4

2 per week
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Bill of materials draft - control system

Item Cost (inc. delivery) |Notes Supplier Estimated lead time
2D logging system £ - |Supplied by university University N/A
2D analog amplifier | £ - |Supplied by university University N/A
Strain sensors £ - |Supplied and applied on university's Ducati 1199 S University N/A
Arduino uno £ 4.85 ebay (id: umtmedia) 3to 5days
Stepper or servo motor based on future research, Price
is estimated. Must be able to read position and operate
5/12_\/ Electrical motor £ 40.00 well under d-ynamic conditions. If tiost is an ifsue, 2 pole N/A 3to5 days
inc. encorder DC motor with position encoder will be considered
however this won't be as accurate. Looking at second
hand options.
Wiring £ - |Supplied by university University N/A
e — £ 0 alrea-dy own AMP Superseal connectors, ranging from 1 N/A N/A
to 6 pins.
Crimp tool £ - |l already own a crimp tool for AMP superseal connectors N/A N/A
Total £ 44.85
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Significant milestones

Interim Viva
02/12/2019

Evaluation of initial prototype
26/11/2019 Report validation before hand-in
13/03/2020

Hands on testing
27/02/2020

Interim Viva start of preparation
27/11/2019

Evaluation of revised design Report hand in
03/02/2020 23/03/2020

2019 2020
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Project gateway
Task: Manufacture & validation of control system

Quality control Points Points system:

1 - Not functioning at all
Does the system respond to inputs as 2 - System performs some of its tasks correctly, but
represented in the input/output not others, or it performs some taks inadequately
flowchart? 3 - The system functions as expected

Does the system meet its specification?
Are all compoents performing as
expected?

Score: /9
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Last updated: 22/11/2019 Matt

Group project schedule

ACTIVITY Startdate  Enddate & $ & s & &
01-Oct-19)+1]|23-Oct-19
01-Oct-19 20-Mar-20
23-Oct-19  |02-Feb-20

Materials research 23-Oct-19  |30-Nov-19
Analysis of Alexander's 2D data 24-Oct-19  |01-Feb-20
Intial prototype CAD designs 11-Nov-19  |17-Nov-19
Bill of materials fol ial prototype 11-Nov-19  |27-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
| control system schematic 25-Nov-19  |26-Nov-19
26-Nov-19  |27-Nov-19

27-Nov-19  [01-Dec-19

Futher CAD designs (inc. final) 03-Dec-19  |02-Feb-19
Revised Control system input/output diagram 03-Dec-19  |02-Feb-19
Revised Control system schema 03-Dec-19  |02-Feb-19
Bilofmaterals __ fosbec1 [oareb0
Futher stress analysis, optimisation & motion simulation 10-Dec-19 _ |02-Feb-19
Futher model motion simulation 10-Dec-19  |02-Feb-19
03-Feb-20  |06-Feb-20

06-Feb-20  |13-Feb-20

13-Feb-20  |27-Feb-20

27-Feb-20  [12-Mar-20

13-Mar-20 [20-Mar-20

Interim Viva: starting 02/12/2019
Project hand-in date: 23/03/2020
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ACTIVITY Startdate  End date & $ kS & &

Data analysis (used to create control system specification) 24-Oct-19|+1|01-Feb-20
Initial Input/output flowchart (control system) 17-Nov-19  |26-Nov-19
Revised Input/output flowchart (control system) 03-Dec-19  |02-Feb-19
Initial Schematic draft (control system) 25-Nov-19 _ |26-Nov-19
Revised schematic (control system) 03-Dec-19  |02-Feb-20
Bill of materials evaluation of initial control system 26-Nov-19  |27-Nov-19
Bill of materials evaluation of revised control system 03-Feb-20  |06-Feb-20
Manufacturing (control system) 13-Feb-20  |27-Feb-20
Interim Viva control system presentation preparation 27-Nov-19  |01-Dec-19

inal Viva control system presentation preparation 13-Mar-20  |20-Mar-20
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