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[bookmark: _Toc25539995]Abstract
The aim of this project is to explore the various processes involved in designing and building a competitive motorcycle, for entry into the 2020 Moto 2 British Championships class. As a team, it was agreed that more information could be gathered and processed if each team member investigates a separate aspect of the motorcycle’s design. The goal being that multiple design proposals will be put forward that can be used to improve the motorcycle’s competitiveness and performance. This method allowed for each member to concentrate their focus on an element of the motorcycles design that interests them. In order to draw our conclusions on the potential areas for improvement, the team will be analysing performance data collected from both competitive racing motorcycles and road bikes. The team will be using data obtained from the same source and provided by the university.
 Once having conducted our analysis and research; it is important that we each refer to the FIM World Championship Grand Prix Regulations for the Moto 2 Class, when considering ideas for potential design implementations. This is so we can consider whether the adhere to the technical regulations that must be met to achieve this project. 
The areas of research that each member of the team will be investigating can be seen below:
	Zack Church – Engine Simulation Mod
	Eoin Collins – Electrical Systems & Wiring 
	Jonathan Lloyd-Williams – Data Analysis & Lap Time Simulator Model
Alexander Penny – Exhaust System Design
Lee Stewart - Data Analysis & Control Strategies 
This report will focus on the planning of building an accurate lap time simulator. The simulator will first be built using data from a competitive race motorcycle, and then adapted so that it can be used with the desired specifications for our Moto 2 motorcycle. 
	 


[bookmark: _Toc25539996]Team Roles & Responsibilities 
[bookmark: _Toc25539997]Table of Responsibilities 
	Team Member
	Overall Objective
	Specific Goals to Achieve Final Objective
	E.D.C

	Zach Church
	Engine Simulation Modelling
	Download Ricardo wave and Matlab software.
	10/10/19

	
	
	Simulate current competition engines using Ricardo wave.
	18/11/19

	
	
	Investigate engine performance and possible improvements.
	15/01/20

	
	
	Determine necessary part and flow improvements.
	01/02/20

	Eoin Collins
	Electrical Systems & Wiring
	Analyse moto 2 regulations regarding electronics.
	15/11/19

	
	
	Contact Magneti Marelli and access the relevant software
	17/12/19

	
	
	Analyse a current moto 2 competition motorcycles electronic strategy.
	03/01/20

	
	
	Develop a control strategy with relative equipment.
	01/02/20

	
	Suspension Simulation Trace Data
	Researching successful suspension systems.
	10/10/19

	
	
	Suspension simulation of chosen suspension system.
	12/12/19

	
	
	Designing a suspension system for racing applications.
	08/01/20




	
	
	Produce damper dyno charts for the designed suspension.
	01/02/20

	Alexander Penny
	Exhaust System Design
	Determine key performance requirements
	15/11/19

	
	
	Identify potential performance gains from a cobra-head primary system.
	18/12/19

	
	
	Model the exhaust and identify potential improvements
	06/01/20

	
	
	Create a final exhaust model.
	10/01/20

	
	
	Design jigs for manufacturing a series of bespoke prototypes.
	01/02/20

	Jonathan Lloyd-Williams
	Data Analysis & Ideal Lap Simulator Design
	Research lap simulators & relevant dynamics calculations
	25/11/19

	
	
	Collect Data
	20/11/19

	
	
	Renew 2D licence
	25/11/19

	
	
	Export the data from 2D to excel
	26/11/19

	
	
	Calculate reference geometry from track dimensions
	04/12/19

	
	
	Input calculation equations into simulation
	10/12/19

	
	
	Analyse Results
	12/12/19

	
	
	Create varying simulations & code simulator in Matlab
	01/02/20

	
	
	Compile results and draw conclusions 
	01/02/20

	Lee Stewart
	Data Analysis and Control Strategies 
	Gain a software license for the 2D analysis software 
	13/10/19

	
	
	Download the required software 
	15/10/19

	
	
	Source data sets from racing motorcycles 
	28/10/19

	
	
	Analyse the sourced data extensively
	19/11/19

	
	
	Decide on a control strategy for the motorcycle
	18/12/19

	
	
	Decide on sensors and equipment needed to implement the chosen strategy   
	01/02/20
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(Figure 1)
[bookmark: _Toc25539998]My Role 
My role on this project will involve investigating the elements of motorcycle dynamics required in order to build an accurate ideal lap time simulator. The simulator will first be built using data acquired from a competitive racing machine, and then adjusted so that inputting the desired motorcycle and rider specifications will provide the simulation. The simulation will be built first in excel and then recoded into Matlab. The original simulation will have its limitations in that it will only be applicable to the tracks that have been mapped and input into the simulation. In order to apply the simulation to a variety of tracks, the reference geometry of each individual track will need to be mapped and input into a new section of the simulator. 
In the Belbin test designed by Dr R Meredith Belbin, I scored highly in the Plant, Resource Investigator and Monitor Evaluator policies. This indicates that I am decisive and able to think outside of the box. However, my scores in other areas such as Shaper, which measures someone’s natural inclination to drive the team I scored below average. I also scored below average in the Implementer, Coordinator and Complete Finisher Categories, indicating that I tend to work better as an individual. As such being able to take on this role and conduct individual research has provided a balance I feel to be beneficial as we are each able to explore our own interests, and share them within the team working towards an overall goal.
[bookmark: _Toc25539999]Tasks 
[bookmark: _Toc25540000]Group Tasks

	Task
	Start date
	Hours 
	Finish Date

	Forming a group
	3/10/19
	1.5
	3/10/19

	Description: Talking with class members to find common interests or similarities that could be made into a group project thus forming a group

	Creating a private email group 
	5/11/19
	0.5
	5/11/19

	Description: Creating a private email group that allows access to shared documents to allow efficiency when creating a report or presentation

	Creating document templates
	5/11/19
	2
	5/11/19

	Description: Creating a presentation and report templates that will be accessible by everyone that has a tidy and formal format but that also convey our group project aim

	Creating a WhatsApp chat for the group 
	5/11/19
	0.5
	5/11/19

	Description: A WhatsApp group was created in order to more effectively converse as some member may not regularly check their email accounts  

	Discussing and establishing a specific time for a group meeting 
	7/11/19
	3
	8/11/19

	Description: Discussing and establishing a specific time every week for a group meeting in order to certify attendance 


(Figure 2)

[bookmark: _Toc25540001]Personal Tasks                                            
	Task
	Start date
	Hours 
	Finish Date

	Research lap simulators & relevant dynamics calculations 
	11/11/2019
	24
	25/11/2019

	· Conduct research into designing an accurate lap time simulator.
· Research the relevant principles of motorcycle dynamics and become familiar with the equations required to successfully build a lap time simulator. Areas of research include: 
· Motorcycle cornering calculations
· Optimal lean angle calculations
· Optimal braking calculations 
· Optimal acceleration calculations
· Track mapping for reference geometry
· Load transfer calculations
· Suspension trace calculations 

	Collect Data
	14/11/2019
	1
	20/11/2019

	· Data has been provided to the group for use in this project. By using data from the same source; the results, and thus any conclusions drawn about potential improvements that could be made should be consistent to one working motorcycle. For this reason, it would also be logical to use the same information with regards to the rider where possible. 

	Renew 2D licence & install latest 2D software update
	18/11/2019
	1
	25/11/2019

	· 2D licence must be renewed in order to access entirety of data. Application form sent to Datatron. 
· Licence received from Datatron on 20/11/19 invalid, new one must be requested. 


	Export the data from 2D to excel
	25/11/2019
	2.5
	26/11/2019

	· Once having established which of the data channels will provide the relevant information needed to complete the calculations, this information must be exported into a format that can be used to create the relevant calculations.

	Calculate reference geometry from track dimensions
	26/11/2019
	40
	04/12/2019

	· The dimensions of each track must be manually mapped and the reference geometry calculated and input into a useable format in excel. This will be done using Photoshop and Solidworks to provide accurate reference geometry. One downfall of using this method is that it assumes the track to be completely flat, it does not take into account any camber or changes in incline. In order for the simulation to take this into account various points would have to be selected around the track and changes in altitude measured in order to calculate various inclines. 
· Calculate the dimensions and reference geometry of more tracks and expand on the scope of the simulator. The aim is to have 3 tracks available for use in the simulation. However, in the long term I would like to expand this to 10+ maps.



	Input calculation equations into simulation 
	02/12/2019
	30
	12/12/2019

	· Calculate the acceleration and braking periods.
· Input the calculations for optimal acceleration, braking and cornering periods with reference to the track geometry and motorcycle specifications. 
· Input the motorcycle specifications to attain the ideal lap time.
· Manually check the results for the lap time and simulation calculations on paper to ensure equations are correctly input into excel.

	Analyse Results 
	12/12/2019
	24
	30/12/2019

	· Analyse the results found by the simulator for both ideal lap time and suspension trace. 








	[bookmark: _Hlk25003423][bookmark: _Hlk25508054]Create varying simulations
	30/12/2019
	60
	01/02/2020

	· Investigate the effect of changing variables within the simulation and determine whether by changing various characteristics of the motorcycle we can improve on our ideal lap time. In order to do this, keep varying the inut results until an ideal time is acquired that is also realistic with respect to lean angle, velocity carried through the various corners, and suspension trace results.   
· Calculate relevant suspension equations and build an estimated suspension trace within the simulation:
· Calculate the acceleration, load on the front and the forces
· Calculate the data for the suspension trace using the results of the calculation above along with the motorcycle specifications provided with the original 2D data
· Create universal simulator that runs on input data:
· Use the simulations created to create a bank simulation that will run and calculate results once the various information regarding motorcycle specifications have been input. 
· Recode the simulation into Matlab
· Once the simulation has been completed in its final form in excel, program Matlab to produce the same simulations based on the input variables provided.

	Compile results and draw conclusions 
	06/01/2019
	36
	01/02/2020

	· Establish an ideal lap time baseline. Consider what values of input variables provide the most realistically achievable ideal lap time. Is this realistic with regards to attainable lean angle, corner velocities and acceleration periods and the restraints on the motorcycles current design. By changing various aspects of the motorcycles design, and thus the input variables, can better results be achieved. Consider what improvements could be made to the simulation.


(Figure 3) 
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[bookmark: _Toc25540003]Exporting the Data from 2D to Excel
[bookmark: _Toc25540004]Rationale 
Renewing the licence for 2D proved to be more difficult than first anticipated. Although Datatron sent over a full licence code, due to a software issue the licence was unable to be stored to the Race 2019 software. As such a second request has been put in to acquire a fresh licence code. However, as it stands presently, I am unable to open the sourced Data and begin exporting the desired information into excel until another licence has been received. As this has caused setbacks with regards to an inability to begin certain aspects of the project, I have chosen it to be my first milestone. Once this milestone has been achieved, I will be able to continue building the simulator. 
[bookmark: _Toc25540005]Calculating the reference geometry from the dimensions of the track
[bookmark: _Toc25540006]Rationale
I have anticipated that this will be one of the more time-consuming aspects of the project. Decisions will have to be made regarding the appropriate and realistic periods of braking and acceleration. To begin I will make assumptions of approximately two thirds acceleration to one thirds braking over each straight section, and then adjust accordingly as the simulation progresses. Each map will then need to be individually imported into photoshoot; trimmed and imported into Solidworks where it can be scaled to the correct dimensions. Once this is complete the relevant sketches can be completed to determine the distances for the sections, as well as the corner radiuses required for the simulation’s calculations. I aim to have three tracks mapped and available for use within the simulation before the project deadline. However, using the knowledge acquired throughout the course of this project I would like to go on to expand the simulation further in the long run and make several tracks available within the simulation.
[bookmark: _Toc25540007]Inputting equation calculations into Excel 
[bookmark: _Toc25540008]Rationale 
This part of the project will involve producing the main building blocks of the simulation. By inputting the various dynamic principles equations into the excel sheet it will create the first simulation. This simulation will later be modified to create an open simulator.
[bookmark: _Toc25540009]Creating varying simulations 
[bookmark: _Toc25540010]Rationale 
I believe this will be the most time-consuming part of the project. Once the first simulation has been produced, it will be modified multiple times for several reasons. Firstly; it will be copied and variables regarding the motorcycle’s specifications will be edited in order to give results to base comparisons on and establish how editing specific aspects of the motorcycles design can influence the results of the simulations. 
Secondly, additions will be made to the calculations that can be made within the simulations. As the simulation should provide several reference points from which we can establish the motorcycles changes in acceleration, we should be able to calculate enough information to provide an estimated suspension trace for the ideal lap simulation. 
Thirdly, an open simulator will be created using the original simulation. This will be done by creating an excel sheet in which by inputting the requested variables, the simulation can be applied to any motorcycle. However, this will still be limited in the number of tracks that are available. 
Lastly, once the open simulator has been created, it will be recoded into the Matlab software. 
This section is my final milestone as it is the largest section and once it is complete the final conclusions regarding changes to the motorcycles design and how these changes will effect our ideal lap time can be drawn. 
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	Item
	Description
	Vendor
	Quantity
	Price

	2D
	Software
	Datatron
	1
	-

	Calculator
	N/A
	Argos
	1
	£14.99

	Excel
	Software
	Microsoft
	1
	-

	Matlab
	Software
	MathWorks
	1
	-

	Motorcycle Dynamics
	Textbook
	Amazon
	1
	£32.99

	Notebook (Paper)
	Stationary
	Poundland
	1
	£1

	Pens (Pack of 6)
	Stationary
	Poundland
	1
	£1

	Photoshop
	Software
	Adobe
	1
	-

	Solidworks
	Software
	 Dassault Systèmes
	1
	-


(Figure 4) 
[bookmark: _Toc25540012]Areas of concern & risk management
[bookmark: _Toc25540013]Issues Acquiring 2D Licence 
· Last minute changes have been made to the estimated completion date of this section. As aforementioned, some problems were encountered whilst attempting to licence the 2D software in order to make use of the sourced data. I encountered a software issue and as such the licence that was first provided by Datatron was rendered useless. I have contacted Datatron and requested a new licence code and await their reply. In the meantime, I am unable to access the data provided. 
[bookmark: _Toc25540014]Linear Process 
· As can be seen from the personal Gantt chart (Figure 6), many of the processes involved in my role for the project are on a linear time frame, and cannot be completed until the previous tasks have been completed. 
[bookmark: _Toc25540015]Mapping Track Dimensions & Acquiring Reference Geometry 	
· As indicated previously I aim to have 3 different circuits working within the simulation for the deadline of this project. I chose this number as I believe it is a realistic and achievable goal, despite originally aspiring to include all circuits used in the Moto 2 class. 
[bookmark: _Toc25540016]Health and Safety Concerns 
· The relevant health and safety legislation and policies have been consulted and I have concluded there are no serious health and safety risks that need to be addressed with regards to my role in this project. 
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[bookmark: _Toc25540018][image: ]Group Gantt Chart
(Figure 5)  				          *Note Please zoom document to 200% in order to read. 
[bookmark: _Toc25540019]Personal Gantt Chart
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(Figure 6)
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ID Task 

Mode

Task Name Duration Start Finish Predecessors

1 Download Ricardo 

Wave and Matlab 

Software

6 days Thu 

03/10/19

Thu 

10/10/19

2 Simulate current 

competition 

engines using 

Ricardo wave

27 days Fri 

11/10/19

Mon 

18/11/19

1

3 Simulate current 

competition 

engines using 

Ricardo wave

0 days Mon 

18/11/19

Mon 

18/11/19

4 Investigate engine

performance and 

possible 

improvement

42 days Tue 

19/11/19

Wed 

15/01/20

2

5 Group Presentation0 days Thu 05/12/19Thu 05/12/19

6 Determine 

Necessary Part and

Flow 

Improvements

13 days Thu 

16/01/20

Sat 

01/02/20

4

7 Analyse moto 2 

regulations 

regarding 

electronics

24 days Tue 

15/10/19

Fri 

15/11/19

8 Contact Magneti 

Marelli and access 

the relevant 

software

22 days Mon 

18/11/19

Tue 

17/12/19

7

9 Contact Magneti 

Marelli and access 

the relevant 

software

0 days Tue 

17/12/19

Tue 

17/12/19

10 Analyse a current 

moto 2 

competition 

motorcycles 

electronic 

13 days Wed 

18/12/19

Fri 

03/01/20

8

11 Group Research 

Complete

0 days Sat 

01/02/20

Sat 

01/02/20

12 Develop a control 

strategy with 

relative 

equipment.

21 days Mon 

06/01/20

Sat 

01/02/20

10,39

13 Researching 

successful 

suspension 

systems.

6 days Thu 

03/10/19

Thu 

10/10/19

14 Suspension 

simulation of 

chosen suspension

system.

45 days Fri 

11/10/19

Thu 

12/12/19

13

15 Suspension 

Simulation of 

chosen suspension

system.

0 days Thu 

12/12/19

Thu 

12/12/19

16 Design a 

suspension system

for racing 

applications.

19 days Fri 

13/12/19

Wed 

08/01/20

14,29,38

17 Produce damper 

dyno charts for the

designed 

suspension.

18 days Thu 

09/01/20

Sat 

01/02/20

16

18 Determine key 

performance 

requirements.

24 days Tue 

15/10/19

Fri 

15/11/19

19 Identify potential 

performance gains

from a cobra-head 

primary

22 days Tue 

19/11/19

Wed 

18/12/19

18,2

20 Model the exhaust

and identify 

potential 

improvements.

13 days Thu 

19/12/19

Mon 

06/01/20

19

21 Create a final 

exhaust model

4 days Tue 

07/01/20

Fri 

10/01/20

20

22 Create a final 

exhaust model

0 days Fri 

10/01/20

Fri 

10/01/20

23 Design jigs for 

manufacturing a 

series of bespoke 

prototypes.

16 days Mon 

13/01/20

Sat 

01/02/20

21

24 Research lap 

simulators & 

relevant dynamics 

calculations.

11 days Mon 

11/11/19

Mon 

25/11/19

25 Collect Data 5 days Thu 14/11/19Wed 20/11/19

26 Renew 2D License3 days Mon 18/11/19Wed 20/11/19

27 Export the data 

from 2D to Excel

4 days Thu 

21/11/19

Tue 

26/11/19

25,26

28 Calculate Track 

Dimensions

6 days Wed 

27/11/19

Wed 

04/12/19

25,26,27

29 Analyse Results 6 days Thu 05/12/19Thu 12/12/1928,24

30 Create varying 

simulations using 

differing input 

data.

6 days Fri 

13/12/19

Fri 

20/12/19

29

31 Create Varying 

simulations using 

differing input 

data.

0 days Fri 

20/12/19

Fri 

20/12/19

32 Input Calculation 

Equations in 

Simulatoin

11 days Mon 

23/12/19

Mon 

06/01/20

30

33 Compile Results 

and Draw 

Conclusions

20 days Tue 

07/01/20

Sat 

01/02/20

32

34 Group Project 

Report

0 days Mon 

23/03/20

Mon 

23/03/20

35 Gain a software 

license for the 2D 

analysis software.

8 days Thu 

03/10/19

Sun 

13/10/19

36 Download the 

required software.

6 days Mon 

14/10/19

Sun 

20/10/19

35

37 Source data sets 

from racing 

motorcycles.

6 days Mon 

21/10/19

Mon 

28/10/19

36

38 Analyse the 

sourced data 

extensively.

16 days Tue 

29/10/19

Tue 

19/11/19

37

39 Decide on a 

control strategy 

for the 

motorcycle.

21 days Wed 

20/11/19

Wed 

18/12/19

38,2

40 Decide on a 

control strategy 

for the 

motorcycle.

0 days Wed 

18/12/19

Wed 

18/12/19

41 Decide on sensors 

and equipment 

needed to 

implement the 

chosen strategy.

33 days Thu 

19/12/19

Sat 

01/02/20

39

42 Engine Sourcing 

and Assembly

65 days Mon 

03/02/20

Fri 

01/05/20

6,12,17,23,33,41

43 Engine Testing 10 days Mon 04/05/20Fri 15/05/2042

44 Suspension 

Sourcing and 

Assembly

65 days Mon 

03/02/20

Fri 

01/05/20

6,12,17,23,33,41

45 Suspension Testing10 days Mon 04/05/20Fri 15/05/2044

46 Create Electronic 

System 

Implementing 

Control Strategy

65 days Mon 

03/02/20

Fri 

01/05/20

6,12,17,23,33,41

47 Fit Sensors and 

Electronic System 

to Motorcycle

9 days Mon 

04/05/20

Thu 

14/05/20

46

48 Assemble 

Motorcycle

45 days Mon 

18/05/20

Fri 

17/07/20

43,45,47

49 Test on 

Dynomometer

8 days Mon 

20/07/20

Wed 

29/07/20

48

50 Track Test 1 day Thu 30/07/20Thu 30/07/2049

18/11

05/12

17/12

01/02

12/12

10/01

20/12

23/03

18/12

Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug

SepQtr 3, 2019

Qtr 4, 2019 Qtr 1, 2020 Qtr 2, 2020 Qtr 3, 2020
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