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Abstract 

This report is about a lap time simulation based on the Isle of Man TT in a meter by meter account, this report aims to 

demonstrate the creation of the lap time simulation and to provide the information based around the results the 

simulation produces and what a real rider has achieved and to therefore compare the two to identify the human element 

in regards to this particular simulation. This is done using calculations to understand the geometry of the motorbike and 

the forces the machine is under during the racing of the isle of man TT. This report will equally demonstrate how the 

different variables will affect the motorbike and how to further the accuracy of the simulation. The motorbike this 

simulation has been based on is the Suzuki SV 650. 
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Nomenclature  

 

Fw Front Wheel Radius 

Rw Rear Wheel Radius  

Wf Front Wheel Mass 

Wr Rear Wheel Mass 

WR Load on the rear wheel 

Wt Total mass of the motorbike  

Wrlifted Load on the rear when lifted 

ϴ Angle of lift 

L/P Wheelbase 

Rav Average wheel radius  

F Braking Force 

Nf Load on the front wheel 

M Mass of the motorbike 

G Gravity 

B XCoG location 

h YCoG location 

S Driving Force 

Fd Drag Force 

𝜌𝜌 Air Density 

CD Coefficient Of Drag 

A Frontal Area 

v Velocity  

P Air Pressure  

R Specific Gas Constant 

T Temperature 

V Final Velocity 

U Initial Velocity 

a Acceleration  

s Distance 
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Introduction  

 

This report is on a study done around the creation of a lap time simulation of the Isle of Man TT. This 

lap time simulation was designed to be able to be continually updated as time went by to create a 

more accurate lap time and to further understand the forces at work on a motorbike and how these 

forces dictate the speeds and times at which a motorbike can obtain. The idea for this study was due 

to two primary reasons, firstly it was to gain both knowledge and understanding of a motorbike and 

how these machines work and operate under such extreme conditions. This was a main point as 

understanding how something works in extreme conditions means that understanding in a simply 

format is both easier to understand and to explain. The second and main point was to identify the 

human element in regards to simulations and how this element affects the outcomes and even the 

potential performance a motorbike might be capable of. This human element is a factor that cannot 

be calculated and will differ from person to person as it dictates how an individual will operate 

under different circumstances and conditions, this includes things such as experience or reaction 

speed. This is the main reason for the study of the Isle of man TT as the individuals who race on this 

track are put under pressure and extreme conditions due to the speeds and lethality of this 

particular race. It is suggest in many reports that a human’s reactions and sense will differ when an 

individual is put under stresses or fears. There is also many studies into how adrenaline will affect 

the human mind which in turn can affect how a person perceives things and reacts to certain 

situations. This element is something that the Isle Of Man TT might have as a defining feature as this 

would be something that couldn’t be seen or calculated and by having this ratio to gain an 

understanding into how much a human is affected by these extreme conditions and how in turn they 

affect the potential or even surpass the potential of the motorbikes and their capabilities. The 

human mind is a complex part of the human being and there are many researchers still trying to 

understand this part of the human mind, so by having something that could light the way to truly 

understanding the human mind could bring a greater form of knowledge, this is also why by using 

engineering and understanding the engineering aspects of the world can a person understand what 

humans do and how they affect these machines and their capabilities be it positive or negative. The 

human element is an interesting factor and one that is worth studying. This report equally looks at 

the geometry and the dynamics of the motorbike and how different variables can affect parameters 

that could greatly influence the outcomes of any situation such as changing the masses or ratios of 

certain aspects. There are several assumptions made in the creation of this simulation and have 

been stated throughout this report.  
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Literature Review 

 

 

Research paper titled: Aerodynamic Characteristics Of Automobile Models 1933 

Author: R. H. Heald  

This research paper was the oldest one that was read and reviewed for this report, the reason that 

this research paper was reviewed is due to that the fact that the history of engineering is both 

interesting and vital to the advancements of engineering. This comes to light when looking through 

history and discovering inventions or theories that at the time were incredible, however with the 

newer and more modern technologies that are available in this day and age it is clear that an old 

research paper can bring to light an new and amazing invention that is only able to be implemented 

due to the advancements of the times. For this particular research paper it was given the main 

objectives of understanding how the different designs of the shell of a car would affect various 

variables such as the drag coefficient. This objective came to light as stated in the attempt to 

improve the fuel economy and to increase the speeds at which these vehicles could attain purely by 

changing the shells to design on that is more streamlined. This is an interesting point as this 

objective is still in effect in the modern world in the sense that for racing purposes the shapes of the 

vehicles have been designed so they are streamlined to aid in improving the downforce that is 

applied and in turn improving the speeds that could be attained. As for the fuel economy it is still a 

priority in the modern world to improve this factor more and more each day, the idea that changing 

the shape of a vehicle could improve the fuel economy is an accurate one and one worth studying. 

This particular research paper includes details on the various forces that are acting on the car as an 

example the lateral and longitudinal forces.  

When this research paper was written the author looked into 6 designs to understand how the 

shape affects these forces and the vehicles characteristics, below is a figure showing these 6 layout 

that were researched and include in the paper was the idea that the aerodynamic forces were to be 

studied at different angles to further simulate the outcomes of driving to produce more accurate 

results. What the author equally looked into were the effects of side wind hence the desire to 

research and calculate using different angles of approach. The test that were conducted were 

implemented by creating the 6 models out of metals and wires wo create a scaled down model of 

each design, these designs were then attached to the roof of the wind tunnels by a steel wire and 

were then observed. This is interesting in the sense that almost 90 years ago scale models were 
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being made to then be used in various simulations to calculate accurate readings the attempts to 

understand forces and to gain knowledge on what is the best design or ratios that a vehicle requires 

to perform in the best way it can for the desired purpose. This goes to show that although the times 

have changed the ideas and simulations that were conducted are not that different than they were 

before.    

 

Figure 1 Model car shells 

    

 

 

A Thesis titled: The Impact of Active Aerodynamics on Motorcycles Using Computational Fluid 

Dynamics Simulations  

Author: Venkata Aditya Sripathi from the Automotive Engineering Technology Minnesota State 

University, Mankato May 2017  

 The purpose of this thesis is to provide knowledge and understanding into the uses of using 

computational methods to accurately design and analysis the results of the aerodynamic 

characteristics based on a designed motorbike. This thesis was chosen to review due to the required 

understanding of the aerodynamic forces and how these will affect the characteristics and the 

dynamic aspects of the motorbike and how these would influence the drag forces that have been 

demonstrated in this report.  
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During the process of this study the design of a motorbike was made based on a Honda CBR 1000RR 

Fireblade with the intentions of monitoring the values of the coefficient of lift and the coefficient of 

drag. This was then taken a step further and a 3d printed model was produced to perform test on to 

compare the results of these values. The model was also implemented with wings to demonstrate 

the uses and characteristics of these attachments and how having these wing set at different angles 

will affect the coefficient of lift and the drag coefficient. The angles at which these attachments were 

implement were at: 0ᵒ, 10ᵒ and 90ᵒ there was also a test done with no wings totalling a series of 4 

test subjects.  

 

The results of this thesis are interesting and show how the difference in these wings impact the 

aerodynamic characteristics it also shows the differences in using these computational methods 

when compared to the real data. The table below shows these values and the results that were 

conducted by Venkata Aditya Sripathi 

  

Model  Lift (CFD) Lift (Wind tunnel) Drag (CFG) Drag (Wind 

Tunnel) 

Non-Wing 0.04682 0.046 0.25626 0.274 

0 Degree Wing 0.04659 0.046 0.24133 0.265 

10 Degree Wing  -0.01178 -0.011 0.26513 0.288 

90 Degree Wing N/A N/A 0.29496 0.329 

Figure 2 Aditya Sripathi's test results 

When looking at these results and as stated in the thesis it is interesting to note how similar these 

values are when compared to the two tests. This brings it back to the simulation that has been 

created and how the accuracy of the calculation that have been done could mean that the real and 

simulated results could be similar. What is to note is the drag coefficient and how different it is to 

the values represented in the lap time simulation. To demonstrate this four charts have been 

created with the values of drag coefficients from the test performed on the wind tunnel. This is done 

to determine by implementing the drag coefficients from this thesis how this would impact the 

results of the simulation that has been created.  
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Figure 3 Drag forces against RPM with no wings 

 

Figure 4 Drag forces against RPM with 0 degree wings 
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Figure 5 Drag forces against RPM with 10 degree wings 

 

Figure 6 Drag forces against RPM with 90 degree wings 
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When looking at these charts it is interesting to see how the aerodynamic restive forces have 

changed and to speculate at how using these values for the simulation would then affect the results 

in that study. In this sense it demonstates how important these values are and how testing to 

understand what the actual values are for the disgned motorbike that has been used in creating 

simulations really is and that to further the lap time simulation from this perspective is to then 

implment test to gain an accurate figure to complete the corisponding equations.  

 

    

 

Thesis Titled: Motorcycle Cornering Improvement: An Aerodynamical Approach based on Flow 

Interference 

Author:  Vojtech Sedlak 

This thesis is based on a study done on the intentions of improving the cornering performances of a 

MotoGP motorbike. This study has used various computational tools to gain an understanding of 

how the aerodynamic characteristics will change and how this can then be used to improve the 

cornering performance, this has been done in turn with implementing wings to aid in this endeavour 

and by staying true to the road racing regulations of MotoGP 2012. The reasoning for reviewing this 

thesis is due to the assumptions made on the corners in the lap time simulation. This study further 

shows how these forces change and how a more accurate reading can be taken. It also demonstrates 

how the addition of wings will affect the forces that are acting on the tyres during a constant 

velocity. This is an important aspect in the understanding the difference in simulations and real data. 

With these new forces that would be acting on the tyres it is very likely that the useful life of the 

tyres would then be reduced. This in turn would affect many aspects of the dynamics of the 

motorbike for example the coefficient of friction that has been used as this values would decrease 

meaning for the simulation the acceleration and braking distances would change therefor the time 

taken would increase. 

The study done for this thesis uses two types of case studies and that is a 2D and a 3D model to 

determine how the values are different when these two types of studies are performed on the same 

designed wing. The values that this study aims to determine are the lift coefficient, drag coefficient 

and the pressures that would be acting upon the wings and the motorbike in question. The study 

uses a static numerical calculation to determine these values and to implement these into the 2D 
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and 3D models. The study states that although these results are positive there are however static 

values. The further development states that using a wind tunnel to determine if the results are 

reliable would be the next step in determining the usefulness of these wings and if they can improve 

the motorbikes that operate in MotoGP. This would impact the lap time simulation in the sense that 

if this study is continued then the knowledge and understanding provided for corners and the forces 

that they can be implemented at will increase. This will also reduce the assumptions made in the 

simulation which will provide a more accurate reading with the best results possible. It will also lead 

the way in implementing features to motorbikes to improve the characteristics of these machines to 

the best possible outcome for the desired task that they are designed for.  

The results show as stated in this thesis that the inference on the wings that this study has 

researched and attempted to understand do in fact show that there is a positive effect on cornering 

and how these wings could improve the performance of the motorbike. This study states that there 

is potential in the results that have been gathered and that further development would be required 

to gain a better understanding and an idea as to if the potential of implementing the wings will aid 

the cornering performance or be a hindrance.  

 

 

 

Research Paper Titled: The significance of high-order dynamics in lap time simulations 

Author: Roberto Lot and Nicola Dal Bianco 

 

This is a research project that was done on a lap time simulation based around the idea of 

understanding how complex a lap time simulation has to be. This simulations looks at 3 different 

models each with their own characteristics, the three models are as follows: a 14 degrees of 

freedom model which includes the chassis and wheels motion, a 10 degrees of freedom model 

which neglects the wheels hop dynamics and variables such as having a massless wheel. The final 

one of 7 degrees of freedom which is the idea of completely removing the suspension motion 

values. The study goes on to show how these three models are made and that the primary focus is 

the suspension modelling to determine what is required and what isn’t to create a simpler but just 

as accurate simulation. The reason for reviewing this study was due to the fact that it was a lap time 

simulation model that incorporated a more accurate suspension model that would be there to 
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dictate the outcome and final results of the simulation that was created. This proved to be a point of 

interest as this had not been done to determine the characteristics of the motorbike and was 

neglected, this study was there to demonstrate the level of complexity that was required to create 

an accurate simulation based on suspension. 

The set up for this simulation was based on the 14 degrees of freedom model of which variables 

were then removed to make the remaining 10 and 7 degrees of freedom models. The results of this 

study also state that in regards to the two smaller models the time taken to calculate these lap times 

were 43% less when compared to the more complex 14 model, it also stated that the 14 and 10 

degrees of freedom model were almost identical meaning that having massless wheels as a 

parameter did very little in the form of changing the lap times. The study also goes on to state as a 

conclusion that the 10 degrees of freedom is a reasonable simplification of the original. This meant 

that with the simple 10 degrees of freedom model it was possible so gain accurate results for the 

calculations at almost half the time. This would help in a competitive environment due to the fact 

that both accuracy and time are essential so having a simulation that is still accurate but runs fast is 

a great thing to produce. The only problem with this idea is that it focuses on the time it takes to 

calculate, this is a reasonable response when it comes to creating simulations for companies or even 

teams however the differences in time was around 1700 seconds where as the one for the simple 

model was 930 seconds. It is believed that if time is not the most important value and that the 

accuracy of the results are the key then waiting the extra 12 or so minutes is worth it for the level of 

accuracy that could be provided.   

When looking through this paper it is clear that suspension modelling has an effect on the 

characteristics of any vehicle and can also influence the speeds, times and forces that the lap time 

simulation will produce. This show that to further develop the lap time simulation of the Isle Of Man 

TT then suspension modelling will need to be researched  further to gain knowledge and 

understanding, which can then be implemented to further increase the accuracy of the simulation.  
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Research Paper Titled: Comparative study of vehicle tyre-road friction coefficient estimation with a 

novel cost-effective method 

Author: Boyuan Li, Haiping Du and Weihua Li 

 

The research paper that is being reviewed is based on the idea on identifying and confirming if the 

calculation that they have performed are accurate when compared to a GPS data, the variable that 

this team has aimed to identify is the tyre to road friction coefficient. They have produced three 

methods that can be used to identify this value and they are as follows: the slip slope method which 

takes the longitudinal forces of the tyres against the ratio of slip curve. The second method that was 

studied was the individual wheel tire to road friction coefficient, this method looks at producing 

estimated values for the friction coefficient for each wheel instead of a general value. This could 

prove to be more accurate as the values would differ from wheel to wheel on a real vehicle however 

for simulation purposes the tyres are assumed to be of the same value. The final method is called 

the extended kalman filter which produces a value by estimating the vehicles motions and states to 

produce an accurate estimation of the coefficient of friction.  This research paper is relevant to the 

lap time simulation due to the fact that the coefficient as stated is an estimated value and therefore 

having a series of calculation to provide a more accurate value for this figure would prove to be 

invaluable in the endeavour of increasing the accuracy of the simulation.  

This paper shows these three methods and all the equations that would be needed to attain an 

accurate reading the paper then goes on to suggest various advantages and disadvantages in the 

decision of using one of these methods to finalise this calculation. This proves to be very informative 

and aids in research as this provides accurate examples and results to prove these methods work. It 

also means that with this level of accuracy the advantages and disadvantages suggested in this paper 

are worth considering. The results of this paper show that the slip and slope method is the better of 

the three however as stated in the paper this method can only estimate the overall longitudinal 

forces and the overall tyre to road friction coefficient. This means that if the desire is to identify the 

changes in the values with the wheel angular velocity or vehicle velocity then this method is not the 

one to use instead use the individual wheel estimation method as this method looks at these two 

variables and produce results from this. This method is not as accurate however it is still very close 

so this greatly depends on the desires of the users of the simulations. Therefore to further develop 

the lap time simulation with regards to this research then the slip and slope method would be used 

to identify the coefficient of friction due to the fact that the tyres and road surface during the 
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creation of this simulation have been assumed to be constant throughout the lap and therefore the 

values of the coefficients should be assumed as a constant value.  

 

 

Research Paper Titled: The Stability And Control Of Motorcycles  

Author: R. S. Sharp 

This research paper looks at the understanding and demonstrating how a motorbike stays stable by 

analysing the natural frequencies and using the equations of motions to show understanding. This 

research paper uses many equations ranging from the use of the linear and lateral equations of 

motion to show understanding. The purpose in understanding the stability of a motorcycle is in 

discovering the characteristics of the motorcycle especial when analysing the suspension frequency 

and damping characteristics. This research paper looks at these variables of the damping 

characteristics and the suspension to show how these affect the stability and how important 

understanding these variables are and why simulations that incorporate these are not always 

accurate and more information and research is needed in this field to truly understand motorbikes 

and how they are as stable throughout the forces and pressures that these machines are under. This 

research paper was reviewed due to the interest of adding a suspension model to the lap time 

simulation to increase its accuracy. As stated in a previous literature review it is clear that having a 

suspension model would greatly aid in the attempt to creating an accurate simulation so 

understanding this field and attempting to incorporate this into the simulation would be the logical 

next step into reaching this goal. 
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Methodology  

 

Geometry  

 

The geometry of the motorbike is the building blocks to the lap time simulation, this is due to the 

fact that if this is wrong then the simulation will be wrong. There are many aspects to the geometry 

and for this reason not all are accounted for however many have been. What is to note is that the 

motorbike that has been used in this simulation is a Suzuki SV 650 and all forces have been 

measured to this motorbike in question. The geometry has been split into three sections: section 

one is the physical aspect, this refers to the masses and gearing of the motorbike and the final ratios 

that dictate the speeds at which the motorbike will apply and how these changes can affect the 

motorbike and how it operates. The second section is the positive forces such as the driving and 

braking forces, this is an important feature due to the fact that without this information the 

simulation cannot work or operate correctly. Lastly the final section are the negative forces or 

resistive forces, these include parameters such as the resistive force due to the aerodynamic 

resistance. There are 2 simulations that have been done one that has very few resistive forces and 

another with more, this has been done to demonstrate the importance of these forces and how they 

dictate the outcome and final results. 

  

Section 1 physical aspect 

 

As stated section one is the physical aspect with gearing and masses. Changing the gearing ratio is a 

continual study that many individuals have researched into understanding the best ratios required to 

attain the results that are desired by the machine in question. Equally in all racing aspects reducing 

the mass of a racing machine is always a priority when it comes to designing these machines.  

Below is two charts one that has the actual ratios and one that has the sprocket ratio change. This 

ratio is the ratio between the gearbox sprocket and the rear wheel sprocket and as such is very 

important in understanding this final ratio. The initial set had this ratio of 15/45 which gives a value 

of 0.33, the new set up to demonstrate the importance of having this ratio is now 15/30 giving a 

ratio of 0.5.  
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Figure 7 Velocity against RPM with standard gearing 

 

Figure 8 Velocity against RPM with different gearing 
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As expected due to this change in ratios the final velocities are a lot larger than what they were 

before. This pose an important point and that is that when it comes to the final drive changing these 

ratios is primarily a trade in performance. Having a larger ratio here will increase acceleration 

however the trade is that it will reduce the top speed at which the motorbike will go. This again 

refers to what the design purposes are for a vehicle and for the Isle Of Man TT there is a balance. 

This is due to the fact that most motorbikes will reach their top speeds at one point or another 

during this race and this is an important aspect to consider. The other point to consider when 

attempting to change ratios especially in a real sense is that by changing these ratios and increasing 

either the top speeds or the maximum acceleration it shows that by doing this the life span of the 

components could be altered. This again is always a main point when considering alterations to any 

and all machines and is there for a deciding factor in the creation of these ratios and alterations.   

 

The other aspect is the mass which in turn is vital in all equations, the reason being as an example 

the acceleration is a= F
M

  which as shown has the mass (M) incorporated into it. This means that if 

any alterations are to be made to the mass of the motorbike then all the variables will be affected. 

The other factor in regards to the changes in mass is the reduced mass value which is dictated by the 

inertia masses due to rotational bodies such as the wheels or gears. This is an important factor as 

the mass will change with these rotating components. The variables that have been included in this 

simulation are the wheels however to further the accuracy of this simulation then the other 

rotational components should be included, the way the reduced mass was calculated is shown in the 

equation below. 

Reduced Mass = Static Mass + (
1

Fw
+ (𝑊𝑊𝑊𝑊 × 𝐹𝐹𝐹𝐹2)) +  (

1
Rw

+ (𝑊𝑊𝑊𝑊 × 𝑅𝑅𝑅𝑅2)) + 𝐸𝐸𝐸𝐸𝐸𝐸 

Table 1 Reduced Mass 

Symbol  Meaning  Units  

Fw Front Wheel Radius Meters 

Rw Rear Wheel Radius  Meters 

Wf Front Wheel Mass Kg 

Wr Rear Wheel Mass Kg 

 

The ETC is in the equation due to the fact this formula continues for all rotating components 

throughout the vehicle in the same way the front and rear wheels were incorporated. From here as 
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an example the static mass of the motorbike was 240.6 Kg and when this is incorporated into the 

reduced mass equation with the front and rear wheels the final mass is 242.617 Kg. this is an 

important feature as this is the mass that was used in the simulation so to further the project the 

other rotational components should be incorporated into the reduced mass to identify what the 

final mass will actually be during operation.  

 

Centre of Gravity  

 

The centre of gravity is value that is dictated by many variables such as the distribution of the 

masses between the front and the rear of the motorbike, this value is always different from vehicle 

to vehicle and in regards to racing the lower the centre of gravity is the better it is. The centre of 

gravity is split into two parts the X and Y centre of gravity and each have their own formulas these 

are represented below. 

The X centre of gravity (XCoG) is calculated using this formula  

𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋 =  
𝑊𝑊𝑊𝑊 × 𝐿𝐿
𝑊𝑊𝑊𝑊

 

The Y Centre of gravity (YCoG) is calculated using this formula  

𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 =  
𝐿𝐿 × (𝑊𝑊𝑊𝑊 −𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊)

𝑊𝑊𝑊𝑊 × tan𝛳𝛳
+ 𝑅𝑅𝑅𝑅𝑅𝑅 

Table 2 Centre Of Gravity 

Symbol  Meaning  Units  

WR Load on the rear wheel Kg 

Wt Total mass of the motorbike  Kg 

Wrlifted Load on the rear when lifted Kg 

ϴ Angle of lift ᵒ 

L Wheelbase Meters  

Rav Average wheel radius  Meters  
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The figure above is a basic depiction of the centre of gravity where in this image p represents the 

wheelbase, B is the X centre of gravity location and H is the Y centre of gravity location. The centre of 

gravities are measured in meters and this value is important one. The centre of gravity affects the 

characteristics of the motorbike and has a large impact on the braking forces that are vital to 

completing the simulation.  

 

Section 2 Positive Forces  

 

This section primarily looks at the driving forces of the motorbike and what dictates them. There are 

many variables that influence the final driving forces within the simulation as some have been stated 

before. These variables include masses and the gearing ratios as an example. The positive variables 

for this section are depicted as the driving force and the braking force, although the braking force is 

represented as a negative value this is due to the direction of travel of the forces and how they act 

upon the motorbike. Both the driving and braking forces have been implemented with a traction 

coefficient of 0.7, this value is an estimation and with further research can be show to change and to 

further this be calculated accurately to determine the actual value and how it changes with the tyres 

and velocities.  

 

 

 

 

Figure 9 Centre Of Gravity 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiPhKy_j8zaAhWCXBQKHfqMAt0QjRx6BAgAEAU&url=http://www.multibody.net/mbsymba/vehicles/flex-motorcycle/&psig=AOvVaw3eQMDxPJz6lm3rUEawAcAk&ust=1524425964971525
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Driving Force 

 

The driving forces were calculated using the formula F = 𝑝𝑝
𝑣𝑣
  this is a basic formular which took the 

power in watts from a dyno graph to calculate the power for each RPM that could be ascertain. The 

formula to calculate the velocity required the understanding of the gear ratios and final drive ratios 

to take the RPM of the engine and to then apply that to the wheels throughout the gears giving 

values that could be used to calculate the driving force. Below is a series of graphs that represent 

this change driving force throughout the gears and how the final gearing ratio has affected this 

parameter. This driving force is also an important variable as it also dictates the acceleration values 

that the motorbike can achieve as the formula for acceleration is F = ma.  

 

Figure 10 Driving force against RPM with standard gearing 
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Figure 11 Driving force against RPM with different gearing 

 

Braking Force 

 

The braking force is the forces that the motorbike can apply whilst it is decelerating, the 

assumptions that are made for the braking force is that during braking 100% of the load is expected 

to be on the front of the motorbike leading to the maximum braking force possible. This is an 

accurate representation of the braking force and in future developments this variable need altering 

however for the sack of the simulation this assumption was made. The braking forces are calculated 

by using the formula below. 

 

 

 

 

 

𝐹𝐹 = 𝑁𝑁𝑁𝑁 −
𝑚𝑚𝑚𝑚𝑚𝑚
ℎ

 



20 
 

Table 3 Braking Force 

Symbol Meaning Units 

F Braking Force N 

Nf Load on the front wheel N 

M Mass of the motorbike Kg 

G Gravity m/s2 

B XCoG location Meters 

h YCoG location Meters 

 

As this formula shows it clear that the centre of gravity has a large effect on the results of this 

particular variable and is therefore a reason to calculate this variable properly. Below is a series of 

charts that show the braking force against RPM for each gear as the variable Nf is dictated by the 

driving force which changes with the RPM and gears. For these two charts one has had the centre of 

gravity for both X and Y changed to demonstrate this difference. The original values are 0.76 meters 

for the XCoG and 0.567 meters for the YCoG, these are the values used in the first chart the second 

chart has both the X and Y centre of gravity values at 0.5 meters as an extreme case to show the 

differences and how they impact on the forces that they dictate. 

 

Figure 12 Brake force against RPM with standard CoG 
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Figure 13 Brake force against RPM with different gearing 

 

As the charts show there is a drastic difference in the braking forces when these two variables are 

change. The forces are all negative and this is to be expected as it’s a reductive with the intent of 

reducing the speed of the motorbike so therefore it should be a negative force. However when 

viewing the chart with the X and Y CoG are the same these values are much higher that the values 

that were used in the simulation. In fact the lowest value for this graph is -3245 N which when 

looking at the actual chart the highest reading is -3807 N. the differences in these variables clearly 

show why it is important to understand the centre of gravity and to calculate it correctly. Of which 

many researchers change the centre of gravity to change the characteristics of the motorbike or 

vehicle to what the user desire for the best possible outcome. In this sense it would be worth testing 

to determine how the changes in wheel base or load transfers could affect the centre of gravity and 

in turn affect the dynamics of the motorbike and how it will operate. These values would be difficult 

to produce in the real world as this would be a manufacturing process however to further 

understanding looking at this by using various simulation would still produce results that are worth 

studying.     

The load that is applied to the front of the motorbike is called Nf and this is the only variable that is 

accounted for when load transfer is conserved as the load on the rear (Nr) is assumed to be 0 for 
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maximum braking force, this is the key assumption that is made when creating the simulation as the 

load transfer is assumed to be 100%. The formula below depicts how the load on the front of the 

motorbike was calculated and as show the centre of gravity variables return to demonstrate the 

importance of this variable.   

 

 

Table 4 Frontal Load 

Symbol Meaning Units 

S Driving Force Newtons 

P Wheel base Meters 

 

This formula dictates the braking forces and other parameters of which when it comes to the driving 

forces the resistive forces have already been accounted for to give a more accurate figure. The only 

resistive force that has not been accounted for is the forces from the gradient change as that refers 

to the lap time simulation and will change dependant on a meter by meter bases not an RPM figure.  

Section 3 Resistances to motion 

 

Understanding the forces that are acting against the motorbike is a key feature and in understanding 

these forces then an accurate picture can be made of the motorbike and how it operates. There are 

many forces that act against the motorbike such as drag force and many of these forces have been 

taken into account when creating this lap time simulation, however in regards to corners this is not 

the case as assumptions have been made when calculating corners, the speeds at which they can be 

taken and the time it will therefore take to complete the corners.  

The main formula used is the formula for acceleration which is below. 

F=MA 

This formula uses both the mass and force to calculate the final acceleration, this is the reason 

resistive forces must be calculated and understood as they are directly influential on the final 

acceleration value. The resistive forces are primarily a negative value however understanding the 

formulas this might not be the case. An example is resistive force due to the change in gradient, 

𝑁𝑁𝑁𝑁 = 𝑚𝑚𝑚𝑚
𝑏𝑏
𝑝𝑝
− 𝑆𝑆

ℎ
𝑝𝑝
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although considered a resistive force that doesn’t mean the value is negative due to the fact that if 

the gradient decreases then the value is positive.  

 

Aerodynamic Resistance 

 

This resistive force is a force that is the air or wind resistance acting on the motorbike during 

operation. This force is a key feature and is dictated by many factors such as the velocity of the 

motorbike.  

 

Table 5 Drag Force 

Symbol  Meaning  Units  

Fd Drag Force Newtons 

𝜌𝜌 Air Density kg/m³ 

CD Coefficient Of Drag  

A Frontal Area m² 

v Velocity  (M/Sec) 

 

Above is the equation to calculate drag force which was used in the creation of the lap time 

simulation. What this equation shows is that as velocity increases so too does the resistive forces 

that are at work. The values of the coefficient of drag and air density also change however with this 

simulation they have been kept at a constant. These values will change especially with altitude 

however as the chart below which shows how the air density changes with altitude it is simple to see 

that this value doesn’t change a great deal with the altitude changes that are being operated on.  

𝐹𝐹𝐹𝐹 =
1
2
𝜌𝜌𝐶𝐶𝐶𝐶𝐶𝐶𝑣𝑣2 
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Figure 14 Density Change 

 

As this chart shows there is a minimal difference between values when considering the air density 

and hence the reason for keeping this value a constant. For furthering this project this value for air 

density will be changed and analysed to further the accuracy of this simulation. The formula that 

would be used is below.  

𝜌𝜌 =  
𝑃𝑃
𝑅𝑅.𝑇𝑇

 

Table 6 Air Density 

Symbol  Meaning  Units  

𝜌𝜌 Air Density kg/m³ 

P Air Pressure  Pascals  

R Specific Gas Constant Kg.K 

T Temperature Kelvin 

 

This formula has many changing variables of which when it comes to accuracy could be interpreted 

differently, for example the temperature which is a vital variable is continually changing so having an 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjd06Kq9sPaAhWB7xQKHeayBfcQjRx6BAgAEAU&url=http://www.georgeron.com/2010/07/wind-altitude-effects-on-power-to.html&psig=AOvVaw0ztyVvkfdG58o8hcx0Uln_&ust=1524144231604258
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assumed value might be the best decision. However to further this to gain an accurate result would 

be to base the simulation on an existing race and rider and from this discover the temperatures and 

pressures that were experienced on that day. This would show how accurate this simulation could 

be as it would be infused by an existing race and lap time with simulated conditions. 

 

Figure 15 Drag force against RPM  

 

 

What is shown in the chart above is the change in the drag force (FD) in relation to RPM of each 

gear. What the charts show is that as the velocity increase so too does the drag force. Equally below 

there are two sets of three charts one set were each chart has a different air density value (𝜌𝜌) to 

demonstrate how much of a difference this value makes when understanding this value. The 3 are 

1.1 kg/m³, 1.2 kg/m³ and finally 1.167 kg/m³. 1.167 kg/m³ is the value that was used in the lap time 

simulation the other two values were chosen to demonstrate this change in drag force however as 

stated this change is unrealistic for this simulations. The second set of charts is the change in the 

coefficient of aerodynamic resistance or drag coefficient. The value used in the simulation was 0.7 

the two other values that are displayed below to gain an understanding of how this value changes 

the results are 0.4 and 1. These were chosen as to demonstrate this change and equally to gain an 

understanding at how much of a difference these values could make to the final results.  
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Figure 17 Drag force against RPM with lower CD 

Figure 16 Drag force against RPM with standard CD 
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Figure 18 Drag force against RPM with higher CD 



28 
 

 

Figure 19 Drag force against RPM with lower ρ 

 

Figure 20 Drag force against RPM with standard ρ 
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Figure 21 Drag force against RPM with higher ρ 

 

 When looking at the first set of graphs which has a change in air density there are slight differences 

as shown in the 1.2 kg/m³ having the highest value and 1.1 kg/m³ has the lowest which was to be 

expected however the change is minimal and as shown below is a table showing the changes in the 

air density with numbers to demonstrate this minimal change. This was the main reason why this 

value wasn’t changed during the creation of the simulation and why this value was assumed to be 

1.167 kg/m³. However to make a more realistic and accurate simulation these changes would be 

considered no matter how small. This is because even a small value can cause a great difference in 

the end.  

 

Looking at the changing in results caused by a change in the drag coefficient it is clear that this holds 

a greater change in regards to the final drag forces that are acting on the motorbike. This shows the 

level of importance in studying and understanding this value and how changing it can greatly 

influence the outcomes of the results. The value used for the coefficient of drag is an estimated 

figure of 0.7 so to further the accuracy of this project a study would be conducted to determine the 

actual value of the coefficient of drag and how this in turn might change with the varying factors 

such as air density. This can be done in many different ways however when it comes to the design of 
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the motorbike then using either a computational method to design the motorbike and either 3d 

printing a scaled down model and using a wind tunnel rig to determine the values for drag or using a 

computational program to simulate this process to then gain values for this variable.  

 

Gradients  

 

The gradients have been taken into account when creating this lap time simulation and from this 

have produced interesting results. The gradients had to be considered when creating this simulation 

as to make it more accurate and to understand how much of a difference this factor makes. This has 

been done in a set of charts below which show one lap being done without gradients and another 

with. The reason for this accountability is due to the forces that will act on the motorbike due to this 

change in gradient. The formula for this is below. 

 

FP = m x g x Sinθ 

This formula which shows what the change in the resultant force is due to gradient is a vital piece of 

information however to identify θ (angle A in figure) trigonometry is required and the figure below 

shows this process. The value for the adjacent (b in figure) is always 1 for this simulation due to the 

calculations being done in a meter by meter by meter process and has therefore been accounted for 

however when looking at the value for the opposite (a in figure) some assumptions are made. These 

assumptions refer to the tools ability of producing values that can be analysed. As an example a 

straight of 200 meters when using this tool is difficult to measure just 1 meter therefore the values 

have been averaged to accommodate this fact.   

𝑇𝑇𝑇𝑇𝑇𝑇 θ =  
𝑎𝑎
𝑏𝑏

 

 

 

 

 

 

 Figure 22 Triangle 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjq6pCLosTaAhUBNxQKHUwFCh4QjRx6BAgAEAU&url=http://www.carbidedepot.com/formulas-trigright.asp&psig=AOvVaw3zJGhLScq1_L8ze44r0Ddd&ust=1524156082977009


31 
 

 

The forces that are produced by the gradient will change throughout the course of the track and will 

affect the characteristics of the motorbike in different ways dependant on how the change has taken 

place. To demonstrate this, below are three graphs one that depicts the acceleration through the 

RPM of the motorbike without the change in gradients and two with a positive and negative change 

of 50 Newtons implemented by the change in gradient forces.  

 

Figure 23 Acceleration against RPM 
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Figure 24 Acceleration against RPM With increased gradient 

 

 

Figure 25 Acceleration against RPM with decreased gradient 
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The results of these charts produce interesting results in the sense that it shows how much the 

gradient can and will change the acceleration values of the motorbike and how the understanding of 

these forces is required. The changing of the gradient throughout the race varies from meter to 

meter as some stages of the race the gradient change is harsher than at other points. This is 

something to consider as the tool that was used to gather these values as stated couldn’t do a meter 

by meter account. What is of interest is the final stages of each RPM as when the gradient forces are 

increased then as a result more of the higher RPM readings are negative giving a negative 

acceleration value. This is interesting as this has also been shown in the creation of the simulation 

with the changing of gears to suit the gradients or situations that the simulation has produced. This 

again refers to the interpretation of the results as they will differ from user to user which will 

produce different results as a result.   

Below is a chart that shows the changes in gradient throughout the race and for the first 10000 

meters, this was done to demonstrate the structure of the lap and how the forces can change 

drastically dependant on how the gradients have changed. 

 

Figure 26 Gradient change throughout the lap 

When looking at the chart of the full lap it shows that the highest point is 329 meters however when 

looking through the values manually it shows that the highest point is closer to 430 meters. Equally 

when looking at the end of the race the gradient is 38 meters which is a lot lower than it was at the 
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beginning of the race. This is due to the fact that the gradient changes through the corners aren’t 

considered. This shows the level of difference that this makes and how much of a difference they 

can make when assumptions are made. Understanding these forces that are implemented in corners 

and how they change the outcomes is a vital component therefore to further the research of this 

project the assumptions made on the corners in regards to the gradient changes should be 

considered equally a more accurate program that can measure the changes in the gradients to a 

meter by meter process should be implemented to gain accurate results and to remove the averages 

and assumptions that have been made.  

 

 

Rolling Resistance  

The rolling resistance is the resistive force it takes for a wheel to overcome the force it takes to roll, 

this is due to the deflections in the tyre as shown in the figure below.  

This is a minor resistive force and always present as the formula below shows there is no change in 

the variables with the 0.02 representing a common rolling resistance coefficient. This value however 

is also dictated by the speed at which the vehicle is traveling and is therefore an import variable to 

study. Knowing that this coefficient is variable with speed to further the simulation this variable will 

need analysis done to understand how this parameter changes and how much speed will actually 

affect this value. As stated below is the formula used and the value at which the simulation used as 

the mass (m) was 242.617kg and the force of gravity (g) was 9.81 m/s.  

𝐹𝐹𝐹𝐹 = 0.02 .𝑚𝑚 .𝑔𝑔 

𝐹𝐹𝐹𝐹 = 0.02 × 242.617 × 9.81 = 47.21 𝑁𝑁 

This value has remained as a constant value throughout the course of this simulation but as stated 

the rolling resistance coefficient does change with speed as demonstrated in the table below 

depicting this change when Cr is the representation of the rolling resistance coefficient in this 

example. 
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Lap Time Simulation 

 

The lap time simulation comprises of a meter by meter account totalling over 62000 meters of 

calculated distances also almost 12000 meters of this track is considered a corner due to the layout 

of the course and how the map has been read and interpreted. This is an important aspect as 

reading and understanding the map and its layout will differ from person to person, this primarily 

refers to how a user might interpret the best race line for the riders to take to create the fastest time 

or to simulate an existing race line that a rider has done already to fully understand what that rider 

is infused by. What would be interesting with this layout is that by implementing an existing rider 

and how they have ridden this track would be that by completing this simulation the human factor 

would be this rider’s influence and would therefor show how different a simulation is to the real 

rider and how much of an influence this makes.  

 

Map  

 

Figure 27 Change in rolling resistance coefficient against velocity 
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The initial steps in creating this simulation is to create the track its self. As no GPS data was used the 

layout of the track was instead designed using google earth. This tool was used as it allows the user 

to design a route dependant on the user’s desires. This is a great advantage in regards to designing a 

racing track layout as a race line could be determined from the user’s ideas and what the user 

believes will produce the best results for the outcome of the race. What this tool also provides is a 

display of the total distance of the sections that have been created in whatever units are required 

equally it allows the user to visualise the changes in gradients throughout the sections. In this case 

when it comes to calculating the resistive forces that are implemented due to the changes in 

gradients, this is how these values were obtained. As shown below is the layout of the track with 

15000 meter labelled intervals.  

 

Figure 28 Isle of Man TT lap layout 
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The figures shown below are of both a straight and corners and how the distances and gradients 

were measured. This shows how the change in gradients were obtained and how the distances of 

the corners were also obtained as these were designed using circles during the creation of this 

simulation. 

 

Figure 29 Isle of Man straight distance and gradient 

 

Figure 30 Isle of Man corner distance and gradient 
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Straights  

 

The straights are fairly straight forward as they use the same formula throughout and are divided 

into two sections, acceleration and deceleration. These use two different sets of forces such as the 

driving forces and the braking forces that are calculated using the formula in the tables below. The 

ration between the two sections is around 2/3 acceleration and 1/3 deceleration, however in some 

circumstances these ratios have been changed due to the distances between corners and how the 

best speeds of these corners is to be obtained. The straights in this lap time simulation were also 

designed around the idea of using the best race line that could be obtained therefor it might not be 

what a rider can achieve however it is based on the best theoretical race line that is achievable.  

 𝑉𝑉 =  �𝑢𝑢2 + (2 .𝑎𝑎 . 𝑠𝑠) 

Table 7 Final velocity 

Symbol  Meaning  Units 

V Final Velocity m/s 

U Initial Velocity m/s 

a Acceleration  𝑚𝑚/𝑠𝑠2 

s Distance Meters 

 

As the formula shows the straights are simple to calculate but when it comes to the creation of the 

simulation it is just a case of trial and error to obtain the ratio between acceleration and 

deceleration per straight as each straight has different circumstances. Below is a table that shows 

the total distance covered by the straights, the maximum speed that is reach and the average speed 

for the entirety of the race. This has also then been compared to a real rider to show how different 

the calculations are when compared to that of the real riders and to further show that there is a 

difference. 

Table 8 2 times 

 Time (Minutes) Average Speed (mph) 

James Hillier 18.44 120.84 

Full Simulation 23.38 103.5 
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Corners 

 

In regards to corners there are several assumptions that have been made when creating this 

simulation. This is in regards to the speeds, resistances and the time taken to complete these 

sections of the lap. Primarily when it comes to the corners it is assumed that the speeds are 

constant, this means that there is no acceleration nor deceleration through them. Equally with 

regards to the changes in gradients, it is also assumed that the motorbike will be operating to keep 

this set speed for the corners and will therefore under assumption will accelerate or decelerate to 

equalise the change in resistive forces created due to the change in gradient. The final assumption 

that has been made is that the lean angle at which the corner is taken of 45 degrees. This is constant 

and instantaneous and has been included to be the best lean angle for operation. As these 

assumptions have been implemented on all corners it is also something to note that although some 

corners have been calculated to be able to be taken at higher speeds however this speed couldn’t be 

achieved due to the straights not being long enough to either decelerate fast enough to the next 

corner or accelerate into the corner, the assumption that acceleration or deceleration do not occur 

is still in play. This means that although higher speeds could be obtained they will however not be as 

the assumptions have been implemented on all corners. They will have a constant speed but not the 

highest constant speed that could be taken in these corners. Below is the formula that is used to 

calculate the speeds of the corners, the time taken and as a theory the most affective lean angle that 

could be taken on a corner.  

𝜃𝜃 =  𝑇𝑇𝑇𝑇𝑇𝑇−1 .
𝑉𝑉2

𝑟𝑟 .  𝑔𝑔
 

This formula is then rearranged to find the velocity (v) giving: 

𝑉𝑉 =  �𝑇𝑇𝑇𝑇𝑇𝑇 (𝜃𝜃) .  𝑟𝑟 .  𝑔𝑔 

By using this formula with an assumed constant lean angle (𝜃𝜃) of 45ᵒ then this formula can be used 

in unison with google maps to generate the radius of each of the corners to discover what the 

maximum velocity is that can be achieved on this particular corner as an example when: 

ϴ = 45ᵒ 

r = 50 meters  

g = 9.81 m/s2 
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Then using the formula above the following is produced: 

𝑉𝑉 =  �𝑇𝑇𝑇𝑇𝑇𝑇 (45) .  50 .  9.81 

𝑉𝑉 = 22.15 𝑚𝑚/𝑠𝑠   

 

 

Final Lap Times  

 

Below are a series of charts that show the differences between two simulations that have been 

done. These two simulations are the one that has been stated with all the forces implemented to 

create a more accurate simulation, the other is a simulation that was done that has no traction 

restriction and equally no gradient forces are implemented. This is show how different these two 

parameters are and how adding more forces to create a more accurate result will affect the final 

outcome and how much of an affect theses parameters have. The charts are the full laps, the first 

10000 meters and the acceleration values. These with give a clear comparison into the differences 

between the two simulations and the importance of using the actual forces instead of assumptions. 

Minimal Resistive Forces Lap 

 

Figure 31 Velocity against distance for entire lap for minimal forces 
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Figure 32 velocity against distance for 10000 meters for minimal forces 

 

 

 

Figure 33 Acceleration against RPM for minimal forces 
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All Forces Lap 

 

Figure 34 3 parameters against distance for full lap with all forces 

 

Figure 35 4 parameters against distance for the first 10000 meters 
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Figure 36 Acceleration agianst RPM for lap with all forces 

Results 

The results of this project have been interesting as there is proof of how certain variables change 

parameters but in the pursuit of understanding the human element and how they affect a machine 

this endeavour is not yet clear. Below is a table showing the average speeds and times that the two 

simulations have accomplished as well as the times of an actual rider called James Hillier of whom 

has one  of the fasts times using a super twin Kawasaki 650.  

Table 9 All times 

 Time (Minutes) Average Speed (mph) 

James Hillier 18.44 120.84 

Full Simulation 23.38 103.5 

Minimal Forces Simulation 20.54 116.23 

 

The differences in the times is astonishing in the sense that when looking at the two simulations the 

values for both times and average speed are very different with the simulation with more forces 

implemented being both the slowest and therefore having the lower average speed. This is however 

to be expected as the other simulation has minimal resistance and therefor will be perceived as 
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being faster however this is unrealistic and not very suitable for example the time for going from 0 

to 60 mph was 3.2 seconds for the simulation for all the variables however the one with minimal was 

less than 1 second. This shows the level of unrealism when it comes to minimising the resistive 

forces. This also produce an interesting point and that is that although this was an unrealistic 

simulation it was still had a slower time and average speed when compared to James Hillier, this 

begs the question into why and there are many reasons. One such reason is the track layout as the 

track was laid out and interpreted differently than a rider would take on the actual course. This 

would mean that to produce results that could reflect this then identifying the layout that this rider 

took and implement their racing lines to further this goal. The results also show how the gradients 

have affected the acceleration in the sense that between the values of 4500 meters and 6000 

meters they are very different when compared to the values for the simulation with less restrictions. 

This goes to further show how much of a difference the traction and gradients make when they are 

taken into account as the graph shows a less smooth climb in velocity as well as , this further shows 

why this simulation needs to have less assumption made and to implement more calculation to 

determine all variables no matter how small. 

 

Further Developments 

 

To further develop this project the continuation to implement more accurate measures to create a 

more accurate simulation must be obtained and implemented. This includes the smaller changes in 

values such as the air density as although this report shows that the change doesn’t greatly affect 

the results of the forces it is however still a change and therefore to improve accuracy should be 

implemented. Equally full automating this simulation would also be the best solution in which when 

a value is changed such as the coefficient of friction is changed then the lap time simulation will 

change as well to reflect this change in value. This can be done using a series of IF statements in 

excel and by which taking the highest values with no resistance or changes to the dynamics of the 

motorbike to then create the fastest time that that motorbike can ever achieve to determine what 

the highest RPM jump each meter will take. From this RPM range IF statements would be created to 

state if the final velocity of that meter is over or equal to the velocity of the next RPM range then to 

calculate the next velocity using the new RPM range forces and accelerations or decelerations if the 

case requires it. Although this is a big endeavour it is still worth implementing due to the fact that 

with this change implemented the simulation can be used by any one and the idea of changing 
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certain values to determine how the motorbike will operate under certain conditions and how a user 

can then understand how both the gradients and riding conditions can change the outcomes is 

invaluable especially in a computing software heavy world that is the modern age.  

 

 

Conclusion  

 

In conclusion this project had the aim of demonstrating the difference in certain variables to 

determine how they affect the motorbike in its operation, these variable such as the coefficient of 

drag have indeed shown this difference as stated in the report it shows how much of a difference 

these variables can make. This is also the same for the smaller alteration such as air density which 

has a minimal effect on the values but enough to consider researching this further to determine the 

actual values that the motorbike will experience. The aim for accuracy will always be considered and 

if any variables are negligible for example the massless wheel suspension model that was done by 

Roberto Lot and Nicola Dal Bianco in their paper “The significance of high-order dynamics in lap time 

simulations” 

 Then these values will be studied first to discover what is required and what is not. This will also 

further the aim of understanding the actual dynamics of the motorbike and what actual interacts 

with the machine in its operating conditions. The assumptions that have been made are numerous 

especially in regards to the corners by having an assumed constant velocity no matter the case, this 

has been stated and warrants further study to remove these assumptions to analysis the actual 

forces and conditions that the motorbike will experience and be forced to comp with. This projects 

primary goal however was to complete an accurate lap time simulation of the Isle Of Man TT of 

which this has been done however there are many parameters that could be altered as stated to 

further the accuracy of this simulation. To further this goal more simulations must be done and to 

then incorporate the findings to understand the dynamics further. The final part of this project was 

the understanding of the human element which as this project has shown that this answer is not 

within reach at the current time and has therefor requires further testing and understanding but the 

main factor is understanding the riders and how they operate and the lines they take, this could give 

a final ratio that could determine what this element is and how a human affects the outcome of the 

race and how much of an effect a human has on the machines they operate. The human mind is a 

complex organ and will always require studying but in the endeavour of utilising machines that 
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coincide with humans a true understanding could then be studied to truly gather a value for this 

human element and if from person to person if this value could be calculated and be determined to 

further many fields of study in both the engineering world and the biological sciences.   
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Appendix  

Appendix A Physical  

Table 10 Physical variables 

 

 

 

Table 11 Gearing ratios part 1 

 

Table 12 Gearing ratios part 2 
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Appendix B Resistive Forces   

Table 13 Resistive forces gear 1 part 1 
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Table 14 Resistive forces gear 1 part 2 
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Table 15 Resistive forces gear 1 part 3 
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Table 16 Resistive forces gear 2 part 1 
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Table 17 Resistive force gear 2 part 2 
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Table 18 Resistive forces gear 2 part 3 
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Table 19 Resistive forces gear 3 part 1 
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Table 20 Resistive forces gear 3 part 2 
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Table 21 Resistive forces gear 3 part 3 
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Table 22 Resistive forces gear 4 part 1 
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Table 23 Resistive forces gear 4 part 2 
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Table 24 Resistive forces gear 4 part 3 
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Table 25 Resistive forces gear 5 part 1 
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Table 26 Resistive forces gear 5 part 2 
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Table 27 Resistive forces gear 5 part 3 
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Table 28 Resistive forces gear 6 part 1 
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Table 29 Resistive forces Gear 6 part 2 
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Table 30 Resistive forces gear 6 part 3 
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Table 31 Motorbike power 
   

 

 

 

 

 

 

 

Appendix C Driving Forces 



68 
    Table 32 Velocity 
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  Table 33 Driving Force 
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Table 34 Acceleration  



71 
 

Table 35 Acceleration Restricted 
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Table 36 Braking force gear 1 part 1 

Appendix D Braking Forces 
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Table 37 Braking force gear 1 part 2 
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Table 38 Braking force gear 2 part 1 
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Table 39 Braking force gear 2 part 2 
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 Table 40 Braking force gear 3 part 1 
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Table 42 Braking force gear 4 part 1 

Table 41 Braking force gear 3 part 2 
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Table 43 Braking force gear 4 part 2 
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Table 44 Braking force gear 5 part 1 
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Table 45 Braking force gear 5 part 2 
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Table 46 Braking force gear 6 part 1 
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Table 47 Braking force gear 6 part 2 
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Table 48 Lap start part 1 

 

Appendix E First 200 Meters Of The Lap Time Simulation 
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Table 49 Lap start part 2 
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Table 50 Lap start part 3 
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Table 51 Lap start part 4 
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Table 52 Lap start part 5 
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Table 53 Lap start part 6 

 

Table 54 Lap start part 7 
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