


Contents
Introduction	2
Relevance to Industry	2
Time Management	3
Research Methodology	3
Literature Review	4
Centre of Gravity	4
Ducati Holeshot Device	5
Multi-body Simulation	6
Tyre Modelling	7
Gyroscopic Steering	8
Motorcycle Suspension	8
Conclusion to Literature review	9
Results collection and analysis methodology	10
Mathematical Model	10
Centre of Gravity calculator	10
MatLab Simulink Model	10
MatLab Simscape Model	11
VI Grade - Bikes	11
Real World Validation	11
Evaluation	12
References	13

Figure 1 - Project Gantt	2
Figure 2 - Ducati Holeshot Patent (United States Patent No. 2002/004082, 2002)	5
Figure 3 - Force vs Slip Percentage (Pacejka, 1987)	6
Figure 4 - Front Forks Schematic	8
Figure 5 - Shock and linkage Schematic (Wikimedia, 2021)	8

Equation 1 - Effective Roll Angle	3
Equation 2 - Traction Limited Acceleration	4
Equation 3 - Wheelie Limited Acceleration	4
Equation 4 - Maxing Braking Deceleration	4
Equation 5 - Critically Damped	9


[bookmark: _Toc67313368]Introduction

With further enhancements and innovative engineering being forced into the motorcycle racing world, the need for active and practical research to contribute is an increasing necessity. This report follows the proposed research that will be carried into the thesis following the current trend being set in the MotoGP racing paddock. The proposal has been set into three stages that initiates with the strategy of research, followed by the proposed areas of research, and finishes with the methodology behind the validation and data gathering strategies. 
The primary stage of this proposal follows the relevance to industry to assure modern research is being investigated, time management plan to keep productivity high and research methodology to guarantee the correct information is being filtered towards the project, these areas are imperative to creating a valid and viable solution to the questions being asked. 
The inner section of the report investigates the proposed research that is going to be utilised throughout the project. This section aims to give a good impression of what research and research areas are going to be highlighted to prove for a solid and knowledgeable thesis. This literature review will be the underlining knowledge that carries the project forward. 
Finally, a proposition towards the methodology being used to gain data and validation will be considered, this region of the thesis will add validity and create a robust solution to the underlying questions. Without validation and data collection, the findings are simply assumptions. 
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The development of rear linkage systems on racing motorcycles is not a novel field of research, as explained by Barbagallo et al, 2018, the design of rear motorcycle suspension has become a complexed process that involves a variety of engineering procedures. However, with motorcycle racing becoming a closer and more competitive sport, the need for new, innovative ideas has become essential in this era. 
The Ducati holeshot device (HD) is a recently introduced part of a MotoGP motorcycle that has become an essential when entering the top-level class in world championship (Cecchinelli, 2019). While being heavily used in the recent years of MotoGP, the holeshot device, much like any new technology, will be under heavy amounts of development to get the most out of the extra mass added onto the motorcycle. 
This research will investigate the currently used methods of holeshot devices and motorcycle geometry. Alongside, the writer will carry out a study of modern literature to gain a greater understanding of what techniques and strategies are being used to contribute towards the currently developing technology that is being used on the world championship stage. 
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To keep productivity high and time to be well kept, a project plan has been produced, supported by a Gantt chart.


[bookmark: _Toc67313302]Figure 1 - Project Gantt
This project is split into 4 main sections.
· Project planning and research – To gain a rudimentary understating of the project, research and planning will be undertaken to set the foundations of what is needed to carry out the thesis.
· Mathematical modelling – This area of the project has been set to 30 days; the mathematical modelling will be conducted after the initial research. This area of the thesis can take longer and may be altered closer to the date. 
· Validation – This section of the project will take the longest, as there is time on track to be booked whether it is on circuit or on an airfield. The validation will also take the longest as legislations must be met to ensure safety measures are assured.
· Write up – Although the write up will be carried out through the project, thorough examination of the written work must be completed before submission.
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The methodology being utilised throughout this review of literature that will be adopted will be to insure only the most valid of information is being contained in the review. A consideration to quantitative and qualitative theories will be considered, parallel with this, use of the research onion will insure and illustrate a thorough understanding of the subject bordering the thesis being undertaken. 
The objective of this research is to highlight and make use of the most recent and up to date journal articles and literature. Furthermore, an aim of finding quality research papers to expand the development and intricacy of the data created will be upheld through the literature review.
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This area of the proposal will investigate the key research areas that relate to the thesis being carried out. The aim of this research will be to gain a greater understanding of the work being undertaken to ensure that every possible outcome is accounted for throughout the work being done. Within this area, research will also be commenced to find literature that elaborates on the consequential phenomenon’s that may arise due to the use of the holeshot device.
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The centre of gravity (CG) of a motorcycle and rider is described, for calculation purposes, as being the point in which the overall mass of bike and rider is concentrated (Bartosz Wieczorek, 2019). The CG is a continuously altering position within the system of bike and rider when in motion, making it difficult to simulate. However, using a Nonlinear Model Predictive Control (NMPC), Picotti et al, 2019, produced velocities, pitch angles, and yaw rates with large correlations to real life data. By using the NMPC rather than a conventional single CG value, the data was far more authentic than that of the single value assumption. This data, nevertheless, still held dissimilarities to the real-life data. Although Picotti considered a nonlinear tyre model, and the NMPC, assumptions where made such as a constant radius throughout the hairpin corner in question. 
In an ideal world, there would be no rules against the use of active suspension and geometry, but why is this so desireable? 

[bookmark: _Toc67313342]Equation 1 - Effective Roll Angle
Equation 1 shows the effective roll angle of a motorcycle around a given corner radius ‘’. Where, ‘’ is the motorcycle velocity, ‘’ is the circular cross sectional area of the tyre, and ‘’ is the CG height. This equation indicates that a higher CG will require less lean angle to achieve a given speed than that of a motorycle system with a low CG.
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[bookmark: _Toc67313344]Equation 3 - Wheelie Limited Acceleration
Equation 2 and 3 show the traction and wheelie limited acceleration, respectively, with a given mass ‘’. Where, ‘’ is the traction coefficient, ‘’ is the wheel-base, ‘’ is the distance from the rear axel to the CG and ‘’ is the driving force. Whereas in Equation 1 a high CG is desirable for higher cornering velocity, maximum acceleration at a low centre of gravity is normally advantageous. The maximum acceleration is dependent on the lowest figure produced by the two equations, this defines whether the maximum acceleration is traction or wheelie dependant, and can vary between CG positions, masses, and a variety of variables (Cosalta, 2006). 
Front and rear holeshot devices in MotoGP have been used since the start of the 2020 season, however, until recently, both have not been used in the MotoGP paddock at the same time. The introduction of the front HD along with the rear solution has created some teething issues, some of the MotoGP bikes have suffered with loss of traction on the rear of the bike when launching. This may be due to the front HD moving the CG too far forward, rather than down.
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Equation 4 gives the max deceleration when braking. Much like the max acceleration, the max braking abilities are highly dependent on the height of the CG. If the motorcycle and rider system have a high CG, the ‘Stoppie’ phenomenon will occur at a lower amount of deceleration than a rider and bike system with a lower CG. 
To refer to the original question, considering the equations 1-4, the reason for active suspension and geometry being a highly desired asset is to be able to alter the CG position through the lap, in an ideal case, the geometry would be altered to a low CG when braking and accelerating, whereas for cornering, a high CG would be implemented.  
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In 2002, Ducati published a holeshot device using a rocker arm and hydraulic that essentially dropped the rear suspension and lowered the CG. The patent shown, gives an idea as to how the HD is being executed at MotoGP in the modern age. 
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[bookmark: _Toc67313303]Figure 2 - Ducati Holeshot Patent (United States Patent No. 2002/004082, 2002)
Ducati utilises a rocker and hydraulic/solenoid that forces the swing arm to the desired position, this the lowers the CG and allows the wheelie moment to at a higher driving force. This patent will be used in the knowledge that this technique is being utilised in the world class racing field. 
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Multibody simulations are essential when mathematically modelling the characteristics of a racing motorcycle. As explained by Cossalter, 2002, the non-linear motorcycle model considers a six-body-system consisting of both wheels, rear section (frame, engine and tank), front assembly (forks, triple clamps, and handle bars), rear swing arm and unsprung front components (brake callipers and fork outers). The rider was considered a ridgid body within the rear area. This, along with a tyre model that focused on tyre behaviour at high lean angle , produced an 11 degree of freedom model. Cossalter concluded that the 11 degrees of freedom model showed good agreement with the experimental tests.
Lot, 2008, elaborates on a motorcycle simulation focusing on the importance of rider behaviour and unput while being modelled, Lot emphasises on the fact that the rider acts in a non-linear fashion and this fact must be considered, the report follows a simulation technique called the ‘Optimal Manoeuvre Method’, this method considers the riders physiological limits and motorcycle characteristics. To stabilise the motorcycle, a second layer of simulation is introduced using a PID controller, the findings drawn from this where that a close correlation was found when following a chosen trajectory.
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As the two components mating the motorcycle to the floor, tyres are possibly the most important element of a motorcycle system, consequently, the understanding behind tyres is limited. The tyres experience every dynamic change made when coordinating the motorcycle, whether it is pitching, rolling, heaving, or sliding, the modelling of tyres in simulation is essential and cannot be described as a single value. The Pacejka model uses the calculated lateral and longitudinal forces along with the coefficients for tire model with load and camber influence (Pacejka, 1987). 
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[bookmark: _Toc67313304]Figure 3 - Force vs Slip Percentage (Pacejka, 1987)
Figure 3 shows the curve produced using the Pacejka tyre modelling method, the trend shows a correlation between slip percentages and longitudinal force. It can be seen from the figure that the peak longitudinal force is located at 10% slip, these characteristics alter with the change in coefficients relating to different tyre abilities. For example, the tyre may be able to handle large amounts of force but only in a limited window of slip angle, the same applies in the latitudinal sense. 
Isiklar, 2006, carry out an investigation developing a real-time simulation using the Pacejkers tyre model. Within this model, considerations where put towards the relaxation length in the pacejkers calculations and concluded that the model as a whole made slight changes to the motorcycle behaviour within the simulation, in comparision to the ‘TNO Automotive’ solution, however, large changes where found towards the dynamic responses of the motorcycle.
Through analysis of the Pacejka curve, it is evident to see that higher tyre loads at a given slip percentage produce more grip, however, in real life circumstances this can be challenging to achieve. Basic analysis of suspension potentiometer data will show a large amount of fluctuation in rear wheel movement, parallel with this, the tyre reaction to the road will cause the ‘’ to be a constant changing variable.
In theory, the HD shows potential for large advantages, as expressed by Mir, 2020, the device gave him the best start he’d ever had. Furthermore, an aim of this thesis is to analyse the potential benefits that could be gained in other areas than the start, moreover, deep analysis of the suspensions reaction to the HD while entering corners and exiting corners will be evaluated to assess the effects this will have on the tyre loads and influend
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Steering a motorcycle is achieved by applying torque to the inside handlebar of the corner aiming to be directed towards, this measurable torque is then transmitted through the forks and produces a moment fed to the wheel that makes the bike lean through a gyroscopic affect (Przibylla, 2020). Other studies have been undertaken to assess the effects that leaning off the bike has on steering and how this compared to the handle-bar-steering technique, as explained by Sharp, 2001, the forces produced when leaning off the bike are secondary to the forces produced by the gyroscopic effects fashioned by the front wheel.
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The average racing motorcycle consists of a rear mounted shock absorber and spring, and 2 front forks that manage the motorcycles response to the road surface when accelerating and braking throughout a lap. The main aim behind the suspension is to keep the optimum amount of grip and stability to suit the rider while giving them a positive amount of feedback of what is happening on the surface.
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[bookmark: _Toc67313305]Figure 4 - Front Forks Schematic
The front forks consist of a spring and damper inside a fork inner and outer that work in a sliding motion. The rake angle ‘’ is a continuously changing variable that effects the wheelbase of the motorcycle, this value can be defined statically but changes with fork travel throughout use. Although it may not be evident, the damping produced by the cartridge in the front fork has an impact of the dynamics in the rear, specifically into corners.
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[bookmark: _Toc67313306]Figure 5 - Shock and linkage Schematic (Wikimedia, 2021)
The shock absorber is used to maintain optimum traction to the rear wheel at all times, the linkage withing the system, e.g., the shock arm, shock link and swing arm shown in figure 5, make a linkage ratio that influences the relationship between the shock and rear wheel movement. The connecting rods impact the reaction to the surface in different ways throughout the stroke and does not act in a linear fashion.
These areas of the motorcycle will be focused on throughout the thesis as the rear HD is located here, one could imagine that high amounts of development can be made to increase the acceleration abilities of the motorcycle, however, as every change made influences the remaining sections of the motorcycle, careful consideration will be employed to prevent these segments from becoming compromised.
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Equation 5 gives a critically damped system when considering the spring rate ‘’ and mass ‘’. Critically damped is the amount of damping needed for a spring of initial displacement to return without oscillation in the quickest time possible. This variable is the only known damping value in comparison to under and over damped. In a motorcycle suspension system, an underdamped value is normally desired. Therefore, to fine-tune the suspension to adapt to the dramatic changes produced by the HD, a percentage of the ‘’ value will be used (Hartog, 1985).
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This area of the proposal followed the research undertaken related to the thesis being carried out. This research found and elaborated on key areas that will be considered throughout the work being completed, furthermore, literature has been explored relating to the affects that the holeshot device will have on components of the motorcycle in consequence to the system being used more regularly through a lap. 
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This area of the proposal expands on the methodology behind the validation and modelling of the motorcycle adaptations being characterised. With the aim of gaining a thorough understanding of the affects that the HD will have on the motorcycle when in use, mathematical solutions are imperative to reaching the goal of what will be viable when working through the design process.

[bookmark: _Toc67313382]Centre of Gravity calculator

Although related to rudimentary motorcycle physics, a CG calculator can save time throughout the project by answering question without the need for high rendering performance software. With the use of MatLab software, a simple CG calculator can be generated to discover the maximum braking and acceleration abilities without needing to consider the chassis geometry. 
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For more intricate mathematical problems, Simulink modelling has been considered to conduct ordinary differential equations, or more specifically, Newtons’ equations of motion. MatLab offers a user-friendly interface package that allows the user to conduct ordinary differential equations using an ODE45 solver (Mathsworks, 2021).
Using Simulink, a four degree of freedom model can be produced to represent the physical phenomenon occurring when accelerations are applied at an ‘x’ and ‘y’ CG location. The Simulink model gives a visual representation of indicated suspension usage and wheel travel. The objective of using this tool is to understand what effects the HD has on the suspension system, this will be achieved by putting boundary conditions in place to understand where the limitations of the suspension systems are, e.g., the full stroke of the forks and shock.
Furthermore, the suspension systems on the motorcycle, while being accommodated by the linkage/rake, do not act in a linear manor when considering the motorcycle geometry. Moreover, the effects that the HD have on the system may be differed at the beginning of the stroke in comparison to the end of the stroke, depending on the linkage. In conclusion to this, a non-linear consideration will be added to the Simulink model in attempts to thoroughly authenticate the work. 
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MatLab Simscape allows the user to rapidly create physical systems such as robotics or a basic holeshot device. Simscape specialises in multibody simulation with the implementation of hydraulics, this means by using the hardware in the loop model (HIL) the HD can be properly tested without the need of miss-using time on unnecessary physical testing. Rahman, 2012, carried out an investigation exploring differed software when simulating robotic systems. Rahman concluded that the use of this simulation software sped up the design process and testing procedure. 
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VI-Motorcycles, associated to the VI-Grade software, uses MSC ADAMS solver. MSC ADAMS is a simulation software that simulates real world multibody dynamics. The VI – Motorcycle software allows users to simulate a variety of motorcycle set ups to save time throughout a project.
The objective behind this project follows parallel with the MatLab simulation, with the aim of validation. VI – Motorcycles will be the leading factor in reinforcing the theories being calculated and discussed throughout this thesis. 
For the initial stages of the thesis, VI – Motorcycles will be used to justify the HD through a basic run along a straight road. Furthermore, this software will be utilised to give an indication as to how the HD will affect the dynamic stability of the motorcycle when entering and exiting corners. As explained by VI - Grade, 2021, the ADAMS supported solution has been used trackside and in development by leading motorcycle manufacturers, despite the simplicity of the model. 
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With the accessibility of a Ducati Panigale 1199, the pursuing of real-life testing will be intended within the project. With the aim of validating the thesis to support the findings, a real-world test will be undertaken to test some of the theories in question. As the expense and availability for solenoid/hydraulic equipment is far beyond reach, alternative solutions will be found to solve the problem behind authentication. In the case of not being able to validate the work, a third party may be considered, or theoretical validation will be implemented to ensure that the work done is justified. 
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The research purposed highlights a vast array of proposed topics of interest, these areas will be expanded on and thoroughly investigated to gain a detailed understanding to contribute towards the thesis being carried out. Each section of study will hold a contribution towards the work being carried out. 
Although there are many areas of research that are being purposed for research, there are several areas that will highlight difficulties when in the investigation process. Firstly, although the Pacejka model has been well developed and shows increase in fidelity when used in simulation, tyre testing may be difficult to carry out without the availability of a tyre testing rig. This will then have a knock-on effect that will be carried onto the mathematical modelling section of the thesis, therefore, extra consideration for the assumptions made and figures being used will have to be taken.
Secondly, the holeshot device is a modern creation that shows scope for a large amount of development, consequently, there is little literature to support the findings, this will have to be investigated and mathematically supported, along with excessive validation. Other than the patent from Ducati, the only other solution is the front method, which will be investigated within the thesis.
The research proposed finds large possibility for further investigation and contribution towards the thesis, with the inquiry towards chassis geometry and other methods of lowering the CG, the mathematical modelling will be plentiful in situations to be simulated. One would assume that a large percentage of the answers will be found within this research along with the support of validation to run parallel. 
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