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1. [bookmark: _Toc35834435]Introduction

This is a report on the accuracy of a simulated lap time created in excel against measured data. The report will display a lap time simulator for a Ducati Panigale racing around Donington Park race circuit. Satellite imagery of the track will be used in Solidworks to map and separate the track into sections in order to calculate variables that will be used in the model. Using data measured from the motorcycle itself, aquired from a data acquisition software known as 2D and techinical information variables such as accelration, suspension and braking can be calculated. This will be used to predict the simulated values for velocity and time through a section, which will in turn be used to find the overall lap-time and average speed for the lap. Finally, all of this information will be compared against the actual measured data from the motorcycle to determine the accuracy of the lap time simualtor, this will show any descrepencies with the simulator. 
The lap simulator was created using many different formulas most of which are taken from Vittore Cossalter’s Motorcycle Dynamics book, alongside this, other references include the lectures of Owen Williams and the works of John Bradley. 


2. [bookmark: _Toc35834436]Motorcycle Specifications
[bookmark: _Toc35834437]2a. Parameters of the motorcycle 
To begin the process of creating a lap simulator for the Ducati Panigale the motorcycle had to be measured by hand for certain variables for example: the total weight of the motorcycle and rider, the sprocket distance and fork length. These measurements were taken directly off of the motorcycle riden in the data that the lap simulator will be compared against. Alongside the measured variables there are fixed values that are used in formulas. These include the density of air, coefficent of drag and gravity. There are some values that are needed but can be calculated using the measured of fixed values these include, aerodynamic drag force and frontal area. To calculate the aerodynamic drag force the formula . To find the frontal area however, there is more than just using a formula. A photograph of the rider on the motorcycle in position has to be taken, edited into the computer-aided design software Solidworks and using a measurement from the motorcycle, ie the fork length or tyre width, the image is scaled to the measurement from the motorcycle. Finally the scaled measurement is extruded and measurement tool is used to calculate the surface area of the extruded part. This can be done for the motorcycle & rider in various postion such as leaning, tucked and braking. 
[bookmark: _Toc35834438]2b. Gearing calculator
The final part of the motorcycle specification sheet includes a gearing calculator, this is one of the most important parts of the lap simulator because it will be used in calculations to determine the velocity, accleration and the drag force ect in each of the six gears. This in turn is used to calculate much of the lap simulator as the gear that the motorcycle is in has an importance and can be used to define other values used for example the accleration of the motorcycle. The input and output for the primary, first, second, third, fourth, fifth, sixth and final drives, were found from the Ducati Panigale manual and therefore used for this gearing calculator. The ratio for each was calculated by using the formula . Once that has been calculated, the speed can then be calculated using known variables. The formula for speed in km/h is . 

[bookmark: _Toc35834439]2c. Schematic Diagram
[image: ]The schematic diagram had already been created for a previous assignment from the first year. Despite this it was included in the excel because it is an accurate visual represention of the motorcycle in a diagram. 
[bookmark: _Toc35834440]2d. Center of Gravity
The center of gravity is very useful for the lap simulator because it will indicate the accleration of the motorcycle and rider in different dynamic situations, these being the rider braking, cornering and accelerating. To begin finding the center of gravities for x and y the motorcycle needed to be weighed. As the motorcycle was accessible accurate measurements could be taken, the weight of the front and rear of the motorcycle was taken whilst it was on the ground, a stool was then used to lift the motorcycle in the air and measurements were taken. Throughout the lap simulation there will be assumptions that will have to be made in order to created a working simualtion. One of the first being the weight of the rider, since the rider was not present during the weighing of the motorcycle it is assumed that they weigh 75 kilograms. 
The center of gravity for the x axis was found using the formula shown during lectures from the first year. This formula is: 							 (Williams, 2018)
 The formula that was used to find the center of gravity along the y axis is:
						(Williams, 2018)
Where, both formulas use the same variables: 
Wr = Load on the rear 			          	WrLifted = Load on the rear wheel when lifted
Wt = Total weight of the motorcycle 						L = Wheelbase
 = Angle of lifted bike							Rav = Average wheel radius 


[bookmark: _Toc35834441]2e. Frontal area 
[image: ][image: ]Much like the center of gravity, the frontal area will provide an extra amount of accuracy to determine the lap simulation by providing the frontal areas of the motorcycle and rider during the different dynamic situations. Calculating the frontal area is done slightly differnet to the rest of the calculations that occur since there are no formulas involved, just different programs. To do this photos of the rider in the different dynamic situations on the motorcycle are taken, cropped so that the rider and the motorcycle are the only thing left in the photo and imported into Solidworks. Once in Solidworks, the motorcycle and rider are outlined and extruded. Finally, the extruded part can be measured using the measuring tool, to find the area. 
[image: ]
The only inaccurancy that this creates is that the rider pictured above is not the original rider therefore the frontal area will be different and they are not wearing the same safety equipment that the original rider would have worn whilst on the motorcycle.

3. [bookmark: _Toc35834442]Reduced Mass
The reduced mass is used to calculate the difference in mass between each of the gears. Along with the previous calculations that have been used in the lap simulator this is an important part as the accuracy of lap simulator is improved. 
For the reduced mass there are fixed values that are required to calculate it, these include the rear and front wheel moment of inertia, engine inertia and the primary and secondary shafts moments of inertia. 
 Also required for the reduced mass calculations are the total mass and the velocity of the front and rear wheel ratios. Finally, the internal gear ratios previously calculated in the gearing calculator will be used. 
To organise the reduced masses a drop down menu was created, as a selection from one to six is selected from the drop down the calculations change to the selected gear. Once the drop down menu had been created the formula  was used to calculate the primary ratio velocity for the selected gear. For the final ratio velocity the same formula was used with the exception of the multiplication of the internal gear ratio.
After, the engine ration velocity was calculated using the formula . Lastly, the reduced mass itself was calcuated. Using the formula: 
Where RM = reduced mass, Wt = total weight, Iwr = Inertia of the rear wheel,  = Rear wheel velocity ratio, Iwf = Inertia of the front wheel, = front wheel velocity ratio, Iwm Inertia of the engine,  = engine inertia ratio, Iwp = inertia of the primary shaft,  = tramission velocity ratio, Iws = inertia of the secondary shaft and  = gear velocity ratio. (Williams, Reduced Mass and Acceleration, 2020)


4. [bookmark: _Toc35834443]Forces: Acceleration & Braking 
4a. Traction limited accleration
The traction limited acceleration is the amount of acceleration the motorcycle can produce without the wheels spinning. 
4b. Maximum acceleration
The maximum acceleration is the amount of acceleration the motorcycle can produce overall, without wheelie and traction occurring. 
4c. Wheelie limited acceleration
The wheelie limited acceleration is the amount of acceleration the motorcycle can produce before it begins to wheelie. 
4d. Maximum braking 
[bookmark: _GoBack]Maximum braking is the amount of braking force that the motorcycle can undergo. 

5. [bookmark: _Toc35834444]Track Data
The track itself can be used to calculate many values that can assist the creation of the lap simulator for example the corner lengths the time taken for the rider to ride round it. Starting on the Google Maps a satellite image is taken, imported into the CAD software solidworks, accurately resized to the same length as one of the straights and a racing line is drawn on the image using the line and arc tools to correctly map the corners and straights. Once this is done the outline can be measured to see the length of the straights and the length, circumference and radius of the corners. 
Using the formula  the corner speed in m/s can be calculated. This then allows the ideal lean angle equation to be used and from the a time can be calculated. 


6. Analysis 
The overall lap time that has been taken from the excel sheet is 137 seconds, this is compared to the measured lap time of 139 seconds. As shown in the excel there is an issue with the formula for RPM, this has a continous effect through the lap simulator as the value for the RPM is used in multiple formulas. 




7. [bookmark: _Toc35834445]Conclusion
In conclusion, the lap time simulator is almost completely finished. There were a few issues that prevented the simulator from being much more accurate than it currently is. As there are many assumptions in the lap time simulator it could never be perfect, however it is a start to what could be a very close example of what occurs in reality on a motorcycle. If finished correctly it could have been a very useful and important tool if there was a race weekend. 
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