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[bookmark: _Toc35816418]Introduction
Building a lap simulator involve a lot of moving parts. To start lots of data is needed about the bike and the track. Things to account for are acceleration, braking, cornering, and even elevation change. Getting it right would make a very valuable tool for motorcycle engineers. However, this one is not that valuable too it’s just a start. With many errors and hurdles to overcome (mainly software use) it’s not accurate by a long way.

[bookmark: _Toc35816419]Methodology
[bookmark: _Toc35816420]Measuring
First Thing to look at was the track itself, The Daytona International Speedway has a few different layouts even with the road course. The layout the Daytona 200 Follows is very similar to the car racing that uses the road course but uses the inside line of the international horseshoe. The given distance of the track is 5.649 kilometers but that most likely is not the racing line distance. (Daytona, 2020) Now the best way to do this would be to have some data pulled from the motorcycle, specifically a gps trace of the lap. software’s like 2D will automatically over lay it on an image of the track. Although 2D will not specifically give you the distance or radii of the corners you can upload the image with the gps overlay into SolidWorks and measure it manually. Not Having 2D data for a given track is a problem, but not a showstopper. Getting the distance without data there is a little more labor involved. Starting with importing and scaling an image in SolidWorks. Then laying a mock racing line over the satellite image and measuring it making sure to get the distance of the straights, the radii of the corners and angle of the arc that the corner takes up on the circle determined by the radii of the corner.
[bookmark: _Toc35816421]Corners
[bookmark: _Hlk35103837]Using data if you have it is the best way to calculate time it takes to navigate the corners because of lean angle out puts. To find the time is takes to navigate the corners you need the velocity of the bike and the distance around the corner. Starting with the distance around the Corner, the equation to find the distance around the corner manually is    wher D is the distance around the corner, r is the radius of the corner and θ is the angle from the start to end of the corner from the center of the circle defined by the radii. To deal with a corner of multiple radii the sensible thing to do first would be to split the corner into multiple parts. Now the distance around the corner is only part of the puzzle, to find the Velocity through the corner lean angles need to be assumed through all the corners because of the lack of data. The equation used to actually get the velocity is    where r is the radii of the corner, g is the acceleration due to gravity, and θ is the angle from the start to end of the corner from the center of the circle defined by the radii. Once you have the Distance and the Velocity through the corner, I could very easily find the time it takes to get through the corner with the formula . Simply dividing the distance by the velocity.
[bookmark: _Toc35816422]Straights
Once the corners were done the time taken to move down the straights can be done. First, we need something called the reduced mass. To get the reduced mass you need the inertia of all the spinning parts on the bike, along with the velocity ratios. The equation for that looks like this:             where I is the inertia of that individual part and gamma is the velocity ratio of that part.
[bookmark: _Hlk35113406] There are two kinds of limited acceleration, Wheelie and slip limited acceleration. Slip limited acceleration will almost always be higher than wheelie limited acceleration. That means slip won’t be used to calculate the time it takes the bike to get down the track because the acceleration will be limited by the geometry of the motorcycle not the rear wheel spinning. Slip limited acceleration is calculated by using the formula    where m is the mass of the bike and rider and m* is the reduced mass, p is the wheelbase and b is the distance from the center of gravity to the rear axle in the x-axis, also h is the distance the center of gravity is from the ground. 
Wheelie limited acceleration is a bit easier to calculate as it has fewer moving parts. Wheelie Limited acceleration is going to be used to calculate the time it takes to accelerate the bike don the track because its smaller than slip limited, or the maximum acceleration allowed by the motorcycle. To calculate it the formula is   again where m is the total mass, m* is the reduced mass, and b is the distance from the center of gravity to the rear axle in the x-axis, and h is the distance the center of gravity is from the ground. The wheelie limited acceleration is going to be less than slip limited meaning the bike will want to flip over backward. At low speed it all depends on the geometry of the motorcycle but at higher speeds the drag force has more of an effect and lowers the acceleration capabilities the higher the velocity.
To Calculate the drag force on the motorcycle we need all the gear ratios so we can deduce the road speed at every rpm in every gear once we have that we can calculate the force of drag. The equation used for the force of drag is   where ρ is the density of air CD is the coefficient of drag and A is the frontal area of the motorcycle, and finally V is the velocity the motorcycle is travelling at. (Cossalter, 2006) 
Once you have all the accelerations at every rpm the next step is to find your shift points and decide the useable rpm range in each gear. This is easiest by using a dynamometer output graph
	When it’s time to slow down its essentially the acceleration but in reverse. Maximum deceleration on the mass, velocity and the geometry of the bike. The formula that was used for the maximum deceleration values was . (Cossalter, 2006) Again, as the case with forward acceleration the slip limited deceleration is larger than the geometry limited deceleration so the only one that matters is the geometry deceleration.
	When putting the lap simulator together it is best to start from the corners and work backwards. Using the maximum braking deceleration, you can calculate how long it will take to slow down to the minimum velocity for the lap. From that you know how many meters it will take to slow down for each corner. The trick is to get the time it takes to get from meter to meter. To get time from the velocities and accelerations the simple equation , taking the previous velocity and finding the difference with the current velocity and dividing that by the current acceleration. This is the same for forward acceleration and braking acceleration. Once you have the time per meter you can simply add all the values up and add it to the time it takes to get through the corners to get a final time for the lap.











[bookmark: _Toc35816423]Results
[bookmark: _Toc35816424]Measurements
[bookmark: _GoBack]Manually taking measurements of the Daytona International Raceway road course was a little more labor intensive that other methods and did not yield the best results. I imported a satellite image off of the internet to SolidWorks and scaled it properly (Figure 1). [image: ]
Figure 1. Scale of Map
 
Then laid a mock racing line over the image to take measurements of the straights and all the corners. The given distance around the road course that the Daytona 200 uses was 5.649 km. the measure value from SolidWorks was 5.867km more than 200-meter difference. [image: ]
Figure 2. Whole Track Measured
The image was scaled correctly so the reason is a mystery. The track was split into 8 corners and 8 straights with some corners having multiple parts due to multiple radii.
[bookmark: _Toc35816425]Corners
To get a reasonable time through the corners a lean angle of 60 degrees was assumed for most of the corners. An exception was taken in corner 2 because it is a corner with a very large radius. He velocity though that needed to match the velocity going down the straight. This is because I could not include it in the straight, the motorcycle is typically at a constant velocity though here. Riders let off the throttle but do not hit the brakes but still lean the bike, so it fit better in the corner section of the simulation. A lean angle of 60 degrees through this corner is not realistic but it matches the velocity mathematically so an angle of 59.705 degrees produced the needed velocity. The total time calculated to get through the corners at a steady state was 24.18 second. It seems low but not outlandish. Figure 3.

[image: ]
Figure 3. Corners
[bookmark: _Toc35816426]Straights
Calculating the time, it took to get down the straight was tricky. The first step was to calculate how many meters it would take to motorcycle to slow to the minimum speed needed for the lap which was 29.86 m/s. At the absolute maximum deceleration values, it was calculated that the motorcycle would take 178 meters to slow down from the maximum velocity. Working back from the corners the braking points can be found for each corner with the velocity through the corner as a starting point.  Calculating the accelerations is the next part with the calculated velocities and accelerations you can calculated the time it takes to get from meter to meter as the bike accelerates. The total distance it takes to accelerate from the smallest velocity to the maximum was calculated to be 358 meters. So, knowing how long it took to accelerate and brake and the specific accelerations at each velocity. It was easy to calculate the time it takes from meter to meter. The time for the straights added up to 66.72 seconds which again is low but not if the bike had a million horsepower.

[bookmark: _Toc35816427]Total
Added together the straight times and the time it took to navigate the corners was 90.9 seconds or 1:30.9. Now this is a problem because the lap record for the Daytona 200 on 600cc motorcycles is 1:48.331 set by Josh Herrin. A whopping difference of 17 seconds. 


[bookmark: _Toc35816428]Discussion
[bookmark: _Toc35816429]What Went Wrong?
This lap simulation was done to the extreme basics with several things not being accounted for or just using assumed values. To start off the reduced mass was not calculated, this was approximated. That means that all the acceleration’s values are off in one direction or another, in this case probably in the too fast direction. Another thing that was not calculated was the roll rate of the motorcycle into the corner. This could have been used to get a more accurate time through the corners and would most likely increase the time thought the corners getting closer to an actual lap time. Another thing that was accounted for was the drop in drive down the straights during gear changes. The drag forces and frontal area of the motorcycle were also assumed although they should be very close to actual values. The braking time had some fundamental errors as well not accounting for grip from the tires this lap simulator is far off of the real thing because it does have some fundamental flaws that need to be addressed. The biggest being the transitions to and from the corners and the actual length of the track, then the geometry, mass, and inertias of the motorcycle need to be more accurate.












[bookmark: _Toc35816430]Conclusion
In conclusion to be accurate a lap simulator needs to account for more than just the basics. Starting from the length of the track to accelerating and braking into corners. The details about the bike need to be as accurate as possible. The details about the track need to be as detailed as possible. The simulator needs to account for as many things as possible, something this one does not do. A plus would have been to automate it. With a lot of adjusting and real world work this simulators lap time would get closer and closer to the real thing
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