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Introduction 
Racing car simulator is a modern, modular, highly portable multiplayer, multi agent car simulator. It is a high degree of modularity and portability render which is ideal for any artificial intelligence research (Wymann 2015).  The purpose of this report is to introduce the structure of Motec and how it is used to give the world of vehicles or in this case Motorsports vehicles a better advantage now and in the near future. Advantages such as racing simulator giving you more changes that you could not perform on an actual race car, and changes within Lean Management of a motorsports company such as performing experiments that would be completely impractical or highly expensive on an actual race car. With many motorsports industries having already many beneficial systems and tactics when coming to minimizing waste through Lean manufacturing, this study will show how racing simulator can further improve their Lean Management skills by replicating their real world driving and using simulators as a strong alternative or possibly a first-choice selection. 
Literature Review 
Managing and improving efficiency in the current highly competitive world of global motorsports industry has demands that those companies adopt a leaner and more flexible systems to minimize waste and develop their management systems.  The lean management process also known as the Toyota Manufacturing system. Lean Manufacturing tools and techniques have been established in order to provide many different industries the best quality product with the fastest lead time at a much lower cost (Zeaiter 2015). 
Racing Simulator (motec) has many more channels and more usage than a real-life race car when it comes to testing and creating data that can be analysed further and deeper and in a much more detailed approach than a Real-life race car would be able to offer. Racing simulator is used for a more analysed approach to help develop and perfect Motorsports Teams and also in this process help develop Team members/Motorsports and engineering student’s ability to use it. A racing simulator has a wide range of offers and setups it can give, and this can all be done through processing the data on to a Data acquisition software such as mentioned, Motec. Racing simulator and Motec is a very efficient way of testing when it comes together. 

Lean Management (Lean in Motorsports) 
There are many things that happen during the development of motorsports event, for example the development of a Formula one car during a race can be considered as an improvement in lean manufacturing. The world lean is usually consumed by the masses and manufactured in the thousands which is why the word Management or manufacturing comes along with it. Formula 1 teams usually only manufacture 2 cars per season and also manufacture additional parts only if needed. which is not a lot if you are associating Formula 1 with the word lean. Development of a Formula one car for a new season typically begins 6 months before the new season goes ahead, while some teams start working on the car and plan the travelling and logistics needed through the season to make Formula one as ‘Lean’ as possible. During a race, teams usually need to change tyres often or specific parts on the car such as the front wing due to change of weather, tyre degradation or damage sustained while racing. Lean manufacturing is a methodology that focuses on minimizing waste within manufacturing systems while at the same time maximizing the manufacturing of productivity (Gopinath 2020). 
Motec
Motec is a racing simulation system that can be used to gather data through only the sim itself or through real world racing. The simulation Software is a very useful data collection tool that collates and displays information in a readable and understandable format. The information collected from the car, such as brake pedal, throttle position or damper rebound is translated to visual interpretations of data such as line graphs or tables or a layout of the track the simulator would be doing in a real-life situation.  Race engineers/students then use this information to turn data and numbers into real life setup changes that tailor the car to the driver’s preferences which leads to better driver performance. Using Motec can give you the ability to translate in game data to real life data that can reflect the same information you would see if you had collected data in the race car on the track. Motec will allow a driver to further improve their car, develop a set up for all situations that you intend to look into and also lean lean handling lessons along the way just as much as you would learn for a real like car handling (Campbell 2019)
Simulation Method (Data Analysis)
The method applied through Motec will give an insight of how beneficial it could be for Motorsports and how using simulation methods can be beneficial towards their current lean manufacturing and how it would minimize more waste and how it could be used more often within Motorsports. Motec software can be used in any level of motorsports racing such as high-end professional racing such as Formula 1 too as low as Amateur Circuit racing.
  Motec can help analyse and give feedback on generated laps made through the racing simulator and also compare laps with other drivers or cars in order to help and show where the driver needs to work on in order to improve. 
  This study will show an example of data that has already been made and processed through Motec to show 1 use of how this example could be used through rather than having to possibly use more waste within the real world of motorsports. The Data will be based on 2 Drivers, driving the exact same car (MCR Sports 2000 UWTSD). The drivers will be compared on their data which shows their best-timed laps out of the 5 laps they do, with driver one having the fastest lap and driver 2 having the slowest lap. In order to compare the 2 drivers and show where and why the 2nd driver is slower than the first driver, I will have to look in depth on the data and figures Motec use in order to solve this which will be in this case be the breaking performance, Throttle application, Steering input and Lateral/longitudinal Accelerations. These are the 4 main database that will need to be look at to see where drivers need to improve on their lap time, but other data bases can be of use if needed such as speed(mph) and control of the steering. The graphs that will be shown will give a clearer view of when and where the driver’s need to make improvements, this will be made much easier through motec as you are able to compare 2 graphs of the 2 drivers which makes is much easier to compare and show where the driver needs to improve to be better/just as good as the other driver etc. 
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As you can see in the graph above there are many circles labbled showing where changes and improvements can be made in order to improve the lap time and also improve the driver’s performance.
 Starting with the throttle position’s its clear to say that Driver 1 is managing to pick up the throttle to a 100% on a significantly quicker time than driver 2 which takes a couple of seconds more to pick up the throttle to the same percentage as driver 1, this also happens later in the lap between 21-23 second time which has been circled. Driver one manages to improve the throttle performance this time as it goes straight from 0% to a 100%, driver 2 on the other hand started picking up the throttle just a bit too early on the corner causing the driver to slow down and having to pick the throttle up again. 
 Steering wheel position for both drivers seems to be similar up until 20 to 24 seconds as both drivers show a sign on understeering and oversteering, but driver 1 steering goes down slightly quicker than driver 2 showing that diver one has better control of the steering wheel position when entering corners during the laps. 
 Brake Pedal Position can prove to be one of the most important changes during a race as breaking performance can hugely improve your time or decrease your time, it is all about the timing of when you apply the brakes. It is clear to see that the first driver breaks pretty quickly and hard into the corner and that driver 2 also breaks hard but breaks slightly earlier than driver 1, this shows that driver 1 is more efficient with his breaking as it shows that driver 1 is using the car to its maximum potential when going into the corner which helps the driver maintain to the straight-line speed and brake pedal position as much as possible during the laps. Driver 1 also spends less time on the break than driver 2 which shows that driver 1 is making good and better use of the brakes pedal than driver 2.  
G Force Lateral is a way of expressing how much side to side a grip vehicle has, with the G standing for Gravity. So, the car with a higher amount of lateral G (Gravity) number has stated more grip than a car with a lower number of lateral G (Asana 2018). As seen in graph 1 there is not any major changes between the 2 drivers regarding the lateral G Force, but between 16 and 17 seconds a clearer change emerges showing that driver is pushing the car to it is limits with the adhesion of the tyres. In simple words, higher the Lateral g force quicker and more efficient the car goes around the corners resulting in better lap time. With this being said the circle showed that Driver 1 manages to push the car to a higher limit than driver 2 which has resulted in the driver 1 going around the corner better and quicker than driver 2.
[bookmark: _Hlk71876891] Longitudinal G Force is when a car is accelerating or braking, and a reaction force is generated to the centrifugal force when cornering. Longitudinal acceleration in also in G force again similar to Lateral Load transfer. In this case the G Force value is ‘Ax’ (suspension Secrets). As seen in the graph, Long G Force is also similar between the 2 drivers but between 6 and 7 seconds a more noticeable difference becomes clear showing that driver 1 is slightly accelerating and breaking harder than driver 2.
With Differences being shown and compared between the 2 drivers, Motec has made it much easier when wanting to compare and problem solve lap times, it gives you all the database and information you need as a driver to know where you need to improve and develop. This was a very simple ‘In-depth’ example as of how motec can show where changes happen, Graphs shown in this report can be looked into much more depth than explained as said this is a very basic in-depth example of what it can do when comparing 2 different lap times. These graphs can be zoomed into much more really detailing where changes can be seen especially if 2 lap times are extremely close, in these scenarios Motec is still very dependable as it shows how many changes occur through. the maths channel that is given on the software. 


Conclusion
The following study clearly indicates that there are significant opportunities through the use of Motec simulation for a vast and quick improvements within the motorsports industry. The importance of lean management tools in Motorsports has been clearly demonstrated through this study, it is a clear demonstration showing that there are many potentials uses for Simulators within motorsports when comparing it with their current lean manufacturing systems. 
In summary Motec is a very relevant tool if anything a very needed tool to develop not only lean management, but also car and driver’s performance and people’s knowledge such as students or anyone with particular interest in Motorsports. 
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