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Introduction
Racing Car Simulator (Motec) is a modern, modular, highly portable multi-player, multi agent car simulator. Its high degree of modularity and probability render is ideal for artificial intelligence research and data gathering (Wymann 15). In order to complete the tasks given through Motec, 2 sets of data of a performing car will be given in order to see where differences are being made between the 2 drivers giving the results as of which one is the best performing car/driver.
  These results will be found out by doing 3 sets of different tasks. Task 1 will be showing data of the vehicle’s steady state cornering to determine the effect of roll stiffness change that will be experienced on the load transfer. 
   Task 2 will provide data of Straight-line testing that can be used to determine the aerodynamic characteristics of a vehicle which will help show the amount of lift the vehicle produces when influences by the tyre loads. 
  Task 3 will include another 2 sets of data (Motec Run Files) which will show a 5-lap session from 2 different drivers using the exact same vehicle (MRC Sports 2000) and on the exact same track (Donnington National Circuit). Best laps from 2 drivers will be compared with one being the fastest driver and the other being the slowest which will make analysing and seeing where improvements need to be made easier. 

Literature Review 
The purpose of a vehicle simulator system is twofold the integration of the simulator system into the education of vehicle engineering and vehicle testing tool. Simulator systems are usually based on a real vehicle results which uses high technology solutions which are applied in modern vehicles. Modern vehicle testing tool and the realistic driving experience of the simulator increase the motivation of people who need to use simulation systems to ensure a better understanding of the vehicle dynamics and vehicle control systems. (Kanya 2013) 
Driver Performance Analysis are being used to an increasing extent to train drivers. Advantages of data analysis are that goal oriented virtual and real-life world scenarios can be presented, and the driver’s performance can be assessed continuously and accurately into the modern world of driving (Winter 2008) 
Load transfer occurs during cornering and is the shift of mass across the wheels due to the centrifugal force and the lateral acceleration. Load Transfer approach consist of dividing each axel into 3 main components. Unsprung mass which is composed more or less by all components after the spring in the suspension system.  Elastic Load transfer is linked to the elastic elements of a vehicle suspension, springs and antiroll bars. Geometric load transfer depends on the suspension’s geometry. For a simpler data approach, it is easier to explain what happens when a vehicle negotiates a corner as it sticks to the principles and the basic physics of load transfer. (Quintarelli 2018)
Aerodynamics is the study of interaction between moving bosies and the fluids around, under and through them. Aerodynamics first came aeronautical engineers studying aircraft wing design for aircrafts that fly within the earth’s atmosphere. Aerodynamics are used in designing any different things including building design, bridge design and motorsports/automotive vehicle design such as looking at aerodynamics influence on Vehicle loads and many more (Moffat 2016).
Aerodynamic loads are highly nonlinear and result from static and dynamic relative wind flow, dynamic stall, skew inflow, shear effects on the induction, and effects from large deflections. Aerodynamics forces consist of the life and drag forces.

Methodology 
Data collection will be gathered already which will make the process of putting it on to Motec easier and more straight forward. There will be 2 sets of data that will need to be compared in Task one which will be 2 sets of Load Transfer springs (70Nmm and 90Nmm). Task 2 will be based on 1 of data that will be looking into straight line aero testing and how it can be used to show the aerodynamic characteristics of a vehicle, this can be done in 2 ways either though the maths channel in motec or done by manual calculation with the figures already given. Task 3 will provide 2 sets of data of a run files of 2 drivers driving the same car on the same track showing you the comparison of the 2 data run files between them. 
Real Life Data in this case is collected from the Motorsports team at the university which runs the MCR sports 2000 race car. This race car simulator can create data from the performance of the car and the driver, the data gathered can be in many different data acquisition channels which in this case is analysed through the Motec software. There are some limitations with using Motec to analyse real life data as some channels can not be logged with real life vehicle data. 
Racing Simulator 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. 
Motec is now used by many Motorsports teams across the world and also have huge influence and use within Universities especially on the engineering and motorsports side of it. Its mostly used to gather and chart data in order to identify problems and make improvements. Motec system is used to review charted data from the diagnostics system that is fitted to the vehicle, by doing this, the vehicles behaviour and the drivers driving performance can be analysed and improved immensely as there is no limit as of how you can or how many times you can use Motec which gives plenty of room and time for mass improvements
Results & Analysis – Task 1 

When a vehicle rounds a corner the axel with the most roll stiffness attracts the most weight transfer. A typical approach consists in dividing the load transfer that each axel experience in the three main components: one related to the unsprung mass, which is composed more or less by all the component seating after the spring in the suspension system, and two related to the sprung mass, which is all what is suspended by car’s suspension. Among these 2 components the 3rd is usually called elastic load transfer and is linked to the elements of a suspension, springs and anti-roll bar. (Quintarelli 2018)
 [image: ]
As seen in the Graph above, 2 main circles have been labelled showing where the most noticeable changes are happening in the front and rare load transfer. Front and read load transfer seem to move immensely during the same time, this occurs during cornering and is the shift of mass across the wheels due to the centrifugal force and the lateral acceleration. Its shows that higher the roll stiffness more load transfer it would create resulting in higher tyre loads.

Results & Analysis – Task 2
[image: ]
As seen in the graph above there are 2 obvious changes in the vertical load, Vertical loads are forces that are applied perpendicular to the roof or the floor system. These loads are in addition to the self-weight of the structure which could include the weight of the floor of the vehicle or the roof. 
 The change in the Vertical Load is pretty straight forward in terms of Vehicle explanation and not much more can be discussing due to the nature of it, in simpler form, too much aerodynamics downforce will deteriorate the tyres quicker due to the face there are more load transfer on them in that particular time which as mention has been circled. 
Results & Analysis – Task 3 
Comparison of the 2 drivers will be based on their personal best lap out of the 5 laps they did. First Lap being the best (1:08.645) Will be marked in Red (M) and the second lap (1:08.699) will be marked in Black (0). The aim will be to show as of why and where during the track the slowest lap lost time and comparing it to the first lap and showing how and what the first driver did better compared to the 2nd driver. With the given data from 2 drivers, this will be based on how I decide to approach and analyse the differences between the 2 data and how I the make the decision to choose where and the areas the differences happen in the driver’s performance. As this will be mostly based on my personal knowledge as of where I think changes and improvements need to be made during the lap, I will be circling the changes I believe are the most ‘Obvious’ and ‘biggest’ withing the lap. There will be 2 graphs on show with the first graph showing the major differences and comparison of what is different between the 2 drivers from the start of the lap up until halfway, and the other graph will show the same halfway to the end of the lap. 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 
Graph 1 (0-34 sec) 
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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, its all about the timing of when you apply the breaks. 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.

 
Graph 2 (34 sec – 1:08 min) 

[image: ]The second and last graph will be showing the lap time between 34 seconds to 1 minute and 8 seconds which would be the end of the lap. Before going into depth about the differences, whilst looking at graph 1 a graph 2, it is clear as of where changes are needed to be made in order to improve the performance and the lap times, as the circles labelled in graph one is very similar to the ones in graph 2 especially on the throttle, steering and breaks. 

 In the 2nd graph the Throttle position from Driver 1 again manages to reach a higher throttle at a quicker time than driver 2 as seen in the labelled circles, another thing this show is also the driver’s performance of the 2 drivers, and it gives driver 2 a clear indication as of where the throttle needs to be improved and where when comparing his results with driver 1. In the 2nd labelled circle again driver 1 Reacher a higher throttle quicker but does drop the throttle down at a certain point showing that driver 2 this time manages to reach full throttle quicker between 44-46 seconds. 
  Steering wheel position again is very similar to the 1st graph as well with one very noticeable change between the 2 drivers with driver 1 slightly having better control of the steering going into a corner than driver 2. Driver 1 compared to driver 2 manages to turn earlier and feed back the steering wheel to its original position a bit smoother than how driver 2 managed this can also be a good reasoning as of why driver 2 turned later than driver 1. 

Brake Pedal position again very similar to graph 1 with the circled differences being close enough identical which shows as of where driver 2 is needed to improve when it comes to breaking pedal position and the same problem seems to occur when going around corners, the channel shows that driver 2 is breaking to early when there is no need too. 
 Between 48-50 seconds there is a slight difference in Lateral G Force showing that driver 1 again is pushing the car to its limit with the adhesion of the tyres being pushed which as well has resulted in driver 1 going into the corner more efficiently than driver 2 as it creates more Lateral g force.
 In the 2nd Graph Longitudinal G Force differences between the 2 drivers is much more showable compared to the 1st graph which is seen between 42-43 seconds and also between 56-58 seconds showing that driver 2 is making harder and harsher breaking than driver 1.
 
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 
By looking at all the data given to complete the task given, it is clear to say that Motec is a vary useful database within the motorsports industry, as shown in this report through the data that was given to do the task that is only a brief show of what Motec has to offer. It has helped Regarding the Maths channels that was used it has proven to be very useful to help improve the heart of motorsports which is the Drivers and cars performance. 
 Relating too Task 3 which was the most in depth when talking about comparing lap times, Motec can be very useful method for this sort of data comparing and is very beneficial in the motorsports industry already. Task 3 only showed a small part of what Motec is capable of, it has much more to offer with a wide variety of maths channels to access in order to find the right data and result you will need.
 In summary Motec is a very relevant tool if anything a very needed tool to develop not only car and driver’s performance but also to develop people knowledge such as students or anyone with particular interest in Motorsports. 
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