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[bookmark: _Toc27374609]Introduction
The report aims to address how data logging and data acquisition is important for improving lap times and driver ability. In motorsport it can be difficult to understand where a driver is losing time as it is only them in the car at once however with the use of data acquisition a driver’s performance can be improved through the use of data logging and evaluation of their performance. 
[bookmark: _Toc27374610]Data Acquisition
Data acquisition and data logging is predominantly used by race teams and drivers to critically analysis a race car’s dynamics. Data logging uses a commuter software to review the car and driver’s performance using recorded parameters from GPS and sensors. The software used for analysis is programmed to an interface where race circuits and vehicle data can be views clearly. Motec is a company which supply data logging equipment and data analysis software, their system can be seen below, many other companies supply their own software to view data logged on their equipment. (Templeman, 2008)
[image: ]
Data acquisition is the use of electronic software which stores pre-set parameters, these parameters are available to be viewed on specialised computer software.  In racing minimising lap times or maximising distance travelled in a certain time frame is key to improving performance. Performance can be improved though the driver, vehicle and tyres, data acquisition allows for these parameters to be logged throughout a lap to analysis sections of protentional improvement. Data analysis uses mathematical approach to viewing race dynamics at a certain point on a circuit during a certain time, this is used for comparison against data from a different lap or driver for evaluating improvements. Data logging allows for engineers to make informed decisions to improve or change the vehicles set-up. Engineers would have to make improvements from driver feedback and educated guesses without data logging. Data acquisition means the engineer views almost everything to see the vehicles behaviour throughout a lap. Data acquisition allows the engineer to make relevant changes from logged data, the engineer can also review changes using the data to evaluate how the changes have affected the vehicle performance. Data acquisition helps increase testing efficiency, helps the drivers to educate themselves with race car dynamics allowing them to improve their performance along with their relationship and understanding of the race car to help improve their lap times. (Segers, 2014)
[bookmark: _Toc27374611]Driver Development Using Simulators
Simulators allow for a race cars settings to be optimized prior to a race, resulting in fewer testing laps to reach the best setting for the race car.  Race tactics can be discussed, prepared and practised using the simulator to trail new techniques easily. For this investigation the simulator has been used for the evaluation and improvement of a benchmark driver and 2 drivers’ comparison against each other using the data logged by the simulator. Simulators are always available in contrary to race circuits which are bound by varying conditions and time constraints. (Machine Design, 2013)
Driving Simulators have impressed drivers and their engineers since they were first developed to represent a car’s feeling and performance with respect to a virtual race car. The simulator provides realistic feedback and generates track data for engineers and drivers to analysis, whilst providing the benefit of overall reduction in time and cost when compared to track testing. Simulators are truly capable of convincing drivers that they are piloting a real car in an environment where every detail reproduces reality with the greatest possible fidelity. Simulators have the availability to produce data logging parameters which are difficult to collect from a race car without expensive data logging equipment, these extra recorded parameters allow for more in-depth analysis of the vehicle dynamics. Simulators achieve their accurate performance of less than 1ms real time simulation clock time, laser-scanned quality circuit geometry description, detailed graphics complete with dynamic effects.  All these features are managed in real-time with a detailed vehicle model to transient the behaviour of a real race car, set-up and circuit. Simulators allow drivers learn new circuits and helps improve development of new drivers with realistic driving experience. (Toso & Moroni, 2014)









[bookmark: _Toc27374612]Test Session One
[bookmark: _Toc27374613]Method 
The simulator used for the investigation used a program where an MCR sports 2000 race car was used around Brands Hatch Indy circuit. Brands Hatch Indy was chosen because of its variation of different degree of corners and its relatively short lap time maximising the number of laps completed in an hour session. The MCR race car was used in the same base set-up through out all sessions as the investigation is focusing on optimising driver ability not vehicle set-up. 
Test Session one was set-up following a test plan devised by the team. The session was one hour long and was divided up into sections, the novice drivers went first, So Davis would enter the simulator first. Once in the simulator Davis checked pedal position and checked brake pressure against the readings on the computer screen. During the session Oliver was be recording the Motec data and storing it appropriately, Toby was watching each lap and taking notes of any driving corrections or mistakes which may be difficult to explain from the recorded data. Liam was briefing each the drivers and making sure each driver session was set-up correctly. Once the driver was in the simulator and session set-up, the driver then completed a out-lap, 3 practise laps and then ten timed fast laps. After a driver had completed their session the next driver would enter the simulator and repeat the same test. This meant Michael went in the simulator second and Tim third. 
[bookmark: _Toc27374614]Analysis Session One
The data from all three drivers was reviewed after the session, below are the driver improvement found for the drivers to be able to improve their lap times. 
[bookmark: _Toc27374615]Tim Tudor Improvements 
· Carry more speed through turn three.
· Apply throttle slightly earlier on exit of turn two.
The data below shows where circled, the black line is Tim’s fastest lap and the red trace line is Tim’s fastest sector between turn 2 and 3. Tim applies the throttle 100% throttle at 17.42 s on his fastest lap however on lap 4 Tim applies 100% at 17.25 s. During Tim’s fastest lap when applying throttle on the exit of turn 2 Tim reduces the throttle after applying it this is due to oversteering of the vehicle and to reduce this Tim has reduced his throttle application, however as shown on lap 4 if the throttle is applied smoothly earlier the sector between turn 2-3 has the possibility of being 0.026 s faster, whilst carrying more speed into turn 3. 

[bookmark: _Toc27374616]Davis Watkins Improvements 
· Turn 4- Lift start of corner, accelerate hard before turn 5.
· Brake later for turn 2.
· Brake harder for turn 3 to allow earlier application of throttle. 
When Davis’s fastest lap (red data trace) is overlaid with Tim’s Fastest Lap (black data trace) it can been seen that Tim comes off the throttle earlier than Davis this allows Tim to accelerate harder and earlier allowing Tim to reach a high speed before turn 5, Davis does reach the same speed by mid corner of turn 5. However, Tim has already started braking for turn 5, changing down gear earlier which allows him to apply the throttle earlier on the exit of turn 5 carrying more speed down the straight to the start/finish line. 

[bookmark: _Toc27374617]Michael Cunniffe Improvements
· Turn 4- leave in 4th gear and be slightly less positive on the throttle.
· Turn 1 manage bump during braking to reduce unsettling the car. 
When Michael’s fastest lap (red data trace) is overlaid with Tim’s Fastest Lap (black data trace), Tim stays in 4th gear for turn 4, whereas Michael changes up to 5th gear. This means Michael carries less speed through turn 4 then takes longer to settle the car before braking for turn 5 this means that he is able to apply the throttle later out of turn 5 which greater reduces his speed down the straight towards the start/finish line. Tim is 0.381 s faster between turn 4 and the start/finish line, the most time which Tim was faster was turn 5 where Tim was 0.315 s faster as he was able to brake earlier as the car was better settled from leaving turn 4 as Tim was in 4th gear. 

[bookmark: _Toc27374618]Test Session Two
[bookmark: _Toc27374619]Method
The simulator was used for session two using the MCR sports 2000 race car in its base set-up around Brands Hatch Indy circuit. 
For this session the group devised a plan to implement improvement for each driver across 9 sessions with the one-hour session. For this session each driver would have improvements which they must try and implement to improve their lap times. The session starts with Driver one, Davis is briefed on what improvement he must try and implement. The Drivers will be given 1 out-lap to warm up tyres and brake, then they will have 4 fast laps to implement their improvements. Whilst Driver one is in the simulator, Driver two Michael would be briefed on his improvements which he would implement during his session in the simulator. Once Michael started his session in the simulator, Davis would give feedback to Liam before looking over his data on Motec with Oliver. Meanwhile Tim is being briefed on the changes he will implement for improvement of his lap time. Once Tim has started his session, Michael will give feedback to Liam then he will go over his previous session’s data With Oliver. Meanwhile Davis has started his second session. Once Davis has started his second session, Tim will give feed back to Liam then review his data on Motec with Oliver. The process of 3 drivers would be repeated until each driver has completed 3 sessions in the simulator, going over feedback and being briefed for their session. Toby will be making sure the simulator program is set up correctly throughout as well as taking notes of driver’s mistakes and corrections. 
[bookmark: _Toc27374620]Analysis Session Two 
The data from all three drivers was reviewed after the session, below are the driver improvement found for the drivers to be able to improve their lap times. 
[bookmark: _Toc27374621]Tim Tudor Improvements 
· Carry more speed through turn three.
· Apply throttle slightly earlier on exit of turn two.
The red trace is Tim’s fastest lap and the black Trace Tim’s second fastest lap, the blue circle clearly shows how Tim has carried more speed through turn three and the yellow circle showing how he has applied throttle slightly earlier on the exit of turn two.





[bookmark: _Toc27374622]Conclusion 
The report has summarised the importance of data acquisition and the benefit it can have on improving a driver’s lap. The use of a simulator and data logging is key for easy comparison of drivers and their style to help suggest improvements which can be implicated to positively improve their lap times. 
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