Report:
Simulation - Emily Dawes (2303927)
Methodology:
My role within this group project is simulation, I did this alongside Angel. I used VI-Grade for my section within simulation, which crossed over with optimal lap that Angel used.  Creating an active rear wing using simulation involves a structured multi-step approach that integrates aerodynamic, vehicle dynamics and control systems. The objective of using simulation is to optimise the cars performance by adjusting the rear wing depending on it’s environment. By having an active rear wing it is meant to improve cornering as downforce will be specific to the conditions, handling which would enhance the Morgan’s overall stability. 
Comparison between both simulation softwares:
VI Grade, compared to Optimal lap, is a much more detailed and realistic as Optimal lap is used purely for lap times for a simplified model, so although it is quick at predicting optimal racing lines it lacks detail so it only ideal in early stages of development. Whereas VI Grade is much more detailed as you can input specific vehicle dynamic data and the efficiency in which you want the vehicle to preform. VI Grade can also be used fir DIL simulation where optimal lap is software only, which takes away feedback from the driver if needed advice.
Advantages and disadvantages:
VI-Grade provides real-time simulation software and hardware solutions to develop and test vehicle dynamics, before any physical prototypes are built. Due to this it makes development of a part or vehicle much cheaper as I used VI-Grade to optimise the active rear-wing’s performance and structure, along with the aerodynamic, electrical and structural team, before the final product was made. Therefore, I saved money on materials as fewer physical prototypes were made throughout the production process, wear and tear was reduced significantly as we did not use the vehicle around a track, also saving money on organising track days and using equipment required to complete the necessary tasks. 
VI-grade allows for DIL and DOL simulations, there are pros and cons for both. Using DIL (driver in the loop) gives you realistic human actions and reactions to the track giving valuable driver feedback on car handling, steering and ride comfort. However, DIL can be inconsistent or bias with results and feedback as it depends entirely on the driver, meaning you would need multiple drivers to find an average to have a more accurate and fair results. Then, DOL (driver out the loop) removes human interaction completely, this comes with its positives and negatives as it takes away any human error and bias feedback, although it will depend completely on the software and hardware being used and if something was to “crash” or not saved properly then you may become backlogged as you would have to potentially restart. Another positive of DOL is that it can run endless tests back to back, quickly and without fatigue, this means I was able to gather data and compare the results fast without having to rely on a driver. Due to schedules of myself and a possible driver not lining up I decided to do DOL, to save time overall.
Creating a model:
The first thing I did was define the objective of the project, listed below:
· Maximise downforce – for better cornering.
· Minimise drag – for a higher top speed.
· Balance handling – for stability and driver confidence. 
I then moved on to creating a model within VI-Grade, representing the Morgan. The start this I loaded an example model and transferred the data files that were provided into it. I changed the front and rear suspension geometry, the aerodynamic forces, mass of the vehicle, inertia ground, height, centre of lateral position, wheelbase, centre of longitudinal position, gear ratios and engine rpm against torque, I firstly did this without the rear active wing attached to get a starting time around Pembrey circuit, to see what was needed to optimise the Morgan’s overall performance. 
Running the tests:
To then run the simulation I went onto test mode, where I then inserted the model I created into the fingerprint tab. Once I did this I ensured that I was had entered max performance for lap analysis. I then inserted the Pembrey circuit files provided, into the part file and the road data file, I also ensured that ‘flying lap’ and ‘use suspension data’ boxes were ticked. This was so that I would have a more accurate lap time as the Morgan’s lap does not start at stop but as a continuous lap from start to finish, and so that the relevant files I inputted were used and the system is updated properly. I could also edit the max allowable path distance, this, depending on the test, gave the Morgan a certain leeway (left or right) in which it could drift from the optimal driving line around the circuit. Another thing that I could edit was the performance factors: longitudinal acceleration, braking and lateral performance factors. These are all scaling factors of how much of the available grip the car is going to utilise, so at 1.0 it will use all the available grip but not exceed it, meaning the Morgan should not loose control at any point round the track (wheel spinning, sliding out, etc.) it should just drive to the limit. If I went over 1.0 I would be asking for the Morgan to push harder, and the opposite for below 1.0 – pushing less. After I completed inputted all the data and files into this section I was then able to run the simulation, to do this I selected the test previously, I ran selected events which then gave me the optimal lap time for the current state of the Morgan and the efficiency and leeway I gave it. The lap time in which VI Grade gave me was 75.62 seconds, which matched up roughly with what Angel had with Optimal Lap, which justified my results. 
[image: ]Then once the structural team and the aerodynamic team told me the mass of the wing with the electronic systems attached and the downforce and drag specific to the wing, I was able to input this into VI Grade and then run this test to see if the wing needs any further work done and what could be improved to again further the Morgan’s performance. The mass of the wing 9.2kg, however the new lap time, even though weight was been added, was cut down to 71.49 seconds, resulting in a 4.13 seconds time difference. From here I would analyse the 2 tests side by side to see what could be improved in development. 

Unfortunately to due the lack of data I received within my group, I was unable to complete any further tests. 
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