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The group project I have opted to do is based on an active aero system. The end goal is to design and build a model of a wing, based on research of different wing profiles, and to have an adjustable angle which is controlled by a servo motor and Arduino, the angle is determined based on vehicle driving data. 
The Arduino will be controlled using Simulink, which allows us to use varying inputs which will result in an angle output. The Arduino then sends a signal to the servo motor to move the wing to the selected angle.
Throughout the project we will design several iterations of the wing and software, making changes based on testing whether that be with a wind tunnel or with CFD on a software.

During the project it is important to consider all the technical regulations that apply as they will determine the end design of the wing. These regulations can change from different circumstances such as for road vehicles or race vehicles which may follow a separate set of regulations, so it is important to research regulations for our specific application.


[bookmark: _Toc214734714]Project Roles

The project is split into seven separate roles, these roles needed to be assigned to an individual who would take responsibility of that specific role. As our group only has four people some of them have more than one role, we had also agreed to have a few roles shared between the group.
The roles within the group are listed below.
· Team Leader
· Research
· Prototype Design
· Control Systems
· Algorithm Selection
· Vehicle Simulation
· Final Spec
[bookmark: _Toc214734715]Team Leader
The responsibility of the team leader is to organise the bulk of the work, ensuring all other members are completing their tasks when required and putting all the work together into one file. Selecting someone for the role of team leader is important as it is arguably the most important role. To be the team leader it is important to have the skills required, you need to be good at managing people but also managing time to ensure everything is completed by the required deadlines, communication is vital as the team leader as you need to gather information from others and relay vital information to those who need it. We collectively chose Callum Francis Beck to be the team leader within our project as we felt he best suited the role based on the skills he has and the initiative he shows within the project.

[bookmark: _Toc214734716]Research
The research within the project maps out the plan for the design of the initial prototype but also helps make iterations throughout the project to improve on what we have. Mikel was our choice for the research; the main aspect of the role is to research different wing profiles and their effectiveness and research the changes in downforce based on wing angle which we can then use for situations like an air brake.

[bookmark: _Toc214734717]Prototype Design
Prototype design is using the research we have gathered and using it to design a physical model. They would create models using CAD and then using that model make the first prototype. Throughout the project they would make changes and improvements to the models and then check their work. Whoever doing this role would need to have experience using CAD as it a vital part of the role and someone who is a problem solver will be a good fit for this role. We chose Oscar for this role, and he works very closely with Mikel to improve on the original design.



[bookmark: _Toc214734718]Control Systems
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AI-generated content may be incorrect.]The control systems is a vital part of the project as it is what turns it from a standard wing to an active one. You need to select a software to use and then create the code which uses the input parameters and provides the output. This is best suited to someone who is familiar with the software you will be using. For the project I have taken on the role of the control systems with help from Callum. To start off the project, I have created a very basic code which allows the motor to be controlled from an analogue input such as a potentiometer, this allows us to have a visual of how the wing will move which helps with the designs if iterations need to be made to allow the wing to reach different angles. I then built upon that to allow an input from a piece of data and for it to then use that input to move the wing to a certain angle under certain conditions. The end result of this software will include several inputs which adjust wing angle, I will then need to make a priority for inputs if more than one is active at the same time such as braking and cornering.Figure 1


[bookmark: _Toc214734719]Algorithm Selection
The algorithm selection falls under a similar umbrella to the control systems. This is the choice of software to use to create the code. We all had decided as a group which software we felt was suitable for our application and then this was implemented by myself within the control systems side of it. This requires an understanding of the different software available.

[bookmark: _Toc214734720]Vehicle Simulation
Simulations are required to be done on the designed prototype and digital models to allow us to get an understanding of the effect the wing will have on the vehicle. This can be done with a physical wind tunnel and with CFD. Typically, it is done with both as you can then compare results. Using CFD allows us to make alterations without physically building a model and then using a wind tunnel for every iteration. Oscar and Mikel have taken the main priority over the simulation as it fits well into their other roles. They already have an understanding of the digital model, and both have good knowledge of using CAD models for CFD and it allows them to work seamlessly.

[bookmark: _Toc214734721]Final Spec
The final spec is the final design of our prototype. This will depend on the research and CFD done to determine if our iterations make any changes. The final design will be agreed upon by our entire team as it allows us to collaborate, checking each other’s findings and making our own changes that we will need within our own roles. This will require a lot of communication between us to come together to figure out a final design.

[bookmark: _Toc214734722]Belbin’s Model
Belbin’s model is a way of determining which role is best for each person based on their personal strengths and weaknesses. This can be determined by a set of questions which then gives you a score and that score determines which roles are best suited for your strengths. This was greatly considered when choosing job roles.
[bookmark: _Toc214734723]Overall Tasks
The main tasks to complete throughout our project is the research on wing profiles and angles, creating a CAD model of the wing and completing simulations, deciding on how the wing will be controlled and then integrating it into the design and creating an algorithm to control the wing and creating a document covering all the work done and Gantt charts for the progress of our project.


[bookmark: _Toc214734724]My Tasks
During the project my main task is working on and developing the control systems. This mainly focuses on the algorithm but also the integration of the decided mechanical control aspect. 
I was tasked with making a basic algorithm to start off with, this allowed us to use a potentiometer as an input into an Arduino to control a servo motor to check wing movement and ensure we were happy with the angle that the servo motor would allow the wing to move to. Once we were happy with the range of movement, I had redesigned the algorithm to allow an input from data. 

To start off we are just using braking data but will add more inputs so the wing can move to best suit the conditions. We wanted the wing to act as an air brake above a certain threshold, so this had to be decided based on our data. After analysing the data, I had found the maximum value and then I could use that value to determine when the air brake would activate. Our maximum value of brake pressure was around 1400Nm in the front wheels, I had then determined that we would need the air brake to activate when brake pressure had surpassed 50% of our maximum, I had done this by using a comparator block within Simulink. The data would be compared to our constant value of 700 and anything above this would be output as a value of 1, anything below would be output as a value of 0. These values would then need to be converted into an angle to tell the Arduino to move the servo motor to so this is done with a gain block and we would input the value of the angle we would want the wing to move to, this value will change with our research to determine the best angle for an air brake but for testing we had set it to 90. This meant any brake pressure over 700Nm would result in the servo moving to 90 degrees and moving the wing up acting as an air brake.

The processes I have already gone through are very time intensive and this has only created a basic control algorithm which will be improved upon to allow for more inputs. To complete the tasks mentioned above this had taken up a minimum of 40 working hours as it is a very intricate process from the deciding of the software to use, to the components and iterations of algorithm which changes more and more based on other members of the teams decisions where I am then making adjustments to compensate for, such as wing angle. I do believe that completing the rest of the algorithm and working out the priority of the different inputs will take double of the time already taken and to implement this into the model to make it fully functional from outside data.





To complete this task there is some equipment required. We used an Arduino Uno Rev 3 to control the servo motor from the algorithm; this was cheap only priced around £20 which allows us to use 4 inputs of data. If we used more inputs, it is likely that the Arduino would struggle to handle that much data and a higher model would be required costing more. To create the algorithm, we used a software called Simulink which requires MATLAB, the license for MATLAB is around £820 per year with Simulink costing an additional £1240 per year. We also required a device to create the algorithm on, these do not need to be high end machines but do need to be capable of running MATLAB and Simulink adding on an additional price of £600-£800 for the computer and accessories. The final item required is the servo motor, these are quite reasonably priced being able to get a pack of them for around £5. With labour costs added on top based on the 40 hours already completed at an average rate of £80 per hour totalling up to £3,200


[bookmark: _Toc214734725]Milestones
Within the project we have many goals we need to achieve and quite a few we already have. 
There are many smaller milestones we have already achieved. Our first milestone was designing our initial wing model which we have completed by 3D printing. Our next milestone was integrating the motor to the wing and allowing us to change the angle with a potentiometer. The milestones then slowed down as we focused onto research and working out the kinks in our current setup. The most recent milestone was having our wing move from inputted data.

[bookmark: _Toc214734726]Gateway Objective
Just before Christmas we have a viva where the progress of our project will be observed and determined if what we have achieved is suitable progress. Within my area an objective I have for this first viva is for the wing to move independently from a single data input without an externally connected device to constantly activate the Arduino. As it stands, we are on track to meet that objective within the time frame. This objective will then change as time goes on to include more data inputs and then to have a priority system to determine will signal input takes priority if there is more than 1 at the same time. The final objective would be for the system to work independently without issue and for the wing to move smoothly throughout the range of motion as for the time being it is very jerky in its movements, it does function as intended but some smoothness will make it all seem much better put together.


[bookmark: _Toc214734727]Concerns
With the control systems there are a few concerns that I do have with the project such as converting from a digital to analogue signal for the servo motor. The signal needs to be converted appropriately and can take a lot of trial and error to choose the correct capacitor. If the correct capacitor is not used it can lead to a poorly converted signal where it may have a large amount of delay with the signal or may lead to a noisy signal, this would result in the movement of the wing being jerky. A way we can mitigate this risk is by testing several capacitors and other components and scoping the output until we have an output we are happy with.
Another concern I have is that when we have multiple inputs there will have to be a priority for example braking prioritised over the speed of the vehicle and there is a possibility the two signals could interfere with each other and result in a mixed output where the wing keeps switching between the two of the signals. This issue may take longer to fix but it will be important to test this with a lesser number of inputs before increasing it and working out a priority system it needs to abide by.
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Figure 2
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Figure 3
Above in figures 2 and 3 are Gantt charts displaying a rough guide for the project with dates for when tasks should be completed. Figure 2 is an overview of the roles whereas figure 3 shows my specific plans for the tasks I need to complete. Using this as a guide helps have a better understanding of the progress and deadlines for the project which can be easily communicated with others.
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