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In this technical report, I will be discussing Aero, Materials, Manufacturing, Data Acquisition, Control systems, Interpretation, Sustainability, and Hybrids and how each of these areas have an impact on the design and development of the car. I will also be discussing how this car fits into the current automotive industry, given the state of today’s environment and climate. My chosen car for this technical report is Mercades’ 2020 Formula One car, the Mercedes-AMG F1 W11 EQ Performance which was Driven by Lewis Hamilton and Valtteri Bottas. 
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Formula one cars are designed heavily around aerodynamics. The W11 is no exception. In 2020 the W11 dominated the formula one season, winning 13 out of 17 races and also giving lewis Hamilton his seventh world championship.
Formula One is the pinnacle of motorsport and the cars create an extremely high amount of downforce. This is to allow the cars to corner at higher speeds. On an Airplane, the wings are designed to produce lift. On a Formula One car the wings are essentially turned upside down with low pressure air passing under the wing and high pressure passing over the wing. (Chain Bear, 2018) The front and rear wings have endplates to stop the high pressure air going over the wings from spilling over and losing that much needed downforce. However, the cars are very draggy due to all of the downforce and also the wheels being fully open and exposed. 
The W11s front wing is the first part of the car that will cut through the air and it, therefore, plays a huge part in controlling the airflow over the wheels and around, over, and under the car. The main aerodynamic surfaces of the car are the front wing, the barge boards, the floor, and the rear wing. All these components of the car create extremely High amounts of downforce and as a result of that, they also experience a lot of drag. 
[bookmark: _Toc101813249]MATERIALS 

The W11, just like all modern day Formula One cars, has a lightweight yet strong body made out of carbon fiber, along with the rear wing, front wing, steering wheel, seat, and lots of other aerodynamic surfaces, wings, and winglets. Carbon fiber is extremely light and also extremely strong. Another property that makes carbon fiber desirable to Formula One teams to use for their cars is that carbon fiber is flexible before it is set but also can bend under high loads, giving potential advantages with high speed downforce if done correctly. 
Another material that is used in Formula One cars is the Kevlar that the fuel tank is constructed from. The fuel tank is made from Kevlar so that it can withstand High impacts while absorbing the shock and not splitting, resulting in a big fire.  from forged magnesium alloy due to its low density and high strength. 
The wheels are extremely light due to being machined from a lightweight, low density, and high tensile magnesium alloy. The alloy is specifically blended and made to meet all the desired demands and requirements that are set.
The tires are manufactured specifically for each track by Perrelli and are then split into five compounds for each weekend. These compounds are hard, medium, soft, intermedium, and wet. These tires are constructed from both synthetic rubber and natural rubber and also a various amount of artificial fibers. (WTF1, 2018)

[bookmark: _Toc101813250]MANUFACTURING

The W11 is a great example of how far engineers can create a fast, light, strong, and therefore safe car. As previously mentioned, a lot of a Formula One car is constructed from carbon fiber. The car is constructed with a monocoque chassis and is built around the driver to keep them safe. The survival cell and cockpit are designed to be strong and the sides, back, and front are tested again and again to make sure that the car meets the FIA safety standards. The nose especially is designed to crumble away and absorb the impact of a High speed crash. The carbon fiber is constructed in a honeycomb pattern which allows it to absorb extremely High forces. (FORMULA 1, 2019) The halo is also a key feature of a Formula One car’s safety which protects the exposed area above the driver. 
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Formula One is a perfect example of how engineers from opposing teams can challenge themselves and each other in an environment where there is a tight set of rules and regulations, pushing each other to be the very best out of everyone else and lead the field. Formula one is a world of marginal gains where every tenth of a second count and could be the difference between winning a race and losing a race. (Mercedes-AMG Petronas Formula One Team, 2020)
Data acquisition can be taken on and off the track. There are hundreds of sensors on the cars and they can be used to measure a large number of temperatures, positions, and speeds. One part of data acquisition is in the simulator where the drivers can practice the tracks and give the team a better understanding of what setups work best for the different tracks. The engineers and drivers can also look at the telemetry from a verity of different laps and identify mistakes from the driver and where the driver can take different approaches into and through the corners and the rest of the circuit even down to what speeds they should carry around a given corner or if they are braking too aggressively or if they are changing gear too early or late all to gain tenths of seconds and eventually seconds.
In Formula One data acquisition is extremely important as it helps both the team and drivers analyze the dada and the information it gives them to get a better understanding of the car, the way it behaves, how and where the driver can improve, and also spot problems and faults with the car. (Chain Bear, 2020)  Mercedes uses a large amount of data during race weekends and in the factory. Mercedes and other F1 teams are able to collect data on fuel flow, ride heights, suspension travel, tire temperature, steering position, gear, speed, rpm, and almost anything you can possibly think of. All of this telemetry can be collected and stored and the information can be looked at and analyzed to determine what changes need to be done to the car to improve efficiency, performance, manage tire and engine component temperatures, stability and ultimately get a better result during a race weekend.
[bookmark: _Toc101813252]CONTROL SYSTEMS

Just like all other cars the W11 has an ECU. The ECU in a Formula One car is usually just below the bend in the legs of the driver. (Sauber Motorsport, 2013) The driver is able to access large amounts of information and change many settings and functions on their steering wheel. They can request a pit stop, drink, communicate to the engineer, adjust the brake bias, engine mode, turn up or down the energy recovery system, and many other functions. The steering wheel is connected through a connector that sends all the information that the driver inputs from the steering wheel through a CAN bus network back to the ECU and the same works for sending the information from the ECU to the steering wheel display to give the driver all the information they need such as speed, gear, RPM, what engine mode they are in and much more information that is extremely important to the driver. (Mercedes-AMG Petronas Formula One Team, 2020)
[bookmark: _Toc101813253]INTERPRETATION 

In 2020, the engineers at Mercedes AMG Petronas came up with a clever but also very controversial idea. In the second season of pre-season testing, people started to notice a strange movement with the steering wheel of the W11 where the driver would be seen pulling the steering wheel towards themselves as if they were controlling an aircraft or as if the driver are sliding a trombone. Later that day Mecades revealed that the strange movement was due to their new innovative system that they called “DAS”. DAS stood for “Dual Axis Steering”, and what it did was it allowed the driver to change the angle of toe in or toe out while driving by moving the steering wheel towards or away from them. The driver would then be also able to manage the temperature of the front tire better and also give the opportunity to cause less tire scrub and get a higher top speed on the straight. (Autosport, 2020) This was technically legal due to a loophole in the rules as it was a part of the W11’s steering system. This advantage that Mercedes gained was a great example of how rules can be interpreted differently and not broken. The system was banned in 2021 Following a change to the rules. 
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The Mercedes W11 is extremely efficient. It produces extremely high amounts of power for a relatively low amount of fuel compared to the previous years. The W11s fuel consumption boasts an impressive 50% less fuel consumption compared to the F1 cars of 2010. Formula One is on a mission to lead as an example to the automotive industry with sustainability and is dedicated to carrying on further improving their Hybrid systems and also further improving on fuel efficiency. The W11 is made even more efficient thanks to the ERS or Energy Recovery System which turns the kinetic energy from braking into electrical energy that can either be used to allow the car to go further with less fuel, or it is also used to allow the driver to have more power from the car to assist them with overtaking while also using the same amount of fuel. Formula One is also committed to reaching Net Zero Emissions by 2030 and is committed to the research and development of sustainable, synthetic, and alternative fuels.
[bookmark: _Toc101813255]HYBRIDS

Formula One is investing huge amounts of money in Hybrid Systems. In 2009 KERS, which stands for Kinetic Energy Recovery System. Its purpose is to convert kinetic energy from the wheels under braking into electrical power which could then be used whenever the driver needed some extra power on the track, usually to assist with overtaking. For road cars, this means with the energy recovery systems they can travel a further distance with the same amount of fuel. (Mercedes-AMG Petronas Formula One Team, 2019) In 2014 Formula one made the decision to swap the V8 engines for V6 Turbo Hybrid power units. The W11 had a much improved V6 Turbo Hybrid power unit. The 2014 Hybrid power units produced 750 HP whereas in 2020 the W11 produced 1025 HP. 
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At the moment the state of the automotive industry is full of uncertainty. Fuel prices are rising rapidly and the future of the combustion engine is uncertain. Formula One is leading the way with Hybrid technology, with heavy use and rapid development of the ERS or energy recovery system. Formula One is also looking into sustainable fuels and is also leading the industry in terms of fuel efficiency. In 2019 Formula One set a goal that they are aiming to reach by 2030. That goal is to have net zero emissions from the power units of the Formula One cars. Formula One is already looking at hybrid systems with sustainable fuels and their goal is to have their race cars powered by 100% sustainable fuels and renewable energy. (Sky News, 2019) This will ensure the future of Formula One but also might ensure the future of the combustion engine. 
With fuel prices on the rise so is the cost of electricity. Electric cars are becoming increasingly more expensive to run and technology is still not perfect. There is not enough infrastructure for electric vehicles and for them to be a realistic replacement for combustion engine powered vehicles, we need more charging points, batteries to hold more energy, more efficient power units, and also more renewable energy. On the flip side of this, the combustion engine needs more sustainable fuel and hopefully, the research and development from Formula One will make this possible. Another route the automotive industry could go down is a hydrogen fuel cell powered cars. These are currently being tested by Toyota and could be the answer to these problems.
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in conclusion, in my opinion, the W11 is a true representation of how a team of engineers can create the best car possible with a strict set of rules in a relatively short amount of time to create a championship-winning car. 
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