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1.0: Introduction
The aim of this assignment is to research into the use of an electrical propulsion system in the motorsport industry, outlining the advantages and disadvantages of this system with a comparison against an ICE. The areas for research include; the benefits of using an electrical propulsion system, the drawbacks of the system, the likeliness of implementing this system on a large scale throughout the motorsport industry, the emissions differences between the two systems, a comparison of how each system works ethically, the practicalities of both systems and an overview of the costs for each system. All of the research and values found will then be finalised with an overall conclusion of which system would be the most practical and beneficial to the motorsport industry, with the conclusion being backed up by any relevant third-party research to support this choice.

2.0: Electrical Systems Research
[image: ]Throughout the motorsport industry, the implementation of an electrical propulsion system is becoming more sought after and strongly researched due to the increasing limitations on the emissions produced by an internal combustion engine being used in motorsport. 
Due to the large focus on zero emissions racing, the introduction of a Formula-E racing series was introduced. This has introduced an impressively large amount of development into these electrical systems which have also been implemented into some vehicles being used on the roads today, however it’s not just cars that have been implementing this technology. In both motorsport and road legal vehicles, electric propulsion systems have also been introduced into motorcycles built for track use and also road use. Figure 1 – Formula E Car (Attwood, J. 2018)


[image: Formula E]“These competitions, specially the Formula 1 World Championship, have historically been a testing ground for auto companies, which have developed over decades technology that later was successfully implemented in commercial automotive: brake systems, new materials for tires, traction control systems, susp ension... Logically, Formula E is an excellent stage for the research of clean and efficient technology that can be applied to utility consumption in the near future.” (Acciona, 2019)Page │1
Figure 2 – Formula E Cars (Acconia. 2018)


2.1: Systems used
Battery system – The 2nd generation of Formula-E cars have been fitted with a battery using double the overall capacity of the 1st generation cars, this means that the new 2nd generation cars are capable of completing a full race without having to swap due to capacity limitations on the battery. This new battery technology allows the cars to produce 250kW of power, accelerating from 0-100km/h in just 2.8 seconds, with a top speed of 280km/h. 

“The arrival of the new Gen2 race car, which is more powerful and features a larger battery, increasing speeds and allowing cars to complete an entire race without pitstops.” (Attwood, J. 2018) 

“The Gen2 also features a new McLaren Applied Technologies-built 54kWh battery, replacing the 28kWh unit in the old car. The extra power means that cars can now last for the entire race, ending the need for mid-race car swaps. The Gen2 machine also gets a new brake-by-wire system that improves regenerative braking.
The new battery weighs 385kg, compared to 320kg previously, but with weight savings made elsewhere, the minimum weight of the cars has been increased by only 20kg, to a total of 900kg.” (Attwood, J. 2018) 

Vehicle Design – The bodywork for the 2nd generation of Formula-E cars was designed by the same company that designed the bodywork for the 1st generation, with help from the FIA – motorsport’s governing body. The aim for the improve bodywork was to increase the available downforce, whilst maintaining the aerodynamic grip when following other cars to help with overtaking. Now most of the downforce is generated from underneath the car, this allows the rear wing to be downsized and reduce weight. To reduce any turbulence going to the car behind, the front wheels are partially enclosed and the bodywork behind the wheels helps to guide it along the flanks of the car.
Powertrain – The powertrain fitted to the 2nd generation Formula-E cars consists mainly of the inverter, the motor and the transmission. 
“The inverter takes the electricity that is created by the battery and converts the charge from a direct current (DC) to an alternating current (AC), which is used by the motor to drive the wheels. The teams and manufacturers were free to use their own design, with the main benefits to be found in terms of size, weight and packaging.” (ABB Formula-E. 2019)
“The motor takes the energy produced by the battery and uses it to drive the wheels. It’s split into two components – the rotor and stator. The rotor contains magnets, while the stator comprises of coils of copper wire. When an electric current is passed through the wires it generates a magnetic field – the magnets in the rotor are attracted and repelled, and spin the motor.” (ABB Formula-E. 2019)Page │2

“The transmission is used by the driver to make the most efficient use of the power delivered from the battery via the motor.” (ABB Formula-E. 2019) 
“Since Formula E’s second season, teams have been allowed to build their own powertrain with a maximum of 180bhp (240bhp in boost mode), but for the new car that has been increased to 250bhp (335bhp in boost mode). The extra power will increase top speeds from 140mph to 174mph and trim 0-62mph times by 0.2sec down to 2.8sec.” (Attwood, J. 2018)
Brakes – New to the 2nd generation of Formula-E cars is a brake-by-wire system (BBW). In the previous system, when the driver brakes they got the deceleration from the brakes plus a varying amount of deceleration from the regenerative braking effect on the rear wheels. Although this could be adjusted by the driver, they could still lock up or spin easily.
Now the brake-by-wire system only affects the rear brakes, reducing the chance of locking up the brakes. “The driver presses the brake pedal as usual, then the ECU balances how much braking the driver wants and what braking effect will be supplied by the regenerative braking setup. The ECU then only applies the rear brakes enough to balance both of these systems, providing a balanced and consistent braking effect for the driver” (ABB Formula-E. 2019). 
With the introduction of this new system, the race teams are now allowed to fit brake ducts to the front brakes to assist in cooling the brakes.
Tyres and Suspension – The 2nd generation Formula-E cars feature the new MichelinPilot Sport all-weather tyres. These tyres are specifically designed for the demands of the electric cars, whilst being lighter and providing a lower rolling resistance. 
The suspension supports a fixed design at the front although the manufacturers can use and set up their own dampers. The rear suspension is designed by the team, all adjustable to suit the specific tracks.
Halo – The new addition of the halo is for safety to protect the driver, but it is also fitted with an LED light strip which is used to indicate the vehicle power mode, such as attack mode or FanBoost (Discussed further in Section 4 of the document). It’s made from high strength titanium, capable of withstanding a 125-tonne force equivalent of 14 other cars tacked on top of the halo.

Page │3

3.0: Implementations of Electrical Systems (Motorsport)
With the Formula E series being an all electric powered series, the companies are able to introduce exciting new features to the cars and races. For example, some races in the series can use a new feature called “Attack Mode”.
But what is Attack Mode? 
This new attack mode is used in similar ways to the popular family racing game Mario Kart, where special activation zones are placed throughout the track, when drivers pass over these zones they are provided with an extra 34bhp of power to use for a limited amount of time. This adds a new level of competitiveness to the race and makes it more fair for drivers dropping behind in the race, this wasn’t available with the internal combustion engines.
[image: Image result for formula e activation zone]Figure 3 – Activation Zone (Eurosport. 2018)


However, the driver must risk losing their current position by pulling away from the racing line in order to drive over these activation zones, therefore finding the ideal moment to use this method is crucial for it not to backfire and cost the team a position loss.
“To fire up ATTACK MODE, drivers will need to arm their car, drive off the racing line, and through the Activation Zone. It’s only here that they’ll be able to collect an extra 35 kW of power. Drivers that secure the extra speed, can use it for a few laps when they want to race harder, giving them the edge to keep ahead of the competition.” (ABB Formula-E. 2019)

For other drivers to tell who is currently activating this attack mode, there is a light strip fitted to the safety halo of each car which indicates different colours depending on the driving mode currently activated. So, if the lights on the halo shows blue, this means the driver is in Attack Mode. Whereas if the lights on the halo shows magenta, this means the driver has activated FanBoost. 
What is FanBoost? Page │4

During a race the fans are provided with the ability to vote for their favourite five drivers, these five chosen drivers are then given a significant burst of power to use in the second half of the race. This adds excitement to the race whilst helping the trailing drivers to catch up with the leading driver, therefore balancing out the race to create a more action full race.
“The five drivers who receive the highly-acclaimed FANBOOST – as voted for by you, the fans - are awarded a significant burst of power, which they can deploy in a five-second window during the second half of the race. You can vote to FANBOOST your favourite driver in the six days prior to, and leading up to 15 minutes into, each race.” (ABB Formula-E. 2019)
[image: https://www.autovolt-magazine.com/wp-content/uploads/2015/03/Formula-E-FanBoost.jpg]The image to the left shows the online method of voting for a favourite driver to receive a speed boost. As clearly shown it is very easy to vote for your preferred driver, then once all of the votes have been finalised the chosen drivers will receive a short speed boost to use at their own accord, when to use it will be chosen by the driver.


[image: Image result for formula e fanboost]Figure 4 – FanBoost Voting (AutoVolt. 2015)


The image to the right shows the light strip on the driver’s halo glowing a magenta colour, this indicates that the FanBoost is currently active.
Figure 5 – FanBoost Light (ABB Formula-E. 2019)

However, if there is a yellow flag or a safety car, then the attack mode will not be available. On top of this, the duration for both of these will be counted and each car will have power removed from the batteries (equating to 1kwh per minute the yellow flag or safety car is present). Removing this power from the batteries is a method to prevent the cars from energy saving during these periods, therefore using this to their advantage in the remainder of the race. 
However, there are plans to introduce either hybrid systems or fully electric systems to more racing series other than Formula-E. These include the British touring car championship (hybrid), WRC through towns (hybrid), rally-cross (Electric), also introducing Extreme-E. Page │5

4.0: Advantages and Disadvantages of Electric Systems
Advantages – 
· They don’t struggle at high altitudes like engines do, no lack of oxygen
· Zero emissions
Disadvantages –
· Creates a lot of carbon to manufacture
· [bookmark: _GoBack]Very short range compared to engines

5.0: Comparison between ICE and Electrical Systems
“The big question is: is there much difference between an electric Formula E car and a Formula 1 car? In efficiency terms, F1 cars consume about 46 litres of fuel per 100 kilometres, which means more pollution. In return, the high consumption provides a much higher power, although the improvements achieved by Formula E teams are truly amazing: the vehicle of the first season (all teams used the same, this year each constructor builds its own) reached 100 kilometres per hour in three seconds and had a top speed of 220 kilometres per hour. Still very much below the 370 kilometres per hour that some F1 cars have reached, but considering that energy is 100% electric, clean and much cheaper and safety systems are comparable to those of top category, it is likely that in the future Formula E can replace the smell of gasoline in the circuits for a more efficient emotion.” (Acciona, 2019)

5.1: Practicality
The electric system has less risks of failure than an engine, this is due to a lack of mechanical parts that will become defective over time through wear, so there can be less maintenance involved with the electric system. However, an engine is able to cover a larger distance before needing to be refuelled, making it ideal for larger length tracks where the electric cars don’t have the battery capacity to cover. 
However, the electric systems are much more practical around cities. This would allow the cars to drive through the streets without polluting the area due to there being no harmful emissions being released by the electric system, which in the future could introduce more racing closer to cities, especially cities known for high amounts of pollution.
Electric cars are also more energy efficient than engines (around 80-90%) compared to around half of this for a typical engine, however Mercedes have developed an engine for racing that achieves around 50% efficiency. “Mercedes-Benz dominated Formula One in 2017, and part of its success was no doubt due to its latest F1 powertrain. The big news surrounding the engine is the fact it achieves a 50-percent thermal efficiency.” (Szymkowski, S. 2018)Page │6

5.2: Emissions
Without the Euro emissions regulations applying to the engines fitted to race cars, the emissions being produced by a race car is much higher than a typical road car. This is the reason behind the rush for converting to electric and hybrid propulsions systems, with companies quickly joining in with the movement. This has resulted in the conversion from engines in a large number of competitive racing championships, with more each year planning to join the same plans. Unless in the near future there is a significant decrease of emissions produced by the engines, we may not see a future for an internal combustion engine in the racing environment. 
If using NASCAR as an example, it is typical to see fuel efficiency dropping to around 5mpg, whilst outputting a lot of carbon dioxide. 
“In a single typical NASCAR race weekend, with more than 40 cars at high speeds for 500 miles (804 kilometers) -- plus practice laps -- at 5 mpg of gas, you're looking at, conservatively, about 6,000 gallons (22,712 liters) of fuel. Each gallon burned emits about 20 pounds (9 kilograms) of carbon dioxide, so that's about 120,000 pounds (54,431 kilograms) of CO2 for a race weekend. Multiply that by roughly 35 races per year, and NASCAR's annual carbon footprint is in the area of 4 million pounds (1.8 million kilograms).” (Layton, J. 2009)
This is a very high amount of CO2 produced compared to the average (20,411 kilograms) by an American in a year, which really doesn’t benefit the idea of internal combustion engines being used in the far future. 

5.3: Cost (Manufacture & Maintenance)
The operating costs are very low for an electric vehicle due to it being charged from a charge point, these can be found all around busy areas populated with electric cars, or you can have one fitted at home to charge. Charging your vehicle at home will consume more electricity, but this difference will still be cheaper than the cost of a full tank of fuel. 
[image: ]Page │7
Figure 6 – EV Charge Cost (Pod Point. 2019)

The manufacturing process of a Tesla Model S is said to be around $28,000 ($18,000 for materials and $10,000 for labour and manufacturing), which the car will then be sold for around $38,000. This can be compared to a BMW 3 Series costing around $38,000, similar to the tesla Model S. however the Tesla provides a better power equivalent, a better acceleration capability and best of all produces zero emissions. 

6.0: Conclusion
To manufacture an electric vehicle, it can be expensive and produce a lot of carbon compared to a standard engine. However, in the long run the electric vehicle will be more efficient than the engine and better for the environment, especially when used around busy and polluted cities. 
The future of motorsport is moving closer and closer to removing the use of only engine power, it’s becoming more popular to convert the race cars in the championship to either hybrid or fully electric. This can open the possibility of using these cars around a city and also lowering the carbon footprint produced by race cars, leaving the fun and excitement still there but also benefiting the environment. The future will definitely benefit from converting to either hybrid or fully electric systems, however there is a lot of development needed in both systems to truly provide the great benefits clearly possible from these systems. So unless the engines are highly developed to allow the use of them in the future, motorsport could very soon remove the use of them altogether.
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5.3: Cost (Manufacture & Maintenance)

The operating costs are very low for an electric vehicle due to it being charged from a
charge point, these can be found all around busy areas populated with electric cars, or you
can have one fitted at home to charge. Charging your vehicle at home will consume more
electricity, but this difference willstill be cheaper than the cost of a full tank of fuel
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excellent stage for the research of clean and efficient technology that
can be applied to utility consumption in the near future.” (Acciona, 2019)

3.1: Systems used

Battery system — the 2 generation of Formula-E cars have been fitted with a battery using
double the overall capacity of the 1% generation cars, this means that the new 27
generation cars are capable of completing a full race without having to swap due to capacity
limitations on the battery. This new battery technology allows the cars to produce 250kW of
power, accelerating from 0-100km/h in just 2.8 seconds, with a top speed of 280km/h.

Vehicle Design —

Powertrain —

Brakes —

Tyres and Suspension —

“The arrival of the new Gen2 race car, which is more powerful and
features a larger battery, increasing speeds and allowing cars to
complete an entire race without pitstops.” (Attwood, J. 2018)

“Qinea Farmila F's carand cancan taame hava haan allowad ta hild

English (United Kingdom) B B 1





