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As the automotive industry strives for sustainable solutions to reduce fuel consumption, integrating a Kinetic Energy Recovery System (KERS) offers promising potential. This analysis seeks to explore the impact of this technology on fuel efficiency and consumption. To conduct this analysis, we will select an appropriate vehicle, research its dynamic characteristics, and utilise the Worldwide Harmonized Light Vehicle Test Procedure (WLTP) to evaluate its performance. Additionally, we will develop a spreadsheet to plot tractive and braking energy, identify critical moments for KERS power input and energy storage, specify a suitable KERS system, and explain its operation compared to conventional ICE and friction brake vehicles. For this analysis, we have chosen the Mercedes AMG GT3, a technologically advanced vehicle known for its performance and efficiency. By examining the integration of an ICE stop-start strategy and KERS in this vehicle, we can gain insights into the impact on fuel consumption and overall driving experience. Integrating KERS in the Mercedes-AMG GT3 contributes significantly to improved fuel efficiency. By harnessing and storing kinetic energy generated during braking and deceleration, the KERS system can provide additional power during acceleration, effectively reducing the reliance on the conventional fuel-powered engine. This reduction in fuel consumption promotes sustainability and enhances the GT3's competitiveness on the track by enabling longer stints between refuelling stops.
To begin, it is crucial to understand the dynamic characteristics of the selected vehicle, including its test mass, frontal area, rolling resistance coefficient, and aerodynamic drag coefficient. These parameters play a significant role in determining the energy requirements and efficiency of the vehicle during different driving conditions.


Dynamic characteristics
The data needed for the assignment and data calculation are as follows:
Test Mass: 1285kg
Frontal Area: 2m^2
Rolling Resistance coefficient: 0.012
Coefficient of drag: 0.3
Curb mass refers to the total weight of a vehicle, including all standard equipment, fluids, and a full fuel tank, but excluding the weight of passengers and cargo. It represents the vehicle's weight as it would be driven on the road without any additional load. Curb mass is an important parameter used to calculate a vehicle's various performance and efficiency characteristics, such as acceleration, braking, fuel consumption, and load-carrying capacity. Curb mass is crucial in determining a vehicle's fuel consumption and emissions. By accurately measuring the vehicle’s total weight, including all necessary equipment and fluids, WLTP can account for the impact of mass on energy consumption. Heavier vehicles typically require more energy to accelerate, resulting in higher fuel consumption and emissions. Curb mass data allows for fair comparisons between different vehicles during WLTP testing.
The frontal area is the projected area of the front face of a vehicle when viewed from the front. It is typically measured in square meters (m²) and represents the vehicle’s cross-sectional area to the oncoming airflow. Frontal area is a crucial parameter used in aerodynamic calculations and significantly impacts the drag force experienced by the vehicle. The frontal area is directly related to the aerodynamic drag experienced by a vehicle. WLTP considers frontal area measurements to assess how efficiently a vehicle moves through the air. Larger frontal areas lead to increased air resistance, requiring more energy to overcome. By quantifying the frontal area, WLTP can evaluate the impact of aerodynamics on fuel consumption and emissions. Lower frontal areas indicate better aerodynamic design and improved efficiency.
The coefficient of drag (Cd), also known as the drag coefficient, is a dimensionless value that quantifies the resistance a vehicle encounters as it moves through the air. It is a measure of the aerodynamic efficiency of the vehicle's shape. The lower the drag coefficient, the better the vehicle cuts through the air with minimal resistance. The vehicle's shape, contours, surface features, and aerodynamic design influence the drag coefficient. The drag coefficient is another crucial parameter in evaluating a vehicle's aerodynamic efficiency. It quantifies the resistance a vehicle encounters as it moves through the air. Lower drag coefficients indicate better aerodynamic performance, reducing energy losses due to air resistance. WLTP uses the drag coefficient to estimate the impact on fuel consumption and emissions caused by aerodynamic design. Vehicles with lower drag coefficients generally exhibit improved efficiency during WLTP testing.







WLTP
To calculate what WLTP class the Mercedes AMG GT3 would be, the vehicle’s curb mass and power rating were needed and then divided the mass by the power rating. Both values could be retrieved from the official Mercedes website (https://customerracing.mercedes-amg.com/en/vehicles/mercedes-amg-gt3.html). The mass was 1285kg, and the power rating was measured between 500hp-600hp; taking the latter as it would have the highest fuel consumption, the power came to 441,300 watts or 441.3kW. Therefore, the mass-to-power ratio was 343, making the vehicle a class 3 WLTP and indicating the vehicle has very high performance.
The following steps were to calculate the aerodynamic resistance and rolling resistance, along with the acceleration resistance given in the sheet, and use these values to calculate the tractive forces per second. 

Figure 1- Tractive force per second
Figure 1 shows the change in overall force over time. As the trendline shows, the size of the peaks increases as the acceleration increases. The individual increase per peak indicates acceleration, whereas the decrease per peak is the deceleration/braking.
The Work done was also calculated by using the formula ‘drag force*(0.5*acceleration*time^2) and then dividing these results by the time to calculate the power requirements.


Mechanical KERS
In the context of the Mercedes-AMG GT3, two types of Kinetic Energy Recovery Systems (KERS) can be implemented: mechanical KERS and electrical KERS.
Mechanical KERS:
Flywheel-based KERS: This type of KERS utilises a rotating flywheel to store and release kinetic energy. When the vehicle decelerates or brakes, the excess energy is transferred to the flywheel, which spins and stores the energy. When additional power is required, such as during acceleration, the flywheel transfers the stored energy back to the drivetrain.
Electrical KERS:
Battery-based KERS: This type of KERS employs a battery pack to store and release electrical energy. During deceleration or braking, the kinetic energy is converted into electrical energy and stored in the battery. When needed, the energy stored in the battery is used to power an electric motor, which assists the internal combustion engine during acceleration or provides additional power.
Capacitor-based KERS: This variant of electrical KERS utilises a capacitor to store and discharge energy. Like the battery-based system, the energy is recovered during braking or deceleration and stored in the capacitor. The stored energy can then be released to boost the extra power during acceleration.
Both mechanical and electrical KERS systems have their advantages and considerations. Mechanical systems tend to be lighter and can deliver high power outputs, while electrical systems offer greater flexibility in energy management and deployment.



Chosen KERS
The basic principle of a mechanical KERS system involves converting the moving vehicle's kinetic energy into another form of energy, such as potential or electrical energy, which can be stored and later released to assist in propulsion. One typical implementation of mechanical KERS is using a flywheel.
The mechanical flywheel is the most appropriate KERS for the Mercedes AMG GT3. The three main reasons for this are that the Flywheel-based KERS systems are known for their high power density, making them capable of delivering significant power during acceleration. The AMG GT3 is designed for racing, where quick acceleration and high performance are crucial. A flywheel-based KERS can provide an instant power boost, enhancing the car's overall performance on the track. The other is that Flywheel-based KERS systems are generally known for their mechanical simplicity and reliability. Compared to other KERS technologies, such as battery-based systems, flywheel systems have fewer complex components and are less prone to degradation over time. This can be an advantage in endurance racing events like the GT3, where the car must perform consistently without frequent maintenance or battery replacements. Lastly, the flywheel would benefit the AMG because of its excellent packaging and space efficiency; Flywheel-based KERS systems are often more compact and lightweight than battery-based systems. This makes them easier to integrate into the existing design of the AMG GT3 without significantly altering the car's weight distribution or compromising the available space for other components. When utilised, the first step of the process is to capture the energy during braking; the moving vehicle’s kinetic energy is converted into rotational energy. As the driver applies the brakes, the system engages and transfers the energy from the wheels to a high-speed flywheel. The flywheel accelerates and stores the energy in the form of rotational motion. 
The second stage of the process is to store the energy; The flywheel, typically made of lightweight materials like carbon fibre, is mounted in a vacuum enclosure to minimise air resistance and energy losses due to friction. Then, it spins at high speeds, reaching rotational velocities of several tens of thousands of RPM.
Lastly, the release of the energy, or the utilisation of the stored energy; When the driver needs an extra burst of power, such as during acceleration or overtaking, the stored energy in the flywheel is released. The flywheel's rotational energy is transferred back to the wheels via a powertrain system. This power can supplement the engine's output, providing an instant power boost to enhance acceleration and performance. (Flywheel hybrid systems (KERS) - Racecar Engineering (racecar-engineering.com))
During these three stages of the KERS, the car monitors the flywheel system as it’s integrated into the vehicle's overall control system. Sensors monitor the vehicle's speed, braking, and acceleration, providing data to control algorithms determining the appropriate times to engage and release the KERS system. The control system ensures seamless coordination between the flywheel, engine, and other vehicle components for optimal performance and efficiency.
To calculate the necessary information for a flywheel before implementation, the following steps are performed: Energy Storage Capacity Calculation:
The energy storage capacity of a flywheel is a fundamental parameter that influences its performance. It is calculated using the formula: E = 0.5 * I * ω^2. The energy storage capacity (E) is expressed in joules (J). At the same time, the moment of inertia (I) and angular velocity (ω) is measured in kilogram square meters (kg·m²) and radians per second (rad/s), respectively. By manipulating these variables, we can adjust the flywheel's ability to store and release energy effectively.

Moment of Inertia Determination:
The moment of inertia characterises the mass distribution around the rotation axis and affects the flywheel's rotational performance. It is calculated using the formula: I = (m * r^2) / 2. Here, the moment of inertia (I) depends on the mass (m) of the flywheel in kilograms (kg) and the radius (r) of the flywheel in meters (m). By adjusting the mass distribution and radius, engineers can optimise the moment of inertia, thus improving the flywheel's energy storage and release efficiency.

Angular Velocity Calculation:
The angular velocity of a flywheel represents the rate at which it rotates. It is determined using the formula: ω = 2π * n / 60, where ω represents the angular velocity in radians per second (rad/s), and n is the flywheel’s rotational speed in revolutions per minute (rpm). This formula allows engineers to correlate the flywheel’s rotational speed with its angular velocity, influencing its energy storage and power delivery capabilities.



Assumptions and driver experience
Assumptions
The assumptions made when considering the implementation of a KERS are essential for the performance of the vehicle, but so the added component does not negatively affect any performance specifications; the broad assumptions made include Size and packaging; the belief that the size of the flywheel would be proportionate or appropriate for the size of the car, and so that it isn’t too heavy to affect the car’s handling and centre of gravity. Regulation: as the Mercedes AMG GT3 is a track car, it must abide by race regulations and safety standards.

Driver experience
The driver of the car would feel multiple things from the flywheel KERS. The first is the surge of energy to the wheels during acceleration and quicker response from the throttle and acceleration that will also show a noticeable increase in agility. The driver may also feel a difference in braking speed and brake pedal feedback due to the KERS capturing the energy being dissipated, and so could feel a smoother braking.


Conclusion
The discussion and data calculated on the WLTP spreadsheet showed the benefits of KERS and why they should be implemented, especially in cars with low high fuel consumption. Using researched data, the Mercedes AMG would be a class 3 WLTP vehicle and would be best for with a flywheel Kinetic Energy Recovery System, due to its track-focused performance, however for daily road cars, perhaps the stop-start system or perhaps a battery would be more beneficial as they would have more practical solutions for sizing and storage and perform better with most cars systems.
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