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Introduction
The development of car technology has been greatly influenced by the desire to be more efficient and environmentally friendly leading to the introduction of systems such, as Kinetic Energy Recovery Systems (KERS). In this report we will explore how KERS is utilized in electric vehicles its impact on vehicle performance and its role in improving fuel efficiency. By analysing data and using aids we aim to assess the advantages and potential limitations of KERS. Through this examination within the context of advancements we hope to gain insights into its real-world implications and its potential, for shaping a sustainable future in transportation.
Vehicle Choice
To delve deeper into the understanding of how Kinetic Energy Recovery Systems (KERS) impact the efficiency of vehicles this report will focus on the Toyota Prius. The Prius does not signify the success of technology but also serves as an excellent subject, for analysing how advanced recovery systems affect vehicle performance. The following specifications of the Toyota Prius are particularly relevant for this analysis:
Drag Coefficient (Cd): The Toyota Prius boasts a drag coefficient of around 0.25. This low Cd value emphasizes its design, which plays a role in reducing air resistance and enhancing fuel efficiency.
Frontal Area: The frontal area of a vehicle is a factor, in determining its drag. In the case of the Prius this area measures 7.13m^2. When combined with the drag coefficient it becomes essential in understanding how efficiently the vehicle moves through air.
Rolling Resistance Coefficient: The Prius has a resistance coefficient of 0.03 indicating that only about 3% of the normal force exerted on its tires contributes to rolling resistance. Lower rolling resistance improves energy efficiency by reducing power requirements to keep moving.
Empty Weight: The empty weight of the Prius stands at 1380 Kilograms.
The weight plays a role, in determining the energy needs and behaviour of the vehicle which're crucial factors in assessing how efficient the KERS system is.
 
In this study we have selected the Toyota Prius as our subject to conduct an analysis of how KERS impacts the efficiency of a hybrid vehicle. The specifications mentioned above will serve as a basis, for evaluating how effectively KERS contributes to the performance and energy dynamics of the vehicle.







Worldwide Harmonised Light Vehicle Test Procedure 
When selecting the Toyota Prius class, in relation to the Worldwide Harmonised Light Vehicles Test Procedure (WLTP) we consider its power to weight ratio. The WLTP categorizes vehicles into classes. Class 3 is specifically for high power vehicles. Considering the engine power and curb weight of the Prius it is likely that it falls within this category. Typically, Class 3 is assigned to vehicles with a power to weight ratio than 34 W/kg. The Prius, renowned for its technology that combines a combustion engine with an electric motor fit well into this high-power classification due to its impressive overall performance capabilities. This classification plays a role in evaluating and comparing the fuel efficiency and emissions of the Prius under real world driving conditions as, per WLTP standards.
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WLTP Specifics 
Cumulative tractive energy required at the wheel over the WLTP cycle measures the total energy a vehicle needs to complete a standardized driving test, reflecting mixed driving conditions. It's crucial for evaluating a vehicle's energy efficiency, influencing design improvements, regulatory adherence, and helping consumers make informed choices about fuel economy and operating costs.

Next is going to be cumulative tractive and braking charts which are predictions.
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Cumulative tractive and braking energy required at wheel over WLTP cycle.
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Kinetic Energy Recovery Details 
The Kinetic Energy Recovery System (KERS), in a Toyota Prius has a power rating of 23 kW, which's lower compared to the mechanical systems found in Formula 1 cars that can reach, up to 60 kW or even more. In the Prius the power rating of the KERS signifies the amount of energy that can be captured and utilized by the system while driving, during braking.
KERS Components 
The Toyota Prius features a comprehensive Kinetic Energy Recovery System (KERS) that includes an electric motor, a battery pack, and a power control unit. The specifications for these components, as found in various sources, are as follows:
Electric Motor: The Prius’ electric motor has a maximum output of 72 DIN hp (53 kW). This motor plays a dual role, acting as a generator during braking to recover kinetic energy and as a motor to assist the engine during acceleration. (Toyota, 2015)
Hybrid Battery: The Prius uses a Nickel-Metal Hydride (NiMH) hybrid battery. The specific capacity and voltage of this battery can vary depending on the model year. For instance, some Prius models feature a battery with a nominal voltage of 201.6V to 288.0V and a nominal capacity ranging from 6.0Ah to 6.5Ah. The battery's weight and specific power also vary, with figures like 68 kg for pack weight and specific power ratings from 800 W/kg to 1300 W/kg reported.
Power Control Unit: The power control unit in the Prius is crucial for managing the flow of electrical energy between the motor/generator, battery, and the electric motor that drives the wheels. It features a loss-reduction device that cuts losses by about 20 percent. This unit is compact and is typically positioned directly above the transaxle. Toyota (2022)
Regenerative Braking System: The Pius’s regenerative braking system is designed to provide a more responsive driving experience. It includes a new active hydraulic booster which ensures quiet performance and a natural braking feel. This system efficiently converts the kinetic energy during braking into electrical energy, which is then stored in the hybrid battery.
These components are integral to the Prius’ hybrid system, contributing to its fuel efficiency and reduced emissions. The specifics of these components can vary across different Prius models and generations.








KERS Functionality 
The Toyota Prius utilizes a Kinetic Energy Recovery System (KERS) known as braking. This system is integrated into the drivetrain. Is more intricate than it may seem at first glance. Let’s delve deeper into its workings:                              
Regenerative Braking: At the core of the Prius KERS lies the braking mechanism. Of relying on traditional friction breaks this system cleverly engages the electric motor as a generator when the driver applies the brakes. This innovative process converts kinetic energy, which would typically be lost as heat, in braking systems into energy.
Electric Motor/Generator: In addition to its function of propelling the vehicle and providing power or independent driving at low speeds the electric motor in the Prius also serves as a generator during braking or deceleration. This dual role plays a part in recovering and harnessing energy.
Battery Storage: The electrical energy generated by the motor during braking is directed towards charging the battery pack. Depending on which model you have this energy is stored in either Nickel Metal Hydride (NiMH) or Lithium-Ion batteries used in the Prius.
Power Control Unit: Responsible for managing energy flow within this system it ensures operation and coordination, between various components.

The Prius has a system that manages the battery charging process, from the generator during braking and controls the power supply from the battery to the motor during vehicle acceleration.
 
Improved Efficiency: The Prius boosts its energy efficiency by capturing and reusing energy generated during braking for propulsion. This results in fuel consumption and reduced emissions compared to internal combustion engine vehicles.
Seamless Integration: The KERS system in the Prius seamlessly integrates with the braking system and internal combustion engine of the vehicle. This ensures a transition between braking and friction braking providing consistent and predictable braking performance for drivers.
Enhanced Driving Experience: Regenerative braking in the Prius offers a driving experience. When you release the accelerator pedal it creates a resistance or "drag," allowing for energy recovery without actively applying brakes.
 
The regenerative braking system, in Toyotas Prius demonstrates how technology can efficiently enhance fuel economy and reduce impact making it an essential feature of hybrid vehicles.
Driver Feel 
Regenerative braking systems can cause the pedal to feel less linear or have a different pressure profile compared to traditional brakes, so adjusting to these brakes may take a while for a driver used to traditional friction breaks but once the driver has used this system, they can adjust hastily towards the new mechanism making it like second nature to them.

Data Analysis
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The graph you mentioned illustrates two aspects of a vehicle’s energy usage; the energy it consumes for movement and the energy it recovers through braking. It visually depicts how energy is managed over time showcasing both the efficiency of energy utilization and the effectiveness of the system, in recovering energy.
On the graph the blue line represents the amount of energy utilized by the vehicle for propulsion, which includes overcoming factors like air resistance and rolling resistance. The black line indicates the amount of energy that can be regained through braking. This technology enables vehicles, especially hybrids and electric vehicles to convert some of the energy lost during braking into energy stored in their batteries.
The gap between these two lines reflects how well the regenerative braking system performs. A smaller gap signifies recovery of energy leading to improved efficiency overall. This aspect holds significance for vehicles since effective conservation directly impacts their range and fuel economy.
In essence this graph allows us to comprehend both the quantity of energy consumed by a vehicle and how much is successfully recovered. It serves as a tool for engineering enhancements in vehicle design advancing systems that recover energy while providing consumers with insights, into a vehicles operation.
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Positive Peaks: These indicate instances when the vehicle is picking up speed. The higher the peak, the acceleration, at that moment.
Negative Troughs: These represent periods of slowing down or applying brakes. The lower the trough, the more pronounced the deceleration.
Variability: The frequent shifts between negative values suggest a driving situation that may involve stop and go traffic, urban driving with frequent stops or a test cycle meant to simulate city driving conditions.
Zero Line: When the line crosses zero it signifies moments when the vehicle isn't accelerating or decelerating; this could mean that it’s maintaining a speed or completely stopped.
Such a graph plays a role in analysing driving patterns and assessing vehicle performance for fine tuning systems like KERS. Understanding when and how the vehicle accelerates and decelerates proves beneficial, in optimizing these systems.
[image: ]
The graph suggests that throughout the driving time, from 0 to 2000 seconds, the rolling resistance force experienced by the vehicle does not change. This could imply a few scenarios:
Constant Speed: The vehicle may be traveling at a constant speed on a flat surface, leading to a consistent rolling resistance.
Consistent Conditions: The driving conditions, such as road texture, tire inflation, and vehicle load, remain unchanged over the period represented.
Theoretical or Simplified Model: The graph might be based on a simplified theoretical model that assumes rolling resistance does not vary with speed or other factors, which is often not the case in real-world driving conditions.
Understanding rolling resistance and its impact over time is important for vehicle efficiency.
calculations, tire design optimization, and overall energy consumption analysis for the vehicle. A constant rolling resistance value can be used in simulations to predict fuel consumption, range, and the effectiveness of energy-saving technologies such as low-resistance tires.
[image: ]This graph shows how aerodynamic resistance, which is affected by speed and vehicle shape, changes over time. Peaks indicate times of higher speed with more resistance, and dips suggest slower speeds with less resistance. Understanding these variations helps engineers design vehicles for better fuel efficiency and performance by reducing drag.
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The graph's ups and downs reflect a vehicle's power usage for movement and energy recapture during braking. High peaks indicate moments of heavy power use, like quick acceleration, while sharp dips show energy being regained, typically when braking in electric vehicles. This fluctuation pattern mirrors typical urban driving with its start-stop rhythm. Analysing such graphs is key for assessing vehicle efficiency, especially for electric and hybrid cars where battery management is essential.
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The graph's fluctuations above and below zero show how the force on the vehicle changes during driving. Positive values indicate acceleration forces—when the vehicle speeds up. Negative values are braking forces—when the vehicle slows down. The graph's peaks and dips reflect driving conditions that require varying force, like city driving with frequent starts and stops. It reveals the load on the vehicle's engine and the effectiveness of its braking system, crucial for understanding vehicle performance and efficiency.
[image: image]









The graph titled "Kinetic Energy Delivered to Wheels by KERS System with New Vehicle Specs" plots the amount of kinetic energy in joules that is delivered to a vehicle's wheels over time, measured in seconds. The sharp spikes represent moments when the KERS system is actively delivering energy to the wheels, likely during acceleration phases following braking where the energy has been harvested and stored. The pattern and frequency of spikes give insights into the driving conditions and how often the KERS system is engaged to provide additional power. This graph is useful for understanding the effectiveness of the KERS system in delivering energy and enhancing vehicle performance.
















Conclusion
The Toyota Prius is a choice, for studying Kinetic Energy Recovery Systems (KERS) because of its usage technological progress and the specific type of KERS it employs. The Prius uses a KERS as part of its system called Hybrid Synergy Drive. This system captures kinetic energy while braking through a motor that works as a generator storing this energy in a battery for use.
The effectiveness of the Prius KERS significantly contributes to its fuel efficiency and reduced emissions. The energy captured during braking assists the combustion engine leading to fuel consumption and emissions. This process showcases how passenger vehicles can utilize KERS to enhance efficiency and minimize their impact on the environment.
Additionally, the popularity and success of the Prius make it an excellent case study for analysing KERS. It was one of the mass-produced vehicles with a well-documented history providing abundant data and research materials on the performance and real-world effectiveness of its KERS technology.
To conclude by utilizing a KERS spearheading advancements in technology and promoting sustainable driving practices the Toyota Prius serves as a prime example, for investigating the advantages and challenges associated with implementing KERS in modern vehicles.
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