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The assignment below is an investigation of a Kinetic Energy Recovery System (KERS) implemented in an Audi A5 3.0 TDI.  This system is used to enhance the performance of the vehicles turbocharger which results in a better fuel consumption and a reduction in emissions. It focuses the vehicles WLTP cycle and uses this to change in performance when using an electric motor, energy storage system and a control system.  Below I have produced a spreadsheet which graphically displays the cumulative tractive energy and braking energy required at the wheel over the WLTP cycle. The data below provides an insight into the significant change of using the KERS system showing how the vehicle can be more sustainable. 
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Description automatically generated]1.1 Vehicle Selection & Characteristics
Audi A5 3.0 TDI 2011 Coupe
Vehicle Test Mass = 2083.5Kg (3 passengers in Vehicle measured)
Coefficient of Drag = 0.29  (Bodies, 2023)
Frontal Area = 1.98m^2 
Rolling Resistance Coefficient = 0.012 (  )
Max Power (w) = 21602.81
Max Power (kW) = 21.60   
Drive Train = Semi-Automatic Quattro









I have chosen to produce this assignment on this vehicle due to being under my ownership, its blend of performance, technology and potential for efficiency improvement. The A5 3.0 TDI is equipped with a modern diesel engine which offers high fuel efficiency and torque making it a suitable example for further development regarding a Kinetic Energy Recovery System implementation. The 3.0 Audi outputs a power of 21.6kW which divided over its curb mass gives it a power to weight ratio of 96.4 W/Kg. This is greatly more than the threshold of 34W/Kg which qualifies it into the Class 3 of the World Harmonized Light Vehicles Test Procedure (WLTP). 
Due to Audi having a sophisticated electronic system and advanced drivetrain technology the vehicle becomes compatible with additional complex systems like KERS. Systems like this include, regenerative shock absorbers, exhaust turbine integration, drivetrain coasting and deceleration and the vehicles braking system. All of which can be linked back to the vehicles ECU and control module to support the efficiency of other components around the vehicle. 
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Description automatically generated] The graph to the left is the WLTP class B cycle which I used to gather the data for my KERS system implementation. Using this data I was able to calculate my resistive forces using Newtons Second Law of Motion   where the acceleration (a) of the vehicle stated at every point in the cycle is multiplied by the test mass (m) of 2083.5Kg. I used a rolling resistance of 245.26N  which remained a constant throughout the cycle. The aerodynamic drag of the vehicle is dependent on the vehicles frontal area ( and speed. The equation  where rho ( is the density of air (). Using these vales gained I can graphically show their effect during the WLTP Class 3 Cycle. (Policy, 2013)
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3.1 Cumulative Tractive & Braking Graphs
Due to power being the product of force and velocity (, I can graphically display the tractive and braking power of the vehicle at each second during the WLTP cycle. As shown in figure 3.2, the periods of deceleration and acceleration are highlighted enabling for identification of when and where energy recovery and deployment occur along the timeline. 
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Once finding the tractive and braking power (shown on xlsx) during the WLTP cycle, I can use these values to calculate the total cumulative power for each. By multiplying each power value by the time scale, I can gain a value for each second during the cycle. Using this data, I can find the cumulative energy to calculate the amount of energy lost due to friction at each point in the cycle. As shown in figure 3.3 below, 4 kWh of energy is used to overcome the tractive forces (red) and accelerate the vehicle while only 1.47kWh of energy is utilised during braking for deceleration (blue). There is a loss of 2.53 kWh of energy between them (63%), primarily due to heat energy being released by the frictional forces within the braking system. 
As shown in green, the regenerative phase of the KERS system, 43% of the accumulated energy is still lost mainly due to frictional forces within the system. Overall, this provides 0.3 kWh of cumulative energy useable from the wheels to assist in acceleration compared to the 0.7 kWh recovered while the vehicle is decelerating by braking. 
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Once calculating the resistive forces and utilising them to find the braking, tractive and energy variables throughout the WLTP cycle, I can research into a potential Kinetic Energy Recovery System (KERS) which can be implemented in my vehicle. As shown on my xlsx sheet, the energy used under braking enters the transmission which is the semi-automatic 7-speed dual clutch gear box where there is a variety of frictional losses which need to be considered. The power gathered from the transmission extracted from the flywheel can be stored in an ultracapacitor which is ideal to release large amounts of energy in a short time frame. With extensive research into the use for ultracapacitors (Science Direct, 2021), it is common to use a KERS system in a diesel engine to reduce turbo lag an optimise the turbo performance thus increasing engine combustion efficiency. Ultracapacitors can produce up to 300 kW of power which is perfect for the KERS system. The general process consists of the vehicle braking, kinetic energy being extracted from the flywheel and being stored in an ultracapacitor, energy being converted to required AC/DC, energy enters a system controller/distributer, ECU directs energy to a actuation unit and outputs energy when required to the turbocharger. 
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After conducting thorough research into the implementation of a KERS system for an AUDI A5, I have found the average values for a flywheel-based recovery system based on the 7-speed semi-automatic transmission in my chosen vehicle, which tends to be 68% over the course of the full regenerative cycle (Audi-Sport, 2022). In typical electric systems, kinetic energy is firstly converted into electrical energy by the motor/generator and the stored by chemical energy in the ultracapacitor. When being released, the energy is converted back to electrical energy and can be used as kinetic energy within the KERS system. This process has a great effect on the overall efficiency; however, the mechanical flywheel system also has a variety of losses due to the friction in the bearings and gears. Within my research I have found that the short-term energy storage process has its limitations as the flywheel has less of a significant impact due to the frequent starts and stops, this is considered to be in a more urban environment. (RaceCar Engineering , 2023). All mechanical efficiencies which are considered in the system are >97% which can be seen on the xlsx spreadsheet provided, efficiencies can vary depending on component costs and complexity. 



[bookmark: _Toc183944547]5.2 System Evaluation
Overall, I have selected to use the flywheel for my kinetic energy recovery system due to its high efficiency, unlike other systems available. This system is enhanced due to the minimal energy transfers compared to other electrical systems. The efficiency of the transmission depends on the speed of the differential across the dual clutch system, due to the various gears available, there is a peak efficiency option. Due to the system being linked to the ECU it can select the optimal gear by partially engaging the designated high-speed clutch using hydraulic pressure to engage it smoothly, this ensures the gear changes occur without the torque disruption as the clutch speed approaches zero. 
As you can see from my data, it can be analysed that my selected KERS system provides enough energy to sustainably maintain a healthy charge available to the turbocharger when required. My selected ultracapacitor can store and distribute this required charge effectively and optimise the overall vehicle efficiency in the longtime compared to its current environmental effect from fuel consumption. 
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Acceleration Force vs Time
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