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[bookmark: _Toc452133734]Choice of car
The Porsche 911 GT3 RS was chosen as it represents a high performance, track orientated sports care with both clearly defined aerodynamic and mass properties. There is readily available data provided by the manufacturer, regarding the vehicle’s drag coefficient, frontal area and vehicle mass, allowing the model to be parameterised with significantly realistic values. Additionally, the Porsche 911 GT3 RS, has a relatively high power to mass ration, operating over a wide speed range, displaying its demand for a KERS. If a regenerative braking system can be shown to effectively function within a vehicle of such aggressive acceleration and deceleration tendencies, its application to more conventional passenger cars becomes increasingly straightforward by comparison. Therefore, the choice provides both good data availability for in depth application and suitably challenging dynamics for the analysis. 












[bookmark: _Toc1437721087]Dynamic Characteristics of the Vehicle:
Test Mass
Test mass represents the vehicle’s operational mass during the WLTP cycle and is not equivalent to kerb mass or the gross vehicle weight. For this analysis, a test mass of 1550kg was used, including, the vehicle’s kerb mass and additional allowances for the drivers’ weight, fuel load and any additional instrumentation. This mass is consistent with the typical WLTP procedures, which do require the inclusion of the driver’s weight and fluids, but exclude any additional load beyond the standard testing provisions. The chosen value of 1550kg ensures that the longitudinal dynamics model accurately reflects the inertia and resistance that is encountered during real world testing. 
 
Frontal Area
A measurement of 2.14m2 was taken for the aerodynamic frontal area of the vehicle, which is consistent with the manufacturers provided data for the Porsche 911 GT3 RS, alongside other comparable high-performance vehicles. The frontal area directly influences the aerodynamic drag of the vehicle, additionally representing the projected area of the vehicle in the direction of travel (Brach & Brach, 2025). Moreover, this value is crucial for calculating drag force using the standard equation Fd =½ ρCd Av2.The relatively low frontal area of the Porsche highlights its compact body shape and contributes to its high performance, aerodynamic characteristics. 
 
Rolling Resistance Coefficient
A rolling resistance coefficient of 0.012 was used, representing a realistic value for high-performance tyres, for use of dry tarmac. Literature sources for modern radial performance tyres, indicate that typical values should range between 0.010-0.015, depending on the compound of the tyre, temperature and the inflation pressure (Kumar & Sehgal, 2018). Conversely, rolling resistance contributes a near continuous force which opposes motion, which is modelled using Frr =Crr mg. The chosen coefficient of 0.012 was therefore adopted, to provide a balance between the theoretical accuracy and practical modelling simplicity and is appropriate for WLTP energy analysis. 


















[bookmark: _Toc556976443]Coefficient of Aerodynamic Drag
The coefficient of aerodynamic drag, Cd, was recorded as 0.36, which is consistent with the published values for the Porsche 911 GT3 RS and is like that of track focused sports cars. This coefficient value characterises the vehicle’s aerodynamic efficiency and together with the frontal area of the car, determines the drag force over the WLTP cycle. High performance vehicles typically accept higher drag coefficients to generate increased downforce; therefore, the selected value is representative of the vehicle’s intended operating environment (Brach & Brach, 2025). This coefficient is used directly within the drag equation, and it therefore critical in accurately predicting tractive power demand at higher speeds.













[bookmark: _Toc1076276126]Analysis of the WLTP Class 3
Analysing the WLTP Class 3 driving cycle provided the key performance requirements for the selected KERS. The maximum braking power observed at the wheels was approximately 31 kW, which established the minimum power that the motor generator and inverter must be capable of absorbing during regenerative braking. Furthermore, the motor allows for driveline and machine efficiency losses, by possessing a nominal rating of 45 kW, ensuring adequate thermal and operational margins during peak braking events. 
The WLTP cycle displayed a maximum single-event braking energy of 0.743 MJ (0.206 kWh). After applying a realistic charge-side efficiency of roughly 83% (which accounts for motor–generator, inverter and battery charging losses), the energy stored in the battery during such an event is approximately 0.17 kWh. To avoid deep cycling and to maintain good battery longevity, the KERS energy store is sized with a nominal capacity of 0.5 kWh, providing around 0.3 kWh of usable energy within a conservative charging window. This ensures that the system can comfortably absorb the largest braking event within the WLTP cycle while maintaining operational headroom.










[bookmark: _Toc793157605]Rationale for KERS system: 
A battery based regenerative braking system was selected as the Kinetic Energy Recovery System (KERS) for this vehicle. This choice was decided upon based on the advancement of the battery technology, the high round trip efficiency achievable with the more modern motor generator unity and the simplicity and convenience of integrating only a small buffer battery into the existing ICE powertrain, mitigating major architectural changes.
The battery-based KERS operates by using the driveline-mounted motor generator as a generator during braking events. When the driver demands deceleration, a proportion of the braking torque is provided electrically by the motor generator rather than entirely by the friction brakes. The resulting electrical power flows through a bidirectional inverter and is stored in the high voltage battery. During subsequent acceleration, the motor generator operates as a motor, returning the stored energy to the driveline and reducing the torque demand on the engine. If not for this mechanism, the kinetic energy that would otherwise be dissipated as heat in the friction brakes, is partially recovered and reused at the wheel road interface.
The component efficiencies used in the modelling are consistent with the typical production hybrid systems, possessing a motor generator efficiency of 90%, inverter efficiency of 97%, battery round-trip efficiency of 90–95%, and a mechanical driveline efficiency of 95%. These collectively yield an overall wheel to wheel regenerative efficiency of approximately 70%. This value is used when calculating the kinetic energy that eventually returns to the wheel–road interface.




[bookmark: _Toc574302344]System Analysis
The analysis is based on several assumptions, and these are as follows: 
· That the WLTP Class 3 speed trace is followed exactly and that the time step is 1 second throughout.
· The vehicle test mass is assumed as 1550 kg, representing the GT3 RS with the driver and a small additional payload. 
· The rolling resistance is modelled with a constant coefficient over the cycle in which temperature, tyre wear and speed dependence are neglected.
· Aerodynamic drag is based on steady state values of drag coefficient and the frontal area. Other transient aerodynamic effects are ignored in this instance.
· Driveline efficiency between the motor generator and the wheels is always assumed constant. 
· The KERS motor generator, inverter and battery are each represented by fixed efficiency values. Their potential variation with load, speed and temperature are not modelled.
· The maximum braking power and maximum single event braking energy from the WLTP analysis are considered the defining design points for the KERS.
· The energy that is recovered during a braking event is assumed to be used before the next braking event, and so the storage system is sized based on the worst individual event rather than the cumulative cycle energy.
· There are no explicit limits on the tyre to road friction or brake balance applied. It is assumed throughout that the requested regenerative braking torque can be achieved without needing to compromise overall stability or safety.


[bookmark: _Toc295822549]Practical Viability and Driver Feel
From a practical viewpoint, the proposed KERS is viable when using existing and readily available automotive technology. Motor generators in the 30kW range with compact lithium-ion packs of 0.5-1.0kWh are already used in the production of mild hybrid system, and therefore packaging, cooling and control hardware are all within the current industry capability.
In terms of driver perception, the main difference compared to a conventional ICE vehicle with friction brakes is in the decelerating behaviour and low to medium speed response. Under light to moderate braking, a larger share of the deceleration is provided by regenerative torque, so the brake pedal feel must be carefully tuned to blend motor and friction braking seamlessly. If the control system is calibrated well, then the driver will perceive a slightly stronger engine braking effect when lifting off the throttle and smoother deceleration as the KERS harvests energy. Under heavy braking or at very low speeds, the friction brakes are still dominant, so the overall stopping performance is unchanged. During acceleration, the driver may notice improved low speed torque and a more responsive throttle feel when the KERS assists the engine, however the overall character of the vehicle remains that of a combustion powered sports car.






[bookmark: _Toc248742839]Justification of Selected Components
The selected component choices are based directly on the WLTP derived requirements. The maximum braking power at the wheels (≈31 kW) sets the lower value for the moto generator and inverter power ratings. A 45kW motor generator, allows for mechanical and electrical losses, providing sufficient margins for handling peak regenerative events without sustained operation at its thermal limits. 
The energy storage requirement is governed by the largest single braking event, which was calculated as 0.743 MJ (0.206 kWh) at the wheels. After applying realistic charge efficiencies, approximately 0.17 kWh must be absorbed by the battery during that event. A nominal battery capacity of 0.5 kWh, with around 0.3 kWh usable, ensures that this energy can be stored without deep cycling, which would otherwise reduce the battery life. The corresponding charge/discharge power rating of approximately 30 kW is consistent with existing mild-hybrid and plug-in hybrid designs, making the selected components both technically and commercially plausible.











[bookmark: _Toc894744533]Figure Captions:
Tractive Forces and Total Tractive Force over the WLTP Cycle
This figure shows the individual resistive forces acting on the vehicle throughout the WLTP Class 3 cycle, including aerodynamic drag, rolling resistance and acceleration resistance, together with the resulting total tractive force. The plot highlights how aerodynamic resistance dominates at higher speeds while inertial forces dominate during rapid acceleration phases.

Tractive Power Requirement over the WLTP Cycle
This figure illustrates the instantaneous tractive power at the wheels. Peaks in power occur during hard accelerations and high-speed operation, whereas negative regions represent periods of braking where kinetic energy is being dissipated.

Cumulative Tractive and Cumulative Braking Energy
This figure presents the cumulative tractive energy delivered to the wheels and the cumulative braking energy dissipated during the WLTP cycle. The increasing separation between the two curves represents energy losses across the cycle, including aerodynamic drag, rolling resistance and inertial losses not recoverable through regeneration.

Cumulative Kinetic Energy Recovered and Returned to the Wheel–Road Interface
This figure shows the cumulative kinetic energy recovered by the battery-based KERS and subsequently returned to the wheel–road contact. Increases in the curve correspond to braking events where regenerative braking is active. The final value indicates the total usable recovered energy over the WLTP cycle, accounting for system efficiencies.
Conclusion
The analysis demonstrated how the energy flows, resistive forces and power requirements of a high-performance vehicle can be quantified across the WLTP Class 3 driving cycle. By modelling aerodynamic drag, rolling resistance, inertial forces and the resulting tractive power, it was possible to identify key operating conditions relevant to the design of a Kinetic Energy Recovery System (KERS). The WLTP data showed a maximum braking power of approximately 31 kW and a largest single braking-event energy of 0.743 MJ, which formed the basis for component sizing.
A battery-based regenerative braking system was specified due to its practicality, advancement and suitability for integration into an ICE vehicle architecture. The motor–generator was sized to 45 kW to accommodate peak regenerative demands, and a 0.5 kWh high-voltage buffer battery was selected to comfortably absorb the largest braking event while maintaining a realistic state-of-charge window. Efficiency assumptions consistent with production hybrid systems yielded a round trip wheel to wheel efficiency of approximately 70%.
The resulting KERS model demonstrated the potential to recover a meaningful proportion of the braking energy over the WLTP cycle, improving overall vehicle energy utilisation without compromising drivability or braking performance. While simplified, the analysis illustrates the value of regenerative braking even on performance-orientated vehicles and highlights the engineering considerations required when integrating such systems into conventional ICE platforms.
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