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1. [bookmark: _Toc183868380][bookmark: _Toc183868464][bookmark: _Toc183872737]Introduction
The UK government is exerting pressure on the automotive industry with its recent announcement that, "All new cars will be electric in the UK after 2035." This deadline, originally set for 2030, has been extended, reflecting the ongoing shift towards sustainable transportation.
The purpose of this report is to examine the effects of introducing a Kinetic Energy Recovery System (KERS) into vehicles that do not currently feature one. The analysis will focus on a vehicle of my choice, assessing its dynamic parameters, evaluating its performance using the Worldwide Harmonised Light Vehicle Test Procedure (WLTP), and selecting a suitable KERS for integration.
[bookmark: _Toc183868381][bookmark: _Toc183868465][bookmark: _Toc183872738]1.1 My Chosen Vehicle
The vehicle I have chosen for this analysis is the Porsche Cayenne III (facelift 2023), equipped with a 3.0-litre V6 engine. I selected this vehicle for several compelling reasons. Firstly, it is a recently produced model, embodying the latest advancements in automotive technology. This ensures that the analysis is both relevant and forward-looking.
Secondly, the Cayenne offers good potential for hybridization and energy recovery. The engine's high-power output, combined with the vehicle's substantial weight exceeding 2,000 kg, provides a solid foundation for exploring energy recovery systems. Heavier vehicles inherently possess greater kinetic energy during braking, making them ideal candidates for systems like KERS.
Additionally, Porsche already has existing hybrid and electric variants of the Cayenne, making its suitability for a KERS greater.













2. [bookmark: _Toc183868382][bookmark: _Toc183868466][bookmark: _Toc183872739]Researching Dynamic Characteristics of My Vehicle
2.1 [bookmark: _Toc183868383][bookmark: _Toc183868467][bookmark: _Toc183872740]Test Mass
The test mass is calculates using curb mass, fuel tank capacity, driver/passenger mass, luggage mass and roof load.
For the Porsche Cayenne:
· Curb mass = 2055 kg
· Fuel Tank Capacity = 75 Litres = 75 kg
· Driver/passenger mass = assumed 75 kg person x 5 seats = 375 kg
· Luggage mass = 772 Litres x 0.2 kg/litre (assumed) = 154.4 kg
· Roof Load = 100 kg
The test mass is 2055 + 75 + 375 + 154.4 + 100 = 2759.4 kg. Close to Porsche’s permissible max weight of 2835 kg.
2.2 [bookmark: _Toc183868384][bookmark: _Toc183868468][bookmark: _Toc183872741]Frontal Area
The frontal area is calculated by multiplying the height by width, but this ignores mirror, air deflectors and gaps between wheels.
Porsche has the dimensions including the width including mirrors but not the frontal area.
However, there is a technical data PDF for the Cayenne that specifies a cross-sectional area, which is not the frontal area, but it is listed in the aerodynamics section. Therefore, it is likely to be the car’s frontal area.
2.3 [bookmark: _Toc183868385][bookmark: _Toc183868469][bookmark: _Toc183872742]Rolling Resistance Coefficient
The rolling resistance coefficient is calculated by dividing the force needed to move a tyre horizontally by the vertical load on the tyre. 
It depends on factors like vehicle mass, tyre type, pressure, and speed. Since it is hard to measure, I have assumed a value.
 For ordinary car tyres on concrete, the coefficient ranges from 0.01 to 0.015. Given the Porsche Cayenne’s weight, I have assumed it to be 0.015.
2.4 [bookmark: _Toc183868386][bookmark: _Toc183868470][bookmark: _Toc183872743]Coefficient of Drag
Coefficient of drag is the aerodynamic efficiency of an object as it moves through air. The lower the number, the better aerodynamic performance.
I got my value of coefficient of drag from AutoData and the technical data pdf. The coefficient of drag for the Porsche Cayenne is 0.35.


3. [bookmark: _Toc183868387][bookmark: _Toc183868471][bookmark: _Toc183872744]Selecting an appropriate WLTP.
To select which Class of a WLTP would best suit the Porsche Cayenne, I had to calculate the power to weight ratio to see what requirements the vehicle fits in. The power to weight ratio for the Porsche Cayenne is 353,000 / 2055 = 171.78 W/kg. This means the Porsche Cayenne is in Class 3 (version 5) for the WLTP cycle.

[bookmark: _Toc183868388][bookmark: _Toc183868472][bookmark: _Toc183872745]Figure 1 – WLTP Cycle from gathered.
Figure 1 shows the WLTP cycle for the Porsche Cayenne. It has four ranges because it is class 3, the ranges are low, medium, high, and extra high. Meaning, there is more data for acceleration and deceleration which is where the vehicle is using its energy and when it is recovering its energy.





4. [bookmark: _Toc183868389][bookmark: _Toc183868473][bookmark: _Toc183872746]Creating Graphs
[bookmark: _Toc183868390][bookmark: _Toc183868474][bookmark: _Toc183872747]4.1 Tractive Forces Graphs

[bookmark: _Toc183868391][bookmark: _Toc183868475][bookmark: _Toc183872748]Figure 2 – Tractive Forces vs Time Cycle
With the help of the legend, you can see:
The acceleration resistance force increases and decreases dramatically through each time cycle, showing the points where acceleration and deceleration is happening and where the energy is being used and when it is being recovered.
The aerodynamic resistance force increases gradually with time and does not fluctuate as dramatically as the acceleration resistance force because it mirrors the vehicle’s speed profile, as the vehicle speed is the dominant factor influencing this force. The peaks occur during at the high-speed sections of the cycle showing the energy that is required to overcome air drag.
The rolling resistance force remains constant throughout the cycle because it depends on the tyre and road interaction and is not affected by the varying speeds.


[bookmark: _Ref183611573][bookmark: _Toc183868392][bookmark: _Toc183868476][bookmark: _Toc183872749]Figure 3 – Total Tractive Forces vs Time Cycle
The total tractive force is calculated by adding the acceleration resistance, aerodynamic resistance, and the rolling resistance forces together.
The positive values show the power applied for acceleration and the negative values show where braking/deceleration occurs.
[bookmark: _Toc183868393][bookmark: _Toc183868477][bookmark: _Toc183872750]4.2 Power Graph

[bookmark: _Toc183868394][bookmark: _Toc183868478][bookmark: _Toc183872751]Figure 4 – Power vs Time Cycle
The trend in this graph is like Figure 3 – Total Tractive Forces vs Time Cycle, this is because both display the power being used to accelerate and when power is not being used when the vehicle is braking/decelerating.





[bookmark: _Toc183868395][bookmark: _Toc183868479][bookmark: _Toc183872752]4.3 Cumulative Tractive & Braking Energy Graph

[bookmark: _Toc183868396][bookmark: _Toc183868480][bookmark: _Toc183872753]Figure 5 – Cumulative Tractive & Braking Energy vs Time Cycle
The graph provides valuable insights into the energy dynamics of an engine over a time cycle, illustrating the relationships between energy consumption, recovery, and loss. It highlights areas for improvement that a new energy recovery system could address.
The cumulative tractive energy steadily increases throughout the cycle as energy is consumed to overcome tractive forces. This increase is more pronounced in the latter half of the cycle, where higher energy demands are required to achieve greater speeds.
In contrast, the cumulative braking energy rises gradually at a consistent rate, representing energy recovered during braking events. These events reflect the frequency of deceleration throughout the cycle. ￼
The widening gap between tractive and braking energy indicates significantly more energy is used for propulsion than is recovered through braking, which is expected given the cycle's emphasis on acceleration over deceleration. However, a smaller gap would signify a more efficient energy recovery system.
The data suggests that the Porsche Cayenne’s energy recovery is not highly efficient, especially at higher speeds towards the end of the cycle, where energy consumption is substantial, but recovery lags significantly.


5. [bookmark: _Toc183872754]Largest Possible KERS Power & Energy Storage

[bookmark: _Ref183864087][bookmark: _Toc183868398][bookmark: _Toc183868482][bookmark: _Toc183872755]Figure 6 – Cumulative Braking Energy vs Time Cycle
This graph shows braking and energy recovery periods with each upward segment. The steepness of the data in the graph indicates the power input and the height shows the energy recovered in that moment.
The largest possible KERS power input is the highest point on the graph. So, the largest possible KERS power input is 565706.5574 Joules (565.71 kJ).
Since it is assumed that the energy for each recovery period is used before the next recovery period, this means that the highest point on the graph would be the energy storage requirement. The calculated energy storage requirement is 565706.56 / 3600 = 157.1407104 W/h (0.157 kW/h).











6. [bookmark: _Toc183872756]Selecting KERS, Components & Finding Efficiencies
When selecting a suitable KERS (Kinetic Energy Recovery System), the main options include a mechanical flywheel-based KERS, a hydraulic KERS, or an electrical KERS, which can be either battery-based or supercapacitor-based.
For the Porsche Cayenne, an electrical KERS is the most suitable option. A study by Pipitone et al. (2019) focused on electric KERS in internal combustion engine vehicles (ICEVs) and highlighted its potential benefits. They found that integrating an electric KERS, though not common in ICEVs, allows recovered energy to be reused during acceleration, significantly increasing energy recycling. The study emphasized the advantages of a simple system design, reduced weight and volume, and the widespread availability of components, all of which contribute to lower emissions and fuel consumption.
A battery-based electric KERS is particularly ideal due to its capacity to store large amounts of energy over extended periods. Based on previous calculations, the battery should have a minimum capacity of 157 W/h, and the motor must handle the maximum KERS power input shown in Figure 6 – Cumulative Braking Energy vs Time Cycle, ideally with a safety margin.
The efficiency of individual KERS components directly impacts overall system performance. Electric motors/generators typically operate at 80–95% efficiency, batteries at 85–90%, and the power control unit (PCU) at 90–95%. Using average values (85%, 90%, and 90%), the overall system efficiency is approximately 68%, calculated as:
 0.85 x 0.9 x 0.9 = 0.6885 = 68%.






7. [bookmark: _Toc183868400][bookmark: _Toc183868484][bookmark: _Toc183872757]Energy Recovered

[bookmark: _Toc183868401][bookmark: _Toc183868485][bookmark: _Toc183872758]Figure 7 – Cumulative Tractive & Braking Energy and Energy Recovered vs Time Cycle
This graph shows the energy that was recovered during the time cycle. This was calculated using an assumed efficiency value of the Porsche Cayenne without a KERS. The assumed efficiency value was 27%. This was assumed based on the Consumption WLTP provided by Porsche, which showed that the vehicle was not very efficient.

[bookmark: _Ref183867446][bookmark: _Toc183868402][bookmark: _Toc183868486][bookmark: _Toc183872759]Figure 8 – Cumulative Tractive & Braking Energy and Energy Recovered vs Time Cycle
This graph shows the energy recovered during the time cycle. This was calculated using an assumed efficiency value of the Porsche Cayenne with an electrical KER system. The assumed efficiency was calculated using the average efficiency values for the electric motor/generator, the battery and the PCU. These values were determined in Specify a suitable KER system, size the components and find values of their efficiencies. The efficiency value is 68%.
Evidently, the Porsche Cayenne with a KER system is much more efficient than the Porsche Cayenne without a KER system.
8. [bookmark: _Toc183872760]How The System Works, Assumptions, Driver Feel
8.1 [bookmark: _Toc183868404][bookmark: _Toc183868488][bookmark: _Toc183872761]How The System Operates
A KER system operates by capturing energy that would usually be lost during braking and stores it so it can be used later.
When the vehicle brakes, the motor/generator unit (MGU) acts as a generator. It converts the kinetic energy of the car into electric energy during braking and then the electric energy is converted back when the vehicle is accelerating.
The power control unit (PCU) controls the switching of the electric current. It ensures the transfer and conversion of efficient energy. And to protect the components, it regulates the voltage and the current.
The battery/flywheel/supercapacitor is used as an energy storage device when the vehicle is braking, and it holds the electrical energy until the vehicle is accelerating. 
The battery or the flywheel (the storage device), provides additional power to the vehicle once the driver accelerates. This is by releasing the electrical energy from the storage device and converting it via the MGU so that it can be used to boost the vehicles performance.
 The efficiency of this KER systems fully depends on the efficiency of each individual component and the overall design of the system.
8.2 [bookmark: _Toc183868405][bookmark: _Toc183868489][bookmark: _Toc183872762]Assumptions Made
I made quite a few assumptions throughout both the vehicle dynamics section and the KER system section.
· Test mass – assumed the passenger’s weight (75kg).
· Rolling Resistance Coefficient – assumed the value from google as I could not find a value for the vehicle.
· KERS – assumed what type of KER system would be best for the vehicle.
· Efficiencies – assumed the efficiencies of the KERS components, the efficiency of the vehicle with and without the KER system.
8.3 [bookmark: _Toc183868406][bookmark: _Toc183868490][bookmark: _Toc183872763]Differences The Driver Will Feel
The driver will notice the acceleration of the vehicle will be more instantaneous compared to the conventional ICE vehicle. A boost or a kick will be noticeable once the recovered energy is deployed. 
During braking, the driver will notice a difference due to the regenerative braking system. This difference is minor, but it consists of a smoother deceleration at lower speeds, but the braking performance will be very similar to the conventional ICE vehicle.
	The driver may notice reduced regenerative braking effectiveness once the energy storage, could be a flywheel or battery, reaches max capacity. Reaching max capacity would cause the vehicle to go back to the friction brakes. The drivers may feel a slight delay if the KER system is older when deploying or capturing energy.
The improved fuel efficiency will be noticeable due to part of the recovered braking energy being used for propulsion. The driving conditions will vary the seen improvement of the efficiency but for KER systems effectiveness, busy motorway conditions or overall stop and go traffic would maximize its use.
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Tractive Forces vs Time
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Cumulative Braking Energy vs Time
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Tractive, Braking Energy & Energy Recovered (68%) vs Time
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