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1 Introduction
This report is written on the selection of a kinetic energy recovery system for a chosen vehicle. Analysis was carried out on the dynamic characteristics of the vehicle. The vehicle discussed in this report is the Skoda CITIGO 1.0L edition. The reason behind using this vehicle for analysis is because information from manufacturers is easily accessible. This is due to the same model being released for 4 years, therefore there is lots of information from tests etc. The manufacturer Skoda is also widely known and produces popular cars such as the Fabia, Octavia and the chosen CITIGO.

[bookmark: _Toc762212137][bookmark: _Toc1526675147]2 Dynamic Characteristics
The following characteristics were researched using background information; test mass, frontal area, rolling resistance coefficient, and the coefficient of aerodynamic drag. The following values were found on a website that states dynamic characteristics of specific automotive vehicles (auto-data, n.d):
· Test Mass – 929kg
· Frontal Area – 2.07m^2
· Rolling Resistance Coefficient – 0.021
· Coefficient of aerodynamic drag – 0.33 (Pollard, 2011)
These values are typically found through research in a lab or by computer simulation. The test mass is the measured weight of the vehicle with a full tank of fuel and any standard equipment included. The test mass is important because it can affect the vehicles acceleration, handling capabilities and its fuel efficiency. The frontal area is the value of the product of the width and height of the vehicles front-facing surface as seen from the direction of movement (Thakur, 2020). The frontal area measures the amount of air resistance the vehicle encounters while moving, which impacts the fuel efficiency and its top speed. The rolling resistance coefficient is measured using a device called a rolling resistance dynamometer, this device measures the friction between the tire and the road surface, which gives the value of the rolling resistance. This characteristic determines the amount of energy is required to move the vehicle. The coefficient of aerodynamic drag is a measure of the vehicle's resistance to air flow. It is typically measured using computer simulation which uses properties of the vehicle such as its shape and size. However, it can also be measured more realistically in a wind tunnel. The downside of using a wind tunnel to test is that it is expensive and difficult to use. By measuring these characteristics, manufacturers can ensure that the car can perform well, have good fuel efficiency and is compliant with any government rules and procedures.
[bookmark: _Toc1255971378][bookmark: _Toc223462576]




3 WLTP Spreadsheet
To determine the WLTP class type the chosen vehicles ratio of the rated power in W and the kerb mass in kg was required. For the CITIGO, it was found on the SKODA website that the ratio of rated power in W is 55,000W and the kerb mass is 929kg. Therefore, this puts the chosen vehicle in the WLTP class type class 3. By using the equation rated power in W/Kerb mass in kg the answer was found to be 59.20W/kg. The high power to weight ratio of this vehicle indicates that the car has good acceleration and responsiveness.
[bookmark: _Toc2054970215][bookmark: _Toc911790704]3.1 WLTP Calculations
An excel spreadsheet was created and included a series of calculations followed by graphs. The required force calculations were the Acceleration resistance (Negative and Positive), Rolling Resistance and the Aerodynamic Resistance. From these calculations, it was possible to calculate the total tractive force using all resistance values. Then using the values of the tractive force multiplied by the average velocity, the power requirement was found. To determine the cumulative tractive energy the time and the corresponding tractive force were used to work out the work done in J. The work done is the energy required to overcome the resistance which is the cumulative tractive energy. This was then divided by 1000 to get it in kJ and plotted on a scatter graph against time. The graphs made from these calculations will be discussed in the next section. The calculations are pictured below:
[image: ]
Figure 1: The car data
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Figure 1.2: Calculations of the forces from the data of the car
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[bookmark: _Toc1367848091][bookmark: _Toc2023936353]Figure 1.3: The cumulative tractive energy


3.1.2 Graphs
The graphs made from the calculations of forces consist of one for the acceleration resistance against the average velocity with stops, and one for the aerodynamic against the average velocity with stops. These are included below:
[image: ]
Figure 2: A graph demonstrating the aerodynamic resistance vs velocity.[image: ]
Figure 2.1: A graph demonstrating the acceleration resistance against velocity.

These two graphs were plotted from values calculated using the equations for both resistances. The velocity along the x axis is the average including stops that corresponds to each time value. In a situation where the aerodynamic resistance was not a factor, the acceleration would remain constant. However, due to the equation acceleration resistance = (ma) + (RR) + (Ar) where ma is the force, RR the rolling resistance and Ar the aerodynamic resistance, the acceleration resistance increases as velocity does. The velocity is used in the equation for aerodynamic resistance which is 0.5(density of air) * (coefficient of drag) * (frontal area) * (V^2). This means that the aerodynamic resistance increases as the velocity increases because as shown in the equation the aerodynamic resistance is directly proportional to the velocity squared. It shows in the graph when the velocity increases from 15.7 to 25.5 the aerodynamic increases by over 150N. Due to this relationship between velocity and aerodynamic resistance, the acceleration resistance must increase due to velocity.
The third graph that was created was a cumulative tracking energy graph:
[image: ]
Figure 2.2: A graph of cumulative tractive energy against time
This graph demonstrates an increase in cumulative traction energy as the time increases. The cumulative tractive energy increases as it continuously encounters and overcomes the three resistances that were calculated above. It faces rolling resistance as there is friction between the tires and the surface, the aerodynamic resistance is the aerodynamic drag that opposes the vehicles motion and as it increases with the square of velocity more energy is required to overcome it.






[bookmark: _Toc1157827698][bookmark: _Toc611041934]4 Specification of a KER system
A potential system that is suitable for the Skoda CITIGO 1.0L would be a start-stop system. This system is designed to shut the engine off automatically when the vehicle comes to a stop and to restart it when the clutch is engaged (mycar-dictionary, n.d). Firstly, the system uses sensors such as an engine speed sensor, vehicle speed sensor and any other inputs. When it is detected that the vehicle has come to a stop, the sensors will alert the electrical control unit which will work towards the shutdown of the engine. During the process of work towards the shutdown of the engine, the control unit will prepare the fuel injection system, ignition system, and other systems to shut down the engine in a controlled manner. If this shut down is initiated in an uncontrolled manner, then it could lead to accidents. When the engine is shut off, the system monitors (using sensors) the intent of the driver such as the engagement of the clutch would indicate that the driver wants to resume driving. The engine restart starts to happen as the driver engages the clutch, during which the system will activate a starter motor which cranks the engine to start the combustion process. The fuel supply and ignition systems are reactivated so the engine can restart smoothly. During the startup and stopping, there needs to be minimal vibrations, emissions, and no noticeable delay in the power delivery to the drivetrain. To do this, the system has strategies to counteract such things. For example, to minimalize the vibrations during start and stop, an advanced active vibration control system could be used to detect and counteract vibrations, providing a smooth experience for the driver (Herzan, n.d). Also, when this system is implemented, there will be an option installed to the vehicle controls where the driver can disable it. By disabling, the engine will be allowed to run even when the vehicle is stationary (Carbase, n.d).
The system can be a good implementation of a Kinetic energy recovery system due to many reasons. The first being that it can recover any kinetic energy that gets lost due to braking to a complete stop. This energy recovered can then be stored in the battery as converted electrical energy and can be used as additional power. Also, by saving the energy from getting wasted and reusing it makes it sustainable and eco-friendly. In the automotive industry, manufacturers are constantly looking to improve their image by making it greener, and the implementation of this system could result in that. Finally, the design of this system is lightweight and compact. Due to the chosen car being a smaller vehicle, this is required to ensure that it fits the vehicle architecture and design. It also minimalizes the effects on the drivers handling. 
[bookmark: _Toc2024440838][bookmark: _Toc508182093]4.1 Assumptions made
While thinking of a system that could be implemented, assumptions would need to be made such as if the architecture of the vehicle can accommodate the implementation of the system. For example, if the car is a smaller design, then this system would need to also be small and compact. Another assumption that would be made is if there is enough space for the components that the system brings. It would be assumed that the added components could be distributed so that it doesn’t affect the vehicles balance and control. It would be assumed that the system would comply with any regulations for safety, performance, and emissions. Finally, it would be assumed that the components would suitably fit with the engine, controls, and transmission. It must be compatible with the components the car already possesses to ensure a smooth operation


[bookmark: _Toc697530469][bookmark: _Toc1210625515]4.2 Driver Experience
In some stop-start systems, the driver may experience a slight delay when the engine starts back up at traffic lights for example. This may happen in some systems that are not as advanced as others. Also, the driver may experience faster acceleration due to the energy that is stored in the battery as additional power. Also, when idle, the driver will feel less vibrations and it will be quiet as the engine would be turned off. The implementation will also improve fuel consumption, as there is barely any fuel consumed during periods when the car is idle. This allows for longer journeys, and a cheaper drive.

[bookmark: _Toc1275486500][bookmark: _Toc122933211]5 Conclusion
In conclusion, it is believed that the implementation of KERS will be in almost all road cars due to the benefits of them as discussed above. The use of KERS has also increased drastically in recent years, and it will only increase more. Only one system was discussed in the report, however, there are other systems such as regenerative braking, which was considered for the write up. However, the complexity of that system and the fact it wasn’t as compatible for the chosen car let it down. From the calculations, it was discovered that the energy required to overcome the forces against this vehicle was huge. Therefore, the implementation of a system like this could really help with the additional power gained from the kinetic energy that wouldve been wasted.
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