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[bookmark: _Toc140443203]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.
[image: Skoda Citigo Black Edition on sale now - Car Keys]
Figure 1: An image of a Skoda Citigo

[bookmark: _Toc762212137][bookmark: _Toc140443204]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 (auto-data, n.d)
· Frontal Area – 2.07m^2 (auto-data, n.d)
· Rolling Resistance Coefficient – 0.021 (auto-data, n.d)
· Coefficient of aerodynamic drag – 0.33 (auto-data, n.d)
[bookmark: _Toc1255971378]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. The dynamometer consists of a rotating drum which the tires are placed on. Then the sensors and instruments are used to measure the force exerted on the drum which allow for the calculation 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: _Toc140443205]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: _Toc140443206]3.1 WLTP Calculations
A starting spreadsheet was provided and using the information on this spreadsheet calculations were performed and from these calculations’ graphs were drawn up. The calculations carried out were for the acceleration and deceleration force using F=ma, aerodynamic resistance using the formula, positive and negative power in kW and in W, the accumulative tractive and braking energy required in kwH. The tractive energy required is calculated from the sum of the positive power and the previous value for the accumulative tractive energy, and for the braking energy it’s the sum of the negative power and the previous value for the accumulative tractive energy required. The losses between tractive and braking is the result of subtracting the braking energy from the tractive energy. Finally, the kinetic energy recovered at 70 percent efficiency and the kinetic energy required at 70 percent efficiency. This is done by using the equation 0.5mv^2 x 0.7 for the energy recovered and the sum of the value of energy recovered and the previous value of the energy required.
[bookmark: _Toc140443207]3.2 WLTP Graphs

Figure 2: This graph demonstrated the acceleration force against time.

Figure 3: This graph demonstrates the deceleration force against time.
As shown in the graphs above there is fluctuation that is consistent in both graphs. This is due to gear changes, braking/accelerating at different points. The gradient of the graphs would be the rate of change of force with time. A steeper gradient would indicate a faster acceleration/deceleration, a positive gradient in the acceleration graph indicates an exponential increase of acceleration. However, in a deceleration graph a negative gradient would indicate more braking.


Figure 4: Tractive Power against time 
This graph demonstrates the power output of the engine over time. The power peaks shown on this graph are a result of high acceleration. This graph shows fluctuation, this is due to external factors such as the terrain of the road which would cause a fluctuation of power. The peaks over time are higher due to higher acceleration which results in a higher power output as it requires more power to overcome the inertia.


Figure 5: Aero Resistance vs Time
The aerodynamic resistance is the force that opposes the motion of the vehicle through air. This graph demonstrates how the aerodynamic resistance varies through different events such as acceleration/deceleration. In this graph, at times when the resistance is increasing there is an increase in acceleration, most of the increases show a steep line this is due to heavy acceleration. Also, there are points where the resistance is steady at 0. This would be when the car is not accelerating or decelerating anymore such as at traffic lights. 


Figure 6: Traction and Braking Energy(kW) vs Time(S)
This graph shows the accumulative tractive energy required (blue line) and the accumulative braking energy required (orange line) against time. These two lines demonstrate the accumulation of energy over time; however, the tractive energy accumulates positive energy during acceleration, but the braking energy accumulates negative energy due to braking. The tractive energy curve is the energy that is required to accelerate the vehicle which is larger than the energy required to decelerate the vehicle, therefore it has a higher peak.


Figure 7: Energy losses against time
As shown, the energy losses increase with time. This could be due to inefficiencies in the system where there is energy wasted, also, it could be due to deterioration over time such as an increase in friction meaning the system has to work harder. 

Figure 8: Energy recovered against time at 70 percent efficiency
The fluctuation throughout this graph shows there is factors such as braking, different environmental conditions such as bumpy road surfaces can cause a change in the energy recovered. There are points where it is flat, and this is when the car is stopped for reasons such as traffic etc. 

[bookmark: _Toc1157827698][bookmark: _Toc140443208]4 Specification of a KER system
A potential system for the Skoda CITIGO would include an electric motor, an energy storage system, a control unit, regenerative braking, energy conversion and an energy recycling system. The motor mentioned will be capable of storing energy that is gained from braking. This motor’s function would be to generate mechanical energy into electrical energy. This generated electrical energy would be stored in a high-capacity battery pack that uses lithium-ion batteries as they are densely energized. The control unit would monitor the vehicles speed, acceleration and braking so that it knows when to engage the system. The regenerative braking system would act as a generator, like the motor, to transform the heat energy that would be lost due to braking into electrical energy. This transferred energy would be converted from AC to DC and this conversion allows the energy to be compatible with the battery pack. The energy recovered would be recycled to different components to ensure the vehicle can run as efficiently as possible. This system would be implemented into the current systems of the CITIGO without any disruption.	
[bookmark: _Toc2024440838][bookmark: _Toc140443209]4.1 Sizing
When thinking about the sizing of the components it is important to understand the vehicle that the system is being implemented on. Due to the chosen vehicle being a compact city car, the electric motor only needs to be small and a motor with a power rating of approximately 15 kW would be able to gain kinetic energy while braking. The battery pack will have a capacity of 4kWh to provide good energy recovery capability. The size of the control unit will be small enough to fit in the current electrical system. The recycling system would require enough space for sensors, braking force controllers and a generator, however this space would be small. The inverter would be small, this depends on the power rating of the motor. For the energy recycling system, the size would depend on the way it is installed. The wires and connectors can be routed a certain way to keep the size minimal.
[bookmark: _Toc697530469][bookmark: _Toc140443210]4.2 Driver Experience
The driver will experience a smooth experience for the most part. The driver wouldn’t realise the system is there as the system should operate by itself and shouldn’t require extra effort from the driver. The driver may experience a slight difference in how it feels when braking, this is due to a different braking response when the energy is being converted. However, this will be engineered to the extent that this change is minimal. The driver may feel an improvement when driving up hill such as a sudden boost in power that is due to the system. 
[bookmark: _Toc1275486500][bookmark: _Toc140443211]5 Conclusion
In conclusion, a KER system like the one that is specified above can have many benefits for a car such as the Skoda CITIGO. A system like this can enhance a vehicles efficiency and performance. Due to the recovered energy from braking, the system can provide better fuel consumption and give the car a temporary power boost when accelerating. The system requires no effort from the driver and operates on its own and doesn’t impact the way in which the driver drives. Overall, the system is engineered to great extent to ensure there is minimal noticeable change in the operation of the vehicle. Also, the engineering ensures there is impact from the system such as improved fuel consumption and a slight power boost when accelerating.
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Aero Resistance(N) vs Time(S)
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Traction and Braking Energy(kW) vs Time(S)
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Traction and Braking (kW)




Energy Loss (kW) vs Time(S)
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