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[bookmark: _Toc172318574]Introduction
This report will include all of my research and findings of an investigation carried out to identify the most suitable Kinetic Energy Recovery System (KERS) for a vehicle of my choice in order to improve the fuel economy. I will explain in detail why my choice of vehicle is a valid one for the investigation. I will explain my reasoning behind, and justify why I have selected specific components and I will discuss the real-word viability and practicality of these choices. 

[bookmark: _Toc172318575]Research
[bookmark: _Toc172318576]Test Vehicle Reasoning
[image: Used 2017 Ford Fiesta T EcoBoost Titanium For Sale (U2297) | Beenham Garage  Ltd]The vehicle I have chosen for this investigation is a 2017 Ford Fiesta EcoBoost (Figure 1). The reason as to why I have chosen this vehicle is because I personally own one, therefore I should easily be able to access as much information as possible about the vehicle. This vehicle is also a good choice as it is a very common vehicle on UK roads, therefore there should be a very large dataset available to me to support my reasoning for all choices I make for the KERS.[bookmark: _Toc172318615]Figure 1 - 2017 Ford Fiesta Ecoboost


[bookmark: _Toc172318577]Vehicle Dynamic Characteristics
For this project I am required to research and find the following characteristics of my vehicle:
· Test Mass
· Frontal Area
· Rolling Friction Coefficient
· Coefficient of Aerodynamic Drag

I first researched and found the test mass of a 1.0l mk7.5 Ford Fiesta. I found this figure to be 1041kg (Clarke, 2023).
I then scoured the internet to find the frontal area of the vehicle. I struggled to find the exact frontal area of the vehicle, so I estimated using the width and height dimensions of 1,978mm (width with mirrors) x 1,468mm (Ingram, 2014). This would create a box around the vehicle from the maximum height and width. I then made a general assumption that 85% of that box would be filled in by the car. This resulted in Equation 1 (below) which shows how I achieved the frontal area of 2,468,148.4mm2 or 2.47m2 (2 d.p).
[bookmark: _Toc172318626]Equation 1 - Estimated Frontal Area
 

[image: A table with text and numbers

Description automatically generated with medium confidence]As with the frontal area, I could not find any conclusive results for the coefficient of drag for my vehicle, therefore using Table 1 I estimated my drag value at 0.24, due to my car being similar to a Toyota Prius in dimensions (The Engineering Toolbox, 2004).[bookmark: _Toc172318622]Table 1 - Drag Coefficient vs Type of Objects (The Engineering Toolbox, 2004)

[bookmark: _Toc172318623]Table 1 - Drag Coefficient vs Type of Objects (The Engineering Toolbox, 2004)
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Description automatically generated]Similarly, I used the same process to find the rolling resistance coefficient for my vehicle. I estimated this to be 0.0125 using Table 2 (The Engineering Toolbox, 2008).[bookmark: _Toc172318624]Table 2 - Rolling Resistance Coefficients (The Engineering Toolbox, 2008)














[bookmark: _Toc172318578]Test Procedure
[bookmark: _Toc172318579]Worldwide harmonised Light vehicle Test Procedure (WLTP)
Following my initial research, I was to select an appropriate Worldwide harmonised Light vehicle Test Procedure (WLTP) for my vehicle of choice. The WLTP class that a Ford Fiesta would be categorised into would be the WLTP 3b class. The test for the 3b class of vehicles is shown below. 

[image: A graph showing the value of a stock market

Description automatically generated]As shown in Figure 2, the WLTP tests a range of speeds and scenarios that a vehicle could encounter. In comparison to the old New European Driving Cycle (NEDC), the WLTP is a more accurate representation of what a modern vehicle experiences (Autocar, 2022).[bookmark: _Toc172318616]Figure 2 - WLTP Class 3b Test


[bookmark: _Toc172318580][image: A diagram of a person's body

Description automatically generated]Deceleration
Taking a closer look at the WLTP Test, analysing the first 100 seconds of the test, as shown in Figure 3, we can draw estimated values for when the car needs to brake. Figure 4 shows the same timescale of graph, but I have drawn a line to show where I estimate the ‘coast down’ deceleration. The graph is stretched in order to more accurately represent the coast-down line. [bookmark: _Toc172318617]Figure 3 - First 100 seconds of WLTP Class 3b Test

[bookmark: _Toc172318618]Figure 4 - WLTP Class 3b with 'coast down' line


Any deceleration below this line means that a negative tractive force is being applied, via the brakes. When the tractive force becomes negative, it means that the deceleration from air resistance (coast down) is less than the total deceleration. The area below the line therefore indicates any energy that is used in the braking process, energy which can be harnessed and used for other reasons. This is why a hybrid system for this vehicle seems like a viable choice. 

[bookmark: _Toc172318581]Calculations
Using a pre-made spreadsheet, provided as part of my alternate propulsion systems lectures presented by Mark Sandford (Sandford, 2023b), I used Equation 2 (below) to calculate the acceleration force in Newtons for every second of the test.
[bookmark: _Toc172318627]Equation 2 - Force
 

Following that, I then used Equation 3 to calculate the rolling resistance force. As the test takes place with no gradients, the vertical force can be assumed as Equation 4.
[bookmark: _Toc172318628]Equation 3 - Rolling Resistance (Sandford, 2023a) 
 
[bookmark: _Toc172318629]Equation 4 - Vertical Force
 

I then calculated the aerodynamic friction of the vehicle using Equation 5.
[bookmark: _Toc172318630]Equation 5 - Aerodynamic Resistance (Sandford, 2023a)
 

I then combined all three resistive forces to calculate a total resistive force, which I then plugged into Equation 6 to work out power.
[bookmark: _Toc172318631]Equation 6 – Power (Sandford, 2023a)
 

[bookmark: _Toc172318582]Graphs
From the spreadsheet that I constructed using the equations above, I created a series of plots to show my results.
Figure 5, below, shows all my resistance values plotted on a single graph. [bookmark: _Toc172318619]Figure 5 - WLTP Resistance Plot


Following that, I then plotted velocity for the test. This is shown in Figure 6.








[bookmark: _Toc172318620]Figure 6 - WLTP Velocity Plot

The next graph that I plotted was the power values that I calculated in the spreadsheet. This is displayed in Figure 7.
[bookmark: _Toc172318621]Figure 7 - WLTP Power Plot












From Figure 7, we know that when Power < 0, we have a negative tractive force, therefore there is potential to recover energy.
To find out the energy wasted on deceleration, I took the cumulative energy from when the car came to rest. 
To work out how much energy is lost when decelerating, I accumulated all the energy ‘wasted’ when the car came to rest.




[bookmark: _Toc172318583]Kinetic Energy Recovery System
[image: ]I calculated the cumulative tractive energy in excel. I came to the result of 9.14KJ
I then did the same for the cumulative braking energy with a result of 1.93KJ
The formulae used for each can be found below


[bookmark: _Toc172318632]Equation 8 - Cumulative Braking Energy Formula
[bookmark: _Toc172318633]Equation 7 - Cumulative Tractive Energy Formula

[image: ]

Due to struggles with understanding the cumulative energy, the rest of this report is purely theoretical, using my research to justify my choices.

A large part of my research that I have conducted is into a mild hybrid system for a vehicle. From my own knowledge I know that there is a system that uses a small, 48V electric starter-generator in conjunction with the main ICE (Ford, 2024). The battery uses energy gained by the regenerative braking system to negate the need for a separate power source, helping to maintain the low weight of a vehicle such as the Ford Fiesta. 
This system would be suitable for my vehicle of choice as it is a very compact system and does not require a lot of internal reworking of the engine bay. As there is no need for a power source, both weight and cost can remain low, a big selling point of models such as the Ford Fiesta. The Fiesta is also known to be a great city car, and the mild hybrid system is stated by Ford to be a great alternative powertrain for those who make a lot of short trips, particularly in lower average speed zones (Ford, 2024). 
This system is also cheaper than a conventional hybrid system as it requires less components and less reworking of the vehicle. This means that there are less costs in research and development. When compared to other hybrid systems, Ford’s mild-hybrid Fiesta model is cheaper than competitors’ models. 

[bookmark: _Toc172318584]Conclusion
To conclude this report, I have decided that a mild hybrid-turbo would be my best option. This is due to costs as well as the relative simplicity of the system (RAC, 2021). The hybrid-turbo option is perfect for a car like the Fiesta as it is not expected to be an expensive luxury hybrid, comparable to the likes of Lexus or Volvo. Instead, it is competing with the likes of the Fiat 500 and Suzuki Swift, of which it outperforms. The compact nature of the system is also perfect as it allows the car to keep its original bodywork and styling without adding extreme amounts of weight. As well as this, the Fiesta is seen as a ‘low-cost’ car, and being able to make it even more efficient whilst keeping the initial buying price as low as possible is a good option for the customer base. My options can be justified as this is the route that Ford took, and ignoring the discontinuation of the Fiesta, the model sold very well and had very positive reviews (Kew, 2020; RAC, 2021).
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Resistance (N)




WLTP Velocity
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Velocity (m/s)



WLTP Power
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