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1.0 [bookmark: _Toc183787302]– Introduction
This report will cover, through the means of research, an in-depth evaluation of alternative powertrain designs along with kinetic energy recovery systems mainly focusing on how they can have an effect on a cars performance and efficiency etc. For this particular report I have chosen a vehicle to give a foundation of research, and all the information found will be based on this particular car. 
1.1 [bookmark: _Toc183787303]– Chosen vehicle and why.
For this part of the assignment, I have chosen to base my research and evaluation on an Audi A3 Sportback 35 TFSI 2024 model. The reason I have chosen this vehicle is because I feel it would be interesting to see what adding kinetic energy recovery and a battery can do for a car of this style. It’s a conventionally smaller car meaning the performance could be enhanced due to the addition along with this it will be interesting to research just how much more efficient and economic it can be made with the addition. Also being a newly produced vehicle means that it will have to compete with the competitive market of efficient vehicles of the modern era, which will be a huge benefit towards a car like this. 
1.2 [bookmark: _Toc183787304]– Practical Viability of the solution
Adding a KERS system and battery for energy storage to the car, can significantly impact its economy for the better, whilst also improving the overall efficiency of the car. Furthermore, it will impact performance in ways where adding the battery, can decrease acceleration time and provide the car with more overall power. Due to the car having that slight extra power from the KERS the added weight that comes as a side effect will essentially be cancelled out. 



[bookmark: _Toc183787305]2.0 – Research of the vehicle’s dynamic characteristics
The research of this vehicle will include the following segments:
⁃ The test mass of the vehicle 
⁃ rolling resistance 
⁃ Frontal area 
⁃ Coefficient of aerodynamic drag 
⁃ WLTP class of the vehicle
⁃ The largest KERS unit available for the vehicle 
These topics will help give an in-depth theoretical analysis of how this car could be more efficient and sustainable whilst on the road. 

In this segment it will discuss the dynamic characteristics of the vehicle. The purpose for highlighting these characteristics is to determine things such as performance, stability and efficiency etc. 
The test mass, is the overall mass of the vehicle, this includes things such as curb weight, people weight, luggage weight and any roof load added if available. For the Audi A3 that I have chosen the overall test mass/overall weight goes as follows:
⁃ car unladen (kerb mass) = ~1,290kg
⁃ Full passengers = ~375kg (on average)
⁃ Full luggage (using suggested carry weight in the boot) = ~100kg
⁃ Roof load = ~75kg
From this breakdown of each section the mass comes to around 1,840kg

The frontal area is important to know as it gives us an idea of the efficiency of the vehicle, it is especially important when it comes to cars that rely on some sort of battery as power, such as hybrids or electric vehicles. For the Audi A3 that I have chosen the frontal area is around 2.17m^2.  The frontal area can also be worked out by using a reference grid. The coefficient of drag on the Audi is 0.29, which can be found through research of the technical data. 
(Data from: Audi mediacenter, 2024)


[bookmark: _Toc183787306]3.0 – WLTP cycle
The ‘World harmonised light vehicle test procedure’, also knowns as WLTP, is a cycle that is based on a series of starts and then following up with accelerations, progressively with each acceleration ranging in different categories from low, medium, high and extra high, following from these various accelerations Is also a series of stops. This procedure is undertaken in a controlled real-world environment set over a duration of time. This procedure determines the overall combined WLTP range. 
The purpose of the WLTP is to measure the vehicles driving efficiency and economy which is very useful for understanding these prime characteristics of the vehicle and where things could be worked on to make it more efficient. The benefits of the WLTP cycle compared to that of the NEDC include the likes of being put into more realistic driving situations, including motorways, suburban and urban driving also included, and featuring more realistic driving behaviours with longer distances. Furthermore, it counts for higher average speeds and higher powers, with also more dynamic acceleration moments and deceleration moments. These test characteristics allow the consumers to see the best, and worst-case efficiency information and allows the manufacturer to see how this reflects on them. (wltpfacts.eu, 2024)
[bookmark: _Toc183787307]3.1 – Selected WLTP cycle 
The vehicle that I have chosen for this assignment report is in WLTP class 3 which is the typical and average class for a standard road car. It falls into the category due to its emission class and its power to weight ratio.
[bookmark: _Toc183787308]Figure 1 – displaying the pattern of the WLTP cycle from gathered data.
From this WLTP graph we can see where acceleration and deacceleration occurs. Using this pattern in the graph we can see the opportunities for energy recovery based on where braking moments happen, in turn generating that energy at stops ready for setting off. 
[bookmark: _Toc183787309]4.0 – Data analysis
In this section it will cover the series of graphs made based on the data gathered from the WLTP cycle. 
[bookmark: _Toc183787310]4.1- Graph analysis
[bookmark: _Toc183787311]Figure 2 – Power against time graph
As can be seen in this graph it identifies the power output of the vehicle, this is measured in kW. From this the moments of braking can be identified by the points where the power output Is negative, thus indicating that the vehicle is slowing down. 
This graph bares a resemblance to the graph that displays acceleration, which like that of the power against time graph shows when the vehicle is no longer accelerating, indicated by negative data values. These braking moments give an opportunity for the vehicle to recover energy using the KERS system that will be implemented. 

[bookmark: _Toc183787312]Figure 3 – Acceleration against time graph
(as mentioned above)

[bookmark: _Toc183787313]Figure 4 – All tractive forces against time graph

From the graph displayed above, acceleration has a lot of frequent deviations compared to that of the other tractive forces as it follows the WLTP cycle. The reason for this is that as it follows the cycle it shows where the vehicle is following the procedurally braking moments and acceleration moments, this is as it speeds up then stops and speeds up again all whilst accelerating through the ranges to lower to higher speeds, using the graph we see there is much less accel. Meanwhile the aerodynamic forces shown tend to follow a more concise and cleaner pattern. The slight fluctuation of these values is dependent on the acceleration, this is due to variables such as the wind resistance against the car becomes much greater at higher speeds, which is backed up by the fact that at the higher speed ranges of the cycle this is where the peak of the aerodynamic resistance can be seen. Furthermore it can be seen that the rolling resistance is constant, creating a straight flat line throughout the data. 
[bookmark: _Toc183787314]Figure 5 – Total forces against time graph 
This graph shows the three main tractive forces, through the means of one set of data values. Using this we can see the overall tractive force values that effect the vehicle throughout the WLTP cycle. 
[bookmark: _Toc183787315]Figure 6 – Graph displaying both tractive energy and braking energy with included average losses
In the graph shown as ‘Figure 6’ it displays the tractive energy along with braking energy. The cumulative tractive energy in this case is displaying a visualisation of the energy used by the vehicle during the WLTP cycle, whereas the cumulative braking energy displays the energy available to the vehicle during the cycle. In relation to the WLTP cycle shown in figure 1, it shows that at the points when its in the higher speeds and throughout the duration of the cycle, that is where most of the energy is being used with very little recovery. The cumulative tractive energy can influence the vehicles fuel efficiency which will mean its more beneficial in terms of vehicle efficiency to have a KERS system on the vehicle (Application of a Tractive Energy Analysis to Quantify the Benefits of Advanced Efficiency Technologies for Medium- and Heavy-Duty Trucks Using Characteristic Drive Cycle Data, 2024). The relationship between the tractive and braking energy is one that is vast, however one to be expected due to the high rates of speed and duration of the cycle. Ways that the available energy can be enhanced is through means of better braking techniques allowing for more recovery from the braking energy (Review on Braking Energy Management in Electric Vehicles, 2024). 
[bookmark: _Toc183787316]5.0 – Identifying moments of largest possible KERS power input
[bookmark: _Toc183787317]Figure 7 – Graph displaying cumulative braking energy
Using this graph, we can see the overall braking energy that is developed from the vehicle during the cycle. This graph shows that from the cumulative braking energy, we can get the usable or converted energy to use for the KERS. The KER system should have unput when the car is under braking, this can be backed up by the plotted data graph by seeing that as the brake is being used over time that the amount of energy generation increases. The maximum energy that is usable from the recovered braking energy is at 378616.8J (378.6168kJ). convert this into kwh and it comes out as 0.105kwh (105Wh). This means that the KER system will have to support this maximum peak energy recovery. By using the KER system on the vehicle, it should help with multiple characteristics contained within the WLTP cycle like the performance, efficiency and fuel economy.
[bookmark: _Toc183787318]6.0 – Specifying the KER System to use
For the KER system I have selected a battery controlled electric system; by choosing this it will support the storage of energy that comes from the regenerative braking technology. By using the braking energy and the kinetic energy produced from it improving the key characteristics of the vehicle. Going for the choice of a battery storage system allows the energy recovered from under braking to go through the system and be stored in the battery, then sent back through as usable energy. The system overall will not need to be too big due to the fact that not a huge amount of energy is produced over the time period. The system will cover from the front brakes and through the generator unit and control system located under the driver and passenger compartment of the vehicle and towards the battery which is located slightly rearwards of the car by the fuel tank.  However, due to this system and its components overall efficiency values some of the energy will dissipate as it goes through the system. 
[bookmark: _Toc183787319]6.1 – Efficiency values of the KER system
The energy recovery system has efficiency values of:
· The generator – 94%
· The controls system – 92%
· The energy storage / battery – 88%
· Overall efficiency – 0.94 x 0.92 x 0.88 = 0.76 = 76% overall efficiency 
[bookmark: _Toc183787320]7.0 – Kinetic energy returned
[bookmark: _Toc183787321]Figure 8 – graph displaying both cumulative energies and returned energy
From this graph it displays the energy that gets returned due to the KER system working from the characteristics such as the cumulative braking energy, along with the overall efficiency value of the KER system. Using the plotted data of the returned energy we can see that due to the KER system and its efficiency value that the braking energy is not totally recovered, despite this it is generally a typical characteristic of energy recovery systems due to the conversion losses as it goes through the different components of the system, this is visualised through the lag of growth of the green line (returned energy). A way this could be avoided is by having a more efficient system, however creating a more efficient system to go fit in with the desired parameters would be difficult as it depends on the braking energy input and the value of that peak energy produced, a more efficient solution for this car may be to turn it hybrid. 
[bookmark: _Toc183787322]8.0 – How the system operates
The KER system will work based on the regenerative braking theory. Using this theory, it means it is capable to take the kinetic energy that is produced from the braking energy or when the brake is being pressed it can take and harvest the energy from the brakes and store it in a battery. 
This system allows for the car to have a little extra power when it is needed, for example there can be a performance increase when it comes to acceleration, as the energy harvested and stored in the battery gets used as ‘boost’, however at a slightly decreased value due to efficiency values of components. The way it harvests this energy is by turning the kinetic energy into braking energy, this is then transferred to the motor generator unit (MGU), then it goes through the control system which then sends it to the battery to be stored. When it comes to deploying the energy it sends the stored energy drivetrain, this in turn creates an increase in performance, such as better acceleration as discussed earlier. This will improve performance and the efficiency of the vehicle as well as the fuel economy of the vehicle. 
[bookmark: _Toc183787323]8.1 – Assumptions
The following assumptions have been made based on calculations made for certain parts and based on research, these are made to come to the most realistic outcome and how feasible this theory is.
· The system activates on a regenerative braking system
· Environment conditions are consistent to that of the WLTP cycle
· Data from manufacturer is assumed to be correct
· Components work as they should
· The energy recovery is of that specified
· The braking energy works in unison with the deceleration rate
· Performance will increase with the KERS in place
· The system fits in the typical way
· Efficiency is as stated (76%)
· Efficiency values of components are as stated
· All Figures shown display correct values relating to calculations
[bookmark: _Toc183787324]8.2 – Variations the driver may feel
The driver can expect small boosts when accelerating due to the output of the recovered energy, along with more efficient and economic driving, compared to that of a standard ICE vehicle. To be the most efficient it can be the driver should consider smoother braking/deceleration techniques such as lift and coast, to harvest as much energy possible.  
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Tractive forces (N)




Total forces against time
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Cumulative tractive and braking energy
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Cumulative tractive and braking energy with returned energy
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