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[bookmark: _Toc183979930]Introduction
This assignment is about kinetic energy recovery. Over the course of the essay, there will be use of excel and explanations of graphs in order to present tractive forces and total tractive forces, cumulative traction energy and cumulative braking energy, and an overall analysis of the effects of introducing a kinetic energy recovery system in order to reduce vehicle fuel consumption, on a vehicle of my choosing which in this instance will be the Ducati 1199.
[bookmark: _Toc183979931]Kinetic Energy Recovery System
The Kinetic Energy Recovery System (KERS) is an innovative technology used in all kinds of automotive fields, it is, according to (Racecar Engineering, 2009), “designed to recover the kinetic energy that is usually lost as heat during braking. This recovered energy is stored in a reservoir, such as a flywheel or high-voltage batteries, and can be used later to provide a power boost during acceleration”. Also according to (Racecar Engineering, 2009), “The power rating of a typical Kinetic Energy Recovery System (KERS) used in Formula One racing is 60 kilowatts (kW)”, and can provide a boost of that size for just under seven seconds.
[bookmark: _Toc183979932]Types of System
There are multiple types of KERS, including battery based, supercapacitor based, hydraulic based, and flywheel based. As I intend to use a sports bike, the KERS mainly found for racing and sports cars/bikes is electrical KERS, this is because it provides significant power output/boost that is applied during acceleration.
[bookmark: _Toc183979933]Components
A KERS will consist of multiple components. These will add to thew overall effectiveness and efficiency of the system, here are a few examples:
[bookmark: _Toc183979934]Electric Motor Unit (MGU)
This will convert the kinetic energy into electrical whilst the vehicle is braking and will thus generate kinetic energy when accelerating. 
[bookmark: _Toc183979935]Energy Storage Device
Any energy recovered from the vehicle will be stored here, this can be either a battery, a flywheel, or even a supercapacitor.
[bookmark: _Toc183979936]Efficiencies
Modern KERS systems can achieve up to 70% efficiency or even higher, with the MGU converting around 90% of kinetic energy into electrical energy. And the energy storage devices mentioned above have efficiencies of around 80% each.
[bookmark: _Toc183979937]Sizes for Components
Each component will vary in size, with motorcycle components weighing much less and being much smaller than that of a car. Below are some examples of sizes of components:
· MGU: This can be around 10kg or 20kg, and will be mounted near the drivetrain or engine.
· The battery will weigh around 5kg and be mounted under the seat on most motorcycles.
· The same placement applies to the supercapacitor, but weighs around half (2kg to 3kg) of the battery.
[bookmark: _Toc183979938]WLTP Levels
The WLTP (Worldwide Harmonized Light Vehicles Test Procedure) has four main levels, and with each level comes different speeds. These are stated below:
· Low: Speeds up to 56.5km/h, and is used to simulate urban driving.
· Medium: Speeds up to 76.6km/h, and is used to simulate suburban driving.
· High: Speeds up to 97.4km/h, and is used to simulate rural driving.
· Extra High: Speeds up to 131.3km/h, and is used to simulate highway driving.
[bookmark: _Toc183979939]Ducati 1199
I have chosen the Ducati 1199 as my vehicle, this is because it is more applicable to motorcycle engineering students to write this essay on a motorcycle over any other combustion vehicle, it will also help to understand the difference between the energy recovery of a motorcycle in comparison to that of a car, which I assume to be much less.
[bookmark: _Toc183979940]Curb Weight
Curb weight refers to total weight of the vehicle, which as stated in (Tito, 2024), “including factory-installed accessories and essential amenities required for it to run. The amenities we are talking about are fuel, coolant, and transmission fluid. ”
For the Ducati 1199, it has an individual dry weight of 164kg, and curb weight of 188kg, and the Ducati 1199 does not have any luggage storage option, so that will be irrelevant for us in the future calculations. We will then see if the rated power in W/kerb mass is less or more than 34, .
[bookmark: _Toc183979941]Calculations
All calculations done below are examples of what I will use in excel, all calculations will be found in the excel file submitted for this assignment. We now need to use information researched, including that the aerodynamic coefficient is 0.46414637, the frontal area is 0.55m². In order to calculate the rolling resistance we will do the following,
[bookmark: _Toc183979942]Rolling Resistance
Use the calculation  Where Fr is rolling resistance, Cr is coefficient of rolling resistance, and N is normal force. The next step is to simply calculate force , And putting the values in makes . Now we can calculate rolling resistance force, (assuming the Cr=0.01 as most motorcycles have typically). By using the previous equation  and then inserting our values .
[bookmark: _Toc183979943]Aerodynamic Drag Force
In order to calculate this, we will need the calculation . Using the Extra-high MLTP,= for the tests, we will first need to calculate our velocity, being 131.3km/h, and converting this into m/s . Then plugging the values into our equation, .
[bookmark: _Toc183979944]Acceleration Resistance
This will be plugged into excel, so we can calculate at speeds up to 131.3km/h, but for the time being we will use the initial speed as 0m/s, so using the calculation  .
[bookmark: _Toc183979945]Total Tractive Force
This allows us to calculate the initial total tractive force using the equation  and using all the previously calculated results, it will become .
[bookmark: _Toc183979946]Power required
In this part we will need to use the previously calculated vales and work out the total power needed in the extra-high WLTP, using the equation  and as we know the values for Ft and v, we can add them into the equation . All results on excel, these are the initial values however.
[bookmark: _Toc183979947]Cumulative Energy
In order to calculate cumulative energy, firstly I will need to use the equation . When inputting my values for power and time, we can then find the initial energy, in my case is 0. Then we will use the equation in excel =N3+(K4*(B4-B3)) which allows us to add the energy required for each power and time interval.
[bookmark: _Toc183979948]Cumulative Braking Energy
This is similar to cumulative energy, however differs as we only need to know the energy accumulated from when we are slowing down We have 0J of energy required until we brake, and then we will use the calculation in excel =0.5*188*(D116^2)+O115, this + at the end will allow us to find the cumulative. And as we drag this down, as shown in the excel, it will only add the braking from when the motorcycle begins its deceleration.
[bookmark: _Toc183979949]Graphs
On the excel attached to this assignment there are multiple graphs, here I will give a brief explanation of each graph:
[bookmark: _Toc183979950]Vehicle Speed vs Acceleration

Figure 1 (vehicle speed vs acceleration graph)
Shown here is the speed in m/s and acceleration in m/s². The graph is very simple, as we were not fluctuating speeds or acceleration, but as shown, the vehicle speed will increase and subsequently decrease by a constant of 0.139m/s, meaning that the acceleration will also increase and decrease of the same constant. This graph shows a clear correlation between the acceleration increasing and decreasing, with the increase and decrease of the overall vehicle speed.
[bookmark: _Toc183979951]Total Tractive Forces vs Tractive Forces

Figure 2 (graph of tractive forces)
Here is the graph of individual tractive forces and total tractive force (Purple). It shows a clear correlation, this is simply because each tractive force has been added together to create the total tractive force. But as we can see, the rolling resistance stays at one constant for us, this is because the resistance of tyres to tarmac will be virtually unchanged throughout the tests, no matter the speed. We can also see here that the aerodynamic resistance has a dramatic increase, and isn’t constant on the increase or decrease of vehicle speed. This is because the faster the velocity of the vehicle, the more air is being displaced, and there is also a greater air pressure differential between front and rear, these are both factors leading to increased drag.
[bookmark: _Toc183979952]Vehicle Speed vs Power Required

Figure 3 (speed vs power graph)
As shown in the graph, there is a clear correlation between the increase and decrease of speed, and power required. Due to the excel increasing in constant intervals, the information will be very simple here, but will still show what is needed to be known, that as the vehicle speed increases the power required to gain those speeds will also increase.
[bookmark: _Toc183979953]Cumulative Energy and Cumulative Braking Energy

Figure 4 (cumulative energies for braking and overall)
In this graph it is clear that the total required energy is higher than the braking energy throughout. However, we can see that the vales of the energy required are much higher than that of the energy gained from braking, this is difficult to tell on this graph, but the values on each y-axis are actually much further apart than is initially apparent. This graph does however show a common trend, that the energy gained back is significant, even if it is not as high as the total energy output. This is expected though, because we are travelling forward and using more energy even when braking, and we also will not be braking the entire time, all the while accumulating more energy used.
[bookmark: _Toc183979954]Energy Recovered Over Time

Figure 5 (Energy Recovered Graph)
As we can see from the graph above, the phase time indicates that there is a much higher gain of energy recovered when at the high and extra high levels of the WLTP, this is because of the higher speeds achieved at those WLTP levels. Also the length of time that each phase takes is correlating to the amount of energy recovered.
[bookmark: _Toc183979955]Conclusion
In this assignment, it has shown that there are multiple correlations between different values, such as that as the vehicle speed increases, so too will the aerodynamic resistance. Another piece of data, is that during braking and energy being recovered by the vehicle, the total energy used will still be increasing, which is why the energy recovered is that much less than expected before doing this assignment.
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Vehicle Speed vs Power Required
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Cumulative Energy + Braking Energy
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