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1. [bookmark: _Toc183977536]Project Introduction

The aim of this paper is to analyse and develop the characteristics of a Kinetic Energy Recovery System (KERS) and apply them to a vehicle of my choice. For this project I will be using a Kawasaki Ninja 400, as I personally appreciate this motorcycle, as well as data being readily available due to its popularity.

Kinetic Energy Recovery systems utilize braking force from the vehicle, that would usually be wasted, to convert the kinetic energy into electrical energy.  This electrical energy can then be stored in a battery which can be used with a motor to propel the vehicle, which saves on fuel as this recovered electrical energy can be used instead of the chemical energy from the fuel.

The use of a Kinetic Energy Recovery System is useful for road use as it will save fuel and money for the driver. As well as this, KERS is also beneficial for the environment, as lowering the amount of fuel used will lower carbon emissions from the vehicle.

2. [bookmark: _Toc183977537]Characteristics of Vehicle

The first characteristic of the Ninja 400 that I will need to acquire is the test mass of the vehicle. I need to be careful when acquiring the data for this section as test mass is not the same as the kerb mass or the gross vehicle weight. Test mass is defined as the combination of kerb mass and the weight of passengers and luggage or test equipment. For a motorcycle these additional elements are typically calculated as 70 Kg for the rider and 5 Kg for testing equipment. The kerb weight of the 2023 Ninja 400 is 168 Kg 1 which when combined with rider weight and test equipment will give a 243Kg test mass. When testing for a motorcycle in WLTP it is assumed there will be no passengers or luggage.

I will also need to know the frontal area of the vehicle for my calculations. I will be calculating this with the assumption that the rider is sat up and not tucked in, which would mean the vehicle would have a shape factor (k) 2 of 0.85.  The Ninja 400 has a height of 1.12 meters and a width of 0.71 meters.1 All of these numbers can be put into the frontal area formula, A≈k⋅(h⋅w) , to give the frontal area. This will be A=0.85⋅(1.12⋅0.71)=0.6761m2.

I will also need to know the rolling resistance of the vehicle, which calculates the resistance the vehicle faces from the wheels. This can be calculated using the formula of Frr​=Crr​⋅W. The rolling resistance coefficient (Crr) 3 for street tyres on asphalt is usually about 0.01. The weight of the vehicle was calculated earlier and is 243Kg. This will give a rolling resistance of  Frr​=0.01⋅2383.83=23.84N.
Finally, I will need the coefficient of aerodynamic drag. Typically, a semi-faired sport bike such as this will have a coefficient of aerodynamic drag of 0.5. 4 

3. [bookmark: _Toc183977538]WLTP Class Selection

For most light vehicles, The Worldwide Harmonised Test Procedure will be sufficient to use with the correct class. However, as this is a motorcycle I will instead need to use the World Motorcycle Test Cycle (WMTC) 5 The Ninja 400 will use a class 3 WMTC cycle as it is capable of speeds exceeding 120 Km/h.

4. [bookmark: _Toc183977539]Spreadsheet

To acquire my data I will be using the spreadsheet format provided by the United Nations for the WLTP Test cycle. 6 after the data is processed, I can create a new excel document to chart the Cumulative Tractive Effort and Cumulative Braking Effort.

5. [bookmark: _Toc183977540]KERS Power input

The greatest deceleration experiences during the WMTC for this vehicle occurs between 1782 and 1793 seconds, during the final phase of deceleration before the end of the test. During this time, the speed of the vehicle falls from 59.4 to 0 Km/h. The energy available for recovery during this time can be calculated as Ek​=0.5 * ​mv2, which when the correct values are inputted will give 0.5 * 243 *59.42 = 7219.53 J. As I will be suing a mechanical KERS system, I will assume 70% efficiency for recovery. Due to this, The maximum input will be 7219.53 * 0.7 = 5053.671 J.

6. [bookmark: _Toc183977541]Designing KERS System

As a motorcycle is inherently a light vehicle, I will be using a carbon-composite flywheel for my KERS to be able to make it more compact by  allowing it to spin faster without risk of failure. This material can be spun up to 50,000, but I will be aiming for 30,000 RPM for safety and reliability. To calculate the size of the flywheel, I will need the moment of inertia. This can be found with  I= 2Ef / ω2. This will give an I value of 0.001024kg⋅m2. With a weight of 5kg, the size of the flywheel can be found with r = √2I/m. This will give a flywheel size of 2cm.
7. [bookmark: _Toc183977542]Function
Kinetic Energy Recovery Systems (KERS) improve vehicle efficiency by capturing and storing energy during braking that would otherwise be lost as heat in traditional friction brakes. This energy is stored in a medium such as a flywheel, and can later be used to assist in acceleration. In contrast to conventional Internal Combustion Engine (ICE) vehicles, KERS-equipped vehicles offer smoother, more gradual braking, while regenerative braking helps reduce wear on brake components. Drivers may notice an instant power boost during acceleration when the stored energy is used, creating a more dynamic driving experience. However, the system can lead to changes in braking feel, particularly during the transition between regenerative and friction braking, and may require adjustments to seamlessly integrate with the vehicle’s overall powertrain.
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