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[image: 2014 Ducati 1199S Panigale]This report will focus on the World harmonised Light vehicle Test Procedure (WLTP) and to analyse the impacts of introducing a kinetic energy recovery system (KERS) to potentially reduce fuel consumptions. The goal is to calculate and analyse the WLTP and forces acting upon a chosen vehicle, which in this report is the 2014 Ducati 1199 Panigale S. The reasoning behind choosing this bike is due to already having certain values and the bike available already, additionally, access to data for this bike is likely to be much more prevalent than other less famous motorcycles.
Along with this report will be, a spreadsheet with the for various calculations to determine the primary choice for a KERS in the context of this vehicle with the data used for said calculations. It will detail and have plots of, the WLTP cycle, the resistive forces acting on the vehicle throughout the testing procedure, the vehicle acceleration along the test, and the cumulative energies produces from both tractive forces and braking forces. The braking will also be used to plot the potential for energy returned to the wheel road contact throughout the test assuming a KERS is installed, this will however, be done by using an assumed value based on ranges identified through research. 
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[bookmark: _Toc183964391]Vehicle Data and Calculations
Bike specifications directly from manufacturer, rider mass is that of the author, and added luggage is an assumption based on conventional commuting luggage.
Table 1
	Power (kW)
	143
	Fuel Mass (kg)
	0.79

	Torque (Nm)
	132
	Oil Mass (kg)
	0.88

	Power (W)
	143000
	Rider Mass (kg)
	90

	Kerb Mass (kg)
	188
	Added Luggage Mass (kg)
	15

	Test Mass (kg)
	310

	Frontal Area (m²)
	0.33

	Rolling Resistance Coefficient (Wargula Łukasz)
	0.02

	Generic Coefficient of Aerodynamic Drag (Lumen Learning)
	0.6

	Power to Mass (W/kg)
	760.6383
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Kinetic energy recovery systems (KERS) or regenerative braking systems (RBS), are systems installed within a vehicle in order to store and repurpose energy (specifically kinetic) that would otherwise be lost during the braking process (Ahmed T. Hamada, An overview of regenerative braking systems). The main focus regarding the use of KERS is their ability to improve fuel economy, which results in a decrease level of pollution compared to a typical internal combustion engine, as well as, improved mechanical health of the engine and other running components and marginally reduced running cost for the vehicle owner.

[bookmark: _Toc183964394]Function
KERS’s work by recuperating energy from areas of a vehicle that have high levels of kinetic energy loss, such as, the braking system, drive line and other areas. The kinetic energy that goes unused and otherwise dissipated through friction, and thermal energy, during the braking process is able to be stored using a flywheel system that is able to convert it from kinetic energy into electrical energy like a smaller scale generator powered by the movement of the drivetrain and braking system. Along with KERS using a flywheel mechanism, there are multiple options for kinetic energy recovery methods storing energy either mechanically or chemically.

	[bookmark: _Toc183863716]KERS Method
	Storage Method
	Release
	Vehicle Specific Viability
	Efficiency Gain %
	Energy Recovery Conditions

	Electric turbo compound (ETC)
	Chemical
	Electrical
	Not Viable, due to turbo incompatibility
	<10



	Continuous

	KERS from vertical oscillations
	Chemical
	Electrical 
	Not Viable, due to insufficient energy to repurpose
	<10
	Varying road surface

	Elastomer/Spring KERS
	Mechanical
	Mechanical
	Potentially Viable, despite presumed high weights
	10-25
	Deceleration

	Pneumatic/Hydraulic KERS
	Mechanical (Pressure)
	Mechanical-Electrical
	Potentially Viable, due to size constraints
	>25
	Deceleration

	Flywheel KERS
	Mechanical (rotational)
	Mechanical
	Viable due to informational abundance
	>25
	Deceleration

	Strong Electric KERS
	Chemical
	Mechanical-Electrical
	Not viable, due to cost, weight and technological level beyond road going vehicles at the current time
	>25
	Deceleration


Table 2(Section from (Ahmed T. Hamada) Table 2)

[bookmark: _Toc183964395]KERS Analysis and Selection
Before all else, it is important to know that KERS on motorcycles is a minimally researched area in comparison to their four wheeled counterparts, the main reason for this is simply the unavailability of free space on the body compared to a car or larger vehicle. With being said, it isn’t an impossible option, and key considerations for identifying the correct method of energy recovery are the forces that are most likely to be applied to areas of the vehicle. For example, in an ideal world it may be possible to apply one of each of the previously listed energy recovery devices, this would allow for energy recovery from, braking, coasting, idling, and constant suspension movement. However, when consider KER systems for both real world applications and specifically for a high-end motorcycle it is important to make potential sacrifices in one area for the benefit of performance in another.
[bookmark: _Toc183964396]Primary Selections
[bookmark: _Toc183964397]KERS from vertical oscillations
While recovering energy from mechanical systems that are constantly active due to the effects of gravity has much promise, with regards to the frequency of energy recovery, the fact is that the systems that are constantly going through compression and extension due to load are simply not able to produce the amount of excess energy to be repurposed in a way that is intended to provide a driving force to the vehicle. This is mainly a result of the limited major deviations in the road surface throughout the majority of a journey, making the efficiency benefits of using a KERS much lower than other KERS. A large upside to this system is the energy return being able to occur at all times, given that the road surface is , however this is counteracted by the low gain in efficiency, meaning, despite the greater opportunities for energy return, the overall value within that is likely lower than is ideal due to the simple fact that energy produced during oscillating structures is likely to be outnumbered by that of other systems.
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Elastomer/spring systems have potential to be highly effective within given environments, as they do not require energy conversion as they store and release purely kinetic energy (ignoring losses on release), however, the method required to house the actual device (elastic material or spring) can cause relatively large weight gain due to the requirement of the material to be house within hydraulic fluid to prevent premature degradation over time that would be guaranteed if it was an open system. Elastomer/spring systems are a cross road between low and high efficiency gain, this makes it a good option to consider for this application, along with the fact that this system is focused on returning energy lost during  
[bookmark: _Toc183964399]Pneumatic/Hydraulic KERS
The use of a hydraulic system, pressurised during the typical recovery period, can be effective in many vehicles, the main issues are the ability to store both the hydraulic fluid (energy storage), the pressure storage device, and install the hydraulic pump and motor onto the engine in order to recover energy from the flywheel. The implementation of these devices would require quite a heavy vehicle redesign, primarily focused on moving components around to fit the large chambers needed for storing pressure and energy.
[bookmark: _Toc183964400]Flywheel KERS
A flywheel rotation being the main source of energy generation can result in comparatively high levels of efficiency gain. Additionally, it is fairly commonplace within the motorsport industry, making it one of the most effective in the eyes of many engineers around the world, as well as the likely abundance of research about the system specifically. Regarding the vehicle of choice for this report specifically, due to the clear use within motorsport and high performance environments (Ahmed T. Hamada), and considering the Ducati 1199 was one of the top performing bikes during the early 2010s, it is logical that this system would be effective, despite the popular use of flywheel KERS in low speed applications, such as heavy-duty vehicles.


[bookmark: _Toc183964401]Final KERS Choice
Considering the focus on energy return being during braking. The conclusion from both the research and calculations it is evident that a flywheel KERS is likely the most ideal choice, due to the already common use within high performance applications, allowing for easier retrofitting and available information and that connection to the bike’s history. The main reasoning behind this conclusion is that, although something like the vertical oscillation KERS would be ideal for a road going vehicle, it does not have a significant gain to the overall efficiency of the vehicle, while a flywheel KERS has an overall efficiency of up to 90% (more so in heavy duty vehicles) (Shengxi Bai). As for the comparison between a flywheel KERS and others mentioned, the flywheel KERS for this bike would likely be the option with the least impact on the weight of the vehicle due to the fact that others that were previously detailed, require chambers and devices in order to run correctly. For example, the pneumatic system requires additional pumps onto the engine and the additional pressure and hydraulic chambers, similar to this, the elastomer system requires a chamber to house the elastomer in fluids, as stated previously.
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