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A kinetic energy recovery system (KERS) is a type of regenerative braking where a vehicle can store its kinetic energy when slowing down so that it can be reused for acceleration (Kapoor, Parveen, 2013). KERS have been used successfully in both motorsport and civilian transport. 
Due to the increasing world interest in emissions, the planet's health and diminishing reserves of fossil fuels, vehicle efficiency has become more important than ever. With the rise of alternate power trains such as electric or hydrogen, regenerative braking increases the range of a vehicle (Chen, Gao, Ehsani, 1999).
This report will analyse the effects of introducing a KERS to the Suzuki SV650 sk5 motorcycle to reduce fuel consumption. Using the WLTP, a theoretical investigation will be carried out on the bike, and the power consumption will be calculated. Possible KERS will be suggested and evaluated based on their performance and suitability. 
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The bike that has been selected for the WLTP test is a Suzuki SV650sk5. The SV650 is a street motorcycle designed for everyday riding and commuting; it is known for reliability and performance. It is a middleweight motorcycle, ideal for beginners and experienced riders alike. Due to all these factors, it is common to see the SV650 around town as well as carving up the mountain roads. Fitting a KERS would be beneficial in many ways; the stop start nature of city riding would show a stark improvement in fuel economy, helping reduce the power required by the ICE to get up to speed. When riding the twisties, an extra boost exiting corners would allow the SV to keep up with higher-power bikes while still retaining the rideability that makes the bike appealing to newer riders.
	Test mass
	Power
	Rolling resistance coefficient
	Aerodynamic drag coefficient

	198kg
	69bhp
51453.3W
(MCN, 2023)
	0.02 (Engineeringtoolbox, 2023) 
	0.7 (Winski, Piechna, 2022)



Due to the power-to-weight ratio of the SV650, it is in class 3 for the WLTP test. 
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The WLTP, or worldwide harmonised light vehicles test procedure, is the modern global standard for emissions testing of traditional ICE and hybrid vehicles and range testing of fully electric cars (United Nations, 2014). Previously, the new European driving cycle (NEDC) was the standard homologation procedure but has since been replaced by the WLTP as it is a more stringent test that better represents real-world driving (WLTPfacts, 2017). 
[bookmark: _Toc125291205]KER Systems
Multiple types of KERS fall under two categories, electrical and mechanical; a typical electrical system will convert the kinetic energy to chemical energy utilising batteries to store the energy until it is needed, according to (Abdurrakhman et al., 2015). A standard mechanical system will either store the kinetic energy directly using a flywheel or convert kinetic energy into potential energy stored in a spring of some sort (Brockbank, Cross, 2006). 
Flywheel KERS has been used with great success in motorsport, most notably by the Williams F1 team during the 2009 season. They used a carbon composite flywheel running in a vacuum that could spin more than 50,000 RPM. Williams used the flywheel as a motor/generator, allowing the use of fewer moving parts; the flywheel could be spun up electrically and then used to generate electrical energy when needed. (racecar engineering, 2023) 
Electrical KERS are most common on EVs as the drive motors can be used as motors/generators, slowing the vehicle without needing any extra components and storing the energy in the vehicle’s battery to improve range. 
Other types of KERS that use stored potential energy are also available; one type uses hydraulics to compress an air spring, which can then force the fluid back through the hydraulic motor. Others will compress or stretch a mechanical spring to store elastic potential energy that can be harvested later. (Nayak, 2015).
Similar to the Williams system, there are some cases where mechanical and electrical components have been combined to create KERS used for ICE motorcycles, such as the ‘front wheel energy recovery system’ by (Yates, 2014), where a flywheel is placed in the front wheel and Is used to store energy in batteries that can be used to aid acceleration. 
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[image: A picture containing grass, outdoor

Description automatically generated]to find the frontal area, a picture was taken of the front view of the motorcycle with a rider, using Solidworks, the photograph was scaled, and an outline of the right side was traced, then mirrored not to include the rider’s supporting leg. Solidworks then calculated the area within the line. Figure 1 - frontal area calculated using Solidworks
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The WLTP class 3 drive cycle was used to model data that could be analysed to specify a KERS for the SV650 motorcycle. The tractive and braking forces could be calculated using specific data, such as kerb mass, power, rolling resistance and aerodynamic resistance, to obtain values for potential energy recovery. Knowing the amount of energy available to be harnessed by the regenerative braking system allows an appropriately sized energy storage device to be chosen. Excel was used to perform these calculations for each second of the drive cycle. 
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Graph 2 - tractive power
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	maximum power after losses
	average power after losses
	maximum braking power per period (after losses)
	average braking power per period (after losses)
	maximum braking energy per period
	average braking energy per period

	kW
	kW
	kW
	kW
	kJ
	kJ

	2.28
	0.10
	15.44
	3.04
	1096.31
	90.27










Presuming 75% generator efficiency, the maximum power harvested during a single braking period during the WLTP cycle is 15.44kW. This means that a minimum of a 16kW generator would need to reap all the potential energy. In a real-world situation, due to the sporty nature of the SV650, riders will often subject the bike to larger braking events than the WLTP, so a larger generator should be sized; however, no calculations have been performed for this, so that is outside the scope of this report. 
Supercapacitors can have a charging efficiency in excess of 90% (Guo, et al., 2020). The maximum braking energy available for storage for any braking period over the course of the WLTP was 1096.31kJ. After losses, this equates to 986.68kJ or 275Wh, meaning a 300Wh supercapacitor would be perfect for this application. 
A small electric motor with an efficiency of 90% (Linquip, 2021) will be able to produce 12.15 kW of power with the supercapacitors specified above. Again, this is for the WLTP case study, so a 15kW motor would be more suitable for real-world use. 
The following maximum and average power delivery values were calculated using the efficiency values above. 
	maximum power available for acceleration
	average power available for acceleration 

	N
	N

	1.85
	0.47
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Description automatically generated]Graph 4 - power available for acceleration
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Although flywheel KERS have been used successfully in four-wheeled vehicles, they would not be as suitable for a motorcycle. The rotational inertia of the flywheel can influence the dynamics of a vehicle due to the gyroscopic motion. This does not pose much of a problem in a four-wheeled vehicle and can even be a benefit, reducing body roll if the flywheel is oriented correctly. On a motorcycle, however, there is no orientation where the gyroscopic motion would not influence the handling. The SV650 is known for its precise, predictable handling characteristics, and adding a flywheel would likely be detrimental to rideability. 
Regardless of the type of KERS used, some rotational and stationary mass will need to be added, which undoubtedly will affect the handling slightly. By choosing the correct system, this can be minimised. 
Considering the above factors, the chosen system is a generator, taking the place of the front wheel hub; this location was selected as the front wheel is where 70 per cent of the braking force is applied, so more energy can be harvested when compared to the rear wheel. While the extra mass in the front wheel will be noticeable to the rider, making changing the direction of the front wheel harder, the handling will be affected less than if the energy storage system was a flywheel. With this system, the rider could increase the braking force during a braking event, though the grip limit at the contact patch still limits this. The hydraulic braking system will need to be replaced by a brake-by-wire system to make the application of the front brake feel as seamless as possible, this way when the rider is on the front brake, the friction system will only be applied when the generator is at its limit of retardation. Using this system, the generator can harvest as much energy as possible at any given time. 
The generator will feed supercapacitors that can be mounted under the seat. Supercapacitors have been chosen because they can transfer energy ten times faster than batteries (Sleppy, 2015). Batteries can store energy longer than supercapacitors; however, because the primary propulsion system of the SV650 will always be an ICE, energy storage is not a problem as the energy stored from braking will be used for acceleration very soon after, even when sitting in city traffic, which would likely be the longest duration energy storage requirement. 
On acceleration, the supercapacitors will power a motor mounted in the transmission, aiding the ICE’s output shaft in delivering torque to the rear wheel. This has been selected over using a motor/generator in the front wheel as, like most motorcycles, the SV is rear-wheel drive and adding acceleration forces to the front contact patch will add mechanical and dynamic loads that the bike is not designed for and that the rider is not used to. Using the electric motor to aid the ICE’s output shaft should give a seamless feel to the acceleration as there is no transitional period between the KERS and ICE; this also allows the KERS to be used in any gear, which is valuable when accelerating out of corners. A motor/generator could be used here, allowing energy to be harvested during overrun, which would increase the engine braking. 
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This report endeavoured to specify and size a kinetic energy recovery system for the SV650 that would best fit the intended use of the motorcycle while still retaining good handling and a simple and enjoyable riding experience. To gather the data required to size the KERS, the class 3 WLTP drive cycle was used, and the tractive and braking forces were calculated; these values provided an understanding of the forces required when riding the motorcycle under normal real-world conditions. 
The system that best suits the SV650 is a generator in the front wheel that collects up to 16kW of braking force before the friction brake is applied; this generator charges up a 300Wh super-capacitor, which can store the collected energy until the next acceleration event. Where a motor adds additional torque to the output shaft of the ICE. While the acceleration feel should not be affected using this system, the retardation using the generator will likely require much development to make the transition between the regenerative and friction braking system seamless to the rider. 
By installing a KERS, there will be multiple improvements to the SV650, though these will be with their downsides. The main improvement over the stock cycle will be fuel economy, thus reducing emissions; by reusing the energy used when slowing the bike down for acceleration, the ICE will need to provide less power to the rear wheel when accelerating. Another improvement is that of increased acceleration; being a middleweight motorcycle, the SV650 struggles to keep up with bigger bikes on the track or spirited rides, having an extra 2kW (instantly available due to the nature of electric motors) of power when accelerating will give the SV650 an added edge. 
The downside to adding the KERS is the added mass, some of which is rotational. This will negatively affect the fuel economy, potentially offsetting any benefits of installing the system. Adding rotational mass in the front wheel will also affect the handling characteristics, making the bike feel more sluggish when turning. 
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