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This report is based on the Yamaha YZF-R3 as it is an Internal Combustion Engine (ICE). 

The WLTP cycle is a “World-wide harmonized Light duty Test Procedure (WLTP)” which is “the procedure adopted in the type-approval of light-duty vehicles in Europe. “[13] (Pavlovic et al., 2018). This is by putting a vehicle through different acceleration and deceleration points within certain time frames. The WLTP is split into distinct groups based on the power-to-weight ratio in w/kg. This helps to give a general overview of how the vehicle works within urban areas and be used to compare to other vehicles which have the same power. The lower groups of the WLTP tend to be aimed at mopeds, small cars, and lorries due to how they are made. Compared to motorbiked which aims to be in the higher category.

The KERS is “a system for converting unused energy from a turbocharged or normally aspirated internal combustion engine vehicle into electrical energy.” [14] (Atkins and Escudier, 2019). These can be used on different vehicles to ensure that no power is lost within the system. Electric and ICE vehicles have the use of a KER system but are unique to themselves. Electric vehicles tend to use technological advancements and braking systems as a way of recharging their batteries. Compared to ICE vehicles tend to use the flywheels or storage systems such as air or liquid to help the vehicle reach high velocity and acceleration. 
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To complete the WLTP for the R3, research for the equations and know what group the bike should be put in needed to be done.

· Vehicle: Yamaha R3
· Test Mass: 166.9kg
· Max force/ torque: 29.6Nm @ 9000rpm
· Max Speed: 114mph – 183.47kph – 50.96m/s
· Max Power: 30.7kw @ 10750rpm
· Power to weight ratio: 0.18kw/kg – 183.9w/kg
· Area: 0.72m x 1.14m = 0.82
· Coefficient Drag = 0.5
· BHP: 42
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Image 1: Shows the frontal area of a Yamaha R3. Taken by Mya Johns (23 Dec. 2022).
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Image 2: This shows a picture of myself on the Yamaha R3 to give a picture on where the numbers come from for the WLTP cycle. Taken on 24 Dec. 2022.
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Image 3: This shows a snapshot from a page showing the acceleration of a Yamaha R3. Available at: https://motostatz.com/yamaha-yzf-r3-acceleration/ [Accessed 15 Dec. 2022].
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Graph 1-4: This shows the WLTP cycle with the power, velocity, and tractive forces to move the R3. These graphs and workings are found on the “wltp” Excel document.

[image: A picture containing text, screenshot, font, line

Description automatically generated]

Graph 5 and 6: The graphs above show the tractive and braking cumulative of the R3. Found on “wltp” Excel document.
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The WLTP cycle is a test procedure that is used to measure fuel consumption and emissions. The use of the WLTP cycle is to give real-life data as it is a more updated system for testing. The original test which was used was the NEDC (New European Driving Cycle). This method was introduced in 1981 but lasted until 2019 when the WLTP cycle was introduced. This happened because the WLTP cycle gives more variations in acceleration and braking, compared to the NEDC, which only used low speeds and did not have any motorway recordings for the vehicle to go through. Image 3 shows the WLTP cycle.

The WLTP is split into four different phases which helps to give the various results for the vehicle. The four phases are; low speed, medium speed, high speed, and extra high speed. This depends on what type of vehicle is being tested will depend on which version of the cycle is used. With generic passenger cars, class 3 would be used as it shows the variation of the speed of going through a city, villages, and then onto motorways. This maps out creating the stop and starting throughout the graph and shows where the car can accelerate or decelerate.

This is used to help consumers know how economically friendly the car is to the environment. This method also measures the fuel consumption, giving the consumer an mpg value and knowing how much co2 would be released when being driven.

An example of the WLTP cycle results and graph is on Excel “wltp”.

[image: WLTP Class 3driving cycle | Download Scientific Diagram]
Image 4: This shows an example of class 3 of the WLTP cycle. Available at: https://www.researchgate.net/publication/307560530_A_Tool_for_Generating_Individual_Driving_Cycles_-_IDCB/figures?lo=1&utm_source=bing&utm_medium=organic [Accessed 17 Dec. 2022].
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A KER system is a kinetic energy recovery system that is used in many vehicles. It is greatly used in motorsport, but modern-day vehicles include a recovery system for daily travel. A KER system recovers the kinetic energy which is generated through braking. It can be stored during deceleration and then be used to help accelerate the vehicle from stationary. The reason for a KER system is to help overcome the forces which are going against the vehicle when it is traveling. “In a conventional vehicle, deceleration is caused by four forces — aerodynamic drag, rolling resistance, driveline friction, and friction braking. Among these, the first three are irretrievable losses. However, it is possible to recover a part of the kinetic energy that would otherwise have been lost in friction braking as heat.” [8] (Sardar, Kumar Dey and Babu Muttana, 2015).

With a KER system, there are four different groups they are based on: “mechanical, electrical, hydraulic, and hydro-electric. “ [15] (Radhika Kapoor, C. Mallika Parveen, 2013). The WLTP cycle can be used to show where a vehicle’s system would be in use or collecting the energy to be stored. As it shows the variations of speeds, this will help the engineers decide what best system would be used for the vehicle and how it can affect the consumption of the vehicle. These systems can be used in different types of vehicles whether it be lorries, motorbikes, or cars. 

Some examples of KER systems that are used: 

	Group
	Examples
	Advantages
	Disadvantages

	Mechanical
	Flywheel
	Long life, fast response, low maintenance cost
	Can self-discharge, expensive, work for lower capacities

	Electrical
	Flywheel, motor generator
	Long life, rapid charging
	Can be expensive, and run out of storage quickly

	Hydraulic
	Hydraulic pump/motor for brakes
	Can be used for larger vehicles 
	Extra cost for maintenance, expensive adding onto the vehicle

	Hydro-electric
	Hydraulic accumulator
	Works well in city traffic, recover power quickly and efficiently
	Limited sizing means limited small storage



Information from: [15] (Kapoor R, C. Mallika Parveen, 2013).
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Image 5: This shows a conducted experiment showing the efficiency of the different storage groups. It shows that that super capacitors are the most efficient, with hydraulic and mechanical (flywheels), then hydro-electric and the batteries. Available at: Kapoor R, C. Mallika Parveen. (2013). Comparative Study on Various KERS, Proceedings of the World Congress on Engineering 2013 Vol III. [Accessed 7 May 2023].
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There are different KER systems that would be effective for the Yamaha R3 due to the limited space and the safety of the bike. A system that would be suitable for the bike is using a flywheel. The flywheel would start at a slow speed as the vehicle increases due to the heaviness of the flywheel. The flywheel would then increase its speed the slower the vehicle to gain as much kinetic energy as possible. The vehicle and flywheel switch speeds at the same ratio depending on each other.

Due to the sizing of the bike, there is a limit on how big the flywheel should be. This is both for the radius and how much the flywheel should weigh. These two measurements affect how the bike’s engine would be placed, along with the room that comes with the bike. By adding another component within the already limited area with the R3, would be a struggle if the flywheel was at a certain size.
The best measurement for the flywheel would be:
· Mass- 0.4kg
· Diameter- 11.113cm
· Efficiency- 70-90%
Using these measurements, the outcome of how much energy is given back to the wheels is shown in the Excel document. Due to the weight of the bike, along with the limited power the bike gives, the flywheel does give enough energy but not as much as other vehicles would give out. This is because the flywheel is comparably small meaning making it a small, limited energy storage. As the bike is not being used in racing or needs to accelerate at a high speed from a stop, the energy from the flywheel does not need to exceed high amounts of storage.
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The advantage of the flywheel on the R3 is that it will help with the smoothness of the engine as the rotational inertia of the crankshaft would be affected by the flywheel reducing the vibrations throughout the bike. It would help with the low-end torque as the R3 has more torque in the top end of the revs. This will help the bike with the acceleration at stops meaning it can move more steadily at slow speeds.
However, there are disadvantages with the flywheel as it can affect the handling of the bike. As the flywheel is spinning at high speeds, this will create a gyroscopic moment. By doing this, it will affect how the bike will corner making it harder to overcome the forces. There is no best way for it to be placed onto the bike as the spinning will make the ride a bit less comfortable. Another reason is that the thought of a high-speed metal disk between your legs when riding can off-put a lot of people for riding. It can affect the weight of the bike making it feel draggier as there is the extra weight, meaning more force would be needed to push the bike counteracting the reason for the flywheel.

[image: Fidanza 194991 Built To Fly Flywheels | THMotorsports]
Image 6: This shows a flywheel that is used in motorsport. It shows that the mass of the flywheel is further to the edge to help with the centrifugal forces. Available at: https://thmotorsports.com/39023-fidanza-built-to-fly-flywheels [Accessed 14 Jan. 2023].
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Image 7: This shows a flywheel for a Yamaha YZF-R3. It shows the casing around as well as just the flywheel. Available at: https://www.ebay.com/itm/362601508325 [Accessed 14 Jan. 2023].
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In conclusion, the use of a WLTP is a straightforward way for a vehicle to be run through without having to do a proper drive cycle. Tests can be carried out to help get the results for the cycle to help work out drag force or the power needed to push the vehicle. However, by doing calculations, there can be problems of not following the steps correctly or using the right measurements. This does affect how the duty cycle results will end up creating an inaccurate result. By following the different parts in the coloured sections in the Excel document, it gives an understanding of left to right how the results were found.

The KER system is a smart way of ensuring that the energy is not wasted on components of the vehicle which is not needed with it. The energy can be lost due to friction, heat, or just from aero, but having a system that stores as much energy as possible, can help the vehicle from reaching full acceleration when needed. There are different ways a vehicle can store energy but since hybrids and electric vehicles are now being used more, a system needs to be generated to help the energy from those vehicles not get wasted as it can drain the batteries. Each KER system is developed for one specific vehicle and how it runs, many tests had been done on the vehicle to know where the energy is lost and how little add-ons to a vehicle can ensure that it reaches the best standards. 
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