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[bookmark: _Toc216016872]Introduction
In this assignment you will see results that were carried out during a Worldwide harmonised Light vehicle Test Procedure (WLTP). Also, during this test we had to choose a vehicle of our choice to do this test and the vehicle that is had chosen to do this test procedure on is a generation one Mazda MX-5 from 1996. The reason for choosing this particular vehicle is because it is a simple, light weight, and easy to understand vehicle. Then from the data we collect during this test we can then use it to show the cumulative tractive and braking energy of the selected vehicle and see from the graph what suitable Kinetic Energy Recovery (KER) system could be fitted to the selected vehicle. 


[bookmark: _Toc216016873]Vehicle Characteristics
[bookmark: _Toc216016874]Test mass
The test mass of the vehicle is the vehicles kerb mass plus 100kg, the driver is 75kg and an additional constant mass of 25kg which relates to luggage and after-sales equipment (Riemersma, 2016). The Mazda’s kerb mass 950kg so when you do the equation of 950 + 100 = 1050kg and this will be this vehicles test mass.

[bookmark: _Toc216016875]Frontal area
The frontal area of the vehicle is the area you see when you look at the vehicle head on and the area of the Mazda being the width multiplied by the height. The width being 1.68 meters and the height being 1.23 meters (specs, 2025). This makes its frontal area 2.0664 meters squared.

[bookmark: _Toc216016876]Rolling Resistance coefficient 
This is the resistive force applied to a wheel when it is rolling and the magnitude of the rolling resistance depends of a series of factors which most of the time act together and cannot be broken down clearly. Some of the common causes of the rolling resistance to a wheel when it is in motion can range from frictions between tyres and road surface, to road surface deformation. The rolling resistance of the selected vehicle is 0.01.

Cr – Rolling resistance coefficient 
Fr – resistive force (N)
m – Mass (Kg)
g – Gravity (9.81)
[bookmark: _Toc216016877]Coefficient of aerodynamic drag 
This is when a vehicle moving through a fluid, whether its gas or liquid, experiences a resistive force known as aerodynamic drag. When it applies to vehicles as the vehicle travels, its motion through the surrounding air generates a drag force that opposes its movement. The magnitude of this aerodynamic drag increase with vehicle speed and is strongly influenced by the vehicle’s external shape and overall size (x-engineer.org, 2024). Then when it comes to the vehicle I selected it’s coefficient of aerodynamic drag is 0.38 (Coefficient, 2018).

Cd – Aerodynamic drag coefficient
Fd – Measured drag force (N)
p – air density (Kg/M^3)
v – Vehicle speed (m/s)
A – Frontal area (m^2)

[bookmark: _Toc216016878]Worldwide harmonised Light vehicle Test Procedure (WTLP)
The WTLP is used across different regions around the world to compare the pollutant and CO2 emissions but it also looks at the fuel consumption of the vehicle. This test is a realistic representation of conditions encountered on the road. Also when a vehicle does this test it will be in one of three classes (RAC, 2025). The classes being class 3 being your normal everyday vehicle like the Mazda MX-5, class 2 being buses and vans, and class 1 being vehicles like tractors. All the classes are based on the rated power/kerb mass ratio. 

[bookmark: _Toc216016879]WTLP Cumulative Energy Graph

Figure 1-Cumulative energy graph
This graph shows that as the time progresses both tractive and braking energy progressively increase, with several steeper sections which indicate areas of either acceleration or braking. The tractive energy is consistently higher than the braking energy because not all energy put into the vehicle is recovered. 

[bookmark: _Toc216016880]Kinetic Energy Recovery System
[bookmark: _Toc216016881]Largest Possible KERS

Figure 2-Tractive Power graph
The tractive power in this graph represents the power delivered at the wheels to either accelerate the vehicle (positive values) or slow the vehicle down through engine  braking or deceleration (negative values). The fluctuations in figure 2 that go above and below zero indicate constant changes in driving conditions such as acceleration and braking events. Also, our largest possible KERs is 40639.03347 Watts.
[bookmark: _Toc216016882]Suitable system
A suitable system for the selected vehicle is a regenerative braking system. What this system does is that it can slow the vehicle by using kinetic energy of the rotating wheels to charge the battery. The components required for this system are, the battery which will be used to supply the electrical energy to the motor and its dimensions being 0.187m by 0.135m by 0.225m (World, 2025). The next component being the motor controller which supplies the electrical energy from the batter to the motor and the dimensions of this component are 0.336m by 0.331m by 0.118m (Mobility, 2025). The final component of the system is the motor and it can perform 2 functions in a vehicle. One being it can work as a motor when electrical energy is supplied or the other being it can work like a generator when the brakes are applied (Regenerative braking system: Working, Diagram, Principle [with Pdf], 2025). This size of this component in the system are 0.3m long and 0.2m in diameter. Overall from the components they give 68% efficiency (Zhao et al., 2019).
[bookmark: _Toc216016883]KER Graph

Figure 3-KER system efficiency
[bookmark: _Toc216016884]Explanation
The assumptions that were made were that the drivetrain losses remain consistent and that the battery, motor/generator, and inverter operate at their nominal efficiencies, even though real systems vary with temperature and load. Braking energy recovery is based solely on idealised negative wheel power and does not consider ABS activity or brake-bias changes. In terms of driver experience, adding a KERS system will slightly alter how the MX-5 feels under braking and acceleration. Regenerative braking can make the pedal feel smoother or less aggressive, while electric assist can create quicker throttle response during initial acceleration. Some small transitions between mechanical and regenerative systems may be noticeable, but with proper calibration the car should remain predictable and retain its characteristic lightweight, responsive driving feel.
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Energy (J)
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Cumulative Braking and tractive energy Graph
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