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[bookmark: _Toc1128766379]Introduction

In this assignment I will be selecting a chosen vehicle in which I will research and apply the relevant information to figure out the figures for the WLTP cycle that the vehicle falls into. Using this information, I will make various graphs and diagrams showing the cumulative braking and tractive energy required at the wheel over the WLTP cycle. In addition to this I will identify the largest possible KERS power input and energy storage solution best suited to the vehicle and plot the energy recovery at the wheel.

[bookmark: _Toc1338440105]1. Vehicle Selection

The vehicle that I have chosen for this assignment is a 2022 Toyota Supra 3.0 inline 6 using the B58 engine produced by BMW that features in many of their vehicles and is a proven modern engine.
The key specs of this vehicle are as follows:
· Max power 250kw (340ps)
· Max Torque (500Nm)
· Gearbox (8- speed automatic)
· Top speed 155mph (250km/h) (electronically limited)
· Kerb weight (1570kg with average driver weight of 75kg)
· Gross vehicle weight (1795 kg)
· Eternal dimensions: L =4.379 m, W = 1.854m, H = 1.292m
Reference : https://media.toyota.co.uk/wp-content/uploads/sites/5/pdf/220605M-GR-Supra-Tech-Spec.pdf

[bookmark: _Toc1657987115]2. Required Dynamic characteristics
[bookmark: _Toc568976027]2.1 Test Mass (WLTP)
In turn with the WLTP guidelines the vehicles tested must have load and options added to the kerb mass of the vehicle meaning for the Supra the approximate test weight would be as follows:
TestM = KerbM, ECE + 100kg + 0.15(payload)
With payload = Gross vehicle Weight – Kerb weight (ECE)
Payload = 1795 – 1570 = 225kg
0.15 x 225 = 34kg
Therefore
Test mass = 1570 + 100 + 34 = 1700kg (assumed mass)
[bookmark: _Toc2000058823]2.2 Frontal area
As i cannot find any definitive information on the A90 Sapras frontal area I will use a genralised formula for a vehicle of this type which is:
A = W x H x 0.84
0.84 accounts for the edges and space that isn't taken from the front despite the dimensions.
Therefore 
Area = 1.854 x 1.292 x 0.84 = 2.0m/2

Reference: https://ecomodder.com/wiki/Vehicle_Coefficient_of_Drag_List?
[bookmark: _Toc1099818685]2.3 Aerodynamic drag coefficient 
Due to not finding the relevant research on the A90 supra an estimated coefficient of drag will be used of 0.35 which is in line with cars of similar body type and aerodynamic body work.
[bookmark: _Toc1962021535]2.4 Rolling resistance coefficient
The general rolling resistance coefficient for a normal passenger car on smooth tarmac is around 0.01- 0.02 the general rolling resistance used in formula work is 0.012 therefore we shall assume that the rolling resistance of this vehicle is Crr = 0.012
Reference:https://www.matec-conferences.org/articles/matecconf/pdf/2019/03/matecconf_mms18_04007.pdf?
[bookmark: _Toc1172194300]3. Appropriate WLTP cycle for the A90 Supra
The WLTP class of a vehicle is determined by its power to mass ratio and the maximum speed that the vehicle can reach. 
· Class 1: PWr ≤ 22 W/kg
· Class 2: 22 < PWr ≤ 34 W/kg
· Class 3: PWr > 34 W/kg
Using the information gathered from research above we can determine that the class that the A90 supra falls under is class 3b this can be shown below:
PWr = power(kW) / ECE
Therefore 
PWr = 250,000/1570 = 159 W/kg
This falls into the category class 3 of the WLTP
The top speed of the A90 supra is electronically limited to 250 km/h therefore exceeding the 120km/h limit of class 3a and therefore confines it to class 3b.
The chosen cycle for the A90 Supra is WLTC Class 3b (Low + Medium + High + Extra-High)
The key characteristics of WLTC class 3 are as follows:
· Duration: 1800s
· Distance: 23.27 km

Phases tested 
· Low (urban driving): up to 56km/h
· Medium (suburban): up to 76.6 km/h
· High (rural): up to 97.4 km/h
· Extra-high (motorway): up to 131.3km/h

[bookmark: _Toc47302592]4. Spreadsheets for cumulative tractive and braking energy
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[bookmark: _Toc91192756]5. identifying the largest possible KERS power input and energy storage requirements

Using the data collected above from the calculated cumulative breaking forces we can see that the red spikes are braking force and look to be around 1500-2000 N of braking force at speeds not exceeding 20m/s the approximate peak braking power of the vehicle is around 24kW of braking.
A recommended KERS energy storage system would need to be able to hold around 60kJ of energy to due to longer braking periods in the graph lasting 2-4 seconds producing around 10-15kw of braking energy translating to around 60kJ worth of storage.
[bookmark: _Toc401717706]6. Finding a suitable KERS system

The type of vehicle that I have chosen requires that the regenerative system is attached to the drivetrain and mounted to the rear axle as the engine and gearbox is in the front and drives the rear through a prop shaft and rear differential. Based on research on existing KERS systems and suitable motors I have chosen to use a 70kW motor-generator and 75kW inverter paired with a 1kwh lithium-ion battery to store the regenerative energy created from the vehicle braking. Using this type of battery pack allows for around 80 percent charge efficinency meaning per braking event around 0.2kwh of energy can be stored in the unit. A general rule of thumb with battery's is to not run them at maximum output or storage output so at 1kwh our battery stays in a 40 percent SOC window. 
With the components used we will assume a motor efficiency of around 90 percent and 97 percent for the inverter generator which usually has a higher efficiency percentage of the motor. Due to it being connected to the driveline of the vehicle rotational and frictional loses meaning that the entire efficiency of the system will be around 65-70 percent.

References:
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 → Discusses automotive KERS design and typical 60–75 kW MGU
Chan, C. C. “The State of the Art of Electric, Hybrid, and Fuel Cell Vehicles.” Proceedings of the IEEE, vol. 95, no. 4, 2007.
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