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[bookmark: _Toc184583122]Introduction 



This report focuses on the analysis of the effects of introducing a KERS system into a 2012 Toyota GT86, a mostly performance-oriented vehicle. By using the Worldwide Harmonised Light Vehicle Test procedure (WLTP), the requirements for energy and energy storage were evaluated. This analysis includes the sizing of the KERS components, an estimation of the system efficiencies, and an assessment of its impact on the fuel consumption and driveability. The aim is to provide an understanding of the KERS system and the benefits it holds when added to a conventional vehicle.
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The vehicle chosen is a 2012 Toyota GT86. 
This is a 2.0L, 6 speed manual, two door coupe. 
It has a top speed of 140 MPH and is a rear wheel drive. 
It also has a compression ratio of 12.5 and has an inline four engine type with sixteen valves.
This vehicle was chosen as it can be used as a road car, a track car, and a drift car.

[bookmark: _Toc184583124]Task two 
Required dynamic characteristics:
· Test mass – approximately 1314 Kg. (ultimateSPECS, n.d.)
· Coefficient of aerodynamic drag – 0.27  (ultimateSPECS, n.d.)
· Frontal area – 2.28M2 (1.285 * 1.775 = 2.280875
· Rolling resistance coefficient – 0.01 (typical for passenger cars)
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For the GT86, the WLTP that should be used is the WLTP class 3b speed profile. This cycle includes phases such as:
· Low speed – for urban driving with frequent stops.
· Medium speed – suburban driving 
· High and extra-high speeds – motorway driving.
The key features include cruising, acceleration, and braking data.
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I will:
· Implement formulas for tractive and braking forces.
· Plot cumulative tractive energy and cumulative braking energy.
· Integrate WLTP speed profiles to calculate tractive and braking energy over time.
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Figure 1 -- graph showing the cumulative energy profiles over the WLTP cycle
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Figure 2 -- graph showing the energy recovered over the WLTP cycle












Results:

· Peak braking power = 25.92 Kw
· Energy storage requirement = 0.175 kWh
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Peak power output = 25.92 kW 
This value determines the motor-generator capacity. Given that efficiency – ηmotor = 0.90, the motor should be able to manage at least 26 kW.

[bookmark: _Toc184583129]Specifications:
· Type – permanent magnet synchronous motor (PMSM)
· Nominal efficiency – 90%
· Weight – 15 Kg

[bookmark: _Toc184583130]Energy storage sizing:
· Storage capacity – 0.175kWh
· ηstorage = 0.90, the storage should have a usable capacity of 0.2kWh

[bookmark: _Toc184583131]Options:
1. Flywheel
1.1 energy density – 5 Wh/kg
1.2 storage weight – 40 kg
1.3 high instantaneous power handling, compact size

2. lithium-ion battery
2.1  energy density – 200 Wh/kg
2.2  Storage weight – 1.0 kg
2.3 More versatile, allows energy storage for extended durations.
[bookmark: _Toc184583132]System efficiency 
Overall efficiency – ntotal = nmotor * nstorage = 0.9 * 0.9 = 0.81 
This means that 81% of recovered energy is usable.

[bookmark: _Toc184583133]KERS system integration

Control system – to adjust the energy recovered based on deceleration a regenerative braking controller is used.
Energy redistribution – the recovered energy is immediately available for acceleration phases.
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The energy that is returned to the wheels is calculated as the recovered energy timesed by system efficiency.
Figure 3 -- graph showing the energy that is returned to the wheels over the WLTP cycle
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System operation:
1. Braking phase:
1.1   KERS captures kinetic energy during deceleration.
1.2   The motor-generator converts the energy into electrical or rotational energy, stored in the flywheel or battery.

2. Acceleration phase:
2.1   Stored energy is then released to assist the internal combustion engine.
2.2   This helps to reduce fuel consumption and enhance acceleration.

3. Efficiency:
3.1 Eighty-one percent of the recovered energy is effectively returned to the wheels.

Driver experience:
1. Braking:
1.1 The regenerative braking may alter how the brake feels; however, the modern systems provide smooth transitions.
2. Acceleration:
2.1 The additional power from the KERS offers an improved responsiveness.
2.2 This may feel like a temporary boost.
3. Assumptions:
3.1 The system is tuned to maintain the driveability and blend with the ICE performance.






[bookmark: _Toc184583136]Conclusion 

The analysis in this report demonstrates that the incorporation of a KERS system into a 2012 Toyota GT86 creates the potential to improve the energy efficiency by recovering and reusing the braking energy. Over the WLTP cycle, up to 81% of the braking energy can be recovered, which is equivalent to an approx. peak power output of 25.92 KW and an energy storage requirement of 0.175 kWh. There is a recommendation of different KERS systems that can be incorporated and why they would be the most suitable. The KERS system offers a range of benefits including reduced fuel consumption and enhanced acceleration; however, it also brings along challenges that means that further testing is essential to ensure all benefits and challenges are weighed up.
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Energy Returned to Wheel over the WLTP cycle
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Cumulative energy profiles over the WLTP cycle 
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