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This report discusses retro fitting a modern flywheel based kinetic recovery system to an older car in the aim to make that car more fuel efficient and better for the environment.

An overview on the several types available on the market and how they function with a clear decision on which is best for the car chosen with evidence given as to why the choice was made.
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KERS or kinetic energy recovery was introduced to F1 first as a method to help improve racing dynamics for the spectator, but on a fundamental level its true purpose was to develop a method to improve fuel efficiency that will filter down to the road car in future years, so as a method to pave the way for this future technology, the FIA governing body for Formula 1 set regulations that teams would have to adhere to and come up with a hybrid energy system that couldn’t be powered by the engine itself, but however capture otherwise wasted energy that can be harnessed from the slowing of the vehicle.

A flywheel made of carbon contained in a safe, vacuum based device could allow for a dramatically fast spinning dense flywheel that can more than cater for the energy storage requirements needed, which was then introduced into the drive train via a constant velocity transmission and then added to the engines drive, when used in short bursts could mean the difference between making a overtake pass or not.
For the road car this would mean that cars could use this stored power for assistance in acceleration or purely to drive at low speeds on stored energy alone, aiding in fuel consumption without the need of an electric motor or standalone charging method as an electric vehicle does.	

The Flywheel based system is particularly well suited due to it having a low weight and complexity, and being mostly trouble free with low maintenance throughout the cars expected life.
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The test car is to be a Mitsubishi GTO from 1991, the car has no Kinetic energy recovery systems in place already, it has a 3.0 24 valve V6 engine and a 5 speed gearbox and is driven through an AWD system.
With a weight of 1610kgs, With an added weight of a driver weight 80kgs plus an additional 20kgs of luggage. 
A calculated rolling resistance of 359.05N for the vehicle weight and tyres fitted, and a coefficient of drag of .33 and the frontal area of 2.04m/sq

The power to weight is 222bhp or 166kW equates to 103W/kg leaving the car in a class 3 bracket.
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Wan, M (2012) Mitsubishi GTO (3000GT VR-4) (1990) Was a useful source of information.
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Kinetic Energy Recovery is a method of recycling kinetic energy used during the motion of a component within the vehicle, this energy is untapped and a method of capturing the energy will be discussed here to help improve the vehicle driving efficiency.
The common method used in KERS is to use a generator or an alternator to capture the kinetic energy and to convert it to electrical energy, then store it in a large super capacity for short periods where it can be put back into a motor to help propel the vehicle forward and aid the combustion engine, and save on fuel.  
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DEIGN, J. ( 2017 ) Ultracapacitor Makers Look to Micro-Hybrid Vehicles for Growth



This is a very efficient feature to consider, as all the energy is being made abundantly, it is always available to be utilised and is otherwise being wasted, capturing this unused energy is a smart way to convert the cars movement and recast it into helping save on fuel use, almost a free fuel source.

A system would need to be in place to identify when the braking effort is being applied to the cars motion and to then engage the generators, rather than sap power from the engine as it tries to accelerate the car, so a drive cycle analysis is required to learn when is best to activate the recovery system.

[image: ]The chosen vehicle is a AWD configuration, which I believe is a fantastic basis to enable the maximum available utilisation of the KERS set up, as each of the 4 wheels can have a motor/generation implemented into its drive, therefore not only enabling maximum braking energy capture, but also fully realising the motors output in return, as each wheel will become a driven source for the stored energy.
120 kW MGU-K (Motor Generator Unit - Kinetic) (Invert, 2016)


A KERS can not only assist in acceleration and power demands, but it can also drive the car for limited periods with no engine input whatsoever, allowing stop start engine technologies to really benefit during intermittent traffic where the capacitors alone can be relied on to supply enough energy to the motors.
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Description automatically generated]Another slightly different variation on a KERS is to exchange the alternator with a starter/generator unit that is belt driven to turn the engine over and seamlessly recover energy while supplying a voltage to a short-term battery or capacitor system, however these units are less powerful and wouldn’t be able to move the car by electricity alone, or at least not to a very high speed as a dedicated motor can, but instead it would be a supplemental support to the engine.
This 48v system requires an onboard DCDC converter and power management and is separate circuitry to the cars 12v circuitry, the cars electrics would still operat eoff the original 12v system, where as the higher voltage circuitry would be purely for the KERS.
Mild Hybrid Electric Vehicle (MHEV) – components (X-Engineer, 2021).

[image: ]
(Kapoor, Parveen, 2013)
Simple energy storage comparison between various methods of storing electricity.

Another type of KERS that is available is a Flywheel system, where a carbon fibre and steel composite flywheel situated in pure Vacuum is spun up to a speed of 60,000rpm as a method to store the kinetic energy for up to 20 minutes at a time.
This can then be fed into a continuously variable transmission and used to drive the road wheels, this same gearbox is what is used to recover the braking energy back into the flywheel, this system is weighing about 60kgs so is a very viable option.

“At full deployment, the S60 prototype gets a 10-second power boost. However, Volvo says that conventional brakes develop such a huge amount of energy that even gentle braking for eight seconds will fully recharge the flywheel” (Holloway, 2014)

A clutch is in place to protect over charging the flywheel, using a high ratio of gearing to appropriately step down the high-speed flywheel to make it more suitable for a road speed.
An Argument can be made for using an electrical system that captures the braking energy and turns it into electricity, then into a chemical energy for storage, before starting a return journey back towards powering the wheels.
[image: ]The key downside to this system is, compared to a mechanical flywheel the system is less efficient and has less of a energy capture at the brakes, studies support less than 1 third of the energy is captured, compared to a polarising more than 2 thirds captured by a mechanical flywheel system.
(Cross,2008,p9)



All hybrid cars currently on the market use electric KERS comprised of an electric motor/ generator and a traction battery. During braking, the electric generator connected to the driveline brakes the car, producing electric energy that is stored in the battery. During acceleration, the battery returns the energy stored to the motor, supplementing the ICE power supply.
(Boretti,2013,p2) 


Another major drawback is the process of charging the storage batteries, and the electrical to chemical process is a slower process than the mechanical alternative which uses capacitors, however the electric drive can be used as a singular method of propulsion, and as long as there is charge in the batteries, it can be used as and when required, even from stand still.
[image: ]
(Cross,2008,p14)

KERS equipped F1 car compared to non fitted KERS F1 car over a lap at Monaco, showing the obvious benefits of KERS[image: ]
(Cross,2009,p21)
F1 KERS flywheel specifications[image: ]
(Cross,2009,p24)
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The driver would be undoubtably be driving a rather different kind of car with these hybrid technologies implemented, the car would slow faster when letting off throttle, whether in electric or engine drive cycles, the car would be heavier, and there would likely be much less cargo space, but the trade offs would mean the car would have more response with a smoother effect, Internal combustion engines have a certain moment delay before there is a response from the engine, where as motors simply dont, the torque is delivered instantaneously and is evident when accelerating.
The braking effort would differ from before as when coasting the generators naturally absorb energy from the motion, and this will slow the car more than coasting with just an engine, it would certainly feel very different to anyone trying this system out for the first time, the car would instantly begin to decelerate, care would be needed when maneuvering corners.
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Power 600
Energy Transter 400K per lap
Systom Weight 25

Fiywheel weight kg

CVT weight kg

Fiywheel Diameter | 200mm
Fiywheel Length 100mm
Effciency > 70% round trip
Fiywheel inertia 0.026kgm”
Dynamic response | 5oms

Fiywheel max speed | 64,500rpm

Vacuum pump

ot required on the car

Hermetic vacuum seal
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