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[bookmark: _Toc124712215]Introduction
This report covers the effects of employing a kinetic energy recovery system to an existing vehicle seeking for a reduction in fuel consumption. A kinetic energy recovery system (KERS) captures and stores the waste energy while under braking to then apply the stored energy to the wheels when accelerating the vehicle, this requires less power from the engine, hence saving fuel. The vehicle used for this model is a 1995 to 2002 Range Rover with a 4L engine generating 140 kW. The choice of vehicle is due its level of comfort for the passengers and its capability in off road and rally situations. Since these vehicles are of an age where they are much cheaper than modern vehicle but still have high levels of comfort, they are a popular choice for off road enthusiasts. In the UK it’s very common to drive long distances before the driver has an opportunity to take the vehicle off road on designated tracks. Therefore, drivers want to be able to travel these long distances in comfort on motorways and A roads but still have a good level robustness and capability when off road while not spending huge amounts of money on a modern vehicle. This results in off road vehicles from this era (1990 – 2000) being very popular and where large braking forces could be taken advantage of when on road using a KERS system.

[bookmark: _Results][bookmark: _Toc124712216]Dynamic Characteristics of The Vehicle
[bookmark: _Toc124712217]Test mass
The test mass which will be used for the WLTP cycle is calculated using the graph below. There are two test masses, test mass light (TML) and test mass heavy (TMH), for the tests and calculations carried out in this report TMH will be used for the worst-case scenario. 
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[bookmark: _Toc124712239]Figure 1 - Vehicle test mass method (Mock, 2011)
[bookmark: _Toc124712236]Table 1 - Range Rover Masses
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[bookmark: _Toc124712218]Frontal Surface Area
The frontal area is measured as a basic rectangle due to the complexity of measuring compound curves and shapes, however, due to the design of the Range Rover it inherently has a very boxy and square body meaning the rectangular measurements should be close to the actual frontal surface area. A particular variable to note is the air suspension system which rises and lowers depending on road speed, but to maintain a constant value for frontal area the measurements were taken with the vehicle at standard ride height.
[bookmark: _Toc124712237]Table 2 - Range Rover dimensions
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[bookmark: _Toc124712219]Coast Down Run
To determine the rolling resistance and aerodynamic drag a coast down run took place on the vehicle. A coast down run consists of running a vehicle up to a relatively high speed then selecting neutral and allowing the vehicle to decelerate at its natural rate. The time it takes for the vehicle to drop from one speed to another (e.g. 65 to 60) is recorded until the vehicle reaches a standstill. A coast down run needs to take place on a flat, straight section of road under safe and controlled conditions.

[image: Chart, line chart

Description automatically generated]
[bookmark: _Toc124712240]Figure 2 – Range Rover coast down run results graph
The above graph shows the results from a coast down run which ran from 31 m/s (70 mph) down to a standstill. The orange section highlights the deceleration mostly caused by the aerodynamic drag, since aerodynamics have more of an effect at higher speeds the drag forces are more appetent, in this case between 31 and 20 m/s. The green section shows the deceleration mostly caused by the mechanical rolling resistance which has a more noticeable effect at slower speeds. Its important to note that the rolling resistance is still present at the higher speeds, but the effect of rolling resistance is much smaller than the aerodynamic drag. The same is true for rolling resistance deceleration, there is still aerodynamic drag its just much smaller than the rolling resistance.

[bookmark: _Toc124712220]Aerodynamic Drag Coefficient Calculation
Using Newton’s 2nd law the drag force can be calculated:




The aerodynamic drag equation can be rearranged to find the drag coefficient, and the values substituted in. For the velocity value an average speed was taken from the orange section of the coast down graph.




Since the aerodynamic resistance is dependent on the velocity the average velocity does limit the accuracy of the result.
[bookmark: _Toc124712221]Rolling Resistance
Newtons 2nd law is again used:




The rolling resistance equation is rearranged for the coefficient:





The rolling resistance will depend on the road to tyre interface and the tyre pressures.

[bookmark: _Toc124712222]World Harmonised Light Vehicle Test Procedure
DieselNet (2023) says the world harmonised light vehicle test procedure (WLTP) is made up of a few test cycles for the determination of emissions and fuel consumption for light duty vehicles such as passenger cars, light goods vehicles and even some buses. The test cycles known as the world harmonised light vehicle test cycles (WLTC) are typically undertaken using chassis dynamometer to be able to control certain variables. There are 3 classes shown in the table below which have different speed phases and vehicle is decided which class it is tested under based on its power to mass ratio (PMR).
[bookmark: _Toc124712238]Table 3 - WLTP classes (TransportPolicy.net, 2018)
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The Range Rover’s 4L engine generates 140 kw and using the kerb mass of 2100 kg the power to mass ratios equates to 66 W/kg. This means WLTC is class 3 which is used for vehicle with a power to mass ratio of more than 34 W/kg. Most passenger vehicle are tested under the class 3 cycle.















[bookmark: _Toc124712223]Parts of The Cycle Where Energy Can be Recovered
During the WLTP cycle the vehicle is accelerated and decelerated at different rates to and from different velocities, when the vehicle is decelerating at a greater rate than the mechanical and aerodynamic losses the vehicle is using friction brake which converts the kinetic energy into waste thermal energy. It is this wasted braking energy that could be stored and used to then aid in accelerating the vehicle.
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[bookmark: _Toc124712241]Figure 3 - Possible areas in the WLTP drive cycle energy could be recovered for the Range Rover
The above graph shows all the areas in the drive cycle where the friction brakes are being used creating wasted thermal energy which could be recovered. An average of the rolling resistance and aerodynamic deceleration rates were taken into consideration.
[bookmark: _Toc124712224]Tractive force Requirements
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[bookmark: _Toc124712242]Figure 4 - Tractive force requirements graph


[bookmark: _Toc124712225]Kinetic Energy Recovery System

[bookmark: _Toc124712243]Figure 5 - Largest possible KERS energy input graph
Looking at the above graph its clear the largest energy input to the KERS system should be 400 kJ and the components selected should aim to capture this larges energy input.











[bookmark: _Team_Tasks][bookmark: _Toc124712226]Components
[bookmark: _Toc124712227]Motor/Generators
The motor selected is the NetGain Hyper 9 HV which can deliver 220 Nm of torque and 90 kW of power while being 95% efficient. The motor has a maximum RPM of 8,000 which is plenty for interface to the driveline but will require a gearbox to spin the flywheel up to a fast enough RPM. 
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[bookmark: _Toc124712244]Figure 6 - NetGain hyper 9 motor (Zero EV Conversions, 2023)
[bookmark: _Toc124712228]Flywheel
The flywheel selected is the GKN HP MK4 flywheel which has a conatus input of 120KW
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[bookmark: _Toc124712245]Figure 7 - GKN HP MK4 flywheel (Advanced Propulsion Centre UK, 2023)
[bookmark: _Toc124712229]Control Unit
The Control unit will need to be to be custom made to electrically connect both motors together and interface with driver controls. It will also control the flywheel speed which will change the amount of stored energy
[bookmark: _Toc124712230]Component Integration
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[bookmark: _Toc124712246]Figure 8 - Schematic of the components
By using motor/generators to transfer energy to the flywheel means the flywheel can be mounted nearly anywhere in the vehicle but also be controlled electronically varying the amount of power going in and out of the flywheel. The motor generator that is used to interface with the drive line is mounted to the back of the transfer case meaning it can recover and deploy energy to and from all 4 wheels.









[bookmark: _Toc124712231]How the System Works
When the vehicle is driving along, and the driver feels the need to slow the vehicle down they depress the brake pedal as usual. When the brake pedal is operated it the causes the KERS control unit to start allowing electrical current to flow from the transfer case motor/generator to the flywheel motor/generator, this starts to spin the flywheel up to speed. Depending on the amount of force the brake pedal is presses with will affect how much current flows to the flywheel motor, this means the drive has full control over the deceleration rate. If a more urgent braking action is required and the KERS system is already at maximum energy recovery capacity, then the friction brakes are then used to slow the vehicle. In the event of emergency braking when the driver slams the brake pedal the friction brakes are immediately applied then while the vehicle is decelerating the KERS system starts to recovery energy and elevates the friction brakes at the same time to maintain a constant deceleration rate. This is done to maintain the effectiveness and power of friction brakes in an emergency. When the driver presses on the accelerator pedal the KERS system allows electrical current to flow from the flywheel motor to the transfer case motor providing power to all 4 wheels. The KERS system is mapped to the accelerator, so it varies the amount of power delivered to the wheels. The KERS control unit controls how much current is allowed to flow between the motors which means it can vairy the speed of the flywheel and control how much of the stored energy is returned to the wheels. All this however does assume that response time of the components keep up with the rapid changing of conditions when the vehicle driving down the road, in addition, the assumption is made that the tyres are not slipping and are all spinning at the same rate. This system does not consider for anti-lock braking systems which would have to be integrated to maintain steerable while braking. To the end user, since the KERS system does most of the braking and is variable with the force on the pedal under braking it shouldn’t feel much different from friction brake. However, in the event the user demands more braking power, and the KERS system is at capacity, as it starts to apply the friction brakes there will be a change in the feel of the vehicle. This will be caused by the urgency the friction brakes need to be applied which if they are only needed for 10% extra braking there will be little disruption however in extreme cases where they are needed for an extra 70% for example then change over from KERS to friction brake will be noticed.

[bookmark: _Toc124712232]Conclusion
In conclusion, it has been shown that the amount of energy available while braking much higher than what the engine outputs, therefore fitting a KERS system should elevate the demand on the engine at for the WLTP cycle. This will result in a significant reduction in fuel consumption, but the vehicle does need to brake in order to see the benefits, while cursing at a constant speed the KERS system only adds mass to the vehicle making the fuel consumption worse. While the physical integration of the system of the system should be straight forward as long as the control unit is setup correctly and integrates the anti-lock brakes to maintain steerability and safety, for an off-road vehicle which is mainly used for constant speed motorway journeys to off road tracks it may not be worth the extra mass. The KERS system may well be an advantage when off-roading as engine braking is used extensively when tackling hill descents and that energy could be much greater than the energy wasted using friction breaks on the road.
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Vehicle Masses kg

Gross Mass (LMy) 2780

Unladen Mass (UMy) 2025

All Available Optional Equipment 195
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Measurement m
Overall Height at Standard Height 1.82
Overall Width Excluding Door Mirrors 1.85
Door Mirrors (width/height) 0.19/0.17
Void Under Axle (width/height) 1.34/0.36
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Coast Down Run Results
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Category PMR Speed phases Comments

Class 3 PMR >34 Low, Middle, High. Extra-High If v_max < 135 km/h. phase ‘extra-high is replaced by a repetition of phase low
Class 2 342PMR > 22 Low, Middle. High If v_max < 90 km/h, phase ‘high is replaced by a repetition of phase low!

If v_max =70 km/h, phase ‘low'is repeated after phase ‘middle
Class1 PMR<22 Low, Middle

If v_max <70 km/h, phase ‘middle' is replaced by a repetition of phase low!
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Spec:

- Industry Leading 3 Phase SRIPM Motor and Controller/Inverter

- DC supply voltage from 120V to 180V, and current up to S00Amps max
- 3 Phase SRIPM Motor and SME Controller/Inverter

- Brushless Motor

- Cage less Rotor - Higher Efficiency, Low Heat

- No Rotor Slip

- Up to 95% Efficiency!

- Higher torque than similar sized AC Induction motors

- Astounding performance in field weakening area with +50% power up to 5 times nominal speed
- Ultra compact controller

- Fully customisable controller 1/0

- Extensive program customization from PC with Smart view Software

- Robust and Reliable

Motor Face: B-Face
Motor Diameter: 22.9 cm

Motor Case Length: 35 cm

Motor Shaft Length: 5.08 cm

Motor Shaft to End Length: 40 cm

Woodruff Key - 6,35 35mm Length.

B Face Bolts are 3/8-16 UNC

Motor Type: Permanent Magnet Synchronous Reluctance AC
Weight: 54.5 Kgs

Max Voltage Input: 180V DC

Terminal Stud Size: M8

Integrated Sensors: Encoder and Temperature

Rated Torque: 220 Nm

Rated Power: 120 HP

Max RPM: 8,000

RPM Sensor: Yes

Drive End Shaft: 28.575 mm with 6.35 mm Keyway

Max Efficiency: 0.94

Thermal Cooling: External Heatsink

Max Temperature: 150 Degrees Celsius
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COZ TM, used for:
>> CO, emissions (lower value for regression)
>> coastdown (optional, OEM choice)
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™, vehicles
+100 kg

+15% of LM,-RM,,
UM, = UM,

TM,, used for:

>> non-CO,-emissions (worst-case)

>> CO, emissions (upper value for regression line)
>> coastdown

LM, = laden mass, gross vehicle weight

_ extrapolation allowed up to [50 kg]

=7 (in case that additional options added later)
-
-

-
TM,, = test mass

+15% of LM-RM,
RM,, (heaviest vehicle reference mass)
+100 kg

OM,, = unladen mass + mass of all
available optional equipment

UM, = UM_= unladen mass (empty vehicle)





