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This assignment explores the workings and benefits of the KERS systems. It includes tasks that explore the WLTP, tractive and braking energy, the different types of KERS systems and how that can affect the vehicles behaviour and how it feels for the driver.


[bookmark: _Toc216037185]Task 1 – Choosing an appropriate vehicle.
Vehicle of choice: Porsche 911 Carrera
Reason for choosing this vehicle: This was chosen due to its ability to be used as both a road vehicle and a performance vehicle.

[bookmark: _Toc216037186]Task 2 – Research and identify the required dynamic characteristics of the vehicle.
1. Test mass = 1628kg 
Gross weight – passengers (75kg each average) – boot capacity (1985kg - 225kg - 132L = 1628kg) (Cardekho, 2025)
2. Frontal area = 2.07m^2   (Newsroom.porsche, 2024)
3. Rolling resistance coefficient = 0.015
4. Coefficient of aero drag = 0.30 (Newsroom.porsche, 2024)

[bookmark: _Toc216037187]Task 3 – Select the appropriate Worldwide harmonised Light vehicle Test procedure (WLTP) for your selected vehicle.
Selected WLTP class = Class 3  

[bookmark: _Toc216037188]Task 4 – produce a spreadsheet to plot both cumulative tractive energy and cumulative braking energy.
*See excel sheet*
[bookmark: _Toc216037189]Task 5 – Identify the moments of largest possible KERS power input and energy storage requirements. 

The largest possible KERS power input is 38,953.97 W. 
This was identified in the following way:
· First to look for when the vehicle is travelling at some of its highest speeds and when it has some of its strongest deceleration forces. 
· The point picked was at 1,731s when the speed reached was 121.6 km/h or 33.78 m/s. This point had an inertial force of -1153.166667 N.
· This point was picked due to the WLTP only having a few high-speed segments and only one of them ends with a rapid deceleration.
· The equation used was Precov = -Finertial * v
Precov = -1153.166667 * 33.78 = 38,953.97 W


The largest possible energy storage requirements are 1,081,977 J / 1.08 MJ or 0.3006 kWh
The section of data used to find this piece of information was the data between 1,727s and 1,796s. This section was used due to it being the only section that has:
· Continuous braking 
· Sustained acceleration.
· And relatively high speeds for a long duration of time.
This data section covers about 70s and uses the data from the speed and inertial force columns. 
The equation used was:
Esample = Precov * Δt = Precov * 1s = Precov J

· First step was to find the Precov. Using the equation (Precov = -Finertial * v) for each second of the section being used. 
· Once that is found each one can be put into this equation Esample = Precov * Δt = Precov * 1s = Precov J to find the energy in that 1s sample.
· Then this equation is used to find the energy for the whole event (sum of samples) Eevent = ∑/tEevent Esample(t) = ∑/tEevent Precov(t) * Δt
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When it comes to finding a suitable KER system there are things that need to be taken in to account, such as unexpected events, aging, extra margins for safety.
The data to look at would be the largest possible energy storage requirements and the largest possible KERS power input, as this will give an idea as to what is needed.
There are multiple options to look at:
· Option 1 – Battery only KERS (li-ion NMC / LFP)
· Picked when small energy over many seconds is needed.
· Usable energy size is usually 0.35 kWh with peak power rating approximately 50 kW.
· Typical efficiencies include:
· Motor/generator(regen) = 90%
· Inverter = 95% (regeneration direction)
· Battery charge efficiency = 95%
	PROS
	CONS

	Compact, low mass
	Thermal management required for repeat high power

	Energy dense; good when you want to retain energy between events
	Batteries suffer life/fade with frequent high-power cycling unless designed for power applications



· Option 2 – supercapacitor – only (SC)
· Picked when very high-power density and very high cycle life is needed.
· Average SC charge / discharge round trip = 95-98%
	PROS
	CONS

	Extremely high life (millions of cycles), great for repeated heavy braking
	Poor energy density – large mass for the 0.3kWH; not ideal for storing the whole 1.08 MJ

	Very high-power density (good for braking spikes)
	



· Option 3 – Hybrid (battery + supercapacitor)
· Usually picked when the duty cycle contains both: Large short duration power spikes and medium to long duration energy demands as a simple battery would be too stressed by the peaks and a supercapacitor only would be too heavy for the total energy.

· Examples of vehicles that would use this system: performance cars with fast braking at high speed, vehicles that do mixed urban/highway driving with occasional long deceleration events, and fleets that require high cycle life and reliability under frequent braking.

· Typical efficiencies include: 

· Motor/generator(regen) = 90%
· Inverter(regen) per direction = 95%
· SC charge/discharge = 95-98%
· Battery charge efficiency = 95%
	PROS
	CONS

	Handles high peak power safely
	More expensive 

	Longer battery life 
	Increased system complexity

	High overall efficiency
	Larger packaging volume 

	Improved regeneration consistency
	Added weight

	Better performance in repetitive braking
	More thermal interfaces

	Reduced thermal load 
	Additional failure modes

	Energy & power optimisation
	Integration challenges



Weighing up the pros and cons of each option and what the vehicle may/can be used for the better option would be the Hybrid KERS system due to the fact that it can handle the high energy peaks and wouldn’t need to be as heavy as the SC system. The hybrid also would have a longer life cycle than the other two options, and the hybrid combines the pros of both the other options into one.


[bookmark: _Toc216037191]Task 7 –Plot the kinetic energy recovered that is returned to the wheel road contact. 
*See excel file*
[bookmark: _Toc216037192]Task 8 – Explain how the system operates, assumptions made and variations that the driver may feel, when compared to the conventional ICE and friction brake vehicle.

How the KERS system operates

A KERS or kinetic energy recovery system captures a vehicles kinetic energy that would normally be lost as heat in the friction brakes during deceleration. It can be split in to phases as follows:
· The deceleration phase – Energy recovery
When the driver presses the brake or lifts off the accelerator, the vehicle begins to decelerate. The electric machine operates in generator mode, thus producing electrical power. The torque produced opposes the wheels which provides a deceleration force. The energy produced is then transferred into the energy storage system (battery, supercapacitor or hybrid).

· Energy storage 
The energy storage depends on the system design so:
· Battery – stores moderate energy but is limited by the charge rate.
· Supercapacitor – stores small amounts of energy but accepts very high-power amounts.
· Hybrid KERS – combines both the peak power handling of a supercapacitor and the bulk energy storage of a battery.

· Acceleration phase – Energy deployment
When the driver accelerates again the electrical energy that was stored is delivered back to the motor which then assists the engine or directly drives the wheels. The result of this is a reduced fuel consumption, lower emissions and improved acceleration response.


Assumptions made in the analysis

· KERS System behaviour 
· The system captures only inertial braking energy (no drag or downhill energy)
· The driver’s brake/regen request is assumed to be perfectly blended by the control system.
· All recovered energy is assumed to be stored immediately before the next braking event (no overlap)
· All energy is used before the next braking event.

Variations the driver may feel compared to a conventional ICE vehicle

· Regenerative braking feel – feels smoother, more progressive, brake pedal may feel more digital due to the system blending regen and friction braking.
· Accelerator response – can feel more responsive, engine load and noise may be lower during acceleration, may be a noticeable “boost” when the stored energy is deployed.
· Variations in vehicle behaviour – stronger regen can cause the car to “slow down by itself” when lifting the accelerator
· Noise/vibration differences – less frequent brake squeal because friction brakes are used less, mild electrical whine from the motor generator.
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