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Abstract 

This project investigates the effect of applying KERS to UWTSD’s MCR Sports 2000 race car around 

the Silverstone International track. Various experiments, calculations and discussions were carried out 

including coast down tests and wheel lock limit calculations to assist in the production of a simulated 

KERS lap. The data was then analysed, and it was found that energy could be recovered four times 

throughout the track and deployed three times accumulating to 9.76 seconds. Having the KERS 

implemented caused the lap time to be 1.82 seconds quicker which is a 2.7% decrease in the lap time. 

Factors such as the car measurements, governing body and championship regulations, component 

specifications and safety influenced the investigation throughout. The calculated KERS lap was only 

carried out in Excel and not in the Base Performance Simulator due to the interruptions of the Covid-19 

Pandemic. 
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 Introduction  

This project investigates how a Kinetic Energy Recovery Systems, KERS, can affect the 

performance of a race car. This report documents the whole project from the initial research 

phase through to the analysis of the results. Hybridisation is the future of motorsport and KERS 

is the leading form of mild hybridisation in the industry (Shilpa, 2018). KERS collects some of 

the wasted energy from braking to generate power. This project is only a theoretical 

investigation as the budget of the race team and the championship’s regulations do not 

currently allow for this to be physically tested. Hence, this investigation is conducted through 

analysing real-life data and a simulation model. This project was interrupted by the pandemic 

outbreak of Covid-19 and therefore part of the simulation model was not able to be used by 

the author to finalise their results. 

 

 Aims and Objective 

The objective of this project is to investigate how the application of a KERS can affect a Sports 

2000 Race Car, specifically the UWTSD MCR Race Car.  

There are three aims to this project. The first is to conduct significant, in-depth research to 

promote a thorough understanding of how KERS functions. The second is to calculate and 

simulate the application of a KERS and compare the data. The third aim is to critically analyse 

the effect a KERS can have on the lap times, both in simulation and calculations, and whether 

it is reasonable to be implemented for the Sports 2000 championship. 

 

Figure 1-1 Aims of the report 
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 Case Study 

To ensure a thorough investigation was carried out, some initial parameters were set. Firstly, 

the car being investigated was chosen to be the UWTSD MCR Race Car due to the ease of 

access to the physical car and both track and simulation data.  

 

Figure 1-2 The UWTSD MCR Race Car (M Sport Eng, 2016) 

As this car was chosen, the championship being investigated was The SRCC Sports 2000 

Duratec Championship. This championship consists of open cockpit, two-seater, rear-engine 

‘sports prototype’ cars using 2000cc Duratec engines (SRCC, 2019). The cars compete on 

race circuits around the UK and sometimes Europe if the competitor enters the endurance 

championship. For the purpose of this investigation, the endurance championship isn’t being 

considered as there is no track data available from the car. 

The track that the data was collected on was decided as the Silverstone International Circuit 

as this has the longest amount of regenerative braking sections. 
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 Timing Plan 

This project followed a timing plan which was continuously updated throughout the project, 

see Figure 1-3. 

 

Figure 1-3 Full Project Gantt Chart 

There were four main milestones in this project. The first was the production of graphs to 

analyse the track data, as this allowed the ability to assess the possible use of a KERS. The 

second was the VIVA presentation as this provided opportunity to reflect on all the research 

and data analysis up to the Christmas break. The third is the completion of the simulated 

KERS lap in Microsoft Excel as this quantified the benefit of applying KERS to the MCR. The 

final milestone is the dissertation because it allows the project to be summarised and 

evaluated as a whole. 

Certain activities were not completed within the timing plan due to the pandemic impact, 

documented in Section 6. 

Some activities took longer than expected such as setting up the BPS to run KERS. This 

activity was one which was not completed due to the pandemic outbreak but took longer than 

planned due to the extensive work which was required to understand and interpret the 

simulators programming.  
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 Literature Review 

There are a few areas of background research required to be able to fully investigate the effect 

Kinetic Energy Recovery Systems can have. The first place to begin this research is with the 

theory and relevance of KERS. The rest of the research consisted of investigating the key 

components which make up the system.  

 Theory of KERS  

A KERS is a system which recovers waste energy, such as thermal, under braking and stores 

it in to be used under propulsion (Mercedes AMG F1, 2019). In batteries this energy is stored 

as chemical, in flywheels it is kinetic. This is known also regenerative breaking in the 

automotive industry; however, it is referred to as KERS, or ERS, in the motorsport industry. 

The application is also different between the two industries, where motorsport often use the 

motor as a power increase on top of the engine power whereas the automotive industry uses 

the power as a replacement or reduction in engine power. The purpose of implementing this 

type of system in the automotive industry is to make the vehicles more efficient and reduce 

fuel usage, whereas in motorsport its aim is to increase the power of the vehicle thus making 

it go faster (Holt, 2012). 

Figure 2-1 depicts the entire system is in a simple diagram.  

 

Figure 2-1 KERS block diagram (Magneti Marelli, 2010) 
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When the system is in use, its job is influenced by the driver who has control of two options: 

to brake or to boost. Under breaking the Motor Generator Unit, MGU, recovers energy by 

acting as a generator and assisting the friction brakes. The control unit dictates how much 

energy is recovered and transfers as much as the storage system can absorb (X-Engineer, 

2019). The energy then remains in the storage system until the driver requests for more power 

through a ‘boost’ button on the steering wheel. The signal is sent to the control system which 

requests energy from the energy store and delivers it to the MGU (Collins, 2013). The MGU 

then acts as a motor and releases kinetic energy into the powertrain to increase the power of 

the car. 

The two main types of regenerative braking are series and parallel. They behave differently 

and are each beneficial in different applications. Series brakes are often used in automotive 

as they are more efficient in normal driving conditions and give the driver a normal pedal feel. 

For motorsport however, parallel braking can sometimes be used as it is much cheaper. Since 

cars are often braking at high or maximum braking force the systems are equally efficient due 

to the MGU acting at its maximum power. At high braking force, the poor pedal feel does not 

occur due to the generator being at its maximum force as well as the friction breaks. 

 

 Relevance of KERS 

The SRCC championship currently has no reference to hybrid or electric integration into their 

championship, but there are hybrid and electric examples in other motorsport championships. 

The WEC championship has a fully hybrid class of cars; the LMP1-H (FIA, 2019). There is 

also a fully electrified circuit racing championship, Formula E. 

Other championships are now planning on moving to hybrid by 2022 including BTCC (2018), 

WRC (Evans, 2019), NASCAR (2019) and IndyCar (2019). The introduction of hybrids in 

IndyCar has changed the championship considerably. The power output has increased from 

a maximum of 700 horsepower to be in line with the Formula 1 power of 900 horsepower 

(O'Kane, 2019). But this is just one example of the introduction of hybrids increasing power 

and therefore lap times. WRC are taking a different approach and using the hybridisation to 

travel between stages and through cities on full-electric mode to reduce noise and air pollution 

(Evans, 2019).  

Electrification is not just the responsibility of the championship organisers but also the 

manufacturers. Volkswagen has committed to making their racing division all-electric by 2025, 

stating they will drop all “factory-backed commitments” to race cars with combustion engines 
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(Volkswagen Motorsport, 2019). This comes as no surprise after their success having broken 

four motorsport records with their first all-electric motorsport car, the ID.R (Wilkinson, 2019). 

The ID.R broke the track record for the fastest car at Pikes Peak, the Tianmen Shan Pass and 

at Goodwood where it was unbeaten since 1999 (Wilkinson, 2019). As well as these, the ID.R 

holds the fastest electric lap around Nürburgring track (Wilkinson, 2019). 

Despite this success in the motorsport world, Volkswagen is not committing the same goals 

for their road-going vehicles at this moment in time. However, this is the direction the company 

is looking to go down in the future. Another reason that encourages the hybridisation of 

vehicles is how environmentally conscious people are becoming. The United Kingdom has 

become the first major economy to pass a zero-emissions law as of 2050 (Gov.uk, 2019). This 

will mean that all cars will need to be electrified, whether that is hybrid or fully electric. KERS, 

also known as regenerative braking in the automotive industry, is an easy and accessible 

method for manufacturers to produce hybrid vehicles. 

 

 Energy Storage 

The current energy storage system for electric and hybrid cars is through Lithium-Ion batteries, 

Li-Ion. First, Lead Acid batteries were considered, but their discharge time was too slow 

(Battery University, 2017). Originally, battery technology was not able to charge and discharge 

at a high enough rate but with the recent developments in hybrid batteries, Li-Ions are able to 

and therefore meet the needs of the motorsport industry (Zaheer, 2019). 

Another form of energy storage is a supercapacitor, also known as an ultracapacitor. These 

work similarly to a standard capacitor by storing energy via a static charge. The benefit of a 

supercapacitor is it can discharge and charge at rapid speeds, much quicker than Li-Ion 

batteries which can take between 10 and 60 mins to charge compared to the 10 seconds for 

a supercapacitor (Battery University, 2019). Also, supercapacitors can discharge completely 

unlike batteries and have a much longer cycle and service life. The specific power of 

supercapacitors can also be 10 times larger than that of a Li-Ion battery (Battery University, 

2019). However, the specific energy of a supercapacitor is much less than a Li-Ion battery by 

approximately 10 to 50 times, as well as being unable to hold their charge for long periods like 

batteries. (Battery University, 2019) 
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Figure 2-2 Comparison of batteries and ultracapacitors (Skeleton Tech, 2016) 

Another factor is the costs associated. Supercapacitors are a lot more expensive per kilowatt-

hour than most Li-Ion batteries due to the ability to discharge instantly (Battery University, 

2019). Supercapacitors can be found in high-end cars that have regenerative braking, such 

as the Lamborghini Sian which is claimed to be faster by ten percent when accelerating to 

130km/h with this system (Slovick, 2019). 

An alternative type of capacitor is a Lithium-Ion Capacitor Cell, this is a hybrid between a Li-

Ion battery and a supercapacitor. It is made up of a pre-doped carbon anode as the negative 

electrode and an activated carbon positive electrode (JSR Micro, 2017). 

 

Figure 2-3 Li-Ion Capacitor (JSR Micro, 2017) 



Samuel Treleaven  BEng Motorsport Engineering 
1702453 UWTSD 

Page 8 of 55 

This concept allows both the benefits of the high specific power of a supercapacitor as well as 

the high specific energy of Li-Ion battery. The only issue with this type of energy storage is 

they are not easily available and are also very expensive. 

Another way of having the benefits of both supercapacitors and Li-Ion batteries is to have a 

combination of both wired into a self-contained energy storage system. Systems like this are 

used in some formula one teams (Scarborough, 2012). These systems work in different ways 

depending on their application and the budget available. Generally, for regenerative braking, 

the supercapacitor absorbs the energy under braking and trickle feeds the energy into the 

battery. After the braking finishes, the supercapacitor ensures it is at full charge using energy 

from the battery if needed, so it is ready to deploy the power when required by the driver. 

Another form of energy storage which was used in early hybrids was flywheels. They have 

high charge and discharge rates like supercapacitors but due to their packaging ability and 

the fact they are rotating at extremely high speeds, not many companies or race teams will 

use these any more, especially with the advances in battery technology over the last few 

years. 

There are many energy storage options for the motorsport industry, and this project, but the 

main options that will be considered are Li-Ion batteries, supercapacitors, and a combination 

of the two. If a small amount of energy needs storing, then a supercapacitor can be used. 

Unfortunately, Motorsport UK, or MUK, the governing body of four-wheeled motorsport in the 

UK, does not currently allow supercapacitors as a form of energy storage in hybrid or electric 

vehicles (Ratley, 2020). This means a Li-Ion battery that can charge and discharge at high 

enough rates will be required. This will be decided once the rest of the system, such as motor 

has been considered. 

 

 Motors 

There are many different motor companies which have produced motors for both the 

motorsport and the automotive industry. Zytek (2019) is one company who have been 

supplying hybrid systems for motorsport since the late 1990s. They offer complete battery and 

motor as a conversion package (Zytec, 2019). However this set-up is quite old, its motors 

specific power is average in its performance at just 5.9kw/kg, but it does have a peak power 

of 50kW. McLaren also offers a motor for hybrid cars and, like the Zytek, it is a radial 

permanent magnet Motor Generator Unit, MGU. It has a peak power of 120kW and a specific 

power of 4.6kw/kg (McLaren, 2019). This size motor would be too powerful for the MCR as 
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the power at the wheel is only 113.5kW, see Appendix AAppendix A - MCR Dynamometer 

Graph. 

Another style of motor is an axial flux MGU which is produced by both YASA and EMRAX. 

The axial flux is a recent design of motor which functions slightly differently to the radial flux 

motor, see Figure 2-4.  

 

Figure 2-4 Comparison between Radial Flux and Axial Flux motors (Moreels, 2017) 

The benefit of the axial flux design is that they usually have higher torque density due to having 

a bigger distance between the magnetic field interaction and the motor axis. Also, the axial 

motors are more efficient due to the flux paths being shorter so a reduction in magnetic losses 

(Moreels, 2017). 

 

Figure 2-5 An Axial Flux Motor by YASA (2018) 
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The YASA motor is claimed to be the smallest and lightest in its class with a specific power of 

6.7kw/kg, but once again this motor is much too powerful for the MCR at 160kW (YASA, 2018). 

Even though it does not need to use all the power and can be tuned for lower powers, as low 

as 20kW, it still has a large mass of over 24kg (YASA, 2018). As it is an axial flux motor, the 

shape is different to the previous models and so offers better packaging space as it is a circle 

with a diameter of 305mm and is only 80.4mm thick (YASA, 2018). YASA has produced a 

custom motor for Ferrari’s first hybrid production car, SF90 Stradale, producing an extremely 

large 14kW/kg power density (Business Wire, 2019).  

EMRAX MGUs have a smaller specific power than YASA but they do offer smaller motors as 

well. Their smallest motor is the 188 model which has a dry weight of only 7kg, whilst being 

able to offer peak power of 52kW and having a continuous power of up to 35kW (EMRAX, 

2019). 

The power of the MGU also must be considered. Within Formula 1, a motor power of 60kW 

was used when they started to allow hybrids, this has now increased to 120kw (Collins, 2013). 

This change occurred due to the entire powertrain changing in 2014. The engines went from 

2400cc to 1600cc and the fuel usage to complete a Grand Prix was reduced by 35% (Collins, 

2013). For the cars to be able to complete the race they needed another form of energy and 

this came in the form of an increased MGU-K and an introduction of a motor-generator that 

recovers and uses power at the turbo. Whereas BTCC has announced their motor will have a 

peak power of 30kW (BTCC, 2019). For the Sports 2000 championship, a power increase of 

30kW would be enough to allow for competitive racing. It would result in a 26% increase, from 

113.5kW, in power when the motor is used neglecting any inefficiencies in the system. 

Depending on packaging space either the Zytek or EMRAX would be suitable for the MCR. 

The other types of motors available are either too large, in size and mass, or too powerful for 

the car.  

 

 System Controllers 

There are various companies which offer controllers including UniTek, Sevcon and RMS, all 

offering similar functions. They can measure wheel rotation speed and calculate how much 

rotational force is available under braking to generate back into the energy store. The 

controller also controls the flow of the electricity between the MGU and the energy store. The 

controllers also offer the ability to switch between friction brakes and the generator to have 

series braking. However, due to the car only carrying out hard braking, this is not needed as 
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the car will always be exerting high braking percentage so having smooth braking at low efforts 

is not needed. 

As well as controlling the energy recovery, it also controls when the motor can release energy. 

For example, it could be programmed only to allow the motor to release energy when the 

throttle position is at least 90% depressed. This would allow for maximum benefit from the 

energy recovery system as well as ensuring it cannot be accidentally deployed when the cars 

not accelerating. The controller can also control lights in the instrument panel to show when 

the system is live and when it is turned off. There are various safety factors they offer as well, 

such as high voltage safety interlock circuit. 

The Sevcon Gen5 controller is one which is suitable for the application in this project due to 

its small size and versatility. It meets the safety criteria set out in the hybrid automotive ISO 

tests for both functional and electrical safety (Sevcon, 2016). Overall, the decision on the 

controller will depend on what motor and energy store is used and its compatibility to both 

components. 
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 Work Carried Out 

This section covers all the experiments, calculations and discussions needed to produce a 

simulated KERS lap for the car. 

 Data Collection 

To begin with, all the necessary data that is available for the MCR was collected. The first type 

of data that was collected was the real-life track data, this was from the 2019 championship. 

It was recorded at multiple tracks and included testing, qualifying and race data. For this 

project, only the data from a single lap of a chosen track needs to be investigated. However, 

to calculate the wheel lock power, data from all rounds is required to find values such as the 

minimum velocity and the largest braking section. Understanding this section would allow an 

appropriate battery to be selected that could handle the most energy the car would be able to 

recover, without wasting mass, space and money on having a device more powerful than 

needed. This data was collected through data loggers that were connected to the car, which 

can be viewed in MoTeC. To compare and calculate a simulated KERS lap this data was 

exported into Microsoft Excel, see Appendix B, with a sample rate of 50Hz. 50Hz gives data 

for every 50th of a second meaning it is a big enough sample rate to allow for in-depth analysis 

and understanding but not too large to make processing time consuming or lead to failure.  

Some key pieces of data were required at the start of the project. These included the mass, 

the coefficient of drag and the car power data. The mass was collected from the 2019 

championship logbook. This is a spreadsheet which contains the suspension set up and the 

mass of the car as well as everything about each round, from gear ratios and tyre pressures 

to drivers’ comments and the weather. This extra data gave a deeper understanding of the 

conditions on the day for the lap that would be selected. Alongside the logbook was the gear 

calculator which gave all the gear and final ratios as well as what they are for each round of 

the championship. The power of the car was collected from the dynamometer print out of the 

car, which allowed for the power at both the engine and wheels to be collected. The coefficient 

of drag was collected in a few ways to allow for comparison. The first was from a third-party 

study carried out on the aerodynamic profile of the car using Computational Fluid Dynamics 

software. Another piece of data that was acquired was real-life data from when the car was 

sent to MIRA’s wind tunnel. This data gave information such as drag and lift forces and 

coefficients as well as axle loads under wind speeds of approximately 35m/s.  

Some data was not available at the start of the project including the actual real-life coast down 

data which would allow the actual resistive values to be calculated. However, later in this 



Samuel Treleaven  BEng Motorsport Engineering 
1702453 UWTSD 

Page 13 of 55 

project this data became available. This data consisted of the car doing three laps where the 

car was taken up to a set velocity and then left to decelerate with no brakes and the clutch 

being depressed on each straight. This was beneficial as it allowed for more than just the 

aerodynamic resistive force to be calculated. It gave the actual resistive force, including 

mechanical and rolling resistive forces, at certain velocities. This would allow for an equation 

to be produced to show the relationship between resistive force and velocity.  

Except for the MoTeC data, all the data that was collected was inputted into one Master 

Spreadsheet ready for the chosen laps data to be exported into it. This was done so that all 

the relevant information throughout this project would be in the same location to make 

calculations and data sourcing easier. 

Some data was not attainable such as how much brake and throttle were applied throughout 

the lap. This data would have helped with finding the key energy harvesting locations. When 

analysing a lap, it would show clear locations where brakes were applied and whether they 

are fully applied. The throttle position would help when simulating the KERS lap, as the motor 

could then be used when at least a certain percentage of the throttle is applied such as over 

90%. However, other available pieces of data will need to be looked at and compared to make 

assumptions when the brake and throttle pedal are applied at high pressures. Another piece 

of data that would have been useful to be collected would be a coast down test where the car 

came to a complete stop. This would allow for a more accurate assumption of the rolling 

resistive force as well as a more accurate resistive equation. 

Once this data was collected a decision was made on the track. Originally Brands Hatch was 

selected however after a basic analysis of each round, taking into account the maximum 

braking times and cumulative braking time, the Silverstone International track was selected. 

This is because it had both the longest braking section as well as the largest cumulative time, 

so this track was then selected. In the main spreadsheet, the data and calculations that were 

specific to track date were recalculated. 
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 Coast Down Test 

A coast down test was carried to calculate the rolling resistive force and aerodynamic force 

on the MCR car. The test is carried out as the resistive force for the car at all velocities needs 

to be known to assist in the calculation of the KERS lap. This is because not all the 

decelerating force is available to be recovered under braking as some force is lost through 

rolling, aerodynamic and mechanical resistance. Also, to calculate the acceleration, the 

resistive forces are required.  

3.2.1 Simulation Methodology  

To carry out a simulated coast down test the UWTSD’s Base Performance Simulator, BPS, 

was used. This has an accurate model of the car being investigated as well as the tracks from 

the championship. The coast down test was carried out on a track called the Skidpan as it has 

a long strip of track that has no gradient that would affect the results. The car was driven to 

the start of the test strip and stopped. The car was then accelerated up to fourth gear and held 

on the limiter for a moment before the clutch was disengaged and the car rolled to a complete 

stop with no driver interference. Once the car came to a stop it was turned around and the test 

was repeated in the opposite direction. Repeating the same test in the opposite direction is 

common practice when carrying out physical tests to account for environmental conditions, 

such as wind, however in the simulator these conditions were not affecting the test. The reason 

the test was repeated was to allow for an average to be taken from the runs.  

 

Graph 3-1 – Coast Down in BPS: Velocity vs Time 

Graph 3-1 shows the velocity plotted against time. At point A both aerodynamic drag and 

rolling resistance are affecting the rate of deceleration whereas at point B only rolling 

resistance is assumed to be affecting it. For the purpose of these calculations, the rolling 

resistance is assumed to be constant at all velocities to allow for an approximated calculation 

of the coefficient of drag, even though this is not true. This is due to the rolling resistance 

increasing very slightly with velocity, however the increase is quite insignificant when it comes 

to these calculations. At point A and B the deceleration was calculated over an approximately 

one-second interval. These decelerations were then multiplied by the mass of the car to give 

the deceleration force at both sections, Equation 3-1. 

A A 
B B 
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𝐹𝑑𝑟𝑎𝑔 = 𝑚
𝑣2 − 𝑣1

𝑡2 − 𝑡1
 

Equation 3-1 Coast Down drag force 

The deceleration force at point B is taken to be the rolling resistive force. Using Equation 3-2 

The Coefficient of Drag, Cd, was calculated. Where 𝐹𝑑𝑟𝑎𝑔𝐴 and 𝐹𝑑𝑟𝑎𝑔𝐵 are the drag forces at 

points 𝐴 and 𝐵 respectively. 𝜌 is the air density,  𝑣𝑚 is the average velocity at point 𝐴, and 𝐴 

is the frontal area of the vehicle. The reason the result is left as 𝐶𝑑𝐴 and not 𝐶𝑑 is because 

only one car is being investigated so the area is a constant to the calculations. 

𝐶𝑑𝐴 =  
2(𝐹𝑑𝑟𝑎𝑔𝐴 − 𝐹𝑑𝑟𝑎𝑔𝐵)

𝜌 𝑣𝑚
2

 

Equation 3-2 The Coefficient of Drag 

The values for the coefficient of drag, 𝐶𝑑𝐴, and the rolling resistive forces can be seen in Table 

3-1. The average values for the coefficient of drag and rolling resistance were calculated and 

inputted into the main sheet in the Excel workbook. 

Table 3-1 Resistive Values 

 CdA 
Rolling 

Resistance Force 

Test One 0.57237 281.42 

Test Two 0.58788 265.553 

Average 0.58012 273.486 

 

To get an improved estimation, a maths channel was created in MoTeC to calculate the 

resistive force, see Equation 3-3. 

𝐹𝑟𝑒𝑠𝑖𝑠𝑡𝑖𝑣𝑒 = −𝑚𝑎 

Equation 3-3 Coast Down Resistive Force 

The data was then exported into Excel where the resistive force was plotted against velocity 

as a scatter plot and a trendline was added, see Graph 3-2.  
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Graph 3-2 Simulation Coast Down: Resistive Force vs Velocity 

The equation of the trendline was added to the graph and this equation for resistive force 

shows the relationship between both rolling and aerodynamic resistive force and their effect 

on the car at different velocities. This equation would help compare and correlate the resistive 

values to the real coast down test data. 

 

3.2.2 Physical Methodology 

The coast down data, that was collected during testing at the Pembrey track, was used to 

calculate a real resistive force equation. The calculation of the resistive force was the first part 

of data interpretation. This was carried out using Equation 3-3 in a MoTeC maths channel, 

see Figure 3-1. This was carried out with the acceleration being filtered due to the recorded 

values fluctuating. 

 

Figure 3-1 Maths Channel of Resistive Force 
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This data from the MoTeC file was then exported into Excel so the data could be manipulated. 

The sections where the car was not doing any Coast Down, such as when it was going around 

the bends and entering and leaving the pit lane were deleted. The resistive force for all the 

coast down runs were plotted against their corresponding velocities, see Equation 3-3. A 

trendline was added, and its equation gave a real estimation for the resistive force experienced 

by the car. This was carried out on all five runs and an average was taken to produce a final 

equation. 

 

Graph 3-3 Real Coast Down: Resistive Force vs Velocity 

Alongside this real data, there is also wind tunnel data of the actual car. This test was carried 

out at MIRA, where lots of data were collected such as the coefficient of lift and the drag for 

the car. This test consisted of 17 runs, each of which had a coefficient of drag value calculated 

by MIRA. These values were calculated assuming the frontal area was one meter squared so 

in fact the values were the CdA. The average of these 17 runs gave the value 0.639 for the 

CdA. This value is as expected as it is within 10% of the calculated value in the simulation 

coast down test. This agreement of the values demonstrates the accuracy of the simulation. 

 

3.2.3 Comparisons  

Comparing the Resistive Force of the Calculated, Simulated and Real equations will help with 

finding the most accurate resistive force equation. This allows them to be plotted on the same 

graph for comparison. 
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To find the Calculated Resistive Force, Equation 3-4 was used, where the rolling resistive 

value was taken from the simulation test. The CdA value used was the average of the MIRA, 

simulator and CFD values. This produced Equation 3-5. 

𝐹𝑅𝑒𝑠𝑖𝑠𝑡𝑖𝑣𝑒 =
1

2
𝜌 𝐶𝑑𝐴 𝑣2 + 𝑅𝑅 

Equation 3-4 Resistive Force 

 

𝑦 =  
1

2
1.223 × 0.59𝑥2 + 273.49 

Equation 3-5 Calculated Resistive Force 

The Simulated Resistive Force, Equation 3-6, comes from the trend line on graph Graph 3-2 

in section 3.2.1. 

𝑦 =  0.3485𝑥2 − 0.6003𝑥 + 245.49 

Equation 3-6 Simulated Resistive Force 

The Real Resistive Force, Equation 3-7, comes from the trend line on graph Graph 3-3 in 

section 3.2.2. 

 

𝑦 =  0.4095𝑥2 − 3.3553𝑥 + 257.00 

Equation 3-7 Real Resistive Force 

 

 These three equations were plotted on the same graph, see Graph 3-4, so they could be 

compared. 
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Graph 3-4 Resistive Force Comparisons: Resistive vs Velocity 

All three equations produced similar results. This triangulation of results displays accurate and 

validated result which will provide an accurate calculation for the resistive force for KERS lap. 

The calculated resistive force is slightly larger than the other two lines. This could be due to 

the MIRA CdA value being larger at 0.639 whereas the simulated and CFD values were 0.561 

and 0.580, causing the average CdA to increase. The real coast down resistive force displayed 

slightly larger values than the simulated force. This was expected as the real data includes all 

the mechanical resistance, whereas the simulated does not. This indicates that the real coast 

down test would be deemed the most accurate so this equation can be used in the calculation 

of resistive force for the calculated KERS lap. 
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 Wheel Lock Limit 

The wheel lock limit is the point at which the tyres exceed the adhesion limit and the wheel 

ceases rotation (Wright, 2005). This point is important because energy is harvested from the 

rear wheel which has less vertical force under hard braking. This means at low velocities if the 

Motor Generator Unit, or MGU, is trying to harvest more power than the tyres can handle, 

whilst retaining grip, then this will cause the rear wheels to lock and the car could spin. To 

prevent this from happening, calculations were carried out to assess the maximum amount of 

harvesting power at the lowest velocities in both wet and dry track conditions. This limit is a 

large factor in the amount of harvesting of energy that can be carried out on a vehicle.  

The wheel lock limit force is calculated using the load on the rear tyres in Newtons then 

multiplied by the coefficient of adhesion, see Equation 3-8. The load on the rear tyres under 

braking was taken from the MoTeC data. This data contained the values for the corner load at 

any point, taking into consideration the weight transfer. The coefficient of adhesion for the 

MCR under dry conditions was 1.4 and during wet conditions was 0.8. 

𝐹𝑤ℎ𝑒𝑒𝑙 𝑙𝑜𝑐𝑘 𝑙𝑖𝑚𝑖𝑡 = (𝑆𝑡𝑎𝑡𝑖𝑐 𝐿𝑜𝑎𝑑𝑟𝑒𝑎𝑟 − 𝑊𝑒𝑖𝑔ℎ𝑡 𝑇𝑟𝑎𝑛𝑠𝑓𝑒𝑟) 𝜇 

Equation 3-8 Wheel lock limit force 

The wheel lock limit power could be calculated from the force at a variety of velocities using 

Equation 3-9.  

𝑃 = 𝐹𝑤ℎ𝑒𝑒𝑙 𝑙𝑜𝑐𝑘 𝑙𝑖𝑚𝑖𝑡𝑣 

Equation 3-9 Wheel lock limit power 

The calculation for wheel lock power was carried out from 60 m/s to the minimum velocity 

recorded across the championship, 19 m/s. This minimum velocity will be a significant factor 

in the decision of the power of the MGU for this project. 

Graph 3-5 shows the available power that can be harvested at certain velocities in both dry 

and wet conditions. The maximum available power to be harvested at the minimum velocity is 

67kW in the dry and 38kW in the wet. This means in dry conditions, assuming the efficiency 

of the MGU is about 95%, an MGU of up to 70kW could be used in the championship without 

causing the wheels to lock under normal conditions. In wet condition, an MGU of up to 40kW 

could be used.  



Samuel Treleaven  BEng Motorsport Engineering 
1702453 UWTSD 

Page 21 of 55 

 

Graph 3-5 Wheel Lock Limit: Power vs Velocity 

This result means that if an MGU of over 40kW is selected then the system will have to be 

recalibrated to harvest less power than this on the tracks with the low velocities during wet 

conditions. However, if an MGU of less power is selected then the weather conditions will not 

be a concern as the wheels should never lock under normal racing conditions, caused by the 

motor. 
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 Motor Power Investigation 

To decide on a power for the MGU a small-scale investigation took place. The investigation 

compared how motors ranging from 30kW up to 60kW affected the time to complete one 

straight on the Silverstone track. The reason 60kW was the maximum motor chosen was that 

anything larger would cause wheel lock issues under braking. The section of track being 

investigated, see in Figure 3-2, took 4.64 seconds for the standard car to complete. See Error! 

Reference source not found. for the full track. The maximum amount of energy that could 

have been recovered from the previous braking section was 2.4 seconds, so this is the amount 

of energy used for this investigation. 

 

Figure 3-2 The used section of the Silverstone International Track (See Appendix B for the full track) 

The data in MoTeC needed some calculations to be carried out before it was exported into 

excel. First, the recorded GPS speed was converted from kilometres per hour into meters per 

second using a maths channel, see Figure 3-3. This displayed a new channel called velocity. 
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Figure 3-3 Maths Channel of Velocity Conversion 

Another Maths channel was produced to display the power at the wheels. This was the sum 

of the dynamic power and the power to overcome resistance to motion, see Equation 3-10.  

𝑃 = [𝑚𝑎 + (𝑅𝑅 +
1

2
𝜌 𝐶𝑑𝐴 𝑣2)] 𝑣 

Equation 3-10 Power 

This Maths channel, see Figure 3-4, used the velocity maths channel, Figure 3-3, in its 

calculation and displayed the results in kW. 

 

Figure 3-4 Maths Channel of Power 
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The final step before exporting was to improve the recorded acceleration values. 

Unfortunately, the data appeared to fluctuate a lot, this is due to the sensitivity of the data 

logger, see Graph 3-6. However, it did show the correct values by its trend. This means the 

data can be manipulated to give more accurate results. 

 

Graph 3-6 Maths Channel of Acceleration: Unfiltered  

The acceleration maths channel was filtered at a rate of two hertz to remove all the vibration 

of the data and an improved graph was formed, Graph 3-7. 

 

Graph 3-7 Maths Channel of Acceleration: Filtered 

The data for the section being investigated was exported as a CSV file, with a sample rate of 

25 hertz, so the data could be manipulated. To calculate the KERS section times eight new 

columns of data were added, see Table 3-2.. 
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Table 3-2 Power Comparison Calculation Table Titles 

 

The first two columns of data were copied across from the exported values to be the starting 

values for the KERS section. The following equations were used to populate the remaining 

values for the section. 

The resistive force was calculated using the CdA and RR value from the simulated coast down 

test, as the real coast down data was not available at this point. 

𝐹𝑅𝑒𝑠𝑖𝑠𝑡𝑖𝑣𝑒 = 𝑅𝑅 +
1

2
𝜌 𝐶𝑑𝐴 𝑣2 

Equation 3-11 Resistive Force 

The power was the power at the wheel and when the KERS was activated it was increased 

by the value specified for each power of the motor.   

𝐹𝑇𝑜𝑡𝑎𝑙 =
𝑃𝑇𝑜𝑡𝑎𝑙

𝑣
 

Equation 3-12 Total Force 

𝐹𝐷𝑦𝑛𝑎𝑚𝑖𝑐 = 𝐹𝑇𝑜𝑡𝑎𝑙 − 𝐹𝑅𝑒𝑠𝑖𝑠𝑡𝑖𝑣𝑒 

Equation 3-13 Dynamic Force 

𝑎 =
𝐹𝐷𝑦𝑛𝑎𝑚𝑖𝑐

𝑚
 

Equation 3-14 Acceleration 

The new velocity was calculated using Equation 3-15, where 𝑢 is the previous velocity, 𝑎 the 

acceleration and Δ𝑡 is the difference in time, which was 0.04 seconds as the data was 25 

hertz. 

𝑣 = 𝑢 + 𝑎Δ𝑡 

Equation 3-15 New Velocity 

The distance was calculated to be able to identify when the car needed to brake as well as 

knowing when the car finished the section. 
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𝑆 = 𝑆𝑝𝑟𝑒𝑣𝑖𝑜𝑢𝑠 +
1

2
(𝑢 + 𝑣)Δ𝑡 

Equation 3-16 New Distance 

Due to the car travelling faster with KERS it had to brake at an earlier point on the track to 

ensure it would be able to slow down enough for the bend. This meant that the car had to slow 

to the same velocity as the non-KERS lap when it began to brake at maximum deceleration. 

This resulted in the velocity braking for the corner and going around the corner being the same 

for both the standard and the KERS lap. 

This was repeated for 30kW, 40kW, 50kW and 60kW motors. The total system was assumed 

to have an efficiency of 89.4% for this investigation. This meant for 1 second worth of energy 

recovery through a 30kW motor gave 1 second worth of power at 26.83kW. Table 3-3 shows 

the section times for each power motor as well as their motor value after efficiency and the 

percentage time quicker. 

Table 3-3 Motor Efficiencies 

 

When the time reduction and the KERS power are compared in Graph 3-8 a linear relationship 

is observed, as expected. 
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Graph 3-8 Power Comparisons: Time Reduction vs KERS power 

However, even though 60kw is twice the power of the 30kW motor it did not reduce the time 

by twice as much. This is because the KERS power is only used for a limited time, not the 

entire acceleration. From this result, the 30kW motor displays a large enough time reduction 

to allow for quicker lap times and a more spectacle race whilst retaining the low power levels 

of the championship. 
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 Packaging and Final Components 

Before deciding on the final packaging location of the system, possible locations need to be 

considered so that the final components can be selected. 

3.5.1 Considerations 

Things that will affect the location of the components include the component size and safety 

regulations. Another limiting factor is the specification of the components. The motor is the 

major component to focus on first. The motor could mount within in the gearbox on either the 

input shaft or output shaft and it could also mount on the final drive or even the hub. Another 

possibility which could be considered is to follow in Mitsubishi’s lead, mounting the motor 

directly on the crankshaft (Mitsubishi Electric, 2017). Mounting directly on the shaft, and not 

via a belt system, will increase efficiency so improve both power output and generation 

(Mitsubishi Electric, 2017). The limiting factor of this decision is the available space to mount 

the motor as well as the motor specification of how fast it can rotate. If the motor is mounted 

in the gearbox input shaft or crankshaft of the engine, then the motor will need to be able to 

rotate up to 7000RPM, see Appendix A. Whereas if it were mounted on the wheel, the 

maximum rotational velocity would be approximately 2240RPM, at 139mph. This value comes 

from Equation 3-17, where v is the velocity in meters per second and R is the rolling radius in 

meters, which is 0.265m. 

𝜔𝑅𝑃𝑀 =
60𝑣

2𝜋𝑅
 

Equation 3-17 Angular Wheel Velocity 

The most limiting factor in component location is the safety regulations. A recent document 

released by Motorsport UK contains proposed guidance and regulations for hybrid and electric 

cars competing in motorsport (Ratley, 2020). All the following values discussed are referenced 

from here. These regulations would have a large influence in the production of hybrid Sports 

2000 championship regulations, if one were to ever be produced. The regulations state that 

only a single motor can be used, and the motor cannot be mounted as a hub or wheel motor. 

This means a single motor must be mounted on either the crankshaft, final drive or within the 

gearbox. The Energy Storage System, or ES, has numerous requirements it needs to meet. It 

cannot be a supercapacitor or flywheel but must be a single battery pack. For the MCR, it must 

be installed inside the engine or passenger compartment. The battery must be housed within 

an enclosure that meets a rating of IP65 or higher as well as be in a safety barrier meeting 

UL94-V0 standards. If the system is deemed a high voltage system, larger than 60V DC or 

30V AC, then the cables and connectors must meet approved standards. 
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The regulations also state that the battery management system must be housed within the 

battery pack enclosure. The energy recovery system must be able to be isolated by at least 

two independent systems, one being manually operated and another being an automatic 

system controlled by the management system. There are other safety specifications that each 

component must meet but these do not affect the location of components, they just require 

the components to meet specific standards and pass specific tests. The car must also be fitted 

with two safety indicators if it is a high voltage system. These indicators are a safety light, see  

Table 3-4, and a white light which indicates charging, see Table 3-5. These would be mounted 

on the top of the roll cage of the MCR. 

Table 3-4 Energy Storage Status Light (Ratley, 2020) 

 

 

Table 3-5 Vehicle System Status Light (Ratley, 2020) 

 

 

As discussed in section 3.2, KERS have already been introduced into Formula 1, Formula E, 

WEC and now proposed in BTCC. Within these championships, there is a vast range in the 

power of the MGU’s from 30kW in BTCC (2019) to 300kW in the WEC (FIA, 2019). Even 

Formula E, the fully electric championship, has a smaller motor than WEC at 250kW (FIA, 

2020). Another regulation these championships must meet is the amount of energy released 

per lap. WEC is allowed 8MJ/Lap which is double Formula 1 limit of 4MJ/Lap (FIA, 2019) (FIA, 

2020). Whereas the BTCC is only allowed to release 0.45MJ/Lap, the equivalent of 15 

seconds of usage (BTCC, 2019). This is similar to how Formula 1 started as in 2009 the 

regulation stated a maximum of 0.4MJ/Lap (FIA, 2009). The complete mass of the BTCC 

system is approximately 65kg which is 10kg less than previously used ballast mass (BTCC, 
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2019). The proposed layout for the BTCC hybrid system, see Figure 3-5, has the MGU located 

within the gearbox housing. The modification to the gearbox is claimed to only need seven 

new components, one being the main case, however no major modification needs to be carried 

out and mounting location should not change (BTCC, 2019). This makes it an easy 

modification to make to the car, where the main issue for competitors is the financial cost. The 

location of the cooling system and battery pack is shown in Figure 3-6. This shows that 

modifications will also need to be made to accommodate the KERS cooling system. As these 

are not major modifications, they suit the needs of the teams and the championship. 

 

Figure 3-5 BTCC’s Motor Installation (BTCC, 2019) 

 

 

Figure 3-6 BTCC’s Hybrid Layout (BTCC, 2019) 
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3.5.2 Final Components  

The power selected for this project is 30kW MGU, as decided in power comparison. This is 

going to be produced by the EMRAX 188 motor, see Figure 3-7. The dimensions of the motor 

are 77mm thick and a diameter of 188m (EMRAX, 2017). these dimensions can be seen in 

Appendix D.  

 

Figure 3-7 The EMRAX 188 Motor (EMRAX, 2019) 

This motor is small in size and has a mass of just 7kg and efficiency of 95% (EMRAX, 2019). 

Due to the low power, small size, and ability to rotate up to 8000RPM it will be mounted on 

the crankshaft, at the front of the engine. This means no expensive gearbox modifications are 

required. Modifications will, however, need to be made to accommodate the motor’s mounting 

plate and a splined shaft will have to connect the end of the crank to the motor. To make space 

for the motor on the front of the engine the rear subframe may require 1-inch spacers to shift 

the engine and drivetrain back so the motor does not touch the bulkhead. The EMRAX (2019) 

motors have a list of compatible controllers and from this list, the controller selected for this 

project is the Sevcon Gen5, as seen in Figure 3-8. This controller is 98% efficient and has a 

mass of 6.8kg and is only 285mm by 394mm in size with a thickness of 90mm (Sevcon, 2016). 

See Appendix E for the engineering drawing. This means that the controller will have minimal 

effect on the mass distribution of the car. It will also comfortably fit within the passenger 

compartment of the car.  
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Figure 3-8 The Sevcon Gen 5 controller (Sevcon, 2016) 

The battery will be housed inside an appropriate container located alongside the control 

system in the passenger compartment. The battery that has been selected is a modified 

MAHLE mild hybrid battery, see Figure 3-9.  

 

Figure 3-9 MAHLE’s hybrid battery (MAHLE, 2019) 

This battery is capable of a peak power of 30kW, an efficiency of 99% and has a capacity of 

0.5kWh (MAHLE, 2019). The amount of energy recoverable in one lap at 30kW for 15 

seconds, considering 100% efficiency of the system, is 0.125kWh which is far less than the 

batteries capacity (MAHLE, 2019). It has a high cycle life of over 20,000 cycles before the 

capacity falls below 80% of its initial value, which makes it suitable for the application of an 

energy recovery system. 

The cooling system for the KERS will consist of a combined cooling system. This is where it 

uses both air and a liquid mixture of water and glycol to keep the components cool. This 

cooling system will be plumbed into the component using MUK approved pipes and coolant. 
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The radiator for this system will mount on the left side of the car in the air scoop, see Figure 

3-10. This is the opposite side to where the engine's radiator is currently mounted so it will get 

enough airflow to be able to function appropriately. 

 

 

Figure 3-10 proposed KERS radiator location (M Sport Eng, 2016) 

The complete mass of the system is 28kg. This value is exceedingly small for a hybrid system; 

however, it is only a small powered system. This is an increase in mass of 4.7%, so does not 

drastically affect the mass of the car. Most of the mass is towards the centre of the car which 

means the front to back mass distribution will not be affected so the handling of the car will 

not be compromised. Also, by adding the system it will increase the mass on the passenger 

side slightly so that will cause the left to right distribution to get closer to a 50% split. 
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 Calculated KERS Lap 

To carry out an investigation on an entire lap the MoTeC data, including the maths channels 

created in section 3.4, was exported at a sample rate of 50hertz. This data could then be used 

to plot graphs to identify locations for energy regeneration and deployment.  

The first graph produced was a friction ellipse to identify areas of grip limitations, Graph 3-9. 

This graph is plotted with the x-axis being the side to side G force and the y-axis being forwards 

and backwards G force.  

 

Graph 3-9 Friction Ellipse 

For the standardised friction ellipse where the lateral and longitudinal forces are on the 

opposite axis. See Appendix F. This graph shows that currently the car is not traction limited 

under acceleration but just power limited. This means it is likely all the power of the motor can 

be applied as the car begin to accelerate without causing wheel spin. 

A graph was produced to show how the power of the vehicle changed throughout an entire 

lap of the track, Graph 3-10. This graph showed where the power could be recovered and 

where it could be best deployed. Since the power of 30kW was selected, at sections where 

the power is less than -30kW the car could recover. This meant the area below the line where 

𝑦 = −30 , depicted with an orange line, and above the curve was the amount of energy 

harvestable on each bend. This shows that there are four areas where energy is harvestable 

under braking. 
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Graph 3-10 Power vs Time with a line of harvest 

After calculation, this gave a maximum harvest of 9.76 seconds, as clarified in Table 3-7 later 

in this section. 

To be able to compare the benefit of KERS with the standard lap, Graph 3-11 was produced. 

Once the KERS lap has been calculated, this will allow a visual representation of where the 

KERS is used and how much faster the car is travelling at each location.  

 

Graph 3-11 Standard Lap: Velocity vs Distance 

The velocity was also plotted against time to allow for a comparison of how much faster around 

the track the car is at any point with a KERS, see Graph 3-12. 
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Graph 3-12 Standard Lap: Velocity vs Time 

A similar table was set up to section 0, see Table 3-6. The equations used in this table were 

the same as in section 3.4 apart from the equation used for the resistive force which was the 

real coast down equation. The mass for the system was also considered in the calculation by 

increasing the car's mass of 593.5kg by the system's mass of 28kg. Also, when the MGU 

power was used it was calculated to be 26.827kW after the efficiencies of the system, see 

section 3.5.2 for the efficiency of each component. 

Table 3-6 KERS Lap calculations: Formula View 

 

The same principle as in section 3.4 was applied where the car would travel at the same 

velocity during braking and around corners as the standard lap. This simulation used the 

stored energy as soon as possible after storing it.  

The areas of regenerative braking are recorded in Table 3-7. 

.  
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Table 3-7 Regenerative Braking Zones 

 

Between the end of section 9 and the start of section 1, the two braking sections, there is a 

section where the car was not fully accelerating and so KERS cannot be used. The four areas 

of regenerative braking were used in three sections of power: sections 2, 4 and 6. This can 

also be seen in the MGU duty cycle in Appendix G. 

Once the data was populated for the entire lap, the final improved lap time could be calculated 

and the velocity around the track could be compared to the original lap. 
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 Results 

The simulated lap was calculated using three deployments of the MGU. This deployment 

strategy caused the MCR car to travel around the Silverstone International track 1.82 seconds 

quicker than a standard lap of 67.06 seconds. This is a 2.7% decrease in lap time even though 

the car is 28kg heavier. The lap time decrease is a significant amount in racing, but it is what 

would be expected, as the motor increases the power at the wheels by 24%. Graph 4.1 shows 

the velocity of the vehicle in relation to its location on the track for both the standard lap, blue 

line, and the simulated KERS lap, orange.  

 

Graph 4-1 Lap Comparison: Velocity vs Distance 

The graph is an effective way to validate that all the calculations are correct. The KERS and 

standard lap have the same velocity under braking and cornering, as well as the sections 

where the KERS was not deployed. This is what would happen in real life because regardless 

of how powerful the vehicle is it can only go around each corner and brake at its limit of friction. 

The KERS gradients of the acceleration are initially larger due to the increased power, 

however, once all the power is used and the car is accelerating under only engine power the 

gradient is less than the standard lap. This happens due to the car travelling at higher velocities 

thus having a higher resistance to motion therefore a lower acceleration, this would be 

expected to happen in real life. 

Another form of viewing the lap data is shown in Graph 4-2, where the velocity is plotted 

against time. This shows how much faster the KERS lap is to the standard lap at any point. 
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Graph 4-2 Lap Comparison: Velocity vs Time 

These graphs display what would be expected when a KERS in applied. There are also no 

anomalies in the data which validates the accuracy of the calculations. The results would look 

slightly different if, for the KERS lap, the simulated resistive force was used. This would cause 

the car to be able to accelerate to higher speeds with the MGU engaged, as well as 

maintaining a slightly faster acceleration at high speeds when the electric motor no longer is 

engaged. 
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 Discussion  

There are many ways these results could affect the Sports 2000 championship. If all the cars 

were fitted with this system, the deployment strategy may not be the same as what was carried 

out in the above simulation. The drivers could save the energy and deploy it strategically to 

help overtake another car. Also depending on regulations such as the amount of power 

allowed to be deployed per lap, a driver could save up a couple of laps worth of energy and 

deploy it towards the end of the race when other drivers might not have much left in storage. 

This would also affect qualifying times as a driver could carry out a lot of braking and no power 

usage in the first couple qualifying laps before deploying as much as possible on one lap to 

get the best qualifying time. 

If hybrid systems were to be used in the championship, it could make for a more entertaining 

race to watch. This means it could attract a wider audience and larger fan base. This would 

help keep the championship running for many more years and bring more money into the 

industry through sponsorships. Also becoming hybrid will allow the championship to carry on 

whilst society is trying to reduce its carbon footprint (Gov.uk, 2019). The regulations could be 

set up to reduce fuel usage on track which would encourage teams to make their hybrid 

systems as efficient as possible as well as reducing the carbon footprint for the championship. 

If the championship became hybrid, and a higher-powered motor than 30kW is chosen, the 

teams would have to consider recalibrating the generator under certain weather conditions to 

prevent the rear wheel locking. One way the championship could facilitate this would be to 

allow active brake bias so the driver could reduce rear braking force as well as reducing 

generator power at low velocities. This would ensure the maximum amount of energy could 

be recovered without risking wheel lock. The SRCC could consider only changing the Duratec 

championship to hybrid as this would allow teams who can not afford hybrid systems to 

continue racing but change engines and enter the pinto championship. 

It is likely that more lower-level motorsport will begin to incorporate hybrid and electric 

vehicles. This is due to Motorsport UK proposing to release their own regulation specific to 

electric and hybrid vehicles (Ratley, 2020). A few years ago it would not have been deemed a 

feasible option but as technology is evolving hybrid systems are becoming cheaper to 

manufacture as well as being smaller and much lighter. 

However, the biggest influence on whether it could happen would be the competitor’s opinion. 

Most competitors are self-funded which means they cannot afford to spend lots of money on 

the race car, which would occur initially if they became hybrid. Another reason competitor may 
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not want hybrids in the championship is because the implementation of electronic driver aids 

changes the driving style drastically. This could cause the more traditional drivers to not want 

to compete as it means they would have to learn a new racing technique. For competitors who 

race as a weekend hobby, this could be too much hassle causing them to not enter the 

championship. 
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 Pandemic Impact 

Due to the world-wide Covid-19 pandemic, two fundamental areas of this project were not able 

to be completed. These included acquiring photos of the car for the final location decision and 

a simulating a lap in the Base Performance Simulator with the car using KERS. 

The university shut to all students meaning there was no access to the BPS or the car. A week 

later the country went on lockdown meaning the university could not open again until further 

notice, following government guidelines. 

 Component Locations 

Photos of the car were going to be collected to show where the final component could be 

located. These photos aid the description and understanding of the space available in these 

locations as well as supporting the description of the final locations discussed in the 

Pacakaging and Final Components section 3.5. For example, an image of the front of the 

engine would aid the description of where the motor can mount, as well as demonstrating why 

the engine would need to move back a couple of inches. 

These location decisions were still made in section 3.5 but photos would have given the reader 

a much greater understanding. 

 Base Performance Simulator 

As well as conducting a simulated test in excel, a test was going to be conducted using the 

universities BPS. This would allow a simulated lap to be completed with and without a KERS. 

Some work had already begun on this but unfortunately, this was of no use to the project once 

the pandemic safety laws were enforced. 

A copy of the simulation package and its files was sourced to allow an investigation into the 

engine files to be carried out. This was done as the BPS has a button on the steering wheel 

which can be pressed to add ‘boost’, which could simulate an electric motor ‘boost’. However, 

to do this the engine files for the MCR car would need modifying to allow this button to work, 

as well as providing the correct amount of power. Unfortunately, this editing is not as simple 

as just putting the power of the motor into the boost line of code but in fact, a value had to be 

added to make the power a multiple of the current power. This is also calculated for the power 

at the engine and not at the wheels like calculated in the excel model. This meant that trial 

and error would take place to analyse the increase in power at the wheels when the button is 
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pressed. This would be analysed in MoTeC to ensure that the correct formula was entered to 

provide the ‘boost’ button to accurately simulate a hybrid lap. 

To begin the actual testing, several base laps would take place to allow for the driver to 

produce consistent non-KERS lap times. The amount of energy that could be harvested could 

quickly be calculated from this data and then a KERS lap could take place. When this takes 

place the button would have to be pressed only for the amount of time that is available, so 

there would need to be a stopwatch used to show the driver how long to hold the button for at 

each section of use. The KERS lap would have to be repeated several times until consistent 

lap times were being produced. 

Once this test was carried out, different deployment strategies could be applied, such as an 

entire lap worth of energy used on the longest straight. This could be used to analyse what 

would be the best way to use the KERS system in the championship. 

This data could then be compared to the base laps to see how much quicker the KERS system 

is and these results could be compared to the excel simulation. It would be expected that the 

simulation lap times would be quicker due to the resistive force in the simulator being less than 

real life. However, the difference between the standard laps and hybrid laps should be similar. 

These results would allow for correlation of results and an improved estimation for the time 

reduction of a real-life lap around the Silverstone international track. 
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 Conclusion 

To summarise, applying KERS to a Sports 2000 race car has a positive effect on the 

performance if the regulations allow for it.  

Firstly, a 30kW MGU was selected once both the wheel lock power and power comparisons 

were calculated. The power of 30kW may only seem small but it caused the car to reduce its 

lap time by 1.82 seconds. This time saving demonstrates that the MCR could complete a lap 

quicker by only using waste energy. This suggests that it would be a benefit to the 

championship by increasing the power of the cars and making the cars more efficient. 

However, a negative impact of applying a kinetic energy recovery system to a Sports 2000 

race car is the cost. These systems contain components which are not cheap. It will also cause 

the car to have multiple modifications. This could be an issue for most competitors as this 

championship does not require teams to have lots of money. Also, a lot of competitors are 

self-funded and compete as a part-time hobby. But if the development of hybrid systems 

continues at its current rate then these systems could become affordable for the average 

motorsport enthusiast to afford and these systems can end up being common practice within 

the industry. 
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 Further Work 

If the opportunity arose, it would be beneficial to finish the original plan for the project of using 

the Base Performance Simulator to conduct more tests. If more time was available, then the 

simulation model discussed in the pandemic impact section could be improved to allow a 

deeper investigation into how the deployment strategy of the system affects lap times. 

Another piece of work that would be beneficial to be produced would be a computer-aided 

design, CAD, model of the car with the hybrid system implemented. This would allow for final 

locations to be assessed to find out if they are feasible as well as accurately predicting how 

the mass distribution and centre of gravity of the car would be affected. This model would also 

help assess the effect of the wheelbase if the rear subframe was moved to allow for the motor. 

The CAD model could also be used to experiment with new component locations as well as 

different powered systems. This could be used to see if they would fit and how they would 

affect the vehicles mass distribution. 

A cost analysis could also be carried out on the hybrid system. This would allow a finalised 

system to be produced that may not be as efficient or as beneficial as the system currently 

selected but is affordable for the championship. 

Finally, this project could be extended to investigate how much other championships or 

disciplines could benefit from applying KERS to their cars and whether a certain form of 

motorsport is more suited to this application. 
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Appendices 

Appendix A - MCR Dynamometer Graph  
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Appendix B - Exported Data 
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Appendix C - The Silverstone International Track (Silverstone, 2016) 
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Appendix D - Motor Dimensions (EMRAX, 2017) 
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Appendix E - Engineering drawing (Sevcon, 2016)  
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Appendix F - Standardised Friction Ellipse 
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Appendix G – MGU Duty Cycle 
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