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Introduction

This report examines the integration of a Kinetic Energy Recovery System (KERS) in the 2018 BMW
S1000RR, aiming to enhance performance and fuel efficiency. Initial scrutiny involves dynamic
characteristics, aligning with the Worldwide harmonised Light vehicle Test Procedure. A
comprehensive spreadsheet illustrates cumulative tractive and braking energy, identifying peak KERS
potential. System specifications, component sizing, and efficiency determination follow. Graphs
depict kinetic energy recovery, accompanied by operational explanations, assumptions, and driver
experience variations. The chosen sport bike serves as a compelling case study, contributing insights
to sustainable mobility discussions and the fusion of advanced technologies in high-performance

vehicles.

Dynamic characteristics

Vehicle specifications

Figure 1: BMW s1000rr

(Beyl)

Power = 146KW at 13500rpm

Torque = 113Nm at 8000

Max engine speed = 14200 RPM

Kerb Weight = 208KG (ready for road, 90% fuel load)

Gross weight = 407kg

Bike power to weight ratio = 0.702 KW/KG or 0.941 hp/kg
(https://www.manuals.co.uk/bmw/s-1000-rr-2018/manual?p=210)



Test mass

As mentioned above the BMW has a kerb weight of 208kg, this weight is the bike with all fluids plus
90% load of fuel. The weight of the rider also needs to be added the give us the total test mass with

are rider weighing 70kg and wearing 10kg of safety equipment brings are test weight to 288kg.

Rolling resistance

Rolling resistance is the resistance created by your tyres on the road what needs to be over
come to allow the vehicle to be able to accelerate. There are a lot of factors that effect the
rolling resistance such as surface, pressures, contact patch, rubber and more. Rolling
resistance has a considerable affect on the vehicles performance and uses about 3 to 5 % of
a vehicles fuel consumption to overcome(https://www.michelin.co.uk/auto/advice/tyre-
basics/rolling-resistance). The BMW s1000rr has a rolling resistant coefficient of 0.02, we
can use this value to calculate the total rolling resistance force by using the equation below (Rolling
resistance, n.d.)

Rolling resistance force (N) = rolling resistance Co * (vehicle mass * 9.81)

Aerodynamics

Frontal area

To calculate the frontal area of the bike | took an image of the BMW being ridden and used it in solid
works to outline the perimeter of the bike and rider to be able to calculate the frontal area as shown
in the figure below. It is worth noting that different riders will majorly affect the frontal area

depending on their positioning and size.



Figure 2: BMW s1000rr frontal area

As we see the bike has a total frontal area of 438192.3mm"2 or 0.438m"2

»

Area
Perimeter:

43102.3mmA 2
3950.67mm




Coefficient of aerodynamic drag
For the coefficient of drag | will be using the figure below with the rider in the upright
position as this is the most common position of a road rider the low drag position is a

position often seen in racing to be able to accelerate faster.

Table 3. Drag/lift forces and coefficients for different positions taken by the rider.

Cn Cr CL/Cp CpA[m*] CpA[m?] Fy[N] Fo [N] Fp,, [N]
Rider in low-drag
. 03867 -0.0062 -0.0161 0.1399 -0.0031 72.69 =117 9.35
position
Rider in upright position 05330 0.0194  0.0365 0.3595 0.0131 137.62 2.51 73.55

Figure 3: Drag Co

Table 2. Percentage contribution of each component to the drag and lift force valuas.

No. Elements Drag Contribution {%) Lift Contribution {%)
1 Front fairing 32.94 33.28 (%)
2 Front fender 575 g32
3 Front forks 14.22 263 (%)
4 Front wheel 7.89 G.33 ()
5 Frame, Battery and Engine 234 781 (%)
G Fro Link Suspension 0.0z 0.0 ()
T Swingarm 0.40 0338
g Fear wheel n.22 044 ()
9 Rear fender 0.94 (~) 0538
10 Rear fairing 0.36 468
1 Rider 12.42 34.48
12 Handlebar 1.42 027

Figure 4: Drag Co contributions.



(Piechna & Winski, 2022)

Aerodynamic resistance

Using the 2 sections above we can calculate the aerodynamic resistance being forced onto
the vehicle. Using the equation below we can see as the vehicle increases speed it
encounters exponentially more force as show by the graph below. To decrease the
aerodynamic resistance of a vehicle you need to decrease the drag co or frontal area of the
motorcycle this can be also done by the rider tucking in behind the screen of the bike

increase aerodynamic efficacy.

Aerodynamic resistance = 0.5 * drag co * 1.225 * Frontal area * velocity”2

WLTP

Worldwide harmonised light vehicle test procedure (WLTP)

The WLTP is a standardized testing protocol introduced in 2017 by the European union to
measure and evaluate the fuel consumption, emissions, and performance of vehicles in a
realistic and representative way by creating the test using real life data. The wiltp makes use
of a wide range of vehicle loads such as high speeds, increased accelerations and more
giving the test a much boarder range. The WLTP aims to aid consumers and regulatory
bodies with information on fuel efficiency and emissions reflecting real world situations. The
WLTP tests are split into 3 different classes based on the vehicles power to mass ratio or
PMR because of this the BMW is going to be in the 3™ class. Below in figure 5 we can see the
3 classes of test involved in the WLTP as well as a graph displaying the velocity over the

course of the test in figure 6 .



WLTP test cycles

Category PMR Speed phases Comments
Class 3 PMR > 32 Low, Mi#dle, High, Ifv_max < 135 km/ h _phase 'extra—higl'.]' is
Extra-High replaced by a repetiticn of phase ‘low!
Class 2 34z PMR Low, Middle. High va_n'?a!:u: <go km/h, phe.use ‘high is replaced by a
=22 repetition of phase ‘low!

Ifv_max = 70 km/h, phase low’ is repeated after
phase 'middle’

Ifv_max < 70 km/h, phase 'middle’ is replaced
by a repetition of phase ‘low!

Class 1 PMR = 22 Low, Middle

Figure 5: WLTP test cycles

( INTERNATIONAL: LIGHT-DUTY: WORLDWIDE HARMONIZED LIGHT VEHICLES TEST
PROCEDURE (WLTP), n.d.)
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Figure 6: WLTP test vs velocity




Tractive force

The Tractive force is the force exerted from the bikes rear tyre to allow the bike to meet the
speed requirements displayed on the WLTP. The tractive force is calculated by using the
acceleration force what is the force required to move the bikes test weight * by the rate of
acceleration + the total resistance from aerodynamics and rolling resistance. We can see the
equation below.

Tractive forces = acceleration + (rolling resistance + aerodynamic resistance)

Using figure 7 we can see the required tractive force to complete the WLTP test.

Tractive Force

Force (N)

301 601 901 12010

Time (seconds)

Figure 7: WLTP test vs tractive force

Tractive force isn’t also based on forward acceleration it can also be used when the vehicle
is decelerating as shown in figure 8, we can have a deceleration force of 72N but are total

resistive force is too much at 78N meaning we need a 6N of tractive force to meet this

deceleration force requirement.



Braking force

Figure 8: WLTP test excel.
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The braking force is the opposite to the tractive force as it’s the force need to help reduce

the speed of the motorcycle, this is done with the use of friction brakes and engine braking

by standard. We can calculate the forces once again by using the decelerate of the

motorcycle and the total resistance being applied to the bike as shown by the equation

below.

Braking force = deceleration — total resistance

Unlike the traction force we don’t need to use any braking force until the force required is

greater than the total resistance as anything below that will be made up by the bike

aerodynamic and rolling resistances

By using figure 9 we can see the brake force over the course of the WLTP test



Braking force

2l | | -

1 301 601 Tig0d 1201 1501 1801

Figure 9: WLTP braking force.

We can then compare the two forces against each other in figure 10.

Tractive and brake Force

-
w
8
2

601 901 1201 1501 1801
Time in

Figure 10: WLTP braking force vs tractive force.

As we can see there is a lot more required Tractive force due to it having to overcome the
total resistance as well as the braking force being assisted by the resistances being placed

on the motorcycle.



Tractive and braking power

We can then use the Tractive force to calculate the amount of power needs to be applied to
the wheels by the engine or kers system to complete the test, we can also calculate the
braking power so we can see at what points in the test regeneration for a kers system would
be the most efficient. Using the equations below we can calculate the tractive and braking
power.

Tractive power = Tractive force x velocity

Brake power = Brake force x velocity

Tractive and brake Power

12000 Tractive power

w—Rrake Power

10000
8000

6000

Power(W)

2000

301 601 901 1201 1501 1801
Time in seconds

Figure 11: WLTP braking power vs tractive power.

As shown above in figure 11 we can see the tractive and brake power overlayed over the

course of the test. By using this data, we can input them into tables to see what average and

max power is for each section of the test.

Tractive power

low middle high extra high Total
max 4178.36125| 5639.31913| 7070.37875| 10584.8286 | 10584.8286
average 1037.55342| 1938.24208| 2755.41682| 5254.55591 | 2804.35923




Figure 12: WLTP tractive power max and average

Braking power
low middle high extra high |[Total
max 2512.1 4953.5 4760.4 3577.0 4953.5
average 685.9 1711.5 1514.9 1310.6 1206.4

Figure 13: WLTP braking power max and average

As show above in figure 12 and 13 we can see that as we increase the test speeds, we see an
increase in the average and peak tractive power for the tests this is due to the exponential
increase in aerodynamic resistance that is needed to be overcome as well as higher. We get
a peak power 1567 seconds in the test at an acceleration of 0.47m/s"2 and 34.33m/s
velocity this is the near the max acceleration seen in the extra high test. Unlike the tractive
power the brake power doesn’t increase on average for the test speed this is because as the
test speeds increase the total resistance increases reducing the need for braking power and
causing a loss in potential energy recovery. We can see the highest peak and average occurs
in the middle phase with a deceleration at 903 seconds into the test with a velocity of

15.17m/s and a deceleration of -1.44m/s*2 what is nearly the peak in this phase.



Energy loss

The energy losses can be seen in figure 14 below what shows the cumulative power for both
tractive and brake power, this shows the how much energy is lost during the WLTP test as

everything highlighted in green is energy used from tractive power that can’t be recovered

and the brake power in red is where energy can be recovered.

Energy loss
1200.00

H Tractive power

M Brake Power

1000.00

800.00

00.00

Power{kWh)

400.00

200.00

0.00

1 41 81 121 161 201 241 281 321 361 401 441 481 521 561 601 641 681 721 761 801 841 881 921 961 100110411081112111611201124112811321136114011441148115211561160116411681172117611801
Time in seconds

Figure 14: WLTP Energy loss

This means over the course of the WLTP we lose 1068 KWh with most of this being lost in

the later phases of the test where the velocities are a lot higher than the previous phases.

kinetic energy and recoverable energy

As the vehicle performs the WLTP we can calculate the vehicles stored kinetic energy. We

can use the vehicles kinetic energy to be able to calculate how much recoverable energy we
are able to get from the vehicle.

Kinetic energy = 0.5 * Test Mass * Velocity"2



Kenetic Energy
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Figure 15: WLTP Kinetic energy

Recoverable
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Figure 16: WLTP Recoverable kinetic energy

As shown by figure 15 and 16 we can see that we are only able to recover a small amount of
the kinetic energy in the bike mainly comping from braking zones this is especially true at
high speeds where there is a lot more drag on the vehicle. Figure 16 give us a base line on

the amount of kinetic energy available to be recovered and will be essential for choosing a

kers system.



Recoverable energy
low middle high extra high |total
max 33399.2 4953.5 A4760.4| 3577.0 4953.5
average 685.9 1711.5 1514.9 1310.6 1206.4

Figure 17: WLTP recoverable energy max and average

Keres

Kers options

Flywheel

On the surface Flywheel seems like a good option for a kers system on the motorcycle, with
the gross weight of the vehicle being 407kg and are current test mass being 288kg this only
leaves us with 119kg to fit are kers system without breaching this weight. The fly wheel
would likely weight 6kg with the kers module itself weighing 60kg what is under are weight
limit. The Fly wheel would also only take up 200mmx120mm from the bike what is
important as the bike doesn’t have a lot of spare room like a car (Volvos flywheel kers puts a
new spin on hybrid cars, n.d.). The flywheel is also very energy efficient as it doesn’t need to
transfer the energy to different store it reduces loses during energy recovery.
Unfortunately, with the flywheel having such a high rotational inertia it will affect the bike
much more than its 4 wheeled counter part as it will stop the bike from turning requiring
much more force from the rider to counter the gyroscopic effects of the bike.

(Mathews, 2013)

(Collins, n.d.)
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Figure 18: Volvo flywheel

(Collins, n.d.)
Generator
With the electric motors used to drive the wheel we can also use a generator to fill batteries
or capacitors. One advantage of this option is its lower rotational inertia compared to the
flywheel allowing the bike to have drastically better handling in comparison. But on the
downside, these do require batteries or capacitors to store the energy meaning the systems

ends up weighing a lot more than the flywheel what’s not ideal when you have around

100kg to work with.
(Ukessays, 2018)



Battery’s vs super capacitors

When using a generator as a source of kers we need somewhere to store the energy. The
most viable storage for this energy is in batteries or super capacitors with batteries excelling
in storing large amounts of energy over an extended period making them suited for
providing sustained power and maximizing overall energy capacity. They also face
challenges delivering energy in quick bursts which would be essential for the WLTP test.
Supercapacitors on the other hand are designed to discharge energy rapidly, offering a high
specific power that is advantageous in acceleration as well as being able to recover a much
high amount of energy during recovery compared to batteries.

(sleepy, 2015)

1,000,000

100,000
g 10,000
g 1,000
[« B -,
S 100 Supercapacitors
g 10
1 thisrs . Fuel Cells
0
0.01 0.1 1 10 100 1000 10000
Specific Energy (WhiL)

Figure 19: supercapacitors vs batteries

(Batteries & Energy storage, n.d.)



Chosen kers.

For the BMW’s kers system I've decided to go with an electric motor and super capacitors, the main

reason for this is the high inertia from the flywheel would seriously impact the handling of the

motorcycle and for a highspeed sports bike this wouldn’t be feasible.

Because we are using electric Kers’s system, we will need to store the power because of this I've
decided to go with supercapacitors because of there faster charge time allowing use to recover more
kinetic energy as well as to discharge more energy allowing the bike to meet the acceleration
demands of the WLTP. Another reason for selecting the is its KW/KG as it can hold around 3x more
energy per kilo of weight what is extremely important with the limitations of the motorcycle.

Supercapacitors also have a better operating temperature range meaning they can be used in more

extreme climates.

Characteristic

Supercapacitors

Lithium lon
Batteries

kW/kg (Specific
Power)

Wh/kg (Specific
Energy)

Charge time (of a cell)
Cell voltage

Cycle Life

Operating temperature
range

Self Discharge

10

up to 10,000

Seconds
c. 2.5
1 million+

Discharge:

—40 to 65°C (-40 to
149°F)

Recharge:

—40 to 656°C (—40 to
149°F)

50% within a month

1-3

up to 3,000

minutes
3.6
up to 3,000

Discharge:

—20 to 60°C (-4 to
140°F)

Recharge:

0 to 456°C (32°to
113°F)

up to 3% per
month

Figure 20 : supercapacitors vs batteries 2

I've decided to use the rear wheel for the motor/generator as it gives the rider a more conventional
ICE feel as we can use the regen as a source of engine braking meaning the rider can adjust this
depending on the amount of regen, ‘engine brake’ and road conditions he is riding on. Another

reason for placing the rear of the motorcycle is when re applying the power a motorcycle often fully

(Batteryguy, n.d.)



unloads the front wheel meaning a kers system on the front wheel wouldn’t be able to apply any
power during hard acceleration. A downside to this is that more of the braking force is typically done
by the front of the motorcycle meaning the limiting factor will be grip but this shouldn’t be an issue
in normal driving conditions as the decelerating rate isn’t typically that high meaning the rear of the
motorcycle will have enough load to recover energy. The front wheel is also the turning point for the
motorcycle so it will also massively affect the rider when he wants to turn the bike, the front also
doesn’t have the same amount of space as the rear meaning supporting a motor would be a much

harder task.

With this system we will be able to get 85% of the potential energy recovered back to the road,
meaning we can calculate are total energy recovered also the total energy saved by using this kers

system compared to the standard combustion engine.

In figure 21 we can see the charge over the WLTP, and we can then work out are total weight of

batteries needed.

supercapasitors charge
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1 301 601 801 1201 1501 1801
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Figure 21 : Supercapacitors charge

As we can see the highest charge, we reach is 35000 watts means that we would only need 4 kg of
supercapacitors to complete this test. This means we will be below the gross weight of the vehicles

with both the motor and supercapacitors.



Conclusion

In conclusion, integrating a Kinetic Energy Recovery System (KERS) into the 2018 BMW
S1000RR emerges as a viable solution to enhance performance and fuel efficiency. The
chosen electric motor and supercapacitor configuration, situated on the rear wheel, offers a
balanced approach, recovering kinetic energy while simulating engine braking for an
intuitive rider experience. Thorough analysis of dynamic characteristics, WLTP, and energy
profiles reveals the potential benefits and challenges associated with KERS implementation.
Despite considerations such as added weight and handling effects, a well-designed KERS
system, tailored to the motorcycle's specifications, promises increased efficiency and
sustainability. Careful component selection, power rating specifications, and operational
efficiency considerations are crucial for successful integration. Ultimately, this report
supports the feasibility of a KERS system, contributing positively to the performance and

environmental impact of the 2018 BMW S1000RR in real-world scenarios.
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