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1.0: Introduction

The aim of this assignment was to design an off-road racing track, then calculate the power required
for a buggy to complete a full lap of the circuit. Now the aim is to convert the previously used buggy
into an electrical hybrid system, calculating the required power per second of the lap and the
necessary electrical components needed for the hybrid system. This hybrid system will also have a
form of energy recovery to store any generated power when not accelerating, to then use as an
assist around the track where needed.

2.0: Methodology

Using the previous calculations used for the buggy completing a lap of a personally designed track,
more calculations are required to convert this buggy into an electrical hybrid system with an energy
recovery system and storage for the recovered energy. Therefore, research will be done to find a
suitable motor(s) and storage system to install onto the buggy to help with a lap around the track.
So, there will be research on a suitable motor to power the wheels or each wheel, research ona
suitable battery or multiple batteries to power the motors, and research on a suitable energy
recovery system to use (K.E.R.S).

In this instance, the engine will provide the powerto the front wheels, then the motors will provide
the power to each back wheel separately for more control via in-wheel motors. These are more
beneficial than using a motor and shafts to both wheels. There will be three smaller batteries
connected to each other in order to provide enough power to the system

3.0: Research

3.1: What is K.E.R.S?

“Kinetic energy recovery systems (KERS) are systems used in Formula 1 vehicles (ex. a race car) in
order to recover kinetic energy for future use. It works by converting the energy of motion when the
car decelerates (which would've been lost as heat without a recovery system) into electrical energy
which is stored in a battery, supercapacitor, or as mechanical energy in a flywheel. The driver can
then press a button on their steering wheel, discharging the battery to motion of the drive shaft and
giving their vehicle a boost of power.” Below is an example of such system.

Figure 1: K.E.R.S System (Afework, Hanania, Jenden, Stenhouse, Donev. B, J, J, K, J. 2018)
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Figure 2: Hybrid System (Kia. 2020)

This shown in Figure 2 is an example of a situation where each of the two systems would work
separately or together.

3.2: Direct drive:

Figure 3: Direct Drive (Furness, D. 2019)

“In-wheel motors, also known as hub motors, give drivers improved torque response,
enhanced handling, faster acceleration, less charging and greater range. In-wheel
motors have integrated power electronics and digital control. Direct drive means no
gears are required, and by partnering with leading brake system experts we have
developed friction brakes that suit any type of vehicle.” (Protean. 2020)

In wheel motors allow the vehicle to drive longer distances when powered by the motors,
this is due to the lack of efficiency losses from gears, a differential or cv joints, also reducing
the weight of the vehicle.

On top of this, in-wheel motors also allow for better handling of the vehicle. This is because
both motors can provide a separate amount of power to each wheel depending on the
demand, also known as “torque vectoring”. This is very useful to maintain traction on a
slippery surface such as dirt, and to turn tight corners by providing the outer wheel with
more power, therefore pushing the vehicle around the corner.
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A great advantage from using in-wheel motors, is the ability to change the vehicle dimensions
freely. This means that the vehicle manufacturers can modify the vehicle length, width and
wheelbase to suit them. This is possible because of the removed driveline components in
these systems such as a prop-shaft, differential and drive joints. Without these components
e the manufacturer doesn’t need to worry about

in-wheel Motor the dimensions of the vehicle revolving around
these components to fit each into the system.
So, this provides more freedom for the
manufacturers when designing a new vehicle
which implements this system.

Battery pack Power
Converters

Using in-wheel motors also benefits the
manufacturing process, with removing the

driveline components it will be easier and

possibly cheaper to manufacturer, also easier
to break down and recycle when the vehicle

Figure 4: Direct Drive Wiring (Yousfi, D. 2011) reaches its” end of life.

3.3: Split Drive

Engine power for the front wheels, in-wheel motors for each of the rear wheels. It would be a similar
system to that shown in Figure 5, except the rear wheels wouldn’t be powered by an electric motor
rotating a rear axle. Instead the chosen method to use in-wheel motors will be more beneficial than
this system.

Hyundai Wia’s electric 4-wheel-drive system

transmission
With the two selected in-wheel motors powering engine controller

each rear wheel, these together can output 30kw k \
«

each to a total of 60kw. However, with the aGery (-‘

efficiency losses being 8% per motor, losing 16% of generator \)’
that 60kw leaves the motors still achieving an \’
output of 55.2kw. This is more than enough power Inverter A

for the buggy to achieve a full lap of the circuit. ™

drive motor

decelerator

In Figure & is an example of a wiring system
for a brushless motor.

WETH N T AT

Figure 6: Brushless Motor System (GoldenMotor. 2020)

Figure 5: Split Drive (TheKEEA. 2020)
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3.4: Power Storage

From the DC motors on the rear wheels, to store the power from decelerating it will need to be sent
through a DC to DC power converter as shown in Figure 4 and then to a battery pack to be used
when needed. Then if the power is required it can draw the stored power from the battery to each
wheel.

KERS L.,.o“t KERS Alternator/Motor: ~ CPU: Electronic control unit
Converts kinetic energy
to electrical energy
; Battery pack:
and back again - Beneath drivers
JE— seat KERS button:
- N N Top right of
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steering wheel

Figure 7: K.E.R.S Storage (Sakshibosel. 2016)

So as shown in Figure 7, this system is mainly used in F1 racing where the energy is recovered from
the flywheel and stored, then the driver can use the power using a button on the steering wheel.
This button then provides the driver with extra acceleration, very commonly used to assist an
overtake.

4.0: Calculations

4.1: Efficiency Losses

Gearbox ratios from a 1.0L Nissan Micra. From 2000 on:
1st3.333:1
2nd 1.782:1
3rd 1.207: 1
4th 0.902: 1
5th 0.756: 1

These gear ratios provide a baseline for what gear ratios to start with for use in the buggy of a
similar engine capacity, these can be modified to find the ideal gear ratios based on the track, which
may differ per track. This could be due to different tracks requiring different driving styles, such as a
track with lots of corners may require gear ratios to provide more low speed acceleration. Whereas
a track with more high-speed straights may require gear ratios to provide a higher top speed.

Losing efficiency between the engine and the wheels means that the power at the wheels will be
lower than the available power at the engine. This is an example of the losses which can take place:




Page | 5

Davis Watkins P150289 BSc Motorsport Engineering Level 6

Research shown that using a chain drive can have an efficiency of 97%, meaning the engine is
already losing 3% of the available power.

“Chain drives have compact assembly unit and have high transmission efficiency, which is up to
97%.” (Sinha, A. 2017)

There can be a large amount of power lost between the engine and wheels, such as the values
below:

“* FWD car around 16-17% loss (Flywheel, Clutch, Gearbox, Driveshafts, Wheels)

* RWD car around 23% loss (Flywheel, Clutch, Gearbox, Propshaft, Diff, Driveshafts, Wheels)
* 4WD car around 27%-30% loss (Flywheel, Clutch, Gearbox, Front Diff, Front driveshafts,
Propshaft, Rear diff, Rear driveshafts, Wheels)” (JFA. 2020)

So, if we use the 16% efficiency loss for the FWD as the engine is powering the front wheels
only, this means that the engine output of 59.656kW will lose 16% before it reaches the
wheels. This gives us a value for power at the wheels being around 50.1kW, dropping by 9.5kW
which is a lot of power. Luckily the rear wheels powered by in-wheel motors can avoid losing
this power at it’s directly powering the wheel. Therefore, it can prevent losing some of the
power through the prop-shaft and differential if it used 4WD.

If the differential and prop-shaft were used to make the buggy 4WD, it would lose further power.

“Differential losses tend to be considerably larger, especially in the case of RWD and AWD
vehicles where the torque path is turned 90 degrees as it enters the rear diff and exits it
toward the rear wheels. In the case of hypoid-type gearsets (where the gear tooth profile is
both curved and oblique) that are commonly used in RWD differentials, losses in the 6 to 10
percent range are the norm, while loss from the driveshaft(s) and prop shaft(s) tend to account
for about 0.5 to 1 percent of total loss, depending on how well they're balanced and how many
the vehicle is equipped with.” (Pratte, D. 2020)

Prop-Shaft and Driveshafts efficiency loss of 1% each. Meaning the power drops from 50.1kW
to 49.86kW at the differential.

Differential power loss of 6-10%. Meaning the power from the differential drops from 49.86kW
to 44.87kW at the drive shafts.

From the drive shafts to the wheels drops by another 1%, meaning the final power to the wheels is
44.43kW. that’s a total drop from 59.656kW at the engine to 44.43kW at the wheels.

However, this is avoided because the rear drive shafts, prop-shaft and differential were removed for
directly powered wheels with motors on the rear. So, it therefore doesn’t lose the efficiency but will
gain weight with the new components.

. . . . . Change in Vehicle WeigH Weight (Ka) Amount Total ]
The vehicle weight without a driver is 695kg. Diive Shalt Weigh (Kg) ) 7 5_{
. . Prop-Shalt Welght (Kg) .59 1 a5
with the components swapped it goes up: Motor Weight (Kg) 5.8 - NEI
|Banery Weight (Kg) 12 3 %

Wehicle Wesght 635.00

‘ehicle Weaght After .97

Corwersion )

Figure 8: Vehicle Weight Change (Watkins, D. 2020)
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4.2: Batteries

To power the electrical system, it requires a lot of power. From research the decision was made to
use 3 batteries with a combined power of:

Battery Voltage: 60v, x3 to become 180v

~Battery Output: 150Ah, x3 to become 450Ah
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Battery Peak amps: 100, x3 to become 300amps

Battery cycle life: 2500
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GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

Instructor

Hello Davis. | hope that you found the assignment

challenging and rewarding. You have used the

assignment brief rather broadly. The intention was to
/ 1 O O specify a series hybrid system when the electric motors

drive the wheels and the ICE and generator provide
electrical power. The ICE should provide power just
above the average requirement. The battery pack then
absorbs the excess and provides power when above
the average requirement. Your elec motors are fine.
However please check the torque stated, it appears
very low. Please have a look at the comments
embedded within the text. If you have any questions or
require clarification please email me. Thank you. Mk
(Mark Sandford)
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PAGE 2

PAGE 3

PAGE 4

Comment 1

Please remeber that this is a series hybrid solution that you are meant to be specifying.

PAGE 5

Comment 2

The motor specification should be placed in the appendices.

Comment 3

What about the increase in unsprung mass?

Comment 4



PAGE 6

The max power is 43kw so the elec motors are ok. Why is the ICE driving the front wheels”?

PAGE 7

Comment 5

There is no flywheel in fig 77?

PAGE 8

Comment 6

However the ICE is not required to drive the wheels only to provide the average power required to
the elec motors controllers.

PAGE 9

Comment 7

The battery can 100amps at 180volts = 18kw. Is this sufficient?

Comment 8

This is storage capacity not output.

Comment 9

You should calculate and show a graoh of energy flow in and out of the battery pack.

Comment 10
All the references are from on-line resources. Some of the general

literature may have helped provide more structure.
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LITERATURE

0/0

Engagement with literature (including reading, referencing, academic conventions and academic honesty)

FAIL 0-29%
©)

UNSATISFACTORY
30-39%
(0)

SATISFACTORY 40-
49%
©)

GOOD 50-59%
(0)

VERY GOOD 60-69%
(0)

EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%

©)

K&U

Little or no evidence of reading. Views and findings unsupported and non-authoritative.
Referencing conventions largely ignored.

Poor engagement with essential reading. No evidence of wider reading. Reliance on
inappropriate sources, and/or indiscriminate use of sources. Heavily reliant on information
gained through class contact. Inconsistent and weak use of referencing.

Engagement with a limited range of mostly relevant and credible sources but with some
reliance on information gained through class contact. Some omissions and minor errors.
Referencing conventions evident though not always applied accurately or consistently.

Engagement with an appropriate range of literature, including sources retrieved
independently. Some over-reliance on texts rather than other sources. Referencing may
show minor inaccuracies or inconsistencies.

Engagement with a wide range of literature, including sources retrieved independently.
Selection of relevant and credible sources. Generally sound referencing, with no/very few
inaccuracies or inconsistencies.

Engagement with an extensive range of relevant and credible literature. Consistently
accurate application of referencing.

Exceptional engagement with an extensive range of relevant and credible literature. High-
level referencing skills consistently applied.

0/0

Knowledge and understanding (Knowledge of the basic underlying concepts and principles of a subject.)

FAIL 0-29%
©)

UNSATISFACTORY
30-39%
(0)

SATISFACTORY 40-
49%
(©)

GOOD 50-59%
(0)

VERY GOOD 60-69%
(0)

EXCELLENT 70-79%

Major gaps in knowledge and understanding of the basic underlying concepts and
principles of the subject matter. Inclusion of irrelevant material. Substantial inaccuracies.

Gaps in knowledge of the basic underlying concepts and principles, with flawed or

superficial understanding. Some significant inaccuracies and/or irrelevant material.

Limited knowledge and understanding of the basic underlying concepts and principles
within the subject area. Some elements may be missing.

Knowledge of the basic underlying concepts and principles is accurate with a good
understanding of the field of study but lacks depth and/or breadth.

Competent knowledge of the basic underlying concepts and principles. Exhibits very good
understanding.

Excellent knowledge and understanding of the basic underlying concepts and principles of



(0) the subject.

EXCEPTIONAL 80- Exceptional, detailed knowledge and understanding of the basic underlying concepts and
100% principles.
(0)

COGNITIVE 0/0

Cognitive and intellectual skills (Evaluate underlying concepts and principles of a subject and interpret qualitative
and quantitative data in order to develop lines of argument and make sound judgements.)

FAIL 0-29% Wholly or almost wholly descriptive work. Little or no evaluation of the underlying concepts
(0) and principles. Failure to develop arguments, leading to illogical or invalid judgements.
Minimal or no use of evidence to back up views.

UNSATISFACTORY  Largely descriptive work, with superficial evaluation of the underlying concepts and

30-39% principles. Weak interpretation of data, flawed development of arguments and

(0) judgements. Information accepted uncritically, uses generalised statements made with
scant evidence and unsubstantiated opinions. Ideas sometimes illogical and contradictory.

SATISFACTORY 40- Limited attempt at evaluation of the underlying concepts and principles, tending towards

49% description. Can interpret qualitative and quantitative data but with some errors. Some

(0) evidence to support emerging arguments and judgements but these may be
underdeveloped or with a little inconsistency / mis-interpretation.

GOOD 50-59% Good evaluation of the underlying concepts and principles. Can interpret qualitative and
(0) quantitative data, with minor errors. An emerging ability to use evidence to support the
argument. Mostly valid arguments and logical judgements.

VERY GOOD 60-69% Sound evaluation of the underlying concepts and principles. Can interpret qualitative and
(0) quantitative data accurately. Ability to devise arguments using evidence to make mostly
appropriate and valid judgements.

EXCELLENT 70-79% Excellent evaluation of the underlying concepts and principles. Can interpret qualitative
(0) and quantitative data accurately and with some insight. Excellent ability to devise
arguments using evidence and make appropriate and valid judgements.

EXCEPTIONAL 80- Exceptional evaluation of the underlying concepts and principles based evidence.

100% Outstanding interpretation of qualitative and quantitative data. Exceptional ability to devise
(0) arguments using evidence and make wholly appropriate and valid judgements.
PRACTICAL 0/0

Practical skills (Different approaches to solving problems in particular contexts.)

FAIL 0-29% Limited or no use of taught, basic methods, materials, tools and/or techniques. Little or no
(0) appreciation of the context of the application. Very weak evidence of different approaches
to problem-solving in particular contexts.

UNSATISFACTORY  Rudimentary application of taught, basic methods, materials, tools and/or techniques but
30-39% without consideration and competence. Flawed appreciation of the context of the
(0) application. Weak evidence of different approaches to problem-solving in particular



SATISFACTORY 40-
49%
(0)

GOOD 50-59%
©)

VERY GOOD 60-69%
©)

EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%

(©)

SKILLS PROF P

contexts.

An adequate awareness and mostly appropriate application of basic methods, materials,
tools and/or techniques. Basic appreciation of the context of the application. Can identify
problems in particular contexts and propose basic alternative approaches or solutions
though there may be errors.

A good and appropriate application of basic methods, materials, tools and/or techniques.
Clear appreciation of the context of the application. Good evidence of different
approaches to problem-solving in particular contexts and proposes mostly appropriate
solutions.

A very good application of a range of basic methods, materials, tools and/or techniques.
Very good consideration of the context of the application. Very good evidence of different
approaches to problem-solving in particular contexts and proposes appropriate solutions.

An advanced application of a range of taught, basic methods, materials, tools and/or
techniques. The context of the application is well considered, and insightful. Excellent
evidence of different approaches to problem-solving in particular contexts and proposes
appropriate solutions.

Exceptional levels of application and deployment skills in particular practical contexts.
Outstanding identification of problems in particular contexts and formulation of wholly
appropriate, thoughtful solutions / different approaches.

0/0

Transferable skills for life and professional practice (Communicate the results of their study/work accurately and
reliably, and with structured and coherent arguments; the qualities needed for employment requiring the exercise
of some personal responsibility within a structured and managed environment.)

FAIL 0-29%
©)

UNSATISFACTORY
30-39%
©)

SATISFACTORY 40-
49%
©)

GOOD 50-59%
(0)

Work is poorly structured, disorganised, inaccurate and/or confusingly expressed. Very
weak use of language and/or very inappropriate style. Failure to work effectively individual
or as part of a group. Little or no evidence of the skills for employment requiring the
exercise of some personal responsibility.

Work is poorly presented in a disjointed manner. It is loosely, and at times incoherently,
structured, with information and ideas often poorly expressed. Weak use of language
and/or inappropriate style. Flawed approach to individual or group work, meeting only
partial obligations to others. Limited evidence of the skills for employment requiring the
exercise of some personal responsibility.

Mostly ordered presentation and structure in which relevant ideas / concepts are
reasonably expressed. Work may lack coherence and/or accuracy in places. Can work as
part of a group, meeting most obligations to others but perhaps with limited involvement in
group activities. Demonstrates the basic skills for employment requiring the exercise of
some personal responsibility, with some areas of minor weakness.

Mostly coherent, organised and accurate work, in a suitable structure and is for the most
part clearly expressed. Can work effectively independently and/or as part of a team, with
clear contribution to group activities. Demonstrates the skills for employment requiring the
exercise of some personal responsibility, with some areas of strength and some of minor



VERY GOOD 60-69%
(0)

EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%

©)

weakness.

Work is accurate, coherent, fluent, well-structured and organised. Can work effectively
independently and/or as part of a team, with very good contribution to group activities.

Demonstrates very good skills for employment requiring the exercise of some personal
responsibility, with just occasional minor weakness.

Work is coherent, very fluent and is presented professionally. Can work effectively
independently and/or as part of a team, with an excellent contribution to group activities.
Demonstrates excellent skills for employment requiring the exercise of some personal
responsibility with an appetite for further development.

Work is accurate, exceptionally coherent, very fluent and presented well. Can work
effectively independently and/or as part of a team, with an exceptional contribution to
group activities. Demonstrates exceptional skills for employment requiring the exercise of
some personal responsibility with an appetite for further development.
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