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1.0 Introduction

During the first assignment, an average duty cycle for an off road buggy was constructed
along with a track for the buggy to be driven on. This off road buggy was to be used in the
recreational and corporate entertainment sector. After some consideration, this entertainment
company considered producing a new buggy for their entertainment; they chose a series
hybrid vehicle. The task given is to find an alternative technology for an internal combustion
engine. An electric motor, generator, controller and battery must be researched, producing
equivalent power to that of the internal combustion engine. This assignment will discuss all
findings and all chosen components for the electric buggy conversion. This recreational
company would like to change their vehicles to hybrid electric due to the ever increasing
emissions and greenhouse gasses. Another reason to convert could be to do with the
increasing popularity in electric vehicles as well as it's a modern, fresh technology. Other
than the initial upfront cost is expensive, the conversion to an electric vehicle will save petrol
costs and other parts in the engine. A literature review will be produced displaying all books

and articles read.
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3.0 Literature Revi

3.1 Electric Motors

Electric motors provide instant power and torque at the flick of a switch. Electric motors can
be found in everything from children’s remote control cars to computers all the way to full sized
cars such as Tesla’s. In simple terms, an electric motor is a coil of wire carrying a currentin a
magnetic field which in turn experiences a force that tends to make it rotate. Once the current
starts to move along the wire, it creates a magnetic field around Figure 2: Fleming
it. If this wire is placed next to a permanent magnet, this & | Hand Rule (Woo
temporary magnetic field and the permanent magnet interact
with each other causing the magnetic field and the magnet to
attract or repel from each other causing the wire to jump. To

discover which way the wire will jump, Fleming's Left-Hand

Rule can be applied. The left hand much be held in the position as seen in the image above.
The upwards pointing thumb shows the motion in while the wire will move, the first finger
displays the field which flows from the north to the south pole of the magnet and finally the
second finger shows the direction of the current, flowing fon
of the battery (Woodford, 2018). :

the positive to negative terminal

As seen in the image above, this is an electric motor. As explained, the wire coil can be seen

which will turn the spline (axel) that's pointing out.




3.2 Parts Chosen

The aim of the task was to find parts to convert an internal combustion engine buggy to an
electric hybrid vehicle. Here are the parts that were chosen to convert the Hammerhead
GTS150 buggy.

This is the AC induction brushless motor that has been chosen to propel the buggy. This is a
rather small motor for the power it provides; the total length is 279mm and a width of 181 mm
therefore fitting on an A4 sheet of paper. This motor produces a maximum power of 27hp
(20kW) and up to 70Ib/ft (95Nm) of torque which is plenty for this application, revving up to
10,000rpm. A large need for this buggy is to be as light as possible, therefore that's why this
motor was chosen; it is rather light for a motor being 22.7kg. Efficiency is an important reason
for why this motor was chosen; this motor is 92% efficient which is assisted by an internal fan

for cooling purposes. This motor is rather expensive, costing $2,500 (£1885.75).

This is the single controller that has been chosen for the electric hybrid conversion. The supply
voltage for this controller ranges from anything between 24V up to 80V and a maximum current
of 350A. This controller has an extremely high efficiency of 99% but is rather costly for a
controller; $1,939.99 (£1,476.65).




This is the LG CHEM 2.6kWh Lithium lon battery chosen for the buggy. This battery is suitable
for a Tesla Model S therefore this battery is excellently suitable for the application on a buggy
but only costing $735 (£554.41). The battery comes in at a size of 362 x 203 x 158mm, which
is smaller than two regular car batteries. For a battery of this size it's also rather light; it only
weighs 17.25kg. The battery has a discharge cut off of 3.8V per cell and has a total of 16 cells.
More than one battery can be configured together to produce more power if needed.

An Engine has been chosen to be applied to this buggy to power a generator, in turn charging
the batteries on board. This small engine will allow for the batteries to be recharged on the go
without having to swap out the batteries or plug them in to be recharged. This part only cost
£88.40, making it the cheapest part on this conversion. The engine will be placed in the front
of the buggy to balance out the weight from the battery and the motor. This component is
rather lightweight also, only weighing in at 18kg.




This is the generator chosen to recharge the batteries on the hybrid buggy. It's a brushless
deign meaning that it required next to no maintenance at all. The generator has an overall
efficiency of 92% which is normal for a generator of this stature. This generator is reasonably
light weight for its size weighing in at just over 15kg.
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4.0 Results

Wheel Output (kW) 11.9438

Motor Output (kW) 12.9824

Motor Input (kW) 14.1113 & 11
Controller Output (kW) 14.2539
Controller Input (kW) 14.3978
Generator Output (kW) 15.6498 -

12

Generator Input (kW) 17.0107

Before choosing the parts for the hybrid conversion, calculations had to be completed to
discover the power requirements inputted and outputted by each of the components. For
example, in order for the wheel to produce 11.94kW, the motor has to provide the wheel with
=13 12.9kW, this reduction is there due to the efficiency of the motor. The efficiencies of each part

had to be discovered prior to completing these calculations.

Max Torque (Nm) 1632.64 = 15
Max T / Final DR 90.70

Max Power (kW) 11.54

Max Velocity (m/s) 18

Final Drive Ratio 18.00|:1 |

A final drive ratio had to be chosen that was suitable for the chosen motor. A final drive ratio
should be chosen so that the Max T / Final DR is slightly under the capability of the motor.
This will preserve the motor for longer. In this application, a final drive ratio of 18:1 has been
chosen. The max torque of the buggy is calculated using the wheel circumference; 2 x T xr.

the wheel circumference of the buggy in question is 1.76m.

Component Efficiency
Motor 0.92
Controller 0.99| &ZAU
Generator 0.92

The efficiencies of each of the components can be found in figure 11. The controller that has
been chosen for this conversion has a very high efficiency and is the highest efficiency found
for this project. The motor and generator have the same efficiency of 92% which is still
reasonably high for these components. The parts chosen are high quality efficient components

demonstrated by the price in figure 12.




Costing

Component Price Weight (kg)
Motor £1,883.64 22.70
Controller £1,476.65 12.00
Battery £553.79 17.24
Generator £1,062.08 15.88
Buggy £2,699.00 234.00
Driver £0.00 84.00
Engine £88.40 18.00
Total £7,763.56 403.82

As seen in figure 12 above, the total cost of the conversion as well as the total weight can be
displayed. The most expensive part of the whole conversion is the motor due to the complexity
of the product. Components such as wiring for example haven't been included in this price
therefore it will be slightly more expensive than portrayed above. The motor is what will propel
the buggy around the track and the engine is what will power the generator, in turn recharging
the batteries on the go. This means there won't be much ‘down time’ for the buggy meaning
the financial turn over for the entertainment company will be more. Extra batteries could also
be bought and easily exchanged within the buggies if the generator and engine haven’t
charged them enough. As seen in the table, the total cost of the project will be £7,763.56 which
is rather reasonable. The total weight including the driver also is rather light, only weighing
just over 400kg
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As seen in the tables above, the first column shows the average power minus the actual power

and the second column demonstrates the Cumulative power; this is calculated by the row

before in column 1 minus the row before in the second column.
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Assignment Part B

GRADEMARK REPORT

FINAL GRADE

/100

GENERAL COMMENTS

Instructor

Hello Ewan. I hope that you learnt something and
enjoyed the assignment. ore was expected on the
compare and contrast of alternative components
technologies. You dived straight in with your
solution. Please see feedback bubbles embedded
within the text. Your averaged power at the wheels
should be calculated back to see the average
required at the beginning of the controller. Please
check max torque values. Batter sizing for joules
stored and kw in and out is not clear.

If you have any questions or require clarification
please contact me.

PAGE 1

PAGE 2

PAGE 3

, Comment 1

The buggy has room for a driver and passenger. so 2x 85kg.

PAGE 4

PAGE 5

, Comment 2

This is rather simplistic. A little table or graphs contrasting alternative technologies would be

more informative.

PAGE 6

, Comment 3

The motor specs should be in a table.

PAGE 7

, Comment 4



PAGE 8

Where is the comparison of alternative battery technologies?

Comment 5

To size the batteries you must consider 3 characterics. The energy capacity is found from the
cumulative energy graph. What are your comments? Is this suitable? How much depth of
discharge is used? What about kw in and out?

Comment 6
You have selected a 5kw motor (which may be ok) and yet your table requires 11kw

PAGE 9

Comment 7
Where is the spec for this?

Comment 8
This is a 12kw brushless motor. It's not really approariate as a generator.

Comment 9

You should show graphs of velocity, total tractive force and kw against time to support your
discussion. However some are in the spreadsheet.

Comment 10
Average power does not vary but is constant for the whole run.

Comment 11
Should the controller output and motor input be the same?

Comment 12

Where did the generator output values come from? What is the required average power? at this
point in the system.

Comment 13
The power out the motor only has to allow for the final drive efficiency.

Comment 14
Effcicency of the motor dictates what the controller must provide.

Comment 15

Where did this torque value come from ? Max total resistive forces are about 1000N. What is
your rolling radius? 0.28. so torque is 280Nm



’ Comment 16

Is 99% a realistic efficiency over the operating range?

PAGE 10

PAGE 11

PAGE 12




RUBRIC: NEW BACHELOR'S RUBRIC 0/0

LITERATURE 0/0

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

FAIL 0-29% Little or no evidence of reading. Views and findings unsupported and non-
() authoritative. Referencing conventions largely ignored.

UNSATISFACTORY  Poor engagement with essential reading. No evidence of wider reading. Reliance on
30-39% inappropriate sources, and/or indiscriminate use of sources. Heavily reliant on
) information gained through class contact. Inconsistent and weak use of referencing.

SATISFACTORY 40- Engagement with a limited range of mostly relevant and credible sources but with

49% some reliance on information gained through class contact. Some omissions and

0) minor errors. Referencing conventions evident though not always applied accurately
or consistently.

GOOD 50-59% 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.

VERY GOOD 60-69% Engagement with a wide range of literature, including sources retrieved independently.
0) Selection of relevant and credible sources. Generally sound referencing, with no/very
few inaccuracies or inconsistencies.

EXCELLENT 70-79% Engagement with an extensive range of relevant and credible literature. Consistently
0) accurate application of referencing.

EXCEPTIONAL 80-  Exceptional engagement with an extensive range of relevant and credible literature.
100% High-level referencing skills consistently applied.

©)

K&U 0/0

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

FAIL 0-29% Major gaps in knowledge and understanding of the basic underlying concepts and
0) principles of the subject matter. Inclusion of irrelevant material. Substantial
inaccuracies.

UNSATISFACTORY  Gaps in knowledge of the basic underlying concepts and principles, with flawed or
30-39% superficial understanding. Some significant inaccuracies and/or irrelevant material.

©)

SATISFACTORY 40- Limited knowledge and understanding of the basic underlying concepts and principles

49% within the subject area. Some elements may be missing.

)

GOOD 50-59% 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.

VERY GOOD 60-69% Competent knowledge of the basic underlying concepts and principles. Exhibits very
0) good understanding.



EXCELLENT 70-79% Excellent knowledge and understanding of the basic underlying concepts and
0) principles of the subject.

EXCEPTIONAL 80-  Exceptional, detailed knowledge and understanding of the basic underlying concepts

100% and 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
0) concepts 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

) 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

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

) errors. Some 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
0) and 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
0) and 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 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 arguments using evidence and make wholly appropriate and valid judgements.
PRACT ICAL 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
0) or no 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

30-39% but without consideration and competence. Flawed appreciation of the context of the
0) application. Weak evidence of different approaches to problem-solving in particular
contexts.

SATISFACTORY 40- An adequate awareness and mostly appropriate application of basic methods,

49% materials, tools and/or techniques. Basic appreciation of the context of the

0) application. Can identify problems in particular contexts and propose basic alternative
approaches or solutions though there may be errors.

GOOD 50-59% 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.

VERY GOOD 60-69% A very good application of a range of basic methods, materials, tools and/or

0) 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.

EXCELLENT 70-79% An advanced application of a range of taught, basic methods, materials, tools and/or

0) 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 80-  Exceptional levels of application and deployment skills in particular practical contexts.

100% Outstanding identification of problems in particular contexts and formulation of
) wholly appropriate, thoughtful solutions / different approaches.
SKILLS PROF P 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% 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.

UNSATISFACTORY  Work is poorly presented in a disjointed manner. It is loosely, and at times

30-39% 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.

SATISFACTORY 40- Mostly ordered presentation and structure in which relevant ideas / concepts are

49% 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.



GOOD 50-59%
)

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 weakness.

VERY GOOD 60-69% Work is accurate, coherent, fluent, well-structured and organised. Can work

©)

EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%

©)

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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