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1. Introduction

The objective for this assignment is to create suitable duty cycles of an off-road buggy

during a corporal entertainment event. Since the buggy will be displayed to the public, | will
have to clearly display the functionality of the buggy. | can do this by putting it through a

series of rough terrains, steep inclines and sharp corners. The aim for this assignment is to
create variety of duty cycles that display the behaviour of the buggy during the event.

The automotive industry is constantly investing in new engine technologies that can make a
vehicle more efficient, yet more powerful. Whilst completing this assignment, | also need to
identify possible reasons for a series hybrid version of the chosen buggy to be developed.

2. Literature Review

I will be using the Hammerhead GTS150 MY18 off-road buggy for my duty cycle analysis. The
buggy is powered by a 150cc GY6 engine and uses a continuously variable transmission
(CVT) system, which is ideal for the sort of terrain | plan to use to create my off-road course
(Storm Buggies, 2018).

Here are some important specifications of the buggy that are useful for this assignment:
Weight = 234kg

Top Speed = Approximately 35-40mph

Maximum Power = 10bhp + 1.314 = 7.457kW

Engine = 149cc Single Cylinder

(Storm Buggies, 2018).
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Image 1 - Hammerhead GTS150 MY18 Buggy (Storm Buggies, 2018).




3. Methodology

To create the necessary duty cycles, a table had to be created within Microsoft Excel to
display all of my numeral data. | had decided to ‘record’ the data in 5 second increments,
giving me a total recording time of 100 seconds.

While creating my off-road course, | had planned to include a series of steep inclines to
demonstrate the buggy’s performance and stability in that particular environment. | needed
to take into consideration of the following:

The highest point of a climb has to be 18m (set guideline).

Include a cobbled/rocky segment of the course to demonstrate suspension
capability.

Include a straight segment of the course to demonstrate the buggy’s performance.

Include sharp corners at the end of the course to demonstrate the buggy’s braking
and steering capabilities.

As well as the points previously mentioned, | needed to make sure the demonstrations are
safe and entertaining to the public. A decent showcase event of the buggy could be the key
to attracting new customers. To calculate the data into the spreadsheet, | used a variety of
different formula within Excel. Here is how | calculated the following:

L]

L]

Velocity = Speed + 2.237

Acceleration = (Velocity? - Velocity') + (2 x Velocity?)
Acceleration Force = Total Mass x Acceleration

Average Speed = (Speed' + Speed?) + 2

Maximum Power = (Velocity x Total Resistance) = 1000
Average Power = (Power' + Power?) + 2

Gradient = Total Mass x Gravity x SIN (Slope Angle — Radians)

Rolling Resistance = Total Mass x Gravity x Surface Resistance (The Engineering
Toolbox, 2018).

Aerodynamic Resistance = 0.5 x 1.293 x 0.5 x 2 x Velocity?

Distance = Average Speed on Surface x Total Time Spent on Surface
Slope Angle (° - Separate Calculation) = SIN™' (Total Climb + Distance)
Slope Angle (Radians) = Slope Angle (°) x 2 x PI () + 180

Total Resistance = Acceleration Force + Gradient + Rolling Resistance +
Aerodynamic Force

| also had to take the surface resistance into consideration, which is clearly labelled and
coloured on my spreadsheet. When all of the values were obtained, | was able to create a
duty cycle for each data set. Reference to page 2 of my spreadsheet for more information.




4. Analysis

Understanding duty cycles can help in designing appropriate maintenance cycles for various
classes of vehicles (Kolman, 2014). | have selected 4 duty cycles to analyse for this report,
each displaying different graph behaviour:
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Graph 1 - Duty Cycle (Velocity)

I have highlighted the areas where the buggy is experiencing its maximum velocity. The
graph also displays a sharp decline in velocity towards the end of the cycle, where |
proposed a segment of the off-road course to contain sharp turns.




Duty Cycle (Maximum Power)
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Graph 2 — Duty Cycle (Maximum Power)

According to this duty cycle, | have highlighted the only instance where the buggy surpasses
7kW of maximum power during its cycle. The buggy was beginning a slight decent when it
achieved this figure, travelling at 13.41m/s. The Storm Buggies website claim the GY6 engine
can produce up to 10bhp, making my readings fairly accurate (Storm Buggies, 2018). As you
can see, the power output drops below 0, displaying a minus value. At this stage, a series
hybrid system will be able to recover the energy being produced via the electric motor to
use for future use.
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Graph 3 — Duty Cycle (Acceleration)

This duty cycle clearly displays where the slower segments of the course are. The buggy had
to deaccelerate quite rapidly to be able to start the steep incline at around 15 seconds into
the cycle (highlighted). The final 10 seconds of the duty cycle shows a rapid deceleration for
the sharp turns at the end of the course (highlighted). The minus values found in this data
set mean that the buggy is deaccelerating.




Duty Cycle (Gradient)
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Graph 4 — Duty Cycle (Gradient)

This duty cycle clearly displays the gradients the buggy had experienced. | have highlighted
the peak incline (green) and decline (red) gradients. When the buggy isn’t travelling up or
down a gradient, it will remain at 0% on the graph. For example, between 30-45 seconds
into the duty cycle, the buggy stayed at ground level while travelling through the muddy and

rocky section.

5. Conclusion

From this investigation, | have successfully created a series of duty cycles from the
spreadsheet to display the data from the buggy while going around the course. | have
demonstrated how to use Microsoft Excel to produce sufficient duty cycles that can be
easily displayed and manipulated if needed.

| believe that a series hybrid version of the buggy could benefit the increased power delivery
at lower engine speed, which will improve the overall performance of the buggy and thus
completing the course at a faster time. Since the series hybrid version would be powered by
an electric motor as well as the 150cc GY6 engine, the power from the electric motor can be
instantaneously delivered to the wheels at lower engine speed via the buggy’s ECU (Union
of Concerned Scientists, 2018). This will help the buggy conquer steep inclines and tough
terrains more easily. As well as this, the buggy will be able to recover the kinetic energy
through braking with the use of a kinetic energy recovery system and store the recovered
energy for future use (Union of Concerned Scientists, 2018).

Image 2 — Series Hybrid System ('Praveen’, 2015).
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GRADEMARK REPORT

FINAL GRADE

/100

GENERAL COMMENTS

Instructor

Hello Jamie. There appears to be some misunderstanding as
to the requirements for this assignment. Everyone has to re-
visititto make some changes before starting the next
assignment. However you need to make more. Please make
an appointment with me to discuss the situation and arrange
for the resubmission. Please see the feedback comments in
the text and the sections in the Rubric.

You will need to correct the errors in the areas indicated
before starting the next part of the assignment.

Itis important that you have a suitable graphs of tractive effort
and power againsttime. You need to determine the maximum
tractive effort and average +ve power as this will form the
basis for the next part of the assignment.

If you have any questions or require clarification on the
feedback please contact me, | will be happy to go over your
submission with you.

PAGE 1

PAGE 2

PAGE 3

Comment 1

Please use report style numbering.

Comment 2



PAGE 4

The end result being graphs of power and tractive effort against time. Highlighting max tractive
effort, max power and average +ve power.

PAGE 5

Comment 3

Total climb, not the highest point.

Comment 4

Accel = change in velocity / time

PAGE 6

Comment 5

Jamie. Your spread sheet has been submitted in an alternative formt to excel. | cannot interigate
it and see the equations used. Please limit numerical values to about 4 sig figs.

PAGE 7

Comment 6

this will neeed reviewing based on potential errors in force calculations.

Comment 7

Please explain how, when and how much could be recovered. What are the limitations?

Comment 8

These values are very low and do not reflect the velocity changes. Calculation error.. Please
review.

Comment 9

1.5 m/s/s is not that rapid deceleration...

Comment 10

What do you mean by gradient % ? 45 degs is 100%

Comment 11

Where are the graphs for aero forces and total forces?



@ Comment12

I am glad to see that you are thinking ahead to the next part of the assignment. However this is
not needed here. It is also is a little confusing.

PAGE 8

@ Comment13

It was expected that you referred to the recommended course text and other relevant texts. It
may have reduced confusion.



RUBRIC: NEW BACHELOR'S RUBRIC 0/0

LITERATURE

0/0

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

FAIL 0-29%
©)

UNSATISFACTORY
30-39%
)

SATISFACTORY 40-
49%
©)

GOOD 50-59%
)

VERY GOOD 60-69%
©)

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%
©)

SATISFACTORY 40-
49%
0)

GOOD 50-59%
0)

VERY GOOD 60-69%
©)

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 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

(0) judgements. Information accepted uncritically, uses generalised statements made with
scant evidence and unsubstantiated opinions. I[deas 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
30-39%
©0)

SATISFACTORY 40-
49%
©)

GOOD 50-59%
©0)

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

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

©)

EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%

0)

SKILLS PROF P

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%
©0)

SATISFACTORY 40-
49%
©)

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.



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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