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3) Introduction

The purpose of this report is to conduct a duty cycle for an off-road buggy around a
circuit for a corporate entertainment event. The circuit and buggy need to be suitable
for each other along with providing an exciting and thrilling experience, adding onto
this the circuit must elevate up to 22 meters'above the lowest point. The duty cycle
should include the time taken to do a lap, the time taken to do each section and the

velacity the buggy is travelling at each section.

The duty cycle of the buggy will be created on an excel spreadsheet to determine the
resistive forces which are aero forces, rolling drag and gradient resistance. The
resistive forces will then be used to calculate the power output of the buggy at each
section of the track, giving an indication of when the buggy is using its maximum power
and when there is more available power. Once these values are found, they can be
used to produce graphical evidence of the buggy’s behaviour at each point of the track.
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4) The Vehicle

The vehicle is a Rage off-road buggy equipped with a Yamaha FX Nytro 1000cc 4
stroke engine which produces 140bhp. The details of the buggy can be seen below in
Table 1 (Rage, 2015). This buggy was chosen because of its 140bhp output and its
ability to do up to 120mph even though it might not be realistically possible around this

circuit but its thrilling acceleration can still be experienced.

Engine Yamaha Nytro

Power (Hp) 140.00
Top speed (mph) 120.00
Weight with driver (Kg) 550.00
Length (mm) 2750.00
Width (mm) 1780.00
Height (mm) 1370.00
Wheel diameter (m) D35
Tyre sidewall size (m) 0.16
Acceleration 0-60 mph (s) 4.00

Table 1 - Vehicle details

With the vehicle data collected, calculations could then be made on the excel
spreadsheet to find the characteristics of the vehicle which can be seen below;

Rolling radius (m) 2.10
Rolling resistance Coeff (gravel) 0.12
Power (Kw) 104.40
Top speed (m/s) 53.64
Rolling resistance Coeff (grass) 0.08
Acceleration (m/s?) 6.70
Frontal area (m?) (assumption) 1.71
Coefficient of drag (assumption) 0.35

Table 2 - Vehicle characteristics after calculations

The rolling resistances were found at the buggies.builtforfun.com (2006) website,
whereas the coefficient of drag was found at engineeringtoolbox.com (2004) as an
assumption, comparing it to a sports car which is 0.3 while presuming that it may have
a little more drag because of its hollow cab.
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5) The Circuit

The buggy is required to do a 530 meter lap of the gravel circuit with four uphill sections
and two downhill sections combined with a grassy corner and a tricky hairpin right after
the last downhill section. The maximum height that the track elevates to is 25 meters
above the starting point level, this is a combination of many different elevations and
gradients, as can be seen in the table below.

T Turn 2
vt ! 0.00 0.00

0.00 0.00

15.00 15.00

-10.00 5.00

5.00 10.00

0.00 10.00

15.00 25.00

20.00 5.00

0.00 5.00

Start Line 0.00 3.00
15.00 20.00

0.00 20.00

Tumn4 -20.00 0.00

Turn 5 n-m ﬂAm
0.00] 0.00

§ Table 3 - Elevation and Height of the course
Figure 1 - Example of the course

These elevation differences were chosen to analyse the different power outputs
required at different gradients along with the difference in forces when the buggy is
climbing or descending. Along with elevation changes, the grassy corner was put into
place to see the effect of different rolling resistances on different surfaces. The
differences can then be put into perspective when looking at the forces the buggy is
experiencing due to the different rolling resistance coefficients.

v
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647.46 0.00, [ 17 0.00 647.46
647.46 80.66 0.00 728.12
647.46 51.62 5366.17 6065.25
647.46 20.16 -5330.92 [ A663:30|
647.46 103.60 909.05 1660.11
647.46 80.66 0.00 728.12
647.46 80.66 5330.92 6059.04
647.46 116.15 4449.48 5213.09
647.46 116.15 0.00 763.61
431.64 51.62 0.00 483.26
647.46 97.59 5366.17 6111.23
647.46 517.64 0.00 1165.10
647.46 29.04 -4449.23 | S7200)
647.46 80.66 0.00 728.12
647.46 35.78 0.00 683.24

Table 4 - All forces acting against the buggy per lap

The table above clearly identifies the resistive forces acting against the buggy as it

completes a full lap. The dark highlighted sections are negative numbers meaning that

the vehicle is travelling downhill where the forces acting against it are negative. The

rolling drag values are the same except for one instance where the buggy travels

through the grassy corner experiencing less resistance due to the grass coefficient of

drag being less than the gravel. The aerodynamic resistance increases to 517.64 N at

one point in the table, this is because the velocity is 38 m/s and, as stated by Ozel, M

(2015), the aerodynamic drag force increases proportional to the square of the speed

(Ozel, 2015).
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Figure 2 - Total forces vs Time graph
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647.46 0.00| 104400.00

728.12 10921.75 93478.25
6065.25 72783.06 31616.94
1660.11 28221.84 76178.16

728.12 10921.75 93478.25
6059.04 90885.62 13514.38
5213.09 93835.58 10564.42

763.61 13744.90| 90655.10

483.26 5799.12 98600.88
6111.23 100835.28 3564.72
1165.10 44273.68 60126.32 N

728.12 10921.75 93478.25

683.24 6825.53 97574.47

Table 5 - Total forces vs Total Power

When looking at the power output of the vehicle, it can be determined that the highest
power output is occurring when the total resistive forces are experienced. Similar to
table 4, the dark highlighted sections are all negative numbers meaning that the
vehicle is not using any power because of it descending. The power remaining section
indicates the amount of power that the engine has left, this can be determined by the
max power of the vehicle minus the power used. In combination with the total forces
section, it clearly shows that when the vehicle is nearly at full potential that the total
forces are higher, indicating that the higher the forces — the more power needed to
overcome those forces (Gao, 2010).

Total power vs Total forces
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Figure 3 - Total power required vs Total resistive forces graph
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7) Conclusion

It clearly indicates that the buggy has plenty of potential to be fast and exiting for the
corporate event by looking at the power and top speed values in the report. The circuit
designed for the event has different gradients and terrain to make the lap tricky and
challenging for the driver and entertaining for the audience and passenger, this
combined with the buggy's ability to use almost its full power capability will make the

lap entertaining.

Technically analysing the results of the lap gives shows that the buggy is using plenty
of its available power along with the capability of climbing the gradients around the
circuit. Looking at the velocity and resistive forces values it clearly shows that the
buggy is experiencing the highest resistive forces when it’s travelling at 38 m/s, clearly
proving that the aero resistance is dependent on the speed of the vehicle. When
considering the downhill section where the buggy is descending at a gradient of -41
degrees, the value is -138356.87 watts which is of a higher value than the maximum
power which is 104400 watts. This suggests that the car has to brake to recover the

energy down the hill.
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GRADEMARK REPORT

FINAL GRADE

53/100

GENERAL COMMENTS

Instructor

Hello Deion. You have alot of work to do in oder to
correct the spreadsheet so that it is ready for the next
assignment. You must include accelerations forces.
Remember that the forces and power should be
sensible and realistic. You must have sufficient grip to
apply the tractive forces that are required, or you shoulc
reduce those forces. You have some very high
acceleration rates, nearly 1g! Imagine that you are
driving the course at these speeds. Please have a look
at the comments enbedded within the text Please
contact me to make an appointment where we can
review the spreadsheet. Thank you. Mk.

PAGE 1

PAGE 2

Comment 1

Please use report style numbering.

PAGE 3
QM Climb
You were required to perform a total climb of 22m. Your circuit exceeds that with a total climb higher.
(more like 50m).
PAGE 4

Comment 2

This is rather powerful for a 'corporate entertainment' buggy. It will also adversly effect your

hybridusation options.

Comment 3

This coefficient of drag appears to be rather low. Please have a look at "Theory of Ground Vehicles,

J.Y. Wong'



PAGE 5

Comment 4

You should use the 'insert citation' option in the word referencing support tab.

PAGE 6

QM

Accelforce

You have not calculated acceleration force in the spreadsheet. It should be included to find total
tractive force required.

Comment 5

The gradients aare rather high. Do you think it realistic to drive up a 48 degree slope?

PAGE 7
QM Sigfigs
You should show fewer significant figures. Four would be recommended.
QM Sections2Secs

You have broken your track down to sections in order for you to understand it's elements and hence
the required duty cycle. However this now needs to be expanded upon and each second should have
a seperate row on the spreadsheet as a minimum resolution. That was you can caculate the forces
and power for each second. This will be important when you calculate average power etc.

@ Commenté
no comment

PAGE 8

@ Comment7

PAGE 9

fast and exciting. looks really dangerous to me.

Comment 8

so 138kw goes into the brake discs




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%
(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%
©)

GOOD 50-59%
(0)

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%
(0)

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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