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Abstract

The identification of a duty cycle of a standard buggy by implementing a closed track drive
cycle that's representative of the type of environment the vehicle would be subjected to.
Identify the resistive forces associated with said buggy and use graphical aids to enable the
further selection and implementation of a hybrid system.
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Introduction

In this report the abilities and attributes of an off-road buggy is identified to gain a understanding of
What conditions the vehicle is under and again an understanding of a typical duty cycle. This is done
by the request of the engineering director producing off road buggies for the recreational and
corporate entertainment sector. By engineering a track, a representation of an accurate duty cycle
can be identified to ensure that all aspects of the test is covered. A data logger would be utilising in

the test to gain accurate data from the vehicle.

A 150cc buggy is selected carefully to ensure that all of the specification of the vehicle is provided.
This is to ensure that when the calculations can be conducted with the suitable information. Below is
the image of the buggy being utilised for testing which is accompanied by the appropriate

information to conduct the tests. The important information that is required is a follows:

e Vehicle mass

e Hight

* Width

e Tire specifications
e Max speed

Figure 1 Image of Buggy (Hommerhead GTS150 Buggy, n.d.)
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Methodology

A track is designed to gain an understanding of the duty cycle of the vehicle. The tracked is
representative of allot of the factors that is required by the vehicle. The track combines fast sections
where the vehicle velocity can reach speed of 40mph. Gradient changes to illustrate tractive effort
needed to climb majority of hills encountered. Slow were corners is also used to combine variation
in acceleration and deacceleration. The track also has a medium hard soil which has a coefficient of
friction of 0.4 (Descornet, 1990). this is important to calculate the rolling resistance. Once the track
is designed and setup the data on the vehicle is then identified using the vehicle specifications and
this converted into standardised units. Once all the necessary information is applied into the
spreadsheet the vehicle can be run around the track to allow data to be recorded. The data on the
vehicle is then identified using the vehicle specifications and this converted into standardised units.

Categories that are recorded is as follows;

e Time

e Distance
e Speed

e Altitude

This data categories are essential to gain a basic snapshot of what the vehicle is doing. By using this
basic data other data can be calculated. Examples of the data calculated is as follows:

* Velocity

Equation 1 Velocity

v=D x 044704

e Acceleration

Equation 2 Acceleration

a= Av Xt

¢ Gradient

Equation 3 Gradient

Ah
tan~! Gradient = —

Ad
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By using these equations, the forces acting upon the vehicle can be calculated. These forces are as

follows;
s Aero resistance
Equation 4 Aero Resistance

Aero Dynamic resisatnce
= 0.5 X Front area X coefficient of drag X density of air x velocity ?

e Acceleration Resistance
Equation 5 Acceleration Resistance

Acceleration Resisatnce = Mass X Acceleration (Meerkamm, 2014)

¢ Gradient forces

Equation 6 Gradian Forces

Gradient forces = mass X gravity X TAN gradient (Meerkamm, 2014)

once all the forces are calculated, it can be added together to create the tractive effort. Tractive
effort gains an understanding of the resistive forces acting upon it. Without tractive effort, it will be
difficult to identify force needed to overcome resistance for the vehicle to move. In this case aero,

acceleration, gradient and the rolling resistance of all four tires are included in the calculations.

All of this date is then imported into excel to sift through the data utilising the math channels and
the graphical aid to illustrate the duty cycle.

A force, time X velocity graph and altitude graph is created to understand the what the vehicle is
doing graphically to compare and contrast the data.
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Analysis

Inspecting the spreadsheet, the total forces can be added together and identified. The total tractive
forces used to give an understanding of the force required for the vehicle to move. On the Graph
(Table 1) shows the total forces needed at each second elapsed. The tractive force initially shows a
increase in force needed due to the high acceleration rate. When the vehicle accelerates further the
resistance increases because of the acceleration forces and the aero forces acting apron it. Once the
maximum speed is reached the vehicle deaccelerates, decreasing the acceleration forces and aero
forces, subsequently reducing the total forces acting on the vehicle. This is due to the fact the
vehicle is slowing down for the corner and the Hill. This is evident in table 2 where the distance and
altitude graph illustrate an increase in altitude at that point. Once the vehicle is proceeding up the
hill, there is a peak. This is due to the initial force overcome the gradient but then quickly averages
out through the decent. Once the vehicle reached the top of the hill, the tractive forces are almost
zero since there is no acceleration, gradient or aero resistance. As the vehicle travels downhill, the
resistive forces decreased below zero into the negative numbers. This means that the system us
using gravitational advantage to overcome the resistive forces. Once the vehicle reaches the bottom
there is a negative spike possibly due to terrain and gradient changes. Once on flat ground the
vehicle experiences an equilibrium when traveling through the technical corners. For an accurate
test, the tires would experience a slip angle causing an increase in friction. Aroundthe last section
the vehicle has velocity changes evident from table 3 but the resistive forces hardly show a change in
resistance.

Table 1Table of Total Resistive Forces

Total Resistive Forces
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Total Force (N)
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-15000
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On the table blow Table 2 illustrates the altitude changes on the track. There is a new one Hill at a
height of 1.5 metres spanning 70 meters. Only one Hill was created since a gradient was needed to
gain an accurate understanding of the tractive effort when going uphill as well as down a Hill. The
rest of the track is remaining sea level.

Table 2 Distance X Altitude

Distance X Altitude
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The time velocity graph illustrates the speed of which the vehicle is travelling a different time frame.
Initially the speed increases and levels out when quick corner is, taken then the velocity increases on
the straight and decreases after the straight. Comparing this graph to the Resistance table (table 1)
shows a correlation in resistive forces and velocity when speed increases this is due to the
aerodynamic resistances. Once the hill is reached the velocity decreases significantly but stays
relatively varied due to the gradient and aero resistance. After the Hill the velocity fluctuates as the
vehicle goes around the multiple corners this is also apparent in the resistive forces in table one.

Table 3Time X Velocity

Time X Velocity
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Conclusion

This data successfully achieved the goal that's set by the engineering director by identifying the duty
cycle of a standard buggy and identifying its trait. By using this data, an understanding of the duty
cycle can be achieved and then recommended hybrid system can be suggested since a detailed
snapshot of what the vehicle can achieve is identified. The resistance clearly shows what resistive
forces it undergoes for the vehicle to move. By using this data alone as well and the max gradient
data, a suitable drivetrain can be identified.
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GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

Instructor

Hello Ashleigh
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 and forces that .
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 crazy accelerations on a
very short track Imagine that you are driving the course
at these speeds. You need to check your gradient force
calcs. Please have a look at the comments embedded
within the text Please contact me to make an
appointment where we can review the spreadsheet.
Thank you. MKk.

PAGE 1

@ Comment1

A contents list with report style numbering would help the reader.

PAGE 2
QM Sp.
Spelling error
PAGE 3

@ Comment2

What values did you use? These should be discussed.

PAGE 4

@ Comment3

—_~



PAGE 5

vhatis D7

Comment 4

To calc gradient resistance you need to multiply the mass by gravity by the sine of the angle. not by
the angle.

PAGE 6

Comment 5

You should provide an umage of your track layout in the report.

Comment 6

Your track is only 100m long. You must make it much longer and reduce the acceleration values
(which are way too high)

PAGE 7

Comment 7

You have used the mass of the buggy of 220kg. Hoever you have not allowed for a driver and
passenger.

Comment 8

These force values are incredibly high.

PAGE 8

Comment 9

You were required to have a lotal climb of 22m. This only shows 1.5m.

Comment 10

You should review the calcs for gradient resistance.

PAGE 9

Comment 11

Rather minimal reading.
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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%
©)

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%
©)

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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