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Introduction.

1.1 This report is written to outline the duty cycle of a petrol-powered off-road buggy for
recreational use in a selected off-road track, as part of corporate entertainment sector
events. During the report there will be graphical illustrations that show various aspects
of the drive cycle during the lap, as well as reference to books and online sources for
suitable background information and mathematical equations used in the report.

Literature Review.

2.1 Background research must begin to understand all aspects of a typical duty cycle,
GIAKOUMIS Eg, Et al 2017 describes a duty cycle as a method of standardising the use of a
vehicle to aid in analysis of emission testing and average lifetime usage, such as the NEDC
(New European Drive Cycle). However, the NEDC cannot be used as a comparison as the
duty cycle of a passenger car and an off-road buggy are driven in different manors and
therefore would have different duty cycles.

2.2 The mathematical equations used to calculate: Velocity (M/s), Acceleration (M/s?),
Acceleration Force, Aerodynamic Resistance (N), Rolling Resistance Force (N), Gradient
Resistance (N), Power (Kw) and the Frontal Area of the vehicle (M?), as well as the Co-
efficient values for Rolling Resistance was taken from “Modern Electric, Hybrid Electric, and
Fuel Cell Vehicles” Mehrdad, Eh,. Et al 2018. The calculations will be expressed in the
methodology.

2.3 The buggy selected was the “Beast ZETEC Track Buggy” from www.blitzworld.co.uk, the
specs of the buggy are listed in Table 1 in the appendices section and are taken from

www.blitzworld.co.uk. The buggy used in this first report is petrol powered, whereas in the
second art of the report a series hybrid alternative will be used on the same drive cycle, to

evaluate the possible benefits of using such a system.
Methodology.

3.1 To create the spreadsheet, the mathematics referred to in paragraph 2.2 must be used
to calculate the unknown values for the first second in the spreadsheet. The first unknown in
the spreadsheet was acceleration, using the formula: (Final velocity-start velocity)/Time, this
gives (3-0)/1 = 3 M/s%. From here the acceleration force can be calculated using the mass of
the vehicle (Kg), and the newly calculated acceleration (M/s?), using the formula F=M x a
gives F= 660x3 = 1980.00N.

3.2 To calculate aerodynamic resistance, the frontal area (A) of the vehicle was calculated to
be used in the equations. The buggy was assumed to have a frontal area of a square,
therefore the formula: A=W x H was used, giving A= 1.6m x 1.5m = 2.4m? and the Cd was
assumed as being 0.8 which is similar to that of a car as shown by Robert Bosch, 2011. The
density of air was also assumed at being 1.2 Kg/M? as shown on www.gribble.org. Then
using the formula Aerodynamic resistance= 0.5 x A x Cd x'P x V?, gives Aerodynamic
resistance = 0.5 x 2.4 x 0.8 x 1.2 x 0? = ON.
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3.3 Rolling resistance force can b@.ﬂated next, using the equation: M x G x RR co-
efficient, this gives: 660 x 9.81 x 0.35 =2266.11N during the first second of the lap, noting
the RR co-efficient will change as the road surface changes during the lap of the track.
Similarly, the gradient resistance can be calculated using: M x G x SIN(8) where theta is the
gradient of the climbs in radians, this gives: 660 x 9.81 x SIN(0) = ON at the first second of the
lap, again noting that the gradient resistance will change with gradient changes during the
lap.

3.4 Now, the total resistive force can be calculated by adding the: Acceleration force (N),
Aerodynamic resistance (N), Rolling resistance (N) and Gradient resistance (N). This gives:
1980.00 + 0 + 2266.11 + 0 = 4246.11N. The final calculation to be made is the power usage
(Kw) of the buggy, the formula: Total resistive force x acceleration/1000 gives: 4246.11x 3 =
12.7383 Kw for the first second of the buggy. From here, the above calculations can be
repeated for each second per section, and graphs for: Velocity, Acceleration, Aerodynamic
resistance, rolling resistance, Gradient resistance, Power and tractive effort can be created
to allow for better interpretation of the results.

Results/Analysis.

4.1 Figure 1 shows the buggy’s velocity during the lap of the off-road track, the velocity was
restricted to 17.88 M/s (40 Mph) for safety reasons due to the track layout and surface. The
lowest velocity once the buggy had started moving was 10 M/s around the track’s corners,
then with peaks of 17.88 M/s during the straights was achieved. Figure 2 shows the
acceleration of the buggy in M/s?, the calculated value found in paragraph 3.1 was repeated
for every second during the lap as shown in figure 2. The peak acceleration was 3 M/s* which
occurred at the first second of the lap which was when the buggy started from standstill up
to full speed. Once the buggy was up to speed around the track the acceleration peaked at
0.1 M/s? during the rest of lap due&e short stretches of straight on the track and the
climbs.

4.2 Figure 3 shows the rolling resistance changes during the lap, using the equations stated
in paragraph 3.3. The graph shows the changes from Field to gravel throughout the lap, its
effect on the buggy can be seen in the reductions in tractive effort in figure 6. The power
usage (Kw) of the buggy is shown in figure 4, the maximum power usage of the buggy is
67Kw which is well within the maximum capability of the buggy, which was 108 Kw as shown
in table 1. The average power consumption minus negative power was 28.07Kw, whereas
the average power with negative powers included was 27.406Kw giving a difference of
665W as shown by the legend in figure 4.

4.3 Figure 5 shows the aerodynamic resistive force acting on the buggy during the lap, the
curve is similar to that of velocity in figure 1 as the velocity has a direct effect on the
aerodynamic resistance. As stated in paragraph 3.2, the frontal area was assumed as being a
flat square as well as its Cd value, meaning the calculation is not as accurate as if the values
were calculated. Figure 6 shows the gradient resistance during the lap, this can be used to
visualise the gradient changes during the track without need for a sketch of model of the
track to be created. =4
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4.4 The final figure labelled graph 7 shows the tractive effort in newtons, this was calculated
by adding all of the resistive forces together as shown in paragraph 3.4. From here, the
tractive effort was assumed as being equal to the total resistive force. The final 20 seconds
of the lap show a negative tractive effort, which is reflected by the power graph, of which
the series hybrid alternative could use the negative power section to recharge the battery.
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Appendices.

Table 1.
Specification. Value. Unit.
Vehicle Mass (including driver 660 Kg
and passenger at 80kg each)
Power 108 Kw
Torque 174 N/m
Max velocity (Restricted) 17.88 M/s
Track width 1.6 M
Vehicle height 1.5 M
Average power usage (with 27.406 Kw
negative power)
Average power usage without 28.070 Kw
negative power)
Difference in power 0.665 Kw
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Assignment 1a

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

Instructor

Please see the feedback comments in the text and
the sections in the Rubric.

You will need to correct the errors in the area
indicated before starting the next part of the

/100 =

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

You have selected a very quick buggy. It's ok but probably not suitable for corporate
entertainment type usage.

PAGE 4

Comment 2
The coefficient of rolling resistance is very high at 0.35, that's soft sand.

Comment 3

Unfortunatly your calculatuions for acceleration and hance acceleration force are incorrect. The
time base should be one secong between the speeds that are a second apart. Not where they
occur in the lap.

Comment 4
Aero forces are low.

PAGE 5

Comment 5



PAGE 6

The bibliography is a list of resources that you have read. You can the cite the source within the
text if you have refered to it.

PAGE 7

Comment 6
Sensible to limit speed.

Comment 7
It's a pity that you didn't come to standstill at the end of the lap.

PAGE 8

Comment 8
Please see notes in the text.

Comment 9
This is a plot of the coefficient, not the resistaive forces

PAGE 9

Comment 10
You will have greater -ve power values when you sort out the accel/deccel values

Comment 11
The peak power will reduce and become more realistic.

Comment 12

This value is too high. It is skewed because the fact that you slow up during the climb is not
considered.

You have insufficient grip to generate these values of tractive force.

You should consider the coefficient of friction for the surfaces that the vehicle is on. In practice it
would wheel spin before generating these forces.



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-
0) 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.

0)

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

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

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

) 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.

0) 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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