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Introduction

The purpose of the assignment is to select an adequate off road buggy that has the
capabilities of achieving thrilling speeds across a loose soil and gravel surface for corporate
event use and fun day racing experiences. The second part of the assignment is to design a
track that the vehicle will run on with loose surfaces and elevation changes must reach at
least 22m incline across a full lap, something similar to a dirt bike or endure circuit. Then to
validate that the vehicle chosen is adequate for the terrain of what the designed circuit
demands we must use excel spreadsheets to calculate the chosen vehicles: Velocity (m/s),
Acceleration (m/s), Gradient (degrees), Rolling drag (N), Aero resistance (N), Total resistive
forces (N), Tractive forces ie Power required (kw), Residual power ie Available power (kw)
each have to be clearly graphed in excel opposite the time (s) along the course of a lap. We
must work out the Average power used (kw) and Max power used (kw).
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Methodology
BEAST Zetec Track (BZT) Buggy

The buggy presented is a BEAST Zetec Track (BZT) buggy. The buggies designed
application is for off road use for example dirt, loose soil gravel use that can be easily
converted to tarmac use with the altering of tyre compound and tread design. The market
this buggy is aimed at is for the fun day out experience that large enterprises may have or
even just off road racing experiences for upwards of 18 years of age. The vehicles engine is
2000cc 4cyl 16v zetec engine mapped to 150bhp driven through a 5 speed H-pattern
syncromesh gearbox to the back axle | which has a limited slip differential. The vehicles
weight is on 500kg therefore the vehicle has a power to weight ratio of 280bhp per tonne.
The buggy has a top speed of 130mph but realistically will not be able to reach this on loose
surface tracks as there not that long and traction is much less than tarmac.
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Buggy info

2000
150

174

4
6.7056

500

575
1500
1600
0.45 E_
1.56

25"x10"x12"

12"

Track info

2.1) Calculations
Acceleration: (convert mph to m/s) 60 x 2.237 = 26.8224m/s

(Divide acceleration by the 0 — 60 time) 26.8224 /4 = 6.7056m/s
Velocity = distance + time

Gradient drag (resistance):m x g x sin (8) = N

Rolling resistance:m x g x rolling ceef ficient = N

Aero resistance:0.5 x coef ficient of drag x frontal area x velocity® (m/s) x air density =
N

Total resistance: Sum of all the resistances = N

. . h in height
Gradient: Sin™1x( cAange MIE

distance travelled in that section

Power required: Total tractive resistance x velocity

I I———————
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2.2) The Track

The track designed for the BEAST Zetec track buggy is an exact replica of the Mondello
Park national circuit in Naas, Co.Kildare, Ireland. The length is identical of 1.86km or 1860m
but the gradient changes of the track are totally exaggerated to accommodate our buggy and
is fun racing experience. The circuit is a clockwise circuit as you can see above with the
direction of the circuit shown by the red arrow and he first corner is a right hander. The big
difference is the surface as the original national circuit is all asphalt where as ours is loose
soil and gravel which makes sure that in theory the rolling resistance is the same all the
round as shown in figure 5 in the appendices. The elevation changes is another big
difference as the changes are much more steep on both inclines and declines. To try keep
some originality at the beginning of entering or exiting a corner where the height changes on
the original track, we have kept them same points where the gradient changes between
sections. The sections of the designed track go from 1 to 13 and 14 is back at the start finish
straight. The sections of braking zones are labelled and acceleration zones. For example
above shows section 1 marked with a red dot, at the red dot is where the brakes are applied
between section 1 to 2 this can be shown in in figure 2 of the appendix where the speed of
the vehicle decreases (21ms — 13.14ms) between section 1 to 2. Section 2 where the red
dot is shown is coming out of the corner onto a short straight where the vehicle would be
accelerating up a height of 3m between section 2 to 3. This proven is figure 2 of the
appendix where speed increases from section 2 to 3 (13.14ms — 17ms). The track starts on
the level surface and finishes on back on the level surface as you can see in figure 1 of the
appendix where the start is at 10m height and finishes at 10m height. To add a fun side to
the track design, the track has good diverse cornering speeds with 4 high speed sections for
example as seen in figure 2 between section 4 to 5 the vehicle can reach 60mph with a hard
down-hill braking section between 5 to 7 with a much slower cornering speed 36mph.

1
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Conclusion

The BEAST is perfectly suited to our dirt track showing its ability to increase speed up
inclined planes at an acceptable rate to give occupants a thrill of speed on a surface that is
loose. The track has been redesigned with technical sections such as the decreases in
elevation in braking zones a shown in section 1t0 2, 5t0 6, 8 to 9 and 11 to 12. One place
where our buggy could benefit from a lower final drive would be section 9 to 11 and is
discussed next. The power output of the BEAST Zetec buggy is plenty for inclines that the
vehicle has to face as shown in figure 1 between section 9 to 11 where the climb is 6m in
height over a distance of 329m which is a considerable climb that is harder on an engine
than accelerating down-hill. This has been stated by (Denton .2016) “while travelling up hill
the vehicle has to cope with the gradient resistance”. Which makes clear sense as when
diving down-hill the vehicle is getting a push from gravity as when driving up-hill the vehicle
has to push against gravity. The climb in this section 9 to 11 has a gradient resistance of
166.55N which is the second highest gradient resistance that vehicles have to face on this
track but that isn’t taking into account the aero resistance. This is also backed up at section
11 where the total resistance is 1195.18N. At this point the elevation has peaked on our
track shows that it has a serious impact on our vehicle to accelerate. At this point the speed
between section 10 and section 11 has only 8mph in the difference of speed over a distance
of 200+ metres.

References
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Appendices

Height (m)
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Figure 1: Track height along the distance of the track, Cunniffe 2019.
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Figure 2: The vehicles speed at sections against time along the lap, Cunniffe 2019.
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Figure 3: Acceleration of the vehicle at sections against time along the lap, Cunniffe 2019.
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Figure 4: Gradient change of track, Cunniffe 2019.
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Rolling drag (N)
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Figure 5: Rolling resistance along the course of the lap (same because same surface),

Cunniffe 2019.
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Figure 6: Aero resistance of the vehicle along the course of the lap, Cunniffe 2019.
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Resistive forces (N)
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Figure 7: Total resistance forces at each section along the course of the lap, Cunniffe 2019.

Tractive forces (kw)
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Figure 8: Power required to move at sections along the circuit, Cunniffe 20189.

MICHAEL CUNNIFFE (P148021) 10




ALTERNATIVE POWERTRAIN TECHNOLOGY

120 __
= e ey
o 10142951 f'o4 97693 b
o0 100 B < .\ /\\/ | |
9 wnen || P \\/

s o

w e

Ss

f‘-f 71.71654
o

S & 40

g

S

& 20

o

2 0

g 0 5 12 17 20 32 39 44 53 59 64 71 76 80 a7

Time along a lap (s)

Figure 9: Residual power (unused, available) power along the course of the lap, Cunniffe
2019.

Figure 10: Google earth ariel view of the intemnational/national circuits.
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GRADEMARK REPORT

FINAL GRADE

64/100

GENERAL COMMENTS

Instructor

Hello michael. You have a bit of work to do in oder to
correct the spreadsheet so that it is ready for the next
assignment. You must include accelerations forces.
You have forces and power that are sensible and
realistic. You must have sufficient grip to apply the
tractive forces that are required. 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

QM

Numbering

Please use report style numbering. Such as :

2.0 Methodology
2.1 Test equipment
2.2 Test set-up
2.3 Test procedure

3.0 Results

It helps the reader to navigate through the report.

Additional Comment

You did try in the methiodology section.

PAGE 3




PAGE 4

PAGE 5

QM

PAGE 6

Comment 1

Where did the cd value come from?

Accelforce

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

PAGE 7

Comment 2

It's a good idea to base your circuit on an existing one. You appear to hsave chosen the national
circuit.

QM

QM

PAGE 8

Comment 3

You could have shown sections from the spreadsheet to support your discussion.

Sigfigs
You should show fewer significant figures. Four would be recommended.
Additional Comment

You could use whole newtons.

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.

Comment 4

These references are not to the correct convention. Try to use the refefrencing tab in word, it makes
referencing, inserting citations etc a lot easier.

Comment 5



®

Your selected gradients are modest and sensible.

Comment 6

good clear graphs, thank you.

PAGE 9
PAGE 10
PAGE 11
QM Accelforce
You have not calculated acceleration force in the spreadsheet. It should be included to find total
tractive force required.
PAGE 12

®

PAGE 13

Comment 7

This graph lisiting residual power is an unusual approach. What are you trying to show with it?




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%
©)

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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