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1.0 Introduction

The aims of this assignment are to develop an off-road racing track, followed by the
selection of a suitable buggy to drive around the track. The buggy selection will be based on
the required power to complete a lap, it needs to achieve the required power with the
ability to go further and ensure the satisfaction of the driver.

The buggy must not lack in power otherwise it can either struggle through certain areas of
the track, such as heavy inclines, or seem too slow for the driver. Therefore, the buggy must
be chosen with a suitable amount of power to achieve both a good performance around the
track, and an enjoyable experience.

The track will be designed through SolidWorks 2019, created with a personally chosen
layout not based on a real track already available. Being an off-road track, it will feature
many inclines and declines to test the buggy's ability on a slippery terrain without rendering
it incapable of completing the lap.

Based on the design of the track, there will be calculations carried out through the use of
Microsoft Excel in order to find theoretical figures if the chosen buggy were to actually
perform a lap of the track. These values will include; average speed per sector, resistances
through the sectors, average power used by the buggy per sector and how much power the
buggy has remaining to use per sector.

Using the remaining power per sector there can be an understanding of the performance
from the chosen buggy, whether or not the buggy is suitable for the track and areas in which
the buggy may either excel or slack.

These figures in the spreadsheet will be expressed through the use of graphs, this can be
used to show the individual sectors in which the buggy could improve the lap time, and a
clear understanding of the different inclinations throughout the lap.
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2.0 Track Design

Layout

The image to the left is a top-down view of the
designed racing track, this shows the layout of the
track with all of the turns clearly visible. This
demonstrates the amount of turns the buggy would
need to make during a lap of the track, each of the
turns will have the average speed calculated and
the total resistances applied during the turn.

Start Line

Figure 1 - Track Layout (Watkins, D. 2019)

Dimensions

The image to the left is a top-down view of
the designed racing track, showing the
external dimensions around the track. This is
to provide a brief idea of the size scale for
this track.

Figure 2 — Track Dimensions (Watkins, D. 2019)
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Figure 3 — Track Inclinations (Watkins, D. 2019)

Inclinations

The image above is an angled view of the designed racing track, showing all of the inclinations
placed around the track. This is to show how often the buggy will be under stress from going
up or down an angle, each of the resistances will be calculated through the spreadsheet.
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Figure 4 — Track Sectors (Watkins, D. 2019)

Track Sectors

The image to the left is a top-
down view of the designed racing
track, showing each sector length
of the track. This is to show when
the buggy will be slowing down,
speeding up, or turning
throughout a lap. The distances
and changes per sector will be
calculated through the
spreadsheet.
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3.0 Research

CF-Moto Z1000 EPS
4x4 (Road Legal)

snars This [} (3 O

« In Stock (BW1)

|
|

Gtarting from
. |
|

£8,749.17 exvat

By ﬂ. =l

Description

About CF-Moto Z1000 EPS 4x4 (Road Legal)

Figure 5 — Buggy Selection (Blitzworld. 2019)

The image above includes the selected buggy for use around the racetrack, this was chosen
due to the reasonable amount of power, the practicality advantages and its engine capacity.

It’s capable of reaching a top speed of 80mph off-road, more than enough on designed track
which allows speed increases around the different sectors if found through the spreadsheet
calculations.

Also, four-wheel drive, which will have better acceleration and more traction off-road than
two-wheel drive buggy’s, increasing the benefits when used on this track.

Details about this buggy can be found in the appendices.
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3.2: Resistances

To calculate the resistances applied to the buggy on the track, there are certain values that
need to be found, including; the tractive resistance of the surface, the rolling resistance, the
aero resistance and the total resistance. The tractive resistance for hard soil is found to be
0.04 (Engineering Toolbox 2008), the rolling resistance is found using the vehicle
weight*9.81*0.04. the aero resistance is found using % the cross-sectional area*coefficient
of drag*air density*Velocity”2. The total resistance is found by adding all of these together.

0.03 car fires on cobbles - large worn
0.04-0.08 car tire on solid sand g'a»:l oose wom, soil medium
0.2-04 car tire on loose sand

Figure 6 - Tractive Resistance (Engineering Toolbox 2008)

The tractive resistances and spreadsheet calculations can be found in the appendices.

4.0 Duty Cycle Calculations

The required incline distance must equal 22m, therefore the track will incline up to this then
decline back for the end of the lap ending at the same point it started. The maximum incline
at one time reaches an increase of 4m with a gradient of 9.03, the maximum decline also
reaches a decrease of 4m but with a gradient of -12.9".

As the velocity increases, so do the resistances and the required power. Meaning the use of
more power to overcome the forces slowing the buggy down such as the aero.

The spreadsheet calculations can be found in the appendices.

5.0 Conclusion

The chosen buggy is definitely capable of producing the power needed for a lap of the
designed track, there are points that the speed can be increased without struggling too
much, reducing the lap time. If the tests were to be followed through in the future on the
same track, it should produce a similar result and complete a lap of the track with power to
spare.
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6.0 Appendices
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Figure 7 — Track Spreadsheet Calculations (Watkins, D. 2019)
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CF-Moto Z1000 EPS 4x4 (Road Legal) Specifications

< Engine Specification: Electrics:

Engine Type 553cc V-TWIN
Engine‘cc’ 963cc

Fuel Type i Stoke Peirol

Power B0 hp @ 7000 rpm

Torgue 52 Nm / 6200 pm

0 to 80 mph Not Speciied

Power to Weight Ratio 115 hp @ Ton

Top Speed Resiricled 1o 35 mph Road or (B0 mph

off Road only spec)
Transmission CVTech AUTOMATIC DRIVE
Dvive JWLvawD

DY Lock Yes & Swilchable

Roversa Yes

©il Cooling Sump

Engine Cooling Liguid Cooled

Exhaust Steel - 90,0 dB(A)

mpg Mot Specified

Cluteh CVT Diive

Start Koy

ECU Type BOSCH
ECU Programable No

ECU Diagnostics ho

Dimensions >

Length o/all 3140 mm

Height o/all 1545 mm
Weight (kgs) 605 Ko
€.0.0 Very High

Ground Clearance 100 mm

Wheel Centres J040 mm

Figure 8 — Buggy Details (Blitzworld 2019)

Rolling Resistance Coefficient
c c; (mm)
0.001-0.002 05
0.001
0.002 - 0.005
0.002
0.004
0.005
0.006 - 0.01
0.008

0.01-0.015

0.02
0.02
0.03

0.04-0.08
02-04

railroad steel wheels on steel rails
bicycle fire on wooden track
low resistance tubeless tires
bicycle tire on concrete
bicycle tire on asphalt road
dirty tram rails
fruck tire on asphalt
bicycle tire on rough paved road

ordinary car tires on concrete, new asphalt, cobbles
small new

car tires on tar or asphalt
car tires on gravel - rolled new
car fires on cobbles - large worn
car tire on solid sand, qr%\é% loose worn, soil medium

car fire on loose sand

Figure 6 — Tractive Resistance (Engineering Toolbox 2008)
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GRADEMARK REPORT

FINAL GRADE

59/100

GENERAL COMMENTS

Instructor
Hello Davis

You have some work to do in oder to correct the
spreadsheet so that it is ready for the next assignment.
You must include acceleration forces. Remember that
the forces and power should be sensible and realistic,
please check the gradient force calcs. Otherwise the
speeds and gradients look ok.. 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. Mk.

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

Comment 1

A thoughtful and interesting circuit. thank you.

PAGE 7

Comment 2

Theswe equations would be better typed up formally.

Comment 3

Are the line graphs the most appropriate way of showing your results?



PAGE 8

Comment 4

You should have putsome of the graphs in the report and explained them.

QM

QM

Comment 5

Average power in sections does not really work well as sectionjs are of different durations. It will
make more sense when you change to a row per second.

Comment 6

Your gradient resistances are very high, please check your calcs. 7.62 degs with 700kgs is about
650N

Sigfigs

You should show fewer significant figures. Four would be recommended.

Accelforce

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

Comment 7

High accelerations may not be realistic, please check power and grip leveels

Comment 8

Slopes and speeds are sensible.

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.
PAGE 9
PAGE 10

Comment 9

Web based searches have been correctley referenced. It would be good to look at books and
periodicals too
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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%
(©)

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%
©)

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%
(©)

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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