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1. Introduction:

As a response to the request of typical duty cycle the vehicle will undergo during the designed
off road track lap, this paper along with the supporting document (Excel sheet) will identify the
requested report. The study will encompass all of the vehicle performance details including,
top speed, acceleration, and grade ability of the selected buggy.

JOYNER 800i Buggy (figure 1) was selected for this investigation, vehicle specification can
be found in figure 2. The buggy will undergo a designed off-road track (figure 3) which has; 23
meters total climb, 20 meters total drop, and a lap distance of 703 meters. The Track is situated
at 42 meters above sea-level, and has a maximum gradient of 56.44 degree, it also combines
three different surfaces (i.e., Gravel, Mud, and Grass).

All detailed results of the investigation could be found in the multiple graphs plotted in the
excel sheet. However, some of the important results were analysed further down in this report
document.

2. Joyner 800i Buggy:

Specifications of the Selected Buggy:

Figure 1Joyner 800i buggy Figure 2 buggy Specefications

Joyner 800i was selected for this event due to multiple reasons which set the key parameters
of this project. The buggy has a low centre of gravity, which positively impacts the handling
and stability of the vehicle, allowing it to easily outperform other buggies on the twisty off road
track. The 812 cc 3-cylinder engine which generates almost 39 Kw at 6000 rpm, makes the
buggy weigh less and pull better than a larger 4 cylinder engine buggy. Also due to the reduced
size of the engine, the buggy would be suitable for a hybrid system setup if that is considered.

(StormBuggies, 2016)
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3. Off-road Track:

Specifications of the Designed Track:

Figure 3 Track Map Figure 4 Track Details

The off road track have been designed specifically for the selected vehicle, that to enable
maximum performance for maximum entertainment. The track includes 10 tight corners to
push the vehicle to its limits of handling performance, as the buggy built with a low centre of
gravity. Different surfaces were considered (Gravel, Mud, and Grass) to enable variety of
rolling resistance the buggy would be experiencing, this was considered to examine the
difference on power requirement with relation to different track surfaces. Also, the track
comprises a total climb of 23 meters and a total drop of 20 meters. The total drop on the track
will be crucial to the regeneration of lenergy if considering a hybrid series powertrain
installation.
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4. Results Analysis:

Roalling resistance = Total weight x RR coefficient x Gravity
Aerodynamic resistance = (Cd x Frontal Area x Air Density x V2) /2
Gradient Resistance = (Total weight x Gravity) —sina

Power Requirement for Each Section
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Figure 6 Average power requirement Vs Time

The resistive forces have been calculated for each section of the track utilising the formulas

(EngineeringToolBox, 2019)
(Buggies.builtforfun, 2011)

The final total tractive force was calculated for each section using the sum of all resistive
forces, this the power requirement for each section to be calculated as well as max and
average power requirements. Results are presented in the graphs bellow:
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The graphs and figures presented above and in the excel work sheet, were made upon a
realistic assumption of vehicle behaviour such as velocity and power. It is evident from the
power graphs, that the input values were made under a realistic assumption as both of the
velocity (see excel sheet) and power curves, do not exceed the maximum velocity or power
line which represents the maximum values the buggy can produce.

The power requirement for each section bar graph, highlights an important case. At the green
bars where the power values are negative, the vehicle could be used to regenerate power and
store it for a useful application, for instance, powering an electric motor if the vehicle were to
fit a hybrid system.

Vehicle Acceleration
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Figure 7 Vehicle Acceleration

The graph of velocity against time also identifies the potential areas where energy could be
harvested and used if the buggy would fit an electric motor. The green lines highlights the time
spent on the track where the buggy is either unthrottled (engine is under no load) or
experiencing braking forces.

BSFC Vs Distance
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Brake specific fuel consumption graph above, could be used to investigate fuel economy of
the series Hybrid powertrain system. The expectation of a hybrid system concerning fuel
consumption would be significantly less than the current engine, however, the BSFC graph
allows a detailed comparison between the two systems.

5. Conclusion:

The duty cycle of the selected vehicle around the designed off-road track, are summarised in
the table presented below.

Time to Complete one Lap 57.79 Seconds

Maximum Speed Vehicle Can Produce 29.06 m/s 65 m/h
Maximum Speed per Lap 28 m/s 62.6 m/h
Minimum Speed per Lap 3 m/s 6.7 m/h
Max Total Tractive Force per Lap 477211 N

Min Total Tractive Force per Lap -4717.91 N

Maximum Power Vehicle Can Produce 38777.00 W 52 bhp
Max Average Power Requirement per Lap 37187.91 W 49.9 bhp
Min Average Power Requirement per Lap -32620.99 W -43.7 bhp &
Maximum Acceleration per Lap 11 m/s?

Maximum Deceleration per Lap 7.5m/s?

Maximum RPM per Lap 6000 rpm

Minimum RPM per Lap 2000 rpm

Maximum BSFC per Lap 535.34 g/kw.h

Minimum BSFC per Lap 178.45 g/kw.h

Figure 9 duty cycle summary Table

The maximum time for the buggy to finish one lap on the track is almost one minute, going
through a maximum acceleration of 11 m/s? hitting maximum speeds of 62 miles per hour, the
buggy will decelerate to a maximum of 11 m/s? going through the tightest corner of the lap at
a minimum speed of 6.7 miles per hour. The vehicle will also be running on medium to high
rpm during the majority of the track distance, operating at a maximum BSFC of 535.34 g/kw.h.

Positive average power requirement for the whole lap is 7991.47 Watt, reaching its maximum
of 37187.91 Watt. Whereby the total average power requirement per lap is 1941.11 Watt, with
a minimum of -32620.99 Watt.
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FINAL GRADE
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GENERAL COMMENTS
Instructor

Hello Yousouf. 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. Imagine that you are driving the
course at these speeds. Section F Accelerating on
slippery mud from18 to 26 m/s in only 3.85 secs. wow.
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

Comment 2

Why would it pull better than a larger 4 cylinder engine?

Comment 3

Any future hybrid varient may well have a different engine.

PAGE 4

Comment 4

In section A you accel from 0 to 28m/s in 5.4 secs. Why are there no calculations for aceleration and

acaeleration forces?



QM

Comment 5

Section D, grass takes 0.28 secs..

Comment 6

In section B you climd up a slope 0f42 degs needing 4652N, the in section F you cliomb up 56 degs
and need only597N. So something is wrong. Also these slopes are too steep. Your buggy does not
have the traction to climb them.

Accelforce

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

Comment 7

A climb of 23m and a drop of only 20m. What has happened to the other 3m?

Comment 8

You will be able to investigate this in the next assignment.

PAGE 5
QM Sp.
Spelling error
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 6
QM Accelforce
You have not calculated acceleration force in the spreadsheet. It should be included to find total
tractive force required.
PAGE 7

Comment 9

These two valiies are a little confusina. It is triickv to averane over different lenath sections.
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@ Comment10

Where is the BSFC graph?

QM Sigfigs

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

PAGE 8
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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%
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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
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(0)
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©)

EXCELLENT 70-79%
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EXCEPTIONAL 80-
100%
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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%
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EXCELLENT 70-79%
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EXCEPTIONAL 80-
100%
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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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