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1.0 Introduction

Within this report a Duty cycle Analysis will be carried out for the Engineering Director of a company
that provides corporate entertainment. This will be achieved by plotting the forces into an excel
spreadsheet, calculating all resistance factors including Gradient, Acceleration and Aerodynamic
resistances. Using these forces, a conclusion will be drawn whether the selected vehicle is suitable

for the intended purpose.
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2.0 Problem Identification

An Engineering Director of a company producing off-road recreational buggies, has requested a life
cycle analysis of one of its off-road buggies. This product will be used for corporate entertainment.

The Engineering Director requested the buggies duty cycle is to be analysed in order to predict the

Vehicle Performance will be adequately entertaining.

A report shall be made at the Directors request which outlines the typical duty cycle, which the
buggy will undergo, during a single lap of an off-road track at corporate entertainment events. To
create this report, a mathematical deconstruction must be carried out of the duty cycle data.

3.0 Buggy Specification

The Vehicle (Hammerhead GT51250 MY18 Buggy) has been provided by the Engineering Director. To
see full list of specifications and website link refer to appendices. Although, for the purpose of this
report, there are some main feature specifications that must be used, these are as follows:

* Total Mass of the Buggy, Including Driver and a Passenger
* Power output
+ Frontal area of buggy

There's also many other factors that will affect the duty cycle. Within this document the forces such
as Total Resistive Force and Acceleration/Velocity will be calculated.

3.1 Consideration factors

For purposes of this report, all calculations involving mass, are calculated assuming a passenger’s
present in the buggy.

Total Mass = Weight of Buggy (234kg) + Average Weight of a Male x 2 (70.7kgx2) = 375.40kg
Buggy Frontal Area = LxWxH of provided buggy dimensions (4.45m?)

Distance will be collated in metres. This means the vehicle speed would be easier to calculated
within the same units. The buggy has an estimated speed of 35-40mph, this is then changed to kmh.
1Mph= 1.61Kmh. 35Mph x 1.61 = 56.35Kmh It must be taken into consideration the speed of the
buggy would have been tested on a flat hard surface, with one occupant. This means that speeds of
the buggy off-road will differ

These will be used along with an Air Density (1.2) of and Drag Coefficient (0.6) which will aid in
calculating all aerodynamic forces throughout the drive cycle.




4.0 Analysis Of Duty Cycle

When analysing the duty cycle for the buggy, the effective power of the buggy will be completely
dependant on the surface which its travelling over. The coefficient of rolling resistance was found for
the different surfaces, are as follows.

Surface type Coefficient of Rolling Resistance
Soft Sand 03
Wet Grass 0.1
Loose Soil 0.06

Loose Gravel 0.02

Figure 1: Table showing Coefficient of Rolling Resistance

When calculating resistance values as well as power outputs it's imperative make the calculations
based on the specific surface. To aid in the finding of the different Coefficient of each surface, the
following equation was used to calculate the rolling resistance:

Rolling Resistance = Total Mass x Gravity X Coefficient of Rolling Resisntace
Using this equation , the Rolling Resistance were found to be as follows :

e SoftSand —1104.80N
e Wet Grass —368.27 N
e Loose Soil-220.96 N

* Loose Gravel =73.65N

4.1 Track Analysis

When analysing the duty cycle for the buggy it's important to apply all variables to the specific
conditions issued by the Engineering Director. A track has been devised that will be used for the
corporate events. The Engineering director asked there must be variable surfaces, also a total

gradient increase of 18m to be an enjoyable experience. The resulting track is as follows:
Sector 3 (Turns 3+4)

“Carousel”

Surface = Gravel

Sector 4 (Straight 2)

“Back Straight” Sector5 (Turns 5)

JrB k 3 dr}
Surface = Wet Grass ack Ben

Surface = Gravel

Sector 2 (Turns 1+2)
“sandfords s*

Surface = Sand Sector 1 (Straight 1)

“Straight/Finish Straight”

Surface = Wet Grass

Figure 2 : Representation of Off-road track




4.1.1 Acceleration

Starting on the Start/Finish straight, the buggy will be accelerating on a Wet Grass surface. The
buggy will make an initial acceleration for 3 seconds before starting a gentle climb. While
accelerating up the small hill the buggy will reach a maximum velocity of 11.18 m/s (25mph). The
buggy then comes to the end of the straight and must apply the brakes. While on the brakes the
buggy will make a quick decline into the next sector.

Surface Type Twmeis) | Dinmomcedm) |  TowlDimamce(m) |  GradientHeighim} | Chonge inGradientim) | Steering Pesistion [ vehide Specd imph) | Velchy demh | Velocny im/5) |
Wet Grass 0.000 oo oo 0oa 00 Staight noo 000 ooo
WetGrass 100 04 045 0.00 000 smaight 100 161 045
WetGrass 2000 134 17 0.00 00 Stight 300 48 134
WetGrass 3.000 268 447 0.00 001 swaight 600 088 268
WetGrass 4,000 40 8% 035 05 Stight a0 1349 203
WerGrass 5000 537 1386 0s0 025 Swaight 1200 1a.32 537
Wet Grass 6000 671 2057 0.75 [ SuRight 150 2415 671
Wet Grass 7.000 B8 2BAZ 100 025 Stmight 1300 X% 805
Wet Grass 8000 9358 B0 200 100 Straight 210 | 939
Wet Grass 4000 984 ATEE 204 aod Staight 2200 3542 EEL)
Wet Grass 100000 v 5747 200 00d Straight 21850 3452 aR2
Wet Grass 11000 102 6775 200 il Straight 2300 37068 103
WetGrass 12000 1073 7849 200 0% Steaight 2400 64 1073
Wet Grass 13000 1118 B9 AF 200 il Staight S0 4025 1118
VetGrass 14000 118 10055 200 000 salght 500 4025 1118
WetGrass 15020 1073 1158 200 00 Steaight 1M £ 1073
WerGrass 15000 8.3 12097 20 000 Staight 200 E=E 838
wetrGrass 17000 =Y 1947 100 -1.00 SURIgNT 13m @ 8s0
WetGrass 13000 T80 1370 100 002 Swalght 1rod 037 780
WetGrass 12000 760 184 59 000 -1.00 Lumi ght 170 27.37 7E0

Figure 3 : Table showing the first sector of the Offroad track

Velocity and Max Acceleration
All calculations must be made with a realistic assumption of speed. A realistic and achievable
acceleration could be 1-1.5 m/s. The highest rate of acceleration can be seen in sector 1 @1.34m/s.
This is calculated by using the initial velocity, then subtraction the current velocity. The sum of these
must then be divided by 1 to ensure the results is per second.

Velocity is calculated by taking the speed in Kmh and converting it to metres per second (Multiplying
the speed by 1000/3600). The maximum velocity achieved in the section of the track (11.18 m/s) is
the fastest velocity that is solely powered by the engine of the buggy.

The highest velocity can be seen in Sector 4 (@14.09 m/s) which is also a straight. The difference
between these 2 different speeds, is the gradient. In sector 1 the buggies accelerating uphill,
whereas in sector 4 it's accelerating downhill.




4.1.2 Contributing Factors

Sector 2 begins with the transition from Wet Grass to lose Sand. Sector 2’s Rolling Resistance
Coefficient is 3x higher than the previous sector. This means the vehicle will need to produce more
power to drive through it.

Sector Average Resistant Force (N) Average Power (W)
1. Wet Grace 616.09 4355.99
2. Loose sand 1153.94 8081.59
3. Gravel 323.47 3531.11
4. \Wet Grass 506.24 6428.91
437.38 4107.68

Figure 4: Table showing the Average Resistant force and Average Power of all sectors
Resistant Forces

There are many factors which influence the Total Resistant Force:

e Aerodynamic Resistance was calculated using the following:

1
3 X Area x Coefficient of Drag x Density of Air x velocity?
e Acceleration Resistance was calculated using the following:

Acceleration Resistance = Mass X Acceleration
+ Rolling Resistance was calculated using the following:

Rolling Resistance = Mass X Gravity X Coefficient of Rolling resistance

* Gradient Resistance was calculated using the following:
Gradient Resistance = Mass X Gravity X sin0

where 0 = gradient i.e. angle from horizontal to incline. The angle was calculated using the below
equation:

O=ta (C‘hange in heighr)
- Change in length

These forces were added together achieve the total resistant force. It can been seen in the table of
figure 3 that sector 2 had the highest Average Resistant Force. It's a direct correlation that this

sector also has the highest power requirement.




5.0 Conclusion of Duty Cycle
5.1 Gradient Height vs Gradient Resistance

Gradient Height (m) Vs Time (s)

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89 9,97 10)105109113117121125129133

-4.00

-6.00
Figure 5: Graph of Gradient Height vs Time

100.00 Gradient Resistance (N) Vs Time (s)
50.00

0.00

1 5 9 13 1fML 25 29

-50.00

-100.00

-150.00

Figure 6: Graph of Gradient Resistance vs Time

The first conclusion can be drawn that as the gradient rises, gradient resistance is built. The charts
suggest that the when the buggy travels up a gradient there is an initial resistance, but it isn’t until

the next change of change of either up or down does the resistance show a change.

The negative value within the graph are representative of sudden drops in gradient and also down

hill sections of the track




5.2 Velocity vs Aerodynamic Resistance
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Figure 7: Graph of Velocity vs Time
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Figure 8: Graph of Aerodynamic Resistance

When comparing Velocity against Aerodynamic Resistance, there is a direct relationship. As velocity
rises, so does the aerodynamic resistance.

It can be observed that at 17secons and also between 109-113 there are sudden drops in both the

graphs. This is representative of the major braking zones on the track.




14000.00
12000.00
10000.00
8000.00
6000.00
4000.00
2000.00
0.00
-2000.00
4000.00

6.0 Evaluation

Average Velocity (m/s) 32.75
Maximum Power (W) 11884.01
Average Power (W) 5005.81
Maximum Total Resistance 1305.51
Average Total Resistance 601.27

Figure 9: Table of Calculations

When looking at Figure, all the factors that should be considered when evaluating the drive cycle can
be seen. The maximum power the engine can produce (7.5Kw) will be enough power to provide a
pleasant experience for the customers of the company.

When looking at the maximum power (11.88Kw), it exceeds the power output of the engine (7.5Kw).
The reason for this is the vehicle is able to travel faster than the engine could propel the vehicle Ss
when it’s traveling downhill. The resistance that affects propelling the vehicle are reduced enabling

it to travel faster.

7.0 Final Conclusion

Power Requirement (W)

Figure 10 : Graph showing Power Requirement

When looking at all the data on “Excel sheet”, also at figure 10. It can be seen there’s negative
power values, also there are values that exceed the output of the engine. These represent energy
lost into the brakes (Negative Figures) also power exceeding the engines output (values higher than
7500W) This is wasted energy. It could be worth the Engineering Director finding a mode of
transport that may be able to harness the loss of energy. For instance, Hybrid and Eleﬁehicles
are able to use Kinetic and Heat recovery systems to recuperate the lost energy.

Using alternative powertrains could also prove to more cost effective in terms of fuel usage, also
could offset the companies carbon footprint.




8.0 Appendices

8.1 List of Figures
Figure 1: Table showing Coefficient of Rolling Resistance

Figure 2 : Representation of Off-road track

Figure 3 : Table showing the first sector of the Offroad track

Figure 4: Table showing the Average Resistant force and Average Power of all sectors
Figure 5: Graph of Gradient Height vs Time

Figure 6: Graph of Gradient Resistance vs Time

Figure 7: Graph of Velocity vs Time

Figure 8: Graph of Aerodynamic Resistance

Figure 9: Table of Calculations

Figure 10 : Graph showing Power Requirement

8.2 Buggy Specification Reference
https://www.stormbuggies.com/products/hammerhead-150gts-buggy-with-usa-specs-blk-1-1




General Specifications

WEIGHT

GROUND
CLEARANCE

WHEELBASE

DIMENSIONS

SEATS | BELTS

STEERING

FRAME

TYRES

BRAKES

WHEELS

SUSPENSION

SHOCK
ABSORBERS

234KG

115MM

1680MM

LENGTH = 2210MM /WIDTH = 1400MM /HEIGHT = 1438MM

ONE PIECE PADDED SPORTS SEATS /5 POINT 2" SAFETY BELTS
RACHK AND PINION

QUALITY FINISH

FRONT = 19 X 7—-8 /REAR = 22 X 10 — 10 {OFF ROAD PATTERN)

INDEPENDENT BRAKING FRONT / SINGLE CALIPER REAR./ DRILLED
DISCS

BLACK COATED STEEL RIMS — 8" FRONT & 10" REAR.

INDEPENDENT DOUBLE WISHBONE FRONT / SWING ARM — SOLID
AXLE REAR

INDEPENDENT SHOCKS - FRONT & REAR

Engine & Transmission Specifications

DIFFERENTIAL

FINAL DRIVE

CLUTCH

CVT DRIVE

TRANSMISSION

FUEL | CAPACITY

START / COOLING

MAX TORQUE

TOP SPEED /
POWER

MODEL

CARBURETOR

ENGINE

Nif

SOLID REAR AXLE

CVUT (CONSTANTLY VARIABLE TRANSMISSION) DRY CLUTCH &
VARIATOR

BELT

FULLY AUTOMATIC WITH REVERSE

STANDARD 4 STROKE PETROL /9L FUEL TANK CAPACITY

ELECTRIC START CDIJ AIR COOLED

TBC

APPROX, 35-40MPH / 10BHP (AT FULL UNRESTRICTED SPEED /
POWER)

GY6 (ORIGINALLY DEVELOPED BY HONDA FOR THEIR MOTORCYCLES)

LARGE BORE - EASY ACCESS - UPGRADED FOR EUROPEAN
CUSTOMERS

149CC SINGLE CYLINDER — OVERHEAD CAMSHAFT
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Series Hybrid Assignment Part A

GRADEMARK REPORT

FINAL GRADE

/100

GENERAL COMMENTS

Instructor

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

You will need to correctthe errors in the areas indicated
before starting the next part of the assignment.

Itis important that you have a suitable graphs of tractive effort
and power againsttime. You need to determine the maximum
tractive effort and average +ve power as this will form the
basis for the next part of the assignment.

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

PAGE 4

PAGE 5

Comment 1

This looks like a volume. I hope that you have used area.

PAGE 6




PAGE 7

@ Comment2

It appears that your gradient resistance in the spreadsheet does not include gravity! Hence your
values are very low. You will need to correct this before the next part of the assignment.

PAGE 8

@ Comment3

This adds up to more that a total of 18m of climb? However it is acceptable to apply this to the
next part.

@ Comment4

see note on gravity.

PAGE 9

@ Comments

It would be better if you came to a stop after the lap.

@ Comment6

This is quite high, due to volume and area miss calc.

PAGE 10

@ Comment7

You should calculate the average power without including the -Ve power, unless you show
where it can be recovered.

@ Comments8

Please check this statement. This should be the power based on the tractive effort required.

@ Comment9

Please check if it is possible to recover any energy. If so how much? what are the limitations?

PAGE 11

PAGE 12

PAGE 13




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-
() 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
) 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

) 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

(0) 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

) 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

0) 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.

) 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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