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This report will look into the duty cycle of a vehicle, a duty cycle of a vehicle will show how
the vehicle is used, once this data known it then allows a manufacture to increase efficiency
by seeing where energy is exertedMNasted (Kolman, 2014). In this report, the duty cycle
is required so it can be evaluated by an engineering director of a company that manufactures
off road buggies that are used both recreationally and for corporate events. A duty cycle of a
corporate event in which clients go around a small track that is entertaining for the clients
whilst also being safe. The course is required to climb to a height of 18 meters whilst lasting
on average a minute. The required information provided for the engineering director includes
the velocity, aero force, acceleration, rolling resistance and gradient that is occurring at
different parts of the track, calculations of the power required for each stage will also need

calculating.

2

The buggy that will be used for the event is the Hammerhead HH150 GTS, it contains a 110cc
engine that includes a fully automatic transmission. The vehicle is made up of 2 full racing
bucket seats with the body being made up of a full roll cage with independent double
wishbone suspension on the front and a swing arm solid axle in the rear. The Hammerhead
HH150 GTS has a weight of 234KG and has a top speed of approximately 35-40mph but will
be used as 35mph for the purpose of the duty cycle calculations. (Storm Buggies , 2018).

3

The track will be a 60 second lap and include a series of different terrains including mud,
gravel and water this will provide suitable entertainment for the client. Below figure 1 shows

a layout of the track.




Figure 1 Gravel

Mud

Mud

Puddle

It will include starting on a start finish straight that will have gravel as the terrain, there will
then be a change of terrain before a long right hand turn that will then follow into a hill that
will then comedown into a right hand turn then into a left hander that will include a small
puddle before a long right-hander into the start finish straight.

4
Figure 2

Velocity (M/S)

1357 91113151719212325272931333537394143454749515355575961

This will show the velocity of the buggy throughout the 60 second lap shown in meters per

second this conversion from mph is done using the formula = Velocityx% (Booth, 2010).




Figure 3
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This chart shows the rolling resistance of the buggy through the track with it increasing
depending on the surface that it is being driven on with mud giving more resistance than
gravel and a puddle giving even more. The formula used to calculate the rolling resistance is
= Mass X gravity XResistance Of The Surface (ToolBox, 2008)the mass used will be
that of 400kg this will include the weight of the buggy 234kg as well as 166kg as this is the
average weight of 2 males in the United Kingdom (BBC, 2010). The resistance for gravel is
0.02, 0.05 for mud and is Ohen going through water (ToolBox, 2008).

4.2

Figure 4




Acceleration Force (N)
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This chart shows the acceleration force that is required at each point in the track from the
buggy including the deceleration force when slowing down. The formula that is required is
Force = Mass X Acceleration (Lucas, 2017)with the mass in Kg and the acceleration in
Meters per second. This force is directly connected to the velocity changes as this is the only
variable as thee mass will remain the same throughout.
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Figure 5
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Figure 12345 shows the aerodynamic force that is being applied to the buggy at any point in
the chart this is calculated by using the formula Aero =

0.5 X Density of Air X Cof ficent of Drag X Frontal Area X Velocity? (Hall, 2015). The




density of air used is 1.298kg/m? (Graham, 2006), the frontal area needs calculating and that
is multiplying the height by the width 1.4mx1.438m giving an area of 2.0132m?2 This will
mirror the shape of the velocity graph as this is the only variable in the formula.

a4

Figure 6

Gradient (N)
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Figure shows the gradient force that the buggy comes under at various different point in the
track with the course including a hill with different steepness for the incline to the decline.
The steepness of the hill can be calculated by using trigonometry by using the distance
travelled over the height of the hill timed by sin™! giving the slope of a hill in degrees (Autobei
Consulting Group , 2012) this will then be needed to be converted to radians and then
multiplied by mass and gravity to give the resistive force in newton’s.

4.5

Figure 7




Total Resistance (N)
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Figure shows the total resistance applied to the buggy at any point in the course, this shows

that at different points there is both forces working against the buggy as well as having forces

helping the buggy at times. This graph mirrors the gradient as that is the highest force put
onto the vehicle.

4.6

Figure 8

Power (KW)
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Figure shows the power output required this is calculated by multiplying the velocity by the
total resistance to give the figure as a watt this is then converted to a kilowatt. This will closely

resemble the total resistance this is the biggest impact on the power.
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After carrying out the duty cycle calculations it is clear that the buggy is capable of getting
around the track in the predicted speeds due to the power output never being more than that
possible. Although the buggy is capable of completing the circuit at the speed displayed it
shows a large amount of wasted energy throughout the track, this is shown when looking at
the high negative power outputs particularly during the downhill stages. Wasted energy is a
big problem for an engineer as it shows inefficiency, this wasted energy can be used for a
greater power output using a range of different systems including. A KERS (Kinetic Energy
Recovery System) may be fitted to the buggy to recover the energy that is lost whilst under
breaking to be later be used throughout. Flywheel Kinetic system would be perfect for this
system as the large amounts of downhill sections where the power output is a negative
resulting in the engine not working hard because the load put on the engine is low, this will
need to be stored and then have a section to be used in with there being parts of the track
that the engine is close to maximum power being used. An electric vehicle would be an option
to use by totalling the power that is used and ensuring that the buggy’s batteries are capable

of being used with small breaks between clients.




Appendix
General Specifications

WEIGHT 234KG
GROUND 115MM
CLEARANCE
WHEELBASE 1680MM
DIMENSIONS LENGTH = 2210MM / WIDTH = 1400MM / HEIGHT = 1438MM
SEATS/ BELTS ONE PIECE PADDED SPORTS SEATS /5 POINT 27 SAFETY BELTS
STEERING RACK AND PINION
=18

FRAME QUALITY FINISH
TYRES FRONT =19 X 7- 8/ REAR =22 X 10 - 10 (OFF ROAD PATTERN)
BRAKES INDEPENDENT BRAKING FRONT / SINGLE CALIPER REAR/

DRILLED DISCS
WHEELS BLACK COATED STEEL RIMS - 8” FRONT & 10" REAR
SUSPENSION INDEPENDENT DOUBLE WISHBONE FRONT / SWING ARM -

SOLID AXLE REAR

SHOCK ABSORBERS  INDEPENDENT SHOCKS — FRONT & REAR

Engine & Transmission Specifications

DIFFERENTIAL N/A
FINAL DRIVE SOLID REAR AXLE
CLUTCH CVT (CONSTANTLY VARIABLE TRANSMISSION) DRY CLUTCH &

VARIATOR

CVT DRIVE BELT

TRANSMISSION FULLY AUTOMATIC WITH REVERSE

FUEL / CAPACITY STANDARD 4 STROKE PETROL/ 9L FUEL TANK CAPACITY

START / COOLING ELECTRIC START CDI/AIR COOLED

MAX TORQUE TBC

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

MODEL GY6 (ORIGINALLY DEVELOPED BY HONDA FOR THEIR

MOTORCYCLES)

CARBURETOR LARGE BORE - EASY ACCESS - UPGRADED FOR EUROPEAN
CUSTOMERS




ENGINE 149CC SINGLE CYLINDER — OVERHEAD CAMSHAFT

Time Velocity (M/SAerodynamics (N) _ Change In Velocity (M/S) _ Acceleration Force (N) __ Rolling Resistance (N) _ Gradient (N} Total Resistance (N) _ Power (kW) |
0| 0 0.00 0 o] of 0 0.00 0.00
1 0,67 1 00| 78.48| [ 480.15 0.48
2 2 6.06| 2 800 7848 o 886.54/ 2.66
3 5 16.84) 2 800 7848 o 897.32] 4.49
4 7 33,01 2 800 78.48 0 913.49) 6.39
5 8.8 52.17| 1.8 720 78.48 0 852.45 7.50
6 9 54.57] 0.2 80 78.48| 0 213.ﬂ 192
7 10 67.37) 1 400 78.48 0 546.85 547
8 11 81.52) 1 400 7848 0 561.00 6.17
9 11.5 89.10| 0.5 200 78.48 0 368.08 4.23

10| 12 97.02| 0.5 200 7848 0 376.00 4.51
11 13 113.86| a2l 400 7848 o 593.34! 771
12| 13.5 122.79 0.5 200 7848 0 401.77 5.42
13 14 132.05 0.5 200 7848 0 411.03 5.75
14| 14.5 141.65 0.5 200 7848 o 420.63 6.10
15| 15 151.59 0.5 200 7848 0 430.57 6.46
16| 13 113.86| -2 -B00 7848 0 -609.66| -7.93
17 11 81.52] -2 -800 78.48 0 -642.00) -7.06
18 9 54.57] -2 -800 78.48 0 -668.95 -6.02
19 7.5 37.90| -1.5] -600 78.48 0 -485.12 -3.64
20 33.01) -0.5 =200 196.2 0 28.71 0.20
21| 24.25) 0 -180.55

0
41 5 16.84 =2| 800 3924 0 -392.76 -1.96
42 5.4 19.65 0.4 160] 3924 0 572.45 3.08
43 5.8) 22,66 0.4 160 3924 0 575.46 3.34
44 6.2 25.90 0.4 160 3924 0 578.70 3.59
45 6.6 29.35] 0.4 160] 3924 0 582.15 3.84
46 7 33.01) 0.4 160 3924 0 585.81 4.10
47 7.3 35.90 0.3 120 3924 "] 548.60 4.00
48 7.9 42.05 0.6 240 3924 0 675.05 5.33
49 8.2 45.30 0.3 120] 3924 0 558.00 4.58
50 8.8 5217 0.6 240 196.2 ] A88.97 4.30
51 9.5 60.80 0.7 280 196.2 0 537.70 5.11
52 10.3 71.48 0.8 320 196.2 0 588.48 5.06
53 11 8152 0.7 280 196.2 o 558.42 6.14
54 11.5 £9.10) 0.5 200 196.2 0 485.80 5.59
55 12.1 98.64 0.6) 240 196.2 0 535.44 6.48
56 10 67.37) =2.1) -Ed 196.2 0 -578.53| -5.79
57, 8 43.12 -2 -B00; 196.2 0 -562.68) -4.50
58 6 24.25] -2 -800; 196.2 0 -581.55 -3.49
58 3 6.06 =3 -1200| 196.2 0 -1000.74 -3.00
60| 0 0.00 -3| -1200) 1] 0 0.00 0.00
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Part A

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

Instructor

/100

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

@ cComment1

Please include page numbers.

PAGE 3

QM Awk.

Awkward:
The expression or construction is cumbersome or difficult to read. Consider rewriting.

PAGE 4




PAGE 5

PAGE 6

Comment 2

I'd be surprised if muddy water provided a fifth of the resistance of compacted mud. | checked
toolbox and could not see where this value came from?

Comment 3

Please check formatting before submission.

PAGE 7

PAGE 8

Comment 4

Values look ok. Although | suspect that you would not have enough grip to drive up such a
slope. It would have been worth considering slowing up as you ascend.

PAGE 9

Comment 5

The power curve appears ok. Now you should find the average of the +ve powers. You should
not include the -ve power values as it is unlikely that you could capture any.

PAGE 10

Comment 6

See note above

Comment 7

| see that you are looking forward to the second half of the assignment..

PAGE 11

Comment 8

There is no need to include all the specs.

Comment 9



Please freeze the top frames so that they can be seen whilst scrolling.

PAGE 12

@ Comment10

Now that's a novel book.



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

) 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
30-39%
©)

SATISFACTORY 40-
49%
©)

GOOD 50-59%
©)

Rudimentary application of taught, basic methods, materials, tools and/or techniques
but without consideration and competence. Flawed appreciation of the context of the
application. Weak evidence of different approaches to problem-solving in particular
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.

VERY GOOD 60-69% A very good application of a range of basic methods, materials, tools and/or

©)

EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%

0)

SKILLS PROF P

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%
©)

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.



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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