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2.0 Introduction:

In modern times corporate companies are trying to increase their efforts to contribute to carbon
offsetting. The use of different technologies within the Automotive industry can be applied to help
this cause. One such technology is that of Hybridisation of corporate vehicles. This report will
highlight the understanding of a typical duty cycle for an engineering director of a corporate
entertainment company. The director of the company that produces off road buggies, has requested
a duty cycle analysis for a suitable vehicle with an adequate top speed, acceleration and the ability
to handle given gradeability.

This report will consider the effects of resistive forces, and their affects on the vehicle at specific
velocities. The resistive forces will be calculated and processed through a spread sheet. This will
allow for formulas to be used to calculate the different variables needed to create graphs for each
data set, to allow the data to be displayed in a graphical format as a duty cycle. This will allow for a
more efficient analysis of the data and allow for a greater understanding of the duty cycle of the
given vehicle over the course of its lap.




3.0 Literature review:

As part of the initial briefing from the corporate company, a selection of a suitable vehicle for their
needs was required. Meaning research of different off-road buggies needed to be carried out. For
this report, the Hammerhead GTS150 off road buggy was selected. (Please reference appendix [1]
for specification).

3.1 Researched Equations for resistive forces acting upon the donor buggy:

3.1.1 Aerodynamic resistive Forces:

This resistive force occurs when a vehicle is traveling a certain speed, and the air it encounters
resists its motion in given direction. This force can be less or greater depending on the objects size
and shape. This resistive force is measured in Newtons (N) (Ehsani, Mehrdad, et al, 2018).

The formula for Aerodynamic drag is as followed:
Aerodynamic Resistance = Ay x p X cd X v?

* As=Frontal Area of vehicle

e p=Density of fluid (Air) which is equal to 1.2.
* cd= Aerodynamic drag coefficient

e v=\Velocity of the vehicle.

Text Adapted from (Ehsani, Mehrdad, et al, 2018).
3.1.2 Acceleration:

Acceleration force is when a vehicle is changing velocity. This presents a force acting upon the
vehicle when in motion. This force will provide a linear acceleration force given by the equation
below measured in Newtons:

Fy, =ma

e Fj,=acceleration force (N)
s m=Mass
* a=Acceleration

UV — Vg
2 X vy

e A= Acceleration.

e v,=Final velocity (m/s).
* v,=Initial Velocity (m/s).
e t=Time (s).

Text Adapted from (Ehsani, Mehrdad, et al, 2018) and (Larminie, James and John Lowry, 2012).




3.1.3 Rolling Resistance:

Rolling resistance results from hysteresis losses through the vehicles tyres. Along side this bearings
and transmission systems play a role in parasitic losses. This force is proportional to the vehicles
weight, and dependant on the surface the vehicle is travelling on, Information found in (Larminie,
James and John Lowry, 2012) technical report.

The Equation is as followed:

Fpr=Mxgxcd

¢ M= Mass
* g= Gravitational force (N/KG)
e cd= Coefficient of Drag. (Dependant on surface, see figure 2 in appendix).

For contextual information please reference the appendix [2].
(Ehsani, Mehrdad, et al, 2018)
3.1.4 Gradient resistance:

Grading resistance is a force produced by the weight of a vehicle travelling up or down a slope. This
component can act against the vehicle as it travels up a slope, or act in assistance of the vehicle if
traveling down the slope (Ehsani, Mehrdad, et al, 2018).

The equation is stated by (Ehsani, Mehrdad, et al, 2018) as followed:
Fg=Mgsina

¢ M= Mass (KG)
e g= Gravity (N/KG)
s sina=Sin of the slope angle (@)

3.1.5 Power in Kw:

Reference appendix [2]




4.0 Methodology:

To produce the results for the duty cycle of the vehicle on the track shown in section ‘3.1" figure 3’
and the resulting graphs for analysis, a spreadsheet was created to process the data shown in ‘figure
1’ below. Please see attached document for the functioning complete spreadsheet in ‘figure 1'.

4 A | B | i D | E

il F G 1 H 1

Grass Resistance (N)

0.12

Gravel Resitance (N) 0.02|colour Lettering
Mud Resistance (N) 0.05

|Gravity N/Kg | 9.81

Flat

Uphill

Downhill

Figure 2: Misc. data sets for spreadsheet functions {Daniel Salathiel, 2018)




4.1- Recreational and corporate track facilities:

The specification details of the track are stated below “figure 3’ which depicts the track layout
selected by the company and can be found in ‘table 1.

—
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e

Figure 3: Track layout for events, (Daniel Salathiel, 2018)

Section: Surface/ Description:

Grass field

Grass bank

Grass bank
Grass

Grass bank

Grass bank

Grass field

Table 1: Track information (Daniel Salathiel, 2018).




5.0- Analysis:
5.1 Velocity Graph:

The data shown in the graph below shows the velocity of the buggy plotted against the time
intervals in seconds. The data is needed to be recorded to show the speed of the vehicle and
calculate the change in acceleration. The results are as shown in ‘graph 1’ below:

Velocity (m/s)

Velocity (m/s)

Graph 1: Velocity (m/s) of the Vehicle plotted against time (s), (Daniel Salathiel, 2018).

5.2 Aerodynamic force Graph:

Aerodynamic force is calculated using the formula found in section ‘2.1.1°. The resistive force in
newtons is plotted against time in seconds. As shown below in ‘graph 2.
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Graph 2: Aerodynamic force (N) plotted against time (s), (Daniel Salathiel, 2018).




5.3 Change in Acceleration m/s Graph:

The change in the vehicle’s acceleration is derived from the second formula found in section ‘2.1.2".
The change in acceleration is key to working out the resistive force known as acceleration force

measured in newtons. This data set and graph shows the acceleration and deceleration of the
vehicle along its route.

Change in Acceleration m/s

0.50

Acceleration (m/s)

0.60
Time (s)

Graph 3: Change in velocity (m/s) plotted against time (s), {Daniel Salathiel, 2018).

5.4- Change in acceleration force Graph:

This force is calculated using the first formula in section ‘2.1.2, using the change in acceleration

found in ‘graph 3’'and the mass data of the vehicle to produce the graph shown below for change in
acceleration force measured in Newtons.

Acceleration Force (N) Bs5

Acceleration Froce (N)

Time (5)

Graph 4: Acceleration Force (N) plotted against time (s), (Daniel Salathiel, 2018).
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5.5 Rolling Resistance Graph:

Rolling resistance is calculated using the formula found in section ‘2.1.3’ of this report. The rolling
resistance mechanised and displayed graphically is as followed in ‘graph 5°.
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Graph 5: Rolling resistance (N) plotted against time (s), (Daniel Salathiel, 2018).

5.6 Gradient Graph:

The graph below shows the data for rolling resistance force against time. The data can be seen in

‘graph 6’ below.
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Graph 6: Gradient resistance (N) plotted against time (s), (Daniel Salathiel, 2018).
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5.7 Total Resistive Forces Graph:

Total Resistive Forces (N)
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Graph 7: Total resistive force (N) Plotted against Time (s), (Daniel Salathiel, 2018).

5.8 Power of the buggy at a given point Graph:

The total power for a given time along the track is displayed in ‘graph 8" below. The key point on this

graph is the negative power figure as this is the potential power that could be recovered using a
hybridised system.
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Graph 8: Total power of the buggy in (KW), plotted against time in (s), (Daniel Salathiel, 2018).
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6.0 Conclusion:

The data processed in this report using the Excel spreadsheet has notable results. The data for the
power output of the buggy ‘graph 8 shows that the hybridisation of the vehicle can be achieved
through the collection of energy while under the negative values of power and forces. The data
displayed has highlighted an opportunity for a series hybrid system to be utilised. The duty cycle of
the vehicle chosen for the corporate company can be further investigated to identify a suitable
‘series Hybrid system’ later. The data and information from the duty cycle being developed in this
report can be further analysed to identify drive cycles and energy recovery for the integration of a
fully hybridised system. Allowing for an informed selection of hybrid vehicle compaonents, that can
be packaged and fitted to the buggy as requested by the corporate company.

13




7.0 Appendix:
[1] Specification of the Hammer Head GTS150:

DESCRIPTION  SPECIFICATIONS  SAFETY  WARRANTY  SPAREPARTS  REVIEWS (1) CONTACTUS

General Specifications Engine & Transmission Specifications
WEIGHT IMKG DIFFERENTIAL MIA,
GROUND 116MM FINAL DRIVE SOLID REAR AXLE
CLEARANCE
CLUTCH CVT(CONSTANTLY VARIABLE TRANSMISSION) DRY CLUTCH &
WHEELBASE 1680MM VARIATOR
DIMENSIONS LENGTH = 2210MM / WIDTH = 1400MM | HEIGHT = 1438MM CVTDRIVE BELT
SEATS | BELTS ONE PIECE PADDED SPORTS SEATS [ § POINT 2” SAFETY BELTS TRANSMISSION FULLY AUTOMATIC WITH REVERSE
STEERING RACK AND PINION FUEL ! CAPACITY STANDARD 4 STROKE PETROL / 9L FUEL TANK CAPACITY
FRAME QUALITY FINISH START/COOLING  ELECTRIC STARTCDI/ LIQUID COCLED
TYRES FRONT = 18 X 7- 8/ REAR = 22 X 10 - 10 (OFF ROAD PATTERN) MAX TORQUE T8C
BRAKES INDEPENDENT BRAKING FRONT ! SINGLE CALIPER REAR / TOP SPEED | APPROX. 35-40MPH | 10BHP (AT FULL UNRESTRICTED SPEED
DRILLED DISCS POWER POWER)
WHEELS BLACK COATED STEEL RIMS - 8" FRONT & 10" REAR MODEL GY8 (ORIGINALLY DEVELCPED BY HONDA FOR THEIR
MOTORCYCLES)
SUSPENSION INDEPENDENT DOUBLE WISHEONE FRONT/ SWING ARM - SOLID
AXLE REAR CARBURETOR LARGE BORE - EASY ACCESS - UPGRADED FOR EUROPEAN
CUSTOMERS
SHOCK INDEPENDENT SHOCKS - FRONT & REAR
ABSORBERS ENGINE 149CC SINGLE CYLINDER - OVERHEAD CAMSHAFT

Figure 4: Hammerhead GTS150 Specification, (storm Buggies, 2018).

[2] Rolling resistance:

Rolling Resistance Coefficients

Conditions Rolling Resistance Coefficient
Car tires on concrete or asphalt road 0.013

Car tires on rolled gravel road 0.02

Tar macadam road 0.025

Unpaved road 0.05

Field 0.1-0.35

Truck tire on concrete or asphalt road 0.006-0.01

Wheel on iron rail 0.001-0.002

Figure 5: Rolling resistance figures for different surfaces, (Ehsani, Mehrdad, et al, 2018).
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[3] Power Formula in kilowatts:

power and velocity

power = force Xvelocity | power
power
Jorce = ——— force
velocity
. power .
VQIOCIfy T ——— \relocJty
Jorce

Figure 6: Power Equations and Formula, (J. Raymond, 2018).
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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

PAGE 6

Comment 1

coefficient of rolling resistance.



PAGE 7

PAGE 8

Comment 2

Steep uphill and gentle down hill..

PAGE 9

Comment 3

Your spread sheet values are not the same as these? 23 degs up. why is this?

PAGE 10

PAGE 11

Comment 4

These acceleration values are vey modest. Why did you choose to accelerate at such low
values?

Comment 5

Thee forces are very low due to low accelerations

PAGE 12

Comment 6

These values are very high due to the steep slope upwards. It is unlikely that there is sufficient
tractive grip for these forces. Generally the speed would reduce as the vehicle climbs. This has
created un naturally high force and power values.

Comment 7

see above notes

Comment 8

This peak power is too high due to unrealistic expectations to climb the slope.

Comment 9

The average power is low due to the light weight, modest acceleration values and medium rolling
resistances.



PAGE 13

®

PAGE 14

Comment 10

Generally a good piece of work. Before the next part of the assignment you should reduce the
climbing forces and perhaps review accel levels.

PAGE 15

PAGE 16




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

() 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
) 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

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

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  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.

0) 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

0) 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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