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1.0 Introduction:

When compared to ICE-powered vehicles, Hybrid vehicles can potentially offer many advantages in
terms of both substantial fuel saving and reduced overall emissions from (F. Crescimbini, et al, 2005).
The corporate company is looking to increase the efficiency of their vehicle by implementing the
hybridisation technologies introduced to them from the findings of the duty cycle carried out in
phase one. Due to the high demand for corporate companies to make a conscious effort to be more
environmentally friendly, this report will highlight and evaluate hybrid technology and the
components required to implement the technology in the company’s vehicle.

This will be achieved using the data processed from the duty cycle and analysis from the first report,
using the specifications for each component calculated from the resistive forces, Maximum power
output at the wheels and the average power at the wheels. Coupled with the efficiencies of the
system components, the company can get an insight in what is required to fully hybridise their
vehicles in terms of technology required and costs that are involved with the processes.




2.0 Literature review

2.1- Generator Technology:

Hybrid vehicle drivetrains, an electric generator is used to produce the entire or a given percentage
of traction power using a couple to the internal combustion engine of the vehicle. Adapted from (F.
Crescimbini, et al, 2005). With the implementation of a generator within the system, the engine can
be considered to have a lower power rating, with the possibility to configure the Internal
combustion engine within the system to operate in a narrow speed range. This would allow the
engine to run closer to its optimum, most efficient Brake specific fuel consumption figure.

Upon evaluation, a generator system that uses a coupling to the internal combustion engine is the
best viable option due to the credentials required.

2.2- Energy Storage System:

When comparing the different battery technologies available for a hybrid vehicle, one technology
stood out from the rest. Lithium battery technology has twice the energy density of a standard
nickel-cadmium battery. Meaning there is higher potential for higher energy densities
(Batteryuniversity, 2019). A lithium battery is low maintenance and requires no scheduled cycling, in
addition to this there is less self-discharge when compared to other battery technologies.

Despite these advantages, there are some draw backs. For the application in this report, precautions
will need to be taken to protect the battery technology, the batteries used will require built In peak
voltage protection when charging, and low voltage discharge values. In addition, the temperature of
the batteries will need to be monitored externally to prevent damage from overheating. Adapted
from (Batteryuniversity.com).

2.3 Motor System:

The proposed Motor is that of the DLC-20 Brushless motor by electricmotosport.com. The DLC-20
motor is a liquid cooled PMAC motor meaning it has a longer power band than other technologies
available (Electrionicmotorsport.com). The specification will be analysed in this report, and
justification for its selection will be provided.

2.4 Controller System:

A Controller within a Hybrid or electric car system allows for control over the maximum current,
maximum speed, the high and low voltage cut offs, acceleration and deceleration rates, alongside
throttle adjustments to allow the responsiveness and drivability to be customised. Adapted from
(electricmotorsport.com, 2019). The selection of a suitable controller will be included in the analysis
section of this report.




3.0- Methodology:

In order to produce results for the power of each component in the hybrid system the Average
Power and the Maximum power of the buggy during the duty cycle needed to be calculated. This
was achieved using the following formula in the excel spreadsheet created.

Jr =AVERAGE(12:192)+AVERAGE(1102:1140)+AVERAGE(1151:1182)
Figure 1: Average Power for the positive values formula, (Daniel Salathiel, 2019).

The formula for average power only takes into consideration the positive ‘ve’ values for power the
buggy displays over the duration of the duty cycle.

Total Average power -ve (Kw) |Total( no-ve) Average power (Kw) |Max Power Kw
2.60 10.37 16.37

Figure 2: Average Power and maximum Power at the wheels (Kw), (Daniel Salathiel, 2019).

The results from this formula can be seen in figure 2 below. This power figure in Kilowatts is the
average power of the buggy at the wheels, this figure can be used to achieve the power figures for
the motor, controller, generator and the battery input using the efficiency percentages of the
various components that have been researched as shown in figure 3 below.

System Kw using Av. Power values
Final Drive Efficiency 0.98
Motor Efficiency 0.89
Controller Efficiency 0.97 s¥al
aenerattor Efficiency 0.95

Figure 3: Efficiencies of the various components required (%), (Daniel Salathiel, 2019).

From the researched efficiencies the average power was used to calculate the power required for
the different components. Once the efficiency for the motor was calculated using the final drive
efficiency, the new power that has been calculated is to be used for the next component using the
next efficiency as followed.

|

|T0:al Average power -ve (Kw) [Total( no -ve) Average power (Kw) [Max Power Kw |
Grass N) 2.60] 10.37] 16.37
Gravel (1]
Mud Resistance (N} Generator Power (K] 0.00

Controller Power (Kw) 0.00
[Gravity nykg Motor Pawer temp 0.00
Flat
Uphill
Downhill
[ System Kw wsing Av. Power values ] | System Power Calcaltions K e
!Flnal Drive Efficiency | 0.98] !Moto! Power |=p7ae %@;\K \\\\

Figure 4: Formula for ralfrullfaring rh'e Motor power using the average power for the buggy (Kw), (Daniel Salathiel, 2019). .




System Kw using Av. Power values | System Power Calcaltions Kw
Final Drive Efficiency | o098 Motor Power
Motor Efficiency 0.89]0.95 original Controller Power =P1E~;’L1§l
Controller Efficiency 0.97 Generator Power
Generattor Efficiency 0.95 Ice Power

Figure 5: Efficiency Excel Formula for power of each component, {Daniel Salathiel, 2013).

The same can be calculated for the battery output power using the maximum power at the wheels.

[Total Average power -ve (Kw) |Total( no -ve) Average power (Kw) | Max Power Kw ]
Grass (N) I 2.60] 10.37] 16.37|
Gravel N)
Mud Resi: (M) Genaratar Power (Kw) 0.00
Controller Power (Kw) 0.00
Gravity N/Kg Motar Power temp 0.00
Flat
Uphill
Downhill
System Kw using Av. Power values System Power Calcaltions Kw
Final Drive Efficiency 0.98 Motor Power
Mator Efficiency 0.890.95 original Controller Power
Controller Efficiency 0.97 Generator Power
Efficiency 0.95 lce Power

| Battery Out put Calculations using Max. Power Kw |
|Motcr Power [=u;‘.|’L 18 |

Figure 6: Formula for calculating power required for the motor using maximum power of the buggy to obtain battery output (Kw),
(Daniel Salathiel, 2019).

The process to obtain the battery output voltage shown below can be seen above to obtain the
powers for the component using the average power figure.

Battery Out put Calculations using Max. Power Kw
Motor Power 16.70
Controller Power 18.76
Generator Power 19.34 =5
Battery Output 7.09

Figure 7: Battery Power output figure, (Daniel Salathiel, 2019).




3.1- Calculations to obtain torque and rpm values:

The figure below shows the process to obtain the Motor torque and rpm using the formula to obtain
the torque and rpm values at the wheels, then using the final drive ration to achieve the required
figures to select a suitable motor.
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Figure 8: Excel Spreadsheet Calculations for Torque and RPM values, (Daniel Salathiel, 2019).




3.2- Average power (Kw) and Cumulative Power (Kw) for a given point

The average power for a given moment during the duty cycle can be calculated using the actual
power take away the average power that has been previously calculated. The formula for the excel
spreadsheet can be seen in the figure below.

Powoer [10W] A Powrer Far Duty Cycle in BW | Cumulstive Sower Kw
Irdhine 1 average s Dedine 1 average 5 iachine ) avetage speed Dacline 2 average speed| o

=i 968

] [ [T

& B9

Total Average power ve [(w] [rotel o ve] Average sower (K] Tutax Pawer i T8} 3

Grans ResiLance [N] 26 1037 137 L2 B2
[ " [ ]

[ Mud Resistance (N) Ganerator Power [Kw] o a4 [¥]]
Controfier Power (Kw) oo 6.14] 213

ot e tenp o 341 E
03] 213

Figure 9: Average power for the duty cycle (Kw), (Daniel Salathiel, 2019).

The cumulative power can be calculated using the following formula, where the average power for
the given second is take away from the previous cumulative power figure.

Sk




4.0- Analysis Of component selection:

4.1 Motor:
The motor for the buggy required a maximum torque of 332.97 Nm at the wheels at 150 RPM. The

DLC 20 motor selected can provide a torque of 66.59Nm with a maximum speed of 6500 Rpm. From
these calculated figures at the wheels, a final drive ratio can be selected to allow the motor to
provide the correct torque values required to match that of the original values for the duty cycle
created. The final drive ratio of 5 to 1 was selected, meaning the torque of 665.94 at the wheels will
be 73.99 Nm at the motor, at an Rpm of 3007.35.

The Power of the motor in Kw was calculated using the efficiency of the final drive, derived from the
average power at the wheels. The Motor selected was also chosen for its ability to match this
specification. The motor can provide 12 Kw constant power, and 30 Kw maximum at a range voltage
of 24 volts to 72 volts meaning it is suitable and can provide the required figures seen in the
methodology section of this report. The full specification list can be found in the appendix including
details on the liquid cooled system (electricmotorsport.com, 2019).

4.2- Controller:

The Sevcon Gen4 brushless Pm motor was selected based on the requirements for the motor and
battery for the buggy system. The controller can operate a motor between 32 and 48 volts, at 200
amps supply. Meaning the controller can operate the system effectively. It was selected also for its
packaging size and its ability to keep the cost of the system down. The controller can provide the
power correction needed for the motor and can protect the system from damage due to its
integrated hardware and software failsafe’s. The controller can be fully programmed to match the
requirements of the system (electricmotorsport.com, 2019).

4.3 Battery:

A lithium 48 volt, 200 ah battery system has been chosen to provide the electric system power. The
battery system is comprised of four 12 volt batteries in series, providing sufficient amp hours to run
the system. The battery has a built-in battery protection system and short circuit protection. The
battery has a 100% depth of discharge, meaning the battery system won’t be damaged if the battery
is completely drained, leaving a fail-safe measure. The battery also has over a 2000 cycle life, with a
capacity of 80.1% at 2000 cycles. This means the technology is adequate for the application on the
hybrid buggy proposed (Smartbattery.com, 2019).

4.4 Generator:

The generator was selected based on the calculations for power, which came to 13.22 Kw. From this
the power needed to charge the battery system needed to be considered. A Bosch FD 48-volt
alternator was selected which can be attached to the engine via a pully system. The generator can
produce 200 amps between an rpm range of 1500 to 1800 Rpm. This is ideal as the engine will be
operating above these values, and can be kept at 1500 rpm when the electric motor is in operation
to charge the battery system




5.0- Conclusion:

This report highlights the key aspects in what is required in terms of hardware to hybridise the
company’s buggy. The data that was collected from the duty cycle was processed to gather key data
to specify the requirements for each component of the system. This included the final drive, motor,
controller, generator, battery technology and the internal combustion engine.

The recommendations in this report will allow the buggy to be a fully functioning hybrid vehicle,
achieving the goal of the company to increase the vehicles efficiency and reduce its carbon foot print
for the corporate entertainment sector.
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GRADEMARK REPORT

FINAL GRADE

/100

GENERAL COMMENTS

Instructor

Hello Dan. | hope that you found the assignment
challenging and interesting. Please read the
comments boxes inserted within the text. The
calculations for average and max power are not
clear and do not appear to match up with the excel
graphs. There are similar issues with the torque and
final drive calcs. More detail for the components
selected should be in the appendices. If you have
any questions or require clarification please contact
me.

PAGE 1

PAGE 2

PAGE 3

PAGE 4

Comment 1
You could mention the BSFC graph.

PAGE 5

Comment 2

A graph or table contracting alternative technologies would help your argument.

QM

PAGE 6

Comment 3

Looking at the graph average power looks like 4.3 kw. Where did the 10kw value come from?

Comment 4

The generator is like the motor. However it is very efficient? Why?

Sp.

Spelling error




PAGE 7

Comment 5

The power from the generator should be just above the average power requirement. Not max
power.

PAGE 8

Comment 6
Your graph shows a peak of 3300N (have you changed this, 3300 N is rather high).

PAGE 9

Comment 7

Energy flow in and out of the batt pack = average power (into controller) - required power (into
controller).

Comment 8
You should produce a graph showing the energy flow into and out of the energy storage.

PAGE 10

Comment 9
Are you proposing to use two motors? Because above you state 665Nm axle torque required.

Comment 10

But the motor only has 66Nm of torque. Therefore you will require a higher final drive ratio.
Which is possible as the motor speed is low.

Comment 11
Components specifications should be included in appendices.

Comment 12
Not sure about this selection. 200 amps x 48 volts = 9.6 kw. Which is less than your 16kw peak.

Comment 13

You really need the energy flow graph to show the required storage capacity. Is the pack
capable of absorbing the average power from the generator? Can is provide the additional
power to meet the max kw into the controller?

Comment 14
More details on the alternator please. No reference was found.
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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  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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