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1. Introduction

The objective for this assignment is to theoretically construct a series-hybrid version of the
Hammerhead GTS150 off-road buggy. | will be researching for alternative series hybrid
technologies for the buggy and will justify why each component could benefit the buggy in
terms of efficiency and fuel economy. Through Microsoft Excel, | will calculate the specific
torque output and power output from the buggy as if a hybrid system were installed.

2. Literature Review

(2.1.)

The Hammerhead GTS150 MY 18 buggy currently uses a 149 cc single-cylinder engine (Storm
Buggies, 2019). | have decided to implement a 125 cc single-cylinder engine from a separate
buggy for this assignment. According to the website, the buggy can produce 5.3kW at
8500500 rpm at its maximum power (Shanghai Rongyao Vehicle Co., 2019).

I have chosen this engine be although it will produce less power due to its smaller
displacement, the chosen electric motor will be able to produce additional power that will
combine with the power from the 125 cc engine to produce a decent power figure. Also, the
buggy will experience higher miles-per-gallon results because of the lesser requirement of
fuel. The buggy can be found at:

http://www.fourwheel-atv.com/sale-10634447-single-cylinder-cvt-transmission-go-kart-
buggy-2-seat-125cc-go-kart.html

(2.2)

The electric motor is a critical component for propulsion, so | need to consider how much
power is necessary for my hybrid system. With the current specifications in mind, | have
chosen a 12 kW motor =2 B hybrid system. Specifically, the ‘AC9 Kit" motor from the
Electric Motorsport Inc. website. The primary reason for my choice is the motor’s power
output. | believe that | will have a sufficient amount of power to propel the buggy, if
combined with the power from the 125 cc engine. The specifications of the motor are
provided on the website and after inspection, | decided it would be most suitable for this
type of application. The relevant specifications are:

o Application = Golf buggy (around the same mass as the Hammerhead buggy)
o Voltage=48V

¢  Current = 650 Amps

e Maximum Power = 18 HP/13.42 kW

e Torque Output = 81 ft./lbs.

¢ Motor Efficiency = 89%

¢ Maximum RPM = 7500 RPM

(Electric Motorsport, 2019)




I will be using these specifications, especially the efficiency, to calculate the torque and
power at the wheels of the buggy. The motor controller is also available from the webpage,
specifying a range of different controllers to suit the motor’s purpose. | chose the 'Curtis
1236E-5621 (48V 550A)’ controller from the drop-down box. In synchronisation with the
motor, both compaonents will be able to produce a sufficient amount of power for the
Hammerhead buggy. | researched this particular controller and found the specifications for
it on a different website. The specifications most critical for this assignment are:

* Rated power =20 kW (27 HP)
3
¢  Maximum Efficiency = 92%

(EV West, 2019)

The motor and controller can be found at:

https://www.electricmotorsport.com/ac-9-kit.html

https://www.evwest.com/catalog/product_info.php?products_id=349

(2.3)

The energy that will be recovered from hybrid-electric system can be stored through the use
of a battery. The battery will be able to provide the necessary amount of energy when
required and will be able to recharge while the buggy is in motion. Essentially, | need a
battery that will be able to provide enough voltage to power the motor and enough capacity
to recover and store a sufficient amount of energy.

| have chosen a ‘Powerbrick+ 48V — 61Ah — 3.12kWh Lithium lon Battery Pack’ for my hybrid
system, as it will be able to store a suitable amount of electrical energy and provide enough
voltage to sufficiently power the electrical motor. The company that supplies the battery
have displayed the specifications on their website:

+ Nominal Voltage =51.2V
e Stored Energy = 3.12 kWh
e Continuous Discharge Current = 80 A (4.1 kW)
* Maximum Discharge Current (< 30s) = 120 A (6.1 kW)
* Maximum Continuous Charge Current = 60 A (3.05 kW)
* Weight=31.6 Kg
(PowerTech Systems, 2019)

| opted not to use multiple batteries for this assignment as | need to take the characteristics
of the buggy into consideration. Although the battery | have chosen is considerably heavy, |
do not want to add unnecessary weight to the buggy by using multiple batteries and | have

limited space to install them. The battery can be found at:

https://www.powertechsystems.eu/home/products/48v-lithium-ion-battery-pack/61ah-
48v-lithium-ion-battery-pack-powerbrick/




(2.4.)

The purpose of an EV generator is to recharge the energy storage device and extend the
driving-range of the vehicle while in motion. Throughout my research, | struggled to find an
EV generator within my power range, the smallest producing a power output of 80 kW,
which is too powerful for my hybrid system (Magtec, 2019). An alternator from a
conventional petrol/diesel powered car uses the same principle as an EV generator,
redirecting energy back into the battery for storage.

| decided to use a 48V 100A alternator from Aurora Generators, simply because | could not
find an EV generator that will be suitable for my setup. My chosen alternator will be able to
produce up to 4.8 kW of power, which is favourable for my chosen setup (Aurora
Generators, 2019). The webpage that displays the alternator does not specify its efficiency,
so | researched for the average efficiency percentage of an alternator and from my findings,
decided to use the efficiency value of 80% for this component (Wikipedia, 2018). The
alternator can be found at:

https://www.auroragenerators.com/products/48-volt-generator

(2.5.)

| have chosen to implement the 1-speed CVT transmission setup that is installed to the 125
cc buggy in section 2.1. However, | will need to change the gear ratio of the transmission in
order to provide the optimum amount of torque at the wheels. | decided to choose a ‘9:1’
gear ratio for the transmission, as this will allow the buggy to produce a sufficient torque
output at the wheels that is relievedly close to the torque output of the motor, thus
increasing the overall efficiency of the system. The gear ratio has been inserted into my
spreadsheet in Microsoft Excel as it will be needed to calculate the torque output of the
hybrid system.




3. Analysis

Through the use of Microsoft Excel, | was able to calculate the torque output and power
output of the buggy with the installation of the series-hybrid system. The spreadsheet data
that | calculated for the first assignment was often referenced to obtain crucial information
for my calculations, such as the maximum ‘total resistive forces’ and maximum power
figures. The efficiencies were used to calculate the battery power outputs, so they are also
displayed within the spreadsheet.

Once the power output figures were calculated, | was able to create two data sets; ‘average

power for duty cycle’ and ‘cumulative power’. This allowed me to display the power that will
be produced by the series-hybrid Hammerhead buggy at each second of the demonstration.
In addition to this, | created a duty cycle graph of each data set to display the data in a more
suitable format.

(3.1)
* Tyre Radius=0.127 m

Wheel Size = 10 inches (Storm Buggies, 2019) =20

10 inches = 0.254 m

0.254m+2=0.127m
* Maximum Torque = Maximum Total Resistive Force x Tyre Radius
+ Torque at Motor = Final Drive at Wheels + Maximum Torque

¢ Wheel Circumference = Tyre Radius x (2xPlI)

¢ Wheel Speed (RPS) = Velocity of Maximum Total Resistive Forces x Wheel
Circumference

* Wheel Speed (RPM) = Wheel Speed (RPS) x 60
+ Motor Speed at Maximum Torque = Wheel Speed (RPM) x 10

BEEEEEERYEEE
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Image 1 - Torque Output Calculations (Prewett, 2019)
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(3.2)

Component Power using Efficiency Values

Average Power (With/Without -VE) = ‘=AVERAGE’ Function
Generator Power = Generator Efficiency x Maximum Power
Controller Power = Controller Efficiency x Generator Power
Motor Power = Motor Efficiency x Controller Power

System Power Calculations

Motor Power = Total Average Power (Without -VE) + Final Drive Efficiency
Controller Power = Motor Efficiency + Motor Power (Efficiency Value)
Generator Power = Controller Efficiency + Controller Power (Efficiency Value)
ICE Power = Generator Efficiency + Generator Power (Efficiency Value)

Battery Output Calculations using Maximum Power Values

Motor Power = Final Drive Efficiency + Maximum Power
Controller Power = Motor Efficiency + Motor Power (Battery Output)

Generator Power = Controller Efficiency + Controller Power (Battery Output)

Battery Power = Generator Power (System Power) — Generator Power (Battery
Output)

Iy
:
£
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Image 2 — Power Output Calculations (Prewett, 2019)




(3.3.)

The ‘average power for duty cycle’ data set was calculated by subtracting the ‘total average
power (without -VE)’ value by the maximum power figure that the buggy was producing
each second of the demonstration. The ‘total average power (with -VE)' value was used in
this equation when the maximum power figure reached below 0. The graph below shows

he:
e

Average Power for Duty Cycle/Time Graph
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Figure 1— Average Power for Duty Cycle/Time Graph (Prewett, 2019)

The ‘cumulative power’ data set was calculated by using the ‘average power for duty cycle’
values. After inspection of the results, there are numerous points throughout the data set
where the power figure drops below 0. This severe loss of power is considered as ‘wasted’
power. It is extremely beneficial for my series-hybrid system, as this is when the system will
be able to recover the ‘wasted’ energy back into the battery for storage, increasing the
driving-range of the buggy and ultimately increasing its overall efficiency. According to my
results, the series-hybrid system will be able to recover a decent amount of ‘wasted’ energy
as the buggy increases its velocity on a gradient and when it reaches its top speed. Both
instances require a full-throttle response from the driver as the maximum power of the
buggy is required. The standard Hammerhead buggy will see an increase in fuel
consumption during this time, while the series-hybrid version of the buggy will be ahle to
use the 125 cc engine in synchronisation with the electric motor, thus decreasing the fuel
consumption. This justifies why a series-hybrid version of the Hammerhead buggy will be
beneficial for its fuel consumption.

The graph can be seen below, clearly displaying the frequent phases of energy regeneration.
It is evidence that a series-hybrid system can enhance the buggy’s efficiency through the use
of energy recovery:




Cumulative Power/Time Graph
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Figure 2 = Cumulative Power/Time Graph (Prewett, 2019)
(3.4,

It is important that | consider the overall cost of the hybrid-system. There is no theoretical
budget for this assignment, but | need to be aware of the cost of each component as | will
be assigned a set budget in a real-life scenario. Conveniently, nearly each website | have
used to obtain information about my chosen components have also displayed the

purchasing cost. The cost of each component can be seen below, converted from USD to
Pound Sterling:

e Motor = £1,067.92 (Electric Motorsport, 2019)

e Controller = £834.10 (EV West, 2019)

e Generator =£1,149.19 (Aurora Generators, 2019)
* Total Cost = £3,051.21

Unfortunately, | was unable to retrieve the cost of the ‘Powerbrick+ Lithium lon Battery
Pack’ as | could not find any resources online. | also could not retrieve the cost of 125 cc ICE
and CVT transmission from the buggy, as the buggy is sold completely assembled.




4. Conclusion

Through this report, | have demonstrated how a series-hybrid system will be able to
improve the overall efficiency and fuel consumption of the Hammerhead GTS150 off-road
buggy. Through the use of calculations within Microsoft Excel, | have correctly measured the
torque output and power output of the buggy with the series-hybrid installed and have
successfully created two duty cycle graphs to display my data in a more suitable format.
Furthermore, | have demonstrated my knowledge of where the buggy will be able to utilise
the ‘wasted’ energy it produces by recovering the energy back into its storage device at
different sections of the demonstration run.

I would like to improve my knowledge of hybrid-electric systems and its components, and |
believe this assignment has helped me understand the basics of these technologies. |
struggled to calculate the power output from the hybrid system and | feel that | could
improve my knowledge in that particular area.
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Assignment 2 - Series Hybrid Assignment (Document)

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

Instructor
Hello Jamie. | hope that you had a fun and
informative time with this assignment. The
spreadsheet appears ok up to the last assignment
output. However average power and hence energy
flow in and out the storage appear to be incorrect.
The selected components do not appear to match
the values in your spread sheet. Wheel torque is low
/1 OO as you have no tyres on the rims. | like the common
timescale graphs,.

If you have any questions or require clarification
please contact me.

PAGE 1

PAGE 2

PAGE 3

PAGE 4

Comment 1
The assignment specification was to specify a series hybrid solution. What are you proposing?

Comment 2
According to your spreadsheet max power is 28kw ?

PAGE 5

Comment 3
A 20 kw controller for a 11kw motor.

Comment 4

The calculations for sizing the battery are not clear. How did you calculate the average power at
the wheels. It should be one value for the whole run. You can then calculate the cumulative
energy flow in and out the batt pack. It is not clear what you have done. You should also
consider the kw in and out. This solution does not appear to meet the requirements.




, Comment 5

A nice alternator but it does not match the requirement from your spread sheet.

PAGE 6

’ Comment 6

This is the wheel rim size not the rolling radius of the tyre!

PAGE 7

PAGE 8

’ Comment 7

Average power is the same for the whole run.

PAGE 9

’ Comment 8

The origin and meaning of this data is not clear.

PAGE 10

’ Comment 9

What are the issues with trying to recover energy?



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.

)

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
0) 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
) 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

0) 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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