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1-Introduction

This report will be using the calculations from the previous report on a duty cycle of an off-
road buggy and looking to turn that into a series hybrid. This will be done by using the average
power calculated as well as using the maximum power output (Kolman, 2014). , this will then
give figures that will be used to select a suitable generator, motor, controller, battery and
Internal combustion engine. The buggy will still be used to complete the same corporate
events with there being no change to the track or schedule of the day. It is vital that the
correct components are selected due to the problems that will arise with a lack of power and

not being able to complete the course (Haoran, 2012).

2-Power Calculations

The maximum power that is achieved at any point during the lap is 7.71Kw and this is achieved
when the buggy is 11 seconds into the lap and at a velocity of 13m/s whilst running on the
flat with gravel on the surface. The average power will be calculated using only positive
power, this is because there is no possible way of harnessing the negative power throughout
the course of the lap as it will require a far more advanced hybrid system that will be put into
the buggy (Kingsley, 2012). The average power will then need to be used to work out the size
of the generator, motor and battery, this wneeded as the motor will have to ensure it is
capable of delivering the average power throughout the whole map. This will also need to be
done for the maximum power as this will also need be able to deliver this at a certain point in
the lap. This will be done by in reverse order as the average power is already know this will

then result in reverse engineering the system using the efficiencies of each component.

3-Final Drive Efficiencies

The drive from the motor to the wheels will lose the full power of the motor as it will b&€Hdin
driven meaning some power is lost, it is hard to work out the total lost so a value of 95% will
be used for this meaning the power at the wheels will be 7.71kw x 1.05 giving a figure of

8.12kw going as the output from the motor.




4-Motor Selection

The motor will be required to create a force to power the wheels, this will be used in the
buggy as it allows advantages over an internal combustion engine as with fuel prices on the
rise it will reap financial gain (Rogers, 2018).

The maximum power that the motor will have to put out at any point without the efficiency’s
being calculated is 8.12Kw as this is the maximum output of the motor, this will translate to

11 horse power.

The motor | have selected is the warp 9 DC motor the specifications of which are below
(Evwest, 2019)

Motor Diameter: 9.25 Inches

Motor Case Length:16 Inches

Motor Shaft Length End to End: 20.25 Inches

Motor Type: DC

Brushes: Helwig Carbon Split Brush Design

Interpoles: No

Weight: 65 Kg (143 Ibs)

Max Voltage Input: 190

Terminal Stud Size: 1/2 Inch

Integrated Sensors: Temperature & Brush Wear

Rated Torque: 70 Lb Ft @ 72 Volts And 335 Amps (2158 RPM)

Rated Power: 32 HP @ @ 72 Volts And 335 Amps (2158 RPM)

Continuos RPM: 5,000

Max RPM: 8,000

RPM Sensor: Available

Drive End Shaft: 1 1/8 Inch With 1/4 Inch Keyway

Acc/Commutator End Shaft: 1 1/8 Inch With 1/4 Inch Keyway

Timing: Advanced
Max Efficiency: 88%

Thermal Cooling: Internal Fan

Max Temperature: 180 Degrees Celsius (356 Degrees Fahrenheit) (Normally Open 120C




Snap Switch)

Warranty Period: 1 Year

This motor is a cost-effective selection as it is priced at $2,074 which translates to £1565
(Evwest, 2019), it will also be suitable as it meets the maximum power that will be put through
it of 8.12Kw. this motor has an efficiency of 88% meaning that the motor power will be
required will need to be higher to put out 8. 12Kw (Evwest, 2019).To calculate the motor
power requirill be using the inverse of 0.88 so it will be 8.12 x 1.12 which gives a motor
power of 9.22Kw which the Warp 9 far exceeds this as it is capable of 32 HP which is 23kw.
This will mean it will be able to carry out the same lap as the petrol buggy with ease.

5- Controller Selection

Now the efficiency of the motor has been taken into place the controller can now be chosen

with a figure of 9.22kw being used as the output.

The controller | have selected is the HPEVS 1238e-6521 72V 550 Amp Controller the

specifications of which are below: (Evwest, 2019)

Max Current: 550 Amps With Liquid Cooling (2 Min. Max)
Rated Power: 28 KW (37HP)

Input Voltage: 48-80 Volts

Length: 10.82 Inch (275mm)

Width: 9.14 Inch (232mm)

Height: 3.15 Inch (80mm)

Weight: 5.45 Kg, 12 Lbs

Adjustable Max Output Voltage: 72

Switching Frequency: N/A 5110
Brake Input Overrides: Yes

Error Output Warning Indicator: Yes

Precharge Circuit: Built In

Computer Interface: Ethernet Port

Data Logging Capabilities: Yes

Tach Output: Yes 1, 2, 4, 6, 8 Pulses

Limp home Mode: Yes, Controller Will Derate To Keep Pack Above Minimal Battery Voltage




Firmware Upgradable: Yes

Internal Contactor: No

Thermal Derating: Yes, Derates After Temperature Gets Above 80 Degrees Celsius (176
Degrees Fahrenheit)

Reverse Capability: Yes

Adjustable Acceleration (Slew Rate): Yes

Idle Function: Yes, 500-1500 RPM (Modern Vehicles Idle from 600-800 RPM)
Programmable Inputs: Yes

Programmable Outputs: Yes

Terminal Stud Size: 3/8 Inch

RPM Sensor: Internal

Max Efficiency: 92%

Thermal Cooling: Yes, Chill Plate Sold Separately

Warranty Period: 1 Year

This controller is reasonably cost effective coming in at a price of $1535 which is £1157
which is one of the lowest prices on the market. It has an efficiency of 92% which when
using the inverse of 1.08 will help give the figure of the 9.22 x 1.08 to work out the power
going into the controller which gives a figure of 10.02Kw. A controller is a comparative
device that receives an input signal from a measured process variable in this case the
generator as input, compares this value with that of a predetermined control point value
(set point), and determines the appropriate amount of output signal required by the final
control element which will be the motor to provide corrective action within a control loop

(Trerice, 2019).

6-Generator Selection
The generator will require an output of 10.02 calculated from what is going into the motor.
The generator that has been chosen is the STC-15KW 3 phase 380v 50hz 1500rpm brush

15kw generator alternator dynamo with the specification below: (Ali Express, 2019).

SEE]




Model: STC-15KW

Output:15kw,/18.75kva/50hz

Voltage:380v/50hz (if you want 230v,400v,415v ect or 60hz, pls write me it!!)
R.P.M:1500rpm at 50hz

Phase:3 phase

Efficency:94%

Poles:4 pole

Bearing: double bearing

Cover: cast iron

Air breaker: without (can isntall as per your demand, USD2/unit)
AVR: without (can install as per your demand,USD7/unit)

Pulley: without (can install as per your demand,USD7/unit)
Wire:100% copper

Output:100% output

Color: peacock blue

Packing: plywood case

Gross weight: 90kg/set

Size: double bearing/65*40*55¢cm

MOQ: 1 set

The generator has an efficiency of 94% meaning that using the 10.02kw x 1.06 which results
in a generator requirement of 10.6 kw which easily met by the 15kw that the generator is

capable of (Ali Express, 2019). The generator chosen is an alternator that is commonly used
in automotive functions as it runs off the power of the engine to create electrical power for
the cars electric features, these are often run off of the engines crankshaft using a pulley

system. In the hybrid buggy, the generator will be used to power the electric motor and will
then be run using an internal combustion engine to power this. It is priced at $566/£433.92

which is a reasonable price as generators can exceed up into the thousands.




7-Internal Combustion Engine

The Internal Combustion Engine output to be able to power the generator is now known
and has to be 10.6kw, but having an engine that has this power capability may not be good
enough as at max power | the engine will be at its least efficient, this will mean the
inefficiency will cost in fuel. The engine will need to run with a power of 10.6kw whilst in an
efficient engine speed.

The engine chosen is a Garpen 30 Hp 4 stroke petrol engine, with the following

specification: (Garpen, 2019)

114
Type Air-cooled; 4-stroke; OHV; V-TWIN 999CC ENGINE
Maxmum Power Output  30HP
Ignition System Transistor magneto
Starting System Electric Start
Drive type Crankshaft drive keyway shaft 36.5mm (1-7/16 inches)

Engine Oil System Capacity 2.5Litres
Dimensions (L x W x H) 568 x 505 x 685 mm

Dry Weight 60kg

With the motors power exceeding what is required to power the generator it then means

that it will not be run at full throttle meaning less fuel is used. This is priced at £1342.




8-Final Driver Ratio

The final driver ratio will be calculated by using the torque at the wheels and the torque of
the engine. This is calculated by using the maximum force that the vehicle is under at any
point this is 1815 newton’s then multiplying this by the wheels radius in meters. This gives a
maximum torque at the wheels of 230nm this will then need to be taken into consideration

with the motors torque of 94nm this will give a final drive ratio 1:2.4.

9-Battery Selection

The battery selection will be the used using the calculations of the efficiencies from the max
power and the average power. This will then be the max power minus the average power at
the controller which gives the figure of a 4.03kw baoutput. This will be the start when
the battery is fully charged and it is vital it is not run to flat as it will cause damage to the
battery, itis also important to see when it will be drained and charged, Figure 1 below

shows the draining of the battery throughout the course of the lap.

Figure 1 - Power Changes

Power Changes

This shows the highest power going out is 7.10 kw meaning that a battery with a size of 12

kw will be more than sufficient to power the buggy.
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The battery | have chosen is the my reserve matrix 12 12kw battery storage system with the
following specification:

Country of Manufacture: Germany

Material: Lithium-lon

SKU:42.0449.0082

Weight:50Kg il

Cost:£10,002.46

10-Conclusion

The buggy will easily be able to complete the lap, with it offering an eco-friendly option to
the just petrol buggy. The calculations carried out throughout this report will show it is
possible to create a hybrid suitable for the cause for a price of £14,499. A more developed
hybrid system will look into harnessing the wasted energy that is created throughout the lap

this can be done using a KERS like system.

11




Bibliography

Ali Express, 2019. [Online]

Available at: https://www.aliexpress.com/item/STC-15KW-3-Phase-380V-50HZ-1500RP M-
Brush-15KW-
Generator/1302057540.htmI?spm=2114.search0104.3.8.225f7acek7UZSU&ws ab test=sea
rchweb0 0,searchweb201602 5 10065 10130 10068 10890 10547 319 10546 317 105
48 10696 10190 453 10084 454 10083 10618 10307 10820 10303 537 536 10902 1
0059 10884 10887 321 322 10103,searchweb201603 56,ppcSwitch 0&algo expid=e47d
094e-4b4d-43f0-99ec-c921d917378a-1&algo pvid=e47d094e-4b4d-43f0-99ec-
€921d917378a&transAbTest=ae803 5

Evwest, 2019. [Online]

Available at: https://www.evwest.com/catalog/product info.php?products id=350
Evwest, 2019. Evwest. [Online]

Available at:

https://www.evwest.com/catalog/product info.php?products id=49?0sCsid=gdauepch4f5j
3hb4urmlsSro74

Garpen, 2019. [Online]

Available at: http://www.garpen.com.au/ge30pe.html

Haoran, 2012. Advanced Hybrid Powertrains for comercial Vehicles. s.l.:s.n.

Kingsley, J., 2012. Wired. [Online]

Available at: https://www.wired.co.uk/article/lean-half-green-machine

Kolman, D., 2014. Do you understand the differences between drive cycle and duty cycle?.
[Online]

Available at: https://www.vehicleservicepros.com/vehicles/on-the-vehicle/cab-
body/article/12003317/do-you-understand-the-differences-between-drive-cycle-and-duty-
cycle

[Accessed 2018].

Rogers, J., 2018. Petrol Prices. [Online]

Available at: https://www.petrolprices.com/news/hybrid-cars-meet-fuel-economy-figures/
Trerice, 2019. [Online]

Available at: http://cpinc.com/Trerice/Control/control 43 44.pdf

12




Powertrain

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

Instructor

Hello Oliver. Unfortunately there was insufficient
discussion and justification for the component
selection. The battery sizing methodology is not
clear. If you have any questions or require
clarification don't hesitate to contact me.

/100

PAGE 1

PAGE 2

PAGE 3

Comment 1
Motor specifications etc should be put in an appendices.

PAGE 4

Comment 2

You should also have plotted force against time and power against time. T his would help you
form your discussion for component sizing and selection.

PAGE 5

Comment 3
Where is the calculation for average power at the wheels? (not including -ve values.)

Comment 4
Where did the 95% value come from. It should be referenced.

Comment 5
You were required to compare and contrast available technologies to help your selection.

Comment 6

You require about 11 horsepower, yet you have selected a 72v 32hp motor, which is rather
heavy?



@ Comment7

What is the expected average operational efficiency?

PAGE 6

@ Comments

This is the max power value into the electric motor.

@ Comment9

The controller is suitable and exceeds the requirement.

o Comment 10

You have used up much of the wordcount listing component specs, a lot of which is not
important.

PAGE 7

@ Comment11

You have specified an AC generator 380v, when your motor/controller required 72v DC ? Why?

@ Comment12

The 10 Kw is the max power requirement. The ICE and generator should be sized to produced
just over the average power requirements

@ Comment13

Looking at your power graph the average is about 4kw at the wheels. So a 5kw generator would
probably have met the requirement.

PAGE 8

PAGE 9

o Comment 14

As for the other componenets the engine is over specified.

PAGE 10

@ Comment15

You should also look at Maximum velocity and motor speed.

QM Sp.

Spelling error

@ Comment16

This is not showing the energy flow in and out of the battery.



PAGE 11

@ Comment17

The reader is confused. You have selected a 12kwh battery pack. Which is a large capacity and
is design for PV energy storage. Can it charge and discharge at the correct power levels. What
is the opersational voltage etc.

PAGE 12




RUBRIC: NEW BACHELOR'S RUBRIC 0/0

LITERATURE

0/0

Engagement with literature (including reading, referencing, academic conventions and academic honesty)

FAIL 0-29%
©)

UNSATISFACTORY
30-39%
©0)

SATISFACTORY 40-
49%
©)

GOOD 50-59%
)

VERY GOOD 60-69%
©0)

EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%

©)

K&U

Little or no evidence of reading. Views and findings unsupported and non-
authoritative. Referencing conventions largely ignored.

Poor engagement with essential reading. No evidence of wider reading. Reliance on
inappropriate sources, and/or indiscriminate use of sources. Heavily reliant on
information gained through class contact. Inconsistent and weak use of referencing.

Engagement with a limited range of mostly relevant and credible sources but with
some reliance on information gained through class contact. Some omissions and
minor errors. Referencing conventions evident though not always applied accurately
or consistently.

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.

Engagement with a wide range of literature, including sources retrieved independently.
Selection of relevant and credible sources. Generally sound referencing, with no/very
few inaccuracies or inconsistencies.

Engagement with an extensive range of relevant and credible literature. Consistently
accurate application of referencing.

Exceptional engagement with an extensive range of relevant and credible literature.
High-level referencing skills consistently applied.

0/0

Knowledge and understanding (Knowledge of the basic underlying concepts and principles of a subject.)

FAIL 0-29%
©)

UNSATISFACTORY
30-39%
©)

SATISFACTORY 40-
49%
0)

GOOD 50-59%
0)

VERY GOOD 60-69%
©)

Major gaps in knowledge and understanding of the basic underlying concepts and
principles of the subject matter. Inclusion of irrelevant material. Substantial
inaccuracies.

Gaps in knowledge of the basic underlying concepts and principles, with flawed or

superficial understanding. Some significant inaccuracies and/or irrelevant material.

Limited knowledge and understanding of the basic underlying concepts and principles
within the subject area. Some elements may be missing.

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.

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
) 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%
©0)

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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