Series Hybrid Part B

by Josh William Youngs

Submission date: 01-Apr-2019 07:13AM (UTC+0100)

Submission ID: 103754797

File name: 4769_Josh_William_Youngs_Series_Hybrid_Part B 165199 2123974232.docx (1.7M)
Word count: 1039

Character count: 7051



University of Wales Trinity Saint David
School of Engineering

Series Hybrid Assignment Part B

% PRIFYSGOL CYMRU
Y Drindod Dewi Sant

UNIVERSITY OF WALES

% Trinity Saint David

Written by: Josh William Youngs

Student Number: P146500

BSc Motorsport & Automotive Engineering
2018

Electric and Hybrid Propulsion Control (M3X8668)




Contents

1 OINErOAUCHION oisacssessessessmmsansssssessesssnssessssssessassasss
2.0 Required Technology .........
2.1 MOOT SCIECHION . covervsssesssssissssssssessosssrsrissssssiss
2. 2Motor COMTRAIIEr.: sisssssssssisssisismississsississsisiisi
2.8 kVA Portable Petrol Generator.....................
2:3 THANSTOTIMEN saxsessesssmssessasssssssscsssessesssssssssessizss
2.4 Purchase Cost.......c.cccunmmmnnnmmimimimiinn
SGS 2.8 kVVA Portable Petrol Generator-..............

BIDICONEIISIONss555s00858s0088ss85585505is005530000 5000530004

4,0 RefErenCeS ..vvvvvveeviieeciieene e

© W L WKW N N U A W




1.0Introduction

This report is a following document from previous advice that was provided for a corporate
entertainment company. Following up from the previous report, the implementation of converting a
conventional internal combustion recreational buggy will be carried out. The conversion will involve
a drive replacement with a hybrid system. This system will need to include considerations for:

e Generator Unit

¢ Energy Storage

e System Controller
* Electric Motor

*  Final Drive Solution

One of the limiting factors which will need to be considered is the budget. The components used in
order to create the hybrid system will need selected with full costing considered. Converting the
buggy to one that isn’t fully electric could prove to be costly.




2.0 Required Technology
In this part of the report, the components for a new series hybrid will be discussed. To effectively
estimate the correct component parts to choose, first some calculations must be made using the
existing internal combustion engine.

Final Drive Estimation

From the previous duty cycle spreadsheet, the internal combustion engine needed 10.616Kw to
overcome a maximum resistance of 1271.11N of force. To effectively replace the internal
combustion engine, 2 factors need to be discovered:

¢  Maximum RPM (At wheels)
Diameter of wheel : 10 Inches (0.254m) (storm Buggies 2019)
Radius of wheel =0.127m
Wheel Circumference = 0.79756
RPS = Maximum Velocity/Circumference = 11.18/0.79756
RPM = RP5*60 = 841.1070431
Motor RPM = RPM*10= 8411.070431

¢ Torque Output
Max Resistant Force * Tyre Radius = 0.127*1271.11 = 162.24885
Motor Torgue Output = Final Drive / Max Toque = 9/162.24885 = 18.02765Nm




2.1 Motor Selection
Emrax 208

Cooling Air Cooled
Weight 9.1kg

Max Voltage (vDc) 125

Max RPM 6000

Peak Power at max RPM 65KW
Continuous Power Up to 40W
Max current 800 Arms
Continuous current 400 Arms
Max Torgue 140Nm
Continuous Torque 80Nm
Torque / motor current 0.15Nm / 1Aph rms
Motor efficiency Up to 98%
Controller / motor signal Sine wave

Table 1 — Table for Emrax 208 specs (Emrax.com 2019)




2.2Motor Controller

The chosen controller is the Sine-Wave BLDC Motor controller VEC700. This
controller shg&Fbe more than able of providing the motor (sine wave) the
correct signal format. It's a very tactile system, and different throttle types can
be programmed into it. This could be good for the company if they intended to
make a buggy for a disabled person. A hand cable throttle could be input

Its specifications are as follows.

Voltage Range 48V, 72V, 96v

Rated continuous current 400 A

Peak current 700 A

Weight 6.5KG

Signal type Sine Wave

Fully Programable Yes, via P1400I-Vec Cable
Efficiency >98%

Table 2 - VEC700 controller specifications. (Green Energy, 2018)

Battery and Battery Management

BS 48V 60Ah Li-lon Battery Pack with EMUS BMS and

Charger
o
- Nominal Voltage: 12.8V (4X 3.2 V)
- Nominal Capacity: 60 Ah
- LiIFeMnPO4 chemistry
- Operation Voltage Range: 11.2 to 14.4V
- Weight: 9.2 kg or 20.3 lbs
- Dimension: 125X280X180 mm or 4.9X11X7.1in
- Max Charging Current: 3C

48V ;..

o\oktr{;motus

- Max Discharge Current: 3C (continuous) / 10C (pulsed)

- Cycle Life : >1500 (80%DOD)

- Operating Temperature: -20to 65 Cor -4 to 149 F

- Self Discharge Rate: <3% monthly

The battery unit is 4 3.2 Lithium lon batteris making a nomincal votlage of
12.8V. The batteries come with a battery management control unit. Voltage
and current balancing are capable functions of the control unit.

Generator




2.8 kVA Portable Petrol Generator

T

uagh Stued Frams Powarfid
With Grsh Handlen i Pl Start

Product Weight 45kg

Warranty 2 Year Warranty
Brand SGS

Max Qutput (Watts) 2,000 - 3,000

DC Output 12V / 8.3A

Engine Type 4-Stroke Engine
Engine RPM 3000 RPM

Engine HP 55 HP

Tank Size 15 Litres

Run Time 8 Hours @ 50% Load
Power Phase Single Phase

Output Sockets 115V 16A, 230V 16A
Sound Level @ 7Tm 65 dB

Dimensions L600 x W455 x H465

(Specifications from Sgs-engingeering.com)

2.3 Transformer

The Selected generator has a 115V output. In order to make this compatible with the battery
management system, a transformer is needed, this will make the output voltage compatible with the
battery controller. A EICON PFC2500 2.5KW transformer charger can be used to be plugged directly

into the generators output. To make sure that the battery stays 100% charged, and to also ensure of
ﬁ 13

no overcharging, there is an automatic cut off.




Efficiency >93%
Continuous output 2000w
Input voltage 110v AC
Output Voltage 36-288VDC
Waterproof and Shockproof Yes

Can Connection for BMS systems YES

Table 5 — Transformer specification. (Electricmotorsport.com, 2019)

2.4 Purchase Cost

Total

Motor - Emrax 208 £2260.00

Sine-Wave BLDC Motor | £989.95

Controller VEC700

BS 48V 60Ah Li-lon Battery | £2450.00

Pack with EMUS BMS and

EMUS Battery *Included

management system

ECLON PFC2500 2.5 KW | £735.00

transformer charger

SGS 2.8 kVA Portable £160.00

Petrol Generator = i
6594.92




3.0 Conclusion

When looking into the price of all the components, without labour the cost of the project is quite
high. The reason large component have been chosen, is to offset the increased weight on the
vehicle.

Essentially, the carbon footprint of the buggies has been reduced, but the internal combustion
engine has been replaced with another. But the new generator only generates power, is a much
more efficient power unit that the previous internal combustion engine.

The project could be accomplished, but the owner of the recreational business may want to look
into fully electric versions. Electric buggies could be charged more than one at a time, where as the
hybrids can only charge themselves.
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Series Hybrid Part B

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

Instructor

Hello Josh. Your development of the original spread
sheet is minimal. The way you have calculated

the power flow and ineffcicncies is questionable. As
controller out and motor in should be the same
value. Graphs are not present and component
justification is poor. Not putting tyres on the rims is

strange. If you have any questions or require
/1 OO clarification don't hesitate to contact me.

PAGE 1

PAGE 2

PAGE 3

@ Comment1

Budget is not nessessarily a limiting factor.

PAGE 4

@ Comment2

The rim size is 10 inch.

You have not allowed for the tyres. The rolling radius will be considerably more the 127 mm. So
your torque goes up and the speed goes down.

@ Comment3

You should include graphs of velocity against time, force against time and power against time.

@ Comment4

You should include a compare and contrast section of alternatice motor and controller
technologies.

PAGE 5

@ Comments

Max power is about 11kw at the wheels. Yet your selected motor has 65kw capability...



PAGE 6

Comment 6
detailed component specifications should be in the appendices.

Comment 7
What voltage are you considerubf running the motor at ?

PAGE 7

Comment 8

Should be capable or is capable. This controller does not appear to be one that was suggested
by Emrax in there recommendations.

Comment 9
Is the 12v or 48V ?

Comment 10

Where is the graph of joules flowing in and out of the battery? | see some numbers in the
spread sheet. It should be in your report.

Comment 11
Can this pack take in the 5kw required?

PAGE 8

Comment 12

This genset has a suitable poer output. However it is at AC mains voltage. How are you
proposing to convert that to the 48v? that you need?

Comment 13
This 2.5kw unit is too small to support your 5kw (ish) average power requirement.

PAGE 9

Comment 14
That's a cheap genset!




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
(0) 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
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

) 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.

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

) 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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