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Introduction

This report will investigate the operation of hybrid electric systems and how their operation.
A duty cycle for an off-road buggy will be used to specify each power requirement to travel
around a track. From these power requirements, a series hybrid system will be specified
including final drive, motor and controller, battery cell, power usage controller, generator

and internal combustion engine plus a costing for each item.

Series Hybrid Systems

Vehicles fitted with internal combustion engines (ICE) provide good performance and offer a
long operation life with a long operation range, this is done using petroleum fuels. An ICE
vehicle has a major disadvantage of poor fuel economy and emitting pollution to the
atmosphere, this is due to many to their engine efficiency which is mismatched with the
operational requirements and the dissipation of vehicle kinetic energy during braking.
Battery electric-powered vehicles (EV) offer advantages over ICE vehicles including high
efficiency and zero pollution, however, the operation range of the battery per charge is
much lower than an ICE vehicle. Hybrid electric vehicles (HEV) us two power sources this is
to utilize the advantages of ICE and EV, with the reduced emission and increased efficiency
from the EV system and the long operation range from the ICE system. The architecture of a
hybrid system defines the connection between the power sources, components and energy
flow routes. HEV is split into two types series and parallel. However due to the development
of the HEV system, there can now be four classification of systems with series-parallel
hybrid, and complex hybrid now being used however these two systems are less commonly
used. (Ehsani, et al., 2005) (Mi & Masrur, 2018)
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Why is there a need for Hybrid Vehicles?

Hybrid powered vehicles have increased importance due to the legislation restricting the
manufacturing of automotive vehicle emissions and the use of crude oil. Data has shown
that the discovery of oil reserves occurs slowly and difficult, however, the consumption
shows a high growth rate. The transport sector is the primary user pf petroleum, consuming
49% of the oil used in the world. Improving the fuel economy of automotive vehicles has a
key impact on oil supply and the amount of emissions polluted into the atmosphere. Hybrid
technology has allowed for hybrid electric vehicles to become a common solution. Hybrid
vehicles use an internal combustion engine (ICE) as the main source of power, with Batteries
and a motor for producing drive power for the vehicle. This hybrid system has a much higher
operation efficiency than a vehicle just powered by an ICE, with hybrid vehicles being up to

25% more efficient. (Ehsani, et al., 2005) (Roos, 2010) (Mi & Masrur, 2018)
Parallel Hybrid Electric System

A parallel hybrid system uses a mechanical drive from the ICE directly to the wheels via a
gearbox. The electric motor is attached mechanically to the gearbox of the vehicle, the
motor and the ICE are joined to provide power through the gearbox to the wheels. This
layout of the motor and ICE allows for multiple arrangements. (Ehsani, et al., 2005) (Mi &
Masrur, 2018)
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Series Hybrid Electric System

A series hybrid system consists of a drive train where two power sources are used to feed a
single power unit. The most common series hybrid uses an ICE with an electronic converter
(de/dc converter), the converter is used to charge batteries from the ICE power. With the
use of a controller, a motor can be used as either a traction motor or generator, the
generator works by recovering energy whilst the vehicle is braking. The series hybrid system
has many advantages with the engine being completely detached from the drive train
means that it can be operated at its optimum speed/torque so it can generate power within
its maximum efficiency range. This allows for better fuel consumption and less pollution
production; this cannot be achieved with a parallel hybrid electric system. Electric motors
have a very efficient torque/speed production, an electric motor also removes the need for
a gearbox to control the speed of the vehicle as this can be controlled by the motor speed.
This gives a cost and weight saving when compared to an ICE vehicle or parallel hybrid
system. Series hybrid system does have more loses than a parallel system due to the energy
from the engine being converted twice from mechanical to electrical then back to
mechanical to power the wheel, this results in bigger efficiency losses. (Ehsani, et al., 2005)

(Mi & Masrur, 2018)
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Series Hybrid System from Off-Rod Buggy

For a series hybrid version of an off-road buggy, the drivetrain needs to be considered in
detail with an internal combustion engine, generator, energy storage device, motor and
controller and a specified final drive solution. These should be calculated using the power
requirement calculated from the duty cycle for the off-road buggy and the efficiency losses

are taken into consideration.
Final Drive Solution

The system uses a chain and gear drive to connect the rear axle to the motor similar design
of motorbikes and ATVs of similar power specifications. To calculate the final drive first the

Rolling Circumference and wheel rpm must be calculated.
Rolling Circumference

cnD

((Wheel Size

> ) + Tyre Sidewall) 2w

(x engineer, 2019)
Rolling Circumference - 2.01m
Maximum Velocity — 24 m/sec

Wheel RPM Calculation

Max Velocity
(g o )x 60 = Wheel RPM
Rolling Circumference

Wheel RPM - 716

The motors peak operating rpm must be used when calculating the final drive of the buggy,

the rpm of the wheel along with the motor gives us the required final drive.
Motor RPM Peak Efficiency - 3400 RPM

Wheel RPM

m = Final Drive
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According to Sinha, a chain drive has an efficiency loss of 3%, the buggy has a peak power
requirement of 8745 W, therefore the required power for the motor can be calculated.

(Sinha, 2017)
Power Required + Percentage Ef ficiency Loss = Motor Power Requirment

8745 + (8745 x 0.03) = 900335 W

Motor & Controller

The motor needs to fulfil the requirement from the duty cycle for the off-road buggy. The
motor must be able to provide enough power to overcome all resistive forces and efficiency
losses of the system. The motor which has been selected is the HPEVS AC-20, this provides a
continuous output of 11.9 kW which is enough to power the buggies requirement from the
duty cycle, the larger size of the motor helps compensate for the efficiency losses
calculated. The motor has a larger peak power output than is required for the bug however
this would be beneficial as the use of peak power output will reduce the power in the
batteries quicker. The motor operating continuously in its continuous power range where
the efficiency losses are the smaller which means the buggy will be able to travel a greater

distance on the batteries charge. The motor specification is detailed below. (HPEVS, 2020)

* Voltage — 36v

e Current —350 Amp

s Efficiency Peak —94.3%

e NoPeak—11.6 @ 34v

¢ No Continuous —10 @ 33v

e RPM Peak—4700

e RPM Continuous — 3000

o Torgue —40.27 lbs-ft @ 0 RPM
s Motor Weight - 27.2 Kg
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The requirement for the motor was a peak power of 9003.35 W and the motor produces a

conscious 10 W which meets the requirement.

HPEVS AC-20 Imperial Peak Graph
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Figure 1- HPEVS AC-20 Power Graph (HPEVS, 2020)

The controller being used is a Curtis 12365E-6521 which has a voltage peak 48V and a
current of 600 amps. (HPEVS, 2020) The motor and controller have a combined efficiency of
89%. (Electric Motorsport, 2020)

Power Required + Percentage E fficiency Loss = Power Requirment

9003.35 + (9003.35x0.11) = 9993.7185 W

Battery Energy Storage

They require a peak voltage of 36 volts and a maximum current of 350 amps. Therefore the
GBS 3.2V 40amp LFMP40AH Single Cell has been chosen, the battery pack will consist of 12 of these
cells creatinga 38.4 v, 480 amp ensuring the battery can always supply enough power for the motor. The
specification for the battery cell is listed below. (Electric Motorsport , 2020)
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- Nominal Voltage: 3.2V

- Nominal Capacity: 40 Ah

- LiIFeMnPO4 chemistry

- Operation Voltage Range: 2.8 to 3.6V

- Weight: 1.65 kg

- Dimension: 126x46x190mm

- Max Charging Current: 3C

- Max Discharge Current: 3C (continuous) / 10C (pulsed)
- Cycle Life : >1500 (80%DOD)

- Operating Temperature: -20to 65 Cor-4to 149 F
- Charging Temperature Range: 0C to 65C

- Discharge Temperature Range: -20C to 65C

- Self Discharge Rate: <3% monthly

Power Usage Controller

A controller is required which can support the 12 cells, 38.4v and 480amp of the battery
pack. The EMUS BMS G1 Control Unit has been chosen as its specification meets the

requirements of the battery pack. The specification can be seen below. (Electric Motorsport,

2020)

BMS Type Distributed with a central control unit

Cells count 2+255
Any in 2+5V range (Lilon, LiPO, LiFePO4, ...)

Cell type prismatic cells, other custom shapes cell modules
available upon request

Battery pack voltage From 4 to 1300 V

Balancing type Dissipative

Control Unit supply voltage range 9-32V

Control Unit consumption 40 mA average

Control Unit outputs maximum drive current 0,5A

Control Unit RS232 speed 57600 bits/s 8N1

8
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Control Unit CAN speed upto 1 Mbps

Control Unit USB speed standard Full Speed

Control Unit dimensions 95 x 50 x 30 mm

Cell Module voltage range 2:5V

Cell Module consumption 0,5 mA average, 8 mA peaks
Cell module shunt resistor 2,7 Ohm 5W

Cell Module maximum balancing current 15A

Cell Module voltage measurement accuracy +/-0,01V

Cell Module temperature measurement accuracy+/- 52C

~2,3 ms per cell, allows receiving 45 cells
Cell Module communication speed
parameters information in approx. 0,1 second

Cell Module dimensions S50x30x17 mm

The efficiency of the controller is 95% this is used to calculate the power required for the

generator to produce.
Power Required + Percentage Efficiency Loss = Power Requirment

9993.72 + (9993.72 x 0.05) = 104934 W

Generator

The generator which has been chosen for the system is the Bosch Separate Motor-
Generator (SMG 280/200). This is a traction motor that converts mechanical energy to
electrical energy, the SMG charges the Battery. The specification meets the requirement of

the hybrid system for the off-road buggy the specification can be seen below. (Bosch, 2020)
240 kW Constant

410 Nm Constant

92% Efficiency

The efficiency of the Generator is 92% this is used to calculate the power required for the

ICE to produce.
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Power Required + Percentage E fficiency Loss = Power Requirment

10493.4 + (10493.4 x 0.08) = 11332.87 W
Internal Combustion Engine

The combustion engine which is required to charge the batteries has been chosen to be the
Briggs & Stratton Vanguard 627cc 21 Gross HP V-Twin. This engine produces 21 horsepower
when they require 11332.87w is converted to horsepower 15.5 HP is required for the
system. The option for ICE engines to fit the requirement is limited therefore a 21 Hp engine
has been chosen as it best fits the requirement. The specification for the engine is listed

below. (Power Equipment Direct, 2020)

Cost

The client who required a series hybrid system frothier fleet of off-road buggies requested a
costing of the components required to create a hybrid system, these can be broken down a

seen below.

Motor - $3709.01 (Electric Classic Cars, 2020)

Motor Controller - $1164.99 (Evolve Electronics, 2020)
Battery Cells - $1092 (Electric Motorsport , 2020)

Power Usage Controller - $387 (Electric Motorsport, 2020)
Generator - $2500 (Estimate)

Internal Combustion Engine - $1788.99 (Power Equipment Direct, 2020)
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Conclusion

The duty cycle which was created for the off-road buggy has allowed for an accurate series
hybrid system to be calculated with a specification being created which could be used for
implementation on off-road buggies for the duty cycle specified. The top speed from the
duty cycle allowed for an accurate final drive to be specified. The maximum power required
allowed each component of the series hybrid system to be specified accurately, the
efficiency of each component meant that any losses could be accounted for and this means
components have accurate power output requirements. Costing has been created for all the
components for the system, along with the power requirements this report can be used as a

complete specification to convert the buggies to a series hybrid system.
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Series Hybrid Venhicle Part B

GRADEMARK REPORT

FINAL GRADE

65/100

GENERAL COMMENTS

Instructor

Hello Toby. | hope that you enjoyed the challenge of
the assignment. The spread sheet needs reviewing.
You had selected a powerful buggy. However the
power requirements are modest and sensible. Please
check calcs for tractive force (esp gradient) and power
requirements. You did not consider motor torque to
produce tractive effort. Therefore your final drive ration
is rather low. Where is the graph of energy flow in and
out of the battery pack. Please have a look at the
comments embedded within the text. If you have any
questions or require clarification please email me.
Thank you. Mk (Mark Sandford)

PAGE 1
PAGE 2
QM Numbering
Please use report style numbering. Such as :
2.0 Methodology
2.1 Test equipment
2.2 Test set-up
2.3 Test procedure
3.0 Results
It helps the reader to navigate through the report.
PAGE 3

@ Comment1

Perhaps a simple diagram would have explained the series and parallel layouts.



PAGE 4

PAGE 5

PAGE 6

PAGE 7

PAGE 8

Comment 2
Why have you selected peak efficiency at the maximum speed? Surely it would be better placed in

the mid range. Consequently you have a low final drive ratio. | hope that the motor has sufficient
torque.

Comment 3

You have huge gradient forces which must be wrong? Please check the calcs. Slopes are modest.
Also the gradient force when going down hill will be negative....

Comment 4

The final drive ratio must also be calculated to endure that you have sufficient torque to provide the
tractive effort required.

Comment 5

You should use the % value, not just at max power.

Comment 6

Power = force x velocity. You sread sheet does not appear to do this. the 9000 is tractive force
(incorrect see previous comment) so you need to multiply by velocity.

PAGE 9

Comment 7

What is your average power?

PAGE 10

PAGE 11

Comment 8

This sort of specification should be in the appendices.




PAGE 12

PAGE 13

PAGE 14




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%
(0)

VERY GOOD 60-69%
(©)

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%
(0)

SATISFACTORY 40-
49%
©)

GOOD 50-59%
(0)

VERY GOOD 60-69%
©)

EXCELLENT 70-79%

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 knowledge and understanding of the basic underlying concepts and principles of



(0) the subject.

EXCEPTIONAL 80- Exceptional, detailed knowledge and understanding of the basic underlying concepts and
100% 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 concepts
(0) 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 towards

49% description. Can interpret qualitative and quantitative data but with some errors. Some

(0) 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
(0) 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 and
(0) 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
(0) 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
(0) arguments using evidence and make wholly appropriate and valid judgements.
PRACTICAL 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 or no
(0) 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 but
30-39% without consideration and competence. Flawed appreciation of the context of the
(0) application. Weak evidence of different approaches to problem-solving in particular



SATISFACTORY 40-
49%
©)

GOOD 50-59%
(0)

VERY GOOD 60-69%
(©)

EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%

(©)

SKILLS PROF P

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.

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.

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%
©)

SATISFACTORY 40-
49%
©)

GOOD 50-59%
0)

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.

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



VERY GOOD 60-69%
(©)

EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%

©)

weakness.

Work is accurate, coherent, fluent, well-structured and organised. Can work 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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