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1 Introduction

In the first assignment, | have generated a duty cycle for an off road. In this report, |
will produce a series hybrid version of our new buggy products. Considering the max
power needed, the type of internal combustion engine is selected. After that,
generator, energy storage device, motor device, controller and final drive solutions

are selected. Finally, | made some recommendations and outline the costs.

2 Literature review

Increasingly ambitious standards are being set worldwide to reduce emissions of
greenhouse gasses and pollutants. Hybrids could well represent some 12% of a
European market heavily dominated by Asian carmakers. Hybrid Air is a new type of
full-hybrid powertrain that combines a petrol engine and compressed air for energy
storage instead of a battery. Low fuel consumption and a significantly reduced
environmental footprint thanks to fuel savings of 45% in city driving that translate into

a 90% increase in driving range.

Hybrid Air is an innovative combination of tested technologies with a petrol engine, a
compressed air energy storage unit, a hydraulic pump/motor unit and an automatic
transmission. The petrol power is the sole source of propulsion. Air power transmits
energy to the wheels via the accumulators with the hydraulic motor. Combined power

works together with the internal combustion engine and hydraulic motor.




Figure 1 The technical solutions for full-hybrid vehicles

The cost for hybrid vehicles is listed as follows.

Table 1 Costs and emissions of different hybrid vehicles —
Type CO2(g/km) Price(€)
Hybrid air 60 15000
Plug in Hybrid 50 36000
Full Hybrid 95 35500
Diesel& mild Hybrid 120 28000
Gasoline 120 10000

Table 1 shows the prices and the emissions of different kind of hybrid vehicles.

3 Review about first assignment

As shown in the first assignment, the maximum power is about 7.7kW. The average

power is about 2.4kW. The vehicle power on the road is shown as figure 2.
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Figure 2 Power of buggy in the first assignment

In figure 1, the blue line is average power. When the needed buggy power exceeds
the average power, the battery would charge the electric motor. When the average

power exceeds the needed buggy power, the engine would charge the battery.

4 Calculate needed power

For the buggy, the power from the engine goes along the generator; motor controller
to the electric motor. Then, the power would be transferred to gearbox and drive shaft,
which is call transmission system. Finally, the wheel could get the power and use it to
overcome the total resistance. Simultaneously, the battery could store the rest energy

atidle or low speed and power the motor when needed.

From part ‘Review’, we could know the needed power of the wheel. We need to
calculate the power needed by the device based on the mechanical efficiency of

different devices.

The overall powertrain includes wheels, transmission, electric motor, motor controller,

battery, electricity generator and engine. The generator connects to the battery and




motor controller. When the power from generator is less than the power needed by
motor, the battery discharges power to motor controller. When the power from
generator is more than the power needed by motor, the battery get charged by the

generator.

The efficiency of the transmission is about 0.85 if our buggy use manual gearbox.
From table 2 below, the efficiency of BLDC motor is about 86% when the power is
about 2.2kW. There is little energy loss in Motor controller so the efficiency is about
90%. The efficiency of generator used for converting kinetic energy into electrical

energy is about 0.75.The relationship between different systems is shown in figure 3.
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Figure 3 The final drive solution

From figure 3, how the battery works depends on the value of needed power, Then,

the power of different devices is calculated, which is shown in table 2.

Table 2 The power needed of different devices

Number Device Max power Average power Efficiency
needed needed

1 Wheel 8.56 2.67 90%

2 Transmission 10.07 3.14 85%

3 Electric motor 11.70 3.65 86%

4 Motor controller 13.01 4.06 90%

5 Battery 95%

6 Generator 17.35 541 75%
7 Engine

After calculation, | have finished this table 3, which shows the needed power of

different components.




5 Choose Fuel Cell for the buggy

As we know, liquid hydrogen fuels are dense and cheap. The recycle tank could be

used to collect the energy. If the energy storage system is gasoline, the cost is about

25 pounds. -
-

The Ballard Fuel Cells has high performance, flexible integration, climate protection
and fuel efficiency, which deliver the route flexibility, range, grade ability and easy
access for enhanced serviceability. According to the former calculation, the needed

power is about 7.7 kW.

6 Choose Electric Motor

Instead of using DC electric motor, we plan to use brushless DC (BLDC) because the
alternating current must be variable frequency and the speed/torque characteristics
are very similar to the ordinary “with brushes” DC motor. One of the problems of this
system is that the device is very unsteady. The BLDC motors need a strong
permanent magnet for the rotor. From Electric Vehicle Technology, we could know the
minimum efficiency of four-pole, a three-phase induction motor, which is shown as

table1.

Table 3 The minimum efficiency of the motor in different power

Power(kW) Minimum efficiency (%)
1.1 83.8
2.2 86.4
4 88.3
7.5 901
15 91.8
30 93.2
55 96.2
90 95.0

From this figure, we could know that with the increase of power, minimum efficiency of

the BLDC motor increases as well.
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Figure 4 Efficiency map for a 30kW BLDC motor

From figure 5, the map shows the efficiency for BLDC motor. The maximum efficiency
is 94%, but this efficiency is only obtained for a fairly narrow range of condition. It is
better for the motor to operate at well below 90% efficiency. And, the efficiency of the

BLDC motors and SRMs is likely to be 1 or 2% higher than for an induction motor,

since there is less loss in the rotor.
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Figure 5 The specific power of different types of electric motors at different powers.




All in all, higher power leads to higher efficiency. Higher speed leads to higher power
density. The more efficient motor types, switched reluctance and BLDC, have higher

power density than the induction motor.

A electric machine could not only convert electrical energy into mechanical energy,
but also convert mechanical energy to electrical energy. But there are always losses

during the conversion. Therefore, the efficiency should be taken into account

Finally, YASA-750 electric motor is selected, the peak torque and continuous torque
of which is 790Nm and 400Nm. The peak power at 400 V,. and 700 V. is 100 kW

and 200 kW. It could rotate to the speed of 3250 rpm at most. The weight is about

33kg.

7 Choose Motor Controller

As the name suggests, the motor controller is used for controlling the torque, speed of

vehicle motors, especially for electric motors.

The 1266 controllers from Curtis Company are selected to use in this report. It could
offer smooth, silent, cost effective control of motor speed and torque. The input speed

sensor allows superior closed-loop control for regulating vehicle speed.
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Figure 6 Standard wiring configuration for Curtis 1266 controller

The 1266 controllers allow the users to customize the vehicle’s performance
characteristics, which would fit the needs of individual vehicles or vehicle operators.
For example, in part of ‘Speed Parameters’, the forward speed could be adjustable
from 4.0 to 40.0 with units of km/h or mph. The reverse speed could be adjustable
from 4 to 16 with units of km/h or mph. To calculate velocity, the users need to input
tire diameter with units of inches or cm. Meanwhile, the percentage of throttle is also

programmable. The throttle map for controller is shown as follows:
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Figure 7 Throttle input

Controller output begins when the throttle is moved beyond 0%. Not only current limit
parameters but also brake mapping parameters could be reprogrammed. As we know,
if the needed power is more than supplied power, the battery would output the power.
If the needed power is less than supplied power, the battery would input the power. In

this way, more energy could be saved.
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Figure 8 Brake map structure

From figure5, we could see how the current change with vehicle speed.




8 Choose generator

From calculations in part 4, the generator here should have the output of 18kW at

least. Panda Vehicle Generators - PVMV-N is selected in this report.

9 Calculation for Capacity and choose battery

PAGM120-12 battery is selected in this report, which is 12V and 120Ah.
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Figure 9 Relationship between charging voltage and temperature

The negative value of the power could be ignored. Then we could calculate the

changes of the battery. If the battery have 40% power of capacity and the engine

supply energy at the average power. Then, the energy of the battery could be

calculated and plotted. As the battery choice below, the capacity of RA12-120S

battery is about 110Ah at 1.8V per cell, which means 712.8 kJ. 40% of the capacity is

about 285.1 kJ.

B 13




Energy of the battery
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Figure 10 Energy of the battery

From figure2, the maximum capacity is about 285 kJ, and the minimum capacity is

about 226 kJ. The capacity range is about 59 kJ.

10 Suggestions

In my opinion, for hybrid vehicles, we couldn’t use hybrid as fuel only. We could
combine hybrid energy and gasoline together. Therefore, we could have less
emissions and prices. We should check our tyre pressures — dig out your owner's
manual, and do a weekly check to ensure that our tyres are correctly inflated in line
with Toyota's recommendation. Maybe we could remove unused roof racks, boxes

and bike racks.
11 Reference
[1] Instruction manual for MODEL 126 MOTOR CONTROLLER.

[2] Instruction manual for PAGM120-12 battery.

[3] Instruction manual for Panda Vehicle Generators - PVYMV-N.




[4] Instruction manual for YASA-750 electric motor.
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GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

Instructor

Hello Zhaocong. The first section of the report is
fine, please see inserted comments. However the
components that you have selected are generally
too large and not compatible with each other.
Components specifications should be included in an
appendices. If you have any questions or require

/1 OO clarification don't hesitate to contact me.

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

Comment 1
This maybe interesting but it is not relevant as you were asked to develop a series hybrid
solution.

Comment 2
It would help the reader if you included graphs of velocity against tine and force against time.

PAGE 7

Comment 3
Are you selecting an ICE and generator to provide the average power required, or have you
selected a fuel cell instead?

Comment 4

Thoughtful and well laid out table.

Comment 5



PAGE 8

Is this the power needed from the hydrogen?

Comment 6
Is this an ICE generator set?

PAGE 9

Comment 7
If you have a fuel cell it should be sized to make the average power required.

Comment 8
What voltage is being provided by the fuel cell?

Comment 9

Where is the specification for the transmission? Why is it so inefficient? You should reference
the values.

PAGE 10

PAGE 11

Comment 10

The selection of BLDC is fine. However your motor has 200kw capacity and you need 8kw? A
large mismatch.

PAGE 12

Comment 11

It appears that this controller is for a brushed dc motor of 48v and not suitable for the Yasa
motor.

PAGE 13

Comment 12

Why have you selected such a larger generator? The average power requirement is only a few
kw.

Comment 13

What are the power flows into and out of the battery. Does it have sufficient capability to
absorbe and provide the power requirements?



, Comment 14

This is one 12v battery and is not matched to the controller and motor?

PAGE 14

, Comment 15

This is a most unusual paragraph and appears to have no relevance to the assignment?

PAGE 15




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

) 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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