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Synopsis

Synopsis

In Australia, the large consumption of internal ¢stion engine (ICE) vehicle
had produced large amount of pollutants and grags#hgasses. In order to reduce the
demands on using ICE vehicle, the UWA Renewablad@ngehicle team has planned
to demonstrate the viability of using renewablergnpeources for transport by building
an electric commercial car from an ICE car. The plete converted car is aimed to
register as license road vehicle. This thesis de=trthe evaluations of parts
retainability, the methodology used in the desigd aonstruction of motor mounts, as

well as performance evaluation of finished product.

The early stage of motor installation requires mrestigation and evaluation on
the parts in the engine compartment in order tatifleparticular parts retainability. All
of the evaluations were based on passenger’s cgmstfety and vehicle performance

to determine the retainability of particular parts.

In this project, a motor mounts was designed to mhdhie motor in the engine
compartment. All the motor mount designs must cohduth the Australia Design
Rules 2008 and National Code of Practice for ligighicle construction and
modification. Besides, # () ) o #EF)+ ) #')+
(")) ,° in this project. Once complete, performance evalnat

was conducted to the finished product.

The complete electric car is aimed to launch aetiek of 2008. Although the motor
mounts had been constructed and had achieved ashiagess, there is much room for

improvement of the motor mounts design for thegremfince electric car project.
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Introduction

1. Introduction

1.1 The Renewable Energy Vehicle

Most of the vehicles nowadays are completely dependn fossil fuel, which are
largely producing the greenhouse gasses by it®ooashrning combustion process. The
emission produced by internal combustion enginephagen to yield heat and pollution
to the environment. Moreover, the increasing dersand fossil fuel and other
circumstances has resulted the prise of fossil ifugkased dramatically. Hence, it is
important to develop all sorts of renewable endrephnologies to supersede internal

combustion vehicle.

The Renewable Energy Vehicle (REV) Project is orfiethe major projects
undertaken by UWA students to deal with the prolsleshvehicle pollutions and the
shortage of fossil fuel in the future. This projeds first started on July 2004 by the
inspiration of Tamagawa University Solar Car PrbjecJapan on 2003. Tamagawa
University were the first in the world to producéngbrid solar and hydrogen fuel cell
powered vehicle, which they successfully drove ssr@ustralia from Perth to Sydney
in 2003 (Dick, 2004). With the help and inspiratioihTamagawa University, the UWA
REV team was aimed to create a 2 seated with 4Iwilo@epollution hybrid solar power

system and hydrogen fuel cell vehicle.

In 2008, the REV project was relaunched again utigesupervision of Associate
Professor Thomas Braunl and Dr Kamy Chéngcontinuing the main objectives of
previous project to demonstrate the viability afarl renewable energy in transportation.
However, the idea of using the hydrogen sourceoteep the vehicle has been dropped,

as the plug-in electric car technology is moreahlé for commercial needs.

The new REV project is aimed ta build a four-wheel, five-seater electric
commuter vehicle by converting an existing internambustion engine (ICE) car -
Hyundai Getz. Although there are already many eteelxisted, most of these electric
car are unsuitable as a commuter vehicle and areesemble with the conventional
cars. The REV goal is to produce a vehicle thahggublic acceptance with its
environmental friendly features, and also compardblthe conventional vehicles in

terms of performance, convenience and style. Witis REV project, the UWA
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engineering students will be able to promote greasearch into REV and proof that

REV is a sustainable transportation for the future.

1.2Final Year Project Scope

In order to allocate appropriate tasks to studéwois particular discipline field,
the REV project has been broken into smaller imtligd tasks. In this thesis, the author
was required to design a motor mounts to mounteleetric motor in the engine
compartment. Therefore, the main aim of this thésigo design and manufacture a

simple but qualified motor mounts for an electrée.c

In order to install a new electric motor in the m@gcompartment of existing
internal combustion engine (ICE) vehicle, some gessary parts and components are
required to be removed, whilst some functional ate required to be retained.
Therefore, an investigation and evaluation hasetaddne to identify the retainability of
particular parts and components. Such evaluatia tbabe based on passenger’s

comfort, safety and vehicle performance.

When all the unnecessary parts had been removecaletric motor is needed to
be installed in the engine compartment. Since thetrec motor is considered as the
heart of an electric car, it is important to desgggualified motor mounts to attach the
electric motor tightly in the engine compartmenheTmotor mounts design must
include a coupling to engage the motor shaft wite transmission shaft. With the
coupling, the vehicle could be propelled by thecele motor. All the designs of the
motor mounts must refer tthe Australia Design Rules 2008 and National Cofle o

Practice for light vehicle construction and modition.

In addition, the author must ensure the design@bmmounts must be simple with
low fabrication cost. Besides, determinations decg best material and selecting the
most appropriate machine to build the motor moangsanother essential scope of this

project.

Finally, a performance evaluation of the motor ntsuis needed in order to

examine the successfulness of the motor mountgraesi
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2. Literature Survey

2.1 Chapter Overview

This chapter discusses the overview of renewab&ggnvehicle and some existing
electric motor mounts which available in market.viigheless, this chapter also
discusses some existing renewable energy vehidgqts which are done by other

universities or colleges.

2.2Renewable Energy Vehicle Overview

Renewable energy vehicle (REV) is the vehicle gmatered by electricity by any
plug point or powered by renewable sources. Iregdrnierms, REV can be considered
as an electric car. REV produces zero or low pioilutompared to convectional fuel
vehicle. In today technology, there are many exgstenewable energy vehicle such as

fuel cell vehicle, solar vehicle and battery electehicle.

2.2.1 Fuel Cell Vehicle

Fuel cell vehicle is an electric car powered byceieity which generated by a
chemical process using hydrogen fuel and oxygem tiee air. A fuel cell vehicle could
be driven by 100% pure hydrogen gas or hydrogdnduel. The vehicle driven by
100% pure hydrogen gas emits zero pollutant whdkiale with hydrogen-rich fuel

emits small amount of pollutants.

2.2.2 Solar Vehicle

Solar vehicle is an electric car powered by eleityriwhich generated by solar
energy. The design of solar vehicle is not pratificsuitable for daily use due to the
limited solar power input into the car. Therefom@gst current solar car were built for
racing purpose only.

2.2.3 Battery Electric Vehicle

The battery electric vehicle is powered by elettyrigvhich mainly from battery
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cells. Although electric car emits zero pollutiamdat is more energy efficient, it faces

significant challenges:

Driving Range - the average travel range for antetecar is 200km or below.
Charging Time — Average charging time for electac is 4 hour to 8 hour.
Battery Costs — The cost of the batteries for alectar are expensive.

Battery Size & Weight—-The huge battery sets is ji@ad occupy a lot of space.

Due to the shortcomings of the battery as mentiaisu/e, electric vehicles are

still unable to fully substitute internal combustiengine vehicles.

2.2.4 Plug-in Hybrid Vehicle

A hybrid vehicle cannot be considered as pure rabé&venergy vehicle or electric car
due to it powered by both petrol fuel and eledyidviost of the hybrid vehicles operate
in a charge-sustaining mode. However, a plug-irridylehicle which its batteries can
be charged externally to displace could be consdi@s pure electric car during its
charge-depleting mode (Wikipedia, 2008).

2.3 Motor Mounting Kits

Figure 2.1 A sample of motor mounting kits in the electrahicle DIY kits

There are many existing motor mounting kits avaédbr beginners to convert an
electric vehicle. These motor mounting kits areyetis install and are designed in
various size and pattern to suit various modeledficle. If there is no suitable patterns
dimension of motor mounting kits, some shops waalsb provide the service on

custom build. These custom motor mounting kits lhagn specially designed for
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particular model of vehicle and thus it only taked than an hour to mount the electric
motor in the engine compartment. However, thesdyra-go motor mounting kits has
an inflexible design which will limit the libertyotinstall other parts and components in

the engine compartment.

2.3.1 Rear Support Motor Mounts.

The rear support motor mounts is to support the sige of the motor or the side
which opposite to the motor drive connection. Thare two types of rear supports
motor mounts available for converted electric vihicThe first type of the motor
mounts is the middle style motor mounts. This nedsilyle motor mounts cradle the
rear side of the electric motor by clamping arotimel motor middle. The middle type
motor mounts are preferable for the in-line engside vehicle. On the other hand,
another type of rear support mounts — the plate styunts is suitable for a transverse
engine vehicle. The plate style mounts is a mouwiis plate face to be bolted on the

opposite end face of the motors drive shatft.

Middle Style Mounts Plate mounts

Figure 2.2 The two types of rear support mounts

2.3.2 Front Motor Support Mounts

The front motor support mounts is used to mountefleetric motor to the original
transmission bell housing. The most common frongpsut mounts available in the

markets is adapter plate mounts. The precisiongtf &ccuracy dimension and patterns
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of the adapter plate with the transmission bellasy crucial, especially the bolt holes
positions for both transmission bell and motor. Maslapter plate are made of

aluminium in order to have minimum weight.

Figure 2.3 Different dimensions and patterns of adapterepiiadm motor mounting
Kits

2.3.3 Coupling

The coupling is a crucial part of motor mounts dokl the motor shaft with the
transmission shaft in order to transfer motor pteipa to the wheel. Therefore, a
coupling requires high mechanical strength to sudtar the high rotation per minute
(rpm) and high torque application. As a result, hromaipling is made of steel. There are
many kinds of coupling available in the market: Saew coupling, shrink fit coupling
and taper lock hub.

2.3.3.1 Set Screw Coupling

Set screw coupling is a coupling with set screwnape When the coupling has
held the motor shaft, the set screw will be screwethe set screw opening or thread
holes to tighten the motor shaft. However, accgydmthe Brown and Prange (1993),
the set screw coupling is not safe to use as ltfaillcatastrophically.

Figure 2.4 A coupling with six set screw opening.

"H#S % & % =




o IHE UNIVERSITY OF
(3% WESTERN AUSTRALIA

Retainability of Original Parts & Components

2.3.3.2  Shrink Fit Coupling

Shrink fit coupling has a diameter smaller than gheft. In order to fit the shaft
into the coupling, either heat the coupling or see¢he shaft to allow heat expansion
phenomena to fit the coupling to the shaft. Howgthas technique is nearly impossible

to remove apart once it in place.

Figure 2.5 Shrink fit coupling for transmission shaft

2.3.3.3 Tapper Lock Hub

The taper lock hub includes a hub and a bushing. Atb inner surface is tapered,
which slides over a matching to the tapered bushiig bushing has a split with an
outer diameter of slightly larger than the innenface of the hub. When the bushing had
put in the motor shaft, bolts were used to drawhiinghing into the hub. Since the outer
diameter of the bushing is larger than the hub,ntthe bushing was drawn into the hub,
the split of the bushing will be squeezed to clasd the bushing will lock to the motor

shatft tightly. This technique is very secure andl@¢de remove easily for maintenance.
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2.4 Existing University REV Project

2.4.1 Two-seater Renewable Energy Vehicle by The UntyaesEiSouth Australia

Figure 2.7: The TREV
The 300kg Two-seater Renewable Energy Vehicle (TRE\ clean, quiet and

efficient electric drive system which was constegctby The University of South
Australia. The TREV is powered by a total of 45kgilm ion polymer battery which
provides 150-kilometre of driving range. It hasl@adlight body with a tandem seating
layout which enable a lower aerodynamic drag anttebebalance. The energy
consumption of TREV is about 6.2 kWh/100km, whichturns means the cost of
recharging TREV is around 1.1 cents per kilometerfortunately, TREV cannot be
sold in Australia because it cannot be registemdrdad use due to not meeting the

safety regulations.

2.4.2 Indian First Plug-in Hybrid Car - Chimera Project

Figure 2.8 The Chimera Hybrid Car

The Chimera is the first plug in hybrid car in ladiwhich was constructed by 11
engineering students from RV College of Engineerm@angalore. The car uses both
electric energy and bio-diesel, thereby maintairamgeco-friendly tag (CIOL, 2008).

The car is fitted with a 440cc diesel engine, aatdres an onboard charging.
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2.4.3 Centaurus-The University of Minnesota Solar Vehirtleject (UMNSVP)

Figure 2.9 The 8" Generation solar vehicle — Centaurus

The 190kg Centaurus is th® §eneration of solar vehicle which is designed and
constructed by The University of Minnesota. Thilas@ehicle uses total of 30kg
Lithium Polymer batteries to propel the Custom,dBess DC Motor. The chassis of
the car was constructed out of fiberglass compa@siteel and double A-arm suspension
was used up front, while a single swing-arm walzetl in the rear (UMNSVP, 2008).
The top speed of the car can reaches up to 80nphlkof the electrical components
on the car are designed and manufactured in-hou$éd University of Minnesota
Solar Vehicle Project (UMNSVP).

2.4.4 Electric Blue by Brigham Young University

Figure 2.1Q Electric Blue — The electric formula racing car.

The Electric Blue is a electric formula racing e@as constructed by Brigham Young
University (BYO). The unique of this car is its pewsource-88 piece of 36-volt
batteries formerly used to power cordless drillse power source is different from the

common electric car but still an environmentaligfdly alternative fuel source.
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3. Retainability of Original Parts and Components forHyundai Getz

3.1 Chapter Overview

This chapter covers the substitution of electric tonoinstead of internal
combustion engine in the Hyundai Getz. Evaluatibrumwvanted original parts and
components from Hyundai Getz is required to deteemivhich components were
needed to be removed and which components were@ddedetain. A motor mount has

to be designed and constructed to attach the iel@ctitor into the car to move the car.

3.2 Methodology

In order to convert an existing internal combustemgine vehicle to an electric
car, some original parts and components from thereest be removed. There are two
reasons why these unwanted or unused parts andooamis have to be removed. The
first reason is to provide more space for the Ifetan of new electrical parts and
components for an electric car. Another reasorufawanted parts removal is to lower

the overall weight of the vehicle in order to megther efficiency.

The original parts and components in the Hyunddz Gan be grouped into three
categories, A, B and C category. The parts and ooets which belong to category A
are highly unwanted as most of these parts and opemis are only necessary for
internal combustion engine vehicle but not eleatec Category B belongs to parts and
components which remove or retain these comporaetdo be decided. The parts
and components that belong to Category C are higs/dgmmended to be retained in

the car.

3.2.1 Category A

In order to minimize the weight of the convertedhicée and supply enough space
for electric motor installation, some unessentiamis from Hyundai Getz had to be
removed. These parts include the internal combustimyine, engine mounts, exhaust
system, fuel system, ignition system and startestesy. All of these parts and
components were removed and weighted for calculaifdfront to rear vehicle weight

distribution.
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Category A

Internal combustion Engine
Fuel System

Exhaust system

Emission control system
Ignition system

Starter system

Table 3.1 Showing the unessential items which requirebe@emoved in the car

3.2.2 Category B

Deeper analysis and evaluation is needed for padscomponent in Category B
to determine whether these items should be retainegmoved from Hyundai Getz.
These parts and components could be completelywednfsom the car but they have
certain functions which could ease the controllorghandling of an electric car or
expand more comfort to the car passengers. Thesssiinclude clutch system, air

conditioner system and the 12volt battery.

Category B

Clutch system
Air conditioner system
12 volt battery

Power Steering System

Table 3.2 Showing the items which required deeper evaluatm determine either

those items to be retained or be removed.

3.2.3 Category C

The parts and components that belong to CategaseGhe items that are highly
recommended to be retained in the car. The itenGaitegory C include transmission
and engine mount rubber. Without these parts, theerted Hyundai Getz would not be

able to run properly or unable to run.
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Category C

Transmission

Engine Mount Rubber

Table 3.3 Showing the items which are necessary to retathe engine compartment.

3.3 Result and Discussion

3.3.1 Category A

The internal combustion engine, engine mounts, @stisassystem, fuel systems,
ignition system and starter system were categoiiz€htegory A because these parts
are unnecessary for an electric car. An elecardsrun on electricity instead of fuel
and an electric car does not emit any pollutioreréfore, the exhausts system and fuel
system could be removed from the electric car wittamy dispute. In addition, an
electric car is started by switching on the circ@ig a result, the ignition system and

starter system of the original car could be remdwewh the car.

3.3.2 Category B

3.3.2.1 Clutch System

Whether a clutch system is chosen to be leave gleatric car or not is depended
on subjective view. Both methods, with clutch antchless in an electric car have the

advantages and disadvantages.

An electric car with clutch system is easier aneaplnt to be driven. Without a
clutch, a driver requires very high practical dniyiskill to drive an electric car from rest
position to freeway speed without a sudden jerkaduition, the rotation per minute
limits of an electric motor is very similar to tlgiginal internal combustion engine,
which results an electric car requires the clutd wansmission to achieve a full range
of performance. In other words, an electric cahwiutch system is more efficient than
a clutchless electric car. Besides, in safety aspecelectric car with clutch system is

better as the driver can disengage the motor ostafrom the wheels when an
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emergency incident such as under power was occuleather advantage of retaining
clutch system in an electric car is to minimize pussibility of the gears inside the

transmission been worn out.

On the other hand, about twelve kilograms of weighild be saved from the
electric car if the clutch system is removed. Toe bf weight from the removal of the
clutch system could be substituted by installingenioatteries into the electric car. By
installing more batteries into the electric care ttnavel range of the car could be

extended when the car is fully charge.

Retain Clutch System

Advantages Disadvantages
Easier handing on the car Increase the weight of the
vehicle

High efficiency
Minimize gears wear in the transmission

Safety feature —disengage motor from

wheel when incident happens

Table 3.4 Advantages and Disadvantages of an electric téchmetaining the clutch

system
Remove Clutch System
Advantages Disadvantages
Save more weight from the vehicle Low efficiency
More batteries could be installed in the Gears wear in the transmission
vehicle due to weight loss of the clutch is more likely to happen
system
The travel range of a fully charged electrig
car could be extended.

Table 3.5 Advantages and Disadvantages of an electric g¢aout the clutch system

In this renewable energy vehicle project, the coeeeelectric Hyundai Getz is

"H#S % & %




Retainability of Original Parts & Components

aimed to build appropriate for the personal transpeeds of the Australian public.
Therefore, the safety feature of the Hyundai Getstnibe advanced and the handling
and controlling of the electric car must be sim@s.the result, the clutch system had

judged to be retained.

3.3.2.2  Air Conditioner System

Vehicle air conditioning is an important part ofiategrated system which provides
cooling, heating, defrosting, demisting, air filtey and humidity control for both
passenger comfort and vehicle safety (Anderseh 2987). The maximum temperature
during the summer time in Australia could be redch®re than 40 degree Celsius.
Therefore, the installation of air conditioner €mst in a vehicle could allow the
passengers and the drivers feel more comfortabliegihot climate. Besides, another
function for the installation of air conditionerstgms in a vehicle is to increase the safety
for passengers and driver. Air conditioner systentl the function of comfort cooling
and dehumidifying could maximize the visibility dfivers when window demisting is
necessary. Moreover, a vehicle with air conditiosggstems driving in freeway speed
would have lower energy consumption, if comparedrt@pen window driving vehicle.
This is because an open window driving vehicle \@dwdve higher aerodynamics drag

and thus need more energy to move the vehicle.

However, the operation of air conditioner systeman electric car could produce
some greenhouse gasses emission. In additiongséueof air conditioner systems in an
electric car could lower the travel range of thearad thus diminish the efficiency of the
car. Moreover, the retainment of air conditionesteyns in the electric car requires
redesigning and reconstructing new mounts to attiaehair conditioner systems in the

engine compartment.
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Retain Air Conditioner Systems

Advantages Disadvantages
Increase comfort to passenger Need to reserve space in the engine
compartment for air conditioner

Increase vehicle safety, due [to
higher visibility when stem has
fogged the windows Need to redesign a mount to attach
air conditioner systems in the
engine compartment

systems

Lower energy consumption in
freeway speed
Produce greenhouse gasses

More energy consumption if air
conditioner systems is useéd
improperly

Table 3.6 Advantages and Disadvantages of an electric dachwretaining the air

conditioner system

Remove Air Conditioner Systems

Advantages Disadvantages

Zero pollution Driver and passengers are less

More space in engine compartment comfortable

Low safety due to low visibility whe
window has fogged

-

Higher efficiency and the travel range
of the vehicle is higher

Use more energy when the vehicle| is
driving on freeway speed due o
increase of aerodynamic drag

Table 3.7 Advantages and Disadvantages of an electric taout the air conditioner
systems

Although both methods; retain the air conditiongstems in an electric car and
remove air conditioner systems from the electric lsave its own advantages and
disadvantages, the converted Hyundai Getz wastedl@¢o retain the air conditioner
systems. In spite of retaining air conditioner eyst in Hyundai Getz requires more
time and effort to redesign mounts in the enginengartment, it is worthy as this

method could increase the vehicle safety and expasgengers comfort.
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3.3.2.3 12 \Volt Battery

The original function of the 12 volt battery fromet Hyundai Getz is to generate
electricity to the ignition systems and order aieat parts such as head lights and air
conditioner systems. However, the converted Hyu@ztz had aimed to install forty
five blocks of lithium-ion battery to run the elactmotor. The operating voltage for
each block of lithium-ion battery is 3.2volt, whei@al operating voltage of 144volts
are generated from 45 blocks of lithium-ion battdityese high voltage generated from

lithium-ion batteries are high enough to substitbgoriginal 12 volt battery.

However, the 12 volt battery had been chosen taeksined in the converted
Hyundai Getz, inasmuch as the retainment of 12 attery could expand the travel
range of the electric car due to all the lithium-ibatteries could concentrate on
generating electricity to electric motor while th2 volt battery generate electricity to

order electrical components.

3.3.2.4 Power Steering Systems
Power steering is a system that to reduce the ifiopes required to turn or to steer
the road wheels by using external power sourceel@atric car could be driven without
power steering systems but it would be difficult foe driver to maneuver the vehicle
wheels at low speeds. Since the converted Hyuné# & build appropriate for the
personal transport needs of the Australian pulihe, power steering systems was
decided be retained in the converted car to entddglecar is easy and pleasant to be

driven.

3.3.3 Category C

3.3.3.1Transmission
Transmission or commonly known as gearbox is usegrdvide a speed-torque
conversion for a vehicle. With the installation wansmission, a slower but more
forceful output could be done from a high rotatmator. When a car is traveling slowly
or moving from standstill speed, a greater torquesquired. Therefore, transmission is
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necessary for a vehicle to transforms a low speetigion motor into a high torque
rotation. In additions, transmission is needed icaato ensure the electric motor is

operating within its limits when the vehicle is rning in a freeway speed.

3.3.3.2Engine Mount Rubber

Engine mount rubber is an important vehicle componreéhich is used to isolate
the vehicle structure from vibration of the engoreelectric motor. Without the engine
mount rubber, the passengers and the driver ofehi&le might be uncomfortable due
to the vibration from high rotation motor. Sin&e tconverted Hyundai Getz is a brand
new car, it is not necessary to replace a newgqja@éngine mount rubber. Although an
electric motor is generally lighter and less vilmatthan an internal combustion engine,
the engine mount rubbers are still necessary &rat the engine compartment in order

to isolate vehicle structure from the vibratiomuodtor.

Figure 3.1 Sample picture of engine mount rubbers.
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4. Design of Motor Mounts for an Electric Motor
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4.3.1 The Main Functions of Engine Mounts
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4.4 Design and construction of Motor Mounts
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4.4.1.1.2 Determination of the Shape of Adapter Plate andTia@smission Bolts
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4.4.1.1.3 Determination of the Adapter Plate Centre Point
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4.4.1.1.6 Material Selection and Fabrication of Adapter Plate
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4.4.1.2 Result and Discussion for Adapter Plate
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4.4.1.2.2 Final Design of Adapter Plate

Final Dimension of the Adapter Plate
Thickness 20mm
) )
Maximum 360mm
3© . Width
@ Maximum 390mm
° Height
o Centre Hole 150mm
O Diameter
Transmission | Four M12 Bolts and 8
Bolt Holes M10 Bolts
. @ Motor Bolt Four M8 Screw
o O/ Holes
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4.4.1.2.3 Material Selection and Fabrication of Adapter Plate
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4.4.2 Design and Construction of Rear Support
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4421 Methodology of Rear Support Design
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4.42.1.1 Measurement of Vertical Distance and HorizontaltBige
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4.4.2.1.2 Conceptual Design, Modelling and Fabrication of MloRear Support
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4.4.2.2.1 Initial Design

Result and Discussion for Motor Rear Support
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4.4.2.2.2 Improved Design of Rear Support Mount

Figure 4.13 . (1 )0 )
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4.4.2.2.3 Final Design of the Rear Support Mount
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4.4.3.1.1 Conceptual Design and Modelling of Mounting Bar iDas
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4.4.3.2 Result and Discussion of Mounting Bar Design
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4.4.4.1.1 Motor Shaft Structure
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4.4.4.1.2 Transmission Shaft Structure

35 serrated teeth

/ with 0.6mm radius

—2Bmm—)
{: S3rmm
Figure 4.17 0O ) 0
% ) 0?2 @))A ) )
) )) ) 0<% (+) ) ) ) #)
0 ) ) ) C# 0 ))

0<




Design of Motor Mounts for an Electric Motor

4.4.4.1.3 Conceptual Design, Modelling and Fabrication of @bog
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4.4.4.2 Result and Discussion of Coupling Design

4.4.4.2.1 Initial Design for Motor Coupling
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4.4.4.2.2 Final Design of Motor Coupling
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4.4.4.2.3 Final Design of Transmission Coupling
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4 5 Assembly of Motor Mounts

Figure 4.23 Later Stage of the engine compartment

The final assembly of the motor mounts was simglealnse all the dimensions of
each separated complication part were taken cai@ebeonstructed in order to be
assembled perfectly. The mounting bar that wasudssxd in early section is bolted on
the top of the motor and transmission to provideaunting base for other electrical
parts. Figure 4.23 shows the electrical parts ssotontroller, power steering motor and

air conditioning motor were mounted on the mountiag

The overall appearance in the engine compartmerthefelectric car can be
considered as a little bit messy due to limitedcspaf the engine compartment. In this
project, in order to upgrade the performance of ¢ae and increase comfort to the
passengers and driver, there were a lot of nevs paud systems installed in the engine
compartment. This parts and systems include vaduake system, 12V rail system for
auxiliary components, digital instrumentation arehsor connection and computer
control system that utilizing the Eyebot Mk6 topay car information and statistics to
user. Most of these parts were required to squeezlee small engine compartment
which result an ordinary appearance in the engimepartment. However, since there is

a need for versatility, the ordinary appearan@eieptable.
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Performance Evaluation

5. Performance Evaluation

The main tasks of the motor mounts design wasdwige a support to attach the
electric motor with the transmission in the engooenpartment, transfer all the motor
vibration to the engine mount rubbers and provideaainting base for other electrical
parts. In order to ensure these tasks were fuligfesd by the motor mounts design,
some tests had been done.

The first test was done when the electric car W% @onstructed. Although the
electric car was not fully completed, most of theortant parts and system which are
required to run the vehicle had been installedtsRard components which had not been
installed at that stage include dashboard, air itoner systems and other parts which
will not affect the performance of the car. The mabjective of this first test is to

ensure the motor were attached securely with #resinission.

Firstly, the motor was first run in different speiedthe condition when the front
wheel of the car was lifted up by jack. This tesisvdone to ensure all the motor mounts
parts and couplings are tough enough to run inltad condition. As what had been
expected, the front wheels of the car rotate smypathall speed and in different gear
shifts conditions, include the reverse gear modesides, an observation of the
vibration from the motor and transmission had beéene throughout the test. By
observation, the electric motor and transmissioans®l to operate without any
vibration. However, a second road test had to e do observe the vibration condition
of the motor running on road and to ensure the moimunts and couplings are tough

enough to sustain the rotation of the motor.

The second test was a practical road test whichdeag within the university
area. Since the car had not been registered asreséd road vehicle, the practical road
test could only be done in a moderate speed driwitigin the university area. The test
was started with only a driver driving along pastar route within university area. A
passenger will be added each time when the carfiniah tested, until a total of four
passengers and a driver were sat in the electric ¢a the stage where the electric car
was full of passenger, the driving condition of ta was still smoothly. According to
all the passengers and drivers of the electrictbarcar was powerful but still very quite.
The only problem of the electric car is too quitdilthe pedestrians did not notice a car
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was coming towards them, which leads to a safaillpm.

Since the electric car had not been licensed agaéfigd road vehicle, the car
could not be tested on public highway with freevemged. However, more different
tests were purposed to be done when the electribazhregistered as a licensed road
vehicle.

6. Conclusion

D ##) ")) 0 ) ), "<
simple tests had proved that the design was satisé engage the electric motor with
the transmission and isolate the vehicle strudim@ motor vibration. However, there
is still much room for improvement and adjustmehth® motor mounts design and
construction. The completed electric car is plantweckgister as a licensed road vehicle
and it is aimed to launch at the end of 2008. Wahg the electric Getz project, the
REV team has planned to build a performance etectir by converting a Lotus Elise
into a performance electric car. All of the expede gained from Getz project can be

used as a valuable experience and guide for bugiliie performance electric car later.

7. Recommendations of Future Project

The successful completion of this project had piedi a reliable and steady
foundation for the development of UWA Renewable ggeVehicle. Although the
Hyundai Getz Project had achieved a huge succdmse tis much room for
improvement of the motor mounts design for theqrenince electric car project.

Firstly, the connection between the motor coupling the transmission coupling
could be strengthened by adding keys or screwliftrer securement.

Secondly, a longer size of transmission couplinguih be designed to lock the
transmission shaft. The more contact area of treassom coupling lock to the
transmission shaft, the less abrasion of the sefateth of transmission shaft and thus

increase the coupling and shatft life.

Finally, a professional vibration analysis of thetor and transmission should be
performed to understand how well the motor mouratssfer the vibration to the mount

rubber and how efficient the vibration been intezée
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9. Appendix

9.1 Appendix A: Dimension of Advanced DC #FB1-4001,"9single shaft
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9.2 Appendix B : Torqgue Curve of Advanced DC #FB1-4081", single shaft
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9.3 Appendix C: Dimension of Transmission Coupling
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9.4 Appendix D: Dimension of Motor Coupling
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9.5 Appendix E: Material Properties of Aluminium All&d083 Series
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