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SYNOPSIS 

There is an increasing need to reduce the carbon dioxide levels currently 

produced in the transportation sector. Currently 23% of worldwide CO2 is due to 

transportation, of which personal motor vehicles account for 75% of that. The aim is to 

find a suitable method of transport that is both cost effective and zero emission, and 

reduce the increasing reliance on fossil fuels.  

The renewable energy vehicle is a possible solution to this need, there is an 

electric drive motor that receives energy from an onboard energy supply or storage. The 

energy being supplied from renewable sources such as solar, wind or thermal energy 

sources. There are several problems with this; the current technology uses heavy 

expensive and bulky batteries to store the energy. Costing more than AU$10,000 per 

vehicle, the limited range approximately 100km and the long recharge time. 

 There are safety concerns due to heavier vehicles, braking distance and dynamic 

handling. There are also issues relating to the safe disposal and effective recycling of 

used batteries, and other components such as lead and mercury in the electronics. This 

report investigates some of the aspects relating to the function of Electric Vehicles, the 

Air -conditioning, Power steering and the primary drive or Traction motor. 
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CHAPTER 1: INTRODUCTION 

Abstract: This chapter outlines the back ground of the project, the project history at UWA and 

the aims for this yearôs project. 

1.1 Project Background 

The use of vehicles for transportation is responsible for 23 percent of the world 

carbon dioxide production, of which personal motor vehicles account for 75% of that. 

As well as carbon dioxide there are many other toxic pollutants released into the 

atmosphere that are harmful to the health of living organisms and the global 

environment. Figure 1 below shows the amount of carbon dioxide production by each 

sector. The figure shows Electricity Generation as the major contributor followed by 

Industry and Transport. 

 

FIGURE 1: GLOBAL CARBON PRODUCTION BY PERCENT 

The need to reduce carbon emissions is becoming more apparent as the human 

race achieves a greater understanding of its impact on the Earthôs environment. 

Realising that the Transport sector accounts for 23% of carbon dioxide emissions 

globally sees this as a significant target area for researchers and scientists to combat.  

Since its invention in 1820, the internal combustion (IC) engine has become 

increasingly popular as a portable power source. The IC engine is used in a broad 

spectrum of applications, from agricultural and construction equipment to land, air and 

water based vehicles. Some of the reasons for the global acceptance of the IC engine, 

particularly in the transport sector, were its capability to travel vast distances for a 

relatively low purchase price and minimal running and maintenance costs. The IC 



UWA, Renewable Energy Vehicle 
              Power Steering, Air Conditioning, Traction Motor                           P a g e | 11 

engine gave individuals the flexibility to travel wherever and whenever they wanted to 

go at an affordable price. Currently the primary fuel source for the IC engine is fossil-

fuel based. However, the burning of fossil-fuels by the IC engine results in a 

combination of harmful gas emissions, primarily carbon dioxide.  

Other non fossil-fuel sources are available such as hydrogen which has similar 

portability benefits to fossil-fuel based fuels except its products of combustion is water 

(H2O). Also, this technology is still in its infancy and has some major obstacles to 

overcome due to the high fuel cell costs and establishment of infrastructure (fuelling 

stations).  

With personal transportation accounting for 17% of the global carbon dioxide 

emissions, there is a need to find a viable replacement/alternative for the IC engine 

powered by fossil fuels. An emerging technology is the mixture of two different power 

sources, the main permutation being the amalgamation of the Internal Combustion 

engine and Electric Motor. This combination is commonly known as a Hybrid and this 

technology lends itself ideally to the motor vehicle. Figure 2 illustrates one particular 

variant of a Hybrid type vehicle. 

 

FIGURE 2: TYPICAL HYBRID CONFIGURATION,(PROKHOROV, 2008) 

 

The Hybrid has some major advantages in fuel economy and satisfying 

emissions targets. This interim technology may enable a smoother transition from a 

conventional IC vehicle to a full Electric Vehicle (EV) thus giving the community time 

to adjust whilst still reducing carbon dioxide emissions. The hybrid vehicle has many 

advantages over the IC engine vehicle. It has the ability to switch between the IC engine 
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and Electric Motor when it is advantageous for efficiency reasons. For example, at low 

speed such as in heavy traffic, the IC engine switches off and the vehicle is driven by 

the Electric Motor. However, when demanded for on highway use the IC engine is used.  

Although the hybrid vehicle is more efficient than the conventional IC engine 

vehicle, it still uses fossil fuels for its fuel source. An alternative to both the IC engine 

and Hybrid vehicles is the EV. The EV carries its energy source in the form of batteries, 

which are housed within the vehicle. This gives the EV some important advantages over 

both the IC and hybrid vehicles, the obvious one being the vehicle itself produces zero 

emission. When the batteries are charged via an external energy supply from a 

renewable source such as the sun, then it will be a zero emission vehicle. This type of 

vehicle is then known as a Renewable Energy Vehicle (REV). 

The EV is dependent on batteries for its primary energy supply. The density 

with which the energy can be stored is a significant limitation to the EV. The problem 

with current technology batteries is they are very expensive and have a limited life cycle 

and also the battery life is dependent on the demand placed upon it. This battery life 

limitation can be minimised by reducing the energy demand on them. This can be done 

by improving the efficiency of the devices that use this energy.  

With improved battery energy density and lower capital cost the Electric Vehicle 

has the potential to become a viable replacement to IC engine-powered vehicles. This 

could therefore help to reduce the 23 percent global carbon emissions contribution from 

the transport sector. 

1.2 Project History 

The UWA Renewable Energy Vehicle project has been an area of research for 

several years, with much of the work previously undertaken being of a theoretical 

nature. There has been much research done previously in the area of fuel cells, where 

hydrogen fuel is converted into electricity onboard the vehicle and then used to power 

the electric drive motor or charge the batteries. This offered a noticeable advantage over 

the EV in its ability to travel greater distances, however there is a high cost associated 

with this system.  

 In 2007 the implementation of the theory began with the decision to build a 

hydrogen fuel cell vehicle, where a significant amount of work had been done. The 
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vehicle was prepared by removing the original IC engine and auxiliary devices in 

readiness for the new electric motor, batteries and fuel cell. The project was later 

discontinued due to rising cost of the fuel cell and long lead times.  

Beginning in 2008 the decision was made to build an electric vehicle which 

required fewer expensive components and could utilise the electric motor, controller and 

batteries purchased for the 2007 REV. A new Hyundai ñGETZò was purchased as a 

platform from which to commence the build. The grounding was set for the 2008 UWA 

REV project to get underway. The work previously carried out and the 

recommendations made in previous yearôs theses will be investigated to assess the 

merits of any recommendations made for the inclusion in this project.  

1.3 Project Aims 

The objective of the UWA REV project is to conduct research in the area of full 

electric vehicles as it is the aim for the future to have a zero emission vehicle; i.e. one 

that uses no fossil fuels as its power source. Additionally it is hoped that in the future 

the manufacture of the vehicle and all its components will also be from zero emission 

power sources. For this reason the 2008 UWA REV team proposed to build a fully 

electric vehicle, with commercially manufactured and readily available components. 

This would ensure a working prototype is ready for road tests at the end of 2008.  

The primary aim for the 2008 UWA REV team is to build two different types of 

licensable, road-legal electric vehicles; a compact commuter and performance road 

vehicle. The commuter vehicle is to be built using a 2008 Hyundai ñGETZò whilst the 

performance vehicle will use a 2002 series II Lotus ñELISEò. The selected vehicles will 

be the platforms from which to start the conversions to that of full electric vehicles.  

The specific aims for this project are to investigate, specify and select a suitable 

method of providing power steering and air conditioning (Cooling) for the commuter 

vehicle, and a traction motor for the performance vehicle. Each of the three aspects has 

its own unique function and requires a separate analysis, objective and criteria, and 

therefore will require individual assessment and review of current technologies 

available. The project intends to highlight the problems associated with each aspect and 

to provide viable solutions. 
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CHAPTER 2: LITERATURE REVIEW 

Abstract: This chapter is a review of current research in technologies relating to 

the design of power steering, air-conditioning and traction motors for electric 

vehicles. The aim being to assess the current state of the art in these fields. 

2.1 Review of Power Steering Systems 

The Power Assisted Steering (PAS) system is one that aids the driver to control 

the vehicle. Assistance is provided to the driver by supplying additional force to the 

steering mechanism, in the correct amount and direction. Predominantly, Hydraulic 

Power Assisted Steering (HPAS) has been main stream; however there are also Electro 

Hydraulic Power Assisted Steering (EHPAS) and Electric Power Assisted Steering 

(EPAS) systems now beginning to emerge.  

Power assisted steering has not always been present on vehicles, although in 

recent years the majority of manufacturers include PAS as standard equipment. Many 

vehicles could be operated without power assisted steering, however it does give the 

driver improved control. This is particularly advantageous when the vehicle is moving 

at slow speed, if the driverôs strength is minimal or if evasive manoeuvres are required 

to avoid an accident. In addition, if the driver can be aided and lessen the effects of 

fatigue due to over exertion from steering effort, thereby maintaining a safe level of 

operation.  

Each type of Power Assistance has their advantages and disadvantages for use in 

the application. The HPAS uses a mechanical drive from the IC engine to provide its 

drive whereas the EHPAS has an electric motor to drive the hydraulic pump. The 

hydraulic systems are similar whereby both have hydraulic circuits to create the 

assistance. A high pressure fluid is pumped to an orifice valve located in the steering 

system. The amount of opening on the orifice valve determines the amount of assistance 

provided. The greater the resistance between the tyres and the steering effort determines 

the degree of opening of the valve and thus the amount of assistance provided (HMC, 

2003). HPAS has been the main system employed in the automotive industry for many 

decades. EHPAS has advantages of intermittent operation, only activating when 

required. This saves energy and reduces emissions, over the HPAS which is always on 
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and therefore always pumping. The EHPAS is modular in design and can be retrofitted 

to existing vehicles with minimal redesign effort. 

In the automotive industry there is a recent trend away from the HPAS and 

towards EPAS system, mainly for efficiency improvements and helping to meet strict 

emissions targets. The electrical energy is converted in to mechanical force by an 

electric motor or electromagnetic flux which moves a pinion gear attached to the 

steering rack to provide the assistance. The emerging EPAS technology has several 

types; single and double pinion primarily for rack and pinion as explained in (Parmar 

and Hung, 2004). The EPAS system uses an electromagnetic field or electric servo 

motor to directly or indirectly rotate the steering shaft or rack, thus providing the 

assistance. The ability of the electric motor to operate only on demand reduces its 

overall energy consumption, as compared to conventional hydraulic systems that are 

always running. 

All steering systems, both assisted and non-assisted, aim to provide the driver 

with control of the vehicle and are essential to its operation. The key issues remain 

safety, reliability and efficiency. The safety is of particular importance to the function of 

a steering system due to this being an essential primary control of a motor vehicle. To 

diminish the chances of failure, a survey of the Failure Modes and Effective Analysis 

(FMEA) is performed. FMEA is commonly used as a tool by the aerospace and 

automotive industry to avoid or reduce the likelihood of failure, which could result in 

unsafe operation or accident. 

As discussed in ñRequirements management in practice: findings from an 

empirical study in the automotive industryò (Lars et al., 2006) there is a balance 

between cost and performance. This is a known difficulty to the automotive 

manufacturer, as this also applies to the safety feature products installed in motor 

vehicles. It is of importance to give the most safety possible within the budget; there is a 

price associated with the level of safety provided and this ultimately dictates the type 

and quality of components installed in the vehicle.  
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2.2 Review of Air -Conditioning  

The air conditioning (AC) system as used in motor vehicles is designed to keep 

the occupants at a comfortable temperature. If a motor vehicle is left outside during the 

daytime, particularly when ambient temperatures are high, the cabin accumulates heat 

and stores it in its mass. This potentially results in an uncomfortable environment for 

the occupants and can affect driver performance and awareness, as described in 

ñCooling and Ventilation of the Renewable Energy Vehicle (REV)ò (Chan, 2006). 

Hence, providing air-conditioning systems in motor vehicles is a beneficial addition 

because it enhances driver safety by lessening fatigue. Additionally the AC system can 

be used to dehumidify the air and remove the moisture layer built up on the inside of the 

front windscreen, which is common in winter. The typical circuit shown if Fig.3 

The systems commonly installed in motor vehicles use the heat from the IC 

engine to warm the cabin and have a separate vapour compression refrigeration system 

to cool. The cooling system takes warm air from either inside the cabin and recirculates 

it, or from outside and passes it through an evaporator. The evaporator is the part of the 

cooling system circuit that exchanges heat from the warm air and transfers it to the 

refrigerant. The evaporator is housed inside the ducting system within the cabin itself as 

shown in the Hyundai service manual (HMC, 2003). The heat extracted from the cabin 

to the refrigerant via the evaporator then travels to the condenser, where it is lost to the 

environment. The cool air is then circulated about the cabin, which removes heat from 

the thermal mass.  

 

FIGURE 3: TYPICAL AUTOMOTIVE A/C SYSTEM CONFIGURATION, 

(CHILLYWILLYS.ORG, 2008) 

The primary purpose for including AC systems in motor vehicles is to cool the 

occupants, not necessarily the whole cabin. Ideally, to cool the occupants only would 
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require substantially less energy than to cool the whole cabin which has much greater 

thermal mass. This has prompted detailed investigations by a variety of researchers, 

such as that conducted in ñ3-D numerical and experimental analysis for airflow within a 

passenger compartmentò (Chien et al., 2008). Here, Chien models the actual 

temperature variations within the cabin using computational fluid dynamics as shown in 

Figure 4. The purpose of the modelling was to determine how cool-air particles flow 

within the cabin. Chien found maximum cooling to occur near the head. This 

information can be used to improve the efficiency of the AC system, by cooling only 

where it gives maximum benefit to the occupants.  

  

FIGURE 4: THREE DIMENSIONAL PARTICLE TRACK (VELOCITY), 

(CHIEN ET AL., 2008) 

 

FIGURE 5: THE AIR TRANSIENT TEMPERATURE NEAR THE PASSENGER, (CHIEN ET 

AL., 2008) 
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The Vapour Compression Refrigeration system incorporates 5 main 

components:  

¶ Compressor,  

¶ Evaporator,  

¶ Condenser,  

¶ Expansion valve, and 

¶ Refrigerant.  

The refrigerant flows around the circuit and undergoes changes in pressure and 

temperature, which result in it alternating between liquid and vapour phases. The 

performance of the whole system is dependent upon the type of refrigerant and 

compressor used. Of these two key components, the refrigerant has a greater bearing on 

the overall performance of the system. The type of refrigerant affects the ability of the 

system to cool for a given amount of energy input. The refrigerant also dictates the size 

and type of compressor that can be employed. Table 1 below highlights some 

characteristics for three refrigerants; R-134a (Hydro Fluoro Carbon), HFO-1234yf 

(Hydro Fluoro Olefin) and the natural refrigerant R-744 (Carbon Dioxide). All three 

refrigerants shown in this table have a similar comfort scale, but the energy needed 

varies between them. The HFO and R-744 require more energy (~70%) compared to the 

R-134a. 

Refrigerant 

Fuel 

Consumption 

L/100km 

Comfort scale 

summer (1-10) 
GWP 

R-134a 0.48 8.6 1300 

HFO-1234yf 0.81 8.3 4 

R-744 (CO2) 0.82 8.1 1 

TABLE 1: REFRIGERANT COMPARISON, (MARA ET AL., 2007, WEISSLER, 2008) 

 

Refrigerants  

The refrigerant is the working fluid that enables the refrigeration process to take 

place. The type of refrigerant dictates the mechanical components used in the system. 

For example, different refrigerants need to operate at different pressures and therefore 

require a specific type of compressor to drive the process. The system pressure will 

determine the dimension and material properties of the connecting pipe-work and 
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associated seals. There is a wide range of refrigerants available with varying 

performance characteristics and of particular interest is the Global Warming Potential 

(GWP). The GWP is a number relative to carbon dioxide that the refrigerant will have 

when compared to carbon dioxide over a 100 years. 

With heightened awareness of the environmental impact of the refrigerant when 

released into the atmosphere, the GWP is now an important factor. The R-134a is 

currently the most common refrigerant used in the automotive industry due to its good 

performance and low ozone depleting potential; however its GWP is 1300. Because of 

its high GWP, this refrigerant is due to be phased out in Europe by January 1
st
 2011 

when a GWP limit of 150 will be enforced (Weissler, 2008). The refrigerants which 

have a low or zero GWP such as ammonia, and their viability as replacements to current 

assets, show some real benefits in terms of low environmental impact, as discussed in 

ñPOTENTIAL OF LOW GWP ALTERNATIVES IN REFRIGERATIONò(Sicars, 

1999) 

Having acknowledged the need to find a suitable replacement to current 

refrigerants, research is being undertaken to find alternatives that have good 

performance whilst still being friendly to the environment as discussed in ñNew 

Environment-friendly refrigerantò (Xiaoyu, 1999). There are several candidates that 

meet the criteria; however they have a noticeable drop in efficiency. Table 1shows two 

potential candidates compared to the existing R-134a and their energy consumption in 

L/100km. This testing was performed under the European drive cycle with IC engines.  

Research conducted to date has found the natural refrigerant R-744, has 

excellent potential with its comparable cooling comfort scale and low GWP of one. The 

negative of this gas is it has to operate at extremely high pressures ï up to eight times 

the pressure of R-134a. A comparison of the operating performance of alternative 

refrigerants was investigated in ñCarbon Dioxide As An Alternative refrigerant for 

Automotive Air Conditioningò(Mathur, 2000) and ñA comparison of the operating 

performance of alternative refrigerantsò (Halimic et al., 2003).  
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2.3 Review of Traction Motor  

The traction motor is a device which converts electrical energy into mechanical 

energy. When electricity is passed through a conductor an electromagnetic field is 

created. This electromagnetic field is then used to drive a shaft for the purposes of 

obtaining rotary motion, as explained in Physics for Engineers and Scientists (Tipler, 

1999).  

There is a need to provide the means of creating motion without combustion or 

emission. The electric motor can provide this. The electric motor can be used to provide 

motion by converting the electrical energy into a force capable of moving physical 

objects. Such as the gears in a transmission, the wheels on a vehicle or the propeller on 

an aeroplane.   

Electrical energy (Current) is transmitted in one of two forms; Alternating (AC) 

or Direct (DC). This intern defines the two main types of electric motor AC and DC. 

Electric motors fall under one of three categories, AC, DC or Synchronous 

(combination of AC and DC). 

Before proceeding, it is important to differentiate between sprung and unsprung 

mass. Unsprung mass is that which is in direct contact with the road surface (i.e. the 

wheel) - This effectively is undamped. Sprung mass on the other hand, is the mass 

which connects to the unsprung mass via a damping system (typically springs and shock 

absorbers). Figure 6 pictorially shows the difference between the two. 

 

FIGURE 6: ONE D.O.F. MOTOR VEHICLE SPRUNG/UNSPRUNG MASS 

TYRES

UNSPRUNG
MASS

SPRING
DAMPER

SPRUNG
MASS

ROAD
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There are several existing, as well as some new technologies that can be used as 

traction motor for a vehicle. Conventional thinking has been to mount the electric motor 

on to the vehicleôs chassis making it part of the sprung mass. This means that the motor 

has to connect to the wheels via a transmission and series of drive shafts, much the same 

way as for IC engine powered vehicles.  

Two key aspects of vehicle design that are critical are the sprung-to-unsprung 

mass ratio and the Polar Moment of Inertia (PMOI).  

 Sprung-to-unsprung mass ratio 

  It is desirable to have the highest possible sprung-to-unsprung 

mass ratio, and lowest unsprung mass to ensure the wheels stay in contact 

with the road surface particularly when navigating over rough terrain, as 

explained in ñHow to Make Your Car Handleò (Puhn, 1981).  

 Polar Moment of Inertia  

  The second key aspect is the PMOI, which is the relationship of 

mass and distance squared from a theoretical neutral axis. This affects a 

vehicles handling because it is a measure of its resistance to change in 

rotational motion.  

Hence, when in motion, many variables affect a vehicleôs handling dynamics 

(cornering, braking and accelerating behaviour). These fundamental principles are 

discussed in ñPhysics for Engineers and Scientistsò (Tipler, 1999).  

The current state of the art concept is to locate the traction motor directly on the 

wheel thus eliminating the need for transmissions and drive shafts. The theory behind 

employing wheel-mounted traction motors is all about reducing the friction losses in the 

transmission, and reducing the overall mass and number of parts that are in a vehicles 

construction. The wheel mounted traction motor achieves all of these goals. There are 

however consequences of mounting the electric motor in the wheel. This now increases 

the unsprung mass of the wheel which can have a detrimental effect on the handling 

performance of the vehicle.  

Because wheel motors are such a relatively new technology there is very little 

published data on their use in vehicles and their behavioural effects on handling 
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dynamics. The data that is currently available on wheel motors is predominantly about 

their electronic control, in particular the effects of wheel slip differential speed when 

cornering, as discussed in ñCurrent distribution control of dual directly driven wheel 

motors for electric vehiclesò (Yang and Lo, 2008). An aspect of wheel motor slip is 

when traversing inclined surfaces where the probability of slip increases. Figure 7 

outlines the key forces acting upon a vehicle in such a situation, whilst Figure 8 shows 

an exploded view an Axial-Flux Brushless DC Wheel Motor. 

 

FIGURE 7: WHEEL MOTOR SLIP FOR AN INCLINED SLOPE (YANG AND LO, 2008) 

 

 

FIGURE 8: ELECTRIC WHEEL MOTOR CONFIGURATION(YANG AND LO, 2008) 

 

A specific type of DC motor technology that can be used in either a sprung or 

unsprung format that is receiving considerable review is the Brushless Direct Current 

motor (BLDC). By using a BLDC motor efficiencies of over 90 Percent are obtainable. 

This does not represent a significant increase over a conventional AC induction or 

Brushed DC motors as they currently are 80~90 Percent. When the BLDC wheel motor 

is compared to current technology, they represent a significant step forward in terms of 

efficiency and simplicity. 
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CHAPTER 3: THEORY 

Abstract: This chapter is a discussion on the theoretical assets relating to the 

implementation of, and options available for the purposes of providing power 

assisted steering, air-conditioning and traction motor for an electric vehicle.  

3.1 Power Assisted Steering 

All vehicles have some form of steering to enable them to be guided by their 

operators. Steering systems can be divided into two categories, either Manual (i.e. 

unassisted) or Power Assisted Steering (PAS). PAS systems come in several types; 

Hydraulic Power Assisted Steering (HPAS), Electro Hydraulic Power Assisted Steering 

(EHPAS) and Electric Power Assisted Steering (EPAS). 

 

 The HPAS system employs a hydraulic pump which is driven either directly off 

an IC engine or some external source. In the automotive industry, the hydraulic pump is 

typically driven via a pulley system off the main crankshaft of the vehicleôs IC Engine. 

The hydraulic pump supplies high pressure fluid to a valve mechanism inside the 

steering assembly. The steering assembly can take one of two common forms, either 

rack and pinion or steering box types. Whichever is the case, the principle of operation 

is very similar. The hydraulic pump is continually supplying high pressure fluid to the 

high pressure side of the valve mechanism. When the operator applies effort to the 

steering wheel in a particular direction, the valve is exposed to a resistance force. The 

greater the resistance between the road and the vehicleôs tyres, the more the valve opens 

and therefore allows more high pressure fluid through. This high pressure fluid acts on a 

piston thus provided assistance to turn the wheels in the same direction as the operator. 

This can be seen in Figure 9, where the top illustration shows the steering wheel in the 

neutral stationary position and no assistance provided. Then in the lower illustration, the 

steering wheel is rotating and the pressure in the line is directed to assist the front 

wheels to turn. 

 

 EHPAS uses the same hydraulic principles as the HPAS system except the pump 

is driven by an electric motor. Hence, this combination makes it an Electro-hydraulic 

system. The electric motor can either run continuously or it can be controlled to operate 

periodically as demanded. 
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The EPAS system uses electronics and electrics to assist the steering.  Electrical 

energy is converted in to mechanical force by an electric motor or electromagnetic flux 

which moves a pinion gear attached to the steering rack or steering box, thus providing 

assistance. This system also requires electronics to control the degree of assistance 

given. An onboard computer receives information from a variety of speed and position 

sensors and outputs this information to the assistance motor. The computer adjusts the 

degree of assistance given depending upon the information it receives from those 

sensors. 

 

 

FIGURE 9: HPAS NEUTRAL AND ACTIVE HIGH PRESSURE(AA, 1973) 

 

All three systems achieve their intended goal, which is to provide steering 

assistance to the driver. The HPAS system has been the automotive industry standard 

for several decades and has proven itself as a reliable means. It has also been found to 

give the driver appropriate levels of feedback and control. The EHPAS and EPAS 

systems are the newest technologies and therefore have not undergone the rigorous 


