
CHAPTER 01 

Introduction 

A hybrid vehicle is an automobile that has two or more major sources of propulsion 

power. Most hybrid cars currently marketed to consumers have both conventional 

gasoline and electric motors, with the ability to power the vehicle by either one 

independently or in tandem. Those are called as Hybrid Electric vehicles (HEV) Other 

power sources may include hydrogen, propane, CNG, and solar energy. The 

technology used depends on the utilization of the vehicle, whether it should be fuel 

efficient, powerful , driving range, or reduced greenhouse gas emissions. The HEVs 

currently available in the market till today are usually developed for reduced 

emissions and driving range. Corporate and government fleets that have been in 

service for twenty years or more are usually tuned for fuel efficiency, often at the cost 

of driving range, power, and hydrocarbon emissions. 

Newly produced hybrid electric vehicles prolong the charge on their batteries by 

capturing kinetic energy via regenerative braking, and some HEVs can use the internal 

combustion engine (ICE) to generate electricity by spinning motor-generator to either 

recharge the battery or directly feed power to an electric motor that drives the vehicle. 

Many HEVs reduce idle emissions by shutting down the ICE at idle and restarting it 

when needed (start-stop system). An H E V s engine is smaller than a non-hybrid 

petroleum fuel vehicle and may be run at various speeds, providing more efficiency. 

HEVs became widely available to the public in the late 1990s with the introduction of 

the Honda Insight and Toyota Prius. HEVs are viewed by some automakers as a core 

segment of the future automotive market.' Automotive hybrid technology became 

successful in the 1990s when the Honda Insight and Toyota Prius became available. 

These vehicles have a direct linkage from the ICE to the driven wheels, so the engine 

can provide acceleration power. 
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The Prius has been in high demand since 2004. Newer designs have more 

conventional appearance and are less expensive, often appearing and performing 

identically to their non-hybrid counterparts while delivering 40% better fuel 

efficiency. The Honda Civic Hybrid appears identical to the non-hybrid version, for 

instance, but delivers about 50 miles per US gallon. The redesigned 2004 Toyota Prius 

improved passenger room, cargo area, and power output, while increasing energy 

efficiency and reducing emissions. The Honda Insight, while not matching the 

demand of the Prius, stopped being produced after 2006 and has a devoted base of 

owners. According to many marketing researches the prediction for sales of hybrids is 

increasing yearly. 

Growth in Hybrid market 

Year 

Figure 1.1 Hybrid car sales 

The black line shows hybrid sales continuing at their current pace since hybrids were 

introduced in year 2000. 

1.1 Hybrid Electric Vehicles 

1.1.1 Fuel consumption 

Hybrid vehicles are the best bet to get the most out of each tank of fuel during city 

driving Current HEVs reduce petroleum consumption under certain circumstances, 
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compared to otherwise similar conventional vehicles, primarily by using three 

mechanisms 

1. Reducing wasted energy during idle/low output, generally by turning the ICE 

off 

2. Recapturing waste energy (i.e. regenerative braking) 

3. Reducing the size and power of the ICE, and hence inefficiencies from under-

utilization, by using the added power from the electric motor to compensate 

for the loss in peak power output from the smaller ICE. 

Any combination of these three primary hybrid advantages may be used in different 

vehicles to realize different fuel usage, power, emissions, weight and cost profiles. 

The ICE in an HEV can be smaller, lighter, and more efficient than the one in a 

conventional vehicle, because the combustion engine can be sized for slightly above 

average power demand rather than peak power demand. The drive system in a vehicle 

is required to operate over a range of speed and power, but an ICE's highest efficiency 

is in a narrow range of operation, making conventional vehicles inefficient. On the 

contrary, in most HEV designs, the ICE operates closer to its range of highest 

efficiency more frequently. The power curve of electric motors is better suited to 

variable speeds and can provide substantially greater torque at low speeds compared 

with internal-combustion engines. The greater fuel economy of HEVs has implication 

for reduced petroleum consumption and vehicle air pollution emissions worldwide. 

1.1.2 Noise 

Reduced noise emissions resulting from substantial use of the electric motor at idling 

and low speeds, leading to roadway noise reduction.' in comparison to conventional 

gasoline or diesel powered engine vehicles, resulting in beneficial noise health effects 

(although road noise from tires and wind, the loudest noises at highway speeds from 

the interior of most vehicles, are not affected by the hybrid design alone). 

Reduced noise may not be considered an advantage by some; for example, some 

people who are blind or visually-impaired consider the noise of combustion engines a 

helpful aid while crossing streets and feel quiet hybrids could pose an unexpected 

hazard. 
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1.1.3 Pollution 

Reduced air pollution emissions, due to lower fuel consumption, lead improved 

human health with regard to respiratory problems and other illnesses. 

Better fuel efficiency means less use of fossil fuels and the energy and pollution 

associated with refining them, while lower emissions mean less air pollution from 

exhaust. However, better fuel efficiency does not necessarily go hand-in-hand with 

lower emissions. 

Pollution reduction in urban environments may be particularly significant due to 

elimination of idle-at-rest Battery toxicity is a concern, although today's hybrids use 

NiMH batteries, not the environmentally problematic rechargeable nickel cadmium. 

"Nickel metal hydride batteries are benign. They can be fully recycled," says Ron 

Cogan, editor of the Green Car Journal. Toyota and Honda say that they will recycle 

dead batteries and that disposal will pose no toxic hazards. Toyota puts a phone 

number on each battery, and they pay a $200 "bounty" for each battery to help ensure 

that it will be properly recycled. 

This is considered as a major advancement that came with HEVs and it used as a 

marketing tool effectively. 
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1.2 Literature review 

HEV is a revolutionary concept to the modern world and carries great potential for the 

future. Therefore it has been able to stimulate the world of engineers ' researchers and 

inventors. It is inevitable to stop them going after this revolution. 

HEV concept impacts and the benefits of HEVs are discussed and compared with 

those of conventional vehicles in[2] Current status, design and selection of HEV 

components are presented in [2] [3] [4] 

Due to the complex nature of hybrid electric vehicles, control strategies are of high 

interest. Extensive studies have been conducted over the past two decades. In 

particular, several logic-based control strategies and fuzzy logic-based energy 

management strategies for distributing power demand have been suggested [1] [12] 

Recent changes in the technology of modern vehicles and revolutionary development 

in telematics industry have created the possibility for a vehicle to gather online 

information about the road infrastructure and the traffic environment in which it is in 

operation. This information can be used by the HEV power management system to 

predict its future speed trend in order to decide optimum power split between the two 

sources more effectively. Several algorithms have been proposed to predict the future 

speed trends, with the use of preview information provided by the telematics. A 

methodology of combining two technologies, hybrid and telematics together to create 

"intelligent vehicle" which provides improved fuel economy with traffic preview is 

discussed in[ 15] 

Most of these concepts are in a developing stage and there is room for more 

developments. Therefore vehicle simulation is playing a major role in this scenario. 

For vehicle simulation and modeling drive cycles are a very important aspect. All 

models are tested and certified by simulating in drive cycle. Study of drive cycles and 

learning about developing drive cycles is a very important aspect as well in vehicle 

modeling and simulation [15] 
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1.3 Objective 
The main objective of this study is to develop a drive cycle on Sri Lankan road- ways 

which have frequent variable road conditions. This will be referred to as Colombo 

Drive Cycle (CDC). 

When developing or evaluating vehicle performance, most developers use existing 

drive cycles in US, Europe or Japan. Therefore we cannot expect the same 

performance when driving those vehicles in Sri Lankan context. This developed drive 

cycle gives the opportunity to researchers to simulate their vehicles in such conditions. 

Secondary objective is to simulate following models with above mentioned developed 

drive cycle. 

• Parallel HEV with maximum efficiency can be achieved 

• Optimized PHEV with future predictions 

• Series HEV 

• Conventional vehicle with CVT 

• Conventional vehicle 

The efficiency of above vehicle models will be analyzed in terms of fuel economy. All 

simulations were done in MATLAB / Simulink software , QSS toolbar and ADVISOR 

software also used in developing the models. 

Thereafter these models were compared between NEDC, Japan 10-15, US 06 drive 

cycles and CDC for analysis and efficiency was analyzed on the basis of fuel 

economy. 

Behavior of those models in CDC is analyzed and compared at the end. 
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