
Chapter -2 

2.0 Hybrid Electric Vehicles 

A hybrid vehicle is a vehicle that uses two or more distinct power sources to propel the 

vehicle. A hybrid electric vehicle is a hybrid vehicle which combines a conventional 

propulsion system with a rechargeable energy storage system to achieve better fuel 

economy than a conventional vehicle. 

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 [12]. 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 [1]. The greater fuel economy of HEVs has implication for reduced petroleum 

consumption and vehicle air pollution emissions. 

2.1. The Need of Hybrid Electric Vehicles 

Representing a revolutionary change in vehicle design philosophy, hybrid vehicles 

surfaced in many different ways. However, they share the hybrid powertrain that 

combines multiple power sources of different nature, including conventional internal 

combustion engines, batteries, ultracapacitors, or hydrogen fuel cells. These vehicles with 
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onboard energy storage devices and electric drives allows braking power to be recovered 

and ensures the ICE to operate only in the most efficient mode, thus improving fuel 

economy and reducing pollutants. 

2.1.1. Environmental Concerns 

The United Nations estimated that over 600 million people in urban area worldwide 
* * 

were exposed to traffic-generated air pollution [21]. Therefore, traffic related air pollution 

is drawing increasing concerns worldwide. Hybrid Electric Vehicles hold the potential to 

considerably reduce greenhouse gas emission and other gas pollution. ICE based hybrids 

can improve the fuel economy and reduce tailpipe emission by more efficient engine 

operation. The improvements come from regenerative braking, shutting down the ICE 

while stationary and allowing a smaller, more efficient engine which is not required to 

follow the power at the wheel as closely as the engine in a conventional vehicle. 

2.1.2. Energy Consumption 

Around the world, we are experiencing a strong upward trend in oil demand and tight 

supply. Maintaining a secure energy supply becomes an on-going concern and a high 

priority. It is important to note that over 15 million barrels of crude oil are being 

consumed; of which 69% are for the transportation sector [1]. The transport energy 

consumption worldwide are also continue to rise rapidly. In 2000 it was 25% higher than 

in 1990 and it is projected to grow by 90% between 2000 and 2030 as shown in Figure 

2.1. 
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Figure 2.1 Globe Oil Consumption Perspectives [20] 
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Many HEV projects reported fuel economy improvement from 10% to 25% [12] - [16]. 

Therefore, HEV provides a promising solution to relieve the energy shortage. 

2.2. Classification of HEV 

The drivetrain of a vehicle is composed of the components that are responsible for 

transferring power to the drive wheels of the vehicle. With hybrids there are three 

possible setups for the drivetrain: the series drivetrain, the parallel drivetrain, and the 

series/parallel drivetrain. 

2.2.1 Series Hybrid System 

This is the simplest hybrid configuration. In a series hybrid, the electric motor is the 

only means of providing power to get your wheels turning. The motor receives electric 

power from either the battery pack or from a generator run by a gasoline engine. Figure 

2.1 shows the series HEV configuration. A computer determines how much of the power 

comes from the battery or the engine/generator set. Both the engine/generator and 

regenerative braking recharge the battery pack. The engine is typically smaller in a series 

drivetrain because it only has to meet average driving power demands; the battery pack is 

generally more powerful than the one in parallel hybrids in order to provide remaining 

peak driving power needs. This larger battery and motor, along with the generator, add to 

the cost, making series hybrids more Expensive than parallel hybrids. 

The biggest advantage of the series HEV configuration is that the engine power output 

is buffered by the battery pack, which allows the engine to operate predominately at 

steady state in its most efficient mode to provide minimum fuel consumption. Because the 

engine can operate in its most efficient mode when running, emissions are significantly 

decreased. The efficiency of series HEVs is lowered as energy is converted two times 

when the vehicle is cruising [21]. 
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In a parallel hybrid electric vehicle, the IC engine can deliver mechanical power 

directly to the powertrain. Figure 2.2 shows the parallel HEV configuration. With a 

parallel HEV, either the battery-electric system or the heat engine may be used to propel 

the vehicle, or they may be used simultaneously when maximum power is required [14]. 

The parallel hybrid needs two propulsion devices — the engine and the electrical motor. 

Another advantage over the series HEV is that a smaller engine and a smaller electric 

motor can be used to provide the maximum vehicle performance as long as the battery is 

not depleted. 

Since, the engine is connected directly to the wheels in this setup, it eliminates the 

inefficiency of converting mechanical power to electricity and back, which makes these 

hybrids quite efficient on the highway. Yet the same direct connection between the engine 

and the wheels that increases highway efficiency compared to a series hybrid does reduce, 

but not eliminate, the city driving efficiency benefits (i.e. the engine operates inefficiently 

in stop-and-go driving because it is forced to meet the associated widely varying power 

demands) 
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Fig 2.2: Parallel Hybrid Electric Vehicle 

2.2.3 Series-Parallel Hybrid System 

A series-parallel HEV configuration incorporates the features of both the series and 

parallel HEVs, but this technique involves an additional mechanical link as compared 

with the series hybrid and also an additional generator as compared with the parallel 

hybrid, as shown in Figure 2.3. As a result of this dual drivetrain, the engine operates at 

near optimum efficiency more often. At lower speeds it operates more as a series vehicle, 

while at high speeds, where the series drivetrain is less efficient, the engine takes over 

and energy loss is minimized. This system incurs higher costs than a pure parallel hybrid 

since it needs a generator, a larger battery pack, and more computing power to control the 

dual system. However, the series/parallel drivetrain has the potential to perform better 

than either of the systems alone. The Toyota Prius is a well known commercial example 

of split architecture HEV. Although it has the advantages of both series and parallel HEV 

operation, the series-parallel HEV is relatively more complicated. 
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2.3. Characteristics of Hybrid Systems 

Hybrid systems possess the following four characteristics: 

i. Energy Loss Reduction 

The system automatically stops the idling of the engine (idling stop), thus 

reducing the energy that would normally be wasted. 

ii. Energy Recovery and Reuse 

The energy that would normally be wasted as heat during deceleration and braking 

is recovered as electrical energy, which is then used to power the starter and the 

electric motor. 

iii. Motor Assist 

The electric motor assists the engine during acceleration. 
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iv. High efficiency operation control 

The system maximizes the vehicle's overall efficiency by using the electric motor 

to run the vehicle under operating conditions in which the engine's efficiency is 

low and by generating electricity under operating conditions in which the engine's 

efficiency is high. 

The series/parallel hybrid system has all of these characteristics and therefore provides 

both superior fuel efficiency and driving performance. 

2.4. HEV Components 

Main components of HEV except the ICE are electric motor, energy storage system, 

transmission, etc. The following paragraphs documents the decisions and process for 

choosing or rejecting the specific components for the architecture. 

2.4.1. Electric Motor 

The electric propulsion system is one of the most important parts of a hybrid electric 

vehicle. The electric motor is the heart of the system. Recently, technological 

developments have pushed electric motors to a new era, leading to advantages of higher 

efficiency, higher power density, lower operating cost, more reliability, and lower 

maintenance. Motors for HEVs can be DC motors, induction motors, permanent magnet 

(PM) motors, or switched reluctance motors. Induction motors and PM motors are the 

more promising for HEV applications [3]. 

Although a PM motor is desirable for a HEV, its high cost for large rare earth magnets is 

a deterrent [3]. 

The advanced technology IGBT (insulated gate bipolar transistors) based motor 

controller is actually a bidirectional converter/inverter, which means it is multifunction — 

during normal operation it provides AC power to the motor from the batteries DC 

voltage, while during regenerative braking it acts as charge converter to convert AC to 

DC so that the batteries can be recharged. 
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2.4.2. Battery 

The performance, life cycle, and safety of hybrid electric vehicles depend strongly on 

the vehicle's energy storage system. Based on modern technologies, chemical batteries 

predominate in HEVs as energy storage. Batteries offer mature technology, easy 

maintenance, high energy density and low cost [1]. Commercial batteries in the market 

for the HEV include Lead-Acid, NiCd, NiMH, and Li-ion types. Some of their important 

parameters are compared in Table 2.1 [3], 

Table 2.1: Parameters of HEV Batteries 

Lead-

Acid 

NiCd NiMH Li-ion 

Specific Energy (Wh/kg) -30 40-60 60-70 90-130 

Energy Density (Wh/dms) -90 80-110 130-170 220-260 

Specific Power (W/kg) -200 150-350 150-300 250-450 

Cycle Lifeb (Cycles) -200 600-1200 600-1200 800-1200 

Toxic Materials Yes Yes No No 

Maintenance Yes Yes No No 

Individual Cell Voltage (V) 2 1.25 1.25 3.6 

Self Discharge (per month) NA 20% 30% 10% 

On the basis of the above comparison,' the nickel metal hybrid (NiMH) or lithium ion 

(Li-ion) batteries are preferred to traditional lead-acid and nickel cadmium (NiCd) 

batteries for reasons of energy density, power density, and power output at low state of 

charge. NiMH and Li-ion batteries are able to accept the high peak power levels 

ssociated with regenerative braking and are easier to package in the vehicle. Currently, 

Li-ion batteries are much more expensive than NiMH batteries. In addition, NiMH 

batteries are more desirable from the standpoint of their inherent internal charge 

balancing and low temperature performance [3]. 
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In sizing the battery for an HEV, the required peak power of the battery is of great 

concern. It must be able to handle regenerative braking and peak power demands from the 

traction motor. A higher voltage battery pack can lower the power consumption of wires, 

connectors and loads due to the lower current required. 

2.4.3. Transmission 

The transmission and differential gear ratios greatly influence fuel economy and 

emissions because they determine operating speeds and loads on the engine. Gear shifting 

logic must be based on vehicle status information such as input shaft speed, current gear 

position, vehicle load and driver pedal command. Automatic transmissions, manual 

transmissions and continuously-variable transmissions are all available for use in HEVs. 

2.5. Energy management systems of HEV 

A power controller is needed to manage the flow of energy between all components, 

while taking into account the energy available in the battery. The power controller adds 

the capability for the components to work together in harmony, while at the same time 

optimizes the operating points of the individual components. This is clearly an added 

complexity not found in conventional vehicles. 

In particular, management of energy and distribution of torque (power) are two of the 

key issues in the development of hybrid electric vehicles. These issues can be summarily 

stated as follows. 

• How to meet the driver's torque demand while achieving satisfactory fuel consumption 

and emissions. 

• How to maintain the battery state of charge (SOC) at a satisfactory level to enable 

effective delivery of torque to the vehicle over a wide range of driving situations. 
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In order to achieve these goals, it is very important to optimize the architecture and 

components of the hybrid vehicle, but as important is the energy management strategy 

that is used to control the complete system. The energy management strategy is 

implemented by a power controller. It controls the energy flow between all components, 

and optimizes power generation and conversion in the individual components. 
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