
Chapter 2 

H E V Class i f icat ions 

There are many ways to classify HEVs. One of the most common ways to classify 

HEV is based on configuration of the vehicle drivetrain. Based on this, three major 

hybrid vehicle architectures introduced are parallel, series and series-parallel (Dual) 

In parallel configurations, both the engine and the motor provide traction power to the 

wheels, which means that the hybrid power is summed at a mechanical node to power 

the vehicle. As a result, both the engine and the motors can be downsized, making the 

parallel architecture more viable with lower costs and higher efficiency [11],[12], 

The parallel HEVs usually use the same gearboxes of the counterpart conventional 

vehicles, either in automatic or manual transmissions. Based on where the gearbox is 

introduced in the powertrain, there are two typical parallel HEV architectures, named 

pre-transmission parallel and post-transmission parallel, as shown in Figure 2.1 and 

Figure 2.2, respectively. 

In a pre-transmission parallel HEV, the gearbox is located on the main drive shaft 

after the torque coupler. Hence, gear speed ratios apply on both the engine and the 

HEVs. 

2.1 Parallel HEVs 

electric motor. The power flow is summed at the gearbox. 

On the other hand, in a post-transmission parallel hybrid, the gearbox is 

engine shaft prior to the torque coupler. The gearbox speed ratios only a] 

engine. 



Torque 

Figure 2.1 : Block Diagram of Pre - Transmission Parallel HEV 

Torque 
Coupler 

Figure 2.2 : Block Diagram of Post - Transmission Parallel HEV 

In a pre-transmission configuration, torque from the motor is added to the torque from 

the engine at the input shaft of the gearbox. In a post-transmission, the torque from the 

motor is added to the torque from the engine delivered on the output shaft of the 

gearbox. A disconnect device such as a clutch is used to disengage the gearbox while 

running the motor independently. 

There are attempts from different perspectives to improve the operation of a parallel 

HEV. One possibility is to run the vehicle on electric machine alone in city driving 

while running engine power alone on highways. Most contemporary parallel vehicles 

use a complex control system and special algorithms to optimize both vehicle 

performance and range. 

One unique implementation of the parallel hybrid technology is on an all wheel drive 

vehicle as shown in Figure 2.3. The design is most beneficial if the ICE powers the 

rear wheels while the electric motor powers the front wheels. The more weight borne 

by the front wheels during braking will result in more power captured during 
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regenerative braking. The design is also effective on slippery surfaces by providing 

vehicle longitudinal stability control that is not as easy with other types of hybrid 

designs. The power to each axle is manipulated by a single controller, although this 

requires a fast data communication. 

Figure 2.3 : Block Diagram of all wheel drive Parallel HEV 

The flexibility in powertrain design, in addition to the elimination of the need for a 

large motor, of parallel hybrids has attracted more interest in HEV development than 

the series hybrids. 

2.2 Series HEVs 

One of the basic types of HEVs is series hybrid. In this configuration, as shown in 

Figure 2.4, the ICE is used to generate electricity in a generator. Electric power 

produced by the generator goes to either the motor or Battery. The hybrid power is 

summed at an electrical node, the motor [11],[12]. 

Despite the early research and prototypes, the possibility for series hybrids to be 

commonly used in vehicular applications seems to be remote. The series hybrid 

configuration tends to have a high efficiency at its engine operation. However, the 

summed electrical mode has tied up the size of every component. The weight and cost 

of the vehicle is increased due to the large size of the engine and the two electric 

machines needed. The size of the power electronic unit is also excessive. 



Figure 2.4 : Block Diagram Series HEV 

2.3 Parallel - Series ( Dual ) HEVs 

This system combines the series hybrid system with the parallel hybrid system in 

order to maximize the benefits of both systems [11],[12]. In the series-parallel 

configurations, the vehicle can be operated as a series hybrid, a parallel hybrid, or a 

combination of both. This design depends on the presence of two motors/generators 

and the connections between them, which can be both electrical and mechanical. One 

advantage of a series-parallel configuration is that the engine speed can be decoupled 

from the vehicle speed. This advantage is partially offset by the additional losses in 

the conversion between mechanical power from engine and electrical energy. 

Table 2.1 : Comparison of Hybrid Systems ( Toyota Hybrid System - THS II ,[12]). 

Hybrid System Comparison 

Fuel Economy Improvement Driving Performance 

Idling 

Stop 

Energy 

Recovery 

H i g h -

Efficiency 

Operation 

Control 

Total 

Efficiency 
Acceleration 

Continues 

High 

Output 

Series A • A A 

Parallel A A A A 

Dual • • • • A A 

* - Excellent A - Superior 4- - Somewhat unfavorable 
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2.4 Basic HEV Components 

Following additional components w.r.t conventional vehicals, can be found in HEVs. 

2.4.1 Electric Motor 

The heart of a Hybrid system can be considered as the Electric propulsion system. 

Recently, technological developments have pushed EMs 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 induction motors, 

permanent magnet (PM) motors, or switched reluctance motors. Induction motors and 

PM motors are the most prominent for HEV applications [25], 

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

is a deterrent [25]. 

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. 

2.4.2 Energy Storage System ( ESS ) • 

The performance, life cycle, and safety of HEVs strongly depend on the vehicle's 

ESS. Based on modern technologies, chemical batteries predominate in HEVs as 

energy storage. Ultracapacitors and flywheel systems have not replaced batteries 

because batteries offer mature technology, easy maintenance, high energy density and 

low cost [26]. 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 2.2 [26], 
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Table 2.2 : Comparison of Batteries 

Lead-

Acid 
NiCd NiMH Li-ion 

Specific Energy (Wh/kg) - 3 0 40-60 60-70 90-130 

Energy Density (Wh/dm3) - 9 0 80-110 130-170 220-260 

Specific Power (W/kg) -200 150-350 150-300 2 5 0 ^ 5 0 

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

1200 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 

associated with regenerative braking and are easier to package in the vehicle. 

Currently, Li-ion batteries are 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 [26]. 

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. 
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2.4.3 Power Splitter 

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

while taking the energy available in the battery into account. 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 which is 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 

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 

Hybrid systems possess the following 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. 

situations. 

components. 

4 

2.5 Characteristics of Hybrid Systems 
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ii. Energy Recovery and Reuse 

The energy that would normally wastes as heat during deceleration and 

braking is recovered as electrical energy, which is then used to powe.r the 

starter and the electric motor. 

iii. Motor Assist 

The electric motor assists the engine during acceleration. 

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. 

2.6 Advantages & Disadvantages of HEVs 

Following advantages can be identified for HEVs, 

• Decreasing of fuel consumption and of exhaust emissions 

• Possibility of braking energy regeneration 

• Possibility of using ICE in the hybrid vehicles with decreased volume 

preserving dynamic characteristics 

• Possibility of simple organization of all wheels drive using hub motors 

The disadvantages of hybrid drive are: 

• Rise in the cost of vehicle 

• Complexity of recovered energy estimation 
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