
CHAPTER 2 
HEV Classifications 

There are many ways to classify HEVs. One of the most common ways to classify 
HEV is based on configuration of the vehicle drive train. Based on this, three major 
hybrid vehicle architectures introduced are parallel, series and series-parallel. 

2.1 Parallel HEVs 
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 of 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 
electric motor. The power flow is summed at the gearbox. 
On the other hand, in a post-transmission parallel hybrid, the gearbox is located on the 
engine shaft prior to the torque coupler. The gearbox speed ratios only apply on the 
engine. 
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Figure 2.1: Block Diagram of Pre - Transmission Parallel HEV 
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Figure 2. 2 : Block Diagram of Post - Transmission Parallel HEV 
In a pre-transmission configuration, torque from the motor is added to the torque f rom 
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 
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 H E V 
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The flexibility in power train 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 HEV 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. 

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 ( D u a l ) 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 operate 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. 
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