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________________________________________________________________________________________________Abst

ract: Recently, a hybrid electric vehicle have been widely studied because of their potential to significantly improve fuel 

economy, reduce emissions and give a good performance by combining a smaller than normal engine with electric motors and 

an energy storage system. Due to the multiple-power-source nature, the complex configuration and operation modes, the 

control strategy of a hybrid vehicle become more complicated than that of an engine-only vehicle. The overall objective of 

this paper is to define power management strategies for hybrid electric vehicles and to control the power management that 

determines the proper power split between the motor and the engine in order to minimize fuel consumption and emissions.  
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1. Introduction 

Hybrid vehicles are inherently more complicated and 

expensive than conventional vehicles. The reason for 

developing them is that it is- possible to make them, in some 

aspect, better than conventional vehicles. Today, the focus is 

on environmental impact and better is often defined as lower 

emissions and lower fuel consumption. Other considerations 

are that the vehicles should be as easy to handle as 

conventional vehicles and that they don't require a whole 

new infrastructure for fuel distribution [1:6]. 

For the reason that of the variations in hybrid electric vehicle 

(HEV) configurations, different power control strategies are 

necessary to regulate the power flow to and from different 

components. These control strategies aim to satisfy a number 

of goals for hybrid electric vehicles (HEVs) namely; 

maximum fuel economy, minimum emissions, minimum 

system cost, and good driving performance, while satisfying 

constraints such as drivability, charge sustaining and 

component reliability [7:12]. Hybrid vehicles can be 

“assembled” in different ways, referred to as hybrid 

architectures. The most common architectures are series, 

parallel, series-parallel and complex hybrid power control 

[13:18]. In the following sections the details of each type 

will be discussed. 

2. Series Hybrid Power Control 

In the series hybrid system, the power flow control can be 

illustrated by four operating modes, as shown in Figure 1. 

During startup, normal driving or acceleration of the series 

hybrid electric vehicles, both the engine (via the generator) 

and battery deliver electrical energy to the power converter, 

which then drives the electric motor and, hence, the wheels 

via the transmission, as shown in Figure 1 (a). At light load, 

the engine output is greater than that required to drive the 

wheels, so the generated electrical energy is also used to 

charge the battery until the battery capacity reaches a proper 

level, as shown in Figure 1 (b). During braking or 

deceleration, the electric motor acts as a generator which 

transforms the kinetic energy of the wheels into electricity, 

as shown in Figure 1 (c). In addition to, the battery can be 

charged by the engine via the generator and power converter, 

even when the vehicle comes to a complete stop, as shown in 

Figure 1 (d). For example, a similar power flow control 

system has been applied to the Toyota Coaster Hybrid 

Electric Vehicle. 
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Figure 1: Series hybrid electric vehicle operating modes. 

3. Parallel Hybrid Power Control 

There are four operating modes of the parallel hybrid electric 

vehicle (HEV) as shown in Figure (2). During startup or full-

throttle acceleration, both the engine and electric motor 

proportionally share the required power to motivate the 

vehicle. Typically, the relative distribution between the 

engine and the electric motor is 80% to 20%, as shown in 

Figure 2 (a). During normal driving, the engine solely 

supplies the necessary power to propel the vehicle, while the 

electric motor remains in the off mode, as shown in Figure 2 

(b). During braking or deceleration, the electric motor acts as 

a generator to charge the battery via the power converter, as 

shown in Figure 2 (c).  Since both the engine and electric 

motor are coupled to the same drive shaft, the battery can be 

charged by the engine via the electric motor when the 

vehicle is at light load, as shown in Figure 2 (d). For 

example, a similar power flow control system has been 

applied to the Honda Insight Hybrid Electric Vehicle.  

 

 
Figure 2: Parallel hybrid electric vehicle operating modes. 

4. Series - Parallel Hybrid Power Control 

The series-parallel hybrid system involves the features of 

series and parallel hybrids. Thus, there are many possible 

operating modes to perform its power flow control. 

Basically, they can be identified in two groups namely: 

Engine – Heavy mode and Electric – Heavy mode. The 

engine-heavy one denotes that the engine is more active than 

the electric motor for series parallel hybrid propulsion, 

whereas the electric-heavy one indicates that the electric 

motor is more active. Figure (3) shows the Engine-Heavy 

series-parallel hybrid system, in which there are six 

operating modes. 

At startup, the battery solely provides the necessary power to 

propel the vehicle, while the engine is in the off mode, as 

shown in Figure 3 (a). During full throttle acceleration, both 

the engine and electric motor proportionally share the 

required power to propel the vehicle, as shown in Figure 3 

(b). During normal driving, the engine solely provides the 

necessary power to propel the vehicle, while the electric 

motor remains in the off mode, as shown in Figure 3 (c). 

During braking or deceleration, the electric motor acts as a 

generator to charge the battery via the power converter, as 

shown in Figure 3 (d). For battery charging during driving, 

the engine not only drives the vehicle but also the generator 

to charge the battery via the power converter, as shown in 

Figure 3 (e). When the vehicle is at a standstill, the engine 

can maintain driving the generator to charge the battery, as 

shown in Figure 3 (f). For example, a similar power flow 

control system has been applied to the Nissan Tino Hybrid 

Electric Vehicle. 

 

 
Figure 3: Series - parallel hybrid electric vehicle operating 

modes (Engine – Heavy operating mode). 

 

On the other hand, Figure (4) shows a relatively electric-

heavy series-parallel hybrid system, in which there are six 

operating modes. During startup and driving at light load, the 

battery solely feeds the electric motor to propel the vehicle, 

while the engine is in the off mode, as shown in Figure 4 (a). 

For both full throttle acceleration and normal driving, both 

the engine and electric motor work together to propel the 

vehicle, as shown in Figure 4 (b). The key difference is that 

the electrical energy used for full throttle acceleration comes 

from both the generator and battery, whereas that for normal 

driving is solely from the generator driven by the engine, as 

shown in Figure 4 (c). Notice that a planetary gear is usually 
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employed to split the engine output, hence to propel the 

vehicle and to drive the generator. During braking or 

deceleration, the electric motor acts as a generator to charge 

the battery via the power converter, as shown in Figure 4 (d). 

In addition, for battery charging during driving, the engine 

not only drives the vehicle, but also the generator to charge 

the battery, as shown in Figure 4 (e). When the vehicle is at a 

standstill, as shown in Figure 4 (f) the engine can maintain 

driving the generator to charge the battery [5]. For example, 

a similar power flow control system has been applied to the 

Toyota Prius Hybrid Electric Vehicle. 

 

 
Figure 4: Series - parallel hybrid electric vehicle operating 

modes (Electric – Heavy operating mode). 

 

5. Complex Hybrid Power Control 

The development of complex hybrid control has been 

focused on the dual axle propulsion system for hybrid 

electric vehicles. In this system, the front wheel axle and rear 

wheel axle are separately driven. There is no propeller shaft 

or transfer to connect the front and rear wheels, so it enables 

a more lightweight propulsion system and increases the 

vehicle packaging flexibility. Moreover, regenerative 

braking on all four wheels can significantly improve the 

vehicle fuel efficiency and, hence, the fuel economy. Firstly, 

The complex hybrid system can be divided into two basic 

modes, in the first mode the front wheel axle is propelled by 

a hybrid drive train, and the rear wheel axle is driven by an 

electric motor, and in the second mode the front wheel axle 

is driven by an electric motor, and the rear wheel axle is 

propelled by a hybrid drive train. Figure (5) illustrates the 

first mode of dual axle complex hybrid system, where the 

front wheel axle is propelled by a hybrid drive train, and the 

rear wheel axle is driven by an electric motor. There are six 

operating modes. During startup, the battery delivers 

electrical energy to feed both the front and rear electric 

motors to individually propel the front and rear axles of the 

vehicle, whereas the engine is in the off mode, as shown in 

Figure 5 (a). For full throttle acceleration, both the engine 

and front electric motor work together to propel the front 

axle, while the rear electric motor also drives the rear axle, 

as shown in Figure 5 (b). Notice that this operating mode 

involves three propulsion devices (one engine and two 

electric motors) to propel the vehicle simultaneously. During 

normal driving and battery charging, the engine output is 

split to propel the front axle and to drive the electric motor, 

which works as a generator to charge the battery, as shown 

in Figure 5 (c). The corresponding device to couple the 

engine mechanically, front electric motor and front axle 

altogether, is usually based on a planetary gear. When 

driving at light load, the battery delivers electrical energy to 

the front electric motor only to drive the front axle, whereas 

both the engine and rear electric motor are off, as shown in 

Figure 5 (d). During braking or deceleration, both the front 

and rear electric motors act as generators simultaneously to 

charge the battery, as shown in Figure 5 (e). A unique 

feature of this dual axle system is the capability of axle 

balancing, as shown in Figure 5 (f). In case the front wheels 

slip, the front electric motor works as a generator to absorb 

the change of engine output power. Through the battery, this 

power difference is then used to drive the rear wheels to 

achieve axle balancing. Recently, the Toyota Post-Prius 

HEV system, termed THS-C, has adopted this power flow 

control.  

 

 
Figure 5: Dual axle complex hybrid electric vehicle 

operating modes (front - hybrid drive train, and the rear - 

electric motor). 

 

On the other hand, Figure (6) shows another dual axle 

complex hybrid system, where the front wheel axle is driven 

by an electric motor, and the rear wheel axle is propelled by 

a hybrid drive train, which have six operating modes. During 

startup, the battery delivers electrical energy only to the front 

electric motor, which, in turn, drives the front axle of the 

vehicle, whereas both the engine and rear electric motor are 
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off, as shown in Figure 6 (a). Once the vehicle moves 

forwards, the battery also delivers electrical energy to the 

rear electric motor, which functions quickly to increase the 

engine speed, thus starting the engine, as shown in Figure 6 

(b). For full throttle acceleration, the front electric motor 

drives the front axle, while both the engine and rear electric 

motor work together to propel the rear axle. Therefore, there 

are three propulsion devices (one engine and two electric 

motors) simultaneously propelling the vehicle, as shown in 

Figure 6 (c). During normal driving, the engine works alone 

to propel the rear axle of the vehicle, as shown in Figure 6 

(d). During braking or deceleration, both the front and rear 

electric motors act as generators simultaneously to charge 

the battery, as shown in Figure 6 (e). For battery charging 

during driving, the engine output is split to propel the rear 

axle and to drive the rear electric motor, as shown in Figure 

6 (f), which works as a generator to charge the battery [5]. 

Finally, the GM Precept HEV has adopted this power flow 

control system. 

 
Figure 6: Dual axle complex hybrid electric vehicle 

operating modes (front - electric motor, and the rear hybrid 

drive train). 

 

6. Conclusions  

The main reason for doing research on hybrid vehicles is to 

make them better than conventional vehicles. A design 

method for the power management control algorithm for 

hybrid electric vehicles is developed by many researchers. 

The driver power demand is modeled as process to represent 

the future of the driver power request under various driving 

conditions. Control of power management in hybrid vehicle 

has been studied with different methods to obtain optimal 

driving conditions and to make the losses in the system as 

small as possible. The present work provides some insight 

into the optimal source of power in hybrid vehicles using 

power management technique. Moreover, using the previous 

power management strategies improve fuel economy, reduce 

emissions and give a good driving performance. 
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