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Abstract. In the current paper a model of bidirectional DC/DC multi quadrant converter is developed. The proposed model 

is composed by a separately excited DC motor, a buck-boost converter and a proportional-integral (PI) regulator. The 

solution is described with the aid of system of differentials equations and realized in the visual environment 

MATLAB/Simulink. Two operation modes are studied: acceleration mode and braking (regenerative) mode. From the 

presented and discussed results it is observed that the proposed solution is suitable for hybrid electric vehicles applications 

with multiple energy source such as battery and supercapacitor.  

INTRODUCTION 

The increasing number of vehicles create the environmental problems such as global warming, air pollution and 

etc. That leads to the necessity of implementation of new generation of transport such as hybrid (HEVs) and electric 

vehicles (EVs). Hybrid vehicles offer significant fuel savings and significantly reduced emissions compared to the 

vehicles with internal combustion engine through the use of an electric motor to propel the vehicle. The hybrid vehicle 

is classified according to a type of architecture. The traction chain of an EV is simplified compared to internal 

combustion vehicle; it consists of an electric motor, a source of electrical energy and a simplified mechanical 

transmission. Electric motors used for traction have better behavior at low rotational speeds and deliver higher power. 

This allows you to accelerate quickly during acceleration. In addition, electric motors have many advantages compared 

to internal combustion engines; they are lighter, reversible and have a very good performance. 

Important parts of HEVs and EVs are power electronic converters. The study of new topology and their control is 

an especially importance for finding an optimal solution in different operation modes. The development of the 

mathematical model of multi quadrant DC/DC converter would contribute for examination of the proposed solution.  

The main objective of this paper is to examine the acceleration and braking modes of an electric vehicle. The 

important contribution is to evaluate the energy which could be stored during the regenerative braking. This research 

is significant to determination of the efficiency and at the design of the system and the particular components. 

In the paper a mathematical model with the differential equations and their implementation in MATLAB/Simulink 

and simulation results are presented. In Fig.1. a block scheme of HEVs is proposed. It consist of internal combustion 

engine, electric motor, inverters, rectifiers, DC/DC converter, mechanical transmission and batteries pack. 
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FIGURE 1. General configuration of a hybrid electric vehicle 

 

 

MATHEMATICAL MODEL 

In Fig. 2 a schematic of four quadrant DC/DC converter is presented. With the aid of the following equation are 

described the operation modes.  
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FIGURE 2. Four quadrant converter 

 

 

This circuit operates as a two quadrant converter and it’s obtain 4 modes of operations. When the switches S1 and 

S4 are turned on the input voltage is applied to the load and the instantaneous output voltage appearing across the load 

vout is: 
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In Table I the parameters and the values of the used components are presented. The mathematical model is realized 

in MATLAB/Simulink environment and it’s shown in Fig.3. In the scheme are connected a battery, a DC/DC multi 

quadrant converter, a load and a control system. The DC/DC converter is realized with two blocks implemented in 

MATLAB/Simulink. The DC motor is presented with equivalent circuit which consist of internal resistance, internal 

inductance and back electromotive force. 

 

TABLE 1. Values of the components  

 

Parameters Values Units 

Voltage of the battery 300 [V] 

Capacitor, CH 7.2  [mF] 

Capacitor, CL 7.2 [mF] 

Inductance, L 6.25 [µH] 

 

 
FIGURE 3. Schematic of the multi quadrant converter in MATLAB/Simulink 

 

In Fig. 4. a control system of the proposed converter is presented. It is integrated in the block CS. The control is 

realized with two PI regulator. The first one regulate the tours in RPM which is set by the block “Imported Signal”. 

The second one maintain the current of the converter. 
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FIGURE 4. Control system 

SIMULATION RESULTS 

In Fig.5 a simulation results are presented. The first curve is the set for the RPM (yellow) and the second one 

(blue) is the real RPM.  

 

 
FIGURE 5. Simulation results 

CONCLUSION 

Having demonstrated the environmental and energy related advantages of the EVs, and noticed the prevalence of 

EVs with a DC/DC converter in their powertrain, the objective of this paper is to develop a solution for the powertrain 

DC/DC converter of an electric vehicle.  

Several aspects of the solution have been examined. The first of them is the selection of an appropriate topology 

of DC/DC converter for the herein considered application, which finally is a multi-quadrant DC/DC converter. 
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