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Abstract 

                Permanent magnet synchronous motor is a robust machine for electrical vehicle 

application which can provide maximum torque at starting with low power and control of such 

machine is complex. This paper presents a model based predictive methodology for current 

control for PMSM drive powered through hybrid battery and fuel cell sourced electrical vehicle. 

Advantage of a MPC controller is it can predict the future changes in the system based on past 

and present inputs and enhances the dynamic performance of the PMSM control system. MPC 

controller increases the efficiency of the proposed system by ensuring precise control over output 

current from the drive. A buck-boost converter is employed to provide optimum dc link 

performance required for the voltage source inverter fed PMSM motor. The main objective of 

the buck boost converter is to boost the voltage available from battery and fuel cell even during 

low state of charge regions for stable operation of the drive. A suitable electrical vehicle model 

was developed in MATLAB/Simulink environment to validate the advantages of proposed 

conversion and control system for PMSM drive.    

Keywords: Permanent Magnet Synchronous Motor (PMSM), Electrical Vehicle, Fuel Cell, 

Model Predictive Controller (MPC), Buck-Boost Converter 

1. INTRODUCTION 

In recent years the conventional IC engine powered vehicles are replaced with electric/hybrid 

electric vehicles to minimize the utilization of conventional fuels and to provide green 

environment with less pollution. The general structure of an EV or HEV consists of an energy 

storage system, power electronic conversion system, electrical machine or motor and an energy 

management based control unit. For electrical vehicle applications PMSM motor is preferred 

over other electrical motors due to its advantages. It shows better performance such as improved 

starting torque at even full load, high efficiency and low losses. The only disadvantage of PMSM 



 

International Journal of MC Square Scientific Research Vol.9, No.3,2017    

 

9 
Issn No:0975-0932 

motor is ripples in developed torque due to poor control methodology and design. The main 

advantage of this type of machine is its characteristics shown during regenerative braking which 

is utilized to save energy during braking condition. However to regenerate power during braking 

motor should be running at a stable speed, it is not possible at low speeds.   

A performance comparison is made for the use of Induction motor and PMSM motor for the 

use of electric vehicle [1]. Battery powered electric vehicles based on PMSM motor is preferred 

due to its robustness [2]. However PMSM motors require high performance controllers [3-5] to 

deliver high power even at starting. Flux weakening controllers are helpful to run the motor at a 

speed above its base speed and to minimize torque pulsations developed during PMSM motor 

operation precise current controllers are required. Fuel cell [6] is proposed as a source for 

electrical vehicles based on PMSM motors and a comparison is made between the electric 

vehicles which uses battery and fuel cell as their sources [7]. Use of such hybrid sources [8] for 

electrical vehicles is appreciated which reduces the overall operating cost of the vehicle. MPC is 

a modern controller applicable to various process control systems, use of such a controller for 

PMSM motor control is proposed in [9]. For minimizing the ripples occurring in torque MPC is 

used as a predictive torque and flux controller [10] for PMSM motor control. Indirect torque 

control is achieved by means of predictive current control [11-12] provides highly regulated 

stator current with less ripples in torque. This paper proposed a hybrid source battery and fuel 

cell for electrical vehicle comprises of VSI driven PMSM motor whose control is governed by 

predictive current control methodology. Further a buck boost converter is introduced to allow 

bidirectional power flow from source to machine and machine to hybrid source. Overall 

configuration of the proposed electrical vehicle system is given in next section.         

              

2. Overall Configuration of Proposed System 

Functional Diagram of the proposed electrical vehicle system is shown in the fig 1. It consists of 

two sources a battery and a fuel cell both the sources have the capability energy discharging and 

charging. Detailed modeling of fuel cell with equivalent circuit and characteristic equations are 

presented in section III. The proposed system involves two power electronic conversion systems 

one acts as a bidirectional buck-boost dc-dc converter and other converter acts as a voltage 

source inverter which drives the PMSM motor. Mathematical model of PMSM motor is given in 

section IV. A model predictive current controller is preferred for PMSM motor control which 

provides stable operation with uncertainties and non linear design. The advantage of this type of 

controller is it predicts future PWM cycle for inverter depends on past and present current 

values. This controller provides a high accuracy over current control which in turn used to 

provide smooth output torque from motor even during sudden load varying conditions.    
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Fig 1.Overall Configuration of Proposed system 

     

3. Fuel Cell 

In this paper a Proton exchange membrane fuel cell (PEMFC) is used which delivers a high 

power in the range of kilo watts for long duration. A 45 V DC six kilowatt 6.5 Ah fuel cell is 

modeled in MATLAB/Simulink to apply fuel cell as a hybrid source for our electrical vehicle 

system. Schematic diagram of a fuel cell and an electrical equivalent circuit of a PEM fuel cell is 

given in fig 2. The output voltage obtained from a single fuel cell is given in equation (1) and if 

number of cells is stacked and its voltage relation is given in equation (2). Equation (3-7) 

describes the V-I characteristics [13] a fuel cell and its polarization effects.    
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Fg.2. (a) Schematic Diagram (b) Electrical Circuit of PEM fuel cell 
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4. Mathematical Model of PMSM 

The mathematical equations of PMSM motors stator current in a dq synchronously rotating 

frame is given by 

𝑑

𝑑𝑡
𝑖𝑞 =

1

𝐿𝑞
 𝑣𝑞 − 𝑅𝑖𝑞 − 𝜔𝑒𝜙𝑑                                                                                                    (8) 

𝑑

𝑑𝑡
𝑖𝑑 =

1

𝐿𝑑
 𝑣𝑑 − 𝑅𝑖𝑑 − 𝜔𝑒𝜙𝑞                                                                                                    (9) 

𝜙𝑑 = 𝜙𝑓 + 𝐿𝑑 𝑖𝑑                                                                                                                          (10) 

𝜙𝑞 = 𝐿𝑞 𝑖𝑞                                                                                                                                    (11) 

Torque developed from a PMSM motor is given by 

𝑇𝑚 =
3

2
𝑃 𝑖𝑞𝜙𝑑 − 𝑖𝑑𝜙𝑞                                                                                                              (12) 

Where 𝑣𝑞  𝑎𝑛𝑑 𝑣𝑑   are stator voltages in dq frame, 𝑖𝑞  𝑎𝑛𝑑 𝑖𝑑  are stator currents in dq frame, 

𝐿𝑞  𝑎𝑛𝑑 𝐿𝑑  are motor inductances in dq frame, 𝜙𝑑  𝑎𝑛𝑑 𝜙𝑞   are flux of PMSM motor in dq frame, 

𝑇𝑚  is electro-magnetic torque developed by PMSM motor. 

 

5. Model predictive Controller for PMSM 

Following equations are used to generate voltage control signal for inverter driving PMSM 

motor [14]. It is based on predictive control over stator currents which helps to improve the 

torque profile of motor. The predictive current vector is given by  

𝑖𝑘+1 = 𝑖𝑘 + 𝑇  𝐹𝑘𝐼𝑘 + 𝐷𝑘 + 𝐿0
−1𝑉𝑘 −

1

𝑇
𝐾ɳɳ𝑘                                                                           (13) 
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𝑒𝑘 = 𝑖𝑘 − 𝑖𝑘                                                                                                                                (14) 

Equation (15) gives the voltage control signal output from predictive current controller 

𝑣𝑘 = −𝐿0  𝐹𝑘 𝑖𝑘 + 𝑑𝑘 −
1

𝑇
 𝑖∗ − 𝑖𝑘 + 𝐾ɳ + 𝑒0 + ⋯ + 𝑒𝑘+1                                                       (15) 

But, 

𝑖∗ − 𝑖𝑘 = 𝑒𝑘 + 𝑒𝑘                                                                                                                        (16) 

Hence (15) can be written as follows 

𝑣𝑘 = −𝐿0  𝐹𝑘 𝑖𝑘 + 𝑑𝑘 −
1

𝑇
 𝑒𝑘 −  𝐾ɳ − 𝐼2 𝑒𝑘 + 𝐾ɳɳ𝑘                                                             (17) 

𝑒𝑘+1 =  𝐾ɳ − 𝐼2 − 𝑇𝐹𝑘 𝑒𝑘 − 𝐾ɳɳ𝑘 − 𝑇𝜙𝑘                                                                                (18) 

𝑒𝑘+1 = 𝐾ɳɳ𝑘 + 𝑇𝜙𝑘                                                                                                                   (19) 

ɳ𝑘+1 = ɳ𝑘 + 𝑒𝑘+1                                                                                                                       (20) 

 

6. Simulation Results and Discussions 

PMSM motor based proposed electrical vehicle system containing hybrid sources (battery 

and fuel cell) is simulated in MATLAB/Simulink software and results are presented in this 

section. Parameters applied during simulation is given in Table I, It contains PMSM motor 

parameters, fuel cell specifications and buck boost converter circuit parameters. Overall 

MATLAB Implementation of proposed PMSM drive for Electric Vehicle Applications is shown 

in figure 3. Performance of battery is shown in figure 4 and output voltage of fuel cell is shown 

in figure 5. A buck boost converter is employed to boost the hybrid source input voltage to the 

level required for motor ratings and the corresponding DC link voltage is shown in figure 6. 

Model based predictive current controller is utilized for improving the torque and current profile 

of the PMSM motor and the motors performance such as phase voltage, speed response, electro-

magnetic torque response and stator current response are shown from figure 7 to 10.  

 

TABLE 1 SIMULATION PARAMETERS 

PMSM MOTOR PARAMETERS 

Name Range 

Rated Power  5 hp 
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Rated Speed 1500 rpm 

Rated Voltage  310 V 

Stator Resistance (Rs) 0.7 ohms 

Stator Inductance (Ls) 2.72mH 

Poles 4 

Torque Constant 0.235N.m/A 

Flux Linkage 0.175 V.s 

Fuel Cell SPECIFICATIONS 

Voltage 45V 

Current 6.5A 

Power 6KW 

Buck Boost Converter PARAMETERS 

Inductors  𝐿1, 𝐿2  0.1mH, 2mH 

Capacitors 𝐶1, 𝐶2  1000𝜇F 

DC-Link Voltage  𝑉𝐷𝐶  310V 

 

 

Fig 3.Matlab Implementation of proposed PMSM drive for Electric Vehicle Applications 
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Fig 4.Battery (A).Output Voltage (B).Output Current 

 

 

Fig 5.Fuel Cell output voltage waveform 

 

 

Fig 6.DC link voltage waveform 
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Fig 7.R phase output voltage waveform 

 

Fig 8.Speed response of PMSM motor 
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Fig 9.Torque response of PMSM motor 

 

 

 

Fig 10.Stator current response of PMSM motor 

 

7. Conclusion 

This paper presented a model predictive current controller for PMSM drive powered through 

hybrid battery and fuel cell sourced electrical vehicle. Advantage of a MPC controller is it can 

predict the future changes in the system based on past and present inputs and improves the 

dynamic performance of the system. MPC controller enhances the overall efficiency of the 

proposed system by ensuring precise control over output current from the drive. A buck-boost 

converter is employed to provide optimum dc link performance required for the voltage source 

inverter fed PMSM motor. The major use of the buck boost converter is to boost the voltage 

available from battery and fuel cell even during low state of charge regions for stable operation 

of the drive. The performance of proposed conversion and control system for PMSM drive is 

verified through simulations using electrical vehicle model was developed in 

MATLAB/Simulink environment. 
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