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ABSTRACT: Permanent magnet synchronous machines are used for many applications like aerospace, electric 

vehicles, industries, household appliances etc., as they are highly efficient. But the major problem which affects the 

working of PMSMs is the voltage, speed, torque ripples. In order to reduce these ripples several control techniques are 

currently available. Voltage feedback flux weakening control is the popular technique as it is robust and simple. It will 

not change in accordance with machine parameters. For fast speed dynamics and less ripples fuzzy logic speed 

controller is used in this work. The results are demonstrated in MATLAB/Simulink 

.  
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I.INTRODUCTION 

 

Permanent magnet synchronous machine are widely used in electric vehicles due to its robustness, high torque current 

ratio, high power weight ratio, efficiency etc. But the speed range of PMSM is restricted to lesser region due to the 

voltage and current of the inverter. For generating proper currents there are several control techniques have been 

developed. Out of which voltage feedback control is most used as they are robust against any parameter variation than 

feed forward methods which will depend upon machine parameters. But due to the current and voltage variations the 

voltage loop shows non linearity, which will make the tuning more difficult in the flux weakening regions. 

 

The linearizing of voltage loop alone cannot assure good dynamics and less ripples. Due to the less voltage control in 

the flux weakening region, more ripples will be generated there. Thus the improving of speed dynamics might be 

difficult in the flux weakening region. The feedback voltage ripples can be reduced by providing small pi gains. Hence 

a PI controller is used in this paper. 

II.SYSTEM MODEL AND ASSUMPTIONS 
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For the generation of proper current signals in flux weakening operation  there are many control techniques have been 

developed. There are many feed forward methods available for the controlling but the problem with these feed forward 

methods is that they may change in accordance with the machine model. But the control strategy named voltage 

feedback flux weakening control is powerful as they do not change with the motor parameter variations. Hence they are 

most standard control structure used now a days. The voltage feedback portion in this control strategy exhibits some 

non linearity that makes tuning more difficult. The less voltage control in flux weakening region causes more voltage 

ripples. These feedback voltage ripples causes more oscillations in constant power regions. These voltage ripples might 

be caused by current and speed ripples which are generated by torque ripples due to the ideal installation. This paper 

shows that the voltage ripples are more generated by means of current ripples in flux weakening regions which will 

affect the improvement of speed of the motor.  

The voltage ripples may be cut down by introducing smaller p and i gains to the system. But this will affect the speed. 

To solve this problem a nonlinear PI controller can be used. There are several other factors like load torque ripple, non 

ideal installations of motor parts can cause disturbance to control system. The disturbances causes voltage ripples and 

reduce the system performance. Though there are many non ideal factors that cause ripples, the ripples in the 

measurable speed is only taken in to consideration. The ripples can be directly added into the system through voltage 

feedback terms and indirectly by adding voltage ripples through q- axis current ripples by speed PI controller.  

 

The mathematical model is derived based on the following assumptions: 

 stator will be balanced with sinusoidal distributed magneto motive force(mmf) 

 It is assumed to have balanced windings and balanced inputs 

 inductances verses rotor position will be sinusoidal in nature 

 any saturation and parameter changes are neglected 

III. PROPORTIONAL INTEGRAL (PI) CONTROLLER 

The output of a Proportional integral controller combines the outputs of a proportional and integral controller 

 

                                                                                     u(t)=KPe(t)+KI∫e(t) dt                                                                   (1) 

Apply Laplace transform on both sides - 

                                                                                    U(s)=(KP+
  

 
)E(s) 

                                                                                    
    

    
=KP+

  

 
                                                                                     (2) 

Hence, the transfer function of proportional integral controller is KP+
  

 
. 

The following figure depicts the block diagram of a unity negative feedback closed loop control system with a 

proportional integral controller. 

 
 Basic closed loop of PI controller 

The proportional integral controller is used to reduce steady state error while maintaining the stability of the control 

system. Other benefits of the proportional integral controller includes 

 Good transient response. 

 Provides simplicity and directness. 

 Helps in the controller gain stabilization. 

 Eliminates the offset error. 

 Improves stability, Gain Margin & Phase Margin. 

The discrete incremental form of a speed PI controller can  be expressed as 
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                                                                                                                                                    (3) 

where Di
*

q,MTPA(k) is the incremental component of current command in each control cycle,  

i.e.                                    

                                                                                                                                           (4) 

where  

Ts is the control period of the speed loop 

k denotes the step of the speed control cycle 

Di
*
q,MTPA(k) is the incremental component of current command in each control cycle 

   
 

 is the speed tracking error, i.e. (n
*
-n) 

IV. PERMANENT MAGNET SYNCHRONOUS MOTORS 

The permanent magnet synchronous motors (PMSM) has become extremely popular and upcoming motors in electric 

vehicle industry. It is an Ac synchronous machine with field excitation provided by permanent magnet. The factors that 

makes PMSM a popular one in EV industry is its advantages like high efficiency, high torque to weight ratio, less 

noisy, sparkless operation, more compact and lighter than AC induction machine, smooth low and high speed 

operations, etc. It has a permanent magnet rotor and windings on stator as in an brushless DC motor. But stator with 

windings is designed in such a way to provide sinusoidal flux density in air gap as in similarly in an induction motor. 

There are several control strategies available for high performance PMSM like vector control, direct torque 

control(DTC), maximum torque per ampere(MTPA) for utilizing maximum efficiency at various operating regions and 

conditions. In this paper a vector control along with maximum torque per ampere is incorporated. Manufacturing of 

high performance PMSM is a complex and costly process for a single piece prototype. 

Construction of PMSM 

Construction of PMSM is similar to that of a synchronous motor. The difference while comparing PMSM with a 

synchronous motor is that PMSM have permanent magnet as rotor which is not seen in synchronous motor. The stator 

windings will be excited by electric power while rotor gets excited by permanent magnet. Depending on how magnets 

are attached to the rotor, PMSM is classified into two types, 

a. Surface Mounted PMSMs  

b. Buried or interior PMSMs 

The working principle of a permanent magnet synchronous motor is similar to that of a synchronous motor. It mainly 

depends on the rotating magnetic field that produces emf at synchronous speed. When a three phase supply is given, the 

stator windings get energized and a rotating magnetic field is created in between the air gaps. The torque will be 

produced when the rotor field poles hold the rotating magnetic field at synchronous speed and rotor rotates 

continuously. The air gap between the stator and rotor is crucial to PMSM's operation. The windage losses will be 

minimised if the air gap is high. A variable frequency power supply has to be provided as the PMSM are not self 

starting ones. 
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Basic model of the system 

 

Fig 5.3 Basic model of PMSM 

The main components of the system shown above are 

 Permanent magnet synchronous motor 

 SVPWM fed inverter 

 Speed controller 

 Torque controller 

 Position sensors 

The two phase windings will 3 T1 /2 turns per phase for mmf equality, assuming that each of the three phase windings 

has T1 turns per phase and equal current magnitudes. By resolving the mmfs of the three phases along the d and q axes, 

the d and q axis mmfs can be determined. On both sides of the equations, the common term, i.e, the number of turns in 

the winding is cancelled, leaving the current equal. The q-axis here is assumed to be lagging behind the a-axis by θr. 

The relationship between dqo and abc currents is given by different types of transformation matrices. 

Voltage equation in rotor frame is given by 

                                                                                           
   

  
                                                                   (5) 

       

                                                                                           
   

  
                                                          (6) 

The mechanical torque is, 

                                                                                    
 

 
                                                                        (7) 

The speed is, 

                                                                                     
         

 
                                                                              (8) 
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V. RESULT AND DISCUSSION 

 

Fig 1 Main simulation of speed control of PMSM with a PI controller 

The fig 1 shows the main simulation diagram in matlab of a speed control of PMSM with a pi controller. The main 

blocks that includes in this simulation is inverse park transformations block, SVPWM inverter voltage feedback 

controlled, speed and torque controller, and a PMSM motor. 

The fig 2 shows the expansion of SVPWM inverter block. It consists of six switches which generates the three phase 

voltages to the PMSM. The six switches will be triggered using six pulses at its gate terminals. These pulses are 

generated using SVPWM. The pulses thus generated is shown in fig 3. The work have done in both loaded and 

noloaded conditions.  

 

Fig 2 SVPWM inverter 

 

Fig 3 Pulse to switches 
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Fig 4 shows the voltage waveform with a magnitude of 220v. The fig 5 and fig shows the speed and torque waveforms 

in noloaded condition 

 

Fig 4 voltage waveform 

    

Fig 5 Simulation of speed waveform                                   Fig 6 simulation of torque waveform 

The FFt analysis of speed current and torque waveforms of PMSM connected pi controller is shown in fig 6 and fig 7 

respectively. It has been found that on FFT analysis, the THD of speed is 18.86%, current is 18.17% and that of torque 

is 20.76% 

 

             
Fig 6 FFT analysis on speed waveform                                 Fig 7 FFT analysis on torque waveform 

     THD=18.86%                                                                     THD= 20.76% 

The following figures shows the simulation results obtained when a load of 5Nm is applied on 0.1s. Fig 8 shows the d 

and q axis currents. Fig 9 and fig 10 shows the speed and torque waveforms obtained in the loaded condition. 
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Fig 8 Simulation of d an q axis currents when a load torque of 5Nm is applied at 0.1s 

  
 

Fig 9 Simulation of speed waveform                                    Fig 10 Simulation of torque waveform 

The figure 11 shows the fft analysis of speed waveform obtained when the pi controller controlled PMSM is run on a 

load of 5NM for 0.5s. In this analysis it has been found that the THD on speed wave form is 13.80%,current is 16.64% 

and torque is 13.90%. 

   

           Fig 11 FFT analysis on speed waveform                      Fig 12 FFT analysis of torque on loaded condition 

                                        THD= 13.80%                                                                    THD=13.90% 

Table 1 and 2 shows the performance analysis and fft analysis on PMSM which is controlled by a PI controller 
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 PI controlled PMSM 

No Load Load 

Voltage 220v 220v 

 

Current 

d 16.75A 15.92A 

q 0.177A 4.73A 

Speed 96.97rad/s 91.57rad/s 

Torque 0.19Nm 4.7Nm 

Table 1 Performance analysis 

 

 

 

 

 

 

 

 

 

                                                    

Table 2 FFT Analysis comparison 

 

VI.CONCLUSION 

The simulation of speed control of permanent magnet synchronous motor by voltage feedback control technique is 

done and the results are analysed. The PI controller is used and the system performances while using it is observed and 

analysed. From the results, it can prove that the performance of the system while incorporated with PI controller is 

more efficient and effective. Bases on the FFT analysis, it can be seen that by using PI controller ripples can be 

reduced. But the PI controller depends on the tuning of the parameters hence the performance depends on tuning. The 

hardware implementation and assessment of the proposed system can be done in the future 
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