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Abstract 

 Permanent magnet synchronous motors (PMSM) are extensively utilized in aerospace industry, transportation, shipping industry, etc., 

due to their advantages of unpretentious structure, great power density, great efficiency and great torque current ratio. Model 

predictive control (MPC) has huge potential to be applied in PMSM drives with stable running and high efficiency. In (MPC-DTC), 

the cost function contains of torque and flux magnitude errors, and they are different in component and greatness. Thus, a suitable 

weight factor is essential to equilibrium the control execution between torque and flux. The traditional method showed the torque 

wave by (17.5%) and the torque wave was reduced in the improved method to (2.25%). 
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I. INTRODUCTION 

Novel (PMSMs) are gaining popularity for a variety of applications, inclusive industrial, home, and transport [1]. With the global 

movement toward energy conservation, there is a growing demand for electrical drives that are energy efficient, excellent 

performance, and dependable [2]. Because of their great efficiency, large power output per mass and volume, and excellent dynamic 

execution, PMSMs are perfect options. 

Various different speeds driving techniques and architectures for PMSMs have been actively explored and published lately. The 

greatest general mechanism systems are field oriented control (FOC) and direct torque control (DTC) [3-4]. DTC's benefits over FOC 

comprise its unpretentious construction, rapid dynamic restraint, and excellent resilience versus motor parameter fluctuation [5]-[6]. 

Nevertheless, typical DTC has significant drawbacks, including huge torque and flux ripples, changing switching frequency, and 

extreme aural sounds. Several solutions have been offered in the literature to address these issues. Approximately of them use 

interplanetary vector modulation (SVM) to do DTC, which is recognized while SVM-DTC [7]. The switching list in a typical DTC 

has just a restricted amount of voltage vectors with defined magnitude and places. The SVM method allows for the creation of a 

random voltage vector with any magnitude and location [8]-[9]. SVM-DTC can create torque and flux more precisely this way. 

Additional advantage of utilizing SVM is that the sample frequency commanded is lesser than in standard DTC [10]. (MPC) has 

recently gained popularity in the commercial and theoretical areas [11]-[12]. Inverter with modulation may be treated as a benefit in 

controller scheme in SVM-DTC [13]. Following the release of this method in the 1960s, the (MPC) principle was established for 

applications in manufacturing control in the 1970s. The MPC demands a significant amount of computer work and was previously 

restricted to tardily variable systems such as chemical reactions. With the advent of low-cost great-performance microcomputers and 

sophisticated digital control methods, MPC may be used to electrical drive systems [14]. In contrast to the use of hysteresis 

comparison and the switching list le in traditional DTC, the vector choice approach in MPC is constructed on assessing a specified 

objective function [15].Voltage vector chosen from the standard switching list in DTC may not remain the optimal one for reducing 

torque and flux wave [16]. Because the 2-level inverter-fed PMSM drives, have a restricted amount of separate voltage vectors, it is 

feasible to analyze the impacts of apiece voltage vector and pick the one that minimizes the objective function. The definition of the 

objective function, which is connected to the control goals, is the essential skill of MPC. The torque and flux are of primary interest in 

PMSM drive applications, and so the objective function is set in such a manner that together the torque and  flux at the conclusion of 

the mechanism time are while near to the orientation standards as feasible.  

In order to reduce torque and flux fluctuation, this paper proposes a predictive torque control based on torque and flux model. The 

current and voltage obtained in the previous cycle are used to estimate the torque to predict the current at the future moment. Then, the 
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possible optimal voltage vector is achieved centered on the current trajectory to reduce the amount of calculation. The duty cycle is 

optimized using the average torque theory to further reduce the torque fluctuation. Finally, the accuracy and success of the approach 

suggested in this paper are verified through model. 

 

II. Dynamic Model of the PMSM 
The demonstrate in rotor synchronous d-q coordinate is the most commonly used for PMSM because all parameters become continual 

and torque and currents are decoupled. This will reduce the complexity of the model and make the calculating process easier. PMSM's 

model may be represented 

         
   

  
                                              (1) 

 

Where    is the stator resistance. The flux (    ). The voltage formulas that come from the model are provided via [17, 18]. 

                  
 

  
                       (2) 

 

                  
 

  
                       (3) 

 

Where    is rotor speed and    and     , d-q stator inductance.    And    current. Flux remain provided by, 
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                                                           (5) 

 

Electromagnetic torque is given by, 

   
 

 
 
 

 
                                            (6)  

A 3-phase, 2-level inverter considering an ideal switching state in figure 1, us describe the switching signals Sx (x=A, B, and C) for 

each phase of SA, SB, and SC. 

 

 
Figure 1. Block diagram of inverter driven motor. 

(8) Switching statuses, such as the six not-zero vector states and the 2-zero vector statuses in figure 2,                      , can 

thus be created by combining the two states of each phase. 

 

Figure 2. Switch vectors. 
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III. Direct torque control 

Since the output torque of a VC-based PMSM drive system is incidentally organized through the s current, attempts to enhance system 

execution are primarily directed toward precisely estimating machine feedback and creating an efficient current controller, both of 

which will regrettably boost calculation load and impede the dynamic response of the system. Direct torque control (DTC) was then 

suggested as an additional PMSM drive mode [19]. While there is no difference between DTC and induction motor drives, it has been 

demonstrated that DTC may be utilized for PMSM [20]. Figure 3. Depicts a typical DTC system design [21]. In DTC systems, a PWM 

comparator replaces the current controller, and the motor characteristics, with the exception of stator resistance, are not employed. The 

inverter's switching state is only updated once each sample period and remains unchanged unless the output of the hysteresis controller 

changes statuses [22]. As a consequence, the torque and flux waves are comparatively great as opposed to the vector mechanism 

motor system. While a lower hysteresis bandwidth can consequence in fewer torque waves, the inverter's switching forfeiture will 

skyrocket. In addition, the inverter's switching frequency is not continual. 

 
Figure 3. Overall System for DTC's 

 

IV. MP-DTC's of PMSM 
Basic principles of DTC, flux, and torque may all be improved by choosing the right voltage vector [23].In PTC, the flux and torque 

are calculated for the following period. The procedure of predicting variables is performed for each possible switching combination. 

The minimum value of the objective function determines the voltage vector and switch combination. The result is a switch command 

that provides the finest reference tracking. Figure 4 depicted the MP-DTC's block diagram.  

 
Figure 4. Overall System for proposed MP-DTC's 

Discretize the arithmetical model of PMSM to acquire the essential conditions for model prediction. Since the sample time    is 

adequately lesser, the Euler approximation is utilized for the stator current derivative 
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 Then, the future behavior of flux and torque can be calculated by  
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The complication concerning the sample time choice in previous control procedures like SVM by using MPC algorithms. The MPC 

construction involves a robust computational base and less memorial for storage preceding switching states of the converter. This will 

remove the most switching state iterations. The switching transitions (     are constrained to one state by  

  

    |   
    

    |  |   
    

    |  |   
    

    |       (13) 

 

The objective function of torque predictive control consists of the described below: 

 

     
    

                
    

                                 (14) 

 

Where   
 and   

 
are orientation values of torque and flux. Where   

      and  
      are predictive value of current for the then 

sample time,    is the sample time    
      and   

     
 are predictive standards of torque and flux, correspondingly. K weight factor.   

V. SIMULATION AND RESULTS 

Figure 5 displays the overall system utilized to model the MPC-DTC with the proposed constraints, which control the three-phase 

inverter to drive the three-phase PMSM. According to the overall system in figure 4, as shown previously, simulation is done. The 

system parameters are utilized in the model, which shows in list I. This structure contains of (11) subsystems and (1) MATLAB 

Function as follows: Constraint, Reference Speed, Speed Calculation, PI Controller, Torque Calculation, Reference Current, Current 

Calculation, MPC-DTC Function, converter, Flux Calculation, and Load Torque. 

 

 
Figure 5. Proposed Model Predictive Torque Control. 

 

Table I system parameters of PMSM 

Parameter Value Unit 

torque 8 N.m 

Dc voltage 350 V 

p 3 - 

Rꞩ 1.25 Ω 

Lq=Ld 8.5 mH 
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Figure 6 presents the pursuing of the measured speed to its reference speed. The error among them is presented in figure 7, for DTC 

approach. The high error values for different speed.  

 

Figure 6. Speed of motor of DTC approach.  

 

Figure 7. Speed Error of DTC approach. 

Figure 8 presents the pursuing of the measured speed to its reference speed. The error among them is presented in figure 9. The small 

error values for different speed conditions (rise, constant, and reduce), denote the main requirements for an excellent performance in 

the enhance MP-DTC approach.  

 

Figure 8. Speed of motor of MP-DTC approach. 
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Figure 9. Speed Error of MP-DTC approach. 

Figure 10 present the result for torque of DTC approach.  

 

Figure 10. Torque of motor of DTC approach.  

Figure 11 showed the stator flux magnitude of DTC approach. 

 

Figure 11. Stator flux of DTC approach. 

Figure 12 present the result for torque of enhance MP-DTC approach. In addition, it proves the cogency of the simulation. The 

calculations displayed the effect of constraint on reducing the torque ripple.  
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Figure 12. Torque of motor of MP-DTC method. 

Figure 13 showed the stator flux magnitude enhance MP-DTC method.  

 

Figure 13. Stator flux of MP-DTC approach. 

VI. CONCLUSION 

The permanent magnet synchronous motor has a basic design, a broad speed range, large torque output ability, and good operating 

efficiency. It is widely employed in a variety of industry sectors due to its numerous benefits. Currently, the model predictive torque 

control approach is employed as an advanced control approach. This developed control strategy has taken a significant role in the 

control procedure for the (PMSM). The demonstrate (MPC-DTC) predicts reduced torque. It provides good control element working 

performance, with minimal changes in torque and stator flux. The torque control method and perpetual control set demonstrate 

predicted the torque control method's control set, predictions demonstrate, and optimum vector. The optimum control law and the 

unique scheme method of the control technique are obtainable. Depending on the above-mentioned mathematical analysis results, the 

relevant current challenges in the kind of model prediction torque control technique are further investigated. 
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