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Abstract. The article discusses the significance of high-performing Permanent 

Magnet Synchronous Motors (PMSM) in industries such as transportation, robot-

ics, and industrial sectors due to their small size, high efficiency, and fast respon-

siveness. Field Oriented Control (FOC) is used in PMSM drives to achieve high-

performance control of the motor by transforming three-phase AC currents and 

voltages into two orthogonal components. The article explains the two common 

Pulse Width Modulation (PWM) methods used in FOC PMSM drives: Sinusoidal 

PWM (SPWM) and Space Vector PWM (SVPWM). The paper evaluates the per-

formance of FOC-based PMSM with inverter drives using SPWM and SVPWM 

under dynamic speed and load disturbance conditions to determine a reliable 

PWM inverter drive for PMSM FOC applications.  
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1 Introduction  

Many industries, such as transportation, robotics, and industrial sectors, require high-

performing Permanent Magnet Synchronous Motors (PMSM) that have a small size, 

high efficiency, fast responsiveness, and better control. These motors are compact, 

lightweight, less noisy, and fault-tolerant [1][3]. Due to manufacturer competition and 

applicable regulations, various equipment containing electric machines must meet new 

challenges of high performance, including dynamic speed control and robust load dis-

turbance handling [4].  

To achieve high-performance control of the motor, Field Oriented Control (FOC) is 

a popular technique used in PMSM drives. FOC works by transforming the three-phase 

AC currents and voltages of the motor into two orthogonal components: a direct current 

component and a quadrature current component. By controlling these two components, 

the torque and speed of the motor can be controlled precisely. The PMSM application 

uses a resolver for rotor position sensing, which is mounted mechanically on the motor  
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shaft and operates properly by utilizing electromagnetic induction. The analog signals 

from the coils are converted into a digital signal form to be used for commutation in a 

three-phase inverter using a resolver to digital converter. [5].   

There are two common Pulse Width Modulation (PWM) methods used in FOC 

PMSM drives: Sinusoidal PWM (SPWM) and Space Vector PWM (SVPWM). SPWM 

is a simple method that generates a sinusoidal waveform at the desired frequency and 

amplitude to control the motor. SVPWM, on the other hand, is a more advanced method 

that generates a voltage vector that follows the desired trajectory in the voltage space 

vector diagram. SVPWM provides better utilization of the DC bus voltage and reduces 

harmonic distortion [6], [7].   

This paper discusses the performance evaluation of FOC-based PMSM with inverter 

drives using SPWM and SVPWM. The tests are carried out under dynamic speed con-

ditions and load disturbance conditions to prove the reliability of the controller through 

a PSIM environment. The purpose of this performance evaluation is to determine a re-

liable PWM inverter drive for PMSM FOC applications.  

2 Method  

2.1 Field Oriented Permanent Magnet Synchronous Motor (PMSM) Control  

Field-oriented control (FOC) has been widely adopted by researchers in PMSM veloc-

ity control because it is an effective technique. To produce smooth torque and reduce 

power loss, vibration, and noise in PMSM mode of operation, the current waveform 

should match the shape of the back EMF of a sinusoidal motor [8]. Therefore, high 

resolution rotor position feedback is important. On the other hand, accurate speed track-

ing requires speed feedback.   

The block diagram of the system is shown in Fig. 1. The speed reference parameter 

referred to in the block diagram below is the input speed setpoint value for the motor. 

There is feedback in the form of a speed sensor to be compared with a reference speed. 

Comparison between speed reference and speed will produce an error as input to the PI 

controller. 

 

Fig. 1. Field Oriented Permanent Magnet Synchronous Motor (PMSM) Control Diagram Block  
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2.2  Space Vector Pulse Width Modulation (SVPWM)   

To generate a sinusoidal waveform of the three-phase output voltage in SVPWM, the 

correct switching combination of the three-phase inverter is determined, and the on-off 

time duration of the switching is calculated. Voltage space vectors represent SVPWM 

switching combinations. These vectors are selected to approximate the reference volt-

age vector with the desired frequency and amplitude within a small time interval. As 

the reference stress vector rotates to a new angular position, a new set of stationary 

stress vectors is selected. By sequentially sampling the complete cycle of the desired 

voltage vector, the average output voltage duplicates the reference voltage. In addition 

to providing the desired phase shift between the input voltage and current, the chosen 

vector must minimize switching losses and obtain the desired output current or voltage 

while minimizing Total Harmonic Distortion (THD)[9].   

The operating principle of the SVPWM will be illustrated by the hexagonal vector 

approximation of the output voltage and input current shown in Fig. 2. To calculate the 

amplitude and reference angle, the three-phase magnitude is transformed into the two-

phase alpha-beta axis. These values are then grouped into six voltage and current vec-

tors, which are used to determine the amplitudes and angles in each sector. Based on 

the sector value, the switches are turned on and off to satisfy the given voltage and 

current vectors. This helps in minimizing switching losses in the power converter by 

efficiently determining the switch combinations in each sector [10], [11].   

 𝐶1 = 1 – 𝐶4  

 𝐶2 = 1 – 𝐶5  (1)  

 𝐶3 = 1 – 𝐶6  

  

 

Fig. 2. Hexagon Voltage Vector  

From equation 1, the inverter voltage output is of the following equation below [10], 

[11].  
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To calculate the duty cycle ratio configuration, a similar procedure for the other 

component vectors can be used. The switching determination vectors for all input and 

output sectors can be determined using 27 combinations. It is important to note that the 

duty cycle ratio configuration must have a positive value.  

3 Result and Discussion 

3.1 Constant Speed No Load  

To evaluate the drives system of a PMSM, a comparative simulation of two modulation 

techniques: SPWM and SVPWM was carried out using PSIM environment with various 

conditions where system parameters are shown in Table 1. Speed response, current, 

torque ripple, and Total Harmonic Distortion (THD) will be analyzed. The simulation 

is carried out at constant and dynamic speed with and without load.  

Table 1.   PMSM Parameters  

Parameter  Value 

Rs (stator resistance)  4.3 W 

Ld (d-axis inductance) 27mH 

Lq (q-axis inductance) 67mH 

Vpeak / krpm  98.67 

No. of poles  4 

Moment of inertia  1.79m 

  

The response output with a speed set point of 3000 Rpm No load is shown in Fig. 3. 

Fig. 3 a shows that the closed loop system can follow the PMSM constant speed set 

point using two different types of modulation. For all the simulation results, SVPWM 

graphic results use the orange line, SPWM blue line, and the reference speed uses the 

red line. The current response and torque ripple are shown in Figure 3b. Figure 3c shows 

the torque ripple and starting overshoot of SVPWM are lower than SPWM.   
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(c)  

Fig. 3. Permanent Magnet Synchronous Motor (PMSM) Performance at Constant Speed 3000 

RPM No Load. (a) Speed Response (b) Current (c) Torque  

3.2  Constant Speed with Constant Load  

The system performance responds with the constant speed with the constant load as 

shown in Fig. 4 with an installed load of 4 Nm. At a constant speed of 3000 Rpm, the 

speed response is shown in Fig. 4a for a 4 Nm load. Meanwhile, the current graphs are 

shown in Fig. 4b with an explanation of the THD values in Fig. 4c. SVPWM THD is 

lower than SPWM with different loads. The current spectrum is shown in Fig. 4d. Fig. 

4e show the torque ripple response of each modulation technique.  
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Fig. 4. PMSM Performance at Constant Speed 3000 RPM With 4 Nm Load. (a) Speed Response 

(b) Current (c) THD (d) Current Spectrum (e) Torque Ripple  

3.3  Dynamic Speed with and Without Constant Load  

The system performance responds with the dynamic speed with the constant load as 

shown in Fig. 5 with an installed load of 4 Nm and 2 Nm. At a constant speed of 3000 

Rpm, the speed graph is shown in Fig. 5a for a 4 Nm load and Fig. 5f for a 2 Nm load. 

The dynamic speed setpoint starts at 3000 Rpm, 2000 Rpm, and 1000 Rpm and returns 

to 3000 Rpm.  

The current graphs are shown in Fig. 5b and Fig. 5g where the average amplitude is 

greater at 2 Nm installed load than at 4 Nm load. The THD value of the system is shown 

in Fig. 5c and Fig. 5h. SVPWM THD is lower than SPWM with different loads. The 

current spectrum is shown in Fig. 5d and Fig. 5i while Fig. 5e and Fig. 5j show the 

torque ripple response.  

a b 
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Fig. 5. PMSM Performance at Dynamic Speed No Load and With Load. (a) Speed Response No 

Load (b) Current No Load (c) THD No Load (d) Current Spectrum No Load (e) Torque Ripple 

No Load (f) Speed Response 2 Nm Load (g) Current 2 Nm Load (h) THD 2 Nm Load (i) Current 

Spectrum 2 Nm Load (j) Torque Ripple 2 Nm Load  
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3.4 Constant Speed with Load Disturbance  

Load changes can have a negative impact on motor performance, so the proposed sys-

tem was tested with load changes as a disturbance to verify its reliability. Fig. 6 shows 

that the system responds with constant speed even when there is a load disturbance. 

The load changes from 2 Nm between 0-1 seconds to 4 Nm between 1-1.5 seconds and 

then back to 2 Nm. The speed graph in Fig. 6a shows that the system experiences over-

shoot when the load changes, but maintains a constant speed of 3000 RPM.  

The current graph is shown in Fig. 6b which increases in amplitude when the load 

changes by 2 Nm. The system THD value is shown in Fig. 6c where the SVPWM THD 

is lower than SPWM. The current spectrum and torque ripple response are shown in 

Fig. 6d and Fig. 6e.  

  

 
  d  

  
e  

Fig. 6. PMSM Performance at Constant Speed With Load Disturbance. (a) Speed Response (b) 

Current (c) THD (d) Current Spectrum (e) Torque Ripple  

a 
b 

c 
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4 Conclusion   

A performance simulation evaluation of two modulation techniques, SPWM and 

SVPWM, was conducted to evaluate the drives system of a PMSM under various con-

ditions. The simulation was carried out at constant and dynamic speed with and without 

load to analyze speed response, current, torque ripple, and Total Harmonic Distortion 

(THD). Results showed that SVPWM had lower torque ripple and THD values than 

SPWM under different load conditions. Furthermore, the SVPWM demonstrated its 

reliability in maintaining a constant speed even with load disturbances. Overall, 

SVPWM showed better performance compared to SPWM in terms of current response, 

torque ripple, and THD.  
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