
International Journal of Innovative Technology and Exploring Engineering (IJITEE) 

ISSN: 2278-3075, Volume-8 Issue-9S3, July 2019 

   

365 

 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  
Retrieval Number: I30670789S319/2019©BEIESP 

DOI: 10.35940/ijitee.I3067.0789S319 

 

 

Abstract: Power electronic technology made possible to evolve 

inverter fed electric drives. Permanent magnet synchronous 

motors (PMSM) are in much importance and are used often due to 

its performance characteristics. PMSM gives less noisy operation 

with faster and more efficient operation. PMSM needs a digital 

inverter for its operation. The paper analyzes nine-level inverter 

fed PMSM drive. Multi-carrier level-shifted technique is used to 

generate control pulses. Simulation work of the proposed concept 

is carried out and the results are presented using 

MATLAB/SIMULINK software.  

 
Index Terms: PMSM, Multi-Level Inverter, LSCPWM, Speed 

control 

I. INTRODUCTION 

For many of the applications in agriculture and industries, 

use of motors to drive mechanical loads is been increased. 

Motor is used to reduce the human efforts when working with 

mechanical type of loads. Motor is a device which converts 

electrical energy to mechanical energy. Motors can be 

broadly classified as AC and DC motors. Use of commutator 

and brushes in DC motors pushes them back against other 

type of motors though they have good performance 
characteristics. Induction motors and synchronous motors are 

well known types of AC motors. Induction motor contains 

rotor coils and stator coils for its operation which eventually 

affects the power factor and increases the use of copper 

giving out losses with reduced efficiency of the system. 

Permanent magnet synchronous motor (PMSM) [1-4] is a 

synchronous motor uses only permanent magnets on its rotor 

and windings on its stator.  

Stator windings of PMSM are distributed winding and the 

back EMF (BEMF) is sinusoidal in shape [7-10]. No coils 

will be wounded on rotor circuit. This makes usage of PMSM 

in many applications over other type of motors [5-7]. Current 
flow in each winding (when excited) produces a magnetic 

field vector, which sums with the fields from the other 

windings. By controlling currents in the stator windings, a 

magnetic field of arbitrary direction and magnitude is 

produced by the stator. Torque is then produced by the 

attraction or repulsion between this net stator field and the 

magnetic field of the rotor. 

Conventional inverters give out square wave alternating 

output voltage consisting of high distortion. Alternating 

quantity with high distortion cannot be fed to any device and 

needs smoothing filters. Inverters are made up of capacitors 
and inductors which make the output current smooth as 
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compared to switching square wave output we get with a 

conventional inverter. If the distortion quantity is high, filter 

size also increases. This phenomenon led to development of 

multi-level inverters [8-10].   
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Figure 1: Representation of 9-level inverter fed PMSM 

Multi-level inverters became the prior pick for high power 

high voltage applications. Multi-level inverters are able to 

generate high voltage with lower rated devices. Multi-level 

inverter generates leveled (stepped) output and as the number 
of level increases better output voltage waveform is obtained. 

Diode clamped multi-level inverters are one among 

multi-level topologies and uses diodes as clamping elements. 

Multi-level inverter driven PMSM is shown in figure 1.  

PMSM needs a digital inverter for its operation. The paper 

analyzes nine-level inverter fed PMSM drive. Multi-carrier 

level-shifted technique is used to generate control pulses. 

Simulation work of the proposed concept is carried out and 

the results are presented using MATLAB/SIMULINK 

software.  

II. PROPOSED NINE-LEVEL DIODE-CLAMPED 

INVERTER FED PMSM DRIVE 

Multilevel inverters (MLI) are becoming increasingly 

popular in power applications, as multilevel inverters have 

the ability to meet the increasing demand of power rating and 

power quality associated with reduced harmonic distortion 

and lower electromagnetic interference. Multilevel inverters 

are capable of generating output voltage with very low 

harmonic distortion with low dv/dt. Diode clamped MLI 

(DCMLI) shown in figure 2 or also called as neutral point 

clamped MLI is one of the topology of multi-level structure. 

Diodes, capacitors plays important role in the operation of 

generating multi-level output from diode-clamped inverter. 
Diode-clamped inverter presents only half the amount of 

input voltage at the output. 
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Figure 2: 9-level diode clamped inverter 

 

 
Figure 3: Output of 9-level DCMLI 

 

Table-1: Switching pattern for 9-level DCMLI 

Volt A1 A2 A3 A4 A5 A6 A7 A8 

V9 1 1 1 1 1 1 1 1 

V8 0 1 1 1 1 1 1 1 

V7 0 0 1 1 1 1 1 1 

V6 0 0 0 1 1 1 1 1 

V5 0 0 0 0 1 1 1 1 

V4 0 0 0 0 0 1 1 1 

V3 0 0 0 0 0 0 1 1 

V2 0 0 0 0 0 0 0 1 

V1 0 0 0 0 0 0 0 0 

Volt A1* A2* A3* A4* A5* A6* A7* A8* 

V9 0 0 0 0 0 0 0 0 

V8 1 0 0 0 0 0 0 0 

V7 1 1 0 0 0 0 0 0 

V6 1 1 1 0 0 0 0 0 

V5 1 1 1 1 0 0 0 0 

V4 1 1 1 1 1 0 0 0 

V3 1 1 1 1 1 1 0 0 

V2 1 1 1 1 1 1 1 0 

V1 1 1 1 1 1 1 1 1 
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Figure 4: 9-level DCMLI fed PMSM 

Figure 3 shows the output obtained from 9-level DCMLI and 

table-I shows switching pattern of 9-level DCMLI. Figure 4 

shows the 9-level DCMLI fed PMSM. 

III. CONTROL STRATEGY 
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Figure 5: Speed control of PMSM fed from DCMLI 
 

In speed control operation of PMSM drive, initially the 

actual speed of the PMSM is compared to reference speed 

value. Actual speed is measured by speed sensors. Error 

signal is sent to PI controller to obtain reference d-axis 

current. Reference q-axis current is considered to be zero. 

Then, ‘dq’ coordinates are transformed to ‘abc’ coordinates 

giving out reference current signal. The reference current 

signal obtained is compared to actual current from the PMSM 

which gives out the PWM reference signal. Relational 

operated PWM reference and carrier signals using LSCPWM 

pattern generated gate pulses to the diode clamped inverter. 
Figure 6 shows the complete schematic arrangement of 

9-level DCMLI fed PMSM with control. 
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Figure 6: 9-level DCMLI fed PMSM with control 

IV. SIMULATION RESULTS 

A. PMSM with fixed speed 

 
Figure 7: Speed of PMSM drive 

Speed of PMSM running with fixed speed condition is shown 

in figure 7. Reference speed signal and the actual speed (in 

blue) signal are shown in figure 7. The actual speed follows 

the reference speed 3000 RPM. Actual speed rises to final 
value and PMSM runs at constant 3000 RPM. 

 
Figure 8: Torque of PMSM drive 

Figure 8 shows the torque of PMSM. PMSM generates 

torque of 5 N-m corresponding to 3000 RPM. After initial 

transient in torque, the signal remains constant with 5N-m. 

As the speed is maintained constant, torque also remains 

constant. 

 
Figure 9: Three-Phase stator currents of PMSM 

 
Figure 10: THD in stator current  

Figure 9 illustrates three-phase stator currents of PMSM. 
Three-phase PMSM stator coils draws 10A current. 

Magnitude in three phases of stator coils remains with 

constant peak. Harmonic distortion FFT window of stator 

current is shown in figure 10. Stator current is distorted by 

0.26% and is well within nominal distortion limits.   

 
Figure 11: Three-Phase voltages of DCMLI  
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Figure 12: THD in phase voltage of DCMLI 

Figure 11 illustrates three phase voltages of diode clamped 

inverter. Phase voltage is leveled with nine magnitudes 

yielding nine-level voltage signal. Peak magnitude of phase 

voltage in three phases is 250V. Harmonic analysis in phase 

voltage signal is shown in figure 12. FFT window displayed 

shows 18.71% distortion in phase voltage of DCMLI.    

 
Figure 13: Three-Phase Line voltages of DCMLI 

 
Figure 14: THD in line voltage of DCMLI 

Figure 13 illustrates three-phase line voltages of diode 

clamped inverter. Peak magnitude of line voltage in three 

phases is 500V.. Harmonic analysis in line voltage signal is 

shown in figure 14. FFT window displayed shows 16.08% 

distortion in line voltage of DCMLI.  

 
B. PMSM with variable speed 

 
Figure 15: Speed of PMSM drive 

Speed of PMSM running with variable speed condition is 

shown in figure 15. Reference speed signal (green) and the 

actual speed (blue) signal are shown in figure 15. The actual 

speed follows the reference speed as shown in figure. Initial 

PMSM run speed reference value is set to 2000 RPM and 

PMSM follows the set speed and continues to run at 2000 

RPM. At time 0.25 seconds, reference speed command is set 

to 3500 RPM. The closed-loop speed control sets PMSM to 

follow the reference speed command and hence after 0.25 

seconds PMSM speed rises to 3500 RPM and follows 
reference speed.   

 
Figure 16: Torque of PMSM drive 

Figure 16 shows the torque of PMSM. PMSM generates 

torque of 5 N-m corresponding to speed at which rotor of 

PMSM rotates. After initial transient in torque, the signal 
remains constant with 5N-m. At speed variation command at 

0.25 seconds, with slight disturbance, torque settles at 5 N-m 

again. Figure 17 illustrates three-phase stator currents of 

PMSM. Three-phase PMSM stator coils draws 10A current. 

Magnitude in three phases of stator coils remains with 

constant peak. As speed change command is given at 0.25 

seconds, the frequency of the stator currents increases with 

the same 10A peak. As the speed in synchronous machines 

varies with frequency with constant number of stator poles, 

PMSM stator current frequency increases after speed is 

increased from 2000RPM to 3500RPM at 0.25 seconds. 
Harmonic distortion FFT window of stator current is shown 

in figure 18. Stator current is distorted by 2.36% and is well 

within nominal distortion limit.   
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Figure 17: Three-Phase stator currents of PMSM 

 
Figure 18: THD in stator current  

 
Figure 19: Three-Phase voltages of DCMLI  

 
Figure 20: THD in phase voltage of DCMLI 

Figure 19 illustrates three phase voltages of diode clamped 
inverter. Phase voltage is leveled with nine magnitudes 

yielding nine-level voltage signal. Peak magnitude of phase 

voltage in three phases is 250V. As speed change command is 

given at 0.25 seconds, the frequency of the phase voltages in 

DCMLI increases with the same peak magnitude. As the 

speed in synchronous machines varies with frequency with 

constant number of stator poles, PMSM phase voltage 
frequency increases proportionally after speed is increased 

from 2000RPM to 3500RPM at 0.25 seconds. Harmonic 

analysis in phase voltage signal is shown in figure 20. FFT 

window displayed shows 16.04% distortion in phase voltage 

of DCMLI.    

 
Figure 21: Three-Phase Line voltages of DCMLI 

 
Figure 22: THD in line voltage of DCMLI 

Figure 21 illustrates three-phase line voltages of diode 

clamped inverter. Peak magnitude of line voltage in three 

phases is 500V. Phase-A is illustrated in red colour, phase-B 
in green and phase-C in blue colour. As speed change 

command is given at 0.25 seconds, the frequency of the line 

voltage of DCMLI increases with the same peak magnitude. 

As the speed in synchronous machines varies with frequency 

with constant number of stator poles, PMSM line voltage 

frequency proportionally increases after speed is increased 

from 2000RPM to 3500RPM at 0.25 seconds. Harmonic 

analysis in line voltage signal is shown in figure 22. FFT 

window displayed shows 12.46% distortion in line voltage of 

DCMLI. Table III illustrates 

the comparison of harmonic 
distortion analysis in 

different modes of PMSM 
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operation with different levels of DCMLI [12], [13]. 

 

Table III: THD comparison 

 

Level THD 

Fixed 

Speed 

mode 

Variable 

Speed mode 

9-Level 

Stator 

current of 
PMSM 

0.26 % 2.36 % 

Phase 

voltage of 

inverter 

18.71 % 16.04 % 

Line 

voltage of 

inverter 

16.08 % 12.46 % 

7-Level 

Stator 

current of 

PMSM 

1.27 % 2.36 % 

Phase 

voltage of 

inverter 

23.47 % 31.35 % 

Line 

voltage of 

inverter 

20.8 % 23.38 % 

5-Level 

Stator 
current of 

PMSM 

0.26 % 2.36 % 

Phase 

voltage of 

inverter 

26.38 % 45.37 % 

Line 

voltage of 

inverter 

23.15 % 35.40 % 

 

V. CONCLUSION 

PMSM drives are becoming very good option for 

industrial and agricultural applications these days. The paper 

analyzes nine-level inverter fed PMSM drive with fixed and 

variable sped operations. Closed loop control with PI 

controllers is analyzed with fixed and variable speed 
conditions. With the simple closed-loop speed control 

technique, actual speed follows the reference speed with both 

fixed speed condition and also with variable speed condition 

which is validated with simulation results. DCMLI operation 

with switching sequence is explained. Pulses to DCMLI are 

generated from PWM generator using LSCPWM pattern. 

Reference signal obtained from speed control is compared 

with high frequency carrier signal to generate gate pulses to 

DCMLI switches. The control strategy is validated for fixed 

speed and variable speed condition.   
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