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Abstract 

This paper presents the design and control of multilevel 

inverter fed brushless dc (BLDC) motor drive. Diode 

clamped multilevel inverter is designed and verified with 

BLDC motor at different speeds. The multicarrier PWM 

technique can be implemented for producing low harmonic 

contents in the output, hence the high-quality output 

voltage was obtained in the proposed system. The 

validation of the neutral clamped multilevel inverter-based 

BLDC motor drive system is verified in the 

MATLAB/Simulink software environment.  

 

Keywords: pulse width modulation (PWM), speed control, 

multilevel inverter, brushless dc motor (BLDCM). 

1. Introduction 

Brushless dc (BLDC) motors are nowadays widely used in 

high power high voltage application because of good 

performance, higher in efficiency, simple construction, 

low cost, less maintenance required, no loss of rotor 

copper, no commutation problems, higher power density 

than induction motor and high torque. The structure of 

BLDC motor is compact in size and robust in construction, 

which contributes to the popularity of BLDC motors in 

efficiency-critical applications or where commutation-

induced spikes (which are unwanted) exist. Commutation 

necessitates using an inverter and a rotor position sensor. 

Good armature current response is also necessary to drive 

a BLDC motor satisfactorily. Inverters are suitable for 

driving the BLDC motor systems. Pulse width modulation 

(PWM) inverters one of the best performance inverters. 

Generally, in case of two-level inverters, there will be a 

problem with harmonics distortions. The conventional 

method produces high switching losses, results in poor 

drive performance. One of the solutions for the reduction 

of harmonics distortion in the output of two-level inverter 

is the increment of the number of steps of the voltage and 

the same concept is associated with the inverters are 

known as multi- level inverters [1]- [6]. 

The Multilevel inverter (MLI) topologies have been 

widely used in the industry application of motor drive 

systems. The various MLIs such as neutral-point clamped 

(NPC) MLI, flying-capacitor (FC) MLI, and cascaded H-

bridge (CHB) MLIs are being used for wide range of 

power and variety of applications [5]-[8]. 

 

In BLDC Machine, the windings of the stator are in the 

form of distributed concentrated and each occupying one 

third of the pole pitch. The flux density on the surface of 

the magnet and in the air-gap is also concentrated 

distributed over the magnet but almost uniform in the air 

gap. The development of torque is by the interaction of 

magnets with the stator current. For the same direction of 

flux, results opposite forces from opposite current 

directions. Therefore, it results in reduction in total torque. 

This in turn makes it necessary that all the current in 

the stator above the rotor is in the same 

direction. The formulae for the developed torque of BLDC 

are given by equation.1, from which it’s clear that the 

developed torque is directly proposal to the stator current 

[4], [5]. 

 

𝑇 = 𝐾. 𝜑. 𝐼𝑠                 (1) 
 

The arrangement of this paper is as follows. A brief 

introduction to the BLDC motor drive, importance of 

multilevel inverters is given in the Introduction section. 

Schematics and operating principle of presenting 

multilevel inverter fed BLDC motor drive system is given 

in the section II. Validation of MATLAB/Simulink based 

results of proposed system is discussed in the section III. 

Finally, conclusion is given in the section IV. 

2. Modelling and Control of MLI fed BLDC 

motor drive 

This sections deal the block diagram of MLI fed BLDC 

motor drive system and its operating principles and 

simulation ratings. Figure 1 shows the block diagram of 

MLI fed BLDC motor drive system. For the proposed MLI 

fed BLDC motor drive a 3-phase a.c voltage is the source 

supply, the same will be rectified by a 3-phase diode 

rectifier and then the rectified output voltage is given to 

the multilevel inverter as an input. Finally, the BLDC is 

driven by the output from the MLI, which is free-from 

harmonic distortion. The controlling pulses to MLI is 

taken from the responses from the BLDC as a feed-back 

[4], [5]. 
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Fig. 1  Block diagram of MLI fed BLDC motor drive system 

MATLAB/Simulation diagram of MLI is given by Fig. 2. 

The [A] to [L] are the gate pulses for the MOSFET 

switches of the MLI unit. While the BLDC model 

connected with the demux which gives the ouput like 

stator current, rotor speed, electromagnetic torque and dc 

bus voltage is illustrated in Fig. 3 The complete 

MATLAB/Simulink based MLI fed BLDC motor drive 

system with many masked blocks is given by Fig.4. All the 

simulation parameters of the system are given by Table.1 

 

Fig 2 MATLAB/SIMULATION Model of Inverter 

 

Fig 3 MATLAB/Simulink based different outcomes of the System 

 

Fig 4 MATLAB/Simulink based MLI fed BLDC Motor drive with 

masked blocks 

Table 1. Parameter value used for simulation 
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3. RESULTS AND DISCUSSION 

In this sections, MATLAB/Simulink based simulation 

results of MLI fed BLDC motor drive system is given. 

Figure 5 shows the simulated gate pulses of MLI which is 

used to drive the inverter. The 3-phase voltage and current 

of the proposed system input is illustrated in Figure 6 (a) 

and (b) respectively. And converter voltage in Figure 7. 

 

 

Fig. 5 Comparison of different WPT techniques 

 
(a) 

 
(b) 

Fig. 6 (a) 3-phase voltages (b) 3-phase currents 

 
Fig. 7 Converter voltage  

 

Fig.8 shows the output voltage from the MLI. The 

switching angles of the three phases of A, B and C with 

delaying 0,1 20 and 240 electrical degree for phase 

respectively. The output phase voltage is given by 2N+1, 

Here the term N is the number of cells or dc link voltages. 

The responses from the simulated MLI fed BLDC drive is 

shown in the figure. The stator current, rotor current 

electromagnetic torque and dc bus voltage of the proposed 

system is illustrated in Fig.9. 

 

 
Fig. 8 Output voltage of the MLI 

 
Fig. 9 Output of the proposed system 
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4. Conclusion 

A multilevel inverter has been presented for BLDC motor 

drive applications. The multicarrier PWM technique can 

be implemented for producing low harmonic contents in 

the output, hence the high-quality output voltage was 

obtained. The modeling of three level BLDC motor drive 

was done and simulated using Simulink. The total 

harmonic distortion is very low compared to that of 

classical inverter. The different speeds obtained for BLDC 

motor were found to be in the range between 600 rpm and 

900 rpm. The inverter system can be used for industries 

where the adjustable speed drives are required and 

significant amount of energy can be saved as the system 

has fewer harmonic losses. Also, the number of levels may 

be incremented so as to reduce the amount of harmonic 

distortion furthe Hence, in this work a four level multi-

level inverter has designed and fed to the brushless 

(BLDC) dc motor. The output responses of each section 

have validated through the MATLAB/Simulink simulation 

results. Multicarrier PWM technique has been 

implemented for the firing pulses of MOSFET based MLI 

unit hence the low harmonic content and high-quality 

output voltage was obtained in the output. 
 

References 
 

[1] H.-W. Kim, K.-T. Kim, Y.-S. Jo, and J. Hur, ‘‘Optimization 

methods of torque density for developing the neodymium 

free SPOKE-type BLDC motor,’’ IEEE Trans. Magn., vol. 

49, no. 5, pp. 2173–2176, May 2013, doi: 

10.1109/TMAG.2013.2237890. 

[2] J. Shao, ‘‘An improved microcontroller-based sensor less 

brushless DC (BLDC) motor drive for automotive 

applications,’’ IEEE Trans. Ind. Appl., vol. 42, no. 5, pp. 

1216–1221, Sep. 2006. 

[3] J. Shao, ‘‘An improved microcontroller-based sensorless 

brushless DC (BLDC) motor drive for automotive 

applications,’’ in Proc. 40th IAS Annu. Meeting. Conf. Rec. 

Ind. Appl. Conf., Oct. 2005, pp. 2512–2517. 

[4] C. L. Xia, Permanent Magnet Brushless DC Motor Drives 

and Controls. Singapore: Wiley, 2012. 

[5] K. P. Kumar, ‘‘Modeling of a commercial BLDC motor and 

control using GA- controller for a BLDC propulsion 

application for hybrid electric vehicle,’’ Int. J. Psychosocial 

Rehabil., vol. 23, no. 4, pp. 1604–1613, Dec. 2019. 

[6] A. Senthilnathan and P. Palanivel, ‘‘Fuzzy logic controller 

based zeta converter for BLDC motor,’’ J. Adv. Res. Dyn. 

Control Syst., vol. 12, no. 7, pp. 125–133, Jul. 2020. 

[7] H.-J. Kim, ‘‘BLDC motors for robot vacuum cleaners,’’ 

Trans. Korean Inst. Electr. Eng., vol. 60, no. 4, pp. 172–174, 

Dec. 2011. 

[8] J. W. K. K. Jayasundara and R. Munasinghe, ‘‘Software 

design tool for optimum axial flux BLDC motors,’’ in Proc. 

Int. Conf. Ind. Inf. Syst. (ICIIS), Dec. 2009, pp. 526–531. 

[9] G. Sotyaramadhani, A. Wikarta, and M. N. Yuniarto, 

‘‘Different approach of fuzzy logic algorithm implementation 

for increasing performance of axial BLDC motor,’’ in Proc. 

AIP Conf., 2018, Art. no. 060010. 

[10] S. De, M. Rajne, S. Poosapati, C. Patel, and K. Gopakumar, 

‘‘Low inductance axial flux BLDC motor drive for more 

electric aircraft,’’ in Proc. Aerosp. Conf., Mar. 2011, pp. 1–

11, doi: 10.1109/AERO.2011.5747464.. 

[11] E. Yeşilbağ, Y. Ertuğrul, and L. Ergene, ‘‘Axial flux PM 

BLDC motor design methodology and comparison with a 

radial flux PM BLDC motor,’’ TURKISH J. Electr. Eng. 

Comput. Sci., vol. 25, pp. 3455–3467, 2017. 

[12] M. Perotti, ‘‘On the influence of the load parasitics on the 

CM con- ducted EMI of BLDC motor drives,’’ in Proc. IEEE 

Int. Conf. Env- iron. Electr. Eng. Ind. Commercial Power 

Syst. Eur. (EEEIC/I&CPS Eur.), Jun. 2020, pp. 1–6, doi: 

10.1109/EEEIC/ICPSEurope49358. 2020.9160663. 

 

http://dx.doi.org/10.1109/AERO.2011.5747464

