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1Abstract— Integrated BLDC motor is one of the 

developing drives, due to their reliability, reduction in 

cost and compactness. The design and implementation 

of an integrated BLDC motor drive for aerospace 

application is presented. The purpose of this paper is to 

investigate the speed control BLDC motor. 

Miscellaneous inertia of moment is selected to simulate 

the machine by using MATLAB/Simulink software. The 

main focus of the paper is to control the speed of BLDC 

motor by integrated design and control aspects for 

improving the scope of applications.  

 

 Index Terms— Integrated BLDC motor, Cascaded 

multilevel inverter,  Electromagnetic torque, moment of 

inertia, Closed loop control. 

 

I. INTRODUCTION 

The recent proliferation of motor drives in the industry has 

generated a serious demand for highly efficient brushless 

motor drives, and this is the beginning of interest in 

Integrated BLDC motors. Despite of various advantages, 

BLDC motor in high power application has tendency to 

exhibit the torque pulsation is limited. Pulsation causes 

noises and vibration which reduce the performance of 

drives. The criteria for aerospace application are simple 

structure and size with rapid response. Especially in 

automation industries the development in technology is 

varied, nevertheless the machine has better performance at 

low inertia.  
   
    The main aspect of industrial application is to reduce the 

cost of power electronics component and to improve the 

motor drive system by proper control method. BLDC motor 

application being used in automotive, aerospace, industrial 

and military aspects due to fast, dynamic response, high 

torque, high efficiency and compactness. 

   In the literature, there are several simulation models and 

various control methods to improve the performance of the 

motor such as Field weakening control method, overlapping 

method available for BLDC motor drives [1-6]. Even though 

these models have made a great contribution to BLDC 

motor drives, there is no comprehensive model for the 

analysis of a motor with change in inertia with respect to the 

reduction in torque ripple. PMBLDC motors are generally 

powered by conventional three phase voltage source 

inverters (VSI) or current source inverters (CSI), which are 

 
 

controlled based on the rotor position in sequence obtained 

from the hall sensor’s position. In the BLDC motor, torque 

pulsations produce noise and vibrations in the system. 

Therefore, the minimization or elimination of noise and 

vibration is a serious issue in BLDC drives. 

   BLDC motors have many advantages over brushed DC 

motors and induction motors, such as high efficiency and 

reliability, better speed versus torque characteristics, high 

dynamic response, long operating life, and noiseless 

operation. Additionally, the ratio of the delivered torque to 

the size of the motor is higher, making it useful in 

applications where space and weight are critical factors, 

especially in aerospace applications. 

   A large part of the study has been devoted to minimize the 

torque ripple [7-11]. A novel optimal current excitation 

scheme to minimize ripple torque based on the d–q–0 

reference frame is used [12]. A new torque control method 

to reduce the torque ripple of BLDC motors, with un-ideal 

back EMF waveforms is presented [13]. A different control 

strategy for BLDC machines is presented [14]. A multilevel 

DC link inverter, to reduce the current ripple in brushless 

permanent magnet motors, with very low inductance is 

proposed [15]. [16] Proposed a method for torque ripple 

reduction, using repetitive current control. It also Compared 

the performance of BLDC drives under DTC and PWM 

current control in [17]. A current control strategy based on 

the generation of quasi-square wave currents, using a single 

current controller for the three phases are proposed [18-23]. 

Proposed a simplified modeling of PMBLDC motor using 

sensor less scheme which employs direct back emf based 

zero crossing detection for controlling the dynamic 

characteristics. Reduction of torque ripple in BLDC motor 

due to phase current commutation, also proposed method of 

injecting additional voltage at the time of commutation 

which will minimize the torque ripple.Speed and current 

control scheme based on indirect field oriented control for 

multilevel inverter fed induction motor.    

  Paper describes the speed control of motor drive and also 

study the reduction in the electromagnetic torque ripple  by 

changing the inertia of motor. BLDC motor is fed by 

cascaded multilevel inverter with change in inertia of 

moment from 0.0089 kg/m2-0.00091 kg/m2. With the above 

mentioned conditions to determine the motor response 

characteristic torque-inertia ratio is used.  

 

 

Electromagnetic torque undulation 

reduction with revolutionized inertia. 
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Fig.1.Block Diagram of PMBLDC motor fed Inverter 
 

      The first section gives the introduction about the paper. 

The second section of the paper discuss about the Modeling 

of BLDC motor. Cascaded multilevel Inverter are discussed 

in the third section[24-29]. The fourth section deal with the 

proposed simulation work carried through MATLAB.  Fifth 

section is about the hardware results and discussions. The 

final section presents the conclusion. 

 

II. MODELING OF BLDC MOTOR 

  

A schematic diagram of BLDC motor drive with wye 

connection is shown in Fig.1. PMBLDC is also known as 

brushless motor since it has no brushes and commutator. 

Recently due to its advantages like low inertia and high 

power density this BLDC motor is increased in industrial 

application. Input to the motor is trapezoidal back EMF. The 

amplitude of the back EMF is proportional to the angular 

velocity of the motor and the shape is a function of the 

angular position E=dλr/dt.  The phases are connected to DC 

bus through a switching circuit[30]. The switching sequence 

is controlled so that it is synchronized with the position of 

the rotor to produce rotating magnetic field. In BLDC motor 

the armature current are commutated according to the rotor 

position. Due to the interaction of the currents in stator 

windings, and the magnetic field from the rotor magnets, the 

electromagnetic torque of the BLDC motor is produced as 

follows 

 

                                                                              
                                                                                (1) 

  where ea, eb, and ec are trapezoidal back EMFs. Rs  is 

the phase resistance, va, vb, vc are  phase voltages, L  is 

the self-inductance, ia, ib, ic are phase currents and M is 

the mutual inductance. 

 

                         (2) 

                                 

   (3) 

 

                       (4) 

                                        
 

  Here, T is load torque, J is moment of  inertia , B is viscous 

damping and wm is  radial speed of motor .  

 

        ∆t                                         (5) 

  

                                              (6) 

 

 
 
Fig.2. Graph to determine the moment of inertia 
 

The graph is used to determine the value of moment of 

inertia of the rotor as shown in Fig.2. Measured values are 

given in Table 1.From the table it is evident that low 

moment of inertia means low steady state time for speed  

and torque, the effectiveness of proposed system has been 

validated by dynamic simulation studies[31].  

 

Table 1. Specification for calculating moment of Inertia 

 

 

 

 

 

 

 

 

 

 

III. SYSTEM DESCRIPTION 

    Cascaded multilevel inverter is having an unique and 

attractive topology such as simplicity in structure, usage of 

lesser number of components. The cascaded multilevel 

inverter synthesizes a desired output voltage from several 

independent sources of DC voltages obtained from batteries, 

fuel cells or solar cells[]32-36. The structure of single phase 

ωp 

rpm 

∆Pm 

W 

∆t 
s 

J 
Kg-m2 

1410 112.60 157.14 0.0089 

1430 112.60 16.34 0.0009 

1431 112.60 2.182 0.00012 
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cascaded multilevel inverter is shown in Fig.3. Each single 

DC source is associated with a single H-bridge. A Eleven 

level symmetric cascaded H-bridge multilevel inverter has 

five H-bridges. The DC source for the H-bridges H1, H2, H3 

, H4, H5 are equal. The AC terminal voltages of different 

levels are connected in series [7]. Through different 

combinations of the four switches (S1-S4), each inverter 

level can generate three different voltage outputs ,+Vdc, -Vdc 

and zero.In this topology, the number of output-phase 

voltage level is defined by  

 

     m=2N+1                                                                (7)  

 

 

 
Fig .3  Single-phase structure of a cascaded multilevel inverter. 
 

 

 
 
Fig. 4  An eleven level multilevel inverter output. 

IV. SIMULATION RESULTS 

Closed loop system is simulated by using Matlab/ Simulink. 

The Simulink model of closed loop controlled eleven level 

cascaded multilevel inverter fed PMBLDC drive is  shown 

in Fig.5. The model consists of three sub systems, each of 

which contains a MATLAB function, to issue firing pulses 

based on the decoded hall position signal. Inputs for the 

MATLAB function are hall signals, positive and negative 

pulses. Accordingly, codings are written to select the 

suitability of pulses depending on the hall signal. Stator 

windings are connected in star to an internal neutral point. 

The actual speed is measured and it is compared with the 

reference speed, the error is given to the PI Controller, the 

output of the PI controller is one of the inputs to the 

comparator.  

  
 

Here simulation is carried out for three cases. Case I: BLDC 

with open loop control, Case II: BLDC with Closed loop PI 

Controller on No Load, Case III:  BLDC with Closed loop 

PI Controller with Load.  

Case I: BLDC with open loop control 

Fig.6 shows the no load speed response of the motor with 

open loop control. At no load, reaches a speed of 1200 

RPM. Fig.7 shows the trapezoidal back emf waveform. Fig. 

8 and Fig. 9 shows the three phase currents of motor and 

electromagnetic torque respectively. Initially the magnitudes 

of current and the torque is higher and it reaches the steady 

state value later 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 6: Speed response at no load 

 
Fig 7: Trapezoidal back emf waveform 

 
Fig 8: Three phase current waveform 
 

 

 
 

Fig 9: Electromagnetic Torque waveform 
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Fig.5 Simulink model of closed loop inverter fed PMBLDC drive 

 

Case II: BLDC with closed loop PI controller on no load 

Fig.10 shows the no load speed response of the motor with 

PI controller. Here reference speed is taken as 1200 rpm and 

the motor reaches the reference speed very quickly with PI 

controller. Fig.11 shows the electromagnetic torque 

generated by the motor. Initially torque is high, once the 

speed reaches steady value torque decreases.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Case III: BLDC with closed loop PI controller with load 

 

Fig.12 shows the speed response of the motor with PI 

controller for loaded conditions. Here reference speed is 

taken as 1200 rpm. The motor reaches the reference speed 

very quickly with PI controller. Here, load torque is 

increased from 0.1 to 0.2 N-m at time t = 0.07 sec. At this 

time, there is a small decrease in the speed of the motor. 

Fig.13 shows the electromagnetic torque generated by the 

motor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 10: Speed response with PI controller 

 
Fig 11: Electromagnetic Torque waveform 

 
 
Fig 12: Speed  response of PI controller with load 
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       Three different moment of inertia are selected and the 

results are also presented. By varying the moment of inertia, 

the magnitude of current changes but the back –emf remains 

the same. From the Fig.14, it is evident that low inertia 

means low steady state. Further decrease in inertia to 

0.00012 Kg-m2, the steady state speed reaches suddenly to 

0.35 seconds.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

V. CONCLUSION 

Closed loop control of multilevel inverter fed BLDC Motor 

drive is simulated and modeled. Speed control of drive is 

carried out by implementation of DSP controller 

TMS320L2407A. The complete model is simulated in 

MATLAB/SIMULINK. The simulation results are 

presented. Finally, this paper gives the closed-loop control 

system based on TMS320L2407A, which is appropriate to 

high-speed brushless DC motor, and this control system has 

good vibrant performance and meets requirements of 

controlling motor. 
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