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Abstract---In classical control of brushless dc motors, flux distribution is assumed trapezoidal and fed current is controlled rectangular to obtain 

a desired constant torque. However, in reality this assumption may not be correct due to non-uniformity of magnetic materials and design trade-
offs. These factors together with current controller limitation, can lead to an undesirable torque- ripple. Hence torque - ripple has been the main 

issue of the servo derive systems, in which the speed fluctuation, vibration and acoustic noise should be minimized. This torque - ripple also 
deteriorates the precision of the parameters of brushless dc motors. In this proposed work, different techniques are to be carried out to control 
the torque - ripple of brushless dc motors. Effectiveness and flexibility of the individual techniques of torque-ripple control method will be 

thoroughly discussed for merits and demerits and finally verified through simulation (PSIM) and experimental results for comparative analysis . 
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1 INTRODUCTION                                                                     

HE brushless DC motor drive system incorporating motors 

with permanent magnet excitations are being used in a 

rapidly expanding range of applications, including computer 

peripherals, automotive and machine tool industries. The shaft 

position sensors, such as Optical or Hall-effect sensors are 

usually used to detect exact rotor position. 

      The Conventional PI Controller (CPIC) is one of the most 

common approaches for speed control in industrial electrical 

drives in general, because of its simplicity, and the clear 

relationship existing between its parameters and the 

systemresponse specifications. It is also the basis for many 

advanced control algorithms and strategies. These fixed gains 

may perform well for some operating conditions but not for all, 

because the involved processes are in general complex, time 

variant and non-linearity and model uncertainties.  

       In fact, PI speed controller’s main drawbacks are load 

rejection and sturdy to increasing inertia and rotor resistance 

variations in the case of an indirect rotor flux oriented machine. 

Moreover, for industrial and process applications requiring high 

performances, regardless of load disturbances, parameters 

variations, and any model uncertainties, several self-tuning 

controllers based on adaptive and optimal control techniques, or 

artificial intelligent methods, were proposed in order to improve 

the control robustness. One of the most successful expert system 

technique applied in a wide range of control applications has 

been fuzzy logic. It can be combined with conventional PI 

controller, to build fuzzy tuning controllers, in order to achieve a 

more robust control. Thefuzzy adaptation can be built via 

updating fuzzy sets functions, fuzzy rules, or controller gains.  

      The contribution of this paper is a simple high performance 

fuzzy tuned PI speed controller of the BLDC motor. The fuzzy 

rules, used to update the two gains of the PI controller with fixed 

structure, are based on a qualitative knowledge and experience 

established from a lot of simulation results of several transient 

speed responses obtained for different operating conditions such 

as response to step speed command from standstill, step load 

torque application, cooling fan.  

2. LITERATURE REVIEW 

 
      The brushless DC motor drive system incorporating motors 

with permanent magnet epxcitations are being used in a rapidly 

expanding range of applications, including computer 

peripherals, automotive and machine tool industries. The shaft 

position sensors, such as Optical or Hall-effect sensors are 

usually used to detect exact rotor position. 

       The brushless DC motor has trapezoidal Electro Motive Force 

(EMF) and quasi-rectangular current waveforms. Three Hall 

Effect sensors are usually used for every      60 degree electrical 

(Jardic. M and Teric. B 2001). In addition to servo drive 

application with high stationary accuracy of speed and rotor 

position, the brushless DC motor requires a rotor position sensor, 

such as a revolver or an absolute encoder. 

        Recently, DC motors have been gradually replaced by the 

BLDC motors as industrial applications require more powerful 

actuators in small sizes. Elimination of brushes and 

commentators also solves the problem associated with contacts 

and gives improved reliability and enhances life. The BLDC 

motor has low inertia, large power to volume ratio, and low 

noise when compared to the permanent magnet DC servo motor 

having the same output rating. 

This paper comprises of III section, the first section 

consisting of Modeling of PMBLDC and its operation is then 
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followed by section II simulation results, finally the paper id 

concluded 

3 CIRCUIT DESCRIPTIONS AND OPERATION 

        The Brushless DC motor is also referred to as an 

electronically commuted motor. There are no brushes on the 

rotor and the commutation is performed electronically at certain 

rotor positions. The stator magnetic circuit is usually made from 

magnetic steel sheets. The stator phase windings are inserted in 

the slots or it can be wound as one coil on the magnetic pole. The 

magnetization of the permanent magnets and their   

displacement on the rotor are chosen such a way that   the   Back-

EMF   shape   is   trapezoidal   as   shown    in  

Figure 3.1. This allows the three phase voltage system, with a 

rectangular shape to be used to create a rotational field with low 

torque ripples. 

       The conducting interval for each phase is 120o electrical 

angle. The commutation phase sequence is like AB-AC-BC-BA-

CA-CB, where A, B, C are the three phases. Each conducting 

stage is called one step. Therefore, only two phases conduct 

current at any time, leaving the third phase floating. In order to 

produce maximum torque, the inverter should be commutated 

every 60o, so current is in phase with the back EMF. The 

commutation timing is determined by the rotor position, which 

can be detected by position sensors. When a BLDC motor rotates, 

each winding generates a voltage known as back Electromotive 

Force or back EMF, which opposes the main voltage supplied to 

the windings according to Lenz’s Law. The polarity of this back 

EMF is in opposite direction of the energized voltage. Back EMF 

depends mainly on three factors (a) Angular velocity of the rotor 

,  (b)  Magnetic  field  generated  by  rotor  magnets  and  (c) The 

number of turns in the stator windings.  

 
Fig.3.1: PM Brushless DC Motor waveforms 

 
 

      The BLDC motor is controlled by the three different modes, 

the torque ripples are mitigated by fuzzy controller, neural 

controller and hybrid controller. 

 
3.1. Fuzzy controller 

        The overall block diagram of the controller designed for 

minimizing the torque ripple of a BLDC motor is shown in 

Figure 3.2 

The two gains of the PI controller will be initialized using 

well-known conventional methods, but these gains depend on 

the BLDC motor estimated model at rated operating conditions. 

Fuzzy logic control (FLC) has been found to be excellent in 

dealing with systems that are imprecise, non-linear, or time-

varying. FLC is relatively easy to implement, since it does not 

need any mathematical model of the controlled system. This is 

achieved by converting the linguistic control strategy of human 

experience and knowledge into an automatic control strategy.  

On-line tuning of controller becomes of interest, since it is 

very difficult for off-line tuning algorithms to deal with the 

continuous variations in the BLDC motor parameters and the 

non-linearity’s present in the inverter, motor and/or controller. 

The most important parameters of Fuzzy logic are scaling factors. 

The input scaling factors affect the FLC sensitivity while the 

output scaling factors affect the system stability. 

 

Fig 3.2: Overall Block Diagram of the BLDC Motor Drive 

3.2. Neural network controller 

         The block diagram of Brushless DC (BLDC) motor using 

ANNs is presented in the Figure 3.3, where Neural Network 

Speed controller used to estimate the speed and Neural Network 

Current controller are trained to control terminal voltage. In a 

supervised off-line control, the proposed original PI based 

controller can be replaced by a neural network that learns the 

mapping form of the controller input-output relationship by 

adapting its parameters to a training set of examples of what it 

should do. 
 

 

Fig 3.3: Block Diagram of BLDC Motor Using Neural Network 
Controller 
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4. SIMULATION RESULTS 

            The BLDC Model drive with speed and current 

controllers has been simulated in MATLAB/Simulink model. The 

torque ripple minimization graphs for a various step changes in 

load torque are shown in figures. The model of the brushless DC 

motor drive system is simulated to investigate its dynamic 

performance and simulated results are shown.  

4.1  Performance Characteristics 

 The motor phase currents, back EMFs and pulses 

to the inverter are shown in Figure 4.1 (a), (b), and (c). 

 
(a)                         

 
(b) 

 

Fig 4.1: (a) Motor Phase Currents, (b) Motor Back EMFs, (c) Inverter 

Pulses 

 

        The Torque Ripple with PI Controller and Fuzzy logic 

controller under Half Load, Full Load, and No Load are shown in 

Figure 4.2 (a), (b), (c) and 4.3 (a), (b) resp.  The Figure 4.3 shows 

the membership function of fuzzy logic control, the Tabular 

column 4.1 shows the rule based of fuzzy logic control. 

 

 
(a) 

 
(b) 

 
(c) 

Fig 4.2: Torque Ripple with PI Controller under (a) Half Load,  
(b) Full Load, (c) No Load 

 

Input Variable (Error) 

 
Input Variable (Change in Error) 

 
Output Variable 

 Fig 4.3: The Membership function for 

 
TABLE 4.1 
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(a) 

i 

ω 
 

NB 

 

NS 

 

ZE 

 

PS 

 

PB 

NB NB NB NM NM ZE 

NS NM NS NS NS PS 

ZE NS ZE ZE ZE PS 

PS NS PS PS PS PM 

PB ZE PS PM PM PB 



International Journal of Scientific & Engineering Research Volume 3, Issue 5, May-2012                                                                                         4 
ISSN 2229-5518 

  

IJSER © 2012 

http://www.ijser.org  

 
(b) 

Fig 4.3: Torque Ripple with Fuzzy Controller under (a) Half Load, (b) Full 
Load 

 

        The torque ripple minimization graphs for ANN controller 

for a various step changes in load torque are shown in Figures 4.4 

(a), (b), (c). 

 
(a) 

 
(b) 

 
(c) 

Fig 4.4: Torque Ripple with ANN Controller under (a) Half Load, (b) Full 

Load, (c) No Load 

4.2 Torque Ripple Minimization by Hybrid Method 
using both   Fuzzy and PI Controller  

         The BLDC Model drive with speed and current controllers 

has been simulated in MATLAB/Simulink model. The Torque 

Ripple with Hybrid and ANFIS Controller from for full load to 

half Load, 3/4th Load to Full Load and for Various Loads are 

show in Figure 4.5 and 4.6 (a), (b), (c) resp. 
 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig 4.5: Torque Ripple with Hybrid Controller under 

 (a) Half Load, (b) Full Load, (c) 3/4
th
 Load, (d) No Load  

under rated speed 
 

4.3 Torque Ripple under Rated Condition          

          The Figure 4.7 and 4.8 (a), (b), (c) shows the Torque 

Ripple with Hybrid controller for full Load to half load, 3/4th 

loads to full load and various loads under rated speed.  
 

    
 (a)     

 
(b) 

 
(c) 

Fig 4.7:  Torque Ripple with Hybrid Controller from 
 (a) Full Load to Half Load, (b) 3/4

th
 Loads to Full Load,  

 (c) Various Loads under rated speed 
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         The speed of rotor of BLDC motor Speed Response at Full 

Load using PI Controller, Fuzzy Controller, and Hybrid 

Controller is shown in Figure 4.6 (a), (b), (c). 

 
(a) 

 
(b) 

 
(c) 

 

(d) 

Fig 4. 6:  Speed Response at Full Load using (a) PI Controller, 

 (b) Fuzzy Controller, (c) Hybrid Controller (d) ANN Controller 

       

        The following tabular column 4.2 shows the amount of 

torque ripple under various loads for rated condition. 
 

TABLE 4.2 
    OVERALL COMPARISONS OF DIFFERENT CONTROLLER            

  

 

5 CONCLUSION 

          The performance analysis of 0.5 hp Brushless DC motor is 

simulated through Matlab/Simulink. The Stator current and the 

motor back EMFs are discussed under rated condition. The 

pulses to the inverter are also discussed. The torque generated by 

BLDC motor usually has more ripples in nature which leads to 

speed fluctuation, vibration and acoustic noise. Hence, the 

methods to minimize the ripple in torque are also discussed by 

using suitable controller (Conventional & Non-conventional) 

method. Comparative analysis of different techniques is also 

done. 
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