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ABSTRACT 

This paper represents the modeling of the Permanent Magnet Brushless DC (PMBLDC) motor drive using   Matlab 

/ Simulink Software. The modelling of Permanent Magnet Brushless DC (PMBLDC) motor drive is useful in various 

phenomenons such as aerospace modelling and more other applications. In this Paper, the modelling of PMBLDC motor 

drive is done by using various components such as current, Speed controllers and sensors are installed to sense the various 

factors such as speed, current, and the output obtained from the inverter. The basic purpose of designing of such drive is to 

gives the certain ideas about designing of the motor drive using Matlab / Simulink and how it helps in various applications 

such as electric Traction, automotive industries and more other places.    

               

 Keywords: PMBLDC, modelling, Matlab, DC motor 

1. INTRODUCTION 

Since 1980 is new, prototype concept of permanent magnet brushless motors has been built. The 

Permanent magnet brushless motors are categorized into two kinds depending upon the back EMF waveform, 

Brushless AC (PMBLAC) and Permanent Magnet Brushless DC (PMBLDC) motors.  PMBLDC motors have 

trapezoidal back EMF and quasi-rectangular   current waveform.  PMBLDC  motors  are  quickly  becoming  

famous  in  industries  like HVAC industry, military equipment, medical Appliances, electric traction, automotive, 

aircrafts, disk drive, industrial  drives  and instrumentation  because of their high efficiency,  silent operation, 

high power factor, reliability, compact, low maintenance and high power density. In the event of replacing the 

function of alternators and brushes, the PMBLDC motor requires an inverter and a position sensor that 

exposes rotor position for appropriate alternation of current. The rotation of the PMBLDC motor is built on the 

feedback of rotor position that is gained from the hall sensors. PMBLDC motor generally utilizes three hall 

sensors for deciding the commutation sequence. In PMBLDC motor, the power losses are in the stator where 

heat can be easily shifted through the frame or cooling systems are utilized in massive machines. PMBLDC 

motors have many benefits over induction motors and DC motors. Some of the benefits are better speed - torque 

curve, noiseless operation, higher speed ranges,  long operating life, high dynamic response, and high efficiency. 

More than 80% of the controllers are (Proportional and integral) PI controllers because they are easy to control. 

The speed controllers are the conventional PI (Proportional and integral) controllers and current 

controllers are the P controllers to achieve high performance high efficiency drive.  Fuzzy  logic and artificial 

neural network  can  be  considered  as  a  mathematical  theory  combining probability  theory,  multi-valued  

logic  and artificial  intelligence  for simulation of  the human  approach  in the solution of various problems by 
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using an approximate reasoning to relate different data sets and to make decisions.  It  has  been  reported  that  

fuzzy controllers  are  more  robust  to  plant  parameter  changes  than classical Proportional and integral 

controllers and have better noise rejection capabilities.  

 

2.  Construction and Operating Principle 

PMBLDC motors are more or less similar to synchronous motor. This indicates the magnetic field 

produced by the stator and the magnetic field produced by the rotor twirls at the same frequency. PMBLDC motors 

do not experience the “slip” that is normally observed in induction motors. PMBLDC motor is built with a 

permanent magnet rotor and wire wound stator poles. 

2.1. Stator 

The stator of a PMBLDC motor as shown in Figure 1 comprises of stacked steel laminations with 

windings kept in the slots that are cut along the inner periphery as shown in Figure 1. Most PMBLDC motors 

have three stator windings linked in star. Each of these windings is assembled along with various coils 

interconnected to derive a winding. One or more than one coils are kept in the slots and they are interconnected to 

form a winding. Each of these windings is distributed over the stator peripheral area to form an even numbers of 

poles. 

2.2. Rotor 

The rotor is formed from permanent magnet and can alter from two to eight pole pairs with alternate North 

(N) and South (S) poles. The suitable magnetic material is selected to form the motor depending upon the required 

field density in the rotor. Magnets (Ferrite) are used to make permanent magnets. Now a day, rare earth alloy 

magnets are gaining popularity. 

 

 

Figure 1 Stator of a PMBLDC motor 

2.3. Hall Sensors 

The commutation of a PMBLDC motor as shown in Figure 2 is in check electronically.  To rotate the 

PMBLDC motor, the stator windings ought to be energized in an sequence. It is essential to know the rotor position  

in  order to  understand  which  winding  will  be energized  following  the  energizing  order.  Rotor position is 

perceived using Hall sensors embedded into the stator on the non-driving end of the motor as shown in Figure 2. 

Whenever the rotor poles pass near the Hall Effect sensors, they give a high or low signal suggesting the N or S 

pole is passing near the sensors. The exact order of commutation can be known, depending upon the combination 

of these three Hall sensor signals. 
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Figure 2 Rotor and Hall sensors of PMBLDC motor 

 

 

2.4. Theory of operation 

Each commutation sequence has one winding energized to positive power, the other winding is negative 

and the next is in a non-energized condition. Torque is produced because of the interaction between the magnetic 

field generated by the stator coils and the permanent magnets. Ideally, the peak torque takes place when these two 

fields are in quadrature to each other and goes down as the fields move together. In order to place the motor 

running, the magnetic field generated by the windings should shift their position, as the rotor moves to catch up 

with the moving stator field. 

 

2.5. Commutation Sequence 

The commutation sequence, for every 60
0
 of rotation, one of the Hall Effect sensors changes the state. It 

takes six steps to finish an cycle. In Synchronous, with every 60
0
, the phase current switching ought to be 

renovated. However, one electrical cycle may not agree to a complete mechanical revolution of the rotor. The 

number of electrical cycles to be repeated to complete a mechanical rotation is denoted by the rotor pole pairs. One 

electrical cycle is completed for each rotor pole pairs. Hence, the number of electrical cycles equals the rotor pole 

pairs. A three-phase bridge inverter is used to balance the PMBLDC motor. There are six switches and these 

switches should be switched depending upon Hall sensor inputs. The PWM  techniques are used to switch ON or 

OFF the switches. In order to vary the speed, these signals should be Pulse Width Modulated (PWM) at a much 

higher frequency than the motor frequency. The PWM frequency should be at least ten times that of the maximum 

frequency of the motor. When the duty cycle of PWM is differed within the sequences, the average voltage 

supplied to the stator is reduced, thus lowering the speed. Another benefit of having Pulse Width Modulation is 

that, if the DC bus voltage is much greater than the motor rated voltage, the motor can be controlled by limiting the 

percentage of PWM duty cycle corresponding to that of the motor rated voltage.  This adds plasticity to the 

controller to assemblage motors with various rated voltages and matches the average voltage output by the 

controller, to the motor rated voltage, by controlling the PWM duty cycle. The speed - torque of the motor based 

upon the strength of the magnetic field generated by the energized windings of the motor that depend on the current 

through them. Hence, the adjustment of the rotor voltage (and I) will change the motor speed. 

 

3.  Modelling of PMBLDC Motor 

 

The flux distribution in PMBLDC motor is trapezoidal and hence the d–q rotor reference frames model is 

not suitable. It is shrewd to derive a model of the PMBLDC motor in phase variables when it is given the non-

sinusoidal flux distribution.  The  derivation  of this  model  is  depends  on  the  postulations  that  the induced 
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currents in the rotor due to stator harmonic fields, iron and stray losses are neglected. The motor is taken to have 

three phases even though for any number of phases the derivation procedure is true to life. Modelling of the 

PMBLDC motor is done applying classical modelling equations and therefore the motor model is highly adaptable.  

These equations are illustrated depending upon the dynamic equivalent circuit of PMBLDC motor. The 

assumptions made for modelling and simulation purpose are the common star connection of stator windings; three 

phase balanced system and uniform air gap. The mutual inductance between the stator phase windings are 

uncountable when compared to the self-inductance and so neglected in designing the model. 

Mathematical Equations:- 

A) PMBLDC MOTOR  

The basic equations of the three phases motor can be written as follows:- 

                                                                                        (1) 

                                                                                          (2) 

                                                                                          (3) 

                                                                                                              (4) 

 

Where V, E and I represents the phase-to-phase voltage, back emf and current respectively. In addition, R 

and L represent the resistance and inductance per phase. Te and Tl are the load torque. Kf , J and Wm are the 

friction constant , rotor inertia and rotor speed respectively. 

Now the back emf can be given as follows:-  

 

                                                                                                                  (5) 

                                                                                                          (6) 

                                                                                                         (7) 

                                                                      (8) 

 

Where Ke and Kf are back emf constant and the torque constant respectively. And is the rotor angle which is 

equals to(  . And the trapezoidal waveform is obtained from function F (.). 

As we require only two equations of voltages (Vab and  bc) for the modelling of such drive hence complete 

modelling equations can be represented in space form as follows:- 

                                           (10) 

 

–
                                                                                                           (11) 
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By knowing the certain values of the parameters of the motor, the motor drive can be easily build using Matlab / 

Simulink software. 

 

4.   Proposed method of research  

 

Figure 3 Control scheme  

 

 

 

 

4.1 Current Control 

 

In order to determine the gain of the current controller minute attention was paid to speed - torque 

variations. The current loop time constant is lower than the speed loop time constant. Therefore, the speed                      

loop time is assumed constant during each of the current control loop-sampling interval. Hence, by assuming the 

settling time for current loop as 1ms the values of ke and kt  is determined for a given PMBLDC motor 

specifications. The gain is determined as follows:- 

                                    1ms= L
’ 
/ Ke                       

Where L’ is the inductance of the stator phase coil.       

The choice of the switching frequency is guided by the limitations of the hardware. Higher the switching frequency, 

the lower will be the ripple in current. This results in smooth torque. In addition, above 20 kHz, the switching 

frequency starts being inaudible, hence lowers the sonic pollution. Hence, a switching frequency of 20 kHz was 

chosen to calculate the sampling time. The gain kt is calculated as follows:- 

                                     Ke= kt * sampling time / Ti                                   

 

4.2 Proportional Integral Controller 

 

Equation (12) gives the model of PI speed controller: 

G(s) = ke + kt/s                                                                                                                                                (12) 

where, G(s) is the transfer function which is torque to error ratio in s-domin, Ke is the proportional gain and Kt is the 

integral gain. The tuning of these parameters is done using Ziegler and Nichols methodology (1942). The 

specifications of the drive application are usually available in terms of percentage overshoot and settling time. The 

PI(Proportional Integral) parameters are chosen to place the poles at appropriate locations to get the desired 

response. These parameters are obtained using Ziegler Nichols methodology, which ensures stability. From the 

dynamic response obtained by simulation, the percentage overshoots (Mp), settling time (ts) and rise time (tr) which 

are the measures of transient behavior are obtained. Equation 13 gives the closed loop transfer function with PI 

controller: 

 

                                                                                                                                     (13) 

 

 

where, T(s) is the closed loop transfer function and Ke, Kt are the PI controller parameters, J is the moment 
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of inertia and B is the coefficient of friction of the PMBLDC motor. 

 
Figure 4 PI Controller 

 

4.3 PWM Controller 

 

Figure 5 shows a block diagram of the power conversion unit in a PWM drive. In this type of drive, a diode 

bridge rectifier provides the intermediate DC circuit voltage. In the intermediate DC circuit, the DC voltage is 

filtered in a LC low-pass filter. Output frequency and voltage is controlled electronically by controlling the width of 

the pulses of voltage to the motor. Essentially, these techniques require switching the inverter power devices on and 

off many times in order to generate the proper RMS (Root Mean Square) voltage levels.  

                   
Figure 5 Simplified method for motor signal chain 

This switching scheme requires a more complex regulator. With the use of a microprocessor, these complex 

regulator functions are effectively handled. Combining a sine wave and a triangle wave produces the output voltage 

waveform. The triangular signal is the carrier or switching frequency of the inverter. The modulation generator 

produces a sine wave signal that determines the width of the pulses, and therefore, the RMS voltage output of the 

inverter.  

 

4.4 SIX switch Inverter Block 

 

Figure 6 six-switch three-phase PMBLDC motor drive systems 
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Until now, the reduced part converters have been applied mainly to ac induction motor drives However, 

these days, the PMBLDC motor is attracting much interest, due to its high efficiency, high torque, simple control, 

high power factor, and lower maintenance. Thus, we have been investigating the possibility of the reduced cost 

converter for PMBLDC motor drives with advanced control techniques.  

 

 

 

 

5.  Conclusion 

The main part of the work will involve in the development of inverter and its interaction with the motor. The aim 

will be to make a model that would be simple, accurate, and easy to modify and fast running. It is believe that these 

goals will be reached. In this paper, the speed control of PMBLDC Motor is reviewed to provide a possibility for the 

realization of low cost and high performance PMBLDC Motor drive and from the survey it is observed that it 

requires proper PWM technique. The proposed method has several advantages, including the following:  the reduced 

cost drive is particularly suitable for cost sensitive applications such as battery vehicles and computer peripherals. 
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