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Abstract This paper presents a scheme for implementing two different DC/DC converters in the commutation circuitry of 
BLDC motor drive and corresponding output characteristic in both sensored and sensorless drive. Here we have considered 
Buck and Boost converters in order to provide a regulated supply to the commutation circuitry. The drive circuit is a closed 
loop system with a PI controller, Six-Switch Voltage Source Inverter (VSI) and one of the DC/DC converters among Buck 
and Boost. The performances with these two modes of sensored and sensorless have been studied by considering a low speed 
operation. Finally a comparison has been studied on the basis of characteristics of stator currents, rotor speed and 
electromagnetic torque. The modeling and simulation of Buck and Boost converter fed BLDC motor is done using 
MATLAB/SIMULINK for both sensored and sensorless drive. 
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I. INTRODUCTION 
 
BLDC motors are rapidly gaining popularity in 
industries like Appliances, Automotive, Aerospace, 
Consumer, Medical, Domestic and Industrial 
Automation Equipment and Instrumentation. BLDC 
motors preferred over DC motors and AC induction 
motors because they provide better controllability and 
performance. BLDC motors do not uses brushes for 
commutation, they are commutated electronically. 
BLDC motors have many advantages over brushed 
DC motors and induction motors, like enhanced 
speed versus torque characteristics, good dynamic 
response, longer operating life efficiency, noiseless 
operation, high speed ranges etc. are few to mention. 
BLDC motors are a type of synchronous motor, in 
which the magnetic field generated by the stator and 
the magnetic field generated by the rotor rotate at the 
same frequency. BLDC motors do not show any 
“slip” that is normally occurs in induction motors. 
BLDC motors are available in single-phase, 2-phase 
and 3-phase configuration. The stator has the same 
number of windings corresponding to its phase. Out 
of these, 3-phase motors are the mostly used.   
There are various control techniques for BLDC motor 
among them two methods are widely used viz. sensor 
control and sensorless control. In sensor control 
technique, mechanical position sensors like hall 
sensors, resolver etc. is used to detect the rotor 
position of BLDC motor. While in sensorless control 
technique, rotor position is detected by using the back 
EMF of the motor. The voltage source inverter (VSI) 
is made of power semiconductor switches, which is 
used for commutation and also for controlling the 
motor terminal voltage. 
The rotor speed is directly proportional to the 
terminal voltage of the motor. To control the speed, a 

closed loop control is used with PI controller using 
which we compare the actual speed and reference 
speed, and the error signal produced by this method is 
used to drive the motor. 
A DC/DC converter is used in power supply systems 
to provide a regulated output dc voltage. There are 
four main types of converters, usually called the 
Buck, Boost, Buck-Boost and Cuk converters. The 
Buck converter is used for stepping down the voltage 
level, while the Boost converter is used for stepping 
up voltage step-up. The Buck-Boost and Cuk 
converters can be used for either stepping-down or 
stepping-up the voltage level.  
DC/DC converters are nonlinear and time invariant 
system. Mechanisms to control the output of these 
converters are discussed in. DC-DC converters are 
type of electronic devices which is used when we 
want to change DC electrical power efficiently from 
one voltage level to another level. In DC-DC 
converters the impedance level of input energy is 
changed from one level to another. The DC/DC 
converter mainly used in a system where we require a 
regulated voltage supply to our circuit. The converter 
controls the dc link voltage using capacitive energy 
transfer which results in non pulsating input and 
output currents. 
 
II. MATHEMATICAL MODELLING 
2.1 BLDC MOTOR 

 
Figure 1 
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A three phase, star connected BLDC motor can be 
described by a set of differential equations[21]. The  
equations are achieved using basic circuit analysis of 
the above per phase model. The equations are as 
follows: 
Va = Ia(t)Ra + La.dIa/dt + Ea(t) (1) 
Vb = Ib(t)Rb + Lb.dIb/dt + Eb(t) (2) 
Vc = Ic(t)Rc + Lc.dIc/dt + Ec(t) (3) 
Where V, I and E are the voltage, current and back 
emfs of phase A, B, C. R and L are the resistance and 
inductance of each phase respectively. 
 
2.2. DC/DC Converter: 
Buck Converter 

 
Figure 2 

 
It is also known as step-down converter. The buck 
converter is used to lower the input voltage. The 
circuit diagram for a buck converter is shown in 
figure 2. 
The waveform is applied to the low pass LC filter, Va 
is the square wave having average value of DVin, 
where D is the switching cycle of the switch. The low 
pass filter removes all the high frequency components 
from Va, and the output becomes only DC 
component. The value of output voltage of the buck 
converter is given as Vout = DVin (4) 
 
Boost Converter 

 
Figure 3 

 
It is also known as step-up converter. The boost 
converter is used to raise the value of input voltage. 
The circuit diagram is shown in figure 3. 
At first, the inductor L is charges when the switch is 
closed. When we open the switch, it discharges 
through capacitor C, which again slowly discharges 
through the load RL. The value of output voltage for 
boost converter is given as Vout = Vin/(1-D) (5) 

III. DETAILS EXPERIMENTAL 
 
MATLAB/SIMULINK software is used to simulate 
the close loop models. The closed loop model for 
both sensored and sensorless system with Buck and 
Boost fed BLDC motor are shown below. In all cases 
the input voltage is 48 Volt DC. The reference speed 
is given 100 rpm. All the systems considered here are 
closed loop system, which uses a PI controller for 
speed control of BLDC motor, a six-switch voltage 
source inverter made of MOSFETs for commutation 
purpose, and either a Buck converter or Boost 
Converter. The simulink model for Buck fed BLDC 
motor with sensored and sensorless drive is shown in 
figure 4a and figure 5a respectively and for Boost fed 
BLDC motor with sensored and sensorless drive is 
shown in figure.6a and figure 7a respectively. 
Different characteristics curve for all the above 
mentioned models is shown below of their respective 
simulation diagram. 
 
IV. RESULTS AND DISCUSSIONS 

 
Fig. 4a: Buck Fed BLDC Motor (Sensored) Outputs 

 
Fig. 4b: Plot for Stator Currents and Electromagnetic Torque 



International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Volume-2, Issue-6, June-2014 

Performance Analysis Of Sensored And Sensorless Drive Of BLDC Motor Using Different Types Of Dc/Dc Converters In Matlab/ Simulink Platform 
 

56 

 
Fig. 4c: Plot for Rotor Speed 

 
Fig 5a: Buck Fed BLDC Motor (Sensorless) Outputs 

 
Fig.5b: Plot for Stator Currents and Electromagnetic Torque 

 
Fig.5c: Plot for Rotor Speed 

 
Fig.6a: Boost fed BLDC Motor (Sensored) Outputs 

 
Fig.6b. Plot for Stator Currents and Electromagnetic Torque 

 
Fig.6c. Plot for Rotor Speed 

 
Fig.7a: Boost Fed BLDC Motor (Sensorless) Outputs 
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Fig.7a. Plot for Stator Currents and Electromagnetic Torque 

 
Fig.7c. Plot for Rotor Speed 

 
CONCLUSIONS 
 
In this paper, closed loop models for sensored and 
sensorless system with Buck, Boost fed BLDC motor 
are modeled and simulated using MATLAB/ 
SIMULINK. We have got here four graphs , two for 
Buck fed BLDC motor for both sensored and 
sensorless drive and two for Boost fed BLDC motor 
for both sensored and sensorless drive. We can see 
from the graphs that that stator current, 
electromagnetic torque and rotor speed characteristics 
for both Buck and Boost converter fed BLDC motor 
for sensored system replicate the same characteristics 
for Buck and Boost fed BLDC motor for sensorless 
system. We can hence conclude that these converters 

works fine for both sensored and sensorless system 
after making this comparative analysis The 
simulation results obtained in this paper can be used 
to develop real time circuitry 
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