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ABSTRACT: Brushless DC (BLDC) motor drives are popularly used in both consumer and industrial applications 
owing to its compact size, controllability and efficiency. BLDC motor is usually operated with one or more rotor 
position sensors, since the electrical excitation must be synchronous to the rotor position. To reduce cost and 
complexity and also to improve reliability of the drive system, sensorless drive is preferred. This paper presents the 
development of sensorless control system for brushless DC motor using terminal voltage sensing method without 
using any position sensors such as hall sensors or encoders. The simulation for proposed system is done using 
MATLAB. The BLDCM can act as an alternative for traditional motors like induction and switched reluctance 
motors. In this paper hysteresis current controller is implemented with speed feedback loop and it is observe that 
torque ripples are minimized. Simulation is carried out using MATLAB / SIMULINK. The results show that the 
performance of BLDCM is quite satisfactory for various loading conditions. 
 
Keywords: Brushless DC sensorless control, Terminal Voltage Sensing, RC network, Hall Effect Position-sensorless 
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1. INTRODUCTION: 

BLDC motors are very popular and are replacing brush 
motors in numerous applications due to their high 
efficiency, high power density and large torque to inertia 
ratio. Brushless DC (BLDC) motor is inherently 
electronically controlled, and requires rotor position 
information for the proper commutation of the current, 
this information can be obtained using hall sensors 
mounted on a rotor. This results in a high costs as well as 
poor reliability. During last two decades, numerous 
researches on sensorless control approaches for BLDC 
motor have been conducted. In order to obtain an accurate 
and ripple-free instantaneous torque of BLDC motor, the 
rotor position information for stator current commutation 
must be known, which can be obtained using hall sensors 
mounted on a rotor. By comparing with PMSM, BLDC 
motor has the advantages of high speed adjusting 
performance and power density. The torque ripple 
reduction and the control show improvement of BLDC 
mainly focused on commutation torque ripple, the torque 
ripple produced by diode freewheeling of inactive phase, 
and the torque ripple caused by the non ideal back 
electromotive force (EMF). BLDCs achieve commutation 
electronically by in corporating a feedback from the 
rotor-position into a control system instead of mechanical 
commutators found in brushed dc motors. Such a 
controller excites the stator coils of the motor in a specific 
order to rotate the magnetic field generated by the coils to 
be followed along by the rotor. In case of non-ideal 
motors, the distributed magneto motive force is not 
perfectly sinusoidal and hence sinusoidal commutation 
leads to torque ripple. With the suppression of torque 
ripple the performance of the motor drive performance 
can be improved by reducing speed   fluctuations. By 

improving machine design such as increasing the number 
of motor poles the pulsating torque can be reduced in 
high-performance electric motors. But this may lead to 
increase in cost and bulkiness of the multiple coil 
windings. With the help of several current waveforms the 
torque –ripple harmonics have been reduced for brushless 
motors .This control approach produces accurate torque in 
electric motors and their underlying models. Torque ripple 
produced by non-ideal current waveform is minimized 
with the help of feedback controllers by adjusting the 
actual phase currents rather than using position sensors. 
During the commutation period the product of the 
instantaneous back EMF and current both in two-phase 
produces electromagnetic torque. With the help of mid 
precision position sensor the presto red phase back EMF 
can be obtained. As a result, torque pulsations due to the 
commutation are reduced. However, phase resistance is 
neglected and the torque estimation depends on 
parameters such as dc-link voltage and phase inductance. 
Moreover, instead of a simple voltage selection look-up 
table technique more sophisticated PWM method is used 
to drive the BLDC motor. Also, two phase conduction 
method instead of a three-phase one is used which is 
problematic in the high speed applications Complex 
control strategies (used for BLDC current/speed 
regulation) are sensitive to variation in parameters, 
magnetic saturation; unmodeled disturbances etc. and 
make the entire system less reliable. For domestic or 
simple industrial applications where the variation in 
operating parameters is not frequent, then the control 
strategies required for BLDC motor should also be 
simple. This simple control strategy will be available at 
low cost and uses simple structure and requires minor 
memory or processing capabilities.  
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2. MODELLING AND SENSORLESS CONTROL 
PRINCIPLES OF BLDC MOTOR: 

2.1. Modelling of the BL DC motor: 

A BLDC motor has three stator phase windings connected 
in star fashion. Permanent Magnets (PMs) are mounted on 
the rotor. Fig.1 shows the equivalent circuit of a BLDC 
motor and Fig. 2 illustrates the relationship between the 
back EMF waveform of an ideal BLDC motor and the 
armature current, where E, I denotes the amplitude of 
back EMF and current respectively. The currents should 
have a rectangular waveform and must be in phase with 
the corresponding phase back EMF. 
 

(a) 
 

 
(b) 

 
Fig. 1: BLDC motor a) equivalent circuit and b) structure 
and star connected armature 
 

 

Fig. 2: Waveforms of ideal back EMF and phase current. 

3. PROPOSED SENSORLESS CONTROL USING 
TERMINAL VOLTAGE SENSING: 

Brushless dc (BLDC) motors, with their trapezoidal 
electromotive force (EMF) profile, requires six discrete 
rotor position information’s for the inverter operation. 
These are typically generated by Hall- effect switch 
sensors placed within the motor. However, it is a 
well-known fact that these sensors have a number of 
drawbacks. They increase the cost of the motor and need 
special mechanical arrangements to be mounted. Further, 
Hall sensors are temperature sensitive, and hence limit the 
operation of the motor. They could reduce system 
reliability because of the extra components and wiring. So 
sensor less method is the reliable method used in harsh 
environments. There are two independent methods for 
determining the Hall configuration. The selection of 
which method to use will depend on the information 
provided. 
 
A.​ Terminal Voltage Sensing: 

The Hysteresis comparator with zero cross detection 
technique is achieved by sensing the terminal voltage. 
 
Figure.3 shows the block diagram of a sensorless control 
by using terminal voltage method. It consists of the Low 
Pass Filters (LPFs) for suppressing the high switching 
frequency ripples and comparators for compensating 
phase lag of terminal voltage if occurred at high speed. 
Motor neutral point voltage information is not used in this 
method. After sensing the three-phase terminal voltages, 
each of the three phase terminal voltages is fed into an 
LPF to suppress the high switching frequency ripple or 
noise. As only two phases of the BLDC motor are 
energized at any time, the back-EMF can be measured 
from its terminal voltage in the period of an open phase 
(60°). During the two phase conduction period (120°), the 
only difference between the back-EMF and its terminal 
voltage is a stator impedance voltage drop, which may be 
considerably small as compared with the dc voltage 
source. Therefore, the waveform of the terminal voltage is 
nearly the same as that of the back-EMF. The terminal 
voltages can be used to detect the commutation points of 
the BLDC motor instead of the back-EMFs. 
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Fig. 3: Block diagram of proposed sensorless control 
scheme 
B. Low Pass Filter (LPF): 

Each of the three phase terminal voltages is fed into an 
LPF to suppress the high switching frequency ripple or 
noise. 
 
Hence there are three low-pass filters (LPFs) are utilized 
to eliminate higher harmonics in the phase terminal 
voltages caused by the inverter switching. 
 
C. Hysteresis Comparator with Zero Cross Detection: 

The hysteresis comparator is used to compensate for the 
phase lag of the back-EMFs due to the LPF in order to 
determine the proper commutation sequence of the 
inverter according to the rotor position. Also, it can 
prevent multiple output transitions by high frequency 
ripples in the terminal voltages. There are three hysteresis 

comparators are used, each terminal voltage output from 
LPF are fed into comparator. As the rotor speed increases, 
the percentage contribution of the phase lag to the overall 
period increases. The lag will disturb current alignment 
with the back-EMF and will cause serious problems for 
commutation at high speed. The phase lag in 
commutation can produce significant pulsating torques in 
such drive which may cause oscillations of the rotor 
speed, and generate extra copper losses. The output of 
hysteresis comparator is fed into zero cross detector. 
 
4. SIMULATION RESULTS: 

A three BLDC motor is fed to the inverter bridge and it is 
connected to controlled voltage source. The inverter gates 
signals are produced by decoding Hall Effect signals. The 
three phase output of the inverter is applied to the motors 
stator windings. From the supply voltage divider is 
connected, with the RC low pass filter and a compare to 
zero circuit to produce the back emf for three phases. 
After simulating the circuit on the Matlab/Simulink, 
Motor rotor speed. Electromotive force, stator current and 
electromotive torque are shown in fig.      
 
The performance of the drive is further improved by use 
of LPF and hysteresis comparator, which suppress high 
frequency switching noise and also prevent output 
transitions due to harmonics. Let us take the above said 
values from the Fig.  For one cycle.) We get the torque 
ripple value is 0.078%. Still further reduction in torque 
ripple can be achieved by selecting optimum value of PI 
controller constants also stator current ripple value is 
0.38%. 
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*Rotor speed (RPM) 
 

 

Improved back Electro motive force detected from proposed method 
 

 
 
5. CONCLUSION: 

In this paper a review of position control methods for 
BLDC motors has been presented. The fundamentals of 
various techniques have been introduced, mainly 
back-EMF schemes and estimators, as a useful reference 
for preliminary investigation of conventional methods. 
Advances in the position control and applications were 

also discussed.  To provide insight in control techniques 
and their benefits a classification of existing methods and 
newer methods were presented with their merits and 
drawbacks. From the above discussion, it is obvious that 
the control for BLDC motors using position sensors, such 
as shaft encoders, resolvers or Hall-effect probes, can be 
improved by means of the elimination of these sensors to 
further reduce cost and increase reliability. Furthermore, 
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sensorless control is the only choice for some applications 
where those sensors cannot function reliably due to harsh 
environmental conditions and a higher performance is 
required. 
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