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Abstract— This paper is about a novel sensorless control of 

a Brushless DC motor, which is proposed for 

implementation of IC for different modes. The economical 

applications o Brushless DC (BLDC) motors have a wide 

speed range. There are two known techniques or driving the 

BLDC. They are Pulse Width Modulation (PWM) technique 

with a constant DC voltage or Pulse Amplitude Modulation 

(PAM) with an adjustable DC link voltage. The PAM 

technique is preferred over the PWM technique while 

controlling at high speed because of decreasing the 

commutation delay and high frequency harmonic waves. 

The measurement of the rise time of the dc link current is 

taken instead of its peak current in order to achieve the 

smooth startup operation. The requirement of the Hall Effect 

position is eliminated by the use of sensor less control of 

BLDC motors. The fixed power supply for driving a BLDC 

motor is incorporated with photovoltaic (PV) arrays, fuel 

cell stacks and a battery. The Hybrid Distributed Generation 

System (HDGS) structure is divided into five switching 

periods that includes five duty ratios. This allows the 

regulation of PV, fuel cells and battery powers. Hence, a 

fixed electrical power is achieved for BLDC motor. The 

fixed power capability will let the motor to run at its 

nominal power. 

Key words: Photovoltaics, hybrid distributed energy 

systems, pulse width modulation, pulse amplitude 

modulation, brushless dc motor  

I. INTRODUCTION 

The Brushless DC electric motor, also known as the 

electronically commuted motors, is synchronous motors that 

are powered by a DC electric source via an integrated 

inverter/ switching power supply, which produces an AC 

electric signal to drive the motor. The motor and its parts are 

shown in the fig.1. 

 

Fig. 1: BLDC motor and its parts 

 BLDC motors can also be described as stepper 

motor, where the term stepper motor indicate the use of 

motors, designed specifically to be operated  where they are 

often stopped with rotor at specified angular position. The 

rotors of the BLDC motor are made up of permanent 

magnets and the electrical commutation is acquired by the 

use of rotor position sensors. In a three-phase BLDC motor, 

at any instant are energized using pulse width modulation 

(PWM) signal to control the driving voltage and another 

phase is unexcited. 

 Due to the development in the bearing technology, 

the high speed brushless DC (BLDC) motors have the 

advantage of high efficiencies, compactness, low cost and 

maintenance, compared with the traditional DC motor. This 

aspect is getting more and more interest in industrial 

automation area. This is a proper drive method to ensure low 

loss and high efficiency in a high speed range in a critical 

issue. The conventional motor drive technologies are mostly 

used in residential and commercial applications. The 

machines found in these appliances are single-phase 

induction motors or brushed dc machines, which are of low 

efficiency as well as high maintenance. The replacement of 

these inefficient motors was done by efficient brushless dc 

(BLDC) motors, resulting in substantial energy savings. 

II. BRUSHLESS MOTORS VS BRUSHED MOTORS 

A maximum torque is developed in a brushed motor when it 

is stationary and it linearly decreases as velocity increases. 

There are some limitations in a brushed motor, which can be 

overcome by a brushless motor. A typical brushless motor 

has a permanent magnet that rotates around a fixed 

armature, which eliminates the problem associated with 

connecting current to the moving armature. The brush or 

commutator assembly is replaced by an electronic controller 

of the brushed DC motor, which provides continuous 

switching of the phase to the windings to keep the motor 

turning. The time power distribution is performed by a 

controller by the use of a solid circuit rather than the 

brush/commutator system. The advantages of brushless 

motor over a brushed dc motor, includes more torque per 

weight, more torque per watt, increased reliability, and 

reduced noise, longer lifetime (no brush and commutator 

erosion) elimination of ionizing sparks from the commutator 

and overall reduction of electromagnetic interference. As 

there are no windings on the rotor, they are not subjected to 

centrifugal forces and as the windings are supported by the 

housing, they can be cooled by conduction, requiring no 

airflow inside the motor for cooling. This indirectly means 

that the motor’s internal parts can be entirely enclosed and 

protected from dirt or other foreign matter. 

 During the conversion of electricity into 

mechanical power, brushless motors are more efficient than 

brushed motors. This improvement is due to the brushless 

motor’s velocity being determined by the frequency at 

which the electricity is switched, not the voltage. Additional 

gains are due to the absence of brushes, which helps in 

reducing the mechanical energy loss due to friction. At the 

no-load and low-load region, the enhanced efficiency is 

greatest, which reduced mechanical energy loss due to 
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friction. Under high mechanical loads, brushless motors and 

brushed motors are comparable in efficiency. 

III. SENSOR LESS CONTROL BASED ON BACK EMF 

The motor terminal voltages are used by application-specific 

integrated circuits (ASIC) for sensorless control. From the 

terminal voltages, a virtual neutral is created with the ASIC, 

with its internal circuit. On the other hand, if the freewheel 

diode conduction is not considered, at any time, there must 

be one phase that is not energized, and each un-energizing 

status lasts for 60 electrical degrees. Hence, the back emf is 

obtained from the virtual neutral and the terminal voltage of 

the un-energized phase. The ASIC integrates the back emf 

and at the same time generates the motor commutation 

sequence in such a way that the integration result, i.e. the net 

area is zero. Moreover, each phase must stop energizing at 

30 electrical degrees prior to the occurrence of the back emf 

zero crossing and start energizing oppositely at 30 electrical 

degrees after the same zero crossing. If the motor electric 

time constant is big or the motor is heavily loaded, the 

voltage pulse will be remarkable, as it takes long time for 

the current of the un-energized phase to decay through the 

freewheel diode. In addition, if the motor speed is high, the 

fundamental cycle is short hence the pulse appears relatively 

wide. The BLDC motor, back emf control is relatively 

mature in the sensor less control. 

IV. METHODS OF SENSOR LESS CONTROL FOR BLDC MOTOR 

A. Back EMF Sensing Techniques: 

The BLDC motor has a trapezoidal shape of the induced 

back-EMF in the stator winding. Monitoring the phase back-

EMF measured from terminal voltages in the silent phase, 

the zero crossing of the back-EMF can be detected. Since 

Back- EMF is zero at standstill and proportional to speed, 

the measured terminal voltage that has large signal-to-noise 

ratio cannot detect zero crossing at low speeds. Also, the 

estimated commutation points that are shifted by 30 from 

zero crossing of back-EMFs have position error in transient 

state. With terminal voltage-sensing method, an operating 

speed range is typically around 1000–6000 RPM.       The 

third harmonic back-EMF sensing method provides wider 

speed range than the terminal voltage-sensing method. 

B. Back EMF Integrating Technique: 

In this method, position information is extracted by 

integrating the back-EMF of the silent phase. Integration 

starts when the open phase’s back-EMF crosses zero. A 

threshold is set to stop the integration that corresponds to a 

commutation instant. This method also has a problem at low 

speeds because of the error accumulation problem. 

C. Flux Linkage-Based Technique: 

In this method, the flux linkage is calculated using measured 

voltages and currents. The fundamental idea is to take the 

voltage equation of the machine and by integrating the 

applied voltage and current, flux can be estimated. From the 

initial position, machine parameters, and the flux linkages’ 

relationship to rotor position, the rotor position can be 

estimated. This method also has significant estimation error 

in low speed. Improper error of parameters and sampled 

current is reason for accumulation error at low speeds in 

which the voltage equation is integrated in a relatively large 

period of time. 

D. Free-Wheeling Diode Conduction: 

This method uses current flowing through a freewheeling 

diode in silent phase. For a short period after reaching zero 

crossing of the back-EMF in silent phase, a tiny current is 

flowing through freewheeling diode; during the active phase 

switches are turned off under alternate chopper control. This 

silent phase current starts to flow in the middle of the 

commutation interval, which corresponds to the point where 

back-EMF of the open phase crosses zero. This method also 

has position error of commutation points in transient state. 

The most serious drawback of this method is the 

requirement of six additional isolated power supplies for the 

comparator circuitry to detect current flowing in each 

freewheeling diode. 

V. STARTING PROCEDURE 

In typical sensorless operation of the BLDC motor, the 

forced alignment of the rotor is a way of setting an initial 

position  Two phases are excited to cause the rotor to shift 

and lock into position. If the rotor is not in the desired 

position, the forcing torque from the excited phases causes it 

to rotate and stop at the desired position. After energizing 

two of the three motor phases for enough time to ensure the 

rotor will lock into position, the next commutation signal 

advancing the switching pattern by 60 is given, then 

immediately the proposed sensorless algorithm using the 

function is applied to detect the next commutation instant. 

The 60 rotor movement is enough to detect the commutation 

instant using the position estimation. After the first detection 

of the commutation point, both torque and speed control is 

possible using the estimated speed from time duration of 

each commutation point. The graphs for the back emf are 

shown in fig.2. 

 
Fig. 2: Sinusoidal and trapezoidal back emf 
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VI. CONSTRUCTION 

Brushless motors can be constructed in several different 

physical configurations: In the 'conventional' configuration, 

the permanent magnets are part of the rotor. Three stator 

windings surround the rotor. In external-rotor configuration, 

the radial-relationship between the coils and magnets is 

reversed; the stator coils form the center (core) of the motor, 

while the permanent magnets spin within an overhanging 

rotor which surrounds the core. The flat or axial flux type, 

used where there are space or shape limitations, uses stator 

and rotor plates, mounted face to face. They typically have 

more poles, set up in triplets to maintain the three groups of 

windings, and have a higher torque at low RPMs. In all 

brushless motors, the coils are stationary. The construction 

details for a brushless dc (BLDC) motor are shown in fig.3. 

 There are two common electrical winding 

configurations; the delta configuration connects three 

windings to each other (series circuits) in a triangle-like 

circuit, and power is applied at each of the connections. The 

Wye (Y-shaped) configuration, sometimes called a star 

winding, connects all of the windings to a central point 

(parallel circuits) and power is applied to the remaining end 

of each winding. 

 A motor with windings in delta configuration gives 

low torque at low speed, but can give higher top speed. Wye 

configuration gives high torque at low speed, but not as high 

top speed.
[7]

 

 Although efficiency is greatly affected by the 

motor's construction, the Wye winding is normally more 

efficient. In delta-connected windings, half voltage is 

applied across the windings adjacent to the driven lead 

(compared to the winding directly between the driven leads), 

increasing resistive losses. In addition, windings can allow 

high-frequency parasitic electrical currents to circulate 

entirely within the motor. A Wye-connected winding does 

not contain a closed loop in which parasitic currents can 

flow, preventing such losses. From a controller standpoint, 

the two styles of windings are treated exactly the same. 

 
Fig. 3: Construction of BLDC motor 

VII. APPLICATIONS 

Brushless motors fulfill many functions originally 

performed by brushed DC motors, but cost and control 

complexity prevents brushless motors from replacing 

brushed motors completely in the lowest-cost areas. 

Nevertheless, brushless motors have come to dominate 

many applications particularly devices such as 

computer hard drives and CD/DVD players. Small cooling 

fans in electronic equipment are powered exclusively by 

brushless motors. They can be found in cordless power tools 

where the increased efficiency of the motor leads to longer 

periods of use before the battery needs to be charged. Low 

speed, low power brushless motors are used in direct-drive 

turntables for gramophone records. 

 High power brushless motors are found in electric 

vehicles and hybrid vehicles. These motors are essentially 

AC synchronous motors with permanent magnet rotors. 

There is a trend in the HVAC and refrigeration industries to 

use brushless motors instead of various types of AC motors. 

The most significant reason to switch to a brushless motor is 

the dramatic reduction in power required to operate them 

versus a typical AC motor. While shaded-pole and 

permanent split capacitor motors once dominated as the fan 

motor of choice, many fans are now run using a brushless 

motor. Some fans use brushless motors also in order to 

increase overall system efficiency. 

 The application of brushless DC motors within 

industrial engineering primarily focuses on manufacturing 

engineering or industrial automation design. In 

manufacturing, brushless motors are primarily used for 

motion control, positioning or actuation systems. Brushless 

motors are commonly used as pump, fan and spindle drives 

in adjustable or variable speed applications. They can 

develop high torque with good speed response. In addition, 

they can be easily automated for remote control. Due to their 

construction, they have good thermal characteristics and 

high energy efficiency. To obtain a variable speed response, 

brushless motors operate in an electromechanical system 

that includes an electronic motor controller and a rotor 

position feedback sensor. Brushless motors are used in 

industrial positioning and actuation applications. For 

assembly robots, brushless stepper or servo motors are used 

to position a part for assembly or a tool for a manufacturing 

process, such as welding or painting. Brushless motors can 

also be used to drive linear actuators.
 

 Brushless motors are a popular motor choice 

for model aircraft including helicopters. Their favorable 

power-to-weight ratios and large range of available sizes, 

from under 5 gram to large motors rated at well into 

the kilowatt output range, have revolutionized the market for 

electric-powered model flight, displacing virtually all 

brushed electric motors. They have also encouraged a 

growth of simple, lightweight electric model aircraft, rather 

than the previous engines powering larger and heavier 

models. The large power-to-weight ratio of modern batteries 

and brushless motors allows models to ascend vertically, 

rather than climb gradually. The low noise and lack of mess 

compared to small glow fuel internal combustion engines is 

another reason for their popularity. 

http://en.wikipedia.org/wiki/Series_circuits
http://en.wikipedia.org/wiki/Parallel_circuits
http://en.wikipedia.org/wiki/Brushless_DC_electric_motor#cite_note-7
http://en.wikipedia.org/wiki/Hard_disk
http://en.wikipedia.org/wiki/Direct-drive_turntable
http://en.wikipedia.org/wiki/Direct-drive_turntable
http://en.wikipedia.org/wiki/Gramophone_record
http://en.wikipedia.org/wiki/Model_aircraft
http://en.wikipedia.org/wiki/Model_helicopter
http://en.wikipedia.org/wiki/Kilowatt
http://en.wikipedia.org/wiki/Glow_fuel
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VIII. CONVENTIONAL BLDC MOTOR DRIVE SYSTEM 

For a three-phase BLDC application, a three-phase inverter 

bridge is used. The three phase inverter operation can be 

divided into six modes (1-6) according to the current 

conduction states and conduction sequence. The switches in 

are operated such that each phase carries current only during 

the 120◦ period when the back EMF is constant. Thus, there 

is a commutation event between phases for every 60◦ 

electrical.  Appropriate commutation therefore requires 

knowledge of rotor position, which can be directly detected 

using position sensors or estimated in sensor less manner by 

monitoring back EMF in the open phase . The three phase 

currents are controlled to take a form of quasi square 

waveform in order to synchronize with the trapezoidal back 

EMF to produce constant torque.    This task is performed 

by speed/torque control loop in cooperation with rotor 

position sensor and hysteresis current controller. 

 Speed control in a BLDC involves changing the 

applied voltage across the motor phases [8], [9]. This can be 

done using a sensored method based on the concept of pulse 

amplitude modulation, PWM, or hysteresis control. A 

common control algorithm for a permanent-magnet BLDC 

motor is PWM current control. It is based on the assumption 

of linear relationship between the phase current and the 

torque, similar to that in a brushed dc motor. Therefore, by 

adjusting phase current, the electromagnetic torque can be 

controlled to meet the requirement. Instantaneous current in 

the motor is regulated in each phase by a hysteresis 

regulator, which maintains the current within adjustable 

limits. The rotor position information is sensed to enable 

commutation logic, which has six outputs to control the 

upper and lower phase leg power switches. The current 

reference is determined by a PI regulator, which maintains 

the rotor average speed constant. 

IX. CONCLUSION 

This review material explains about the distinction between 

the brushless dc motor and the brushed motor with different 

methods of control. A converter is placed at the input of the 

inverter and the desired dc link voltage can be achieved by 

appropriate   voltage switch control. Furthermore it 

discusses about the sensor less solution for BLDC motor 

from initial angle detection to sensor less commutation with 

minimized detection error for wide speed ranges. A novel 

sensor less drive method for BLDC motors provides an 

effective technique to detect the rotor position over a wide 

range from near zero to high speeds. The capability of the 

position detection of the rated speed makes the starting 

procedure much simpler than conventional methods. 
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