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ABSTARCT 

 

A DC Brushless Motor uses a permanent magnet 

external rotor, three phases of driving coils, one or 

more Hall Effect devices to sense the position of the 

rotor, and the associated drive electronics. The coils are 

activated, one phase after the other, by the drive 

electronics as cued by the signals from the Hall effect 

sensors, they act as three-phase synchronous motors 

containing their own variable frequency drive 

electronics. 

A simplified current controlled modulation technique 

for BLDC motors is presented. It is based on generation 

of Quasi-square wave current, using only one current 

controller for three phases. 

 

The advantages of this strategy are: 

1. Very simple control scheme. 

2. Phase currents are kept balanced. 

3. The current is controlled through only one DC 

component. 

 INTRODUCTION 

1.1. Objective: 

This paper proposes a digital control for BLDC motor 

drives, which is low cost and simple to implement. This 

digital PWM controller treats the BLDC motor as a 

digital system. The BLDC system is only allowed to 

operate at a low duty (DL) or a high duty (DH). Speed 

regulation is achieved by alternating between low duty 

and high duty ratios. This new concept helps to reduce 

the cost and complexity of motor control hardware and in 

turn can boost the acceptance level of BLDC motors for 

commercial mass production applications and 

successfully fulfill the promises of energy savings 

associated with adjustable speed drives. 

 

1.2. Motivation: 

 Designing a drive circuit for a motor is a challenging 

task. As the Driver circuit can make use of any power 

switching element like MOSFET, IGBT for its operation, 

therefore it was decided to design a suitable drive circuit 

for the motor by making use of IGBT.  

1.3. Overview of the project: 

 
Fig 1.3.1. Block diagram of Closed loop analysis of 

BLDC motor 

Fig.1.3.1. shows the Block diagram of closed loop 

analysis of BLDC motor. BLDC motors are very popular 

in a wide variety of applications compared with a DC 

motor; the BLDC motor uses an electric commutator 

rather than a mechanical commutator so it is more 

reliable than the rotor’s magnetic flux, so BLDC motors 

achieve higher efficiency. It has become possible 

because of their superior performance in terms of high 

efficiency, fast response, weight, precise and accurate 

control, high reliability, maintenance free operation, 

brushes construction and reduced size, torque delivered 

to motor size is higher making it useful in applications 

where space and weight are critical, thermal overload 

and under load protection is provided. 

The inverter used is a three-phase bridge inverter making 

use of IGBT switches and suitable gate pulses are 

provided. 

Brush less DC motor requires external commutation 

circuit to rotate the rotor. Rotor position is very 

important. HALL SENSOR senses the position of the 

coil accurately. 

The commutation logic used here is to both turn ON and 

OFF the IGBT switches using gate pulses regulated in a 

suitable manner so that only two switches are turned ON 

at a time, others being. 

The current reference is determined by a PI regulator, 

which maintains the rotor average speed constant. The PI 

controller is used here suitably as the error dealt is steady 

state error.  

PI controller will eliminate forced oscillations and steady 

state error resulting in operation of on-off controller and 

P controller respectively.  

However, introducing integral mode has a negative effect 

on speed of the response and overall stability of the 

system.  

Thus, PI controller will not increase the speed of 

response. It can be expected since PI controller does not 
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have means to predict what will happen with the error in 

near future. This problem can be solved by introducing 

derivative mode which has ability to predict what will 

happen with the error in near future and thus to decrease 

a reaction time of the controller. PI controllers are very 

often used in industries, especially when speed of the 

response is not an issue. 

 

LITERATURE SURVEY 

Using of Permanent Magnet in electrical machines have 

so many benefits and advantages then electromagnetic 

excitation machines these are zero excitation losses result 

in high efficiency, simple construction, low cost less 

maintenance and high torque or high output power per 

unit volume. In early 19th century permanent magnet 

excitation system was used for first time in electrical 

machines. The performance of this machine was very 

poor due to poor quality of hard magnetic material make 

this less usable. After the invention of alnico invigorated 

the use of permanent magnet excitation system increases. 

Rare earth permanent magnets improve the power 

density and dynamic performance of the machine. 

Induction motors are most popular machine in the 20th 

century due to its simple construction, less price, 

reasonable reliability and low maintenance. Due to small 

air gap, lower efficiency and low power factor than 

synchronous machine make synchronous machine 

prevalent in industrial applications. Due to high power to 

weight ratio, high torque, good dynamic control for 

variable speed applications, absence of brushes and 

commutator make Brushless dc (BLDC) motor 
[1]

, best 

choice for high performance applications. Due to the 

absence of brushes and commutator there is no problem 

of mechanical wear of the moving parts 
[2], [3]

. As well, 

better heat dissipation property and ability to operate at 

high speeds 
[4-5]

 make them superior to the conventional 

dc machine. However, the BLDC motor constitutes a 

more difficult problem than its brushed counterpart in 

terms of modeling and control system design due to its 

multi-input nature and coupled nonlinear dynamics. Due 

to the simplicity in their control, Permanent-magnet 

brushless dc motors are more accepted used in high-

performance applications. In many of these applications, 

the production of ripple-free torque is of primary 

concern. There are three main sources of torque 

production in BLDCMs 
[6-11]

: cogging torque, reluctance 

torque, and mutual torque. Cogging torque is created by 

the stator slots interacting with the rotor magnetic field 

and is independent of stator current excitation. 

Reluctance torque is caused by the variation in phase 

inductance with respect to position. Mutual torque is 

created by the mutual coupling between the stator 

winding current and rotor magnetic field. In general, 

surface-mounted magnets are used in many high 

performance BLDCM’s. Because the permeability of the 

magnet material is nearly equal to that of air, the magnet 

enlarges the effective air gap. This fact ensures minimum 

armature effect on the rotor field from the stator currents. 

If a BLDCM is designed with low saliency and either the 

stator slots or rotor magnets are skewed by one slot pitch, 

the effects of the first two torque components can be 

greatly reduced. Therefore, if the waveforms of the phase 

back EMF and phase current are perfectly matched, 

torque ripple is minimized and the mutual torque 

component is maximized. In this paper finally closed 

loop speed control is done by using PI controller under 

various loading conditions. 

 

ANALYSIS OF BLDC MOTORS 

3.1. MOTOR SELECTION: 

Table.3.1.1 will compare the advantages and 

disadvantages of each type of motor and summarizes the 

comparison between BLDC motor and other types of 

motor. 

 

Table.3.1.1. Advantages and Disadvantages of 

different types of motor 

 

 
Comparing brushed DC motors and induction motors to 

BLDC motors, BLDC motors have many advantages 

over disadvantages. Brushless DC motors require less 

maintenance and therefore have a longer life span as 

compared to brushed DC motors. BLDC motors produce 

more output power per frame size than brushed DC 

motors and induction motors. Because the rotor is made 

of permanent magnets, the rotor inertia is less, 

comparing with other types of motors. This low rotor 

inertia improves acceleration and deceleration 

characteristics, shortening operating cycles. Their linear 

speed/torque characteristics produce predictable speed 

regulation. With brushless motors, brush inspection is 

eliminated, making them ideal for areas with limited 

access and applications where servicing is difficult. 

BLDC motors operate much more quietly than brushed 

DC motors, reducing Electromagnetic interference 

(EMI). Low-voltage models are ideal for battery 

operation, portable equipment or medical applications. It 

also reduces the risk of electric shock.  

Based on the above findings, although a BLDC motor is 

more expensive and harder to control, its overall 

advantage proves to be worthy of implementation. 

Therefore a BLDC motor is selected for this project. 

 

3.2.     BLDC MOTOR:  

The BLDC motor is an AC synchronous motor with 

permanent magnets on the rotor (moving part) and 

windings on the stator (fix part). Permanent magnets 
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create the rotor flux and the energized stator windings 

create electromagnet poles. The rotor (equivalent to a bar 

magnet) is attracted by the energized stator phase. By 

using the appropriate sequence to supply the stator 

phases, a rotating field on the stator is created and 

maintained. This action of the rotor - chasing after the 

electromagnet poles on the stator - is the fundamental 

action used in synchronous permanent magnet motors. 

 

 

Fig 3.2.1. BLDC motor transverse section. 

 

 

STATOR: 

The stator of a BLDC motor consists of stacked steel 

laminations with windings placed in the slots that are 

axially cut along the inner periphery as shown in Figure 

3.2.1. Traditionally, the stator resembles that of an 

induction motor; however, the windings are distributed 

in a different manner. Most BLDC motors have three 

stator windings connected in star fashion. Each of these 

windings is constructed with numerous coils 

Interconnected to form a winding. One or more coils are 

placed in the slots and they are interconnected to make a 

winding. Each of these windings are distributed over the 

stator periphery to form an even numbers of poles. 

 

ROTOR: 

The rotor is made of permanent magnet and can vary 

from two to eight pole pairs with alternate North (N) and 

South (S) poles. Based on the required magnetic field 

density in the rotor, the proper magnetic material is 

chosen to make the rotor. Ferrite magnets are 

traditionally used to make permanent magnets. As the 

technology advances, rare earth alloy magnets are 

gaining popularity. The ferrite magnets are less 

expensive but they have the disadvantage of low flux 

density for a given volume. In contrast, the alloy material 

has high magnetic density per volume and enables the 

rotor to compress further for the same torque. Also, these 

alloy magnets improve the size-to-weight ratio and give 

higher torque for the same size motor using ferrite 

magnets. 

 

TORQUE-SPEED CHARACTERISTICS: 

In a BLDC motor, the torque remains constant for a 

speed range up to the rated speed. The motor can be run 

up to the maximum speed, which can be up to 150% of 

the rated Speed, but the torque starts dropping. 

Applications that have frequent starts and stops and 

Frequent reversals of rotation with load on the motor, 

demand more torque than the rated torque. This 

requirement comes for a brief period, especially when 

the motor starts from a standstill and during acceleration. 

During this period, extra torque is required to overcome 

the inertia of the load and the rotor itself. The motor can 

deliver a higher torque, maximum up to peak torque, as 

long as it follows the speed torque curve. 

 

Fig 3.2.2. Torque-speed characteristics 

3.3.     BRUSHLESS DC MOTOR CONTROL: 

Brushless DC Motor or the BLDC Motor is a rotating 

electric motor consisting of stator armature windings and 

rotor permanent magnets whereas in a conventional 

brushed DC motor the stator is made up of permanent 

magnets and rotor consists of armature windings. The 

conventional DC motor commutes itself with the use of a 

mechanical commutator whereas brushless DC motor 

needs electronic commutation for the direction control of 

current through the windings. Typically BLDC motors 

have three phase windings that are wound in star or delta 

fashion and need a three phase inverter bridge for the 

electronic commutation.  

 

In BLDC motors the phase windings are distributed in 

trapezoidal fashion in order to generate the trapezoidal 

BEMF waveform. The commutation technique generally 

used is trapezoidal or called block commutation where 

only two phases will be conducting at any given point of 

time. An alternative way of commutating the motor is 

called sinusoidal commutation in which all the three 

phases will be conducting at any given point of time. 

PMSM motors also interchangeably called as BLDC 

motors which have the windings distributed in sinusoidal 

fashion suited for this sinusoidal type of commutation. 

The torque generated by PMSM motors is smooth as 

compared to BLDC motors in which torque will have 

more ripples. But the peak torque developed by PMSM 

motors is less as compared to BLDC motors.  

The trapezoidal commutation method is the simplest way 

to control BLDC motors and easy to implement the 

control aspects of it. For proper commutation and for 

motor rotation, the rotor position information is very 

crucial. Only with the help of rotor position information, 

the electronic switches in the inverter bridge will be 

switched ON and OFF to ensure proper direction of 

current flow in respective coils. Hall Effect sensors [Hall 

C, Hall B, Hall A] are used in general as position sensors 

for trapezoidal commutation. Each hall sensor is 

typically placed 120 degrees apart and produces 1 

whenever it faces the North Pole of the rotor. The hall 
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sensor patterns for a single pole pair BLDC motor during 

its 360 degree of rotation. 

 

WORKING OF BLDC MOTOR: 

 As there is no commutator, the current direction 

of the conductor on the stator controlled 

electronically. 

 Rotor consists the permanent magnet where as 

stator consist a no. of windings. Current through 

these winding produces magnetic field and 

force. 

 Hall sensor used to determine the position 

during commutation. 

 

COMMUTATION OF BLDC MOTOR: 

 Brushless DC motor requires external 

commutation circuit to rotate the rotor. 

 Rotor position is very important. 

 HALL SENSOR senses the position of the coil 

accurately 

 

 

Fig 3.3.1. Sample plot obtained for a BLDC motor. 

 

The figure.3.3.1.shows an example of Hall sensor signals 

with respect to back EMF and the phase current. Every 

60 electrical degrees of rotation, one of the Hall sensors 

changes the state. Given this, it takes six steps to 

complete an electrical cycle. In synchronous, with every 

60 electrical degrees, the phase current switching should 

be updated. However, one electrical cycle may not 

correspond to a complete mechanical revolution of the 

rotor. The number of electrical cycles to be repeated to 

complete a mechanical rotation is determined by the 

rotor pole pairs. For each rotor pole pairs, one electrical 

cycle is completed. So, the number of electrical 

cycles/rotations equals the rotor pole pairs. 

 

HALL SENSOR OPERATION: 

 It embedded into the stator on non-driving end 

of motor. 

 Senses accurate position of the rotor to the 

stator. 

 Shifts at 60º or 120º phase shift for each of three 

coils, yet a time two coils work for 3Φ current  

 Due to the changing of direction of the current 

& applying Fleming’s Left Hand rule force 

direction can be determined. 

 Thus the permanent magnet on rotor moves 

clockwise, as well as the rotor of the BLDC also 

moves clockwise. 

 

3.4.    MATLAB MODEL FOR BLDC MOTOR: 
The MATLAB model shown in the figure.3.4.1.below is 

a MATLAB example collected form MATLAB 2013. 

The fig shows the simulation implemented for working 

of a basic BLDC motor fed with inputs as three-phase 

supply, speed and torque. And in turn they are regulated 

in such a manner so as to realize stator current, rotor 

speed and electronic torque. 

The sample plot of the motor given below shows the 

characteristic curves of stator current, rotor speed and 

electromagnetic torque. The stator current shows the 

waveform in the shape of steps, i.e. stepped wave output. 

The rotor speed is shown to have a very small percentage 

of overshoot and then it becomes steady.   

 

 
Fig 3.4.1. Matlab model for BLDC motor 

 
Fig 3.4.2. Speed of BLDC motor, stator current, 

electromagnetic torque & DC bus voltage for 100 rpm 
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3.5.  MOTOR SPECIFICATION: 

Table.3.5.1 gives the specification of bldc motor used in 

our project at a nominal voltage of 24volts. 

Table.3.5.1. Motor specification 

SI 

NO. 

Name of the 

rating 

Symbol Rating 

1 Nominal 

voltage  

V 24.0 

2 Speed Rpm 3000 

3 Current Amps 4 

4 Horse power Hp 96 

5 Nominal torque Nm 1.6 

6 Rotor inertia Kg cm
2
 0.12 

7 Stator winding 

resistance 

Ω 0.5 

8 Inductance mH 0.2 

9 Number of 

poles 

- 4 

10 Mechanical 

time constant 

Seconds 0.2 

 

THREE – PHASE BRIDGE INVERTER 

4.1.    INTRODUCTION: 

The function of an inverter is to change a DC input 

voltage to an AC output voltage of desired frequency and 

magnitude. In case of 3-phase inverter, the inverter 

circuit changes a DC input voltage to a symmetrical AC 

output voltage of desired magnitude and frequency. 

Output voltage could be fixed or variable at a fixed or 

variable frequency. Variable output voltages are obtained 

by varying the input DC voltage with maintaining the 

gain of the inverter constant. Meanwhile, if the DC input 

voltage fixed and not controllable, variable output 

voltage can be obtained by varying the frequency of the 

inverter which is usually done by implementing PWM 

control within the inverter. The output voltage of an 

inverter has a periodic waveform which is not purely 

sinusoidal, but with number of techniques it can be 

designed to closely approximate to this desired 

waveform. Inverter can be built with any number of 

output phases. Practically, single-phase and three-phase 

inverters are most commonly used. It depends on the 

user requirement whether in the industrial applications, 

transportations and home appliances. In most 

circumstances, three-phase inverter offered better 

performances as compared to single-phase inverter. 

 

Power semiconductors switches are the basic building 

component of the inverter. Generally there were two 

types of inverter topology, named as Voltage Source 

Inverter (VSI) and Current Source Inverter (CSI). 

Voltage waveform is the independently controlled AC 

output in the VSI topologies. Meanwhile, in CSI 

topologies, the independently controlled AC output is a 

current waveform. VSI can be further divided into three 

categories which are PWM Inverter, Square Wave 

Inverter and Single-phase Inverters with Voltage 

Cancellation. The structure of VSI is more widely used 

in the industrial application due to the voltage source 

requirement. 

 
Fig.4.1.1. Basic inverter circuit 

 

The main objective of inverters is to produce an ac 

output waveform from a dc power supply. These are the 

types of waveforms required in adjustable speed drives 

(ASDs), uninterruptible power supplies (UPS), static var 

compensators, active filters, flexible ac transmission 

systems, and voltage compensators, which are only a few 

applications. For sinusoidal ac outputs, the magnitude, 

frequency, and phase should be controllable. According 

to the type of ac output waveform, these topologies can 

be considered as voltage source inverters (VSIs), where 

the independently controlled ac output is a voltage 

waveform. These structures are the most widely used 

because they naturally behave as voltage sources as 

required by many industrial applications, such as 

adjustable speed drives (ASDs), which are the most 

popular application of inverters. Similarly, these 

topologies can be found as current source inverters 

(CSIs), where the independently controlled ac output is a 

current waveform. These structures are still widely used 

in medium-voltage industrial applications, where high-

quality voltage waveforms are required. Static power 

converters, specifically inverters, are constructed from 

power switches and the ac output waveforms are 

therefore made up of discrete values. This leads to the 

generation of waveforms that feature fast transitions 

rather than smooth ones. For instance, the ac output 

voltage produced by the VSI of a standard ASD is a 

three-level waveform. The modulating techniques most 

used are the carrier-based technique (e.g., sinusoidal 

pulse width modulation, SPWM), the space-vector 

technique, and the selective-harmonic-elimination (SHE) 

technique. The discrete shape of the ac output waveforms 

generated by these topologies imposes basic restrictions 

on the applications of inverters. The VSI generates an ac 

output voltage waveform composed of discrete values 

(high, dv =dt); therefore, the load should be inductive at 

the harmonic frequencies in order to produce a smooth 

current waveform. A capacitive load in the VSIs will 

generate large current spikes. If this is the case, an 

inductive filter between the VSI ac side and the load 

should be used. On the other hand, the CSI generates an 

ac output current waveform composed of discrete values 

(high di = dt); therefore, the load should be capacitive at 

the harmonic frequencies in order to produce a smooth 

voltage waveform. An inductive load in CSIs will 

generate large voltage spikes. If this is the case, a 

capacitive filter between the CSI ac side and the load 

should be used. A three-level voltage waveform is not 

recommended for medium voltage ASDs due to the high 

dv =dt that would apply to the motor terminals. Several 
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negative side effects of this approach have been reported 

(bearing and isolation problems). As alternatives to 

improve the ac output waveforms in VSIs are the 

multistage topologies (multilevel and multicell). The 

basic principle is to construct the required ac output 

waveform from various voltage levels, which achieves 

medium-voltage waveforms at reduced dv = dt. Although 

these topologies are well developed in ASDs, they are 

also suitable for static var compensators, active filters, 

and voltage compensators. Specialized modulating 

techniques have been developed to switch the higher 

number of power valves involved in these topologies. 

Among others, the carrier-based (SPWM) and SV-based 

techniques have been naturally extended to these 

applications. In many applications, it is required to take 

energy from the ac side of the inverter and send it back 

into the dc side. For instance, whenever ASDs need to 

either brake or slow down the motor speed, the kinetic 

energy is sent into the voltage dc link. This is known as 

the regenerative mode operation and, in contrast to the 

motoring mode, the dc link current direction is reversed 

due to the fact that the dc link voltage is fixed. If a 

capacitor is used to maintain the dc link voltage (as in 

standard ASDs) the energy must either be dissipated or 

fed back into the distribution system, otherwise, the dc 

link voltage gradually increases. The first approach 

requires the dc link capacitor be connected in parallel 

with a resistor, which must be properly switched only 

when the energy flows from the motor load into the dc 

link. A better alternative is to feed back such energy into 

the distribution system. However, this alternative 

requires a reversible-current topology connected between 

the distribution system and the dc link capacitor. A 

modern approach to such a requirement is to use the 

active front-end rectifier technologies, where the 

regeneration mode is a natural operating mode of the 

system. 

 

4.2. THREE PHASE INVERTER: 

Single phase inverter covers low range power 

applications. Meanwhile, 3-phase inverters are usually 

used for a high-power application. The 3-phase inverters 

generally are used for supplying 3-phase load especially 

in AC motor drives and uninterruptible AC power 

supplies. In order to avoid undefined states in the VSI, 

and undefined AC output line voltages, switches between 

upper leg and lower leg of the inverter cannot be 

switched off simultaneously as this will result in voltages 

that will depend upon respective line current polarity. In 

addition, it is also would result in short circuit across the 

DC link voltage supply which will damage the inverter 

system if the switches is switching on simultaneously. 

There are six modes of operating the switches, where in a 

cycle the phase shift of each mode is 60º. In order to 

generate a desired voltage waveform, the transistor 

condition moves from one states to another. The load can 

be connected in wye or delta connection. The line current 

is determined when the phase current are known. For a 

wye-connected load, the line to neutral voltages must be 

determined to find the phase current. 

 
 

Fig.4.2.1. Three phase bridge inverter 

As in single-phase VSIs, the switches of any leg of the 

inverter (S1and S4, S3 and S6, or S5 and S2) cannot be 

switched on simultaneously because this would result in 

a short circuit across the dc link voltage supply. 

Similarly, in order to avoid undefined states in the VSI, 

and thus undefined ac output line voltages, the switches 

of any leg of the inverter cannot be switched off 

simultaneously as this will result in voltages that will 

depend upon the respective line current polarity.  

Table 4.2.1 Switching sequence per switch taking a 

full 360 electrical degree with 60 degree per cycle 

Interval 

(In 

degrees) 

S1 S2 S3 S4 S5 S6 

0 To 60 On Off Off Off Off On 

60 To 120 On On Off Off Off Off 

120 To 

180 

Off On On Off Off Off 

180 To 

240 

Off Off On On Off Off 

240 To 

300 

Off Off Off On On Off 

300 To 

360 

Off Off Off Off On On 

 

4.3.    SELECTION OF POWER SWITCHING 

ELEMENT: 

The first stage in selecting the correct power-switching 

element for the motor drive application understands the 

motor being driven. Understanding the ratings of the 

motor is an important step in the process as it is often the 

corner points of operation that will determine the choice 

of the power switching element. The voltage, current and 

power ratings vary significantly with the different types 

of motors. Motor ratings can also vary significantly 

within the same motor type. Because of the various 

voltage and current ratings for the various motor types, 

the selected drive device ratings will have to vary as 

well, depending on the application and design goals.. 

The following points were considered for selection of 

IGBT switches for the purpose of designing of the three-

phase Bridge inverter.  
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Table 4.3.1. Comparison between MOSFET and 

IGBT 

 

Parameter MOSFET IGBT 

Type of carriers 

in device 

Majority 

carrier device 

Majority carrier 

device  

Control of gate Gate has full 

control 

Gate has full 

control 

On state drop 4-6V 3.3V 

Switching 

frequency 

Up to 100kHz 20kHz 

Gate drive Voltage Voltage 

Temperature 

coefficient 

Positive Approx flat, but 

positive at high 

current 

Applications  DC Choppers, 

low power 

UPS, SMPS, 

brushless DC 

motor drives  

DC to AC 

converters, AC 

motor drives, 

brushless DC 

motor drives, 

choppers, 

harmonic 

compensators, 

UPS, SMPS etc 

On state losses High Low 

 

MERITS OF IGBT: 

 Voltage controlled device. Hence, drive circuit 

is very simple. 

 On state losses are reduced. 

 Switching frequencies are higher than 

thyristors. 

 Gates have full control over the operation of 

IGBT. 

 IGBTs have approximately flat temperature 

coefficient. 

 

DEMERITS OF IGBT: 

 IGBTs have static charge problems. 

 IGBTs are costlier than BJTs. 

 

4.4.   MATLAB MODEL FOR THREE PHASE 

BRIDGE INVERTER:  
 

 
Fig 4.4.1. MATLAB model for three-phase bridge 

inverter. 

 

Fig.4.4.1 shows the Matlab model for three phase bridge 

inverter, where the IGBTs are used and pulse generators 

are used to supply gate pulses at a suitable voltage of 1V 

to trigger the IGBTs.  

In the proposed MATLAB model, a DC supply of 24V is 

used. The pulse generators are used for triggering the 

IGBTs at 1V magnitude. The IGBTs are so designed that 

each of them trigger at suitable time duration of 3.33ms, 

6.66ms and so on. An example path of current taken by 

the IGBT is from DC Supply to IGBT 1 then through 

voltage measurement 1 or the R-phase and then to load, 

from load to voltage measurement 3 or the Y-phase and 

then through IGBT 2 and then again back to the 24 DC 

Supply. 

 

4.5.     OUTPUT WAVEFORMS: 

 

 

Fig 4.5.1. Gate pulses obtained from the pulse generator 
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Fig 4.5.1 shows the gate pulses of the pulse generator. It 

shows the pulses are generated in a sequence same as the 

switching ON of the IGBTs.  

 

 

 

 

Fig 4.5.2. Voltage waveform depicting the switching 

sequences of the IGBTs. 

 

Fig 4.5.2 shows the voltage waveform depicting the 

switching sequences of the IGBTs. The waveform seen 

in the figure 4.5.2 is a six-stepped output, each depicting 

the three phases and the forth one show the combination 

of all the three phases. It shows the turning ON of two 

devices at a particular time interval and switching OFF 

of remaining devices. Thus, at an instant only two phases 

are ON and one OFF. 

 

OPEN LOOP CONTROL OF BLDC MOTOR 

5.1.    MOTOR DRIVE SCHEME: 

 
Fig.5.1.1. BLDC motor drive system 

 

Basically it is an electronic motor and requires a three-

phase inverter in the front end as shown in Fig.5.1.1. In 

self control mode the inverter acts like an electronic 

commutator that receives the switching logical pulse 

from the absolute position sensors. The drive is also 

known as an electronic commutated motor. 

 

Basically the inverter can operate in the following two 

modes: 

 2ᴨ/3 angle switch-on mode. 

 

 Voltage and current control PWM mode. 

 
Fig.5.1.2. Back-emfs, current waveforms and Hall 

position sensors for BLDC 

 

2ᴨ/3 ANGLE SWITCH-ON MODE: 

Inverter operation in this mode is explained with the help 

of the wave from as shown in the Fig.5.1.2. The six 

switches of the inverter (T1 – T6) operate in such way so 

as to place the input dc current Id symmetrical for 2ᴨ/3 

angle at the center of each phase voltage wave. The angle 

 shown is the advance angle of current wave with 

respect to voltage wave in the case  is zero. It can be 

seen that any instant, two switches are on, one in the 

upper group and anther is lower group.  

 

VOLTAGE AND CURRENT CONTROL PWM 

MODE: 

In the previous mode the inverter switches were 

controlled to give commutator function only when the 

devices were sequentially ON, OFF 2ᴨ/3 - angle duration 

.In addition to the commutator function. It is possible to 

control the switches in PWM chopping mode for 

controlling voltage and current continuously at the 

machine terminal. There are essentially two chopping 

modes, current controlled operation of the inverter. There 

are essentially two chopping modes feedback (FB) mode 

and freewheeling mode. In both these modes devices are 

turned on and off on duty cycle basis to control the 

machine average current IAV and the machine average 

voltage VAV. 
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Table.5.1.1. Switching sequence of bldc motor 

 

 
 

5.2.     OPEN LOOP CONTROL OF BLDC 

MOTOR: 

The brushless DC motors with permanent magnets (PM-

BLDC) are widely used in a miscellaneous of industrial 

applications. Usually, these applications are 

characterized by relatively high torque ripples. In this 

study, open-loop and closed-loop speed control of PM-

BLDC motor fed by six step inverter. 

. 

 If the open loop commutation parameters are chosen 

properly, then the motor will gradually speed up and 

finally run at a constant speed in open loop commutation 

mode. 

BLDC motors are electronically commutated based on 

the rotor position. Each commutation sequence has two 

of three phases connected across the power supply and 

the third phase is left open. Using PWMs, the average 

voltage supplied across the windings can be controlled, 

thus controlling the speed. 

 

5.3.     MATLAB model: 

 

 
Fig 5.3.1. Open loop control of BLDC Motor 

 

Fig.5.3.1 gives the Matlab model for open loop control 

of BLDC motor. 

 

Brushless dc motor is one kind of permanent magnet 

synchronous motor, having permanent magnets on the 

rotor and trapezoidal shape back EMF. The BLDC motor 

employs a dc power supply switched to the stator phase 

windings of the motor by power devices, the switching 

sequence being determined from the rotor position. The 

phase current of BLDC motor, in typically rectangular 

shape, is synchronized with the back EMF to produce 

constant torque at a constant speed. The mechanical 

commutator of the brush dc motor is replaced by 

electronic switches, which supply current to the motor 

windings as a function of the rotor position.  

Fig 5.3.2 shows the Plot of Hall Effect signals and stator 

current 

 
Fig 5.3.2. Plot showing Hall Effect signals 

and stator current 

Fig 5.3.3 shows the Torque and speed characteristics. 

 

 
Fig 5.3.3. Torque and speed characteristics 

The 3 phase inverter is also modeled and it is switched at 

a frequency of 10 KHz. The rotor position is known from 

hall sensor signals and depending on it, the inverter 

switches are turned on and off so that a continuous 

rotation is made possible. The switches to be turned ON 

with suitable PWM signals with required duty ratio is 

determined the digital controller. 
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CLOSED LOOP CONTROL OF BLDC MOTOR 

6.1.    Closed loop control of BLDC motor: 
Closed-loop speed control strategy of PM-BLDC motor 

consist of IGBT based six step inverter, a speed 

regulator, and hall sensors, respectively. Current value 

changes with the moment of inertia but back-emf closed 

values. 

 
Fig.6.1.1. Block diagram for closed loop control of 

bldc motor 

 

Fig.6.1.1. shows the block diagram for closed loop 

control of bldc motor. The BLDC motor is fed by a three 

phase IGBT based inverter. The PWM gating signals for 

firing the power semiconductor devices in the inverter is 

injected from a hysteresis current controller which is 

required to maintain the current constant within the 60o 

interval of one electrical revolution of the rotor.  

It regulates the actual current within the hysteresis band 

around the reference currents. The reference currents are 

generated by a reference current generator depending 

upon the steady state operating mode. The reference 

currents are of quasi –square wave. They are developed 

in phase with the back-emf in motoring mode and out of 

phase in braking mode. The magnitude of the reference 

current is calculated from the reference torque. The 

reference torque is obtained by limiting the output of the 

PI controller. The PI controller processes on the speed 

error signal (i.e. the difference between the reference 

speed and actual speed) and outputs to the limiter to 

produce the reference torque. The actual speed is sensed 

back to the speed controller and processed on to 

minimize the error in tracking the reference speed. Thus, 

it is a closed loop control drive system. 

 

6.2.   MATLAB MODEL OF CLOSED LOOP 

CONTROL OF BLDC MOTOR: 

 
Fig 6.2.1. Closed loop control of BLDC motor 

Fig.6.2.1. shows the Matlab model for closed loop 

control of Brushless DC motor. Where, current controller 

is used in the feedback loop. 

Closed loop control is done using PI controller speed 

control and current control technique was implemented. 

Where the speed error is generated and given to PI 

controller, output of this controller was taken as torque 

reference which is multiplied with back EMF in order to 

get the current reference, and this is compared with each 

phase current of the motor, which gives the error, this 

error is used to generate the switching pulses for the 3-

phase inverter to control the inverter output voltage in 

turn to control the speed of the BLDC motor. 

 

PI CONTROLLER: 

A proportional integral-derivative is the control loop 

feedback mechanism used. PI controller attempts to 

correct the error between a measured process variable 

and desired set point by calculating and then outputting 

corrective action that can adjust the process accordingly. 

The PI controller calculation involves two separate 

modes the proportional mode, integral mode. The 

proportional mode determine the reaction to the current 

error, integral mode determines the reaction based recent 

error. The weighted sum of the two modes output as 

corrective action to the control element. The speed of the 

motor is compared with its reference value and the speed 

error is processed in proportional- integral (PI) 

controller. The output of this controller is considered as 

the reference torque. A limit is put on the speed 

controller output depending on permissible maximum 

winding currents.  

 

 

 

PI SPEED CONTROLLER DESIGN: 

A proportional integral-derivative is control loop 

feedback mechanism used in industrial control system. In 

industrial process a PI controller attempts to correct that 

error between a measured process variable and desired 

set point by calculating and then outputting corrective 

action that can adjust the process accordingly. The PI 

controller calculation involves two separate modes the 

proportional mode, integral mode. The proportional 
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mode determine the reaction to the current error, integral 

mode determines the reaction based recent error. The 

weighted sum of the two modes output as corrective 

action to the control element. PI controller is widely used 

in industry due to its ease in design and simple structure. 

PI controller algorithm can be implemented as, 

 
 

PI SPEED CONTROL OF BLDC MOTOR: 

 

Fig.6.1.1. describes the basic building blocks of the 

PMBLDCM drive. The drive consists of speed 

controller, reference current generator, PWM current 

controller, position sensor, the motor and IGBT based 

current controlled voltage source inverter (CC-VSI). 

The speed of the motor is compared with its reference 

value and the speed error is processed in proportional- 

integral (PI) speed controller. 

 
ωm (t) is compared with reference speed ωref. And the 

resulting error is estimated at the nth sampling instant as, 

 
Where, Kp and Ki are the gains of the PI speed controller. 

The output of this controller is considered as the 

reference torque. A limit is put on the speed controller 

output depending on permissible maximum winding 

currents. The reference current generator block generates 

the three phase reference currents ia, ib, ic using the 

limited peak current magnitude decided by the controller 

and the position sensor. 

The reference currents have the shape of quasi-square 

wave in phase with respective back EMF develops 

constant unidirectional torque as. The PWM current 

controller regulates the winding currents ia, ib, ic within 

the small band around. The reference currents ia, ib, ic the 

motor currents are compared with the reference currents 

and the switching commands are generated to drive the 

inverter devices. 

 

Table.6.2.1. gives the position of rotor signals with 

respect to reference currents. 

 

Table.6.2.1. Rotor position signals and Reference 

current 

 

Rotor Position (ϴr) ia ib ic 

0° - 60° iref -iref 0 

60° - 120° iref 0 -iref 

120° - 180° 0 iref -iref 

180° - 240° -iref iref 0 

240° - 300° -iref 0 iref 

300° - 360° 0 -iref iref 

 

HALL EFFECT SENSORS: 

The Hall Effect is the production of a voltage difference 

(the Hall voltage) across an electrical conductor, 

transverse to an electric current in the conductor and 

a magnetic field perpendicular to the current. It was 

discovered by Edwin Hall in 1879. 

The Hall coefficient is defined as the ratio of the 

induced electric field to the product of the current density 

and the applied magnetic field. It is a characteristic of the 

material from which the conductor is made, since its 

value depends on the type, number, and properties of 

the charge carriers that constitute the current. 

 

SPEED CONTROLLER: 

 
Fig. 6.2.2. Speed controller 

 

Fig.6.2.2. gives the speed controller for bldc motor. In 

the above speed controller block actual speed is in radian 

per second hence is converted to radian by gain 

multiplier of 2*ᴨ/60 and filtered by low pass filter to 

block high signals. The set speed reference is given to 

the ramp for smooth starting of motor. After this both 

actual speed and reference speed is compared by the 

summing block, which generates the speed error. Then 

this speed error is given to the PI controller in turn to 

generate the torque reference, this torque reference is 

used in speed controller block. 

 

CURRENT CONTROLLER: 
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Fig. 6.2.3 Current controller 

Fig.6.2.3 gives the current controller diagram. In the 

above current controller block hall effect signals is given 

to the decoder block, which decodes the hall signals and 

produces the back EMF in the form of discrete values 

that is plus one and minus one which is multiplied with 

the torque reference to get the current reference value 

this current reference value and actual sensed currents 

are compared as shown in the current regulator block.  

 

CURRENT REGULATOR: 

 
Fig. 6.2.4 Current regulator 

 

Fig.6.2.4 gives the current regulator block. In the current 

regulator block the individual phase currents signals are 

compared with each other, then this signal is given to the 

relay to set the saturation limits for applied signal, from 

this one signal two signals are generated by not gate as 

shown in the figure6.2.4 like six signals are generated 

given to the switching control block. 

 

SWITCHING CONTROL: 

 

 

Fig. 6.2.5 switching control 

 

Fig.6.2.5 gives the block for switching control. The six 

signals generated from the current regulator are given to 

the switching control block. The first two signals 

generated from the switching control block are given to 

the SR flip-flop to generate the gating signals for the first 

leg of the inverter Likewise other four signals are 

generated for other two legs; the output of this switching 

block is given to the gate terminals of the 3-phase 

inverter.  

 

 

 

 

 

DECODING OF HALL EFFECT SENSOR 

SIGNAL: 

 

 
Fig. 6.2.6 Decoding of Hall Effect sensor signal 

 

Fig.6.2.6 gives the decoding of Hall Effect sensor signal. 

The above block diagram shows the decoding of Hall 

Effect signals and generation of back EMF, which is 

multiplied with torque reference to generate the reference 

current in the current controller block. 

 

RESULTS OF CLOSED LOOP CONTROL 

This chapter comprises of output waveforms of the 

Speed, torque, stator current, back emfs of closed loop 

control of Brushless DC motor.  

Fig.7.1.1. gives the speed of bldc motor which is 

3000rpm and matches with the actual rating of the motor.  

 

 
Fig.7.1.1. Speed of BLDC motor 
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Fig.7.1.2. gives the electromagnetic torque of the bldc 

motor. 

 

 
Fig.7.1.2. electromagnetic torque of bldc motor 

 

Fig.7.1.3. gives the Hall Effect signals and stator back 

emfs of the bldc motor. 

 

 
Fig.7.1.3. hall effect signals and stator back emfs 

Fig.7.1.4. gives the stator current of bldc motor. 

 

 
Fig.7.1.4. stator current of bldc motor 

 

MOTOR CHARACTERISTICS: 

 

Table.7.1.1. motor characteristics 

Speed (rpm) Torque (Nm) 

0 40 

500 35 

1000 30 

1500 25 

2000 20 

2500 15 

3000 10 

 

Fig.7.1.5 gives the speed Vs torque characteristics 

 

 
Fig.7.1.5 speed Vs torque characteristics 

From the Fig.7.1.5 it can be concluded that as the speed 

increases, torque decreases. 

CONCLUSION & FUTURE SCOPE 

8.1.     CONCLUSION:  

The simulation of the Open loop and closed loop speed 

control of BLDC motor is done by using MATLAB. The 

speed control is achieved through PI controller and has a 

simple operation, which is cost effective, as it requires 

only one current sensor for the measurement of DC link 

current.  

The problems of speed and torque regulation observed 

during the simulation of Open loop speed control has 

been rectified by Closed loop speed control of BLDC 

motor i.e. the speed remains constant at a desired speed 

in closed loop control method.   

 

8.2.    FUTURE SCOPE: 

For the future development, Hardware development can 

be implemented. As well as different triggering 

techniques like spwm and nspwm can be implemented 

for the three phase bridge inverter. 

Sinusoidal Pulse width modulation (SPWM) generated 

by comparing amplitude of triangular wave (carrier) and 

sinusoidal reference wave (modulating) signal. By using 

spwm technique it can control the inverter output voltage 

as well as reduce harmonics. Nspwm is the advanced 

technique after spwm technique. 
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