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ARTICLE INFO ABSTRACT
Article history: This paper provides a technical review of senssriasthod for controlling Brushle
Received 12 February 2016 Direct Current (BLDC) motor drives. The performarae reliability of BLDC moto
Accepted 12 March 2016 drivers have been improved becatise conventional control and sensing technic
Available online 20 March 2016 have been replaced through sensorless technologl. tié help of SVPWM and
controller dynamic stability is obtaine@his proposed scheme aims to cut down
Keywords: lower order harmonics and torque ripple iBl2DC motor and attain the stability in |
BLDC motor, rotor position sensors, time using sensorless technigutere sensorless advances are reviewed and |
sensorless speed, SYPWM INVERTER, developments in this area are introduced with tinbierent advantages and drawba
torque control. The study includes a deep overview of the babM- sensing, which includes Termir

Voltage Sensing, Terminal Current Sensing, Babk- and PWM strategie

INTRODUCTION

Today the use of BLDC motor have increased andcitmipeting with induction motor and DC motc
Brushless DC motors (BLDC) are variable frequeneynmnent magnet synchronous motors having
similar torque speed characteristics to that of d@ors tlat's why the name Brushless DC came. It has a
wide area of applications due to their higher éficy and easy control strategies. It requires lantr@nic
circuit for commutation instead of brushes. Fortodting the BLDC motors we use three pe converters. In
BLDC motors only two phases are supplied and thid fhhase is kept off. Two phases which are toumpked
is determined on the basis of the position of titerr Based on the position of the rotor, switchiteyices ir
the inverter a& commutated for every 60 degree. Rotor positiors@e are used to sense the position o
rotor at every instant of time whereas hsensorlessechnique is introduced. Inverters are used to edrc
power into ac power in which controlled ac is tlmurse to BLDC motor. The output voltage and ou
frequency of the inverter is changed as per owsirement. The output waveform of the invir depends on the
switching state of the inverter. Studies are cdroat for meeting the requirement of inverters sashreduct
harmonic content in the output, switching frequen€yhe inverter and better consumption of the labéé dc
voltage. One ofthe most common methods used for inverter switchingulse width modulation (PWN
Techniques. In this technique we control the ouyliage by varying the «off time of the switching elemen
in the inverter. Sinusoidal PWM and Space VectorMP\(&VPWM) are the most used techniques toda
which Sinusoidal PWM is the simplest and mostlydubeit it has many flaws. The newly invented Sg
Vector PWM technique reduces these flaws such esdiice switching loses, harmonic content in thiput
and beter utilization of the available ~bus voltage. This thesis makes use of Pl contrédiethe speed contr
of BLDC motor fed by a SVPWM inverter. The Pl caliier leads to improve the behaviour of the ma
Speed control for BLDC motor is simulatecing MATLAB software package.
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I1. Brushless dc motor:

A BLDC motor is a permanents magnet synchronousomd@tosition sensors are used to sense the
position according to the rotor position invertentrol the stator currents thus the speed of m The term dc
comes in the name of BLDC because its torque sphathcteristics are similar to that of dc motorsDB
requires an electronic commutation circuit instefdnechanical or brushed commutation used in dcom
BLDC motor are divided into twéypes based on the shape of baokf waveform induced in the stator |
sinusoidal type and trapezoidal type. Sinusoidalombave a sinusoidal shaped k-emf and its require pha:
current to be sinusoidal for torque ripple freeragien on the otherand trapezoidal motors need rectang
shaped current for torque ripple free operatione Trapezoidal motor is more popular for most of
application due to its simple operation, low praged high efficiency. Many different configuration§BLDC
motor exists three phase motors with star connectedings are most popular in use today because bfgts
efficiency and lower torque ripple.

[11. Principle of operation of brushless dc motor:

The three phase BLDC motor is operated by enemgizvo plase at a time, i.e. the only two phase
energized at an instant of time while the thirdgghes off to produce the highest torque. The twasplk whict
are energized determine by an electronic communatiicuit depends on the output of the sensoall-effect
sensors are most commonly used to sense the rositiom and feed it to the controller. The signainfi the
sensors changes every 60° (electrical degree). iBgaival starts with the rotor and stator fluxXLB0° apart ad
ends when they are 60° apartthpgmse winding of BLDC motor with its trapezoiback emiwhich is shown
infigure 1
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Fig.1. BLDC motor winding and trapezoidal back emf wavefom

Highest torque is reached when the field are pelipatar to each other. Commutation is done by aaga
source inverter. The switching devices used are MEJSor IGBT.

I'V. Operation of BLDC motor with inverter:

A trapezoidal PM machine gives perforrce closer to a dc motor. It requires a t-phase inverter to the
driving side for feeding power into the machineeTmachine is represented by its equivalent cireuitich
consists of stator resistarite seltinductancelLs, and a baclemf. The inverter works as an electro
commutation which performs the switching accordimghe output from the position sensors whereas tie
stator voltage and stator current is taken to datrob of motor. The inverter operates ire following two
modes:

1) 2/ 3 angle switch-on mode

2) Voltage and current control PWM mc

Trapezoidal back emf, armature current, llinkage, gating signal and istep transition is shown beliin
figure 2

V. six step VSI:

BLDC motor drives mosyl uses thre-phase bridge inverters for supplying power to ke Tircuit diagran
of a sixstep VSI fed to a BLDC motor is shown in Fig3 where the three phase voltages are shifted by
degree.
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Fig. 3: Three phase VSI fed BLDC motor

VI. Pulse-width modulation technique:

Pulse-width modulation is a technique in which @N-OFF time of switches is controlled by reference
wave. In this the intersection between a referemaee and a carrier wave produces the pulses accptdi
which the switches are switched ON and OFF. PWMehawvide field of applications such as motor speed
control, converters, communication, etc. For exaniplVM is used to control the switches of invertecantrol
the power supplied to the motor. By controlling BBI-OFF time of the switches we can control theespef
the motor. When we need more speed we increas@héme of the switches similarly when we needltwms
down the motor we decreases the OFF time of thezkes. Higher switching frequency for the switcheghat
the power losses is insignificant as compare topbeer supplied by the source. here are differaMiviP
techniques used for motor control application. \§e the following techniques

1) Sinusoidal PWM

2) Space Vector PWM

VI1. Space vector PWM:

The Space Vector PWM (SVPWM) is the most widelyduseverter switching mechanism for three-phase
inverter used for BLDC motors. The eight sector tradr voltages are shown in fig4 and tablel.

L

@ = Seetor numiber
Fig. 4: six sectors of SVPWM

For example for switching state (0, 0, 1) for thege (a, b, c) of the three-phase inverter. Theldagates
of phase A and B are turn ON and upper gate ofgbas turn ON. For any reference voltage vectochvfells
in the three-phase frame, we canresolve this veasorg the combination of the eight voltage vectdts
achieves the voltage vector control by adjustirg timing and duty ratio of the eight switching e&bf the
three-phase inverter. Assuming that stator coithénthree phases are identical, each switching efahe three
phase inverter corresponds to a voltage vectdrarthree-phase stator coil frame. The eight switgistate and
their eight voltage vector are,o V4.V and \, are the zero vectors having zero magnitudetoWs are six
active vectors with fixed magnitude and 60° apamtfeach other.

VII1. Speed controller structure;

Electronic commutation circuitassure a proper fotabf BLDC motor, but the speed of the motor dejsen
on the amplitude of the voltage fed to the motdr.céntroller is the most commonly used controller f
industrial use because it is easy to implementifpat to the controller is the error between refiere speed
and actual speed of the motor. Based on the agoalsthe Pl controller produces a control sigmalthe PWM
block which changes the ON-OFF time of the switghilevices in the inverter thus control the voltéeg to
the motor. The speed of the BLDC motor dependsherstator current value so controlling the speechator
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we have to control the stator current fed intorti@tor. The value of stator current is controlleddoytrolling
the average output voltage of the three-phase tewevhich further depends on the on/off time of Hie
switches. Since the speed of BLDC motor is direptiyportional to the inverter output voltage byymag the
on/off time of the six switches.

The speed to voltage transfer function of BLDC magayiven by

G(s) =2

The main objectives of the tuning of the PI corénsl are as follows:

1. To minimize the rise time of the system.

2. Minimize the peak overshoot of the system.

3. Minimize the settling time of the system.

With the help of SYPWM and PI controller, vectontwl is done and

I X. Stator voltage & current transformation:

Initially the stator current and stator voltages tken to do the abc to dq transformation. Hametiphase
to two phase transformation is done.

V=

wlN

[Va cos 0 + Vb cos (9 - —) + Vccos (9 - ?)] (1)

Vg=

wIN

[Va sin 0 + Vb sin (6 - —) + Vcsin (9 - %)] (2)

Since it's a sensorless control only the statotagd and current values are taken.

X. Instantaneous active and reactive current estimation:
This step is done to calculate the reference ctiwgh motor terminal parameter values alone.

=22 =15 (2) + we xlq ©)
Iy =/ 2215 () — we xIg —od [2) 4)
Where

V¢ dc link voltage
Lg4-Inductance of the motor
l4 - Reference current

we estimated speed

XI. Electrical parameter estimation:
This estimation is done to calculate the referespeed value from estimated current and speed imeabo
steps.

Speed referencegl - Iq 1q- (Ig— g ) (ﬂux) ©

we = Kp x Speed refereneef Ki x Speed reference where,
la.lq la .14 are calculated from previous steps
Integration of that speed gives the theta valuegheed control gives the torque referene=(J we)

XI1. Space vector transformation:

A three phase inverter provides a three phase ayswhich could be given to a three phase motbe T
switches must be controlled so that at no timebatd switches in same leg turned ON or else D supplld
be shorted.Each switch have the specified timeodesf conduction when the sector number is seleasiulg
the voltage values obtained from above step

N=[0.5Va] + [(\/§ —o. 5Va) x 2] [( V6 _ 0.5Va) x 4] 8)

Where N= sector number
Only positive values of y V; are taken.
Each sector has two fixed time periods using tHatad OFF period are calculated.
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XII1. Overall block diagram and working:
To perform sensorless control the stator voltagithe stator current are the major parameters wérieh
taken to perform control process.

FULLY

ACVOLTAGE - - DC LINE THREE PHASE = .

AU gy CONTROLLED mampl — e p| BLDC MOTOR

SOURCE CONVERTER CAPACITOR SVEPWRM

SVPWM INVERSE ! s
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¥ T 1

Fig. 6: Overall block diagram

The overall block diagram in controlling the motgweed is shown above infigure6. Taking the stator
voltage and current value whole control processaisied out. Initially the stator voltage and cutref three
phases are taken and abc to dqg transformationnis. déabc to Vdq and labc to Idq is calculate Wit motor
parameters itself the active and reactive currahies are estimated. From the calculated and dstimalues
speed and torque control is carried out. The obthiralue is transformed from Vdq tef/using inverse clarks
transformation Time period and switching angle eaculated with the help of ap, time, and Vdc voltage
using SVPWM technique. From which gate pulse gditeras done and controlled three phase outputgelt
of inverter is fed to BLDC motor.
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Fig. 7: Schematic diagram

XIV. Discussion on simulation results:
The overview of simulation diagram and the resbtamed are shown below.
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Fig. 9: Trapezoidal back emf of BLDC motorFig10 Dynamidodity attai

XV. Three phase current waveform:

nment of BLDC motor

Fig. 11: Three phase current waveform

XVI. Discussion on result:
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This sensorless techniques aims at reduction ehdwics, torque ripple and obtaining stability asrsas
possible. Here 0.1s is the response time withirchvkiie stability is attained for any specified gspaad torque
ripple is greatly reduced.

Conclusion:

Theperformance of the proposed system is execatddATLAB and simulation results are obtained. It
shows that the system stability is attained soath tanque ripple is greatly reduced. These are yped of
applications where a variable speed and keepin@ctharacy at a set speed is important. In theskcappns
the load is directly coupled to the motor shaftl éinis happens in fans, pumps, air compressorsbowers,
which demand low-cost controllers. In these apfilices the load on the motor varies over a speederamd
may demand high-speed control accuracy and goodrdignresponses. Home appliances such as washers,
dryers and refrigerators are good examples. Alsal, fump control, electronic steering control, @egtontrol
and electric vehicle control are examples of theshe automotive industry. In aerospace, thereaaramber of
applications, such as centrifuges, pneumatic deviegh electro actuators, pumps, robotic arm cdstro
gyroscope controls and so on. These applicationsusa speed feedback devices and run in total dlmsg
by using the controller.
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