
ISSN (ONLINE): 2395-695X 

ISSN (PRINT): 2395-695X 

International Journal of Advanced Research in Basic Engineering Sciences and Technology (IJARBEST) 

Vol.3, Special Issue.24, March 2017 

Arunraj.A et al   ©IJARBEST PUBLICATIONS 

Z SOURCE NETWORK BASED SENSOR LESS BLDC MOTOR WITH 

MINIMIZED COMMUTATION TORQUE RIPPLES USING DTC METHOD 

 

Arunraj.A* Dinesh kumar.R* Nivetha.A* Vimalkumar.B * 

ImmanuvelBright.E** 

*UG scholar Erode Sengunthar Engineering College, Thudupathi, 
Tamilnadu 

**Assistant Professor/EEE, Erode Sengunthar Engineering College, 
Thudupathi, Tamilnadu 

ABSTRACT:  In industrial conceptual 

an electronic drives plays vital role to 

make the energy as efficient. Recently 

the process made in the industries are 

using a brushless DC motor (BLDC) 

has enhancing the overall system 

efficiency. Therefore the process 

should made excellent operation by 

using BLDC which is controlled by z 

source network and voltage source 

inverter (VSI).BLDC has more 

features  such as low inertia and 

friction, low radio interference, high 

reliability and high efficiency. Due to 

the absence of brushes, it requires 

practically no maintenance. Since it 

has some drawbacks are high cost,  

low starting torque compared to 

conventional DC  motor and it has no 

flexibility control, because the 

absence of field winding. Hereby it 

can be overcome the above drawback 

Direct Torque Control (DTC) is 

introduced with BLDC for improving 

its efficiency, compared to other 

conventional control techniques. By 

using DTC technique ripples 

produced from torque can be reduced. 

Due to this reduction in ripple 

torque,the motor has enhances the 

speed and increases the speed torque 

curve. Hence the system is optimised 

by using z-source network and sensor-

less technique to energise the BLDC 

motor.  Here, simulation of the z-

source network based DTC for BLDC 

is performed by using 

MATLAB/simulink and the results 

are validated according to the 

theoretical analysis. 
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1.INTRODUCTION: 

A drive is an electronic device 

that harnesses and controls the 

electrical energy sent to the motor. 

The drive feeds electricity into the 

motor in varying amounts and at 

varying frequencies, thereby 

indirectly controlling the motor’s 
speed and torque. The speed of 

rotation of an electrical machine can 

be controlled precisely by 

implementing the concept of drive. 

The main advantage of this concept is, 

the motion control is easily optimized 

with the help of drive. In very simple 

words, the systems which control the 

motion of the electrical machines are 

known as electrical drives. This drive 

system is widely used in large number 

of industrial and domestic 

applications like factories, 

transportation systems, textile mills, 

fans, pumps, motors, robots etc. 

Drives are employed as prime movers 

for diesel or petrol engines, gas or 

steam turbines, hydraulic motors and 

electric motors. In this thesis the drive 

system is used to control the speed of 

the brushless DC motor. 

High speed brushless dc (BLDC) 

motor as a core component of the 

high-speed maglev blower can be 

directly connected to the high-speed 

mechanical equipment and effectively 

improves system efficiency . The 

back-electromotive-force (EMF) 

technique as a sensor-less strategy 

with profound has become a research 

focus recently. Which is  a scheme 

estimating the rotor position indirectly 

by using the zero-crossing point 

detection from the terminal voltage . 

It has been used for wide-speed-range 

control of BLDC motor . 

In recent years, variable speed 

drivesequipped with BLDC 

motorshave been extensively 

integrated in various applications. 

Dealing with BLDC motor control 

strategies, it is quite commonly 

believed that they are based on the 

current and torque control approaches. 

However, since the torque is not 

directly controlled, its fast dynamic 

could not be achieved. [5] presented a 

brief outline on Electronic Devices 

and Circuits which forms the basis of 

the Clampers and Diodes. 

Furthermore, the implementation of 

such strategies requires expensive 
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position sensors. However, the 

proposed control strategy requires 

several transformations in order to 

synthesize the optimum reference 

currents, Which complicates the 

control scheme without an effective 

direct control of the torque. 

They allow a direct control of the 

electromagnetic torque and the stator 

flux through the application of 

suitable combinations of the inverter 

control signals. Such a strategy 

exhibits a vector selection table 

simply reduced to the torque control 

with a two phase conduction mode. 

Although a notable attenuation of the 

torque ripple has been gained using 

this strategy. 

 

2.DESCRIPTION: 

 

The sensor-less low-current start-

up strategy is based on an 

amplification circuit; a low pass 

filter circuit and a signal modulate 

circuit. The amplification circuit is 

used to amplify the amplitude of 

back EMF for detecting the rotor 

position in low speed, the low pass 

filter circuit is used to remove high 

frequency disturbances, the signal 

modulate circuit is used to get 

rotor position signal.  

A hysteresis control strategy is 

proposed to against the load 

disturbance in start-up stage. 

Experimental results show that the 

proposed Sensor-less Start-Up 

strategy can realize a Low-Current 

Start-Up. 

 

3.BRUSHLESS DC MOTOR: 

 

  

Abrushlessdcmotorisdefinedasaperm

anentsynchronous machinewithrotor 

positionfeedback.Thebrushlessmotor

saregenerally 

controlledusingathreephasepower 

semiconductor bridge. The motor 

requires a rotor position sensor for 

starting and for providing 

propercommutationsequencetoturno

nthepowerdevicesintheinverterbridg

e.  

Basedontherotorposition,thepo

werdevicesare 

commutatedsequentiallyevery60degr

ees. 

Insteadofcommutatingthearmaturecur

rentusingbrushes,electroniccommutat

ionisused 

forthisreasonitisanelectronicmotor.Th

iseliminatestheproblemsassociatedwit

hthe 

brushandthecommutatorarrangement,
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forexample,sparking andwearing 

outofthe 

commutatorbrusharrangement,thereb

y,makingaBLDCmoreruggedascompa

redtoadc motor. 

 

 
Basedontherotorposition,thepo

werdevicesare 

commutatedsequentiallyevery60degr

ees. 

Insteadofcommutatingthearmaturecur

rentusingbrushes,electroniccommutat

ionisused 

forthisreasonitisanelectronicmotor.Th

iseliminatestheproblemsassociatedwit

hthe 

brushandthecommutatorarrangement,

forexample,sparking andwearing 

outofthe 

commutatorbrusharrangement,thereb

y,makingaBLDCmoreruggedascompa

redtoadc motor. 

Thebrushlessdc motor consists 

offourmainparts:powerconverter, 

hall 

sensors,andcontrolalgorithm.Thepow

erconvertertransformspowerfromthe 

sourcetotheBLDC 

whichinturnconvertselectricalenergyt

omechanicalenergy.Oneof 

thesalientfeaturesofthebrushlessdc 

motoristherotorpositionsensors,based

ontherotor position 

andcommandsignalswhichmay 

beatorquecommand,voltagecommand

,speed 

commandandsoonthecontrolalgorith

msdeterminethegatesignaltoeachsemi

conductor 

inthepowerelectronicconverter. 

Thestructure 

ofthecontrolalgorithmsdeterminesthet

ype ofthebrush lessdcmotor 

ofwhichtherearetwomainclassesvolta

gesource 

baseddrivesandcurrentsourcebased 

drives. Bothvoltage 

sourceandcurrentsourcebaseddriveuse

dwithpermanentmagnet 

synchronousmachinewitheithersinuso

idalornon-

sinusoidalbackemfwaveforms.Machi

ne 

withsinusoidalbackemfmaybecontroll

edsoastoachievenearly 
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constanttorque. 

However,machinewithanonsinusoidal

backemfofferreducesinvertersizesand 

reduceslosses forthesamepowerlevel. 

 

4.BLOCK DIAGRAM: 

 

                             The block diagram 

of the fuzzy logic controlled Z- 

source fed DTC-PMBLDC motor  as 

shown below 

 

 

 

Block diagram of proposed system 

 

Theinverter is fed with the dc supply 

through the Z-source impedance 

network. The output of the voltage 

source inverter is given to the BLDC 

motor. The three phase to two phase 

conversions are carried out in the 

transformation block. The torque 

estimator utilizes the necessary dq 

axis current, voltage and the 

necessary parameters to estimate the 

actual torque value. The speed error is 

given as the input to the fuzzy 

controller to generate the reference 

torque value. The rotor position is 

obtained through the back emf 

sensing method. The direct axis 

current reference and actual value are 

compared to obtain the flux error. The 

flux error, torque error and the rotor 

position are given as the control 

signals to the PWM generate to 

generate the gating pulses for the 

inverter. 

 

4.1Z-SOURCE NETWORK: 

 

It is an impedance network 

coupled between the inverter and the 

power source. Its unique feature is to 

boost up the voltage from the battery 

without the need of boost converter or 

the step-up transformer. This 

impedance source network includes a 

combination of two inductors and two 

capacitors. 
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Z-source network connection 

 

 

This combined circuit network 

works as the energy storage element. 

two inductors of same values and two 

capacitors of same values are used. 

 

 

4.2  VOLTAGESOURCE 

INVERTER: 

 

 The voltage source inverter 

acts as an electronic commutator. It 

consists of six switches and operates 

in 120 degree conduction mode. The 

output of the Z-source network is 

given as the input to this inverter.  

The speed of the PMBLDC 

motor is controlled by varying the 

switching frequency of the switches. 

The inverter’s output is given to the 
stator windings of the motor. The 

space vector modulation technique is 

used to vary the switching of the 

inverter switches. 

 

4.3 FUZZY LOGIC 

CONTROLLER: 

 

 Fuzzylogic has rapidly  become one 

of the most successful  of today’s 
technologyfor developing 

sophisticated 

controlsystem.Withitaidcomplexrequi

rementsomaybe 

implementedinamazingly 

simple,easilymintedandinexpensiveco

ntrollers. 

Fuzzy logic controller can model 

nonlinear system:  

Thedesignofconventional 

controlsystemessentialisnormally 

basedonthe mathematical 

modelofplant.ifanaccuratemathematic

al modelisavailablewithknown 

parametersitcanbeanalysed. 
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BlockDiagramofFuzzy logic control   

 

Forexample 

bybodeplotsornyquistplot,andcontrolle

r 

canbedesignedforspecificperformance

s.suchprocedureistimeconsuming.Fuzz

ylogiccontrollerhasadaptivecharacteri

stics:  The 

adaptivecharacteristicscanachieve 

robust performance  to system with 

uncertaintyparametersvariationandloa

ddisturbances. 

5.SIMULATION RESULTS: 

Z source network based DTC BLDC 

with controller MATLAB simulation 

The results obtained by the 

usage of   the Networks with the 

BLDC are given below  Figure 

Z SOURCE NETWORK OUTPUT DC VOLTAGE 

 
BLDC MOTOR BACK EMF WAVEFORM 

 

 

701



ISSN (ONLINE): 2395-695X 

ISSN (PRINT): 2395-695X 

International Journal of Advanced Research in Basic Engineering Sciences and Technology (IJARBEST) 

Vol.3, Special Issue.24, March 2017 

Arunraj.A et al   ©IJARBEST PUBLICATIONS 

BLDC Motor stator torque waveform with Z-

source network 

 

BLDC Motor speed waveform using FLC 

controller 

 

6.CONCLSIUON: 

 

Hence, in this project, the DTC 

for brushless DC motor(BLDC)  has 

been studied. The BLDC is modelled 

by using MATLAB/ simulink. Due to 

the simplicity of the control 

algorithm, the DTC is used for 

analysing the BLDC  behaviour  in 

dynamic conditions. It is an effective 

scheme for reducing the torque ripple 

and improving the efficiency of the 

machine. So the simulation of Z-

source network is done using this 

DTC concept with the help of voltage 

source inverter. In order to improve 

the torque ripple reduction  

controllers are  implemented and 

results are verified. The result shows 

the clear picture of reduction in 

torque ripples with reduced harmonic 

content. In future The hybrid 

integrator back stepping controller is 

proposed for robotic manipulators. 

However, thestudy 

ofthecontrolofrobotsactuated 

bytheBLDCMwasrelatively recent. 

Therefore ripple content produced 

from motor reduced upto5.2N-M by 

using BLDCM. 

 

REFERENCES: 

[1] S. Zheng, B. Han, L. Guo. 
“Composite Hierarchical 
Anti-Disturbance Control for 
Magnetic Bearing System Subject 
to Multiple External Disturbances.” 
IEEE Trans. Ind. Electron. 
vol. 61, no. 12, pp. 7004-7012, 2014 
 

702



ISSN (ONLINE): 2395-695X 

ISSN (PRINT): 2395-695X 

International Journal of Advanced Research in Basic Engineering Sciences and Technology (IJARBEST) 

Vol.3, Special Issue.24, March 2017 

Arunraj.A et al   ©IJARBEST PUBLICATIONS 

[2] S. Zheng, B. Han. “Investigations 
of an integrated angular velocity 
measurement and attitude control 
system for spacecraft using 
magnetically suspended double-
gimbal CMGs.” Advances in 

Space Research, vol. 51, no. 12, pp. 
2216–2228, 2013 
 
[3] Y.-S. Lai and Y. -K. Lin, “A 
unified approach to back-EMF 
detection for brushless DC motor 
drives without current and Hall 
sensors,” in Proc. IEEE IECON, 
2006, pp. 1293–1298. 
 
[4] Alin, Stirban, Ion Boldea, and 
Gheorghe-DanielAndreescu,“Motion-
Sensorless Control of BLDC-PM 
Motor 
With Offline FEM-Information-
Assisted Position and Speed 
Observer” IEEE Trans. Ind. Appl., 
vol. 48, no. 6,pp:1950-1985, 
Nov. 2012 
 
[5] Christo Ananth, W.Stalin Jacob, 
P.Jenifer Darling Rosita. "A Brief 
Outline On ELECTRONIC DEVICES 
& CIRCUITS.”, ACES Publishers, 
Tirunelveli, India, ISBN: 978-81-910-
747-7-2, Volume 3,April  2016, pp:1-
300. 
 
[6] Jun Cai and Zhiquan Deng, 
“Sensorless Control of Switched 
Reluctance Motor Based on Phase 
Inductance Vectors,” IEEE 

Trans. Power Electron., vol. 27, no. 7, 
pp. 3410–3423, Jul. 2012. 
 
[7] Takahiro Suzuki, Yuichi Shimizu, 
Yoshitaka Iwaji, RyoichiTakahata, 
and Shigehisa Aoyagi, “Minimum 
Current Start-Up 
Method by Combined Use of Two 
Position-Sensorless Controls,” 
IEEE Trans. Ind. Appl., vol. 51, no.4, 
pp. 3086-3095, Jul./Aug. 
2015 
 
[8] J. Fang, X. Zhou, and G. Liu, 
“Instantaneous torque control of 
small inductance brushless DC 
motor,” IEEE Trans. Power 

Electron., vol. 27, no. 12, pp. 4952–
4964, Dec. 2012. 
 
[9] J. Fang, X. Zhou, and G. Liu, 
“Precise accelerated torque control 
for small inductance brushless DC 
motor,” IEEE Trans. Power 

Electron., vol. 28, no. 3, pp. 1400–
1412, Mar. 2013. 
 
[10] Dong-Myung Lee and Woo-
Cheol Lee, “Analysis of Relationship 
Between Abnormal Current and 
Position Detection Error in 
1551-3203 (c) 2016 IEEE.  
IEEE Trans. Magn., vol. 44, no. 8, 
Aug. 2008. 
 
[11] J. X. Shen, K. J. Tseng, 
“Analyses and Compensation of 
Rotor 

703



ISSN (ONLINE): 2395-695X 

ISSN (PRINT): 2395-695X 

International Journal of Advanced Research in Basic Engineering Sciences and Technology (IJARBEST) 

Vol.3, Special Issue.24, March 2017 

Arunraj.A et al   ©IJARBEST PUBLICATIONS 

Position Detection Error in Sensorless 
PM Brushless DC Motor 
Drives, ”IEEE Trans. Energy 

Conversion, vol. 18, no. 1, pp. 
87-93, March 2003. 
 
[12] Mohammadpour, A.; Gandhi, A.; 
Parsa, L. “Winding factor 
calculation for analysis of back EMF 
waveform in air-core 
permanent magnet linear synchronous 
motors,” Electric Power 

Applications, IET. Volume: 6, Issue: 
5, pp. 253-259, Dec.2011. 
 
[13] E. V. Sánchez, J. G. Gil, J. C. G. 
Real, and J. F. D. Higuera, “A 
new method for sensorless estimation 
of the speed and position in 
brushed DC motors using support 
vector machines,” IEEE Trans. 

Ind. Electron., vol.59, no. 3, pp. 
1397–1408, Mar. 2012. 
 
[14] Tae-Won Chun, Quang-Vinh 
Tran, Hong-Hee Lee, and 
Heung-Geun Kim, “Sensorless 
Control of BLDC Motor Drive for 
an Automotive Fuel Pump Using a 
Hysteresis Comparator” IEEE 

Trans. Power Electron., vol. 9, no. 3, 
pp. 2265–2271, Mar. 2014. 
 
[15] Sang-Yong Jung, Yong-Jae Kim, 
Jungmoon Jae, and Jaehong 
Kim, “Commutation Control for the 
Low-Commutation Torque 

Ripple in the Position Sensorless 
Drive of the Low-Voltage 
Brushless DC Motor,” IEEE Trans. 

Power Electron., vol. 29, NO. 
11, PP. 1382-1391, NOV. 2014. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

704


