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ABSTRACT

One of the major industrial applications of power electronics, is the control of motor
drives, which are mostly dominated by converter fed induction motors. In such appli-
cations, features like energy efficiency, improved power quality, high power density and
improved reliability are highly desirable. While most three-phase induction motor drives
are conventionally fed through AC-DC-AC converters, this traditional approach is as-
sociated with a large footprint owing to an intermediate DC stage. DC link capacitor
used as an intervening energy storage element, is not only bulky but also contributes to
low system reliability. An interesting alternative in the form of matrix converters, has
been widely researched over the past two decades. Matrix converter belongs to the breed
of direct AC-AC converters, that facilitate multi-phase power conversion with smooth
voltage control at unrestricted frequency, without any intervening DC link. It offers
advantages such as improved power quality on source as well as load side, inherent bi-
directionality, completely controllable input power factor, compact size and possibility
for common mode voltage elimination. Owing to these features, matrix converters have
been used in motor drives, wind energy conversion systems and aerospace applications.

In spite of a wide range of advantages, the industry acceptability of matrix converters
has been limited. This is primarily because of difficulties in control, protection, and
commutation. While some of these challenges have been overcome through research,
others are still being worked upon. This thesis deals with the design and development
of matrix converter fed induction motor drive, with complete protection and multi-step
commutation. It elucidates some novel and improved modulation strategies for matrix
converters, from the perspective of controlling induction motor drives. For the purpose of
controlling three-phase induction motor drive, two topologies are selected viz. three-phase
to three-phase matrix converter and single-phase to three-phase matrix converter. The
challenges associated with the modulation of each topology are individually addressed,
and their suitability is explored in the speed sensor-less control of three-phase induction
motor drives.

Three-phase to three-phase matrix converter is the most commonly explored topol-



ogy amongst multi-phase matrix converters. A large number of possible switching states,
coupled with the simultaneous control of source and load side parameters, leads to com-
plicated modulation. Space vector modulation remains one of the most popular control
techniques which allows concurrent tracing of output voltage and input current space
vectors. However, it is associated with high processor burden and complex implementa-
tion. Over the past decade, finite control set model predictive control (FCS-MPC) has
been explored in the modulation of three-phase to three-phase matrix converter. It has
especially shown promising results while achieving multiple objectives of source and load
current control. However, it is associated with extensive mathematical modeling of load
and input filter, besides performance dependence on processor strength. This thesis deals
with certain improved and novel modulation approaches for three-phase to three-phase
matrix converter that tend to simplify modulation and control. It deals with an im-
provised multi-objective model predictive control strategy that combines FCS-MPC and
space vector modulation to achieve enhanced system performance at higher sample times
and limits switching frequency variations. Furthermore, a unique predictive delta sigma
modulation (PDSM) technique is proposed, that is simple and intuitive to implement,
with significantly reduced processor burden and enhanced system performance as com-
pared to previously documented techniques. PDSM is also explored in common mode
voltage elimination for three-phase to three-phase matrix converter based systems. Speed
sensor-less vector control is implemented for commonly used 21 states of the converter
using PDSM technique with a full order predictive observer for wide range of speed es-
timation. Moreover, the matrix converter fed induction motor drive is modulated using
only six common mode voltage eliminating states in order to present a more reliable drive
solution, while tapping all other advantages of the converter, over a wide range of rotor
speed. The speed sensor-less drive is also tested for hysteresis based direct torque control
(DTC) and constant switching frequency based DTC, with suitable choice of speed ob-
servers. All control algorithms are developed in Matlab/Simulink environment, followed
by experimental verification on a four layer PCB prototype of matrix converter based

induction motor drive.
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In order to facilitate the control of a three-phase induction motor on a single phase sup-
ply, the use of single-phase to three-phase matrix converter is advocated. This topology
has not garnered significant interest of the research community owing to a poor voltage
conversion ratio, and severely compromised harmonic performance due to instantaneous
power mismatch between single-phase input and three-phase output. This thesis explores
the optimum use of single-phase to three-phase matrix converter for low speed sensor-less
control of three-phase induction motor drive from a single-phase supply. The delta sigma
technique is demonstrated for enhancement of motor current quality in the low speed
region, while compromising on the quality of source current. Further, a multi-objective
FCS-MPC technique is demonstrated and compared with other modulation schemes, to
achieve a suitable trade-off between the power quality on the grid side versus that on
the motor side. All modulation techniques are experimentally validated on single-phase
to three-phase matrix converter fed inductive load followed by demonstration with speed

sensor-less control on a three-phase induction motor drive.
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LSIES

aTa S Hed & T e e Ieqoiien 3 & e Aie 315d &1 AT &, S SATGT Fefac Hs §50eT
Al EaRT g1 &1 UF TR A, FoAT GaTr, gl fastell A qoredr, 3T AfFT geied 3R FER
faeaaaiaar S RAATATT 3rcafeer ara=T g Safe 3fOwer fi-aor 90T AT 389 F IRORE 9 §
TH- ST Feaey F ATEUH ¥ QAR ST &, I8 IRINF TehI0T Uk 93 Ue et & TTY Ush Heudd!
Y T0T & HROT STST 3T &1 S feleh HAfAeT Uoh g&aaalq Sl HSROT Fed & &G A 3UAT fhaqm A1 &,
Faa 9l & 3R 7 Bred Reggsigar & s dhe= 2ar €1 AReT F7acd & 79 & s oy ey
el aY el & 2T T A Aer T I | AfTFT FaAacT vegeT vl vHY Feaed Y Ard ¥ gE i g S
farer ety geaeia & R oo & o smfasifea smgfa R Rkl deesr faeaor & wrer sg-mor el
FYTROT T GRAYT JarTd FAT Bl T W T AgeR Forelt T o F WY-AY A5 @133, ddfifea gfa-
frewaran, g a¥E & a0 saqe dray ey, FFNT R AR AT AS decsT Ied T HATaeT
SR 18T Wt Al g1 3T FAATAT3H & HRoT, HeT 3139, TaeT Foft ST FoTelt AR IR Fewria #
#feam Feacy &1 39ghT Farmar g

F$ TR & oY & Tasts, ARFH Feacd A 3eher Thear NAT & 71 &1 Tg AC T § g7, FRem
AR TARTHAA H HISATSHT & FROT §| gTeAlfh $AH & FS ATl 1 HTUIT & ATCIH § g fohar T &,
Afehet 373t ot a”t o 1o o ST T@T §1 I NAE O e & GRaT 3R Hed-8 ey Hrgeel & Ay Afead
FeoAac he TR Al 3 & f3aea AR faswra & gafoa g1 I WoT Al 313 # FIRa & &
TReHIOT A, AT Fracd & AT To 39ar R 95X ASYAUA 0T T FTYSC FIAT &1 llel-=RoT
UROT AT 318T T AAAT FeT & 35T W, &Y I ATsilsT &l T AT ST &1 A-wRor AT FAaEX F
fore dfter-aror AR et oRoT AfFH HeAac & fAT Tehel-arvT| Gedeh TSN & Aol & S gatfadr
SATFAIT T F FETAT har ST &, R A =0T IR0T AYeX 3159 & TS AWR-FA AIT0T A 3efehr SuFFAar
T Il ST ST &

-1 & Ae-=ROT AT H FHeAaeR g-TROT AT et & e Fodt 318 Wit a1 Sdretrsh g1 Hel
3R oS A1gS ATICET & Teh ATY TAIA0T o A1y el T [Eafeior Tt 1 Teh a1 H&AT, Sfee Asgelera
1 3R o STl &1 T A F g TR AR 0T AT 3 T A G § A I et IR
SYC T TUH e o FHAC IAXGOT T HTATT &l §1 BTelifeh, g Iod MW aret AR el wraieagst
ﬁ@ggm%lﬁaﬁwamﬁ,aﬂaw%eﬁﬁ-wﬁﬁwmaﬁﬁﬂﬁqﬁam#qﬁﬁmmmﬂm
HasT FgaAarer =0T (THHTH-TANY) FT GG FIAT IAT &1 BT F FY I H 9T Hd g MR
AT T T T3 Il U ST [ § A IRMTTAeh TROTH @IT B gTefifen, g oS 3R geqe heex
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% carah 0T ATSTRrT & T ST G317 &, FHh 37elial NAT Y Aot T Feeler e & 7 Nfae fier-
TROT § - =ROT ATEFH Fefac] & [T FT JgcR AR 3T=IH Al TRehIv & Fafed g St AlsgelreT
3R 0T FT T T 8| Tg U Yes Aeel-3ifesiiaed Alsel WisfFea Fele FTeol & HIY § AT THHITE-
A 3R T dF ATSYAUA F TG 3T AA FAY R FAEeH vede F ured = dR amgfa
AT & [eaw ovet 1 WA el €1 S8 3reiTal, Teh Irefaciia sfasa sgatarenl R7AT @A Alsgae=
(PDSM) Tehatteh SR B, S &er 3R Hgot ATl Jat &, Torast ugel & & TeAThe dehetiehl T Jofar 31 iy
A NAE sgr AR 57 g311 FTea Teier &1 PDSM &t et 0T cfied TRoT Afgera et Imemia gonferat &
T 31A AlZ AeesT IooelsT # Tal J9mAT g1 17 Faegsh-d deFed AIT0T HHAR IR 39ANT FohT St arer
FaIdel FH 21 T & ToIT @] oham ST @, S NENed dehelish o1 3TANT I §U AT A Arr 1 e
Gl & fIT Teh qoT 37T AffoFea 3ifeata? &1 38 Jelrar, UeT a1fey i Tk [aEGa JTer &, FeAael & 37
mfrmsﬁa:raﬁ??raﬂ?‘rgtr,wﬁwaﬁmﬁamﬁuwm&armﬁ#ﬁmﬂ@wmﬁ%ﬁem
AleX 3159 & Had T ATHTT AlS Aot Pl 7S¢ Hlal dlel AT HT ITART FF AMfAT Far srar g afa
qddeTeh 1 ITGe THG & ATY I Hdeeh-3MeTR 3rsd 1 aTor RERAT ImenRa gegat e feg=or
@Erérn 3R e Rafdier smgfr smafa Sédh & v off fram smar &1 @ef fesor veafest Martlab /
Simulink aTaTeRoT # FIFAT fFw o1 §, 39% 91 ARRTFH Foraey ImaRa ggaeeT Al 339 & IR R
N NeresT T I e Fearde fFar Jrar g

Tehel 0T HTGfet o cfieT-aoT 9RoT AR & forzr=or 1 graer & v, vewe-awor ¥ die-wror ARFH Faac #
39T HA T Fehrerdd H ST &1 T SIS & T dlecsT FACRYT AT & HROT AU FHET &
HecaquT foc &1 Iiad g1 & &, HR Uehel-wR0T geAqe R cliel-R0T 3M3eYe & & dicehiforh fastel s#er
& FROT MR T F AT grAToas TGt fmam ¥ T MFAH Tehel-a=or 3mfel A cfiet-aor ST Al 3139
& e A TE-FH fATT0T & fAT Tohel-TR0T & A-TR0T AT F1aeT F Fscaq 3NN Y USdTe FT g1
3ol fUTAT dheileh T 3cUTCA A I aret 81T H HIEL Hic FAIfoIer ol d6Td o [T [HAT SATAT 8, ST T Fldh
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