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ABSTRACT

Adjustable speed drives (ASDs) uses induction motor extensively to control pumps, fans
and other loads in the process industries. In order to control the speed of the induction
motor dynamically, rotor field oriented control (RFOC) is a common technique employed in
these drives. In the ASDs, different kinds of voltage source converters (VSCs) are employed
to obtain a pulse width modulated voltage of varying magnitude and varying frequency to
the motor depending on the reference speed requirements. Sometimes, the output voltage
available from the VSCs reduce due to the conditions like a sag in the supply grid voltage or
a fault in the components of the VSC. For example, in an adjustable speed drive employing
a three-phase diode bridge rectifier and a two-level voltage source converter (2L-VSC), the
DC-link voltage reduces from the nominal value due to a sag in the grid’s supply voltage.
In this condition, if a proper control mechanism is not activated, the reference speed and
load torque of the rotor field oriented induction motor (RFO-IM) connected to the 2L-VSC
could not be maintained due to the reduced output voltage from the converter. Similarly, in
an adjustable speed drive employing a cascaded H-bridge multi-level (CHB-ML) converter
based VSC, the available voltage from the converter reduces when some of the faulty H-
bridges are bypassed. In this scenario, a RFO-IM connected to such a CHB-ML converter
results in a reduced speed and torque in the post-fault operation. The primary objective of
the research work in the thesis is to maintain the speed and torque of the RFO-IM in the
event of a dip in the voltage available from the 2L-VSC and the CHB-ML voltage source

converters.

In a 2L-VSC based RFO-IM drive, a modified vector control is proposed to maintain
the speed and torque of the motor during the input supply voltage sag. In this control
technique, the reference d-axis and g¢-axis stator current commands are obtained by solving
the voltage, current and torque constraints in the current dq plane. The analysis includes
the traversal of motor’s operating point in the current dg plane (during the supply voltage
sag), voltage sag limit for the particular loading and the settling speed of the RFO-IM when
the voltage sags beyond the limit. In the event of a voltage sag beyond a limit, the control
is made such that the motor delivers the load torque with reduced speed. Mathematical
equations explaining the current trajectory to be followed during voltage sag, voltage sag
limit and the settling speed for voltage sag beyond the limit are derived. The proposed
control is simulated in MATLAB/Simulink and experimental validation is conducted on a

3-hp induction motor (IM) in the laboratory.
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Next part of the research is the extension to CHB-ML converter based RFO-IM drive. In
this multi-level VSC, the available voltage reduces when the faulty H-bridges or power cells
are bypassed in the post-fault operation. In this scenario, a post-fault control technique is
proposed to maintain the speed and torque of the RFO-IM and to balance the line voltages
of the CHB-ML converter in the post-fault operating conditions. The control strategy is
to vary the magnitude and phase shift of the injected fundamental common mode voltage
(FCMV) according to the motor’s loading condition and the converter’s fault configuration.
The addition of the proposed FCMV with the reference phase voltages, not only ensures
maximum line voltage in the post-fault operating condition but also shares equal power
among the remaining healthy cells of the converter. Moreover, in the post-fault operation,
a detailed analysis is performed on both motor and converter, and the integrated control is
presented to maintain the command speed and load torque of the RFO-IM. This includes
the mathematical equation explaining the new operating point of the motor for different
fault configurations, traversal of operating point, and the variation in power factor of each
leg of the converter in post-fault conditions. The dynamic generation of FCMV is calculated
from the new operating point of the stator current components in the current dg-plane and
the fault configuration of the CHB-ML converter. Computer simulation and experimental

results are shown to validate the proposed control.

In addition to the above two control techniques, CHB-ML converter fed RFO-IM with
redundant power cell topology is also studied. The objective of the control strategy is to
maintain the torque and speed of the RFO-IM in post-fault operation and to maximize
the converter’s power capability by adding maximum number of power cells during post-
fault operation. Furthermore, maximum line voltage is utilized from the redundant cells
without increasing the DC-link voltage of power cells, and the motor’s operating point in
voltage plane is analyzed and determined for various loading conditions during pre-fault
and post-fault operation. In the post-fault operation, a common mode voltage of funda-
mental frequency is also added depending on the motor’s loading condition and post-fault
configuration to distribute power evenly among the remaining healthy cells. Theoretical and
graphical analyses include the equation of the operating point in the voltage plane, traversal
of the operating point from pre-fault to post-fault operation, and selection of common mode
voltage of fundamental frequency based on the fault configuration and the motor’s load-
ing. The simulation and experimental data are used to validate the proposed fault tolerant

control approach.
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ARG fd g18a (VuEs)) Ufshar 3 & ouf, gerdet 3R 3y #RT & afd &=
F T §3 YA 9T OROT AT FT 3YAET AT gl STFAT FAleX T T &l Ifafier T &
TaET e & for, X Fres 3HRTEE Figta (RFOC) 3o 38T & AAifoid U AT
Jaaiieh &1 ASDs &, AffiesT YR & dlecsl AT Feacd (VSCs) Hl TedT fa aeTehdrsit
& YR W A & AT 3refer-3rerer gRATT 3R Beet I & god =SS AlSYEs dleds]
aTed e & faT [@afra fohar sirar 81 wef-apsfl, divadr & 3uelstr 3m3eye dledsl 3Mqfd
15 diecst & RAYerar ar froael & gear #§ e S Fufagt & sRoT Fa g J1ar g
30T & foIv, fia-mRoT 3 foreT IFewR 3R a-eallT aleesT Al @eacy (2L-VSC)
I AT & arell v gArST a1fd grsa #, @15 $r 3nqfd ateest 7 RAf¥ear & #ror
SIHI-Toleh dleesT AHATT Hed ¥ %A 8 el ¢l 30 &afa &, i 3fRa fog=or a7 @i
TG giaT §, o HeeT A N FTacy § FA M3 dleedl & FROT 2L-VSCH I3 TN
Hres 3NNV g5 AleX (RFO-IM) FT oIS &leh Sl oTgl I@T ST bl &1 SUT TRE, Th
ARG 1A 38T H HEehss Ta-foal Aecl-oldd dhelde ITUTRA dreadr & fFafod ad
§U,eho1c|é< U 3T dlecsl A g Sl § ST HS gl gsiseT a$ue & o 81 39
aReeg #, W& CHB-ML FwdcX & F$ Ush RFO-IM & IRUMATIEY GFe-Hhice A0 &
afa 3R < A 81 Sar g1 AT & g I F TUfHE 3662 2L-VSC 3R CHB-ML
dlecsl BT Feacy H 3UcsY dlees H fRmae @ fFfufa & RFO-IM & a1fa 3k e i
FTT TG B

2L-VSC 3menRa RFO-IM 318d &, 91T 3@ & v v Gfda deex fAa=or geafad §
gTqe IS ateest RIS & aNe Aex &1 aifd 3R <l 58 =01 # deneiten, Hast
S1-318T 3R FF-318T T T FHATS A §ol b TIodl AT ST § THA Sy T
oo, aaATe 3R e & ATl faReor ffe § adaAe Sag fadAeT # Ay & AR e
fog &1 ¢adier (MY dlees & GRieT &91), AW &if$ar & faw aleest dor fafAe 3R
IRUGN-IBUH T Jefodr Ifa STd alecs AT T W TAT ST gl dlecsT H T TFT I
31T RIffear & Rufa &, AIFor v sarr arar § & Al g e & FA a9 F
ey &Xar 1 MO dleest AR, et AR & aRieT 3eERor e e arer
FAATT T8I9dsh T SITEAT il dTel FHOT AT T T dlecs RIS & forw @rar 3R
ST 1 AT 9Te giell §1 Sdiad MATLAB/Simulink & =07 f{egele fhar Srerm & 3R
TATcHS TcATIel a W JAST fohar ST § JIETRITET H 3-hp $85a0 Al (IM)|

3T T 3Tl T FTS-UATS Frdcd TR HRTH3N-3MSTH g3d T faEar g
HIg g-TRT ATEH, Q0T TS AT IaR FeT gl R 3T dlecst HA & A §
JRe-hlee 3TORT H I9Td fhar STar g1 39 IR &, Uie-tiee 9907 dadhelleh ¢
RFO-IM &I a1fd 3R €feh &l =AIT @ 3R ofigel dlecst T HJfdd A & foIv gEariad




Hrogel-tATe aRade FI el & aig I aRared Fafaar 7| Fz=or wEta § soees
ST P AIS dlecsl & IRATT 3R BT A% Fr 319 A & faw (FCMV) AT &
SfSar FEUfd 3R FoAael & Wiee HIHINAT & IHTAR| FeeT TOT dlecsl & ATY el
THHTHA T SIS o hdel FARTA ST ¢ Gee-Hioe IR Eafd # s wrger
el dfdrsT TAT AfFT Y TS FAT § Felac T AT TITA RIASBT H| TP 37eTaT,
el & §1G & TR H, AT 3N Feaacy el W Teh aEga aelwor f&ar s g, 3R
Tehlehel TAAF0T Gl § RFO-IM T &aAis Ts AR o5 i &l qav Wl & fav weqa
fohar o) g o anfAe B e & fAv Alex & Av aRere f§g 1 aredr aa drel
ATOTNT FHEUT Bioe HiTethINeI, TR dige &1 ¢adial 3R IAF F grax $haex &
fHeaAar It & ag Hr BAfd & Feracy &1 W) vwrdvaAar Hr arfafier 9igr v aomEr $r
STl B aciHTeT STa-Colel # T daAT "eh $ AT IR g & 3R CHB-ML Fwacx
&I Bloc HIT-hHINT | HPEX AT R Frafaes TROTH JEdfad =01 & AT Hier
¥ fav fea@m ara g1

IRIFT &l [ATTUT dhellohl & ITATaT, IUTS-UAT Shaddc] o IRTHN-3TSTH A emar
foRde arax d ardie & 3reTTs AT Jrar g1 HEF0r WEfT @ 36T § Wiee
F 9¢ & ARA F AR JWFIH FA & &IT RFO-IM F gie 3R aifa & s &
JRchiee TR & GRS ’AFdHA FEAT & IIa¥ AT SIS Felded FHI grak &
g% 3farar, TRYE FRNEBT T 3A¥edd dBT dlecst & 39AET fhar Sar g foerer
R & H-fFF decar 3 Ay & 3R [Ng @1 Jew o d-olee & e
e AT Rufaat & AT aees o & RAzevor 3R AURoT Far arar § 3k 9ee-
Hiee TRLAA| GFe-Blec TRAT H, Alex Hr Afsr Fufa 31k diee-viee F 3R ®
#Hifoh 3gfT 7 Tk WAT Al Aol ¥ SIST ST § HIihIne AV FEE SRS
& 9T A & § ofad GaRkd ae & fov| dcuifas 3R arfrea favewor & dees
T, $aieT | ATRET dise 1 0T AT § M-Blee T diEc-Biee FRAA 3R
AT 3 & T & R g ool fa=amd 3R Al H @ifder & 3R «
Hifoleh 3MgRT 1 dleesT| e 3R YR ST & 3UGRT Jedifdd aly Higso &
AT el & foT forar Sirar & faaaor gfeanor|
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