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ABSTRACT

Modular Multilevel Converter (MMC) is an established multilevel converter technology and is
gaining wide acceptance in high power, medium or high voltage applications. Some of the
interesting features of the converter are high degree of modularity, easy scalability in terms of
voltage and current, excellent quality of output waveforms, transformer-less operation, and a
common dc bus operation. These features have attracted commercial applications as well as
academia to explore the implementation of the converter in emerging as well as traditional
medium/high voltage applications. MMC has been commercially implemented in the range of
hundreds of kV and power ratings in hundreds of MW by many industries. Active research is being
pursued to develop many circuit topologies, converter models, modulation techniques, and control
strategies for grid connected and HVDC applications.

The thesis investigates new circuit topologies of MMC derived from conventional MMC and
explores their suitability in HVDC, grid connected as well as motor drives applications. In
particular, this research work is focused on the development of novel circuit topologies of MMC
with lesser number of cells or submodules as compared to conventional MMC, by introducing
passive filters in the circuit. The idea is to reduce the number of power devices and replacing them
with cheaper passive filters without compromising on the performance of the converter. This
results in the reduction of overall investment cost and complexity of the system. In this work, new
circuit topologies of MMC with passive filters for applications such as High Voltage DC (HVDC)
interface, grid-connected systems, and medium voltage drives are proposed.

A new modular multilevel DC-AC-DC converter is proposed for the HVDC application. The
proposed converter operates with two stages of power conversion i.e., HVDC to AC and AC to
Medium Voltage DC (MVDC) using an intermediate medium frequency transformer. In HVDC
side, MMC has only two arms along with passive LC filters at the primary side of the intermediate
transformer. Operation at medium frequency AC ensures the reduction in the size of the
transformer and other passive elements. A high voltage transformation ratio can be achieved by
the proposed converter. The proposed converter can be used to extract some power from the
existing HVDC line to feed some local medium voltage AC or DC grid.

A new circuit topology of MMC is proposed for grid-connected applications. Unlike the
conventional MMC, the proposed MMC topology has passive tuned LC filters in the lower arms

in place of many cells. The upper arms of the proposed converter are having cells similar to
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conventional MMC. The presence of passive LC filters helps to generate an equal magnitude of
output AC voltage as conventional MMC with half of the input DC bus voltage magnitude. The
passive LC filters absorb the higher order switching harmonics generated from the upper arm
voltage. Thus, the AC voltage available at the output of the converter is close to a pure sine wave.
The investment cost of the converter which includes the cost of semiconductor devices, gate drive
circuits, and cell capacitors is also reduced. Measurement and communication circuit requirements
such as voltage and current sensors are also reduced.

An MMC with a filter capacitor at the output terminal is proposed for long cable fed medium
voltage drive application to mitigate the overvoltage phenomena. Arm inductors which are
inherent components in each phase of MMC are tuned with the filter capacitor to behave like a
low pass LC filter at the MMC output terminal. As a result, the output voltage of the converter is
highly sinusoidal with negligible switching frequency harmonics. The overvoltage phenomenon
that occurs at the motor terminal due to cable resonance and voltage reflection is almost eliminated
and hence with the proposed concept, the motor can be installed at very long distances from the
converter.

In this work, MMC converter circuits with different configurations of passive filters are
proposed for HVDC, long cable fed medium voltage drive, and grid connected applications. The
overall investment cost and complexity of the proposed MMC circuit topologies are reduced as
compared to the conventional MMC topology. The proposed circuit topologies of MMC are
simulated using MATLAB/Simulink and the same are verified experimentally by designing

experimental prototypes.



LSIEY

ISR A Idad H-dex (MMC) Tdh R Acciadd Hack ddb-id § 3R I e,
AH g1 I dleedl VAN § UG WP U FR @] 81 HaR &1 $J [
IR I TR Pt UfeReudhdT, dieesl 3R FHRe & 1A H S AT, $T3eye aeil
&1 IPHY UG, TRIBIR-HH TATerH 3R Ud S a9 TaTa ¢ | 37 faRiwdrai 4 3HRd iR
Y &1 URURS H1H/3w dlecsl SYANT § Hdex & HRI-Ga- &1 Ul aH & g
TGRS ST & Try-ary Rienfact o) of sreftfa fovar 3 | Tl &) &8 I R
JH! bt Bt T H SR Yba! Mmare H el ¥ & araaifie U § ar fear T gl
fire ¥ I3 iR TdiERe syt & fou &S e Saideh, ®-ack Arsd, HISIaRH
Jaiids 3R 0T XU faemRid #vA & fore Tfthg s &1 SreRvT fhar S @1 5|

iR URURS THTH § T THURRT & =TT Afdhe craraiol o1 offd dRall § 3R Tadia e,
s T IS 3R 1Y g} Hiex 184 I H 3! SuYaddl it Usdd ddl ¢ | [y = 3,
g MY ST YRR THUHR &I Ja-1 § HH Tel § Jarregd & urd THU! & I9-A
Tfdhe Sraarst & faHmRT IR Hied §, Tfthe H fheex U v | T8 faaR faoelt Suamron &
TRHT B HH B 3R HAACR B TR J T fbT fam 1 3% Tt foheer & W1 Fge &1
21 3P URUMHRGRT JHY 3= ARTd 3R UUIelt &1 Sfeadt & ot i g1 sq HH &, 8T
Jiee ST (TSR Serthy, s -wracs Ried SR Hegd dieesl S12d S SUaRT &
foTQ fireex & 1Y THUERT & AU Aidhe cruraion URalidd & |

TS UfRIhRH & U Ueh =701 Aieer Heeldad o l-UH- St dack Tdifad & |
TRATTAd e Ueb Head| Ao Sl RIHBIER B ST e [aoTell S UidRul & &l aRull
gt TEdie T 3R Wi ¥ geH diees SRiT (HAISR) & Iy JEiferd gidT |l
TS UgE ®, THUAR & U Hegdd! CIhTHR & UTUfies Uel H Terd! ftheex & A1y
Had & YoIT4 & | W S T TR WaTeH SRIBTHR 3R 3/ d@l & SMeR H B gFfdd
T 8| URATfAd HIack gRI U 3o diecl URadH SUTd e faar o ebdl & | TRaifad
HAACR BT YA & WG HEH dlecsl T4 A1 SRA 18 ) R & fore diser vadiSi
AT A 53 foretelt Fepran & for fovar s g 1




firs A 9 Sy & fory THEHE &1 e 1T gidhe dieiol TRATad § | TRUR e THIHE

& Ao, TRaTfad THUHR SaTaTon H Bs BHITRIB1aT & R TR et yemsf & e uerdt
fheer B1d 1 TRaIfad Hack &1 SHU Yolrs H URURS THIHE & 90 Id ¢ | et
e 31 IR S99 ST o9 diecs URHTO o 318 o H1Y GRURNG THUHT o =g
3{T3TYC T iec & SRTER URHT I HR H 7EE Rl ¢ | Tad fheex SRl §1g e
T IUF I HH R gHi—e B aifd HRd &1 T UHR, HAdR & 3M3eYe W
U Tt dlee ol Y T34 99 & BRI & | SR ! A% anTd forgs Sfidrsdex JuaHul,
e 3184 Tfdhe 3R Ja Hufer &1 artd o i 7, off FH 81 o1t B | dieeel 3R FHee TR
S A1 SR TOR Afdhe o1 srawadand ¥ &3 g1 ot § |

IaRATeCS Ul bl HH B & iU dd had e HHH diecs 5d UWTHIH & forw
3T3eYe ¢fHid W THh fheex HURCR & Y T THUHR UAIfad g1 e 8aey St
U & Yd® @Rl H Afed ged §, THIA 3deye efifd )R & U Tad! ftheer o
e TAER B & 7Y flhreer HUfYex & 1Y o [T I1d § | Tditoiad, H-ac &1 33eye
Jieest Ty i safty gl & 1y At AETaiged 8| had TG 3R diecdl
yfafed & HRUI AR i IR g dlelt 3Ndrdlecs] g1 THT AT 81 TS § iR Sferu
TRATIId SGERON & Y, HIdE I IR DI 9gd aal g3l R A1 foran o e g |

U HM I, TIdie, del had the A diees 91gd, 3R I8 I IS SrIuan & fau
flheex & fafi fa=m arel TRl w-ack fthe TRdTfad & | TRUR® THEAT Srdarol &I
qa1 H TRaTfad THER fdhe Srararet &t 99y fAas anTd iR Sifedar &4 8 Skl ]
THUAN & URdTdd didhe eidiol & MATLAB/Simulink &7 SUTRT #xd Rigaies foar
ST € 3R YANTTE® Wieiersy &I fSug e TaNTE® U I JATud fodr ST 8 |
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