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Abstract

Modular multilevel converters are getting attention in industry and academia as the
preferred choice of electronic power conversion for high-power applications. They have
a wide application area in a variety of industries involving transmission of power, grid
interconnection, renewable integration, rail transportation, and fast electric vehicle
charging.

The half-bridge-based modular multilevel converter (HB-MMC) is preferred over
all other MMC topologies because of its highest efficiency. However, a key challenge
of the half-bridge-based modular multilevel converter (HB-MMC) is the protection of
the converter during fault conditions like DC faults and AC faults (mainly valve side
SPG fault).

This thesis contributes two major sections: (i) Protection of conventional HB-MMC
using passive filter from DC and AC short circuit faults without compromise in effi-
ciency and (ii) A new reduced arms HB-MMC topologies using passive filters for dif-
ferent MVDC applications.

This thesis developed a new class of half bridge sub-module (HB-SMs) based mod-
ular multilevel converter (MMC) topologies using passive filters which is derived from
conventional HB-MMC. This topology can be used for DC-DC MVDC applications and
also for DC-AC applications. It has various possible advantages compared to conven-
tional HB-MMC like Fault current limiting/ blocking features, pre-charging features,
reduced arms and switch counts.

The other contribution of the thesis where the main focus is to ptotect the con-
ventional HB-MMC from DC and AC faults. This work introduces a new protection
methodology in which a circuit is connected across the arm inductor during fault con-
ditions that has the fault current-limiting capability of HB-MMC-based HVDC along
with pre-charging capability.

This thesis also focuses on applications such as HVDC and MVDC applications
(both DC-DC and DC-AC). MVDC applications can be fast and multiple EV charging,
MVDC rail traction, MVDC/MVAC grid interconnection, and 25kV single phase 50Hz
traction power supply.

Using MMC in high power direct current applications requires proper understand-
ing of the converter topology, its working, and protection w.r.t. the required applica-
tion in terms of power electronics and power systems. This thesis provides the depth

Vi
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of understanding required in power electronics and power systems for HVDC/MVDC
technologies, including their architectures, operation, control, and various topologies.
The system level work is performed in the EMTP-RV/ Matlab-simulink platform to
validate the working of proposed techniques. A scaled-down laboratory prototype is
built to validate the effectiveness of the proposed topology.

© 2025, Indian Institute of Technology Delhi



viii

AR

OTSYeR Aeciadd d-acy (MMC) I 3R SHIaitd oid § So-Tidd Sy & g
SAdR - TR Haui- & TYdI] fadhed & 0§ dofl § & B d B I8 § | ST STTN
are= =TSt ot fafisr S A oaue U g fear sar g |

BTh-fasT 3nemia Hisger Aeciddd H-acex (HB-MMC) P 39B] I=qH S&dl & HRUT 3
Tt MMC ETOaATST &1 g § WAfHE T €t S 8 | gTaife, HB-MMC ®1 Ul U@ g St
3R T Biecy (fAATER dTed WSS SPG Wiee) Sl ey YT & SR FH-acx &1 YRET |

Tg TNY TeY &1 T YT § GATEH 6l §: (i) TRURS HB-MMC St ST 3R T =i qfdhe
leed ¥ el ¥ JAT [T fomT URa fheer g1 WRef, iR (i) it Mvpe SFEvEnT &
o Of9 flheed &1 IWN PR gU UP s dicd SR dral HB-MMC crOirsh|

39 WY & URURS HB-MMC ¥ &7 URd fheex &1 ST S aTdl g1th-forel Ja-Hrsgd
(HB-SMs) 3T MMC elaiarsit &1 Ue =41 97 fasfad foar 7ar g1 g8 ediarst pe-ne
MVDC SFVANT 3R DC-AC SN aHl 8 XA &1 o Yl ¢ | SHP URURS HB-MMC
1 GO B WA B €, S Wiee e R /st Uitk g, fed o
3R g9 &1 e

e BT GERT ANTEH URURE HB-MMC T DC 3R AC ieed T YRIEGT 1 WR Hfgd g1 399
T 13 GR&M Ugia IRgd &1 713 ¢, Ford iee 31 fRUT # o S89ex & IR U Ffehe wiat
ST B, S HB-MMC STUTRT HVDC @1 Thiee e (et &dr 3R Wi-amfei eidr e
FRATE|

g MY HVDC 3R MVDC IHART (DC-DC 3R DC-AC ) S a9 3R Aeeiud EV 1ol
MVDC Yd ¢8R, MVDC/MVAC I8 $evd—ae 3R 25kv fTd 9 50Hz SouH UTaR Iwls
WA R

3 fed Yaes YRT SN & MMC &1 IUART 3 & fo1U HTIAS ¢ fob H-aex earal,
IS FE SR AAWF VAN & AR IUS! W&T $I Ted 9 &1 T8 WY
HVDC/MVDC WeNffeat & U snazaed Ui gaaeHad SR IR sy & Te4 99
dd-Idl & H B AMUd HH & AU fGeq TR &1 - EMTP-RV/Matlab-simulink
Wewhd TR a1 1 81 TRATidd cirare & THTaRed S T&fid H1 & Y Td Whd-
TS TR dietersy W daR fear w8l
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