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Abstract - Modular multilevel converters (MMCs) have 

recently piqued attention in the field of high-voltage direct-

current (HVDC) transmission technology due to their unique 

properties. Three essential features of high-voltage direct 

current (HVDC) MMCs are intimately connected to the 

modulation and switching schemes utilised by the converters: 

power quality, converter cost, and system performance. For 

excellent power quality and performance, high switching 

frequencies and large cell capacitors are necessary, while for 

poor power quality and performance, low switching 

frequencies and tiny cell capacitors are required.In order to 

minimise the cost of the converter, a high frequency and a tiny 

cell capacitor are required. It is possible to obtain an 

appropriate choice of modulation and switching strategy viaan 

optimal trade-off between these opposing criteria is found.The 

primary goal of this thesis is to offer a realistic switching 

technique that is both simple and effective.for HVDC MMCs 

that strikes a compromise between the previously stated 

conflicting criteria An examination of the switching pattern of 

the converter in terms of mathematics, as opposed toAn 

investigation of the power quality and converter costs has been 

carried out in order to develop anMMCs that are linked to the 

grid face an optimization issue. Various goal functions are 

used.Convertor loss and other aspects of the stated 

optimization issue are being investigated. Minimising the 

amount of energy used, minimising voltage imbalance, and 

minimising computational load specifically, this thesis offers 

three approaches for achieving various objectives. 

 
Index Terms: Modular multilevel converters, voltage 

imbalance, power quality, cell capacitors 
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I INTRODUCTION 

In conventional power transmission networks, 

high-voltage alternating current (HVAC) technology is  

 

 

utilized to transport electric power. On the other hand, the  

necessity for more efficient transmission systems has 

prompted the introduction of modern transmission 

technologies such as high-voltage direct current 

transmission (HVDC). In the 1930s, ASEA, a Swedish 

industrial business, started developing high-voltage direct 

current (HVDC). The following are some of the most 

prominent technical benefits of high-voltage direct current 

technology: 

 

As a consequence of these advancements, the 

adoption of this technology in power grids has been 

advocated. In 1951 and 1954, the Soviet Union and Sweden, 

respectively, developed the first high-voltage direct current 

transmission networks [1]. The converters in this set were 

designed using a line-commutated architecture with 

mercury-arc valves as switching devices. With the 

commissioning of the world's first thyristor-based high-

voltage direct current (HVDC) station at Eel River, New 

Brunswick, Canada in 1972, Solid State Devices for Line-

Commutated Converters and the replacement of mercury-

arc valves started. The emergence of voltage-source 

topologies that could control reactive power accompanied 

the evolution of high-voltage direct current technology. In 

1997, the world's first commercial voltage-source converter 

[3], which was placed in Hellsjön, Sweden, and worked on a 

two-level system, was commissioned. Later, in 2003 [4, for 

the first time, the modular multilevel converter (MMC) 

architecture is offered for commercial application. In terms 

of modularity and losses, MMC converters for high-voltage 
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direct current (HVDC) systems surpassed two-level 

converters. In recent years, MMC has, as predicted, become 

a popular design for high-voltage direct current (HVDC) 

applications. 

 
 

FIGURE 1 HVDC Layout. 

 

 
FIGURE 2 Schematic of HVDC. 

 

 

 
 

FIGURE 3 Challenges in HVDC. 

II MODULAR MULTILEVEL CONVERTERS 

An MMC HVDC station is generally shown in the 

picture, which is connected to an alternating current grid 

through a transformer at the point of common connection 

(PCC). Each converter phase is made up of two converter 

arms, each with N cells coupled together in a cascade 

.

 

 

 
FIGURE 4 Structure of HVDC using MMC. 

 
FIGURE 5 Schematic of MMC. 
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A. Configuration of the HVDC: 

 

Modulating the insertion index and switching the 

cells in modular multilevel converters may be done in a few 

different ways. This thesis proposes the adoption of a novel 

switch. 

 
The benchmark model is based on the INELFE 

interconnection [7], a real high-voltage direct current 

(HVDC) link between France and Spain. A point-to-point 

HVDC connection with an active power rating of 1000 MW 

and a reactive power rating of 300 MVAR serves as the 

benchmark. The nominal dc-side voltage is about 320 kV, 

and the converter connects it to a 400 kV alternating current 

network. As illustrated in Fig. 2.2, this arrangement is first 

modelled in PSCADTM/EMTDCTM and subsequently in a 

real-time simulator. In the PSCAD simulation, there are 40 

converter levels (cells), but in the real-time simulation, there 

are 512 converter levels (cells). 

Each converter station requires a competent control 

system in order to give the necessary power contribution. 

The basic control blocks for a grid-connected MMC are 

shown in Figure 1. The control structure may be divided 

into two levels based on broad principles: high-level control 

and low-level control. An outer control loop, an internal 

control loop, and a converter modulator are the three 

components of high-level control (or modulator). The 

outside controller controls the amount of power transmitted 

to the alternating current (alternating current) grid and sets 

the current reference signals to stabilise the converter dc 

voltage. 

 
 FIGURE 6 HVDC Control. 

A reference signal that matches the normalised 

necessary voltage level of each converter arm is used as the 

insertion index for each converter arm. To compensate for 

this, each converter arm is equipped with a series-connected 

capacitor, which may be individually put into the current 

route or bypassed from the current path as needed. 

 
 

FIGURE 7 Converter cell configuration. 
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As a consequence, by combining the sum of the 

capacitor voltages that have been supplied, the total arm 

voltage is synthesised. Low-level control generates the 

firing pulses for each individual cell in the background, 

based on the voltage level required at each time step. The 

high-level control, for the most part, generates the reference 

signal for each converter arm, while the low-level control 

decides how many cells should be admitted and which 

should be rejected. 

 
 

 

FIGURE 8  Cell performance. 

 

While this is true, there are other permutations that might 

result in the required arm voltage level. The cell selection 

technique may be regarded of as a strategy for picking 

specific items from a collection of objects, assuming that the 

capacitor voltage levels in all cells are the same. 

 

B. MMC Topologies: 

 

Following are the various topologies available in modular 

multilevel converters 

➢ Binary Inverters 

➢ Trinary Inverters 

➢ Assymetric Inverters 

➢ H bridge Inverters 

➢ Generalized Inverters. 

The description of every types and its topology are shown 

below. 

 

C. Binary MMC 

 

The figure shown below shows the topology of the binary 

inverter. 

 
 

FIGURE 9 Binary MMC. 

 

C. Trinary MMC: 

 

The figure shown below shows the topology of the trinary 

inverter. 

 
 

D. Asymmetric MMC: 

 

The figure shown below shows the topology of the 

asymmetric inverter. 

 
 

FIGURE 10 Asymmetrical inverter topology. 
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Bin-packing and knapsack problems, two problems that are 

quite similar, are well-known as NP-hard problems in the 

field of computer science. Solvers for NP-hard problems 

often take a long time to execute, making them unsuitable 

for creating online switching patterns in multi-core 

microprocessors. Off-line optimal solution research, on the 

other hand, may contribute in the development of heuristic 

strategies for addressing this kind of problem quickly. 

A variety of modulation and cell selection strategies have 

been proposed since the MMC was initially reported in [4]. 

In contrast to today's technologies, early published 

solutions, such as carrier-based pulse width modulation, 

were mainly developed for acceptable system performance 

with no loss reduction strategy (PWM). The switching cells 

that will be employed at the carrier-reference crossover are 

identified using carrier-based PWM methods. The carrier 

frequency, which may be directly modified by the converter 

control system, is equal to the number of switching 

occurrences, also known as the switching frequency. 

Switching actions, on the other hand, control the ripple in 

capacitor voltage indirectly. This approach, according to the 

research, creates a substantial capacitor voltage ripple at low 

carrier frequencies, rendering it inappropriate for HVDC 

applications. 

 

III SIMULATION RESULTS OF VSC HVDC 

 

The simulation results of the modular multi level 

inverter based HVDC system are presented in  this chapter 

All the simulations are carried out in 

MATLAB/SIMULINK. 

A.  Description of VSC HVDC 

 

• Following are the parameters of the MMC 

HVDC system230 KV, 2000 MVA, and 50 

Hz identical systems are used 

• Systems are interconnected using 200 

MVA, 100 KV DC 

• A three-level Diode Clamped MLI is 

employed in the system modeling 

• Sinusoidal pulse width modulation is used 

for producing the firing pulses 

• The switching frequency used is 1.3 kHz. 

• A 75 Km cable is used in the 

interconnection process 

• A smoothing reactor is employed in the 

circuit 

• Three-phase to ground fault is applied on 

AC side 

The simulations are carried out with fault and 

without fault, conditions using the specifications as 

mentioned above of the VSC HVDC system.  

B. Schematic of VSC HVDC 

 

The schematic of the system under study consists of 

the following things, which is clear from the simulation 

diagram shown in the figure below 

• Two identical AC systems 

• Two Converter stations 

• Fault  block at the AC side in one of the two 

systems 

• Filter for the Converters 

• Pulse generation blocks for the VSCs 

• Data analyzing block for observing the 

output waveforms 

 

 
FIGURE 11 Main circuit of MMC HVDC. 

 

 
 

FIGURE 12 AC Source in System 1 
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FIGURE 13 Sending end Stations 1 

 

 

 
 

FIGURE 14 PWM pulses for MMC 1 

 

 
 

FIGURE 15 AC Source 2 

 

 
FIGURE 16 Receiving end stations 2 

 

 
 

FIGURE 17  Modulation pulses for VSC 2 

 

 
 

FIGURE 18  Discrete controllers for MMC  
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FIGURE 23  DC bus voltages balancing  

 

 
 

FIGURE 24  MMC current loop 

C. Output waveforms of system 1 

 

 
 

 

 
 

FIGURE 25  Positive and negative DC Voltages 

 

 

 
 

FIGURE 26 Reference DC Voltages 

 

 
FIGURE 27  AC Voltage of first converter station 
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D. Output waveforms of system 2 

 

 
 

FIGURE 28  DC positive voltage 

 

 

 

 
 

FIGURE 29  Three-phase balanced voltage after filtering 

 

 

CONCLUSION AND FUTURE WORK 

A. Conclusions 

 

Following conclusions are made from the work 

carried out in this project 

• Bulk power can be easily transmitted using 

HVDC 

• If the HVDC is operated using VSC, then 

the quality of the output voltages improves. 

• Usage of active power filter can be avoided 

by employing the VSC in HVDC systems. 

• The real power and the reactive power 

balances are good with VSC HVDC 

systems 

B. Future Work 

 

However, the following aspects of VSC based 

HVDC are not addressed in this project, which are left as a 

future scope of this project. Some of those aspects are 

• The multi-terminal VSC HVDC systems are 

not considered in this project; hence, if the 

same study can be performed on multi-

terminal systems. 

• Stability study is another important aspect, 

which is not considered in the present study. 

This work can be addressed in future 

studies. 

• This technology can be applied to the grid 

integration of renewable, which is left as 

future work. 
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