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Abstract-MMC'S are domain conversion technology of 

select for Voltage Source Converter High Voltage DC 

(VSC-HVDC) transmission schemes due to their very high 

efficiency. The primary goal of this work is to serve as a 

guide for modeling MMC-HVDC systems by providing an 

overview of the procedure for constructing a typical Multi-

terminal (MT) MMC-HVDC (MTDC) model. This work 

provides a systematic design process for a modular 

multilevel converter high voltage direct current (MMC-

HVDC) transmission system that takes into account both 

internal and external dynamics. In this paper, the 

reciprocal interactions between the parameters and their 

performance are examined.. Then, using a proposed 

systematic design procedure with the desired objectives 

and restricted conditions, we determine the parameter 

values, which can be cumbersome and time-consuming to 

arrive at proper and acceptable parameter values. As a 

consequence of this research, MMC-HVDC system 

engineers and project developers may be able to build 

sensible methods to the design parts of the technology 

requirement difficulties. 

 Keywords— Modular Multilevel Converter (MMC), HVDC 

transmission 

I. Introduction- The demand for Voltage Source 

converter (VSC) High Voltage DC (HVDC) 

transmission schemes has grown significantly in 

recent times. This growth is primarily because of 

the advancements within the voltage and power 

conditions of insulated gate bipolar transistors and 

variety of rearmost VSC-HVDC operations. In 

general, there are main factors in MMC 

development similar as the energy storehouse 

capacity for capacitor voltage ripples and arm 

inductance for another harmonious circulating 

current reduction. The most important part of MMC 

design is the determination ofsub-module (SM) 

capacitance. MMC utilizes the stored energy in SM 

capacitors, which are needed during a larger 

number than conventional two- position VSC. 

MMC-HVDC system design should be supported a 

comprehensive analysis of the impact of fresh 

control ways of MMC like voltage balancing 

control with algorithm and CCSC. Likewise, 

voltage and current at AC and DC sides of the 

MMC-HVDC system should be took in various 

ways harmonious with the planning of the 

preliminarily introduced factors as well as MMC 

voltage position considering connected power 

system conditions. Thus, in this study, a methodical 

design procedure of MMC-HVDC system 

parameters is established regarding their 

characteristics for comprehensive and approachable 

development. The MMC has multiple benefits in 

comparison to two or three- position VSCs; chief 
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among these is reduced motor losses. Moment, the 

most HVDC manufacturers offer a VSC-HVDC 

result which is rested on multi-level converter 

technology. 

 

2. MMC 

 

The main factor of MMC-HVDC systems is the 

converters. MMCs come in a variety of shapes and 

sizes, including half-ground (HB), full-ground 

(FB), and alternate Arm Converters (AAC), The 

FB-MMC and the AAC are appertained to as fault 

blocking transformers as they're suitable to block 

the current flowing through the motor in the event 

of a DC side fault. This can be particularly useful 

for HVDC schemes employing overhead 

transmission lines, still for HVDC grids using 

lines, a DC side fault is likely to be endless and 

hence the need for fault blocking transformers isn't 

yet apparent. Likewise, the HB-MMC is the only 

type of MMC which is commercially in operation. 

Considering that the maturity of proposed MTDC 

systems is dominated by submarine lines, this 

paper focuses on the HB-MMC. 

The introductory structure of a three-phase HB-

MMC is shown in Figure 2.  Each leg of the 

converter is made up of two motor arms with a 

number of Sub-Modules (SMs) and a series-

connected reactor, Larm. A two-position HB 

converter with two IGBTs and a parallel capacitor 

is included in each SM. A bypass switch is 

included to remove the module from the circuit if 

an IGBT fails, as well as a thyristor to protect the 

lower diode from over current in the event of a DC 

side malfunction. The bypass switch and thyristor 

are still largely ignored in most research. 

 

 

Figure 1: MT MMC-HVDC system model 

 

Figure 2: Three-phase HB-MMC 

When the upper IGBT is switched on and the lower 

IGBT is switched off, the SM terminal voltage, 

VSM, is functionally equal to the SM capacitor 

voltage, Vcap. Depending on the current direction 

of the arm, the capacitor will charge or discharge. 

The SM capacitor is bypassed when the top IGBT is 

turned off and the lower IGBT is turned on, thus 

VSM is practically 0 volts. Each motor arm 

therefore functions as a programmable voltage 

source, with the lowest voltage change equal to the 

SM capacitor voltage. For phase A, the motor affair 

voltages, V (a, b, c), are successfully controlled by 

adjusting their respective upper and lower arm 

voltages, Vu (a, b, c) and Vl (a, b, c), as specified 

by equation (1). (8). 
 

Va=Vla-Vua  -Larm dIa-Rarm Ia 

2         2      dt    2 

The converter arm currents correspond to three 

main factors as given by equation (2) for phase A. 

The circulating current, Icirc, is due to the unstable 

DC voltages generated by the three motor legs. The 
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circulating current is a negative sequence (a-c-b) 

current at double the abecedarian frequency, which 

distorts the arm currents and increases motor losses.  

I      
Idc   

Ia  I          I  
Idc  

Ia  I 

3    2                    3     2 

There are numerous different ways for modeling a 

MMC (2-4).  

3. HVDC 

High Voltage Direct Current, or simply HVDC, is 

an abbreviation for High Voltage Direct Current. 

It's sometimes referred to as an electrical or power 

superhighway. HVDC is an effective way to 

transmit the vast quantum of electrical power using 

DC (Direct Current) over long distances by 

overhead transmission lines, underground lines, or 

submarine lines.  

 HVDC system is also used to connect separate 

power system networks having different 

characteristics and frequentness where AC 

transmission isn't applicable. Power is transmitted 

across long distances using direct current in the 

High Voltage Direct Current (HVDC) transmission 

technology. The HVDC transmission system 

provides effective and profitable transmission of 

power indeed to veritably long distances that meet 

the conditions of growing cargo demands. Due to 

its simple constructional point and lower 

complexity, exploration and development authority 

discovered its operation in ultramodern power 

transmission.  

 By comparing ac and dc transmission, it's clear that 

for transmission of power over long distances ac 

isn't important suitable, and for generation and 

application of power, dc isn't favorable compared to 

ac. As a response, a terminal outfit is required for 

HVDC transmission at the transferring end to 

convert ac to dc, and a terminal outfit is required at 

the entering end to flip the dc force obtained into ac. 

 Principle of HVDC Transmission System: 

The HVDC transmission system substantially 

consists of motor stations where transformations 

from ac to dc ( therapy station) are performed at 

transferring end and at the entering end the dc 

power is reversed into ac power using an inverter 

station. Hence, the converter stations are the major 

element of the HVDC transmission system.  

 Also, by changing the part of the therapy to 

inverter and inverter to rectifier the power transfer 

can be reversed which can be achieved by suitable 

converter control.  

 

II.Parameter Analysis of MMC-HVDC System 

A. External Parameters of MMC-HVDC System 

For achieving a stable operation and management of 

the MMC-HVDC system in Fig. 2, the MMC 

parameters to be considered are stated in Table 1. 

As a pre-established variable in the MMC-HVDC 

planning process, active power (Ps) is naturally 

dictated by line impedance as well as angle 

discrepancies between grid-side and MMC-side 

voltage. Reactive power (Qs ) is also highly related 

to the modulation signal, which factors are 

influenced by internal and external conditions; thus, 

we will provide the guideline of parameter 

determination in this research. The value of reactive 

power (Qs) should be calculated as a result of 

voltage variation, and this type of reactive power 

should be evaluated by a power system analysis. In 

other words, active power is dictated by 

transmission power capacity, and reactive power 

design specifications may be derived using power 

system modelling. Although the transformer's main 

voltage is a preset parameter based on grid-side 

rating, the secondary voltage should be 

appropriately established and extensively examined, 

as it defines the PQ capacity features directly 

related to DC voltage and current. The secondary 

voltage also affects the modulation index, the 

number of SMs, SM capacitance, arm current, and 

arm inductance, and those factors should be 

considered for reliability, system loss, and stability 

requirements. 
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TABLE 1  The Key Parameters of MMC-HVDC 

Transmission System 

 

B. Internal Parameters of MMC-HVDC System 

 

1) DC Voltage and Current 

 

In Table 1, MMC main parameters and operation 

are shown. DC voltage and current are economic 

variables in relation to active power assuming that 

DC power is equal to AC power and additional 

power losses due to passive elements and power 

conversion. The DC voltage is inversely 

proportional to DC current for constant DC power, 

and it relates to switching device rating. As a result, 

both criteria might be taken into account in terms of 

economic needs. Because MMC terminal voltage 

(Vt) is governed by (mVdc)/2, which impacts PQ 

capability, DC voltage has a strong relationship 

with modulation index. The DC current should be 

examined in conjunction with the DC cable rating, 

which is connected to the cost of an essential 

component of an HVDC system where cost 

considerations must be made. 

 

 

 

 

2) The Total Number of SMs and the Number of 

Redundant SMs 

 

The number of SMs refers to a switching device's 

capacity to block specific SM voltages (Vsm) with 

a given DC voltage. It is a cost-effective 

consideration variable that may be set within a 

range to fulfill the DC link voltage and switching 

device rating. The number of redundant SMs 

depends on the redundancy methods [5]. For a 

passive mode (cold reserve state) for the 

redundancy, the number of redundant SMs is a 

variable independent of the MMC-HVDC system 

operation in which economics and reliability are to 

be considered together. After the system variables 

have been discovered, it may be determined through 

optimization to improve the MMC-HVDC system 

dependability. Otherwise, depending on power 

losses, an active mode (hot spinning reserve state) 

has an influence on capacitor voltage ripple and 

switching frequency [5]. In the case of the active 

mode, the number of redundant SMs should be 

considered with reliability and economical 

requirement as well as system loss evaluation. 

 

3) Arm Inductance 

 

Three elements should be considered while 

designing an arm inductor. These include lowering 

the second harmonic circulating current inside the 

MMC, lowering the fault current increase rate, and 

taking into account reactive power usage while 

preventing resonance in the MMC circuit. The arm 

inductor should be designed for MMC-HVDC 

system stability and reactive power loss since it is 

connected to the CCSC strategy. The arm inductor 

only has to address reactive power loss and stability 

for CCSC, and when CCSC is deactivated, the main 

goal is to reduce the second harmonic circulating 

current, which has been examined in much prior 

research. 

 

4) SM Capacitance, Voltage Ripple, Switching 

Frequency 

 

The ability of MMC to function in a stable location 

is dependent on its energy storage capacity. The SM 

capacitance, which is connected to voltage ripple 

and influences the SM capacitor's lifespan, is an 

essential quantity. As a result, it should be regulated 

such that it is generated within the voltage ripple 

factor limit (kmax ). The switching frequency (fsw), 

which affects the power conversion loss and power 
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quality, is connected to voltage ripple control. As a 

result, energy storage capacity should be developed 

with reliability and cost in mind, while ensuring 

that MMC operating parameters are met [58]. 

 

5) PQ Capability 

 

The modulation index of conventional VSC is 

related to the operating point for desired active and 

reactive powers. Furthermore, MMC has additional 

factors affecting the modulation index, which are 

the compensation signal generated due to the 

control to reduce the second harmonic circulating 

current and additional reactive power consumption 

by the arm inductor. In this paper, the physical 

factors discussed in the previous research are not 

considered because their influences could be 

negligible [6], [7]. 

 

6) Arm Current 

 

Arm current is related to the rating of the switching 

device and includes AC and DC currents. When the 

above-mentioned main parameters are determined, 

it can be selected by the modulation index (k ) of 

AC current over DC current. In this study, even 

though the second harmonic circulating current 

increases the peak value of the arm current, it is 

assumed that it becomes zero by CCSC strategy. 

 

Conclusion- This paper has described the 

modelling process for a MT MMC-HVDC system, 

including the structure of the system, determining 

the value of crucial parameters, the different 

modelling ways available and the multitudinous 

control functions which are needed. Its crucial 

donation is that the main aspects of MMC-HVDC 

modelling have been brought together and 

described in a compact and intertwined manner. 

The main ideal of this paper was to dissect the 

current technologies used for transmitting power, 

fastening on HVdc systems. The enabling objects 

were to make a simulation model of an HVdc 

system between to power grids, to apply a 

sensorless regulator for grid synchronization of an 

MMC- grounded HVdc terminal, and to dissect the 

impact of a high-voltage, presto- switching IGBT’s 

on an MMC- grounded terminal. A theoretical 

background was given of HVdc technologies, 

fastening on MMCs. From this background it was 

concluded that the MMC has several advantages 

over other HVdc-VSC topologies so it's a feasible 

volition for HVdc-VSC links, especially when 

trying to connect to weak ac grids. 
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