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 

Abstract: For transmitting the power and reducing harmonic 

distortion at long distance HVDC system in industrial 

application the Modular Multilevel Converter (MMC) is utilized.  

While contrasted and AC system, HVDC system utilized this 

technique as a result of its cost effective function, effectiveness 

of high transmission rate. MMC is for the most part utilized for 

reducing the filter size. In industrial application, it is extensively 

used for voltage balance, control of circuiting current at each 

arm and reduces the voltage ripple. In this paper MMC based 

various switching modules are used to mitigate the Total 

Harmonics Distortion (THD) that presents in the HVDC line. 

MMC has used in HVDC and LVDC applications.  MMC is 

analyses and concludes the advantages and enhancement of 

converter modulation for reduce the voltage ripple.  

 

Keywords: HVDC, Modular Multilevel Converter, Switching 

Modules, Total Harmonic Distortion.  

I. INTRODUCTION 

HVDC transmission system is progressed to AC as a 

result of lengthy distance bulk transmission system, short 

circuit level and long distance underground cable system. 

The converters are used for transmitting from the high 

voltage AC is buck and transmit the voltage to long distance 

and conveyed at  receiving end [1-2]. The use of converter is 

MMC for lessening the noise, regulate the DC voltage and 

reducing the circulating current. The operation and 

performance of the MMC is same as cascaded H-bridge 

inverter. Though, MMC requires less input sources than 

cascaded H-bridge inverter. The MMC has lots of advantages 

over than Voltage Source Converter (VSC) [3-4]. At the time 

of fast recovery and fault from short circuit it leads to current 

limiting ability and there is no need of filter to achieve high 

gain in the system. The attained output voltage gain is less 

because of high system switching frequency (Fs) and overall 

switching frequency. It has the benefits of absence of filters, 
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protection from short circuit, reduces noise in the system, and 

fault compensation [5-6]. The multi-terminal DC presents 

the vision of lattice interconnection between regional Power 

Systems (PS) and Renewable Energy Generation (REG) 

which increases the reliability of both AC and DC system 

improves the adaptability, power dispatch and productive use 

of links of cables and converter in HVDC system [7]. The 

highlights of MMC is modularity and  adaptability to meet 

the voltage level necessity, deduce the voltage rating and 

lessen the burden over the switches and capacitors, upgrade 

the nature of intensity and deficiency blocking ability to 

improve the fault interference [8].  

The subfamily of multilevel converter is multi modular 

converter has widely used in high voltage application, 

medium voltage drives and static synchronous compensator. 

For high power applications, the conventional inverters are 

planned with series connected switching devices. Connecting 

the switches in series will lead the enhancement the stress 

across the switches. Higher voltage levels are found out using 

more number of switching devices [9-11]. If the number of 

switching devices increases, generation of gate signals for 

the switching devices will be difficult. Thus, the MMC is a 

promising converter topology in the near future.  

II.  PROPOSED METHOD 

The MMC consists of many modules that are connected by 

inductor and it controls the circulating phase current. The 

MMC widely has used in HVDC transmission system, 

FACTS and high power motor applications. The advantages 

of the MMC are, controlling the current which circulates 

around the circuit and balancing voltage across the capacitor. 

The capacitor energy doesn’t increases during the time of 

current flows through the arm in -ve direction. More than one 

SM is connected to inductor which forms an arm. The two 

arm are connected it is defined as one phase of the inverter. 

The SM is further subdivided into half bridge SM circuit, and 

full bridge SM circuit. Figure 1 shows the MMC circuit 

diagram in HVDC system.  
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Fig. 1. MMC Circuit Diagram 

The half bridge circuit of switching modules is shown in 

fig. 1. In half bridge have only two switches to control the 

voltage ripple. Vout = 0 or Vcapacitor, depends on the 

switching configuration. The capacitor energy increases 

during the time of current flows through it in +ve direction. 

This is the nature of the capacitor. When the switch S1 is ON 

then the module is an active position and Vout= Vcapacitor 

and capacitor states may depends on current flows in the 

module.  

The switch S2 is ON the state of the switching modules is 

inactive and the Vout =0 and the voltage across the capacitor 

is stable and the state is neither charge nor discharge. Both 

S1 and S2 of the half bridge module is OFF current will flow 

through freewheeling diode. The switching modules count in 

every phase determines the levels of the voltage. The full 

bridge converter four switches and switching losses is 

increased compared to twice the half bridge switching 

modules but is deals with the dc fault. The voltage of the 

switching modules is depends on the states of the insulated 

gate bipolar transistor. 
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Fig. 2. Half Bridge Switching Module of MMC Circuit 

Diagram 

In MMC the current flows in the arm through the capacitor 

of the switching modules. The switching frequency of the 

power devices is less for decreasing the number of transition. 

The mathematical modeling of MMC in higher and lower 

arm and current in lower arm of the phase converters. The 

current in the higher and lower phase arm is sinusoidal and 

which is 1/3rd of iDC current. The current in the DC link 

during stable condition is divided equally to three phase 

inverter leg.  
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The carrier disposition pulse width modulation has n 

similar triangular and it is symmetrical with zero. The 

compare of phase carrier voltage with reference and produce 

the pulse generation and fed into the MMC. The carrier wave 

is classified into PD, POD and APOD, The asymmetrical 

distribution of voltage ripples in capacitor that enhances the 

harmonics of ac voltage and high circulating current. The 

multi modular converter (MMC) based on active power filter 

uses the alternate phase opposition disposition pulse width 

modulation for harmonics reduction.  Due to capacitor 

voltage fluctuation in modules reason for the even order 

harmonics in system of multi modular converter.  

 Figure 5 shows the carrier waveform of APOD. This 

converter presents an advanced repetitive controller for 

mitigating the circulating current of MMC. This repetitive 

control method is simple and substantially to eliminates the 

harmonic components with improved transient performance, 

while the voltages of SM capacitors are kept well balanced.  

Alternate phase opposition disposition method is utilized in 

this paper for reducing the transmission line losses with the 

help of MMC.  Pulse generated by the APOD is comparing 

with two carrier signal. Each carrier signal has the difference 

of 1800 phase.  Two carrier waves have same frequency and 

same amplitude but phase difference is different. The APOD 

improve the performance of modular converter based 

transmission system.  

 
 

Fig. 3. APOD waveformCircuit Diagram 

III. SIMULINK ANALYSIS 

The proposed half bridge 

switching module of MMC 

with APOD control method is 
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implemented and the results are verified in 

MATLAB/Simulink. The fig.4. shows the overall simulink 

diagram of the proposed system. Fig.5. shows the 7level 

output voltage and current  of the MMC. Output voltage is 

about 380V, output current is about 10amps. THD value of 

the half bridge MMC is shown in fig.6. and its value is about 

3.98%. 

 

Fig. 4. Simulink model of the proposed system 

 

Fig. 5. Output voltage and current of half bridge MMC 

 

Fig. 6. %THD 

IV. CONCLUSION 

This paper deals with the half bridge switching module of 

MMC with APOD control method. The modularity 

observation from the switching modules of MMC to the 

system level has been examined on various presented 

categories. The modularity concept, half bridge switching 

module topologies have been analyzed and thorough 

comparison of switching module topologies for high-control 

applications has been displayed for each modular converter 

class.  APOD is generates the pulses to improve the output 

levels of the MMC. From the result, attained 7level output 

voltage and THD is about 3.98% are verified using 

MATLAB/Simulink.   
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