
© 2024 JETIR March 2024, Volume 11, Issue 3                                                               www.jetir.org (ISSN-2349-5162) 

JETIR2403134 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org b285 
 

VOLTAGE CONTROLLED BASED MULTI 

MODULAR CONVERTER FOR HVDC 

TRANSMISSION 
 

1Mrs. V. Deepthi, 2Dr. Meka Sandeep 
1,2Assistant Professor, 1,2Dept. of EEE 

1,2Sree Dattha Institute of Engineering & Science 
 

Abstract—Modular multilevel converter(MMC)has become one of the most promising converter topologies for future high-power 

applications. A challenging issue of theMMCis the voltage balancing among arm capacitors. A good overall control system is also 

vital for the MMC, which should be based on sound mathematical model, readily adaptable for different applications, and capable of 

high performance. This paper presents a general control structure for MMC inverters, which is suitable for both voltage-based and 

energy-based control methods, and includes voltage balancing between the upper and lower arms. A new method for voltage 

balancing among arm capacitors, which is based on an improved pulse-width modulation, is also presented. The proposed method 

avoids some major disadvantages found in present voltage balancing methods, such as dependence on computation-intensive voltage 

sorting algorithms, extra switching actions, interference with output voltage, etc. Furthermore, all switching actions are evenly 

distributed among power devices. The proposed control system as a whole can serve as a promising solution for practical applications, 

especially when the number of submodules is fairly high. Simulation and experimental results verify the effectiveness of the proposed 

methods. 

Index Terms—Control structure, modulation, modular multilevel converter (MMC), voltage balancing control. 

INTRODUCTION 

As of late, staggered converters have pulled in developing considerations and wound up in expanding business sector of high 

power and high/medium voltage applications [1], [2], for example, high-voltage dc transmission (HVDC), adaptable air conditioning 

transmission frameworks (FACTS), mechanical engine drives, utility-scale sustainable power source frameworks, etc. Among 

different staggered converters, the diode-clipped or unbiased point cinched (NPC), flying capacitor (FC), and fell H-connect (CHB) 

are the most examined topologies [3]–[7]. Notwithstanding, for the applications requiring more than four or five levels, the NPC and 

FC topologies become less alluring due to essentially expanded numberof clipping diodes or FCs, higher power misfortunes, and 

trouble to adjust the capacitor voltages [3]–[6]. The CHB topology at that point appears to be increasingly reasonable because of its 

particular structure. Be that as it may, it requires countless segregated dc sources, which are frequently given by a massive, 

multiwinding transformer together with a progression of rectifiers [7].  

To dispose of the requirement for independent dc sources, a particular staggered converter (MMC or M2C) topology made 

out of halfbridge or chopper submodules (SM) was proposed [8]. It has turned out to be increasingly more alluring because of the 

measured structure, regular dc-transport, dispersed dc capacitors, simple framework association, straightforward acknowledgment of 

repetition, and so forth [8]–[11].  

As up until this point, voltage adjusting of the gliding SM capacitors stays one of the significant difficulties of the MMC, and 

has called upon numerous examines over the most recent couple of years [13]–[23. The present voltage adjusting strategies can be 

generally sorted into two gatherings: appropriated techniques and concentrated strategies. The conveyed techniques keep the voltage 

of every capacitor near its reference an incentive through shut circle control, and more often than not with transporter stage moved 

heartbeat width balance (CPSPWM) [13]–[15]. The adjusting control is conveyed with an alteration of the tweaking signal for the 

PWM procedure. It can accomplish great voltage adjusting when the exchanging recurrence of every SM is sufficiently high. In any 

case, changing the tweaking sign of the SMs may influence the power quality at air conditioning side [20]. Moreover, the equipment 

and programming cost of required SM-level controllers and PWM comparators ends up tremendous when the quantity of SMs gets 

high [16]. Concentrated strategies accomplish voltage adjusting at the PWM arrange. They select certain SMs for certain exchanging 

states relying upon capacitor voltages and arm current polarities [8], [16]–[20], along these lines are likewise called module 

determination strategies.  

These strategies are generally (yet not really) utilized with stage aura PWM (PDPWM). A commonplace adjusting procedure 

is as per the following. During each PWM period, the SM capacitor voltages inside one arm are estimated and arranged, and the 

quantity of SMs to be turned on is resolved. On the off chance that the arm current is certain (comparing to charging of the capacitors) 

or zero, the SMs with the most reduced capacitor voltages will be turned ON, the SM with next-least capacitor voltage will be PWM 

exchanged, and the rest will be turned OFF. The contrary thing occurs if the arm current is negative. This procedure yields great 

voltage adjusting, however the voltage arranging calculation must be executed at the proportional exchanging recurrence of one arm, 
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representing a substantial computational weight when the quantity of SMs is high. Another issue of this methodology is the additional 

exchanging activities, which are produced in the previously mentioned procedure exclusively for voltage adjusting and superfluous 

for the blend of yield voltage [19].  

An improved incorporated technique is proposed in [19], where if additional SMs should be turned ON, just the SMs that are 

at present OFF can be select (and the other way around). It decreases the normal gadget exchanging recurrence by keeping away from 

additional exchanging activities. Be that as it may, the voltage adjusting exactness is undermined. Plus, the high-recurrence voltage 

arranging is as yet required. In such manner, Mei et al. in [20] proposed another strategy which just turns upward and changes the 

capacitors with the most elevated and least voltages. In any case, the issue of additional exchanging activities still exists, though 

reduced somewhat.  Ilves et al. proposed a brought together technique [21] with particular symphonious disposal PWMand open-

circle control. Voltage adjusting can be accomplished after an enormous number of principal periods. Notwithstanding, it brings low-

recurrence swells into the capacitor voltages, and the wave recurrence is conversely relative to the quantity of SMs in a single arm. 

Thus, bigger capacitors are required to stifle the wave voltage. Moreover, the open-circle control can't ensure the voltage adjusting 

under every single working condition [22]. Deng et al. [23] proposed another concentrated technique with CPSPWM. It doesn't have 

to gauge the arm flows, accordingly the expense is decreased. Be that as it may, high-recurrence voltage arranging still remains. 

Besides, this technique is vigorously reliant on high exchanging frequencies, which may not be conceivable when the quantity of SMs 

is enormous.  

This paper proposes another fused capacitor voltage counterbalancing procedure close by an improved equalization method. 

This procedure with everything taken into account has the going with features: 1) In each arm of the MMC, only a solitary voltage 

reference and one carrier are required, which colossally diminishes gear need differentiated and CPSPWM and normal PDPWM; 2) 

the SMs in a solitary arm switch ON and OFF of course, yielding an even scattering of trading repeat among the power contraptions, 

and, in this way, an extraordinary inherent voltage changing capacity; 3) careful voltage modifying is cultivated in a shut circle way; 

4) pointless trading exercises and high-repeat voltage organizing issue are both avoided. Showing and control of the general MMC 

system are similarly analyzed in this paper. Some common control procedures have recently been proposed in the abstract works, for 

instance, ordinary control [13], arm-modifying control [14], and revolving around current control [19]. The imperativeness based 

exhibiting and a control structure melding hard and fast essentialness control and essentialness altering control were proposed in [24], 

[25]. Current control with two turning traces (one at cross section repeat and the other at twice arrange repeat) is used for HVDC 

applications in [26]. This paper shows a general control structure in which both voltage-based and imperativeness based control 

strategies are material. The control structure furthermore has extraordinary expandability, which means control of cooling and dc 

voltage/current for four-quadrant action can be quickly introduced. In perspective on hard and fast essentialness control and 

imperativeness changing control proposed in [24]–[26], this paper investigates the logical model in increasingly unmistakable detail 

and proposes a continuously sensible course of action. It achieves essentialness/voltage changing between 

 
Fig. 1. Topology of modular multilevel converter. 

the upper and lower arms with a differential vitality controller and a flowing current controller.  

The remainder of the paper is composed as pursues. Segment II exhibits the numerical model and control structure of the in 

general MMC framework. Segment III exhibits the improved balance procedure. The new capacitor voltage adjusting control 

dependent on this balance is clarified in Section IV. Reenactment and trial results are exhibited in Section V and VI, individually. 

Area VII finishes up the paper. 

MULTILEVEL INVERTERS 

Staggered control change innovation is a quickly developing zone of intensity hardware with great potential for further 

improvement. The most appealing utilization of this innovation is in the medium-to-high-voltage range, and incorporates engine 

drives, control dispersion, and power molding applications. When all is said in done staggered inverter can be seen as voltage 

synthesizers, in which the high yield voltage is blended from numerous discrete littler voltage levels. The principle focal points of this 

methodology are abridged as pursues.  

They can create yield voltages with very low mutilation and lower ( d v/d t ). They draw input current with exceptionally low 

twisting.  They can work with a lower exchanging recurrence. Their productivity is high (>98%) on account of the base exchanging 

recurrence. They are appropriate for medium to high power applications. Staggered waveform normally confines the issue of huge 

voltage homeless people.  

As recently referenced, three diverse major staggered converter structures have been applied in mechanical applications: fell 

H-spans converter with independent dc sources, diode cinched, and flying capacitors. Prior to proceeding with exchange in this point, 

it ought to be noticed that the term staggered converter is used to allude to a power electronic circuit that could work in an inverter or 

rectifier mode. The staggered inverter structures are the focal point of in this part; in any case, the represented structures can be 

executed for amending activity also. 
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MULTILEVEL INVERTER TOPOLOGIES: 

       The selection of the best multilevel topology for each application is often not clear and is subject to various engineering tradeoffs. 

By narrowing this study to the DC/ac multilevel power conversion technologies that do not require power generation. 

The different developed multilevel topologies are listed below. 

1. Diode-clamped multilevel inverter 

2. Capacitor-clamped multilevel inverter 

3. Cascade multilevel inverter 

Diode Clamped Multilevel Inverter: 

The impartial point converter proposed in 1981 was basically a three-level diode-clipped inverter. In the 1990's few 

specialists distributed articles that have revealed test results for four-, five-, and six-level diode-clipped converters for such uses as 

static var pay, variable speed engine drives, and high-voltage framework interconnections. The voltage over every capacitor is Vdc, 

and the voltage worry over each exchanging gadget is constrained to Vdc through the bracing diodes.  

One of the staggered structures that has increased a lot of consideration and generally utilized is the Neutral-Point-Clamped 

staggered inverter or otherwise called Diode Clamped staggered inverter. This structure was first proposed in 1980. Fundamentally, 

NPC staggered inverters blend the little advance of staircase yield voltage from a few degrees of DC capacitor voltages. A m-level 

NPC inverter comprises of (m-1) capacitors on the DC transport, 2(m-1) exchanging gadgets per stage and 2(m-2) bracing diodes per 

stage. Figure demonstrates the structure of 3-level NPC. The DC transport voltage is part into 3 levels by utilizing 2 DC capacitors, 

C1 and C2. Every capacitor has Vdc/2 volts and every voltage stress will be constrained to one capacitor level through clasping 

diodes. The yield voltage, VAN has three states. The quantity of levels can be stretched out to a more significant level by extra 

exchanging gadgets and with these increments, the inverter will have the option to accomplish higher AC voltage, delivering more 

voltage steps that will approach sinusoidal with least sounds bending. During inverter tasks, the switches close to the middle tap are 

turned on for a more extended period contrasted with the switches further away from the inside tap as given in the exchanging states. 

As the switch is further away from the inside tap the exchanging time is shorter.  

Another distinction between the traditional 2-level and staggered NPC is the clipping diode. In the event of 3-level NPC 

inverter, cinching diode, D1 and D4 clipped the DC transport voltage into three voltage level, +Vdc/2, 0 and - Vdc/2. Diode, D4 

adjust the voltage sharing somewhere in the range of S4in and S4out, with S4in hindering the voltage crosswise over C1 and S4 out 

obstructing the voltage crosswise over C2.  

It is outstanding that for an old style inverter voltages are produced with sounds of the request (6k 1)f, and the information 

current at relentless state contains recurrence segments equivalent to 6k f with f: yield central recurrence and k=1,2,3… … .   

One of the arrangements applied to stay away from this issue is the utilization of staggered inverter topology. Fig 

demonstrates the structure of a three level inverter utilized as a compensator every leg of the inverter is comprised of four sets of 

diode – GTO'S.  

Each pair speaks to a bi-directional switch. The two assistant diodes are important to permit having zero voltage at the yield 

of the inverter. The trial framework, subsequently got, is associated with a R-L load. In the dc side two capacitors are embedded 

which carry on as a voltage divider provided from a dc source. 

 

 
Diode clamped three level inverter 

  The first practical multilevel topology is the neutral point clamped PWM technology first introduced   in 1980. For m-level inverter, 

dc bus voltage is splits into ‘m’ levels by (m-1) series connected bulk capacitors. Here, diodes clamp the switch voltage to half the 

level of the dc bus voltage, which is an added advantage of this type. However, practical experience with this topology revealed 

several technical difficulties that complicate its application for high power converters. These are as follows 

1. This topology requires high speed clamping diodes that must be able to carry full load current and are subjected to severe 

reverse recovery stress. Although measures to alleviate this problem can be applied, this remains a serious consideration. 

2. For topology with more than three levels the clamping diodes are subject to increased voltage stress. Therefore series 

connection of diodes might be required. This complicates the design and raises reliability and cost concerns: 

3. The issue of maintaining the charge balance of the capacitors is still an open issue for NPC topologies with more than three 

levels. Although the circuits. three NPC topology works well with high power factor loads, NPC topologies  with more than 

three levels are mostly used for static var compensation. 

one application of the multilevel diode-clamped inverter is an interface between a high-voltage dc transmission line and an ac 

transmission line. Another application would be as a variable speed drive for high-power medium-voltage (2.4 kV to 13.8 kV) motors 

as proposed in. Static var compensation is an additional function for which several authors have proposed for the diode-clamped 

converter. 

The main advantages and disadvantages of multilevel diode-clamped converters are as follows:  

The advantages of multilevel inverter are: 
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 ll of the phases share a common dc bus, which minimizes the capacitance    requirements of the converter. For this reason, a 

back-to-back topology is not only possible but also practical for uses such as a high-voltage back-to-back inter-connection or 

an adjustable speed drive.  

 The capacitors can be pre-charged as a group.  

 Efficiency is high for fundamental frequency switching.   

 For a high m-level, the distortion level of the harmonics content is so low that the use of filter is unnecessary. 

 Constraints imposed on the switches are low because the switching frequency may be lower than 500Hz. 

 Reactive power flow can be controlled. 

 Efficiency is high because all devices are switched at fundamental frequency. 

While the disadvantages are :- 

 Real power flow is difficult for a single inverter because the intermediate dc levels will tend to overcharge or discharge 

without precise monitoring and control.  

 The number of clamping diodes required is quadratically related to the number of levels, which can be cumbersome for units 

with a high number of levels  

 The number of clamping diodes becomes excessively high with the increase in level. 

 It is becoming more difficult to control the power flow of the converter. 

Multilevel inverters offer several advantages compared to the conventional 3-phase bridge inverter in terms of lower dv/dt 

stresses, lower electromagnetic compatibility, smaller rating and better output features. 

The concept of multilevel inverter involves in utilizing an array of series switching devices to perform the power conversion in a 

small increase of voltage steps by synthesizing the staircase voltage from several levels of DC capacitor voltages. 

PWM CONTROL FOR HARMONICS ELIMINATION 

PULSE WIDTH MODULATION (PWM): 

Heartbeat Width Modulation, shortened as PWM, is a strategy for transmitting data on a progression of heartbeats. The 

information that is being transmitted is encoded on the width of these heartbeats to control the measure of intensity being sent to a 

heap. As it were, beat width balance is a regulation method for creating variable width heartbeats to speak to the sufficiency of an info 

simple sign or wave. The mainstream utilizations of heartbeat width adjustment are in power conveyance, voltage guideline and 

intensification and sound impacts.  

Heartbeat width balance is utilized to lessen the complete power conveyed to a heap without bringing about misfortune, 

which regularly happens when an influence source is restricted by a resistive component. The fundamental standard in the entire 

procedure is that the normal power conveyed is straightforwardly corresponding to the balance obligation cycle. In the event that the 

regulation rate is high, it is conceivable to smooth out the beat train utilizing inactive electronic channels and recoup a normal simple 

wave structure.  

High recurrence beat width regulation power control frameworks can be acknowledged utilizing semiconductor switches. 

Here, the discrete ON or OFF condition of the regulation itself can be utilized to control the switches, in this manner controlling the 

voltage or current over the heap. The significant bit of leeway with these sorts of switches is that the voltage drop crosswise over it 

during directing and non-leading states, is in a perfect world zero. PWM's field of utilization incorporates Class D sound speakers, DC 

engine speed control, and light dimmers regular in homes.  

Heartbeat width tweak is broadly utilized in voltage controllers. It works by changing the voltage to the heap with the fitting 

obligation cycle; the yield will keep up a voltage at the ideal level. In PWM control, the converter switches are turned on and off a 

few times during a half cycle and the yield voltage is constrained by changing the beat widths. In this area, the dialog is for the most 

part centered around the utilization of PWM strategies for consonant end in voltage-source inverters.  

The exchanging points are either fixed by the convergence of a reference wave and a regulating signal, PWM case, or full 

wave control. A third elective control technique is conceivable when we utilize a framework constrained by microchip for the 

exchanging of the gadgets; this through the pre determined arrangements and put away in a memory. 

The assurance of the control edges may then be done dependent on complex criteria, since the edges have just been 

determined. The exhibitions of the framework rely upon the decision of the criteria utilized for ascertaining the points; it is fascinating 

to take note of that any strategy utilized will comprise consistently on killing the impact got by the nearness of sounds on the yield 

voltage of the inverter.  Fig demonstrates the control sign of the four switches of one leg of the three level inverter and the stage 

voltage to the unbiased point M. The beats in fig control the switches s11 and s21.The reciprocal heartbeats to s11 and S21 

individually. In fig the beats will control the switches s13 and s14. The voltage between a stage and nonpartisan point M is outlined 

by fig. 

 
We notice from this fig that the voltage Vam is symmetrical with respect to M. Fourier coefficients for such a signal Vam are given 

by  
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with X=3R-1 for R even and X=3R-2 for R odd. 

Heartbeat width regulation has been the subject of concentrated research in the course of recent decades. Various kinds of 

feed forward and feed in reverse heartbeat width balance plans having significance for modern application have been generally talked 

about. The utilization of intensity electronic supplies in mechanical and purchaser applications has been expanded as of late. Such 

loads draw nonlinear sinusoidal current and voltage from the source bringing about the sounds in the systems. They happen as often 

as possible in factor recurrence drives or any electronic gadgets utilizing strong state changing to change over AC or DC.  

The unfortunate lower request sounds of a square wave can be wiped out and principal voltage, known as Specific Harmonic 

Elimination (SHE), can be in this way controlled. In SHE technique, indents are made on the square wave at foreordained points in 

order to dispense with the critical symphonious parts and control the major voltage. Customized PWM that wipes out lower-request 

music produces great yield spectra, which thus brings about the insignificant event of current waves, along these lines fulfilling a few 

exhibition criteria and adding to in general improved execution. Execution attributes of a rectifier/inverter control change plot to a 

great extent rely upon the decision of the specific Pulse Width Modulation technique utilized.  

 
Fig The principle of pulse-width modulation (PWM). 

comparator circuit. In this basic structure, this strategy controls line-to-line voltage from zero to full voltage by expanding the extent 

of the sawtooth, with little respect to the sounds produced. Progressively proficient PWM strategies have been created to control the 

essential and consonant voltages simultaneously.12–16 Using reasonable turning times with five on/off activities per cycle, one can 

dispose of both fifth and seventh music together. See Reference 11 for more subtleties. For the most part, at any key exchanging 

recurrence, each cleave per half-cycle of the inverter stage voltage waveform can dispense with one symphonious of the waveform or 

diminish a gathering of consonant amplitudes.13 Assuming that there are m hacks per half-cycle, one slash can be used to control the 

crucial voltage and the other (m - 1) to lessen the other indicated low-request music or to limit control misfortunes brought about by a 

predetermined scope of music inside the engines. Notwithstanding, it must be noticed that, as the complete rms symphonious voltage 

can't change, the bit of the rms voltage that was given by the end of music will be spread over the staying consonant extents.  

Consequently, the engine fashioner must consider this reality. Likewise, the coordinating channel normal for the engine will 

diminish a portion of these higher-request current sounds. On account of the quantity of switchings, the usable essential rating and the 

converter productivity are decreased as GTOs require critical vitality (coming about in expanded thyristor misfortunes and warming 

impacts) for each exchanging activity. Conversely, gadgets, for example, IGBTs (Integrated state Bipolar Transistors) and IGCTs 

(Integrated State Commutated Thyrestors) require a lot of lower exchanging vitality and are more qualified to the utilization of PWM 

techniques.10 However, with the utilization of chain circuits that require diminished exchanging recurrence, that is, once per two 

cycles of recurrence, high-control inverters can be built utilizing GTOs.  

MODELING AND CONTROL STRUCTURE 

Converter Topology 

Fig. 1 shows the topology of a typical three-phase MMC. Each phase leg of the MMC consists of two arms. Each arm has N 

identical SMs and one smoothing inductor. Each SM has two power semiconductor switches (S1 and S2) representing two IGBTs (or 

other types) with freewheeling diodes and one capacitor (C). Three valid states exist for the SMs, namely ON, OFF, and standby 

states.When S1 is ON and S2 is OFF, the SM is in ON state and the capacitor can be charged or discharged depending on the current 

direction. When the capacitor is bypassed by S2, the SM is in OFF state. The standby state occurs when the SM is uncontrolled (with 

S1 and S2 both OFF) and the capacitor is precharged. During the two controlled states, the terminal voltage of an SM can be either 

zero or the capacitor voltage. In other words, the SM can provide two different voltage levels. 

The SMs in each arm can be regarded as controlled voltage sources, and they are connected in series to form a controlled voltage 

source with higher voltage vP x and vNx (x = u ∼ w). In Fig. 1, Vdc and Idc are dc-link voltage and current. iP x and iNx are currents 
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of the upper and lower arms. vx is ac-output voltage of phase x (with respect to the midpoint of the dc-link). vCP xj and vCNxj (j =1 

toN) are individual capacitor voltages in the upper and lower arms. 

The basic operation principle is to control the upper-arm and lower-arm voltages to be sinusoids with dc offsets up to half dclink 

voltage, but with opposite phases. By this way, the ac side phase voltage can be controlled as a sinusoid with a magnitude up to half 

dc-link voltage. 

1) Voltage /Current Control at AC Side: According to Kirchhoff’s voltage law 

 
According to Kirchhoff’s current law (KCL), ac current ix can be expressed as 

 
Define a control variable v1x as 

 
Substituting (2) and (3) into (1) yields 

 
For grid-connected applications, the ac current (ix ) is usually controlled in a closed-loop. With this structure, all the current control 

methods in conventional two-level inverters can be applied. If the MMC operates as an inverter without current control, the ac voltage 

(vx ) is determined by v1x , since the lowfrequency voltage drops across the inductors are usually very small compared with vx . 

 

2) Voltage/Current Control at DC Side: Define a control variable v2x as 

 
and circulating current iZx flowing through both the upper and low arms as 

 
Substituting (5) and (6) into (1) yields 

 
According to KCL 

 
 

Equations (7) and (8) show that if dc-link voltage is constant, the circulating current iZx is controlled by v2x and the dc component of 

iZx determines the average power at dc side. The circulating current also relates to the power loss and should be properly controlled. 

3) Total Energy Control in Each Phase-Leg: To maintain a constant average capacitor voltage during each fundamental period, 

the voltages or energies stored in the capacitors of each arm should be controlled properly. The internal energies of the arms 

shown below are chosen as dynamic control variables 

 
The total energy (WΣCx) and the differential energy (WΔCx) in each phase-leg are 

 
Ignoring power losses, the power relationships are 

 
 

Since the inductors in each phase-leg are used to filter the switching frequency harmonics, the ac-side voltage and current can be 

assumed to be sinusoidal 
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It is known that iZx contains dc component (IZx) and lowfrequency components (mainly second-order component, i2Zx). Neglecting 

power loss across the equivalent resistor (R), (16) can be simplified into 

 

 
Fig. 2. Total energy control. 

 
As shown in (17), the power flowing from/into the capacitors in each phase-leg consists of dc component (pΣ0 

Cx) and low-frequency ripples (pΣ2 Cx and pΣ4 Cx). Ignoring the ripples, the total energy (WΣ CP x) stored in the  capacitors is 

controlled by the dc component (pΣ0 Cx). As a result, if the MMC works as an inverter, the dc-link voltage and the active power at ac 

side will be constant in steady state, then the output of WΣ Cx control (total energy control or average voltage control) can be a 

compensation added to the current IZx. Similarly, if theMMC works as a rectifier, the amplitude of ac voltage and the power at dc side 

are constant in steady state. In this case, the output of 

WΣ Cx control can be regarded as a compensation added to the active current (Ix cos ∅) at ac side. The block diagram of the total 

energy control is shown in Fig. 2. 

 

4) Differential Energy Control in Each Phase-Leg: Derivation of the differential energy can be represented as 

 
If only the dc component (IZx) of circulating current iZx is considered, then (21) can be simplified into 

 
where pΔ1 Cx is the fundamental component of dW Δ C x dt . As (22) shows, the capacitor voltages in the upper and lower arms 

contain fundamental ripples with opposite phases. As a result, the capacitors should be large enough to absorb these low-frequency 

ripples. 

Besides dc component, there might also be ac components in iZx. According to orthogonality of sine functions, only the 

fundamental frequency component of iZx can produce nonzero average power with vx . This fundamental component of iZx and the 

resultant dc component of dW Δ C x dt are given in (23) and (24), respectively 

 
Once the energies in the upper/lower arms are unbalanced,pΔ0 Cx (which is varied through I1Zx cos ϕx ) can be used to rebalance 

these energies. Hence, I1Zx cos ϕx can be selected as theOnce the energies in the upper/lower arms are unbalanced, pΔ0 Cx (which is 

varied through I1Zx cos ϕx ) can be used to rebalance these energies. Hence, I1Zx cos ϕx can be selected as the output of energy 
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balance or differential energy controller. The detailed control block is shown in Fig. 3. To minimize the amplitude of i1Zx, ϕx is set to 

zero. Phase-locked loop is adopted to get the phase of ac voltage vx . 

5) Overall Control Structure: Based on the aforementioned analyses, an energy-based overall control structure for MMC 

operating as an inverter is presented in Fig. 4. The total energy control, differential energy control, circulating current 

control, and ac current control are all included. To simplify the computational burden, the capacitor voltages within one arm 

are supposed to be balanced, i.e., 

 

 
The arm reference voltages can be derived from (3) and (5) as 

 
In Fig. 4, the total energy controller and differential energy controller can be designed according to (18) and (24). The ac current 

controller and circulating current controller can be designed according to (4) and (7). Since low frequency harmonics exist  in WΣ Cx 

and WΔ Cx, low-pass filters or controllers with low bandwidth should be adopted. To suppress the low-frequency harmonics in 

circulating currents, various circulating current control strategies as proposed in [19], [27], [28], can be easily embedded in this 

control structure. The red dotted-line box in Fig. 4 indicates the closed-loop current control in applications like grid-connected 

converters. 

Large signal models are used in the energy-based control structure in Fig. 4, which guarantees large signal stability. 

However, if direct capacitor voltage control (i.e., voltage-based control) is needed, the structure can be easily modified as shown in 

Fig. 5. Voltage-based control is more intuitive, but small-signal linearized models have to be used and large signal stability is difficult 

to guarantee at the controller design stage. 

IMPROVED MODULATION METHOD 

PDPWM is one of the most important modulation methods for MMC, using one voltage reference and a group of levelshifted 

triangular carrier waves. However, powerful microcontroller chips with multiple modulation modules are required especially when 

the number of SMs is high, e.g., tens to hundreds. As a matter of fact, the reference is compared with only one carrier during each 

carrier period (Tcr ) in PDPWM, as shown in Fig. 6(a). Therefore, theoretically only one voltage reference and one triangle carrier are 

necessary in each arm. This paper proposes an improved PDPWM, which requires much less hardware comparing units, but can 

provide excellent performance with inherent voltage balancing. The details of the improved modulation method are given as follows. 

 

 
Fig. 3. Differential energy control. 

 
Fig. 4. Energy-based control structure of MMC operating as an inverter. 

 

 
Fig. 5. Modification from energy-based control into voltage-based control. 
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Suppose the average value of the capacitor voltages in each arm is Vc , then the voltage reference vr (from v∗ P x or v∗ Nx in Fig. 4) 

can be separated into an integral part and a fractional part, as shown in (27) 

 
where n = 1, 2, . . .,N, and 0 ≤ d ≤ 1. That means, during each carrier period, only the nth SM operates in PWM mode (or switching 

mode), (n − 1) SMs (from 1 to n − 1) at ON state, and (N − n) SMs (from n + 1 to N) at OFF state. Therefore, only one carrier is 

required for the modulation of the PWMmode SM during each carrier period. As shown in Fig. 6(b), the output (vp ) of the PWM-

mode SM is determined by comparing d with a double-edge triangular wave (vcr ), which has a maximal value of unity and a minimal 

value of zero. It is noted that in PDPWM, the carrier frequency (fcr or 1/Tcr ) is equal to the equivalent switching frequency (Nfsw ) 

in one arm. 

The expected output (vpwm) of the modulation in one arm is a multilevel pulse waveform, which can be expressed as follows: 

 

 
Fig. 6. Improved PDPWM with single reference and single carrier: (a) waveforms of reference and carrier; (b) implementation.  

 

 
Fig. 7. Pulse distribution for PDPWM with four SMs in one arm: (a) expected pulse waveform; (b) direct pulse distribution; (c) 

proposed alternate pulse distribution. 

 

Subsequent to producing the pulsewaveform vpwm appeared in Fig. 7(a), the subsequent stage is to circulate the beat to 

every one of the SMs. In normal (or direct) beat conveyance strategy for PDPWM, the nth SM working in PWMmode is legitimately 

relegated while different SMs keep in ON or OFF state during every bearer period, as appeared in Fig. 7(b). In any case, the 

immediate heartbeat dispersion strategy is probably going to cause capacitor voltage unevenness in light of the fact that the forces 

spilling out of/into various SMs are very unique.  

To beat this downside, this paper proposes an other heartbeat dissemination technique. In Fig. 7(c), every one of the SMs 

inside one arm on the other hand act each (N = 4 here) triangular transporter periods. Something very similar occurs for the other arm 

in a similar stage leg, however with inverse states for the SMs due to the antiphase reference voltage. The calculation of this other 

heartbeat conveyance is appeared in Fig. 8. With the other heartbeat conveyance, every capacitor inside one arm goes through 
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Fig. 8. Flowchart of alternate pulse distribution 

 
Fig. 9. Proposed capacitor voltage balancing for MMC: (a) negative arm current; (b) positive arm current. 

 
Fig. 10. Entire modulation and voltage balancing scheme. 

charging/releasing and skimming states once in each N transporter periods. This significantly improves the inalienable voltage 

adjusting ability, and subsequently lessens the weight on the adjusting control which will be talked about later. The calculation in Fig. 

10 can be effectively acknowledged with a FPGA. The multifaceted nature and equipment cost of this calculation are low and don't 

increment with the quantity of SMs.  

The proposed balance technique yields even appropriation of exchanging recurrence among power gadgets, which is like CPSPWM. 

In any case, the equipment cost of the proposed strategy is a lot of lower since it needn't bother with independent PWM comparator 

for every SM. 

VOLTAGE BALANCING CONTROL 

The inherent voltage balancing capability of the improved PDPWM method is fairly good. However, some nonideal factors, 

e.g., differences in the SMs’ losses and circuit parameters, can still disrupt the balance of capacitor voltages. This paper 

 
Fig. 11. Voltage balancing control within one arm. 
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presents a new voltage balancing control method based on the improved PDPWM, which does not need voltage sorting algorithm and 

does not cause extra switching actions. 

Proposed Voltage Balancing Control Scheme 

In the improved PDPWM, the unevenness among capacitor voltages grows gradually, in this manner the adjusting control 

needs not to be executed at the exchanging recurrence (fcr ), and it needs not to modify every one of the SMs. In this paper, the 

adjusting activity is just applied to the SMs with the most noteworthy and least voltage, and the control calculation is executed at a 

low recurrence (fcr/N). To fulfill the charge balance, if arm current is sure, the beat width of the SM with most noteworthy voltage is 

diminished while the beat width of the SM with least voltage is expanded by a similar sum. The contrary thing happens when the arm 

current is negative.  

SIMULATION RESULTS 

To verify the proposed control system, a three-phase MMC inverter with a resistor-inductor load is developed byMATLAB/ 

Simulink software, and the parameters are summarized in Table II. PI controllers are used for total energy control, different ial energy 

control, and circulating current control in the simulations. To start the operation, the voltages of the SM capacitors are firstly charged 

to 1.25 kV (Vdc/2N) via a precharging circuit. Then, it is charged to the rated value (2.5 kV) by total energy control under zero-output 

condition. During this process, the ripples in capacitor voltages are very low, as shown in Fig. 13. 

The low-frequency ripples gradually increase when the ac voltage and current ramp up to the rated values from 0.2 to 0.45 s. 

Figs. 13 and 14 are the simulated waveforms in steady state and during transients. Fig. 14 shows the SM capacitor voltages, 

upper/lower arm currents, and ac current in phase u. It can be seen that all the capacitor voltages average 2.5 kV with roughly 150 V 

peak-to-peak ripple, indicating that the total energy control, differential energy control, and balancing control all work well. Fig. 12 

demonstrates the three-phase output voltages, upper/ lower arm currents, and SM capacitor voltages during sudden load changes (the 

load is switched on at 0.5 s and switched off at 0.65 s).  

To highlight the effectiveness of the balancing control, a 10- kΩ resistor is parallel-connected to the capacitor of SM1 in 

phase u, and the balancing control is activated at t = 1.0 s. As shown in Fig. 16, there is significant imbalance before 1.0 s and the 

imbalance is quickly reduced to a negligible level after 1.0 s. 
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Fig. 12. Output voltages, output currents, 

 
Fig. 13. Capacitor voltages during start-up. 

 
Fig. 14. Capacitor voltages, upper/lower arm currents, and ac current in steady state. 
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CONCLUSION 
A new voltage balancing control method in conjunction with an improved PDPWM method is proposed. The improved 

PDPWMmethod distributes the gating pulses alternately among the SMs within one arm every N (number of SMs within one arm) 

several carrier periods. The SM capacitor voltages can be well balanced without using a full voltage sorting algorithm and without 

causing unnecessary switching actions. Single reference and single carrier (for one arm) used in the modulation reduce the control 

hardware requirement.  

These features make the proposed balancing control method a more suitable solution for medium- and high-voltage 

applications, where the number of SMs in each arm can be fairly high. Except for some extreme  cases where the SM switching 

frequency drops below 100 Hz (due to an excessively high SM numbers and/or a low MMC equivalent switching frequency), the 

performances of the improved modulation and balancing control are found to be satisfactory. Ageneral-purpose control structure is 

also proposed, which is adaptable for various control modes. It also features a balancing control between the upper and lower arms 

based upon proper differential energy control and circulating current control. Simulation and experimental results verified the good 

performances of the MMC system with the proposed methods. 
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