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1. INTRODUCTION

The modular multilevel converter has become the most attractive multilevel converter topology for
medium/high-power applications. These converters can be used for medium and high voltage applications
with low voltage IGBT switches [1]. There are several types of multilevel converter topologies. Even
thoughthe fundamental concepts are similar, there are differences in the control requirements across these
various topologies. MMC has several advantages compared with other multilevel topologies such as its
modular structure and scalability, high efficiency, low harmonic distortion [2]. In recent years, addressing the
issues based on operation and control of MMC has become significant. There has been substantial progress in
the development of pulse-width modulation techniques, voltage balancing algorithms and conventional
control approaches applicable to modular multilevel converters.

The main objective of this paper is to provide better understanding of MMC considering the issues.
This paper deals with complete technical review on the operational issues, control and modulation
techniques. The paper is organised as follows: Section Il briefs about the operation of MMC. Section Il
describes various modulation techniques and various operational issues such as capacitor voltage balancing
and circulating current control and also the reduction of ripple in capacitor voltage by various techniques are
also explained. The concluding remarks are presentedin Section IV.

2. MODULAR MULTILEVEL CONVERTER-ANOVERVIEW

The schematic of three phase modular multilevel converter is shown in Figure 1. MMC consists of a
sequence of sub-module connected in series for each phase of the converter. Each sub-module consists of two
switches connected in half-bridge topology with capacitor across the device which is used as the energy
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storage and supply device. The output terminals are connected to the converter across the lower switching
device. This shows that the capacitor across two devices is either directly connected to the converter or
shorted out depending on the gating signals [3]. The sequence of sub-modules along with an arm inductor
makes an arm of the converter. The single phase of the converter consists of two arms such as upper arm
and lower arm. Each phase is connected to the supply by the end of the sub-module. The arm inductor
present in each arm is used to limit the circulating current and to filter the harmonics. The number of levels in
MMC depends on the number of sub-modules present in each arm. The number of levels is determined by
N=2S+1, where S is the number of sub-module present in each arm [4].

The conduction path of the sub-module depends on switching of the switching devices. Each
sub-module will be in one of the two states (i.e. one switch in ON state and other at OFF state) [5].
The conduction path is explained when the current polarity is positive and negative which is shown in
Figure 2.
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Figure 2. MMC Conduction path (a) Positive

Figure 1. Schematic of three phase MMC current (b) Negative current

3.  REVIEW ON DESIGN, MODULATION AND CONTROL TECHNIQUES OF MMC

In this section, the mathematical modelling of MMC, modulation techniques, voltage balancing
control, circulating curremt control and Sub module capacitor voltage ripple reduction control methods are
explained briefly.

3.1. Mathematical Modelling of MMC

Three phase MMC based half-bridge sub-module is shown in Figure 1. The addition of arm
resistance models the power loss within each arm of MMC. The detailed description on modelling of MMC
is given in [6]. The upper and the lower arm current of each phase is given by,

Idc

i, =_dc ¢ X

lux = 3 +'cirqx+ 5 (8]
i i

. dc X

",x _?Hcircx_? @)

where x= a, b, ¢ (phase), i,x and i are the upper and lower arm current, i« IS the circulating current in
each phase. The circulating current is given by,

- _'u,x+ll,x_idc 3
cirgx — 2 ? ©)

The dynamic behaviour of MMC is described by,
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where V,x and V, are the upper and lower arm voltage, V, is the fundamental component and V. is the
common mode voltage. The MMC phase voltage is expressed as in (6) and MMC circulating current is given
by (7).
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The upper and the lower arm voltages of MMC are given by the following equations.

Vux =My xVeux (®)

Vix :nl,xvcl,x ©

where V¢, x and V4 are the individual sub module capacitor voltage of upper and the lower arm. Each sub
module capacitor voltage of the MMC is modeled by the power processed by each arm. The power processed
by each arm is given by

Pu,x =Vu,xiu,x =NuxVeuxiux (10)

Plx =Mixix =Mx Velxix (11)

Each sub module capacitor voltage ripple can be defined as

m NCsp/ u,Xx NCgp | 3 cirgx Ty JTUX
Mepx _ Tix 0 ! id_c+i. +iln (13)
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The generalised dynamic model of MMC is given by above equations and is used in the control
purpose. The dynamic modelling of MMC is proposed [7] by considering the summation of sub-module
capacitor voltage in each arm instead using of individual sub-module capacitor voltage in generalized
dynamic model. The direct and indirect modulation strategies to determine the MMC dynamic model is
proposed [8] by using the nyy and njyexpression. It results in the continuous dynamic model since low
frequency components are considered. Many methods of continuous modelling of MMC and frequency
domain modelling are proposed [9]. The main advantage of this modelling compared to general modelling of
MMC is that faster computation of system states for increase in number of levels. Hence it is understood that
the dynamic model can be opt selection while simulating MMC with grid interfacing applications.
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3.2. Modulation Techniques

Many pulse width modulation techniques have been carried out in MMC that are discussed below.
Carrier disposition pulse width modulation technique was proposed [10] which require N triangular carrier
signal that are displaced proportionally with respect to zero axis. The desired output voltage is obtained by
comparing the phase voltage reference with the carrier signal. Based on the shift in the triangular carrier
signal this PWM technique is further classified into phase disposition (PD), phase opposition disposition
(POD) and alternate phase opposition disposition (APOD). The carrier signals of above techniques are shown
in Figure 3. The main drawback of these PWM techniques is that unequal voltage distribution among the sub
module which results in the increase in the total harmonic distortion (THD). To report this issue the different
modulation techniques such as simple carrier rotation, modified carrier rotation PWM techniques are used to
equalize the voltage distribution among the sub module. However the THD is relatively high. Hence the
modified PD-PWM technique with capacitor voltage balancing is proposed [11]. In this technique particular
gating sequence is not assigned to a specified sub module. The comparison of reference signal with the
carrier signal produce N+1 level in the output side which determines the number of sub module to be added
in upper and lower arm. The PD-PWM with selective loop bias mapping method is proposed for voltage
balancing in the module. The sub module capacitor voltage and direction of inductor current are the feedback
signals used in this method. The other techniques are that the phase shift carrier modulation technique [12] in
which each carrier is phase shifted by 360/(N-1). The number of carrier signals used in this technique
depends on the number of level in MMC. In this technique each submodule of MMC is controlled
independently and voltage balancing control is done by averaging control and balancing control. These
control technique control the average sub module voltage in each phase and also individually balancing the
capacitor voltage of each sub module. The switching signals are given to each sub module by comparing the
reference voltage with from each phase with the triangular carrier signal. The main drawback of this
modulation technique is that complexity with increase in the number of sub module and instability under
certain condition. This issue is overcome by introducing the arm balance control in the reference signal based
on the difference in the capacitor voltages of upper and the lower arm.The different PWM techniques are
shown below in Figure 3. Comparison of above mentioned modulation techniques is summarized in Table 1.

(d)y

Figure 3.Multilevel carriers: (a) PD, (b) POD, (c) APOD, (d) phase-shifted carriers

In addition to the above modulation techniques the SHE-PWM technique is proposed [13] in which
the switching pattern is determined to eliminate the low order harmonics in the output voltage.
The modulation technique based on fundamental switching frequency has been investigated. The nearest
level control modulation technique is proposed [14] in which voltage level nearest to the desired voltage is
considered. This technique is very easy to implement and can be operated at the fundamental switching
frequency. The technique proposed is based on a fixed pulse pattern fed into the sub module to maintain the
stability of the stored energy, without measuring the capacitor voltages or any other feedback control, and to
remove certain output voltage harmonics at any arbitrary modulation index and output-voltage phase angle.
The optimized modulation technique is proposed [15] that optimize the pulse pattern to minimize the
harmonic distortion at the output. This technique is opposed to the PWM technique where the carrier
frequency has effects on the output voltage frequency. Based on the above literature on modulation
techniques in MMC it is known that the phase shifted PWM is easy to implement with reduced THD.
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Table 1. Key contributions on different modulation techniques

Modulation technique Proposed Contribution of the authors
Carrier disposition technique The desired output voltage is obtained with low harmoincs with this
technique. The carrier signal that are displaced proportionally with
respect to zero axis. They are classified into PDPWM, PODPWM,

and APODPWM.
Simple carrier rotation and modified carrier This modulation technique equalized the voltage distribution among
rotation PWM techniques the sub module.
Modified PD-PWM technique The capacitor voltage balancing is carried out with equal voltage

distribution among the sub-module with low THD. In this technique
reference signal is compared with the carrier signal produce N+1
level in the output side. The gating signals are assigned to specified
sub module for the desired output.

PD-PWM with selective loop bias mapping The sub module capacitor voltage balancing is done with this
method. The main advantage of this method is that absence
additional reference signal to control capacitor voltage and also easy
implementation.

Phase shift carrier modulation technique The desired output voltage is obtained compared to other modulation
techniques with very low THD.

3.3. Voltage Balancing Control

It is necessary to balance the sun module capacitor voltage at V4/N. The voltage balancing
technique based on PSC-PWM was proposed [12] to balance the sub module by providing appropriate PWM
signals to each sub module. This voltage balancing technique does not need to measure the arm current which
reduces the complexity in the control strategy. The closed loop voltage balancing method is proposed [3] in
which the closed loop control method is implemented for each sub module for the voltage balancing. The
predictive strategy was proposed for the control of MMC in which the sub module voltage is balanced based
on the predefined cost function. The voltage balancing based on the sorting method is proposed [12] in which
the voltage balancing is carried out by measuring the voltage of each sub module and sorting. In this method
if the upper/lower arm current is positive the sub module with lowest voltage are identified and inserted
among sub module present in each arm. The inserted sub module is charged and the corresponding voltage is
increased. Similarly if the upper/lower arm current is negative the sub module with highest voltage are
identified and inserted among sub module present in each arm. The inserted sub module is discharged and the
corresponding voltage is decreased. The main drawback of this method is that increased switching frequency,
power loss and provides switching transition among the sub module. The other voltage balancing methods
are proposed to reduce the switching frequency. An open loop method for the voltage balancing is carried
out [16] based on the selective harmonic elimination PWM technique. A hybrid balancing method [17] based
on the predictive error sorting method and the conventional voltage sorting algorithm is implemented for the
voltage balancing of MMC. It is based on the sorting of error between the predicted capacitor voltage
and nominal voltage value and the sub module with minimum error is inserted.

Table 2. Key contributions on different voltage balancing method
Volatge Balancing Method Contribution of the authors
In this method voltage balancing is carried out without
measuring the arm current that reduces the complexity.
The sub module voltage balancing is carried out with closed
loop control.
Voltage balancing of the MMC is carried out based on
calculating the amount of charge stored in sub module capacitor
Voltage balancing is carried out by measuring the voltage of
each sub module and sorting it.
Voltage balancing is done based on the selective harmonic
elimination PWM technique.
The voltage balancing is implemented by using predictive error
sorting method and the conventional voltage sorting algorithm.
Voltage balancing is carried out based on the conventional
sorting method, executed at the pre-specified phase angles.
In this method a maintaining factor is introduced and multiplied
by the capacitor voltages of the sub module with higher
capacitor voltage to maintain the voltage balance of the sub

Voltage balancing technique based on PSC-PWM
Closed loop voltage balancing method

Predictive control method

Voltage balancing based on the sorting method
Open loop method for the voltage balancing
Hybrid balancing method

Fundamental-frequency balancing strategy,

Optimized capacitor balancing algorithm

module.
In this technique phase-shifted carrier PWM strategy is
Closed-loop modified sorting method implemented, in which the insertion/bypassing of the sub

module is carried out based on measuring the capacitor voltage.
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A fundamental-frequency balancing strategy, which is based on the conventional sorting method,
executed at the pre-specified phase angles. A predictive algorithm is proposed for voltage balancing by
calculating the amount of charge stored in the SM capacitors.

The optimized capacitor balancing algorithm is implemented in which the sub module capacitor
voltage is adjusted before sorting. The sub module with higher voltage that exceeds the certain limit is
considered. A maintaining factor is introduced and multiplied by the capacitor voltages of the sub module
with higher capacitor voltage to maintain the voltage balance of the sub module. Apredictive control
method [18] is implemented for voltage balancing of the MMC based on calculating the amount of charge
stored in sub module capacitor. A closed-loop modified sorting method is proposed with combination of
phase-shifted carrier PWM strategy, in which the insertion/bypassing of the sub module is carried out based
on measuring the capacitor voltage. In this method, only a limited number of sub modules are sorted within
each control cycle. If the sub module needs to be ON/OFF to obtain the required voltage level the sorting is
carried out within the sub module with OFF/ON state in each arm.Many voltage balancing methods are
proposed by various researchers and it is compared and listed in Table 2.

3.4. Circulating Current Control

The voltage difference between the three phaseMMC leads to circulating current flow through each
leg. The circulating current contains negative sequence components with the frequency twice the
fundamental frequency [19]. The presence of circulating current may lead to increase in the peak and rms
value of phase current in each leg and also increase in the power loss and ripple content in the sub module
capacitor voltages. Hence the circulating current controller technique is proposed to limit these issues. To
control the circulating current various techniques have been carried out in the technical literature. The
circulating current model is proposed based on controlling then circulating current as the current controlled
voltage source [20]. It is used to control the voltage to reduce the presence of ac components in the
circulating current. The first order model is proposed to model the circulating current along with dc and ac
components which is used to model the control system easily. The design of arm inductor and sub module
capacitor which limits the circulating current by estimating the percentage of ac components present in the
arm current and circulating current. The indirect modulation technique [21] is proposed which limits the
circulating current in the MMC. The proportional controller is proposed to limit the circulating current by
introducing the active resistance in each arm.

Table 3. Key contributionson different circulating current elimination method
Circulating Current Control Contribution of the authors
In this method the sub module voltage is controlled to reduce the presence of ac
components in the circulating current.
In this model the design of arm inductor and sub module capacitor are designed
First order model which limits the circulating current by estimating the percentage of ac components
present in the arm current and circulating current.
In this technique the circulating current is eliminated indirectly by controlling the
total energy in each phase of the system.
This method limits the circulating current by introducing the active resistance in

Circulating current control model

Indirect modulation technique

Proportional controller technique

each arm.
Double line frequency abc-dq This method is used to eliminate circulating current, the control of the dqg
transformation components using PI controller.
PR controller technique In this tr_acr_mique the circulating current is eliminated by limiting the ac components
present in it.
Modified switching function This technique circulating current is eliminated based on the predicted voltage
method ripple estimation.

The main drawback of this technique is that the steady state error is obtained due to proportional
controller. Based on the double line frequency abc-dq transformation to eliminate circulating current, the
control of the dq components using Pl controller is carried out. The main issue of this technique is that
robustness under ac side imbalance. The PR controller [22] is proposed to eliminate the ac components in the
circulating current. The control method was proposed to control dc components of circulating current to
improve the stability of the system under unbalance condition. The reference for dc components is
determined from the average sub module capacitor voltage. The modified switching function method was
proposed to eliminate the circulating current in MMC. This technique is based on the predicted voltage ripple
which is difficult to calculate under all operation condition. The model based predictive control method was
implemented to limit the circulating current. The main drawback of this method is that estimation of
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circulating current components is difficult with large number of sub modules. Table 3 explains the different
methods on circulating current elimination in MMC.

3.5. Sub Module Capacitor Voltage Ripple Reduction Control Methods

The sub module capacitor voltage ripple is mainly due to fundamental and second harmonic
components. The sizing of sub module capacitor is also main factor in maintaining the voltage ripple within
the certain limit. Many techniques have been carried out for the reduction of voltage ripple in the sub module
capacitor. Some of the techniques are discussed below. The ripple content of then sub module capacitor can
be reduced by adding the harmonic content in the circulating current [23]. By calculating the power produced
by each arm a suitable second harmonic circulating current is determined to reduce the ripples in the
capacitor voltage. By injecting second and fourth harmonic components in circulating current it optimises the
energy variation in each arm which also reduces the ripple in capacitor voltage. The ripple of sub module
capacitor is reduced by optimizing the rms value of sub module capacitor ripple using second harmonic in the
circulating current. The closed loop control method is proposed to eliminate second harmonic component of
the capacitor voltage ripple [24]. The above techniques in reduction of ripple in sub module capacitor voltage
may lead to increase in the peak and rms value of the arm current and increase in power loss. A technique is
proposed to reduce the ripple in capacitor voltage by maintaining the rms value of arm current within certain
limit thereby limiting the power loss. The sine wave technique was proposedfor the reduction of ripple in the
capacitor voltage. In this technique a common mode voltage and circulating current is injected in each phase.
It is given by

_ _ 1—m)2( - My idc )
i =iy ——Sinwt + -—
cirgx —'X

G Mem 2 3

where, M, and @ are the magnitude and angular frequency of common mode voltage.

The reference waveforms of the sine PWM technique is used to control the upper and lower arms of
each phase which generates the common-mode voltage. Appropriate phase shift is given to each sub module
so that the low frequency components are not present in sub module capacitor voltage. In this technique the
magnitude of circulating current increases which increases the power loss in this system. To overcome this
issue the square wave technique [25] was proposed to reduce the peak and rms value of circulating current by
square wave common mode voltage and circulatigng current injection technique. A hybrid technique is the
combination of square-wave common-mode voltage and a sinusoidal circulating current. The advantage of
this technique over the sine-wave technique is the reduction in peak and rms value of circulating currents and
the sub module capacitor voltage ripple.

3.6. Applications of MMC

The MMC was introduced mainly for HVDC applications. The MMC is used in medium voltage
variable speed drives due to its advantages over other multilevel converter. In recent years the MMC has
been used in grid connected application due to its advantage of medium and high voltage application. The
MMC with integrated energy storage to interface low/medium voltage batteries to grid is proposed [26]. The
study of optimal design of MMC for transformer less grid connected standalone high power energy storage
system. A power electronic transformer based on an MMC followed by an isolated dual-active-bridge dc—dc
converter and an inverter is proposed [27]. The possibility of using MMC as an interface between the grid
and photovoltaic panels was discussed. A family of medium/high voltage dc—dc converters based on the
MMC topology has been recently introduced and investigated [28]. A methodology to optimize the design of
the dc—dc converter based on MMC with regard to silicon area was proposed.

4. CONCLUSION

The significant features of MMC such as its modularity and scalability may lead to any number of
voltage levels with reduced harmonic and higher efficiency. In recent years the MMC has become more
superior than other power converters for various medium to high voltage/power systems and industrial
applications including HVDC transmission systems, FACTS, medium-voltage variable-speed drives,
and medium/high voltage dc—dc converters. There are many techniques discussed based on voltage balancing
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of sub module capacitor and also eliminating the circulating current in each arm. The capacitor voltage ripple
reduction techniques are also discussed without sacrificing the converter efficiency and cost effective. Many
modulation techniques have been discussed in many literatures that enable high efficiency and reduced stress
on the device. Considering the benefits of MMC in recent application in present scenario it is known that the
development of novel modulation and control strategies will be a major driving factor for the use of MMC in
future applications. This paper gives a comprehensive reviewon the control strategies of MMC while
choosing the topology for a particular application.

REFERENCES

[1] J. Dorn, D. Huang and D. Retzman, "A new Multilevel Voltage-Sourced Converter Topology for HVYDC
Applications"”, CIGRE, pp. 1-8, 2008.

[2] SreedharMadichetty, DasguptaAbhijit, SivajiJinka, “A Survey and Experimental Verification of Modular
Multilevel Converters”, International Journal of Power Electronics and Drive System (IJPEDS), Vol. 4, No. 3, pp.
363-375, 2014.

[3] Chuen Ling Toh, Lars Einar Norum, “VHDL Implementation of Capacitor Voltage Balancing Control with Level-
Shifted PWM for Modular Multilevel Converter”, International Journal of Power Electronics and Drive System
(IJPEDS), Vol. 7, No. 1, March 2016.

[4] M. Guan and Z. Xu, “Modeling and control of a modular multilevel converter-based HVDC system under
unbalanced grid conditions”, IEEE Trans. Power Electron., vol. 27, no. 12, pp. 4858-4867, Dec. 2012.

[5] G.T. Son, H.J. Lee, T.S. Nam, Y.H. Chung, and U.H. Lee, “Design and control of a modular multilevel HVDC
converter with redundant power modules for non-interruptible energy transfer”, IEEE Trans. Power Del.,vol. 27,
no. 3, pp. 1611-1619, Jul. 2012.

[6] N. Thitichaiworakorn, M. Hagiwara, and H. Akagi, “Experimental verification of a modular multilevel cascade
inverter based on double-star bridge-cells (MMCI-DSBC)”, IEEE Trans. Ind. Appl., vol. PP, no. 99, pp. 1-1, Jan.
2013.

[7]1 D. Siemaszko, A. Antonopoulos, K. Ilves, M. Vasiladiotis, L. Angquist, and H. P. Nee, “Evaluation of control and
modulation methods for modular multilevel converters”, in Proc. Int. Power Electron. Conf., pp. 746-753, 2010.

[8] L. Harnefors, A. Antonopoulos, S. Norrga, L. Angquist, and H. Nee, “Dynamic analysis of modular multilevel
converters”, IEEE Trans. Ind. Electron., vol. 60, no. 7, pp. 2526-2537, Jul. 2013

[9] Sreedhar Madichetty and Abhijit Dasgupta, “Modular Multilevel Converters Part-l1: A Review on Topologies,
Modulation, Modeling and Control Schemes”, International Journal of Power Electronics and Drive System
(IJPEDS), Vol. 4, No. 1, March 2014 pp. 36-50.

[10] J. Mei, B. Xiao, K. Shen, L. Tolbert, and J.Y. Zheng, “Modular multilevel inverter with new modulation method
and its application to photovoltaic grid-connected generator”, IEEE Trans. Power Electron., vol. 28, no. 11, pp.
5063-5073, Nov. 2013

[11] D.W. Kang, W.K. Lee, and D.S. Hyun, “Carrier-Rotation strategy for voltage balancing in flying capacitor
multilevel inverter”, IEE Proc. — Electric Power Appl., vol. 151, no. 2, pp. 239-248, 2004.

[12] M. Hagiwara and H. Akagi, “Control and experiment of pulse width modulated modular multilevel converters”,
IEEE Trans. Power Electron., vol. 24, no. 7, pp. 1737-1746, Jul. 2009.

[13] M. Hagiwara, R. Maeda, and H. Akagi, “Control and analysis of the modular multilevel cascade converter based on
double-star chopper-cells (MMCC-DSCC)”, IEEE Trans.Power Electron., vol. 26, no. 6, pp. 1649-1658, Jun. 2011

[14] K. llves, A. Antonopoulos, S. Norrga, and H.P. Nee, “A new modulation method for the modular multilevel
converter allowing fundamental switching frequency”, IEEE Trans. Power Electron., vol. 27, no. 8, pp. 3482-3494,
Aug. 2012.

[15] J. Huber and A. Korn, “Optimized pulse pattern modulation for modular multilevel converter high-speed drive,” in
Proc. Int. Power Electron. Motion Control Conf., 2012, pp. LS1a-1.4-1-LS1a-1.4-7.

[16] J. Qin and M. Saeedifard, “Reduced switching-frequency voltage balancing strategies for modular multilevel
HVDC converters”, IEEE Trans. Power Del., vol. 28, no. 4, pp. 2403-2410, Oct. 2013.

[17] M. Guan, Z. Xu, and H. Chen, “Control and modulation strategies for modular multilevel converter based HVDC
System”, in Proc. Conf. IEEE Ind. Electron. Soc., 2011, pp. 849-854.

[18] K. llves, L. Harnefors, S. Norrga, and H.P. Nee, “Predictive sorting algorithm for modular multilevel converters
minimizing the spread in the submodule capacitor voltages”, in Proc. IEEE Energy Convers. Congr. Expo. Asia
Downunder, 2013, pp. 325-331.

[19] Q. Tu, Z. Xu, H. Huang, and J. Zhang, “Parameter design principle of the arm inductor in modular multilevel
converter based HYDC ”, in Proc. Int. Conf. Power System Technol., 2010, pp. 1-6.

[20] J.W. Moon, C.S. Kim, J.W. Park, D.W. Kang, and J.M. Kim, “Circulating current control in MMC under the
unbalanced voltage”, IEEETrans. Power Del., vol. 28, no. 3, pp. 1952-1959, Jul. 2013.

[21] Q. Tu, Z. Xu, and L. Xu, “Reduced switching-frequency modulation and circulating current suppression for
modular multilevel converters”, IEEE Trans. Power Del., vol. 26, no. 3, pp. 2009-2017, Jul. 2011

[22] X. She, A. Huang, X. Ni, and R. Burgos, “AC circulating currents suppression in modular multilevel converter”, in
Proc. Conf. IEEE Ind. Electron. Soc., 2012, pp. 191-196.

[23] X. Yang, J. Li, X. Wang,W. Fan, and T. Zheng, “Harmonic analysis of the DC capacitor voltage in modular
multilevel converter based STATCOM ”, in Proc. IEEE Conf. Ind. Electron. Appl., 2011, pp. 2575-2579.

IJPEDS Vol. 7, No. 3, September 2016 : 863 — 871



IJPEDS ISSN: 2088-8694 a 871

[24] S.P. Engel and R.W.D. Doncker, “Control of the modular multi-level converter for minimized cell capacitance,” in
Proc. Eur. Conf. Power Electron. Appl., Aug./Sep. 2011, pp. 1-10.

[25] R. Picas, J. Pou, S. Ceballos, V.G. Agelidis, and M. Saeedifard, “Minimization of the capacitor voltage fluctuations
of a modular multilevel converter by circulating current control”, in Proc. Conf. IEEE Ind. Electron.Soc., pp.
4985-4991, 2012.

[26] M. Spichartz, V. Staudt, and A. Steimel, “Analysis of the module-voltage fluctuations of the modular multilevel
converter at variable speed drive applications”, in Proc. Int. Conf. Optimization Electr. Electron. Equipment, pp.
751-758, 2012.

[27] A. Hillers and J. Biela, “Optimal design of the modular multilevel converter for an energy storage system based on
split batteries”, in Proc.Eur. Conf. Power Electron. Appl., pp. 1-11, 2013.

[28] D. Montesinos-Miracle, M. Massot-Campos, J. Bergas-Jane, S. Galceran-Arellano, and A. Rufer, “Design and
control of a modular multilevel DC/DC converter for regenerative applications”, IEEE Trans. Power Electron., vol.
28, no. 8, pp. 3970-3979, Aug. 2013.

A Review on Designand Control Methods of Modular Multilevel Converter (Ramya G.)



