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Abstract—The MMC converter is the key topology for HVDC
applications. In these systems, a major complexity is the number
of modules and components required per phase to achieve nom-
inal voltage and current levels for applications in transmission
system. In this paper, the topology and control of a two-phase
MMC system for HVDC applications is presented. The main idea
is to eliminate a complete phase of the classic MMC converter
for reduce the number of modules and the complexity of the
system, together with the use of MMSPC-type modules, in order
to achieve internal voltage balance without the need of extra
sensors and control loops.

I. INTRODUCTION

MODULAR multilevel converters (MMC) have evolved
into the perfect option for HVDC transmission sys-

tems. This is because the MMC offers multiples advantages
compared with other traditional VSC power topologies, such
as reduced current/voltage total harmonic distortion (THD)
performance, reduced commo-mode voltage, modularity, scal-
ability and decoupled control of active and reactive power, to
name a few [1]–[5]. On the other hand, the MMC needs to
control different variables for achieve a correct operation, like
the voltage balance among the modules, DC-link current, AC
side currents and circulating currents [6].

To achieve the control of some of these variables in an
inherent way, the key is the selection of the type of module that
acts as the building block for the MMC. Among the recently
proposed topologies, the Modular Multilevel Series Parallel
Converter (MMSPC) offers the ability to connect not only the
modules in series or bypass, but also allows the modules to be
connected in parallel, allowing the internal voltage balance of
the modules without sensor requirements or complex control
loops [7]–[10].

However, regardless of the type of module that is selected
to be used, one of the biggest considerations when using a
MMC is the large number of modules that are required per
phase, in order to achieve the required voltage/current levels.
In commercial MMC prototypes, the number of modules per
arm reaches N = 216, which implies a significant challenge in
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Figure 1: Proposed system

terms of control and communication platforms, together with
the implementation of these systems [2].

In this work, a system based on two MMCs connected back
to back, each composed of only two phases, is presented. The
proposed system allows to control the 3-phase currents of both
AC systems, together with maintaining the internal balance of
the modules thanks to the fact that they are based on MMSPC
configuration. The objective of this work is to significantly
reduce the number of semiconductors and complexity of the
system, given the elimination of a complete phase each of the
MMCs.

II. TOPOLOGY DESCRIPTION

The proposed system configuration is illustrated in Fig. 1,
which is obtained by coupling a two-phase rectifier and two-
phase inverter (Fig. 2 and Fig. 3 respectively). Each phase
of the converter is composed by two arms, the positive and
negative arm, and each arm of the proposed system is com-
posed of several (N ) modules based on a modular multilevel
series/parallel converter (MMSPC). The reason behind the use
of MMSPC modules is to enable a simpler balancing strategy
among the modules [9], [11]–[13].

The aforementioned structure resembles the traditional
MMC, given that the DC system is connected at the extremes
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Figure 2: Two phase rectifier topology

Figure 3: Two phase inverter topology

of the positive and negative arms of each phase of the system,
while the AC system is interconnected at the midpoints of
each phase. In both converters, the AC system is composed
by the grid plus a resistance-inductance filter.

The idea of implementing both systems as two-phase con-
verters, is to reduce the number of modules of the converter
compared with a traditional MMC 3-phase converter. Indeed,
only two phases of the converter are needed to be able to
control the 3-phase currents coming from the electrical grid. In
this way, a significant cost reduction of the system is achieved
since fewer modules and communication systems are required
for the total system to operate.

III. CONTROL AND MODULATION STRATEGY

The main objective of this work is to develop a simple
control method for the proposed system. This is done to avoid
the implementation of dedicated control loops for internal
balancing of the capacitor voltages of the MMSPC modules
and others to reduce circulating current. Therefore, a control
scheme for the two-phase rectifier is developed as shown in

Figure 4: Two phase rectifier topology

Figure 5: Control inverter topology

Fig. 4 and a control scheme for the two-phase inverter as
shown in Fig. 5.

The objective of the rectifier control loop is to keep the
voltage in the DC-Link balanced through the implementation
of a cascade loop where the voltage in the capacitor Cdk is
controlled by the current of the AC system 1 connected to
the rectifier. On the other hand, the objective of the inverter
control loop is to control the AC current injected to the AC
system 2.

To control the DC and AC current component of the rectifier
(REC) and inverter (INV ) converter, the system model that
is used is based on [6]:

(
LL +

2

3
LL

)
d

dt
isREC/INV

+

(
RLREC/INV

+
2

3
RL

)
isREC/INV

= VCdk −P(VpREC/INV
−VnREC/INV

)
(1)(

LsREC/INV
+ LL

) d

dt
ioREC/INV

+
(
RsREC/INV

+RL

)
ioREC/INV

= Q(VpREC/INV
−VnREC/INV

)
(2)

Where the DC current of the rectifier and the inverter are
equal to the vector isREC/INV

, the AC current of both converter
is equal to ioREC/INV

. Moreover, the positive and negative
voltage of each phase of the converter and the inverter are
VpREC/INV

and VnREC/INV
, respectively. Finally P and Q

are constant matrices defined in [6].
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Each voltage arm of the converter is defined by:
VpnREC/INV

= (mDC ±mAC)Nvdc, where vdc is the capac-
itor voltage reference for each module. It is important to note
that since the use of MMSPC modules is being considered,
decoupled control of the circulating current component is not
necessary. Using (1) and (2) it is possible to tune the PI
controllers presented in Figs. 4 and 5.

In [14] the AC modulation indices necessary to operate in
a 2-phase system, such as the one proposed in this paper, are
defined by:

Vao =

√
3

2
V ∗
α +

√
1

2
V ∗
β (3)

Vbo =
√
2V ∗

β (4)

And in order to keep the phase C capacitors connected to
the DC-link voltage balanced in both systems, a correction of
factors defined by [14] is implemented:

V ∗
α =

VCdk

V ∗
Cdk

(
Vα − ∆V√

6

)
(5)

V ∗
β =

VCdk

V ∗
Cdk

(
Vβ − ∆V√

2

)
(6)

Where VCdk and V ∗
Cdk are the measured and the reference of

the DC transmission system, respectively. ∆V is the difference
of the capacitor voltages that are connected in the phase C of
each system. These adjustments to the references are shown
in detail in the implemented control schemes shown in Fig. 4
and Fig. 5.

To achieve the internal voltage balance between the N
modules that are connected in series within an arm of the
converter, MMSPC-type modules will be used. These modules
allow access to both sides of the capacitor to achieve a
parallel interconnection between neighboring cells for certain
switching states. Also, the remaining switching states permit
to connect the neighboring module in either series, anti-series
or bypass.

If the MMSPC modules of the same phase are connected
in series (anti-series), the phase output voltage will increase
(decrease) in one level. However, if the modules are connected
in parallel, the phase output voltage is maintained at the same
level, but the parallel connection of two adjacent MMSPC
modules generates charge-balancing currents, which allows
restoring the voltage balance between the MMSPC modules
without the implementation of control algorithms or extra
voltage/current sensors [15].

However, to achieve this operation, the modulation strategy
of each phase must ensure that the parallel state is imple-
mented the maximum number of times that are possible, and
the interval between leveling by parallelization should be kept
short, so that it reduces the balancing losses [12]. In specific,
the phase-shift pulse width modulation (PS-PWM) framework
is implemented in this work [15].

In this way, the system is balanced internally without the
need for additional control loops or sensors. In the next sec-

Figure 6: Rectified line current

tion, the effects of applying the control loops in the converter
of Fig. 1 are shown.

IV. SIMULATION RESULTS

The parameters of the simulation are indicated in Table I.
The simulation of the two-phase converter is developed for
a time of 0 < t < 14 s. The response of the control loops
is validated by making changes to the internal references of
these such that in t = 4 s the iq component of the rectifier
loop changes from 0 A to 2 A and in t = 6 s changes from
2 A to −2 A. In t = 6 s the id component of the inverter loop
changes from 2 A to 1 A and in t = 9 s changes from 1 A to
−1 A.

A. Rectified and inverter line currents

The behavior of line currents for the rectifier and inverter
are studied. In Fig. 6, changes in the rectifier line current
amplitude are observed, such as 2 A at t = 3.8 s and 3 A at
t = 4.1 s due to changes implemented in the rectifier control
loop. From Fig. 7 it is observed that the inverter requests a

Table I: Simulation Parameters

Parameter Value
DC voltage system VDC 400 V

Carrier frequency of modulation framework 4.5 kHz
Arm Inductance LL 5 mH
AC output frequency 50 Hz

AC peak voltage Vabc,n 100 V
DC module voltage vdc 100 V

Capacitance Cdk 2200 µF
Capacitance Cdr1,Cdr2,Cdi1,Cdi2 4400 µF

Inductance LS1,LS2,LL1,LL2 10 mH
Filter resistance RS1,RS2 0.1 Ω
Filter resistance RL1,RL2 0.5 Ω
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Figure 7: Inverter line current

Figure 8: Comparison of phase voltages with phase currents

current of 2 A by design and in t = 6 s its amplitude is
modified according to the set point change forced. A balanced
operation and a high quality power factor are observed for both
the rectifier and for the inverter currents, due to the multilevel
voltage waveform enabled by the proposed system. Fig. 8
shows the effect of the change in the iq component of the
rectifier control loop, in particular, at t = 4 s a phase shift is
observed between the voltage and the line current such that
the current leads the voltage.

B. Inverter and rectifier arm voltages

The behavior of the arm voltages of the converter in Fig. 1
is discussed in this section. From Fig. 9 it can be observed
that the arm voltage of the two-phase rectifier is multilevel
for phases A and B, this being a characteristic of MMC, but
phase C has a constant value in steady state that corresponds
to half the voltage of DC-Link. . The same idea applies to

Figure 9: Rectifier arm voltages

Figure 10: Inverter arm voltages

the two-phase inverter whose arm voltages are observed in
Fig. 10.

C. Modules capacitor voltages

The use of MMSPC modules allows the voltage balance
of the converter capacitors for phase A (positive and negative
arm) and phase B (positive and negative arm) as illustrated
in Fig. 11 and Fig. 12. It is observed that the voltage of the
capacitor of each module is balanced around 100 V, regardless
of the changes that occur in the internal references of the
control loops. It can be seen that internal voltage balance
is achieved without dedicated control stages or additional
sensors. So, since the converter has N = 4 cells per arm,
the 400V voltage at the DC port is shared equally between
them.
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Figure 11: Capacitor voltage average rectified

Figure 12: Capacitor voltage average inverter

D. Control loop response

Fig. 13 presents the voltage in the DC-Link in a) and
the PIVDC in the cascade loop of the rectifier in b). It is
possible to appreciate that the voltage of the transmission
system follows its reference without difficulties.

E. Modulation index

Fig. 16 and Fig. 17 shows the modulation index mα and
mβ that is obtained from the control loop implemented for the
two-phase rectifier and two-phase inverter. These modulation
index, which corresponds to the AC modulation index of the
MMC, vary in a range of −0.5 ≤ mα ≤ 0.5 and −0.5 ≤ mβ

≤ 0.5 being these desired values since the modulation index
of a MMC under the proposed control premises is the sum of
mDC = 0.5 and mAC .

V. CONCLUSIONS

In this paper, a two-phase MMC system based on MMSPC
modules for HVDC applications is presented. The results

Figure 13: VDC-Link and PIVDC

Figure 14: PI control rectifier

Figure 15: PI control inverter
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Figure 16: Modulation indices mα and mβ two-phase rectifier
control loop

Figure 17: Modulation indices mα and mβ two-phase inverter
control loop

obtained show that with a two-phase MMC system it is pos-
sible to optimally control a 3-phase currents of the electrical
grid, together with maintaining the internal voltage balance
of all the capacitors of the MMC modules. The objective
to implement HVDC systems based on two-phase MMC and
based on MMSPC cells, is to demonstrated that is possible to
reduce costs of the total system, associated with the operation
with one less phase in each MMC converter, together with the
ability to not require monitoring systems or control loops for
maintain the internal voltage balance of each module, thanks
to the MMSPC cells.
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