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Abstract: Modular multilevel converter ( MMC ) generates
circulating currents flowing between phases due to fluctuations
in capacitor voltage, which increases energy loss and
adversely affects the insulated gate bipolar transistors
(IGBTs) in the sub-modules. In order to suppress the
circulating current, a proportional controller capable of
generating inverse doubling components is designed based on
the dynamic mathematical model of the circulating current.
The conventional quasi-resonant controller is improved for
the high harmonics in the circulating current. And the
proposed strategy is verified by simulation, the simulation
results show that the proportional control strategy quickly
reaches the steady-state suppression of the circulating current
after only 0.2 s. The improved quasi-resonant control
strategy optimizes the THD value by 3.56% compared with
the pre-improvement one, which further reduces the high-
frequency harmonic components and verifies the feasibility of
the proposed strategy.
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Fig.2 Equivalent topology of single phase MMC
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Fig.3 Inner loop current model in d-g coordinate system
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Fig.4 Current inner loop control block diagram
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Modular multilevel converter (MMC), as a new
type of voltage source type converter, is now widely
( HVDC )

transmission systems. It enables efficient and reliable

used in high voltage direct current
DC transmission for long-distance power transmission
such as cross-country power transmission, offshore
wind farm-to-land power transmission and so on.
However, the modular multilevel converter
generates circulating currents flowing between phases
due to fluctuations in capacitor voltage, which increases
energy loss and adversely affects the insulated gate
bipolar transistors ( IGBTs) in the sub-modules. In
order to suppress the circulating current, the dynamic
mathematical model of MMC circulating current is
firstly established, and a proportional controller capable
of generating inverse two-fold frequency components is
constructed, which is simple in structure and has the
advantages of low cost, fast response speed and easy to
be implemented. Then the conventional quasi-resonant
controller is improved for higher harmonics based on
the existing literature, and the control link for two-fold
frequency has been added on the basis of the control
link for four- and six-fold frequencies, and the control

link for four- and six-fold frequencies is designed to

control the circulating currents. A control strategy

combining proportional-integral control and resonance
control is designed, in which the proportional-
integral part can track the fundamental frequency
component of the circulating current without static
difference, and the resonance part can regulate the

of higher

achieve the effect of suppressing the circulating

harmonic components frequencies to
current and ensure the stability of the system.
Finally, the feasibility of the proposed strategy is
verified by simulation. The overall control block
diagram of the MMC is shown in Fig.1. The simulation
results show that the proportional controller can quickly
reach the steady state and provide some suppression
effect on the circulating current. The conventional
quasi-resonant controller is able to further reduce the
harmonic components of the second octave, and the
improved quasi-resonant controller for higher frequency
harmonics is able to reduce the harmonic components of
the second, fourth, and sixth octave to optimise the
quality of the waveform. Therefore, the proportional
controller is more suitable for applications that focus on
regulation time, while the improved quasi-resonant

controller is more suitable for applications that focus on

waveform quality.
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Fig.1 MMC overall control block diagram
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