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ABSTRACT: The nonlinear coupling characteristic of modular
multilevel converter (MMC) results in power oscillation under
asymmetric conditions. A fault ride-through strategy based on
average model of MMC system was proposed in this paper. By
decoupling the circulating current, DC current and zero
sequence current controller from the AC current controller, the
unbalanced power caused by asymmetric AC fault was
consumed inside the converter instead of propagating to the DC
side. By realizing the energy management for distributed
capacitor, those were balanced that the capacitor voltages of
each valve, each bridge arm, each phase unit and each
converter, improving stability of HVDC system under
asymmetric conditions. The simulation results for the proposed
strategy of PSCAD/EMTDC indicate that the characteristics of
the non-faulty side converter are the same as those under the
power flow step condition, and the faulty side converter still

maintains good performance.
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Fault Ride-through Control Strategy of MMC-HVDC System Under

Asymmetric Grid Conditions

YU Jianyu, LIU Chongru, WANG Jiecong
(North China Electric Power University)
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The nonlinear coupling characteristic of modular
multilevel converter (MMC) results in power oscillation
under asymmetric conditions. A fault ride-through
strategy based on average model of MMC system was
proposed in this paper.

The bridge arm current contains many types of
currents in the @0 coordinate, it can be decouplled by
the common/difference phase mode transformation. And
the decoupling equivalent circuit of DC current, bridge
arm circulating current, dual-sequence(positive and
negative sequence) current, and zero sequence current
can be obtained, such as Fig.1 shows.
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Fig. 1 Decoupling equivalent circuit of MMC

In order to describe the unbalanced energy
distribution caused by the unbalanced power of
capacitor charging and discharging, the mathematical
model established is shown in Eq. (1). The unbalanced
common power will change the energy distribution
between the phase units, and the unbalanced differential
power will change the energy distribution between the
upper and lower bridge arms, which in turn leads to
power fluctuations in the DC line.

{[sz]=[Um][1m1+[U§i][Iii]—[Uac][lac]—[U::][I::] .
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There are only two dimensions in the classic
dual-sequence current controller. Through decoupling
the bridge arm current, the controller has more freedom
to deal with unbalanced power caused by asymmetric
AC fault. The unbalanced power can be consumed
inside the converter instead of propagating to the DC
side. The proposed control strategy is divided into three
parts: nearest level modulation strategy based on
voltage optimization, inner loop control strategy based
multi-resonance, and

on proportional integral

differential/common power outer loop control strategy.

By realizing the energy management for distributed
capacitor, capacitor voltages of each valve, each bridge
arm, each phase unit and each converter are balanced.
And it improves the stability of HVDC system under

asymmetric conditions.
St

Fig. 2 Operating point of voltage regulating station under
asymmetric grid conditions

After the secondary control of active power and
DC voltage is added to the controller, it is necessary to
use Fig.2 to determine the duration of the fault and
calculate the DC voltage correction, when voltage
regulating station fault occurs. In this way, the DC
voltage crosses the dead zone, and the power
dispatching station reduces active power until the steady
state.

As shown in Fig. 3, the simulation results for the
proposed strategy indicate that the characteristics of the
non-faulty side converter are the same as those under
the power flow step condition, and the faulty side

converter still maintains good performance.
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Fig. 3 Simulation waveform during single-line-to-ground fault in

voltage regulating station
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