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Fig.3 Hardware schematic for MMC real-time simulation
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real-time simulation
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Abstract; With the advantages of low harmonics, low switching losses, and modularity, modular multi-level con-
verter (MMC) has been employed in multiple flexible HVDC transmission projects worldwide. Digital real-time sim-
ulation can be used in the hardware-in-the-loop test for the control and protection devices of MMC, and such a test
is important to ensure the safe and steady operation of the AC/DC grid. Due to high parallel computing capability,
Field Programmable Gate Array ( FPGA) is used for the computation of MMC in real-time simulators. With more
MMCs existed in the AC/DC grid, the logic resource consumption of FPGA increases several times correspondingly.
Within each simulation time-step, the computations of electrical components and system matrix solution conduct se-
quentially, which leads to a large amount of idle time for the MMC computation unit within each simulation cycle.
This paper proposes a dynamic combination model of MMC for real-time simulation, which integrates the equivalent
circuit model and the average value model of the converter arm. The FPGA computation unit is reused within the
time-period of MMC computation and system matrix solution, which can optimize the usage of the logic resources
and reduce the hardware cost for MMC computation. This paper verifies the accuracy of the proposed algorithm on
PSCAD/EMTDC, and realizes the real-time simulation of a three-terminal MMC-based HVDC system on the FPGA-
based multi-processor system-on-chip.

Key words: modular multi-level converter; field programmable gate array ;electromagnetic transient; digital real-

time simulation



