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Abstract: The sorting voltage equalization algorithm is often used as a submodule capacitor voltage control
strategy for a modular multilevel converter (MMC), which poses a challenge in locating the open-circuit fault of an
upper switch in a half-bridge submodule. To solve this problem, a method for locating the insulated gate bipolar
transistor (IGBT) open-circuit fault in the submodule of MMC based on reconstructed subunit voltage is proposed. The
voltage circuit equation of a three-phase MMC is established, and the influence of current flow path on the capacitor
voltage and the reasons for abnormal output current and bridge arm circulating current are analyzed when an
open-circuit fault for a single-switch occurs in the half-bridge submodule. An adaptive state observer based on extended
Kalman filter (EKF) is used to achieve the optimal estimation of output current and bridge arm circulating current, and
fault diagnosis is performed using the residuals between the optimal estimation value and the actual sampling value.
Subsequently, the submodules with the same position as the faulty bridge arm in the three-phase system are grouped

and reconstructed, so as to obtain the reconstructed subunits. The adaptive state observer based on EKF is

RS EEE: 2025-07-24; {EEIEHT: 2025-08-22; SEAH: utilized to estimate the reconstructed subunit voltage, and the
2025-09-12; MEEEEE: 2025-10-16 difference between the estimated value and the actual average

HESWE: HEHRREILA R H(52477196) voltage of the corresponding reconstructed subunit is com-
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of submodules were selected for experimental verification, and experimental results show that the proposed fault diagnosis and

localization method is correct and feasible.

Keywords: Modular multilevel converter (MMC); single-switch open-circuit fault diagnosis and localization; extended

Kalman filter (EKF); adaptive state observer; reconstructed subunit voltage
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