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Abstract: The insulated gate bipolar transistor (IGBT) module plays a pivotal role in the modular multilevel
converter (MMC), making online monitoring essential for ensuring the MMC system’s safety, reliability, and cost-
effectiveness. Addressing the challenge of real-time monitoring for multi-chip parallel IGBT modules in the MMC

system, this paper presents a design method of condition monitoring system based on the relationship between the
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module’s case temperature distribution and its aging state, which enables adaptive evaluation and management of
IGBT module under different operating conditions. Firstly, the impact of aging failure on the heat flow of IGBT
modules in MMC sub-modules is analyzed, with case temperature selected as the characteristic parameter
representing the module's state. Secondly, an aging state monitoring model for IGBT, based on neural network, is
established. This model is adaptable to different working points, allowing for the characterization and
identification of module states according to the demand preference of different application scenarios. Finally, the
proposed condition monitoring system design method is verified on MMC test platform, demonstrating its
feasibility and effectiveness. This paper provides an innovative solution for IGBT status monitoring in MMC sub-
modules under high power operating conditions, offering a practical and effective approach to state maintenance.
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Fig. 1 Fault cause analysis
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Fig.3 Effect of high power condition on electrical measurement
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Fig.4 Change of heat flow inside the module under different conditions
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Fig. 8 The neural network structure set up in this paper
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Fig. 14 Flowchart of IGBT module condition monitoring in MMC system
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Fig. 15 Design block diagram of state monitoring system for key components of converter
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Fig. 16 Design method of on-line monitoring system for key components of converter
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Fig. 19 Signal comparison before and after filtering
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Fig. 22 MMC online monitoring system with different monitoring tendencies
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