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DC-Link Capacitor Parameter Identification of Inverters
Based on Digital Twin Method
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Abstract: [Purpose] To enable accurate assessment and online diagnosis of the DC-link capacitor health
state in neutral point clamped (NPC) three-level inverters, [Method] DC-side parameter identification with
a focus on capacitor parameter degradation characteristics is investigated. To address the low accuracy and
strong specificity of traditional capacitor-parameter identification methods, this paper proposes a
digital-twin-based approach for DC-link capacitor identification in NPC three-level inverters. The method
first analyzes the capacitor operating characteristics to determine the identification parameters, then builds
a mathematical model and constructs a digital-twin NPC inverter using a fourth-order Runge-Kutta solver.
A particle swarm optimization algorithm is employed to continuously update and refine the identification
parameters until the digital twin matches the real system outputs. [Result] Simulation studies verify the
effectiveness of the proposed capacitor-health identification method under various conditions and confirm
the consistency between the digital-twin model and the physical system. Results show that the method
accurately identifies capacitor values, equivalent series resistance, and related load parameters, with
identification errors generally within 5%. [Conclusion] The research results provide a reference for the
parameter identification of DC-side capacitors in inverters.
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Fig. 1 Electrolytic Capacitor Structure Diagram
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