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Fault-tree based reliability analysis for paralleled
half-bridge sub—-module of HVDC
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Abstract

In HVDC systems, the full-bridge submodule increases the number of components compared to the half-bridge
submodule, but the failure-rate can be reduced by securing 100 % redundancy. However, full-bridge submodules require
more complex control algorithms to ensure the redundancy and to prevent arm-short with sufficient dead-time. To solve
this problem, we analyse the failure-rate of the paralleled half-bridge configuration with the same number of components
and 100 % redundancy as the full-bridge submodule. The fault tree analysis (FTA) method is applied to the conventional
part failure analysis to reflect the operation risk of the submodule, thereby predicting the life-cycle of the submodule
more accurately. To verify the validity, the failure-rate results of the proposed FTA based analysis method are compared
with the failure rate obtained by the part failure method.
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Fig. 1. Circuit configuration of 3-phase MMC and paralleled
half-bridge sub-module.
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Table 1. Parameters for paralleled half-bridge submodule

E 1 E-E2IX MERSo dA HF

Parameter Value Unit
Rated power 2.4 MW

Sub-module rated voltage 2400 A%

Rated dc Voltage 2400 A%

Arm inductance 20 mH

Sub-module capacitance 6900 uF

Number of sub-modules per leg 108 EA
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Half-bridge Sub-module failure — Redundancy 100%
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Fig. 3. Fault-tree of paralleled half-bridge sub—-module with 100% redundancy.
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