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Fig.1 Schematic wiring diagram of six-pulse converter
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Fig.2 Equivalent circuits of valve during
normal commutation process
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Fig.3 Valve commutation process of inverter
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Fig.4 Forward voltage exerted on inverter valve
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Fig.5 Curve of voltage drop vs. DC current augment
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Fig.6 Equivalent circuits of six-pulse converter
during commutation failure
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Fig.7 Converter voltage and valve voltage during
inverter-side commutation failure
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Fig.8 Equivalent circuit of HVDC during
first-half fundamental period
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Fig.9 DC current waveforms during initial stage of
HVDC commutation failure
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Fig.10 Waveforms of inverter-side and rectifier-side
currents, voltages and triggering angles during
HVDC communication failure
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Fig.11 Simulation and test platform
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Fig.12 Waveforms of different variables
during HVDC commutation failure
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Selection and calculation of LLC converter dead-time considering turn-off

transient of MOSFET

LU Zheng', YAN Xiangwu',SUN Lei’,FAN Wei'

(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University,Beijing 102206, China;
2. College of Mechanical and Electrical Engineering,Agricultural University of Hebei,Baoding 071001, China)

Abstract: The rational selection of dead-time for the MOSFETs of LLC converter is essential to achieve
the ZVS(Zero Voltage Switching) within a wide adjustment range for reducing the electromagnetic inter-
ference and improving the operational efficiency. The existing selection methods ignoring the influence of
the MOSFET turn-off transient on the dead-time have lower applicability. Theoretical analysis is carried out
to obtain the dead-time selection principles for achieving ZVS within a wide adjustment range of LLC
converter ,according to which,the operational behaviors of LLC converter including the turn-off transient of
MOSFET in the worst operating conditions are exactly described and properly simplified. A method based
on the specifications of MOSFET datasheet is presented for calculating the minimum dead-time required in
the worst operating conditions to realize the ZVS within a wide adjustment range of LLC converter. The
proposed method is simple and intuitive,and its correctness and validity are verified by the experimental
results.
Key words: dead-time; LLC converter; worst operating conditions; MOSFET; switching transient; zero
voltage switching
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Micro-analysis of valve commutation process during DC commutation failure
LI Wei',XIAO Xiangning', GUO Qi?
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University,Beijing 102206, China;
2. Electric Power Research Institute of CSG,Guangzhou 510080, China)
Abstract: The valve commutation process during the converter commutation failure is studied on the
microscale of electromagnetic transient and two equivalent circuits are proposed for the short circuit state
and the DC-side state under long-time line-voltage respectively,based on which,the characteristics of DC
voltage variation during the HVDC commutation failure are analyzed. Results show the inverter-side DC
voltage during the HVDC commutation failure will decrease and even reverse. Simulation is carried out on
RTDS real-time simulation platform including actual control and protection devices,which verifies the
correctness of the proposed equivalent circuits.
Key words: HVDC power transmission; commutation failure; valve; control characteristics; post-fault

recovery; electric converters



