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Fig.1 Schematic diagram of sub-module topology in

hybrid braking resistance converter
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Fig.2 Equivalent circuit of sub-module in

hybrid braking resistance converter
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Fig.3 Simplified equivalent circuit corresponding
to Operation State @D or @
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braking resistance converter
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Modular series-connection DC energy braking device for VSC-HVDC system
XIE Yeyuan,YAO Hongyang, Ll Haiying, YIN Guanxian, OUYANG Youpeng, LI Zhao
(NR Electric Co.,Ltd.,Nanjing 211102, China)

Abstract: Due to the advantages of low transmission loss, VSC-HVDC (Voltage Source Converter-based High
Voltage Direct Current) is easy to realize fault isolation,fault ride through and independent control of active
and reactive power,which makes it have great application prospect in the field of offshore wind power inte-
gration. In order to realize the fault ride through of offshore wind power VSC-HVDC system,based on the
comparison and analysis of the existing DC energy braking device schemes,an economical modular series-
connection DC energy braking device topology is proposed,which combines the advantages of resistor outdoor
heat dissipation, distributed module self-energy acquisition and soft switching control,and solves the control-
lable discharge problem of the sub module voltage rising continuously caused by the asynchronous switching
on-off of power devices. The detailed operation status and control strategy of the proposed topology are ana-
lyzed. The feasibility of the proposed topology and the control strategy of sub module controllable discharge
are verified by the module prototype experiment and equivalent minimum system experiment. RTDS experi-
ment verifies that the proposed modular series-connection DC energy braking device can realize the smooth
fault ride through of system.
Key words: VSC-HVDC;fault ride through;DC energy braking device; modular;series-connection

(LE#% 116 W continued from page 116)

Equivalent modeling of electromagnetic transient simulation for
hybrid braking resistance converter
ZHAO Zheng',TIAN Yuanyuan',XUE Yinglin', LEI Xiao’, YANG Zhangbin®>,HU Zongqiu®
(1. State Grid Economic and Technological Research Institute Co.,Ltd.,Beijing 102209, China;
2. China Three Gorges Mechanical and Electrical Engineering Co.,Ltd.,Chengdu 610095, China)

Abstract: In order to solve the problem that the huge number of network nodes in the original model of
hybrid braking resistance converter in the VSC-HVDC(Voltage Source Converter based High Voltage Direct
Current) system with island new energy resources seriously restricts the speed of electromagnetic transient
simulation,an equivalent modeling method for hybrid braking resistance converter based on Thevenin equiva-
lent and nested iteration is proposed. In this method, the whole branch is divided into four kinds of sub-
module networks with different operation states. The Thevenin equivalent circuit of each sub-module network
is obtained based on the triggering instruction combination of main and auxiliary switching devices in the
sub-modules, and the synthetic equivalent model of the hybrid braking resistance converter branch is substi-
tuted into the whole network of VSC-HVDC system for solution. The electrical characteristics of the internal
sub-module are inversely deduced, and then the solution is iterated. The consistency test and simulation
time comparison between the equivalent model and the original model are carried out in PSCAD / EMTDC
simulation software. The results show that the method can greatly reduce the simulation time, and highly
simulate the external operation characteristics and the internal sub-module variation characteristics of hybrid
braking resistance converter.

Key words:hybrid braking resistance converter;electromagnetic transient modeling;nested iteration; Thevenin

equivalent ; power surplus
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Fig.Al Equivalent circuit of sub-modules corresponding to Operation State O
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Fig.A2 Equivalent circuit of sub-modules corresponding to Operation State @
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Fig.A3 Equivalent circuit of sub-modules corresponding to Operation State &
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Fig.A4 Equivalent circuit of sub-modules corresponding to Operation State @
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Fig.A5 Simulative waveforms of external characteristics of converter branch(half power)
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Fig.A6

Simulative waveform of sub-module’s capacitance voltage(half power)
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