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Fig.1 Hybrid HVDC circuit breaker topology
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Fig.2 Hybrid HVDC circuit breaker
control system architecture
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Fig.3 Hybrid HVDC circuit breaker
protection system architecture
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Table 1 Protect classification of
hybrid HVDC circuit breaker
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Table 2 Hybrid HVDC circuit breaker
overcurrent protection
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Fig.6 Waveform of breaking current of
hybrid HVDC circuit breaker
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Table 3 Hybrid HVDC circuit breaker
redundancy protection
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Table 5 Hybrid HVDC circuit breaker
accessory system protection
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breaker control and protection system
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Table 6 Simulation circuit of hybrid HVDC circuit
breaker control and protection system parameters

SR Kot
HHE Us/kV 500
E 2 R/ Q 167
Y RHT L/mH 150
P K s 10

4.1 EHRIRBAE

(1) Al K8 MR E Ik B b s
B el BT .
34 AlWAtE46 ms
291
24+
S g9l
e .
SR
091 — R R
0.4 r — BT
h 0.99 1.00 1.(I)1 IAQ)Z l..03 1.64 l.l()5 l.l()6 l.l()7
e /s

B8 EBAXSEERMEESHAERE

Fig.8 Closing simulation waveforms of
hybrid HVDC circuit breaker
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Fig.9 Opening simulation waveforms of
hybrid HVDC circuit breaker
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Fig.11  Simulation waveform of main
branch overcurrent protection
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Distributionally robust optimal dispatch of distribution network

considering multiple source-storage coordinated interaction
YU Yaowen', LI Yuelong®, CHEN Sichao®, YANG Bo*, ZHOU Guohua’
(1. Zhejiang Zhongxin Power Engineering Construction Co.,Ltd. ,Hangzhou 311201, China;
2. China Electric Power Research Institute , Nanjing 210009, China;

3. State Grid Zhejiang Hangzhou Xiaoshan Power Supply Co.,Ltd.,Hangzhou 311202, China)
Abstract ;: Renewable energy sources (RES) such as distributed photovoltaic (PV) and wind turbine (WT) provide uncertain
and stochastic active power supply. Then the large amount of RES brings great challenges to the operation of distribution
network. A distributionally robust optimal dispatch method considering multiple source-storage coordinated interaction for
distribution network is proposed in this paper. Based on the distributionally robust optimization theory,the dispatch decisions of
traditional discrete devices,RES and energy storage are optimized coordinately to improve the economy and safety of distribution
network operation ,and thus realizing the effective balance of conservativeness and robustness for distribution network dispatch
decision. Firstly,with consideration of multiple source-storage coordinated interaction,the optimal distribution network dispatch
model is constructed and reformulated as the mixed integer second-order cone programming form. Secondly, the RES output
scenarios are utilized to describe the uncertainty while the distributionally robust optimal dispatch model of distribution network
considering multiple source-storage coordinated interaction is constructed, after which the column and constraint generation
algorithm are employed for model solution. Finally,it is carried out based on the PG&E 69 node system to verify the feasibility

and accuracy of the proposed method.

Keywords : distribution network ; energy storage system; source-storage coordinated interaction ; uncertainty ; optimal dispatch;
distributionally robust optimization
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Hybrid HVDC circuit breaker control and protection system
CHEN Yu, SHI Wei, YANG Bing, FANG Taixun, LU Yu, XIE Yeyuan
(NR Electric Co.,Ltd.,Nanjing 211102, China)
Abstract ; As the key equipment of flexible DC power grid, DC circuit breaker is used for fault fast isolation and recovery,which
greatly improves the security and reliability of DC power grid. Based on the hybrid high voltage DC circuit breaker, the control ,
protection architecture and control protection strategy are studied in detail. First of all,the 'redundancy dual’ control system
architecture and the "two out of three’ protection system architecture are designed, which have the characteristics of clear
architecture level and clear function allocation. Then, the opening and closing control strategies of the hybrid DC circuit breaker
are given,and the overcurrent protection strategy ,the main equipment protection strategy and the auxiliary equipment protection
strategy are designed in detail. Finally,a set of control and protection system of 500 kV/25 kA hybrid high voltage DC circuit
breaker is developed and simulated by real-time digital simulation system ( RTDS). The results show that the control and

protection system and its strategy are correct and effective.

Keywords:DC circuit breaker; hybrid; control and protection; overcurrent protection; redundancy protection; accessory sys-
tem protection
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