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Research on cascading failure situation awareness for smart substation operation and maintenance

ZHU Junyong', YANG Dongzan®, WANG Xin', TONG Xiaoyang®, CUI Xinwen’, WANG Yingqi®, FAN Zhen'
(1. State Grid Chonggqing Ultra High Voltage Company, Chongqing 400039, China; 2. State Grid Chongqing
Electric Power Company, Chongqing 400039, China; 3. School of Electrical Engineering,
Southwest Jiaotong University, Chengdu 611756, China)

Abstract: To address cascading failure in power systems caused by secondary system failure in smart substations and to
improve early warning accuracy, a cascading failure situation awareness method for smart substation operation and
maintenance is studied. Based on protection principles and configurations, various modes of cascading failure caused by
secondary system failure are analyzed, and the event chain templates of cascading failure path are constructed. Using the
substation’s main wiring, instance-specific cascading failure path event chain sets are created for each primary device
based on the templates. When a primary device fails, the system collects online alarm signals from its corresponding
protection and adjacent protections to detect protection malfunctions or misoperations. These are matched with relevant
events and conditions in the associated cascading failure path templates for that device, forming a set of pre-warning
cascading failure paths to assess and forecast power outage consequences. This enables the identification of cascading
failure risk points and provides early warnings to support operation and maintenance personnel. Case studies verify that
the proposed method can effectively provide cascading failure warning for substation operation and operation and help
prevent potential cascading failure.

This work is supported by the Science and Technology Project of State Grid Corporation of China (No. 5100-
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Fig. 1 Fault tree of protection malfunction
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struct Event {

string EventDesc; % A
string Condition; % ZFHF KA K& AFELRE
% FHEXS LRI B AR

string Action;
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