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Comprehensive assessment of criticality for transmission line considering invulnerability
LIU Jian"?,LI Xingyuan' , WANG Cheng’ , GAN Hua®*,XU Lixiong'
(1. School of Electrical Engineering and Information ,Sichuan University , Chengdu 610065, China
2. Yalong River Hydropower Development Co.,Ltd.,Chengdu 610051, China;
3. State Grid Sichuan Electric Power Company , Chengdu 610041, China;

4. Chengdu Chengdian Electric Power Engineering Design Co.,Ltd.,Chengdu 610041, China)

Abstract ; Effective identification of crucial transmission lines is of great significance to prevent widespread blackouts.
An assessment method for the criticality of transmission lines is proposed , which takes into consideration both the in-
vulnerability of transmission line individual components and the importance to the whole system’s safe operation. The
invulnerability of transmission line individual components is measured comprehensively from two aspects of carrying
capacity of transmission line to load fluctuations under the normal condition and resistance to N—1 outage under the
accident condition. The importance of transmission lines to the overall operation safety of system is quantified com-
prehensively from the perspective of transmission lines’ effects on the cascading failure generation and diffusion. And
then the criticality of transmission lines is assessed comprehensively from aspects of invulnerability and importance of
transmission lines. The case studies of IEEE 39-bus system and a practical provincial system demonstrate the rationa-
lity and validity of the presented indicators and method.
Key words :transmission lines ; cascading failures ;system states ;load fluctuations; N—1 outage ; invulnerability ; criti-
cality ; comprehensive assessment
S o e L L S L L S
(E#% 120 R continued from page 120)

Dual-loop supplementary frequency control for BTB-VSC-HVDC

ZENG Lingkang' , LI Dahu®®, YAO Wei',SUN Jianbo® ,LIU Jia*, WEN Jinyu'
(1. State Key Laboratory of Advanced Electromagnetic Engineering and Technology , Huazhong University of Science and Technology ,

Wuhan 430074, China;2. State Grid Hubei Electric Power Company, Wuhan 430077, China;

3. School of Electrical and Electronic Engineering, Hubei University of Technology , Wuhan 430068, China

4. School of Information Engineering, Wuhan University of Technology , Wuhan 430070, China)

Abstract: The two asynchronous AC systems interconnected by BTB-VSC-HVDC ( Back-To-Back Voltage Source
Converter based HVDC) cannot provide necessary frequency support for each other, which results in reduced fre-
quency response characteristics of each AC system under faults. To address this issue,a dual-loop SFC( Supplemen-
tary Frequency Control) strategy for BTB-VSC-HVDC system is proposed with theoretical analysis of its feasibility.
The proposed SFC,which includes both active and reactive power-loop ( P-loop SFC and Q-loop SFC) , ensures that
the non-perturbed system can participate in the frequency response of the disturbed system and realizes mutual fre-
quency support of the AC systems at both ends. The P-loop SFC can provide frequency support for the disturbed sys-
tem during the primary frequency modulation,and hence improving the steady-state characteristics of the frequency
response. The Q-loop SFC can provide virtual inertia support to improve the transient characteristics of the frequency
response. Simulations are conducted in a 4-machine 2-area benchmark with BTB-VSC-HVDC and an equivalent sim-
plified model of Southwest Power Grid with Hubei Power Grid connecting by Chongqing-Hubei BTB-VSC-HVDC.
Results show that the proposed control strategy effectively improves the transient and steady-state characteristics of
the frequency response of the perturbed system.

Key words : BTB-VSC-HVDC ; asynchronous interconnection ; frequency control ; frequency support
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