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Fig.1 A simple 4-bus system
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Table 1 Power flow transferring distribution when Line
1-3 or 1-4 breaks because of faults and initial power flow
of three conditions

Wi B IR/ MW IR A DR MW
L B/MW -3 WF 1-4 BT B B2 5E 3

1-3 150 — 30 100 100 114
1-4 100 30 — 55 35 35
4-3 100 30 35 55 35 58
1-2 100 70 5 15 35 94
2-3 100 70 5 15 35 94
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Table 2 Impact evaluation results of transmission
lines on system operation

ASCHrPEtERR  SCER[ 1014805 SCER[ 13 14845
fe# db cFs o fdl CcFS fill CFS
g HFE O Al HiFE A&l HF
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Table 3 Pivotability evaluation results of transmission
lines in network
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4 2-25  J®E 17-27 RPE 2-3 BEAK
5 16-21  =HE  14-15 fEEAK 6-11 WEfH
6  17-27 BY“E 26-27 UE 6-7 faEARK
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Table 4 Comprehensive importance evaluation results

of transmission lines

Cle)fF4 gt whilithilids MRAVEHRS SCHR(13] Avgh 2R

1 21-22 1 7 13-14
2 16-19 17 1 21-22
3 15-16 4 3 16-17
4 2-3 3 10 16-21
5 16-17 12 2 16-19
6 23-24 2 17 10-13
7 2-25 7 4 15-16
8 26-27 6 9 2-25
9 16-21 13 5 23-24
10 13-14 8 19 26-27
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Table 5 Criticality evaluation results of transmission lines
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23-24 4 6 13-14 9 10
2-25 5 7 26-27 10 8
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Fig.2 Times of overload outage for Line 4-14 and 2-3
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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
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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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Table Al Transmission capacity of transmission lines

e e o
s s (TRES |y g TREN Gy wans RS
1 1-2 600 13 7-8 800 25 17-18 600
2 1-39 600 14 8-9 600 26 17-27 500
3 2-3 800 15 9-39 600 27 21-22 1000
4 2-25 600 16 10-11 800 28 22-23 800
5 3-4 500 17 10-13 800 29 23-24 1000
6 3-18 500 18 13-14 800 30 25-26 600
7 4-5 600 19 14-15 600 31 26-27 700
8 4-14 600 20 15-16 600 32 26-28 700
9 5-6 1000 21 16-17 600 33 26-29 700
10 5-8 800 22 16-19 800 34 28-29 700
11 6-7 1000 23 16-21 800
12 6-11 800 24 16-24 800
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Fig.B1 Topology structure of a practical provincial power grid
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Fig.B2 Ranking distribution of transmission lines in a practical provincial power grid

94 2% 500 kV % FL 2k R AE BB EFR bR HE A TP EERT A1, 40K 2 B0 R 2 ) HE 44 R AE R 100 LAY (i B2
R KR L AL MIFT R ). 500 KV i HL 2R 2% 2 Fi BB DR VO R PR B Ik (1 24K, 2 i GO B T 48, R BT
. IBAT ZHFEEE 2 R ORTE RO B X e A BR AR AR R R A M O, T RES AE —
TEHE AT FRFEAE R G HIEAT . 500 kV fi L2k g BEOR T S(H B 120, DR G AE G B PR HE 44 Hh OF AN SERT (i
Bl B2 i ZE T A RRAE P s, OB MEHEA T 30 (R B A 12 2% 500 kV T HIZRERD .

7 5 B bk 4 5 BT A R B R A D B 220 KV B FRL 2R K o X A H 2R I 0T JR) Sk X R X () 4
F o AR X R R O EOAS 22 B ) RS G TE R A RS A Ry s X R A 28 2R R ) L YR S EE
it LA D FE SRR, T 51 AR RS BB A%, 1IN R A5 re S XU o 3K 6 A P 2 B B SR AE [ P 55 2 i
2B E L HRE, REEHE, E5ERERSEIMmM AL (10500 kV i HLZH) IS AE 2
PR, PUERUAEXT RS, DI SRBEVERE A thAE R CanlE B2 th e N A EAE N s, SRBEVESFRA BT 30 A% HLZ
HHA 18 2% 220 kV LR .
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