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Fig.1 Equivalent parallel circuit of AC/DC system
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Harmonic instability evaluation of LCC-HVDC transmission system considering
transformer core saturation and its application
LIU Dui, LI Xiachua,CAI Zexiang,CAl Subin
(School of Electric Power,South China University of Technology,Guangzhou 510640, China)

Abstract: A complete model of LCC-HVDC(Line Commutated Converter based High Voltage Direct Current)
transmission system is constructed based on port theory,and the effects of converters at both ends of LCC-
HVDC, smoothing reactors, AC / DC filters and the saturation of converter transformer core are comprehen-
sively considered. The model is used to analyze the harmonic stability under different network parameters,
opera-ting conditions, and compared with the simulative results of detailed LCC-HVDC transmission system
model on PSCAD / EMTDC time domain simulation platform, which verifies the feasibility and accuracy of
the proposed model. The proposed model applied to the identification of harmonic instability is not only
simple to calculate,but also can reflect the influence of different parameters on the harmonic stability. The
analysis of influencing factors on harmonic instability can provide reference for the planning and operation
of LCC-HVDC transmission system.

Key words: LCC-HVDC transmission system;harmonic instability ; two-port;switching function
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Quantitative analysis of interaction between different control loops in
hybrid dual-infeed HVDC system
ZHANG Fang,YANG Zhongyao

(Key Laboratory of Smart Grid of Ministry of Education,Tianjin University, Tianjin 300072, China)
Abstract: With the development of HVDC(High Voltage Direct Current) projects,the interaction within hybrid
dual-infeed HVDC system has attracted extensive attention. In order to further clarify the internal interac-
tion mechanism of hybrid dual-infeed HVDC system, quantitative analysis of coupling effect between different
control loops in hybrid dual-infeed HVDC system is investigated through relative gain array method in control
theory. Then,the effects of factors such as the AC system strength,tie-line length, HVDC power transmission
level and power oscillation frequency of DC system on coupling degree between different control loops are
studied. Finally, the electromagnetic transient simulation model is built to verify that the proposed method
can quantitatively analyze the generation mechanism of interaction within hybrid dual-infeed HVDC system.
Key words: hybrid dual-infeed HVDC system;relative gain array;control loops;interaction; coupling degree;

quantitative analysis
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Table C1  Comparison of analytical values and simulation results

7% AR s 2% v AT H S AV AR s 2% i T L A TKA
PSCAD/EMTDC {ji & 53.8 0.000 2
T A 53.1 0.000 1

XPEEER C1 B AT LUK B, SR SCHh R AT 2 e 47 {5 5 PSCAD/EMTDC  FEE 25 07 BB AF K 7
HARBEAR 2, Y] 7 S ST A8 T & 5 40 s AP T A TR A IE A 1
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Table D1  Parameters of simulation model

ZH B BH By
BE A 1000 MW HE HLR 1 kA
BUERE 500 kV HAEHKE  1254km
BRMALERAR 9895MVA | FEMPH L 0.15H
WARMAEERARE  903.73 MV A Ry Rs 300
N SR 0.18 p.u. Rz, Ry 1000 Q
AR AR SR 0.18 p.u. Ly, Lo 0.004 725 H
BRMAR R ARASLL 525/210.75 C1,Cs 4300 uF
WAMAR E#RARLL 525/198.55 C2 Cy 509.8 uF
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Table E1  Discriminant value of harmonic instability and simulative results
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4 s/ () Pl e S ¢ s/ (° ) | by 225 R
1 03175 0.156 3 fasE 0.8714 174.260 2 o FaE
2 02922 0.067 4 FsE 1.586 1 219.102 5 N =y AFaE
B m
3 03176 0.167 3 FaE 0.869 5 174.195 2 FasE FasE
4 0.3008 0.0840 FaE 15711 208.587 1 N o N =
5 02474 4199 8 o 0.700 0 169.098 4 FaE FasE
NERTRIL
6 0.3876 2.6320 R 1.868 1 199.772 8 N b A
7 02891 0.056 3 FasE 1.4995 208.082 6 N b A
8 0.2925 0.064 5 FasE 1.595 0 223.703 4 N =y AFaE
BuiR ]
9 03173 0.167 1 FaE 0.869 0 174193 2 FaE FaE
10 0.3176 0.148 5 FaE 0.8740 174.329 0 FaE FaE
11 0.3017 0.097 1 o 1.4445 198.328 6 NV g
12 0.3180 0.1527 RsE 0.9100 175.1357 fasE FaE
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