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Fig.l1 Schematic diagram of AC/DC system of

Xing’an DC project
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Fig.3 Impedance scan results during frequency
range from 50 to 250 Hz
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Fig4 Impedance scan results under different

impedance amplitudes of AC system
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increasing delay of controller

4 RUIERET R K (F HIIE

283t RIS A A AT A 38 R
VD0 R I L 4 SR 7T o g = = =4 5 ST E R T
L H A GANEAE R T R e M. X T iE 58
ARG N-1 N=-2 AN [a] P 245 S5 4 AN [a] B i AT
T OLHEAT A VAR A7 AE 5 AR B XU 114 28 i
ARGl AR, MR SIZ1T T 0.5 pu. TIHRLLT
B BRIl 26 T 2 DA B B 2kl A ik (&2
KI A% — &M N-2 38 R G is 17y 2Nt B
TR GAE 125 Hz M EAEFE B ISR KU , 75 25
4 it >R By B U R iR ()

1 3.2 97 R G A M R 2R A BT 2 S A g
il 22 29 1L 3000 X 45 BEL e R PR R B 2 52 ) T i IR
TR, SCHRL 16 ]2 H 7E 15 I 43 ) 28 e rh 388 n B
e £ F O T {1 125 Hez A BHL S D 3R, 45 E T
BT RERS AL AL B R Go A 125 Ha Bk 49 Bt 9 B BT
FErE . i BRI A5 S R B, ) &R g b inad BH
UE IR IS R RE NS I IR R LA 125 Hz il
BRI , (B 2080/ 70 Hz BRI 4R 25 00 4 £
M . 7 AR 125 Haz s BHEESE E 00T B BHSTH
AR B2, sw 2, osw, 20 B A0 125 Hz i
RELJE I8 P19 I 0 D0 4 % I RELp A BB .
& ] 40, 78 AU 1000 MW 3247 7 20T, 125 Hz Jf T
TR A B AH AR AR FE 2938 K 307, (EL7E 70 Ha B i B
S AR BE 8 56, W IV A £ 25 290 150°,
D] 0 348 o L 9 e B 5 8 At T 00 R AT BB 23 /)N
70 Hz B0 V4R S AR F G B, 25 BE T R B TS AH A
B E— 20 W 5 5 S 70 Ha T B 3R o5 Ak
BT PR ICR o PRI AR S 32 ARG Ak 20 3 0 1990 285 BBt
TRy AR AR L

@ 2500 ¢
~N
1250
5 AN
E ) NS
S 200 ¢ [
~ | T~ = — -~
AN L
s O =:jj\ NS o
ZE -200 = : '
50 100 150 200
Wi / Hz
— Zges Zae 1251125 va _'_ZpJZS Hz

7 %R 125 Hz RIS KT R TR AMER
Fig.7 Impedance scan results before and after 125 Hz
band-stop filter inserted into current controller
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resonance of AC /DC system in Xing’an DC project

WU Jianying, PENG Maolan, WU Jiyang, FENG Lei
(Maintenance & Test Center, EHV Power Transmission Company of China Southern Power Grid
Co.,Ltd., Guangzhou 510663, China)
Abstract: Aiming at the problem of resonance amplification in Xing an direct current (DC) project, the
mechanism of resonance suppression is studied. Based on simultaneously considering the impedance equiva-
lent network of sending-end and receiving-end alternating current (AC) systems and DC system, the impe-
dance characteristics and resonance suppression stability of the equivalent network are studied by frequency
scanning method. The results show that there is resonance risk nearby a specific frequency in the AC /DC
system of Xing’an DC project, which is consistent with the transient simulative results and resonance sup-
pression phenomena of the testing ground. The influencing factors of the DC oscillation characteristics are
simulated and analyzed,and a resonance suppression countermeasure of changing DC-side network impedance
is proposed. Simulative results verify the effectiveness of the proposed strategy for resonance suppression.
Finally, the strategy is applied in the Xing’an DC project,and the resonance phenomenon does not appear
in typical operation modes.

Key words: LCC-HVDC;stability analysis;impedance scan;resonance suppression
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Fault current suppression method of multi-point hybrid cascaded DC system
based on virtual impedance
WU Haiyan', JIANG Qin',LI Baohong',LIU Tianqi',ZHANG Min*, WANG Tengxin’
(1. College of Electrical Engineering,Sichuan University, Chengdu 610065, China;
2. Electric Power Research Institute of State Grid Shanxi Electric Power Co.,Ltd.,Taiyuan 030012, China)

Abstract: There is a unique power surplus problem of modular multilevel converter (MMC) in multi-point
hybrid cascaded DC system. When a short circuit fault occurs in the receiving end AC system,the MMC
overcurrent and overvoltage will cause the MMC valve blocked,which may further cause system power inter-
rupted. The rectifier-side of multi-point hybrid cascaded DC system adopts the line commutated converter
(LCC) ,and the inverter-side adopts the cascade connection of LCC and multiple MMCs. A fault current
suppression method suitable for fail occurred at receiving end AC system is proposed. The fault current is
reduced by introducing a virtual impedance in the MMC control at inverter side without additional equip-
ment. The control introduction, calculation and input realization process of virtual impedance are elaborated
in detail,and a model is built in PSCAD / EMTDC for simulation analysis. The results show that the de-
signed virtual impedance controller can realize the fault current suppression effectively and prevent power
reversal,so as to achieve the successful ride-through of AC faults and reliable power transmission of hybrid
cascaded DC system.

Key words: multi-point hybrid cascaded DC system; coordinated control strategy; fault ride-through; current

limiting measurements ; virtual impedance
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Table B1 Resonance point and phase angle difference under
different impedance amplitudes of AC system

R G B PR S AL PR 2
gk /Hz 69 118
18320 FE/Q 15.6 350.0
M2/ (D 126.0 132.0
g /Hz 71 121
916 Q FE/Q 28.7 233.0
MM/ (D 157.4 169.8
AiZ /Hz 71 123
4580 FHAE/Q 35.4 158.3

M2/ (D 160.2 174.4

%k B2 ARERDFKETHIERSLEARE
Table B2 Resonance point and phase angle difference

under different DC power levels

Hiiih% IR L RS2
B [Hz / 123
0.1p.u. Bﬂ@/g / 19.5
MMz, (9 / 133.9
M [Hz 69 123
05p.u. Bﬂ@/g 22.0 21.0
A2/ (D 111.4 128.5
M [Hz 69 123
1.0 p.u. Kﬁjﬁ/g 29.0 19.5
A2/ (D 143.2 86.6
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Table B3 Resonance point and phase angle difference
under different control link delays

PR AE I PR L RS 2
HER /Hz 69 122
JRAERS [/ Q 16 157.2
MWAE/ (D 100.1 179.2
HZ/Hz 69 122
WI100ms o 16 157.2

M2/ () 113.1 176.1
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Table C1  Comparison of compression effect of different number of operating DC filters
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