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Fig.1 Model of multi-infeed HVDC system
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Fig.4 Schematic diagram of variable
extinction angle control
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staggered recovery strategy

T AR R 52 SR W ()BT B VDCOL 4% i 7 =X iy
JRHE EFARIAE £ VDCOL M LRl L3 T 4E
AF IR e il RE B (B H 40 T MR ETE 2 A B &
G 45 S LR 0] 20 S0 S By i BER S I B Y, S
TR EER . REIEHBITH, VDCOL #Hli2177F A
ML IE RS VDCOL # AR i) FE B 52 AR
FRETIRE . 7F 5 G028 4R & 2k M e 5 8O 1T 3kt 7 1) 48
FHOR B | b G ke 4 il ik % 15 %, i VDCOL 4%
fl e 2 B &1, 1A VDCOL =l A th ity PQ Bt
FEL ) HL YL A 1% | B E B 24T S A | 76 3k 31k
GZ PSR LU R G )RR B ORI RN S £ 4 B
TR I IR Dy 222 B A 0 LY

FESEIET AR ST MG L Bt vy | 45 AR 2R I AE 1) 2%
BRI R T IR AT E A R AR S
K HI PSCAD #A%F Optimum Run #8 H i) SIMPLEX



(03] ® 0 8 & iR B

8335

B T AT MO AL B ] B 3% 2 B 1
R P % s SR ek Lo, R Ak 0 1 b o
BOCH .

f:J [jzl: [k(l‘“fj_ldi)z"'<1_a)(')’reff—’y]-)zj i (6)

Horb L oy 20 50 H R AR 2 My S %1
Ly Fl oy, 23 50 R B Ay B DU A & oy L) 3R 8, A
CHLO.5,

HRAE b SCH A R SRS 7E = I L R G 2k
5% 3 00 0 2k L T AR K 52 SR W 1 3 S VDCOL 4%
il MR A R G000 SE PR O, BOE 314 VDCOL %
HRE Uy =04 pau.,Uy=09 pu.,U,=0.45 p.u.,
Up=0.95 p.u.,[;=0.55 p.u.,ly=1.0 p.u., EALIS IS (E]
WRT 100=200 ms, T pae=120 ms, T hus=35 ms, HL
A6 J5 B B ] 5 K50AT DA R 2 B 1 D) Sk R K
JE s R, WA D RE IR g 4 2R B 3 Sk 1 2 iARUBE
BSHRLIIT | 32 BRI /)N I R] RO e,
AT G RG4S Sk Hm AR MR IR A DT
TR EIE A& 9 Fras (2250 A w4750

2.

y/(°)

(a) HLINAH y

1200 1200
g 500 500
N
~200 ~200
08 14 20 08 14 20
t/s t/s
(b) HIHNE P
400 400
5 a 5
s s0F Bl == 2 50
3 i 'M"’"}«WW 3

-300
0.8 14 2.0 0.8 1.4 2.0

t/s t/s
——HVDC1,----HVDC2,---- HVDC3
0 EHI R BRI RIRIN A W RE T E

Fig.9 Comparison of extinction angles and power waveforms
between original and improved control strategies

I 9 Al L ME 0 A B RS0k % M VDCOL

BRI TE 1 s R LA MBS | 4% 2.3 Hift
7 AU KL I A AR PR A AR DD B S 4 I 1 3 A A
A ARG ST (H R T R R DIBR IS 45 Tl 4 i TR R R
A EAEH % R R TTH 2, 118 s 4% 1.2
R JE SRR A R W A D T AL R BT 3 4%
2 I ) B 6 2R 48 7= A B PRl TE T 7 SR Bk R
RN 2 s EA RGN A AW IEH | RH
ARSCE AT A B R S | S SR R MO & R &
B I BRAL M AN R AR R B, ekl A R
Horp 302 VDCOL J 150K 9% T LI 2 4 i e 30 [ %o
LW ARG P T T R 4 B T JE ) Hy AR
IR 1.6 s ZH RGN NFEWEZ IEH KK
BSR40 50 T 40 %, 878 Yk 52 56w b B [ &5 B0 £k
TR DG A BRI R 1.20 s 5 H AL
[l L3 H A S B I 4R % 3 A T e ek A [l Bt
LR 2 A IFHIRIR A | 1.26 s 2o A1 ik BB e (1, 2R 0%
2 I3AUMKKWKE G, & | BB HIRAE
1.80 s KB IEH , U Ty, h T2 1.2 B3R
PR AZ Ty Pl 3 70 A e 2 B L 1 o T I Ty o 2k i
3 RS B AL T T S R I s T R
B 1.2 MEIKIRIKRE

5 #it

a. £ — P AHRME RSP ERIET
SVC F T 114 728 K2 A 2 1 2 A T 1] I 282 A 2% 1
HAE R IF 50 e L R HE T R BRI R

b. EFXFLL L 2 Al Oy SR s BE T —Fb
FE T AR MR S R WS 1) B A VDCOL #1245 il 3 1o
HIE 27 B 5% 1 B 3R 02 T 38 L AT 2R 0 A I e X6 228
TR GE ) TC T K R BsE FI)FH AE B SR 1 T B T RS
1o A% 2R LU R I TR AN R R LS ) | B 2 TT A AL
T4 5 S A 2 ML, 52 I 22 2% T 46 I ) o) R AT
PRAZ I H B HE B ER Y R 5 500 # E v] LUK IR
G e 2 b L SR B Y T 1 BB T %
il o7 A ok

SE .

(1] ffsisie 22 0608, 4 /NI A8, e F L VAL i L 2R 8 490 A 2R UL 14
FRUE[)]. MR | 2006,30(22) :19-23.

HE Chaorong,LlI Xingyuan,JIN Xiaoming,et al. Criteria for com-
mutation failure in HVDC transmission system[]J]. Power Sys-
tem Technology,2006,30(22):19-23.

[2] THIO C V,DAVIES J B,KENT K L. Commutation failures in
HVDC transmission systems[J]. IEEE Trans on Power Delivery,
1996,11(2) :946-957.

[3] RAHIMI E,GOLE A M,DAVIES J B,et al. Commutation failure
in single- and multi-infeed HVDC SyslemS[CJ//The 8th TEEE
International Conference on AC and DC Power Transmission.

[S.L]:IEEE, 2006 182-186.



%118

SRS S5 . M 22 A T LR T AR R IR B AT 5 @)

[4] ZHOU Changchun,XU Zheng. Study on commutation failure of
multi-infeed HVDC system[C ] /TEEE Proceedings of International
Conference on Power System Technology. [S..]:IEEE,2002:
2462-2466.

[5] MR T 5K3e B 45, 2200 A U M FL 2R 4 P R O O 9 25
R[], BMEAR 2006,30(17) :40-46.

LIN Lingxue,ZHANG Yao,ZHONG Qing,et al. A survey on
commutation failures in multi-infeed HVDC transmission systems
[J]. Power System Technology,2006,30(17):40-46.

[6] 7 AR AREL, B HURE, 20 i L 2R 58 1 B R S SR [ ].
WL A B R ,2002,22(11) :63-66.

YANG Weidong,XU Zheng,HAN Zhenxiang. Coordinated recovery
strategy for multi-infeed HVDC system[J]. Electric Power Auto-
mation Equipment,2002,22(11) :63-66.

(7] skt skoe, sk 55, HUR R G 7 KO R 85 22 HR

RERGHEEMIRRE N []]. B AR 2005,29(5):

20-24.

ZHANG Jianshe ,ZHANG Yao,ZHANG Zhichao,et al. Influence

of DC system control modes on voltage and power recovery after

large disturbance in hybrid AC/DC systems[J]. Power System

Technology,2005,29(5) :20-24.

VERRAR ik S8 MR T 45, SCIIEE S MIDC 2 46 09 B ) 1k &2 5K

W), M7 A B A ,2009,29(10) - 79-82.

WANG  Juanjuan,ZHAN Yao,LIN Lingxue,et al. Coordinated

recovery strategy of MIDC system after AC faults[J]. Electric

Power Automation Equipment,2009,29(10):79-82.

BB, 7. R 22 5t A 28 AR IR 740 UK e T B 3R e 4 AR 2R

Wik )], T E B AL TSR 2012,32(4) . 108-114.

SHAO Yao,TANG Yong. A commutation failure detection method

for HVDC systems based on multi-infeed interaction factors[J].

Proceedings of the CSEE,2012,32(4):108-114.

[10] X 422608 w55 HVDC F 484 A0 26 W i S48 4 [T ].

A AR, 2009,33(8) :8-12.
LIU Jian,LI Xingyuan,WU Chong,et al. Research on ecritical

—
<]
—

—
N=)
[}

index of commutation failure in HVDC system[]]. Power System
Technology,2009,33(8) :8-12.
[11] BREE IR, S0/ A5, 2015 4745 o F R R0 H 199 £ 0 A 4R 1l

IX 245 ELV A LR L ROAR R O AT ()], IR 201135
(10):9-15.
SHAO Yao,TANG Yong,GUO Xiaojiang,et al. Analysis on
commutation failures in multi-infeed HVDC transmission systems
in North China and East China Power Grids planned for UHV
power grids in 2015[J]. Power System Technology,2011,35
(10):9-15.
[12] SONG Y H,JOHNS A T. Flexible AC transmission systems
[M]. London,UK:IEE Press,1999:26-32.
[13] XURBL BACH 7RG B 57k (M. dbat PEE Iy
WAL, 2007 :94-97.
[14] tREL ZCELTA I RGBT R M. JEa0 AU T i
#,2004 .40-42.
EF TR, BN E AR T L5 T AR SR
S VDCOL #E il SR Mg A58 [ ], VLIR AL /2, 2007,26(1) ; 1-4.
WANG Ke,YANG Weidong, FANG Yongjie,et al. Study of
VDCOL control strategies for coordinated recovery of multi-
feed-in HVDC system[J]. Jiangsu Electrical Engineering,2007,26
(1):1-4.
A5, % B B A LI P S o O 0 PR AR T A BIF Y
[J]. mUEHA 2008,34(6):1110-1114.
FU Ying,LUO Longfu,TONG Ze,et al. Study on voltage
dependent current order limiter of HVDC transmission system’s
controller[J]. High Voltage Engineering,2008,34(6):1110-1114.
NELDER J A,MEAD R. A simplex method for function minimi-
zation[J ]. The Computation Technology,1965,7(4):308-313.

[15

[}

[16

[t}

[17

[

EEE AN .

SEAV R (1990-), ), ERA A LR AE AR T @AY
71 & %6 o H7 it 5E B A4 % (E-mail ; xiaoxiaoxinshoug@163.com) ;

) R BE(1962-), %, Wl R ARA H A AR EF
IF R T AR N RS E SRR R LR
W HE A,

LR (1945-), B w)l mARA  HIE B EHRAES
BB R AR A RGMRE LS HELRRE 5K
&

Measures inhibiting follow-up commutation failures
in multi-infeed HVDC system
GUO Lina,LIU Tianqi,LI Xingyuan
(School of Electrical Engineering and Information,Sichuan University,Chengdu 610065, China)

Abstract: Aiming at the follow-up commutation failures in multi-infeed HVDC system,a typical multi-infeed
HVDC model is established to specify the effect of SVC on the inhibition of follow-up commutation failures
and a method based on the essence of commutation failures is put forward to control the variable arc
extinction angle. The defect of the variable arc extinction angle control method in application is analyzed
and a dynamic VDCOL control model based on the staggered recovery strategy is further proposed,which
uses the dynamic VDCOL to delay the power recovery rate of single line for reducing the reactive power
demand of DC system during faults and eliminating the adverse interaction between different DC lines. The
DC lines are thus recovered in a staggered way to effectively inhibit the follow-up commutation failures.
The simulative results show its effectiveness.
Key words: multi-infeed HVDC system; HVDC power transmission; follow-up commutation failure; arc

extinction angle control; staggered recovery; models



