Fa4 59 W
201645 H1H

A ERBEYE DN

Power System Protection and Control

Vol.44 No.9
May 1, 2016

DOI: 10.7667/PSPC151071

EFSBALEEARTOERS KRN

R AERAT AR F A U

(. J R RA RS B RAMXAR T, &R S M 510080;
2. WL RFRATARFR, Wt M 310027)

E: g/l VSC-HVDC Xf £ EIBA RGIEAT 2 X RN TH52 i R G HIISATPERE o ANA] 73 DX S0 REEE el
THREEAA T3 Ry 5, 38 RGP HTidont 2 B R SR IERET THFIL, 13810 Tl Xy %
(KIS FEA G o AEEIERR PR T2 2 B AR N 7 0 B X 53, 3E M5 21520 R 4070 X K e s
Fo LUTIRHIM 2030 AP Z B, I8 %5 Xm0 ARHUMEEA T 23 D, 1380 T AL X% . 381 PSS/E
BEATOTEG, Bk T dse Loy X5 S R . 1207 SR T2k TRE 20 Xy Sl e BA fa 2 .

KR ZWARG: HRDKs REUENEL SHALEAEMRE T 73 X5ik

DC-segmentation planning based on multi-infeed interaction factor
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(1. Grid Planning & Research Center, Guangdong Power Grid Corporation, Guangzhou 510080, China
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Abstract: The operating performance of receiving terminal power system can be improved by segmenting a multi-infeed
HVDC system into a set of asynchronously operated DC-interconnected sectors using VSC-HVDC. Different
DC-segmentation schemes have different impact on multi-infeed system. In order to figure out the optimal scheme, this
paper firstly analyzes the characteristics of multi-infeed systems by sensitivity method and puts forward two principles of
DC-segmentation. Secondly according to these principles, a DC-segmentation method based on multi-infeed interaction
factor is presented and then the optimal scheme of receiving terminal power system partition is got. Finally, by applying
the method, an actual large scale network is studied and the optimal DC-segmentation scheme is obtained. The
effectiveness of the optimal scheme and the DC-segmentation method is verified through simulations on PSS/E. This
paper has guiding significance for making DC-segmentation schemes in real projects.
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Fig. 1 Basic concept of DC-segmentation
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Fig. 3 Curve of MIIF as impedance of tie line varies
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Fig. 4 Curve of MIIF as equivalent source impedance varies
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Fig. 5 Equivalent receiving system
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Fig. 6 Flow chart of the DC-segmentation method

B 72030 £ FEMNEREZERSH
Fig. 7 DC terminal location of projected Guangdong grid in 2030



T2 WNAZTAE R T 1 Ly DS AT 05T

- 113 -

i (@ F(5), ASCHME 4 B0, ik 2,
H,,=15.158 5<0, KR % a.
R 2 BARSMRILERLL
Table 2 SCR of two schemes

ek Ji% a Ji%b

L R A 3.973 4 10.873 4
R EA 6.786 0 7.2247
GEYRE R/ 10.261 0 11.389 4
(R ANER/ 3.4371 37854
R)THR 7.8619 6.098 4
T E S 59714 3.8195
PRI B 6.059 2 5.963 5
=)UHER 5.638 8 6.208 0
=) THR T 4.8373 7.4146
bt E I 9.296 2 16.503 9

Lr EAREN 5 Pk i XI5 5, sk 3 fror.
K3 RIENKAR
Table 3 Candidate DC-segmentation schemes

DR S Sy B AL b R

UES B R BN T B TP LA T AR I B
UE Y O A E B B IR BN R 10
T%E3 T E A T RNRS I HR ) Hi T =) B
EX PP T AR P /R AL B 11
UER =] HR TR =T HR/RT BT H 0

5.2 ERMRAR

WAL J7 %, £ PSSEE i F & LA
VSC-HVDC ZRAE EL it i LB A ) AR L B BT 9
R I N N B ) A R N A A S B o B R
JAR MR MIIF AR . ARAES(2), FIH] MITF AR
AT B RERMRIL TT FEAIOACIRS L, 113 4 o

F 4 BEREFRRUIEIRL
Table 4 Index L of each candidate scheme

DR 3 Ptbiads L
ES 7.713x107
VE 7.163x107
Ti%3 1.729%107
EX 2.914x107
ES 1.856x107
ForX 5.052x107

BEo o J7%E 4 MAALTERR L 5K, 71 140
Db U AN EL R i DL LR 1L, 34 9 AN
W ARAE S — 3 X, TR AT RES 1 BE 2
Lol [ R A AT RN, BRI B, EA% 05 2308
BOAAGBEL, ITT % 4 MALGERbS L X, Rl
AT RERE A N IR T %

Rarp, Jig 2 MOULTERS L foh, DI E
BITRNI AT R ETTE 2T, RREHmA
XK 5 A, ARG T 2 i
IS R AR AR IS ) R RE R o AHLL T HAl T (4
DX Pt B H b, JRselife M % R R AT
T2 b ARG (BN B tlr, BIZ%5 &
RGNt Z SRR SRS, 1% K
PR
5.3 (AEMIE
5.3.1 Heii BRI

HE R R, FE T PSS/E PG, X
THRMEET S, RFIBITHR 1.00 s WHGFEFEL K
AREER R, 110 s JadFEDIRR, ST AR N
RAMAN R K LSRR Mk 5 S84
I ERR R AR U SR A B K ELR R, IR
5 PR

5 MIBR MRS AR AR R KB IR E
Table 5 Number of DC inverters suffering commutation failure

and the maximum DC power loss of the grid

W REg R HE2 ORI HE4 HES

Ly R 2 3 7 7 5
R EA 6 4 4 3 4
GEY R E R/ 5 4 6 7 5
PHTE T 4 3 5 6 4
R)THR 2 1 5 2 1
PHT S T 4 4 5 1 3
RIS B 3 4 2 6 3
=] HM 4 5 2 4 3
=) THR T 4 5 7 8 6
GEYRE R/ | 4 4 7 7 4
St 38 37 50 51 38
1 2% B K B
MW 24800 22400 27800 27200 22800

SRR 4, LR RILUTR =8 a SHEIE T &
R 7 AT, I X E e Tabs L
L N i B D EI R S OF N
SREGHAMN . b TTE 1 IR 2 iAkiets L
BN, IXIE PR AN T 55 B AN S 22 X P 4
T H BN T, B 2 (e el T SR
VSC-HVDC B@FF T, ey ili 2 [0 i B AR S FEE R

MR 5, ATUMASRIL R AL S, SRS
BB R A R b I, 58 2 R R AR R I
it (0 A D, BRSO 1 A 4R R
PRSP Ridee s s ™ LR Bk iR T
IR A R E K ERIR, TUERIIE 2
b G ULEPIR, J75 2 Br X5 s AR
(N VIER G TRV R 54 ) WA S



-114- LY EL RSN R

B RIXORRR, /NN . A S KX
T B H AL 0 DX, /N DA it B H b
(1) 53 DX o B G > BT LI T 450t RER A o i i
I, X7 % 4 sRRAE /N A, XA T
Tt R AR, B, B 1 AR
i (RIAZ L) B R T ) B T iRk
RAE, TR T TR 4 KRN, X
Bouli R A T AR, SO 84, HE A
I AR R NK T R AT ErE . AT %
3WMARBINE, HE 5 nH XL )T AR
b N R L R K BRI RS . X X7
FERLLE R N R AR R R i B H e %, 16k
R B2 HIRIIE, XM RGH % RFEIBT M
Ko HIZE 5 J90HT, XX T RAIULA SRS L R
FHINER, k8 B 2 T5 5 BT BETEARS LD,
XWIGUE T Ao XA AR
5.3.2 L bl B

IS B R L IR, 72320 RS X
SR AT BRI 11 2 nl 2k, 2T PSS/E {)f
FOF G BIVESR 3, B 1.00 s IRl # k 2E
SRR, 110 s IUIBRIZINIL RS, RS R
e R AEHAR R R e B H o AERER i T
N 11 FXBI e ) R AR, AR SR I
T H ek 6 .

R 6 HABK KRR IAE B Rt
Table 6 Number of DC inverters suffering commutation failure

bR £ HEL TE2  JiE3 IE4 HES

JeaR-1E# 4 3 5 6 4
WL 6 5 6 7 5
WiE- AR 5 5 6 6 6
E S 5 4 4 6 6 6
B IR-POIL 5 4 6 7 5
[UEZR R 4 5 2 8 3
T =P 6 5 4 5 5
T I-BE A 4 3 5 6 4
B - 2 3 0 0 2
RN 0 0 1 1 1
T3> 4 4 5 1 3
St 44 41 46 53 44

MR 6, JUEFERLRE I N R 2 kA
FAN R B st 2 H 22 TR A T %, (0%
SEPTAT ISR S0 TR R A SR i o
HOH A, W75 2 % Py X7 %D, i
W55 2 52 BRI AR 5 58, 3R X5 S i
.

TR B, KX RGBT 8 i vl )

2 B R BRI A PR AT R R it R H /Do — et
DI K DA B st o I A5 R R SR R LEAER, i
4.2 T3 HT AT LA HY 5 B 540 A0l it B 2 1) AT
RO RESE B B e Be 2 s e Al B
HUR RIS BOR, 2 4 HLUR AL IR R AL A ARG 14
R A PE R BB I b KX N L s e P e
B BEAR SRR EAR, -4t Mt R b rb s Bk
T, R AEAN R R ei st Be b Bl
1 B LR PP 2 R A R I, ik
F et U AR, BT R 3 N5 4 9)
X PSR L, R AR A SR i s 2 H A
D K, DX TS RGE R, B
VRS SRRy, OB BN R [ 25
PR Bt R BT R iy AR S B R A
H, ASCERPEI 73 X 7 G EAT DL DX it 2
HAUD RGO, s KRR BB BE2 2 TA) RS
EREE . WX, ARSI 15 X T5AR
FEHEAT & S

6 it

1) ASda R BUE L, W98 T 2 HIBA
R MIIF 735 5 14 £ BTN 38 r I LT 5%
R, HEMAE] T 155 B X7 S0 2 P AR A
JEN: . AR5 20 e L AORE A R R (BT MITF fE0K)
s b, AR SATFAR RN, USR8 73 X Ji s
EASONIIPIE

2) AP TR T Z2HALEAENRE A
W XI5k, g T 05 RUASR R L AAR . 73
DURERI, B SEEFE70BE MITF 5K A i st 6o
VRN TT 58, FRIE v Ty AL H br
LA Tr %

3) AR S %43 X 5 3 2k S o v I e B
I, B4R T R X 5%, FINFA PSS/E
X AT YN i Bt A A 4 AT R M PR it ot B H B4 T4
B, W0UE T DOk b

4) F T 2 WA AR 7 1 H i o X 5%
R ORI A T 4, TTRE AT DGE % s
AR T 5E, A% BRI NE M S
FRATTH
Sk
(1] bRET, 5k38, BRER, 4. 2N E it b R g e

RMFFELER[T]. HLEAR, 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,



S
S

R S8 BT ZBNAZEAR R T R DS AT TS

- 115 -

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

30(17): 40-46.

FHEAE, B OCRE, B4 s B A O I
S L5 TR R AR B2 M (0], W RGP 4%
1, 2014, 42(21): 124-131.

WANG Haijun, HUANG Yilong, ZHOU Quan. Analysis
of commutation failure response strategies and prediction
control technology in HVDC[J]. Power System Protection
and Control, 2014, 42(21): 124-131.

A, B, R, A BUR+660 KV LIRS
Bie (0 Bl AR PO LT ST[I]. ) R GRS A,
2012, 40(11): 133-139.

GUO Qiwei, ZHAO Jianguo, NIU Lin, et al. Fault
simulation of dynamic characteristics about +660 kV
Yindong HVDC system[J]. Power System Protection and
Control, 2012, 40(11): 133-1309.

i, PR, R, AR MR B R OB
ARBILHTS ] a5 RV BEOR, 2015(13):
32-38.

XIAO Hao, PEI Zeyang, GAO Guige, et al. Analysis on
the key technologies for VSC-HVDC and its prospect[J].
Electrical & Energy Management Technology, 2015(13):
32-38.

Wi, H5, )y, A i s L A H R A R MO
SY[0]. iR HL RS, 2015, 51(7): 136-140, 147.

CHEN Gan, TIAN Fang, LIU Ning, et al. Research on
HVDC transmission project commutation failure[J]. High
Voltage Apparatus, 2015, 51(7): 136-140, 147.

HANSEN A, HAVEMANN H. Decreasing the commutation
failure frequency in HVDC transmission systems[J].
IEEE Transactions on Power Delivery, 2000, 15(3):
1022-1026.

R, DGR, AR, A JET E VR R TRINE R
AR 75 []. HMER, 2014, 38(3): 565-570.
YUAN Yang, WEI Zhinong, WANG Huawei, et al. ADC
current predictive control based method to decrease
probability of commutation failure[J]. Power System
Technology, 2014, 38(3): 565-570.

BIUR, 200, XL, 5. U H I RGO
O R I [0]. B R 2R, 2004, 19(12):
42-46, 52.

YAN Quan, LI Xingyuan, LIU Hongchao, et al.
Decentralized coordinated control of multi-infeed HVDC
based on correlative measured vectors[J]. Transactions of
China Electrotechnical Society, 2004, 19(12): 42-46, 52.
R, X, WEDEH. —Fhad ] T e B e 4%
2 vy L R G R Y P R SR (D], RS S e
PIEAR, 2014(13): 34-38.

ZHU Zean, LIU Wei, YAO Xiaojun. Coordinated control

(10]

(11]

strategy for voltage source converter multi-terminal high
voltage DC Transmission system[J]. Electrical & Energy
Management Technology, 2014(13): 34-38.

TE5AT, ORI PRI . R T BR AT A A LA 2 N
i RGN AT B [I]. T E AL TR R, 2012,
32(19): 58-64, 186.

HUANG Hongyang, XU Zheng, LIN Xi. Fault current
limiters based dynamic segmentation technique for
multi-infeed HVDC systems[J]. Proceedings of the CSEE,
2012, 32(19): 58-64, 186.

RPN, SCEhTE, SE AR REBOR SEBLASU
I HL P 23 DX AR R R e AT PERIT SR ], R AL
FE2A4R, 2011, 31(16): 8-13.

WU Jinbo, SUN Haishun, WEN lJinyu, et al. Feasibility
study of region decoupling control for AC interconnected
grids using energy storage technology[J]. Proceedings of
the CSEE, 2011, 31(16): 8-13.

[12] CLARK H, EDRIS A A, EL-GASSEIR M, et al. Softening

(13]

[14]

[15]

[16]

[17]

the blow of disturbances[J]. [EEE Power and Energy
Magazine, 2008, 6(1): 30-41.

FANG Xinghao, CHOW J H. BTB DC link modeling,
control, and application in the segmentation of AC
interconnections[C] // Proc 2009 IEEE Power & Energy
Society General Meeting (PES), 2009.

B, BE, XIEHE. JE TR D R B AR AR O
WEARBIFL]. BRGS0, 2011, 39(24):
123-126, 131.

YAO Zhiqing, ZHAO Qian, LIU Ximei. Research on
grid-connected technology of inverter based on quasi
synchronous principle[J]. Power System Protection and
Control, 2011, 39(24): 123-126, 131.

THEG, B, @il o LE TR ARSI R S
R ERREST[T]. W ARG IRY B3, 2013, 41(3):
1-7.

YU Chunguang, CHEN Qing, GAO Zhanjun. A fault
analysis model for AC system interconnected by HVDC
system[J]. Power System Protection and Control, 2013,
41(3): 1-7.

PRI, B, By, & Hi E R BOE b M
RGBT, ARG S5 HEH, 2014, 42(6):
104-109.

JIA Junchuan, ZHAO Bing, LUO Xuzhi, et al. Research
on the security and stability characteristics of Central
Tibet power grid after Qinghai-Tibet HVDC putting into
operation[J]. Power System Protection and Control, 2014,
42(6): 104-109.

TR, $5LY, ARIBL PSS/E I BB K L BPA B
G0 W0 T I LA [D]. TR LB, 2013, 49(12):



- 116 -

&) &GS EAH

(18]

[19]

[20]

(21]

[22]

(23]

116-122.

XU Wei, HUANG Hongyang, XU Zheng. Modelling
HVDC systems in PSS/E and comparison of HVDC
response characteristics in PSS/E and BPA[J]. High
Voltage Apparatus, 2013, 49(12): 116-122.

WRIR, B, sKoehs, &5 DU)IeR R0 220 LU HL &R
GALH M) ARG SLI A R, 2013,
23(4): 21-26.

CHEN Hu, HE Yang, ZHANG Yingmin, et al. Interaction
analysis of multi-send HVDC systems of Sichuan power
grid[J]. Proceedings of the CSU-EPSA, 2013, 23(4):
21-26.

AR, KREIS, B, SR CRKITIRY SCEA
BRGNS REEHIBIIED]. B RGP S,
2015, 43(1): 108-114.

LI Shengfu, ZHANG Ailing, LI Shaohua, et al. Study on
transient stability control for wind-thermal-bundled power
transmitted by AC/DC system[J]. Power System Protection
and Control, 2015, 43(1): 108-114.

GAVRILOVIC A. AC/DC system strength as indicated
by short circuit ratios[C] / AC and DC Power Transmission,
1991. International Conference on, IET, 1991: 27-32.
RN, i, ¥R9R, 5. CIGRE ZWiANE WML
Fabr s s 2 AL ). ) R S, 2012,
40(9): 69-74, 81.

GUO Xiaojiang, TANG Yong, GUO Qiang, et al. Influence
factors and theory for CIGRE MISCR index[J]. Power
System Protection and Control, 2012, 40(9): 69-74, 81.
AT, T, b A ZHONASE AR GRS L
& RIS [T]. H AL TR 24, 2008, 28(31): 1-8.
LIN Weifang, TANG Yong, BU Guangquan. Definition
and application of short circuit ratio for multi-infeed
AC/DC power systems[J]. Proceedings of the CSEE,
2008, 28(31): 1-8.

JHHaVE, TR, £k, G B S AR IR 1 2
HRRGHEB L] B RGN H B3k,
2014, 26(6): 25-29.

JING Yanqging, YIN Chengzhu, WANG Miao, et al.
Analysis of short circuit ratio of rectifier station near the
inverter station system with multiple HVDC links[J].
Proceedings of the CSU-EPSA, 2014, 26(6): 25-29.

[24]

[25]

[26]

[27]

(28]

[29]

(30]

MRz, WhISIE, X524k, B m s 50 2 HAAL
FLAL ARG A AR RIS (1], W) RS H ik,
2012, 36(2): 58-63.

CHEN Xiuyu, HAN Minxiao, LIU Chongru. Impact of
control modes on voltage interaction between multi-infeed
AC-DC system[J]. Automation of Electric Power Systems,
2012, 36(2): 58-63.

TEMESR, bk, R, 55 ZHMARLHRFEZHA
A E i HL P R[], B ST AR, 2015, 31(4):
54-58, 65.

WANG Weiyuan, YANG Lin, SHI Huijie, et al. Application
of multi-infeed interaction factor in multi-infeed AC/DC
hybrid power grid[J]. Power System and Clean Energy,
2015, 31(4): 54-58, 65.

RAHIMI E, GOLE A M, DAVIES J B, et al. Commutation
failure analysis in multi-infeed HVDC systems[J]. [IEEE
Transactions on Power Delivery, 2011, 26(1): 378-384.
AIK D L H, ANDERSSON G Analysis of voltage and power
interactions in multi-infeed HVDC systems[J]. IEEE
Transactions on Power Delivery, 2013, 28(2): 816-824.
ZHANG X, CHEN C. Maximum available power of
multi-infeed HVDC system analysed by sensitivity
method[J]. IET Generation, Transmission & Distribution,
2014, 8(3): 473-479.

FRANKEN B, ANDERSSON G Analysis of HVDC
converters connected to weak AC systems[J]. IEEE
Transactions on Power Systems, 1990, 5(1): 235-242.
KARAWITA C, ANNAKKAGE U D. Multi-infeed HVDC
interaction studies using small-signal stability assessment[J].
IEEE Transactions on Power Delivery, 2009, 24(2):
910-918.

gt HEA: 2015-06-26;

& HH7: 2015-09-11

1EEEN:

% OB 1984-), B, ML, HAIARNTF, HRITEH

W, ) Z %X 5947, E-mail: xuwei@gd.csg.cn

A (19900, F, MEARTAL, B F @ H KA

RERY T R ASHT;

WoOB 19735, F, AMiE, HAIELF, HRTEA

W 7] Z G ALK 54T

(%4t B HeHr)



