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Tab.3 Operating mode and corresponding
oscillation mode obtained by matching
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Tab.4 Correlative generators and participation factors

LA Z5H T LA Z 5K T
JHF-G1 0.0140 MHS-G6 0.0066
JLD-G2 0.0082 MHX-G1 0.0061
MLD-G2 0.008 1 MHX-G2 0.006 1
MLD-G1 0.008 1 JLD-G1 0.0057
JYE-G2 0.0066 JSE-G1 0.0055

M 3 &l IEVCEC TS 7 s IR BELE Lok T 3%
FEAE (5%) , NN R GE AL T X )41 35 B X i Bl e 32
FPIRZS AT B0 I S DU 25 H R #8477 s a L
32 REIRFEIR

2009 5 H , X3 A HL W WAMS %50 %] YHJ
A% E Sl B ST R B R A AT T T SR sl T AR 95 A R
41 0.808 Hz, K4 WAMS sl T 4532 17 7 2804 K
OAPID TS HRAEE TP TIEVCED, 7750 1 5 WAMS
i 3z A7 B AH LB #5755 (0.831249) , H MR
B OAPID 245 SRt AHIT ,OAPID HLAZE RN
5 R, R IH— 15 EUE

a. LLHEIT R 10 D20 & s HL R PR ) 2 B AL |

R S5 WAMS ZIMHEEF K 1 HIEZERXE OAPID HR 3T L
Tab.5 Comparison between actual WAMS data and results of OAPID corresponding to operating mode 1

J5 ik DY DBS-TP1 4k YSH-G3 YSH-G4 YYM-G5 YQB-G2 YMS-G1 KH-XFI £ YHB-G5 YQB-G3 YYH-G3
WAMS Sz AH X i {4 1 0.439 0.397 0.338 0.263 0.261 0.239 0.213 0.192 0.191
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Ik ByjES DBS-TP1 4 YSH-G3 YSH-G4 YYM-G5 YQB-G2 YMS-G1 KH-XF1 % YHB-G5 YQB-G3 YQB-G4
SRR AR (A 1 0.597 0.547 0.373 0.493 0.273 0.483 0.478 0.548 0.547
OAPID AR AR A7 0 72.671  80.288 5200 11.547  37.034  29.506 8.555  30.631  30.759
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Tab.7 Operating mode and corresponding
oscillation mode obtained by matching

FHLEE  ARAC(ESEHR AR MR /Hz FAJE /%
0.8312 -0.0731 43558 0.6933 1.68
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Tab.8 Correlative generators and participation factors

AL Z5KT HHEHLLH 25K T
YSY-G3 0.4898 YOQB-G1 0.0004
YSY-G1 0.0020 YMQ-G1 0.0004
YSY-G2 0.0020 YQB-G2 0.0003
YDBS-G1 0.0009 YHB-G6 0.0003
YDBS-G2 0.0008 YQB-G4 0.0003
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Tab.9 Result of small signal stability calculation
corresponding to actual operating mode
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Tab.10 Correlative generators and participation factors
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MM Z 5K T LESEA Z5H T
YSY-G3 0.4846 YLY-G1 0.0003
YSY-G2 0.0046 YQB-G3 0.0003
YSY-Gl1 0.0035 YQB-G4 0.0003
YDBS-G1 0.0007 YOB-G2 0.0002
YDBS-G2 0.0007 YKH-G7 0.0002
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Tab.11 Operating mode and corresponding mode
obtained by rematching
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Tab.12 Correlative generators and participation factors

A B Z5H 7 LEBS Tl 25K T
YSY-G3 0.3391 YSH-G3 0.0015
YSY -Gl 0.0922 YSH-G4 0.0015
YSY-G2 0.0907 YQB-G3 0.0012
YDBS-GI 0.0031 YOQB-G4 0.0012
YDBS-G2 0.0025 YLY-GI1 0.0010
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Tab.13 Suggested operating mode obtained by rematching

WEARE  SEPRAY/MW KPR Myvar SEERHLE /K EBCET/MW EIET) Myar 2 BUHUE KV

Wi s

SMX SH-SZ1 % 0.894069 281.219 -59.3527
YM YM-77 % 0.942786 460.879

DGH  ML-DGH1% 0953050 -137.331 -59.3271
SH SH-YX 1 £ 0.962521 409.793 -18.6769
XL YX-XL1 £ 0.972387 —-288.500 -60.5000
NS ZJB-ES1 £ 0.973381 65.000 0
7Y SXZY-1LQ1 4  0.987137 1087.500
DJ DJ-CH1 % 0.987445 142.550 -23.8957

45.0442

83.5000

534.786 272.431 145.650 534.0540
543.592 515.376 -141.010 531.3013
535.695 —-141.823 45.150 534.5609
535.124 392.479 -159.021 529.5052
535.317 —-286.861 -184.527 5353411
534.294 70.423 117.225 531.5390
536.597 1176.127 -10.398 531.6036
533.578 197.824 44.041 535.4831
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Tab.14 Result of small signal stability calculation
corresponding to suggested operating mode
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-0.2972 5.4466 0.8669 5.4481
4 LEiE

ASCHH T ETF CBR #iE K& OAPID Fig 1 H
10 H O X R A8 AR 3 10 i, LT WAMS 2t )
B AR WAMS Wi e ) o 2 & AR Y X ]
P AR IR 35 = 14 B g Tl FL A AN 22 0% | S B0 R
P, DO X ] A 2 i 35 19 40 R 2 AL i B 0 AT S BR
N FHAE

DX X WAMS 22 I 55 4k 1 0 &5 R 56 E
TIZJ7 e R G A K A X S AR R 35 1 4 T
T AR G i R R g as 17 0 S TR R Ok
U R G E

SE WK

(1] EBIL ST REHr (M ], dbat  BR= HHE, 2004 9.
[2] FIXLE, bk, B RGO R (], B
RGN A S E M ,2007,19(2) : 1-8.
ZHOU Shuangxi,SU Xiaolin. Advance of study on small distur-
bance stability of power systems[J ]. Proceedings of the CSU-EPSA,
2007,19(2):1-8.
[3] FEIFE XUSCHL, 2R A5, BT 1 Ibe 4 28 i EL 10 1 IR 4R 32
W7 ()). RS A 846 ,2007,31(17) :94-98.
DONG Mingqi,LIU Wenying, YUAN Juan,et al. Low-frequency
damping method of interconnected power grids by increasing tie-
lines [J]. Automation of Electric Power Systems,2007,31(17):
94-98.
(4] sk Peot, MEA £ 55, HE T B L /N T P0RR 8 R AE {E 0% 43 A
XEL()]. IR SG A 8h1k,2007,31(13) 12-16.
ZHANG Xu,SHEN Chen,MEI Shengwei,et al. Distributed AE-
SOPS algorithm for eigenvalue analysis of small signal stability
[J]. Automation of Electric Power Systems,2007,31(13):12-16.
B A Serh o) AR BT PC UL L ) RGN TR E 4
AT (] T E AL TR 2242, 2007,27(31) :8-13.
LI Fang,GUO Jian, WU Zhongxi,et al. Distributed parallel com-
puting algorithms for power system small signal stability based
on PC clusters[]J]. Proceedings of the CSEE,2007,27(31):8-13.
(6] BRRRIE 22408, BT WAMS AR 2 B U 7E LR R T .

[5

[}

4k L 2% ,2007,35(20) : 17-22.
CHEN Shuheng,LI Xingyuan. An algorithm for identifying low
frequency oscillation modes on line based on WAMS[J]. Re-
lay,2007,35(20) :17-22.
(7] W2t SCah e, JE T RESER G 3BT ik 00 10k 26 2k Ty 3 41 355 400 ol i
BE[)]. B0 RS A F1E,2009,33(9):91-95.
YANG Huimin,WEN Jinyu. Damping power oscillation on trans-
mission line based on mode-synthesis analysis method[J]. Au-
tomation of Electric Power Systems,2009,33(9):91-95.
(81 EAJE, T idhy, Hng 25 R L M JE T WAMS A9 RS 5 4t
TFSIEAR[]). B RS A 3116 ,2008,32(6) :95-98.
QIU Xizhao,YU Zhanxun,LEI Ming,et al. WAMS based statis-
tics and assessment of low frequency oscillation in Shandong
Power Grid[J]. Automation of Electric Power Systems,2008,32(6) :
95-98.
SPRLL ORAR IR0 A5, ST ALAL I Oy IR R /N T YRR E S I
PRI RO RG A ik ,2011,35(3):88-91.
BAO Yanhong,XU Wei,XU Taishan,et al. Small-signal stability

[9

[t

auxiliary decision-making calculation based on power generation
adjustment [ J ]. Automation of Electric Power Systems,2011,35
(3):88-91.
[10] 2RI, BB, M. BT PSS/E MBIy e i Ap A it 42 (7). B
WA, 2009,33(4) :38-42.
WU Cheng,XU Zheng,ZHENG Xiang. Calculation of oscillatory
active power increment distribution based on PSS/E[J]. Power
System Technology,2009,33(4):38-42.
[11] FpHaLr A FR k. 5T F0 6§92 (CBR) WP FE 2 1R [J]. 150 HL
LRSI ,2004,40(21) : 1-5.
GUO Yanhong,DENG Guishi. Review of case-based reasoning
[J]. Computer Engineering and Applications,2004,40(21):1-5.
FAE T EAUH, B 5K SO ) i 2 A A I ¢
)] W RS A 1K ,2005,29(12) :33-37.
WANG  Zhiyong,GUO Chuangxin,CAO Yijia. Improved case-
based reasoning for short-term load forecasting[J]. Automation
of Electric Power Systems,2005,29(12):33-37.
[13] bR XIBOF XAk 45, PR T 38 8RR 35 WY 43 W7 Jr vk
ILH[)]. feH 77,2010,23(3) :1-5.
LIN Tao,LIU Shufen,LIU Lin,et al. A comparative study on

[12

[}

two methods of power system low frequency oscillation wave-

form analysis[J]. Central China Electric Power,2010,23(3):1-5.
[14] EWISF AR W, 45, b s 0 WAMS 5200 X8R4 7%

PrE[)]. B A ,2009,33(13) :64-69.

DONG Mingqi, YANG Dongjun,HUANG Yong,et al. Simulation

of regional low frequency oscillation based on data measured



% 8

R % LT CBRFT OAPID A .15 [0 X [ 15 2 55 5 1 03]

by WAMS of Central China Power Grid[J]. Power System Tech-
nology,2009,33(13) :64-69.

JA A0 bRV SRR TR B2 500 KV XIS 9 i 05 FLE I S
FCEL[]]. AHUEHOR 2010,36(1):153-159.

ZHOU Hong,LlI Qiang,LIN Tao,et al. Simulation recurrence

[15

[

and comparison between UHV interconnection and 500 kV in-
terconnection of regional power grids[J]. High Voltage Engi-
neering,2010,36(1) :153-159.

[16] 258 bR | 5, A5 DXl e o Ji] 156 0 38 360 47 25 e 1 5
[J). HMEAR 2010,34(3):85-90.
LI Qiang,LIN Tao,GAO Yuxi,et al. Simulation of transients in
interconnection test of regional power grids[J]. Power System Tech-

nology,2010,34(3) :85-90.

EEE .

BB (1980-), %, M TEMA, TR WL R H
WA A RAREBITEIER FHREBA LS FREE M,

o E(1969-), 8 Hmim M A AR WA R A SR,
WMt FE2HRITEOACDRREFTEEG B ARG % BK
¥ AR AE S FAEE W BA R E S 426 (E-mail .
tlin@whu.edu.cn) ;

BHEHE(1988-), %, EMRAMA L HFRF @A
N FR GBS

RoOML(1987-), B M FRA ML R AEA R
N RGBT S

Warning of inter-area mode oscillation based on CBR and OAPID for

interconnected power grids
XU Xialing',LIN Tao®>,GAO Yuxi’,ZHANG Fan’
(1. Central China Electric Power Dispatching and Communication Center, Wuhan 430077, China;
2. School of Electrical Engineering, Wuhan University, Wuhan 430072, China)
Abstract: A method of inter-area mode oscillation prediction based on CBR(Case-Based Reasoning) theory
and OAPID (Oscillatory Active Power Increment Distribution) theory is proposed for interconnected power
grids, which,based on the measurements of WAMS(Wide Area Measurement System),issues the warning of
inter-area mode oscillation before low-frequency system oscillation occurs and provides the advice of system
operating mode adjustment during system oscillation to improve system damping. Results of a test for a
regional power grid according to its actual WAMS data demonstrate the feasibility and effectiveness of the
proposed method.

Key words: electric power systems; stability; inter-area mode oscillation; case-based reasoning; OAPID;
WAMS
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Space vector current control of shunt active power filter

ZHAO Wei', WANG Wen?,XIAO Yong',MENG Jinling',LI Zhou?, LUO An®

(1. Electric Power Research Institute, Guangdong Power Grid Corporation, Guangzhou 510080, China;
2. College of Electrical and Information Engineering, Hunan University,Changsha 410082, China)

Abstract: A current control method based on the theory of voltage space vector analysis is proposed for
SAPF (Shunt Active Power Filter). The optimal tracking of reference current is introduced,which ensures the
amplitude of error current vector swiftly approaching to zero within a switching period. With full
consideration of the actual voltage output capability,the output voltage vector of inverter is accurately
calculated and composed by outputting multiple basic voltage vectors within a switching period,which
ensures the differential of error current vector has the best direction and the largest amplitude. Therefore,
the reference current is thus quickly followed while the inverter is controllable and the rapidness and
reliability of control system are enhanced. Experimental results show the validity of the proposed control
method.

Key words: shunt active power filter; electric current control; space vector; vector composition



