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Abstract:
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Low frequency oscillation (LFO) severely threatens the secure and stable operation of interconnected PubMed

power grids. Since the appearance of the concept of LFO there are lots of analysis approaches to solve
this problem. At present wide area measurement system (WAMS) provides new technical manner for
better on-line monitoring of LFO. The authors systemically summarize the approaches and results of
LFO research in the aspects of oscillation mechanism, analysis methods and measures to prevent and
control LFO. In view of rapid development of interconnected power grid, LFO is still an important factor
threatening security and stability of power grids. To promote engineering application of new techniques
to prevent and control LFO, several problems, which is to be pay special attentions to, such as
searching forced oscillation source, research on LFO, comprehensive application of identification
methods, development of novel controller and so on are proposed.

Keywords: interconnected power grid low frequency oscillation (LFO) identification
methods control measures

WeFs H#A 2010-11-30 1 [E H # 2010-12-22 M %%k & % H #§ 2011-10-12
DOI:
FHETH :

B AE R RS
fEZ A -

{E & Email: songdw@epri.sgcc.com.cn

2% K-

[1] Demello F. Concepts of synchronous machine stability as affected by excitation control[J]. IEEE
Trans on Power Apparatus and Systems, 1969, 88(4): 316-329. [2] 1ilMs, B&EFEA, INVEFR. sh&H
NRGMERAHIIM]. dbnt: P EE S AL, 2002: 260-262. [3] Hifi. B RSGRIE DR G HIER)
PRE[J]. HMEAR, 2006, 30(10): 29-33. Tang Yong. Fundamental theory of forced power oscillation
in power system[J]. Power System Technology, 2006, 30(10): 29-33(in Chinese). [4] E%&k5s, B
ke, EHE, &, BHRGESISGHUHITFR]. P EEM RS, 2002, 22(2): 21-25. Wang



Tieqiang, He Renmu, Wang Weiguo, et al. The mechanism study of low frequency oscillation in
power system[J]. Proceedings of the CSEE, 2002, 22(2): 21-25(in Chinese). [5] Hhdis, P Mk, 1%
firse. dPURHUE Ik 31 K i RS HRAUEI I IR BHR S IITE 9], s hLTF4], 2005, 25(21): 14-
18. Han Zhiyong, He Renmu, Xu Yanhui. Power system low frequency oscillation of resonance
mechanism induced by turbo-pressure pulsation[J]. Proceedings of the CSEE, 2005, 25(21): 14-18(in
Chinese). [6] #hi&0, B, fRfiTe. VUBHLUL IKah 51k i) RGP KSR LG 20 AT (3], T [
HLILFE2~3, 2008, 28(1): 47-51. Han Zhiyong, He Renmu, Xu Yanhui. Study on resonance
mechanism of power system low frequency oscillation induced by turbo-pressure pulsation[J].
Proceedings of the CSEE, 2008, 28(1): 47-51(in Chinese). [7] %:fiT4y, HACEE, #EH. RS
HUBHEATR e shisi 9. P E L TSR, 2007, 27(17): 83-87. Xu Yanhui, He Renmu, Han
Zhiyong. The cause analysis of turbine power disturbance inducing power system low frequency
oscillation of resonance mechanism[J]. Proceedings of the CSEE, 2007, 27(17): 83-87(in Chinese).
[8] #hisms, WM, if, 4. W RGUIRIEIFRIRGIEE RS L], B RS Ak, 2009, 33
(3): 16-19. Han Zhiyong, He Renmu, Ma Jin, et al. Comparative analysis of disturbance source
inducing power system forced power oscillation [J]. Automation of Electric Power Systems, 2009, 33
(3): 16-19(in Chinese). [9] 2%, AR, WEE, 5. mMOHLZ)5 IR S KL 2 03], &
B ML TR 2R, 2009, 29(25): 37-42. Zhu Wei, Zhou Youging, Tan Xiyi, et al. Mechanism analysis
of resonance-type low-frequency oscillation caused by networks side disturbance[J]. Proceedings of
the CSEE, 2009, 29(25): 37-42(in Chinese). [10] BZE. JeT ) 3l R G0 B ) RS & ML
#HI[D]. B WL K%%, 2009. [11] Kwatny H G, Yu X M. Energy analysis of load-induced flutter
instability in classical models of electric power network[J]. IEEE Transactions on Circuits and

Systems, 1989, 36(12): 1544-1557. [12] Dobson I, Zhang J, Greene S, et al. Is strong modal
resonance a precursor to power system oscillation[J]. IEEE Transactions on Circuits and Systems,
2001, 48(3): 340-349. [13] B, /N, K38, 5. FJ7 LN 2 BRI GG A I m S P[], W
Nh &G Ak, 2007, 31(21): 90-93. LiPeng, Wu Xiaochen, Zhang Yao, et al. Interaction and
coordination of modulation controllers of multi-infeed HVDC in CSG[J]. Automation of Electric Power
Systems, 2007, 31(21): 90-93(in Chinese). [14] FE@ElE, i, Wi, BORSS T SREPIRE
PE]. ARG ABhE, 2002, 26(16): 9-15. Xue Yusheng, Zhou Haigiang, Gu Xiaorong. A review
of bifurcation and chaos researches in power systems[J]. Automation of Electric Power Systems,
2002, 26(16): 9-15(in Chinese). [15] XS&EAE, X A, 8. PR I Hopf X [9].
HLLFE2A3, 1997, 17(6): 391-394. Deng Jixiang, Liu Guangsheng, Bian Erman. Study on Hopf
bifurcation in low frequency oscillation[J]. Proceedings of the CSEE, 1997, 17(6): 391-394(in
Chinese). [16] B{ZEA, RMGE, LHul. WIIRGREIS KANRVIFI]. HERHL LR, 2001, 21
(7): 26-30. Jia Hongjie, Yu Yixin, Wang Chengshan. Chaotic phenomena in power systems and its
studies[J]. Proceedings of the CSEE, 2001, 21(7): 26-30(in Chinese). [17] ik, #EENM:. ZHLARSK
TR R KIS []. o RS BBk, 2009, 33(2): 3-8. Tan Bin, Xue Yusheng. A study on chaos of
multi-machine systems [J]. Automation of Electric Power Systems, 2009, 33(2): 3-8(in Chinese).
[18] RIS RGEHT. PSD-SSAPHL ) RGN TP E M M A e T FHRY. dbst: s E R
FWFFIRE, 2009,  [19] 5kUHA. BURMESALFEM]. dERt: WEHE R HMAL, 2002: 119-125.  [20] FA,
TR, JTIL. TN R RGN SN ], NE L HLIER, 2010, 28(3): 6-8. Su He, Chang
Xianrong, Wan Jiang. Application of wide area measurement system in Inner Mongolia electric power
grid[J]. Inner Mongolia Electric Power, 2010, 28(3): 6-8(in Chinese). [21] &+ 5, XK, 2=y,
Fe T H G A O DR ARk 5 Prony 73 AT [9]. HLMHCAR, 2010, 34(6): 53-58. Hou Wangbin, Liu
Tiangi, Li Xingyuan. Prony analysis of low frequency oscillations based on adaptive neural-fuzzy
filtering[J]. Power System Technology, 2010, 34(6): 53-58(in Chinese). [22] &, BEFiA, FH
R, 2. FTidkProny BER L RGRIRGEGRBI ). BMEEA, 2009, 33(5): 44-47, 53. Zhu
Wei, Tang Yingjie, Zhou Youqing, et al. ldentification of power system low frequency oscillation
mode based on improved Prony algorithm [J]. Power System Technology, 2009, 33(5): 44-47, 53(in
Chinese). [23] hicls, P45k, Xfk, 5. KT 215 5 Prony SRR 7 /LR [I]. BIMECK,
2007, 31(15): 44-49. Ma Yanfeng, Zhao Shugiang, Liu Sen, et al. Online identification of low-
frequency oscillations based on improved multi-signal Prony algorithm[J]. Power System Technology,
2007, 31(15): 44-49(in Chinese). [24] HALlg, ZlgE, xR . FHMARIHRG (L n] ML ML BE 1 AN
SEPL. A AEL %4, 2010, 30(5): 28-33. Tian Lifeng, Li Chengxin, Liu Junyong. Theory and
implementation of visualized online low-frequency oscillation monitoring[J]. Electric Power Automation
Equipment, 2010, 30(5): 28-33(in Chinese). [25] %, B, #hotkf, 2. TR 555 FARMA-P
IERIRGHAYHR]. B RS EBMEL, 2010, 34(6): 1-6. Wu Chao, Lu Chao, Han Yingduo, et al.
Identification of mode shape based on ambient signals and ARMA-P method[J] Automation of Electric
Power Systems, 2010, 34(6): 1-6(in Chinese). [26] RHE, K, BOCgs, 5. 31 LAALE M KRR
RS A S SWHAL]. B RS EBhik, 2009, 33(21): 1-6. Wu Chao, Lu Chao, Han Yingduo, et
al. Power system oscillation modes estimation based on ambient signals considering model order
selection[J]. Automation of Electric Power Systems, 2009, 33(21): 1-6(in Chinese). [27] B&4L7Y. %
TEMDKIProny FEAAEARMIR Z A A S R T RN T3], B RGER S 546, 2009, 37(23): 9-14.

Zhao Lijie. Application of Prony algorithm based on EMD for identifying model parameters of low-
frequency oscillations[J]. Power System Protection and Control, 2009, 37(23): 9-14(in Chinese).
1281 ¥, W, Hmter, 25, HF ol = BAS SRR IIEYSTI1. P EEN TS, 2005, 25(22):



56-60. Ju Ping, Xie Huan, Meng Yuanjing, et al. Online identification of low frequency oscillations
based on wide-area measurements[J]. Proceedings of the CSEE, 2005, 25(22): 56-60(in Chinese).
[29] # 55, Suf, El. T HUE S0 R AL [CT//h I HL TR 2 2 i ) R Lk 2R 51452010
HEEEARMES . Rl REWBAL TR, 2010: 263-272.  [30] K, R, FiE, 5. TLS-ESPRITHILLE
ARG 2 M N 9], WD RS ABME, 2007, 31(20): 84-88. Zhang Jing, Xu Zheng, Wang
Feng, et al. TLS-ESPRIT based method for low frequency oscillation analysis in power system[J].
Automation of Electric Power Systems, 2007, 31(20): 84-88(in Chinese). [31] B, HUEF, MiE
. I RGIRGVUNRIRE R G SEINER]. ARG MIL ALk, 2008, 20(5): 40-44. Chen
Zhuo, Ao Weizhi, Hao Zhenghang. Power system oscillation modes identification based on
eigensystem realization algorithm[J]. Proceedings of the CSU-EPSA, 2008, 20(5): 40-44(in
Chinese). [32] Korba P, Larsson M, Rehtanz C. Detection of oscillations in power systems using
Kalman filtering techniques[C]//Proceedings of 2003 IEEE Conference on Control Applications.

Turkey, Istanbul: IEEE, 2003: 183-188. [33] L7, #MVEZLR, Sittd, 25 RGN T E LET
A% B — D ) R HAE S AN B R P B [3]. H MR, 2009, 33(6): 24-28. Wang Qing, Sun Huadong,
Ma Shiying, et al. General principle of power system small signal stability evaluation and its
application in Guizhou power grid[J]. Power System Technology, 2009, 33(6): 24-28(in Chinese).
[34] -1, TEAM, Wifh, 55. PSSHSVCELAMEIEE S MW EAMIRZ [0]. ) A3k, 2009, 29(7):
13-17. Jiang Ping, Li Nan, Gu Wei, et al. Restraining low frequency oscillation of UHV power grid
using PSS and SVC[J]. Electric Power Automation Equipment, 2009, 29(7): 13-17(in Chinese). [35]
ESENIL AN, PSS RIS T L M Bl A AR E PE R SE M [C// T B AL TR S W ) R L 2 1 25 201047
AL, Bifg. PEEHTREY4S, 2010: 207-210. [36] Nayebzadeh M, Messina A R. Advanced
concepts of analysing static VAR compensators to damp inter-area oscillation modes[J]. ETEP, 1999
(9): 159-165. [37] FBHEM, Hfhibd. ZHLRG P Al A ANTCSCIMHIThZ I ZHIBIFLO]. o E LTS
1%, 2004, 24(6): 1-6. Guo Chunlin, Tong Luyuan. Application of TCSC to damp oscillations in multi-
machine systems[J]. Proceedings of the CSEE, 2004, 24(6): 1-6(in Chinese). [38] 5/, ZEHAit. &
ToitpsoRkSSSC B g Wt [9]. W TH AR, 2010, 25(1): 151-158. Guo Cheng, Li
Qunzhan. SSSC wide-area damping controller design based on improved particle swarm optimization
[J]. Transactions of China Electrotechnical Society, 2010, 25(1): 151-158(in Chinese). [39] &,
BT . FIHSSSCHE I RAMMIIRS[I]. B RS A3k, 2007, 31(17): 40-44. Zhao Yang, Xiao
Xiangning. Damping low frequency oscillation by static synchronous series compensator[J].
Automation of Electric Power Systems, 2007, 31(17): 40-44(in Chinese). [40] K75, R, BRE
9, . BHJRIE ARMIIR % (UPFC I B Btz D M 9E[9]. hIEfa )y, 2006, 39(11): 27-32. Zhang
Fang, Fang Dazhong, Chan Kawing, et al. Study on two-stage control for unified power flow
controller to damp tie-line low frequency oscillation[J]. Electric Power, 2006, 39(11): 27-32(in
Chinese). [41] M, #3Cds, £ilgk, 4. TS HEAITEMMEGER ST RAMIIRE]. B RE
EHzhfk, 2009, 33(12): 8-11. Chen Zhong, Du Wenjuan, Wang Haifeng, et al. Power system low-
frequency oscillations suppression with energy storage system based on DTA[J]. Automation of Electric
Power Systems, 2009, 33(12): 8-11(in Chinese). [42] Ik¥E, BRER, SEEAS, 2%, BB R ) [X T
{RATIRS A BIVE T[], W RG M BBhik2#4R, 2008, 20(4): 82-86. Shen Liang, Chen Chen, Shi
Huijie, et al. Suppression of inter-area low frequency oscillation by HVDC modulation[J]. Proceedings
of the CSU-EPSA, 2008, 20(4): 82-86(in Chinese). [43] L&, SiH3e. W ARG shARE R AT
Bl ARSI VPR [CT//h E Nl TR A S ) R LW 1220104 2 R 2x . Bifg: T E NI TR
4%, 2010: 216-223.

AT A i KA S

1. % W, RUAgE, 0 9k, PUEANIETProny i 2 LR S i R B0 ], FEMHR, 2006,30(10):
39-44

2. & R, ik s EORE m W, Wi, ROV, BB BACE, VFREE, & M W, R
[ P SRy G S v PR 3 R ELAF 9T [3]. HR AR, 2006,30(6): 41-47

3. AR R A TR HINE R AR T s 05 R G AR [I]. HEIER, 2009,33(7): 36-41

4. BE XJeHE TLATC. A R R A HL ) RGeS R b A I [I]. FECR, 2009,33(7): 42-46

5. WLl SEEN B R ) R AE a vt BT R [I]. MR, 2009,33(9): 40-43

6. MSERAE| B | WhRSE R R DCIBE I 4% AF 1 DY )1 H WA % 40 #7 [3]. FEMECR, 2008,32(17): 78-83
7. EEE VP BTN RS IAR G I g S T [I]. M ECR, 2008,32(22): 56-61
8. ZX[Efl K& SV ORISR B AR A o £ 3 BLCHER TP IR I [9]. M EOR, 2008,32(11): 30-33
9. XMEWE, 4R, JUREE, E AR, M Jan, dheH SC AR DA g Kl MR AT [9]. FRMBER,
2006,30(11): 11-14

10. T4 |Thomas J. Overbye .HJj ZGARMR S A2 5 7 a7 75 [9]. M EEAR, 2008,32
(10): 74-78

11, TR HoP GO BRI B 5 I S R A B b aa i s 0] FeMEOR, 2008,32(19): 50-55
12, DhaHel X R5R )] AR USSP 3R T 0 2 A5 S Prony SLA ERAHR S (£ R [I]. M EIAR, 2007,31



(15): 44-49
13. ¥ H, HFE R THDRHHRIVSC-HVDCH B e ¥ il #s e 1 [3]. M A, 2006,30(17): 25-30
14, BERE HER B Tt fE AR B N EI ) R N I [I]. M ECR, 2008,32(6): 93-
99

15. FhEEOm|MRE R BRI |25 0 | B0, w7 LM 20 LOAEARAIR % 17 L[], MR, 2007,31(Supp2):
93-97

Copyright by FLME A



