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Frequency dynamics analysis of Sichuan-Chongqing Power Grid based on the FNET data

LIU Kai, LIU Ke-tian, WANG Xiao-ru, FAN Cheng-wei
(School of Electrical Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: Frequency Monitoring Network (FNET) has realized the synchronous measurement of system frequency in
Sichuan-Chongqing Power Grid. Based on the FNET measured data of Sichuan-Chongqing Power Grid, this paper evaluates the
frequency quality of the power grid in recent years. The frequency time-space distribution characteristic of Sichuan-Chongqing Power
Grid is presented and the frequency disturbance recovery capacity is evaluated by using statistic method. With disturbance data from
FNET, this paper determines the dominant modes of the system according to the TLS-ESPRIT identification method and observes the
weak damping and low frequency oscillation phenomenon between Chengdu and Panzhihua under the 0.25 Hz mode. The
conclusions contribute to understanding the frequency quality and dynamics of Sichuan-Chongqing Power Grid as well as improving
the control scheme of system frequency.
This work is supported by National Natural Science Foundation of China (No. 90610026).

Key words: frequency monitoring network (FNET); frequency quality; time-space distribution characteristic; frequency recovery
capacity; low frequency oscillation; TLS-ESPRIT

TSRS TMT712 SCEGS

SCERAR L A 1674-3415(2014)03-0134-07

Tk, )R ARG HEAE e R 2%

0 33

PR RGBT EE S~
NERGE, BB FEK, mahdd
PENELEX I KK ShaAPRR AR L) &
LA LIRS S DR R A ON R, RS
ST B ) A A R,

B “PUHAOR . EEEKM7 DS, KH
W ) ELBRAE B v L) R s AT 0 M O [R] IR A
HIKARGMZ) SRR OGS0, Rl KiRie it
BRI S 2t S AR GEIRI 95 IRZE S AR I H DL, 850
T RGO S IR RS R,

HEEWE: BXRARAHAFLELSTIRA (90610026)

filt 7 H RS KRS LI L ) R AT B A A
ST R A2 S I P R 01 F g ZR G i sh A I
M (Frequency Monitoring Network, FNET)SZH] T X}
KRR R G 1) R0 Y, 3 ) v
JEXF+0.000 5 Hzo FEJGHS. HPR. ZERAE = Hb i
WHI PR 220 VLA AR 22 ke FNET SR 3 A
AN, T Internet 44912 I 5 s SE I A& 21 A7
TR IR R 25 4, DU ) AR SEIL T FL Y g
K BEARZR BN AR S IN I 52

WE g o KB, e RG etas A
B eI L s ot i ) R
(1 FH A5 0 JEF IR S I FNET 52
WA, ASCHAT T )11 PSS A2 | Bl A



X P, 5E

JLF FNET SO 7 01 )1 v IR sl e ok

- 135 -

MR G R AT, o B SR 70 A i R ) 2
BLGHSATIAT T2 IR

1 13 R SR & 1A

1.1 SERREITMIEFR

H o RGUR S LR R — KR br e —, &
i RGBT IR s It 5 % )16 F R AR it
BT, EENCLUF =AM ehR AT

1D BRI bR

B ) RGFEAESR K 50 Hz.

2) BRAIERIGIR

TEG XA GB/T15945-1995 #iE, HL
R G BRLHIAE 50+ 0.2 Hz LLA (RIS Ta] B %54
31 98%L) 1P,

3) SRS AR bS

WA ATFRBRGE VT ZR G AT 25 BEVHE A 1) i
ZEIB TR o U0, SN T AR A0 A [ B BRI

o= FU- LY (D

b fONFEERR fONANREINZI0R. R 14
AL 5 LI FhL AT A1 42 ol AR,
R 1 EXEEKBR N RFFINRSTHISIREH BIR
Table 1 Frequency control target of power grid in North
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Fig. 1 Frequency distribution of Sichuan-Chongqing Power
Grid in December of 2007
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Table 2 Statistics of frequency evaluation index
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Fig. 3 Absolute value of frequency change rate of the system
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Fig. 4 Typical generation-loss events in Sichuan-Chongqing

Power Grid
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Fig. 5 Typical load-drop events in Sichuan-Chongqing

Power Grid

W, H ARG PSR 2 T 503 i o
. B 64 2008 453 H 16 H 13:00:55~ 13:01:15
FENET ATicd k2R, BmIR. B =i 8dE
P AR IERE . WA LU, Pish kA2
FAEMIE, 12X PR B Se N, . 7520 1s 2 )5,
P LU R I AL 2 T R RIS,
[ B 2 TR 8

50.005
50.000
49.995
49.990
49.985
49.980
49.975

49.970

49.965
13:00:50

fIHz

13:01:00 13:01:10 13:01:20

t/s

& 6 )11 36 Fa P ST R B == 1
Fig. 6 Temporal and spatial distribution of Sichuan-Chongqing
Power Grid by FNET
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Table 3 Statistics of frequency restoration characteristic in

Sichuan-Chongqing Power Grid
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Fig. 7 Frequency measurement of Sichuan-Chongqing Power

Grid in a disturbance event
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Fig. 8 Data preprocessing of oscillation mode analysis

0.030

0025 ‘

0.015 /

0.010

0.005
0.000
-0.005

-0.010
-0.015 U
-0.020

w{H/Hz

i

0 20 40 60 80 100 120 140 160 180200
t/s

9 BIRALIBERIES Lk
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Table 4 Main oscillation modes in Chongqing
[LEN IR GIES V1A AL

1 0.012 698 0.035 858 0.040 417 146.19
2 0.002 018 0.082 97 -0.001 66 134.37
3 0.001 984 0.143 179 0.027 283 148.41
4 0.001 855 0.198 717 0.051 507 -114.7
5 0.001 302 0.253 963 0.054 183 -0.229
6 0.001 281 0.062 452 -0.01028 51.407
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Table 5 Main oscillation modes in Chengdu
[LEN R EL GIES V1A AL

1 0.012 362 0.036 146 0.038 751 141.35
2 0.002 216 0.113 55 0.032 386 120.8
3 0.002 114 0.082 519 0.001 638 141.07
4 0.001 629 0.062 981 -0.002 82 39.028
5 0.001 124 0.141 665 0.019 101 149.57
6 0.000 516 0.233 674 0.043 548 -140.1
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Table 6 Main oscillation modes in Panzhihua

(5N i EL A FHJE AL
1 0.012 49 0.035 336 0.039 226 158.08
2 0.008 255 0.141 891 0.086 436 177.74
3 0.006 892 0.127 438 0.053 567 51.621
4 0.001 061 0.066 128 -0.022 59 0.1913
5 0.000 815 0.085313 -0.020 79 147.23
6 0.000 78 0.255997 0.022 77 49.045
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Fig. 10 Effect of signal identification fitting

M & 4~3 6 AR 0.25 Hz H MR fE AR 7 )
AR, BCAR . ZERE L = A bR, 11, M
By L, BRI S AR AR ZE 30 180°, 3t
FAA4E 0.25 Hz A0 (155 FILJE AR -

0.0015 90
120 :

270
11 #25% 0. 25 Hz T&{E. #AfL[E
Fig. 11 0.25 Hz mode shape, amplitude and phasor diagram

5 45

ARSCR R A R U ) CFNET) Bl 1)) 116
WIBR, ST T )T L RO o B SR B A
LR i AR AR DL, 245 b



X P, 5E

JLF FNET SO 7 01 )1 v IR sl e ok

- 139 -

1D 1 R AR AE BB R bR SR R AR AN
A GRS DARBONINES, 2011 4F 12 4 2007
12 ABER R SR Y .

2) FNET W] REUR AR AIBNIS, i
RS U IR s TPk 7 D SR By s i S
Mg 7 AR R A

3) xS JE MR A A DLREA T vk
ST, R RGEIHELE 4~5 min NFERE AL
90%LA I, WKEREIIUT

4) TLS-ESPRIT 53k i MRS #4713 L k4
Pt e RS B R . AR5 O R
P MR AR B = TR Y 32 A
X GRS BEALSEALE 0.25 Hz F T
AARL ZEHEIT 180°, M HAE B XN A7 AE 54 FHJE IR
Wil LS -

B2 3k

(1] xI4Ezd ) REumis A sk i fEfiM]. Jbat:
[ B 77 A, 2006.

(2] AR, SSIUARHPT IR M]. JEat: Bha R iR
#t, 1984,

(3] BAIH, R, BT, B TAERSISRERI R ) &R
G RFSME VPG [T]. W LR, 2012, 27(5):
212-220.

ZHAO Yuan, WU Xiao-ping, XIE Kai-gui. Probabilistic

assessment for frequency instability of power system

based on frequency dynamic characteristic[J].

Transactions of China Electrotechnical Society, 2012,

27(5): 212-220.

(4] B, LA, B—%. KRR 8l 2155 1 X
I AT 2 BH S Pl 2 et (7], Fi ERER 4R, 2009,
24(6): 154-159.

QI Jun, JIANG Quan-yuan, CAO Yi-jia. Design of

damping controller for inter-area low-frequency

oscillation using time-delay wide-area measurements[J].

Transactions of China Electrotechnical Society, 2009,

24(6): 154-159.

(6] ZEh, T4k, TEVE, 5F. WAMS HPRIEE A&
FIEET). W RGP 5, 2009, 37(12): 62-67.
PENG Jing, LU lJi-ping, WANG Yang, et al.
Communication infrastructure design for WAMS[J].
Power System Protection and Control, 2009, 37(12):

62-67.

(6]

(7]

(8]

[9]

(10]

(11]

(12]

(13]

[14]

[15]

[16]

sRAEE, 2N, X, S5 W RGP
558 FWF 9T 22 iR 0], L TR 2R, 2010, 25(11):
169-176.

ZHANG Heng-xu, LI Chang-gang, LIU Yu-tian, et al.
Reviews on power system dynamic frequency analysis
application[J]. of China
Electrotechnical Society, 2010, 25(11): 169-176.

LIU Yi-lu

and its Transactions

A US-wide power systems frequency
monitoring net-work[C] // Power Engineering Society
General Meeting, 2006. IEEE, 2006: 8.

Kunder P. W17 R GiRE B HIM]. dbat: R
Hi AL, 2002.
GB/T15945-1995 HiREFUE L)) RGMF SV 22([S).
GB/T15945-1995  quality of  electric  energy
supply-permissible deviation of frequency for power
systems[S].

AL IR, R, & PR ARSI M), b
A L AL, 2010.

Jaleeli N, Va n S L. NERC”S new control performance
standards[J]. IEEE Trans on Power Systems, 1999, 14(3):
1092-1096.

SRAEAR. ST HL R A T AT (0], AR
iR, 1996(10): 16-20, 12.

Tsai S S, Zhang L, Phadke A G, et al. Study of global
frequency dynamic behavior of large power systems[C] //
IEEE PES Power Systems Conference and Exposition,
New York, USA, 2004, 1: 328-335.

SRAGIE, XU . L7 RGBS A W W 25 7 Ay
TE AR [I]. o AL TR SR, 2009, 29(7): 64-70.
ZHANG Heng-xu, LIU Yu-tian. Quantitative description
of space-time distribution features of dynamic frequency
responses[J]. Proceedings of the CSEE, 2009, 29(7):
64-70.

Feai. KB ) RGIFR B Hr[I]. FE s LM
iR, 2010, 4(1): 11-17.

WANG Xiao-ru. Analysis of frequency dynamics in
large-scale power systems[J]. Southern Power System
Technology, 2010, 4(1): 11-17.

DONG Jing-yuan, ZUO Jian, WANG Lei, et al. Analysis
of power system disturbances based on wide-area

frequency measurements[C] // Power Engineering



- 140 -

&) &GS

[17]

(18]

[19]

[20]

(21]

Society General Meeting, 2007. IEEE, 2007: 1-8.
FAEAR, ERedi. B RGPS AL Rk S
B[] A L TR EAR, 2007, 27(19): 18-24.
WANG De-lin, WANG Xiao-ru. Characteristic analysis
of electromechanical disturbance propagation for power
system[J]. Proceedings of the CSEE, 2007, 27(19): 18-
24.

Anderson P M, Fouad A A. Power system control and
stability{M]. 2nd ed. Piscataway, NJ, USA: IEEE Press,
2003.

BLLME. shasi o RGN ERA T IM]. J63T: 4
Kt 2002.

kiR, DA S AR M]. b3 TE AR AL,
2002: 119-125.

R, TRAR. Prony S AT 0 A AR AR G
MR R B RG RS EEE], 2011, 39(12):
140-145.

WANG Hui, SU Xiao-lin. Several improvements of
Prony algorithm and its application in monitoring low-
frequency oscillations in power system[J]. Power System

Protection and Control, 2011, 39(12): 140-145.

[22]

(23]

HOH, KGR, BUESR, & R THEREE IR
A1 TLS-ESPRIT 535 MM BRI FL[]. A
T ARG #2012, 40(3): 114-118.

DONG Chao, LIU Di-chen, LIAO Qing-fen, et al.
Research on identifying low frequency oscillation modes
based on mathematical morphology filtering technique
and TLS-ESPRIT algorithm[J]. Power System Protection
and Control, 2012, 40(3): 114-118.

PRl ¢ o] 24 ). [ 5 g 24 ] 750 KV AR BV TR
B ERB IR MM]. dbs: T E d Iy AL,
2006.

et HEA: 2013-06-27;

{&E HHF: 2013-08-06

fEEEN:

7 &

X PL(1989-), ¥, MEHARAE, TEHR I GAHA
%8 1L
) 5K (1980-), B, @dfEteE, AL, B2

R AR ZRRFEME S H5424]; E-mail: liuketian@

tom.com

PIE

IR (1962-), 4, #4%, HEASH, T2AER
GARY Fo 2 ARG T A 77 @ 09 F 5 AR TAE.



