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X1 SN R 1.623x 1074 S, [,3=0.223+j0.138 kA,
£,=0.00893+j0.00556 kA, 17 fiyEA BRI (11)
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K (5) AT ST S 25 R E& 1 iR,

0.79557 0.455630
0.82650 0.451280
0.79387 0.457780
0.05474 -0.013094
I=1-0.84991 |+j|-0.442770 |(kA) (11)
-0.87182 -0.434290
0.04408 -0.017930
-0.84595 -0.443160
0.05471 -0.013036
F 1 IEEE9 TRRSEP T HKER

Table 1 Branch currents of IEEE 9-bus system

Yk I E o %
L, 07956 04556 07955 04556 0 0
L, 07939 04578 07939 04578 0 0

Ly -04363 -0.2164 -0.4355 -0.2179 0.000760 0.0015
L, 04145 02261 04148 0.2246 0.000260 0.0014
Ls 04138 0.2269 0.4123 0.2284 0.001500 0.0015
Le -04352 -0.2167 -0.4351 -0.2181 0.000096 0.0014
L, -04359 -0.2164 -0.4337 -0.2148 0.002300 0.0016
Ly -0.8261 -0.4507 -0.8247 -0.4509 0.001400 0.0013
Ly -04363 -0.2164 -0.4363 -0.2164 0 0
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0.93109 0.43963
0.56411 0.33174
0.76264 0.44141
0.05181 -0.01239
Iy=-0.65728 |+j/-0.21800 |(kA) (12)
-0.83773 -0.42081
0.04707 -0.01549
-0.89700 -0.54075
0.05501 -0.01254
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Table 2 Branch currents when all branches
are closed

. A HEE PEAH

L, 09311 043963 09311 0.43960 0.000012 0.000031
L, 07626 0.44140 0.7626 0.44140 0.000040 0.000011
Ly -0.3262 -0.20910 -0.3243 -0.20830 0.001850 0.000780
Ly 06571 021810 0.6586 0.21890 0.001500 0.000830
Ls 03065 021700 0.3042 0.21640 0.002300 0.000640
Le 0 0 0.0013 0.00092 0.001300 0.000920
L, -0.5903 -0.32380 -0.5928 —0.32440 0.002500 0.000630
Ly -0.5644 -0.33170 —0.5444 -0.33890 0.019980 0.007 180
Ly -0.5134 -0.21250 -0.5134 -0.21250 0.000020 0

kA

K (13), & LRI R R NE 3 P, i 3
ALA FEME B S I IR,
0.93109 0.4396300
0.56411 0.3317400
0.762 64 0.4414100
0.04891 -0.0121900
Iy=-0.67487 |+j|-0.2096900 |(kA)  (13)
-0.81724 -0.4293300
0.02574 -0.0007883
-0.89700 -0.5407500
0.05501 -0.0125400
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Fig.2 Road-loop mark map with Ls opened
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Table 3 Branch currents when Lg is opened

kA
- £ Sl HaE %MH
I 8 I HE e B
L, 09311 043963 09311 043963 0 0
L, 07626 044140 0.7626 044140 0 0

L; -0.3262-0.20910 0.3051 0.21780 0.000380 0.000093
Ly -0.6749 -0.20970 -0.6749 -0.20970 0.000005 0.000005
Ls 0.3065 0.21700 0.3055 0.21730 0.000960 0.000250
Le 0 0 0 0 0 0

L; -0.5903 -0.32380 -0.5915 -0.32350 0.001 100 0.000320
Ly -0.5644 -0.33170 -0.5657 —0.33130 0.001300 0.000380
L, -0.5134 -0.21250 -0.5121 -0.21160 0.001300 0.000920

(2) RURF R ARSI R R 15 O

i RGNS N E 3 s AR s SO U IS
T B, WRGEAHRF A (14) 5 3 T 45 21
nk 4 Pros,




(36) & D8 B Wi S

£ 36%E

B3 L5 B, HiZE/5iE K- O EiRic &
Fig.3 Road-loop mark map with L, and
B, connected

0.79557 0.455630
0.84854 0.442320
0.79387 0.457780
0.05474 -0.013094
Iy=1-0.84991 |+j|-0.442770 |(kA) (14)
-0.87182 -0.434290
0.02204 —-0.008962
-0.84595 -0.443160
0.05471 -0.013036
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Table 4 Calculative results when Ly and
B, are connected

kA
- A HAH e
L, 0.7956 04556 0.7956 0.4556 0.000030 0.00003
L, 0.7939 0.4578 0.7939 0.4578 0.000030 0.00002

Ly -04363 -0.2164 -0.4355 -0.2179 0.000790 0.00150
L, 04145 0.2260 0.4148 0.2246 0.000280 0.00140
Ls 04138 0.2268 0.4123 0.2284 0.001536 0.00160
Le -0.4352 -0.2167 -0.4351 -0.2181 0.000130 0.00140
L, -0.4360 -0.2164 -0.4372 -0.2148 0.001300 0.00160
Ly -0.8261 -0.4507 -0.4349 -0.2159 0.391200 0.23480
Ly -0.4363 -0.2164 -0.4363 -0.2164 0 0
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Fig.5 Partial road-loop mark map with Bus [6] as end
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Table 5 Calculative results of fig.5 L
A

o W T i
19 0.2900 1.3187 1.2881 2.5379 0.99820000 1.21920000
20 -0.3671-0.2724 -0.0364 -0.0142 0.33070000 0.258 300 00

23 21507 3.2173 2.1507 3.2173 0.00000048 0.00000038

24 19536 3.5179 1.9536 3.5180 0 0
25 0.6187 1.5961 1.2861 2.5570 0.66750000 0.96090000
26 0.6675 0.9609 0.6675 0.9609 0 0

RS2 HRLTE Y R UL BT s 12) i AL B 22 0,
P8 SCHL AL T BB A AR 1R, R BE L H ) KCL B IE
T AE AR, PR A L B L 25 H A R
AR 19 2 (E W S K BK 25 250H WIS A [12)E
AR ZME 2 HZEENEABRETEIE
3 i,=—-(0.6614+j0.5166) kA , £ 3 % H i 1+ 5 45
sk 6 i,
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Table 6 Calculative results after bad current data of

Bus 12 are corrected
kA

_— i HHE ZMH
19 0.2900 1.3187 1.2881 2.5379 0.99820000 1.21920000
20 -0.3671-0.2724 -0.0364 -0.0142 0.330700 00 0.258 300 00
23 2.1507 3.2173 2.1507 3.2173 0.00000048 0.00000038

24 19536 3.5179 19536 3.5180 0 0
25 0.6187 1.5961 1.2861 2.5570 0.667 50000 0.960900 00
26 0.6675 0.9609 0.6675 0.9609 0 0

27 -0.2943 -0.2441 -0.2943 -0.244 1 0.000003 70 0.000 001 80

M 6 Al LLE Y, 5% 3% 26 AHOCHIR SCHL I
ANV R R 1, LR £ A L AT AN Tl
W 2 (H P 2 (EAHAE P10 I S 26 ML AS 12
i B 19 B R 22 (0 X HE R4S i,=1.33495 +
j1.92183 kA, $RJ5 , B HMEIEJ5 0y = M #4758
RN R 7 PR AR RN 1—3, TR Fh
B 5N R

KT XBREFARMEEERTELESR

Table 7 Calculative results after bad current data of
Bus 26 are corrected

kA
_— LA HE %A
19 02900 1.3187 0.29000 1.3187 0 0

20 -0.3671-0.2724 -0.367 10 —0.2725 0.000 003 70 0.000 038 00
23 21507 3.2173 2.15067 3.2173 0.000000 48 0.000000 38

24 19536 3.5179 1.95360 3.5179 0 0
25 0.6187 1.5961 0.61870 1.5961 0.000004 30 0.000003 20
26 1.3349 19218 1.33490 1.9218 0 0

27 -0.2943 -0.2441-0.29430 —-0.244 1 0.000 003 70 0.000 001 80
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~2.00428 | |-1.72399

0.62621 | | -0.16704
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Table 8 Calculative results of fig.6
kA

. Rl ARCEL 2l

14 -0.7907 -0.3045 -2.3882 —1.4724 1.59750000 1.1678900
28  0.1698 -0.6476 —1.4278 —1.8155 1.59750000 1.1678400
29 1.5975 1.1679 0 0 1.59750000 1.1678900
40  0.8421 1.3808 0.8421 1.3808 0.00000095 0.0000012
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Table 9 Calculative results after bad current data of
Bus 29 are corrected

kA

g MW HEE R

S T AT S A T
14 -0.7907 -0.3045 -2.3882 —1.4724 1.59750000 1.1678900
28 0.1698 —0.6476 —1.4278 -1.8155 1.59750000 1.1678400
29 1.5975 1.1679 0O 0 1.59750000 1.1678900
40 0.8421 1.3808 0.8421 1.3808 0.00000095 0.0000012
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Comparison of low-frequency oscillation identification between NExT-ERA and
SSI-DATA ambient excitation methods
GAO Jie',LI Qunzhan',WANG Jia’>, WANG Yan',ZHOU Yang'
(1. School of Electrical Engineering,Southwest Jiaotong University,Chengdu 610031, China;
2. Sichuan Electric Power Company & Measuring Center,Chengdu 610045, China)

Abstract: Along with the application of wide-area measurement system,it is of good application prospect to
apply the noise-like signals measured by the phasor measurement units under ambient excitation to online
identify the modes of low-frequency oscillation. The performances of low-frequency oscillation identification
based on NExT-ERA and SSI-DATA ambient excitation methods are assessed. The basic principles of two
corresponding algorithms are briefly reviewed,different assessment criteria are set according to their key
parameters and simulation conditions,their performances are compared based on the simulative results of
modal parameter identification,and their merits and applicability are summarized.
Key words: low-frequency oscillation; ambient excitation; online modal identification; NExT; ERA; SSI-
DATA
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Topology error identification of power grid

MA Jing,ZHANG Yuyu,MA Wei, WANG Zengping

(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,

North China Electric Power University,Beijing 102206, China)
Abstract: A method of topology error identification based on the road-loop equation is proposed,which uses
the constraints of network topology and Kirchhoff laws to establish the road-loop equation and calculate the
branch current according to the synchronous electrical measurements provided by PMU (Phasor Measurement
Unit). With the consideration of various topological errors and bad data,the topological information and the
branch current measurements are verified according to the difference between derived and measured values.
The simulative results of IEEE 9-bus system and IEEE 39-bus system show that,the proposed method has
good adaptability, reliability and fault-tolerance capability.
Key words: road-loop equation; topology error identification; PMU; bad data; topology; fault tolerance
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