A z=ds ol8

i

ok
el

ol otE 5 o A

W X
S1A-11-1

(]

Analysis of Small Signal Stability Using Resonance Conditions
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(Sungjin Cho - Gilsoo Jang - Tae-Woong Yoon)

Abstract — Modern power grids are bhecoming more and more stressed with the load demands increasing continually.
Therefore large stressed power systems exhibit complicated dynamic behavior when subjected to small disturbance.
Especially, it is needed to analyze special conditions which make small signal stability structure varied according to
operating conditions. This paper shows that the relation between small signal stability and operating conditions can be
identified well using node-focus point and 1:1 resonance point. Also, the weak point which limits operating range is found
by the analysis of resonance condition, and it is shown that reactive power compensation may solve the problem in the
weak points. The proposed method is applied to test systems, and the results illustrate its capabilities.
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Table 1 Resonance Occurrence Range according to
Damping Constants Change

Kp Ks
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Table 2 Resonance Occurrence Range according to
Operating Conditions Change

+H =4 K Ky
P=05 Q=03 0.8313 61762
P=0.6 Q=03 0.8128 60761
P=0.7 Q=03 0.7943 59760
P=0.8 Q=0.3 0.7758 59760
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P=1.1 Q=03 0.7204 57758
P=12 Q=03 0.7020 56757
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Table 3 Defintions of Symbols

7% A9

Pg, 19 e fFEHE P
Pg, 2% BAvle] fFEAY P
P, 34 BA7Y FEHY P
Py, X3 A9 fEHY P
P, #3 B fEAY P
P, 53 Co fEAY P
Qr, 3 A9 REAAY Q
Qr, 23 Be] A Q
Q. ®3 Co) RAAY Q

2 wz)9 239 P-QuelH B A29 HolHE o
E 4, 59 o1l

£ 4 37| 924 P-Q HolH
Table 4 Three-Machine Nine-Bus Power System P-Q Data

L 2y 3w

- N ¥ =
w7 | 987 |war) 8 A{¥3 B{¥3 C
P 71.6 163 85 125 90 100
27 67 1-109 50 30 35
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Table 5 System Data

atd aew) | i | clasw
Rated MVA 2475 192.0 1280
Type hydro steam steam
£ 0.1460 0.89%68 13125
I 0.0608 0.1198 0.1813
%, 0.0969 0.8645 12578
<, 0.0969 0.1969 0.25
iﬁ";gﬁ“;;ggd 2364 MW - s | 640 MW - s | 301 MW - s
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Table 6 Cirtical eigenvaule movement according to operating
conditions change

PQ Eigenvalue
(%) Real Imaginary
0 -0.18097E-01 15758
-0.18097E~01 -1.5758
10 -0.19830E-01 1.7728
-0.19830E-01 -1.7728
20 -0.21904E-01 1.9208
-0.21904E-01 -1.9208
30 -0.23789E-01 21227
-0.23789E-01 -2.1227
40 -1.0170. 0.99029 0
50 -1.1305, 1.0279 0
60 0.97753,-1.1462 0
70 1.2498,~1.3542 0
80 -0.30934E~-01 1.6959
-0.30934E-01 -1.6959
%0 -0.31829E-01 2.0253
-0.31829E-01 ~-2.0253
100 1.1093, -1.3227 0
110 -0.22655E-01 20788
-0.22665E-01 -2.0788
120 0.51102 0.36136
0.51102 -0.36136
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Table 11 Eigenvalue Analysis in Case |

\3
wan By
Q.9 #7HF 10%) N
Q.o F7he 5% QL. FF 25%
P Eigenvalue Eigenvalue Eigenvalue
o
i Re Im Re Im Re im
Lo | -0.18955E-01 | 16743| -0.18961E-01 | 16622 | -0.18954E-01 | 16587
-0.18955E-01 | - 16743 | -0.18061E-01 | -16622 | -0.18954E-01 | -1.6587
oo | -019783E-01| 1.7784| -0.19798E-01 | 17558 | -0.19799E-01 | 17484
20 1 -019783E-01 | - 17784 | -0.19795E-01 | -1.7558 | -0.16799E-01 | -1.7484
40 | 020051E-01 18317] -020032E-01 | 1.8036 | -0.20910E-01 | 1789
~0.20951E-01 | -1.8317] -0.20032E-01 | -1.8036 | -0.20910E-01 | -1.7890
s |-021860E-01 | 19444 -021835E-01 | 18971 | -021823E-01 | 18780
-021869E-01 | -1.9444 | -0.21835E-01 | 18971 | -021823E-01 | -1.8780
o |-022820E-01 | 20692| -022750E-01 | 1.9998 | -0.22737B-01 | 19721
50 | _022820E-01 | -2.0592 | -022759E-01 | -19998 | -0.22737E-01 | -1.9721
o | -024215E-01| 21154 -023720E-01 | 21025 | -0.23673E-01 | 2.06%
-024215E-01 | -21154] -023726E-01 | 211025 | -0.23673E-01 | -2.06%
70 |-024530E-01 | 22765 -025147E-01 | 21474 | -0.25043E-01 | 21102
-0.24530E-01 | 22765 | -0.25147B-01 | -2.1474 | -0.25043E-01 | -2.1102
092172 o -0.82350 o | -02me77E-01 | 22440
091588 075476 ~0.25677E-01 | -2.2440
-0.95578 0 -0.87506 0 081894 0
1.00470 0.86229 0.79444
-0.99455 -0.90640 0.85028
100 1.20610 0 0.92189 0 084122 0
-0.96421 -0.96544 -0.87339
110 1.19560 0 111250 0 0.90284 0
. ~0.89751 -0.90866 -0.93248
200 1m0 102140 0 105460 0
= 12 3% 20 ci$t 28l iy

Table 12 Eigenvalue Analysis in Case |l

BaE A
(Qr, 9 71 10%)

Qu. 9 F7HeE 5% Q.9 F7ha 25%

Eigenvalue

Re Im Re Im Real Im

-0.18937E-01{ 1.6714 |-0.18935E-01] 1.6630 { -0.18948BE-01{ 1.6557
-0.18937E-01| -1.6714 |-0.18935E-01| -16630 | -0.18048E-01 | -1.6557

o0 | “019750E-01| 17733 |-019755E-01| 17539 | -019754E-01| 1.73%
-0.19750E-014 -17733 | -0.19755E-01{ ~1.7539 | -0.19754E-01 | -1.7395

30 -0.20560E-C1 | 1.8866 [-0.20542E-01| 1.8492 {-0.20547E-01| 1.8358
-0.20560E-01 | -1.8866 |-0.20542E-01| -1.8492 | -0.20547E-01 | -1.8358

-0.21741E-01{ 19319 |-0.21715E-01| 1.8905 | -0.21708E-01}{ 1.8709
-0.21741E-01 | -1.9319 }-0.21715E-01] -1.8905 | -0.21708E-01 | -1.8709

-0.22069E-01 | 1.9989 |-0.22905E-01| 1.9405 [ -0.22874E-01{ 19197
-0.22069E-01| -1.9989 |-0.22905E-01] -1.9405 | ~0.22874E-01 | -1.9197

-0.23977E-011 2.1042 |-0.23863E-01| 2.0339 | -0.23819E-01} 2.0031
-0.23977E-01| -2.1042 | -0.23863E-01 | -2.0339 | -0.23819E-01 | -2.0031

70 -0.25061E-01| 2.2136 }-0.24875E-01{ 2.1303 | -0.24810E-01; 2.0927
-0.25061E-01 | -2.2130 |{-0.24875E-01} -2.1303 { ~0.24810E-01§ -2.0927

Eigenvalue Eigenvalue

P
(%)

-1.0021 o |-ozsziE-o1| 22301 | -0z578E-01 | 21308
10438 -0.25921E-01 | -2.2301 | -0.25795E-01| -2.1908
090316 0 107340 0 ~0.93859 0
089315 100000 0.91902
-0.91043 083022 077328

100 | 594970 0 0.80883 0 0.74280 0
-0.90323 -0.83912 079272

10| gagasp 0 0.84842 0 0.77059 0
14121 -0.83004 ~0.79048

120 13106 0 0.86440 0 0.79773 0

A 3ol ATE  F At Q, 9 Il 25%Y
Aeolt 5%U A9 $AT AHE At ok 3W %
A717h Bak Aol el wAFE HIY A9, QE AW »
e Fdol BASHE Fah WE WAE 5Y + LS
guigch =@ E 11, 1204 2HAS 45Re vl
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e, Qua - ¥ 2259 9¥(damping)e] WakA W&
& A
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0.032). 713 B2 44 g2 52 21 (P, Q) o 93 2
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A48 £ 9SS AEITE BT AR 53 17
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F HASAT7 F AL S FAE 5 AU
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