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An Efficient Improvement of the lterative Eigenvalue Calculation Method and the
Selection of Initial Values in AESOPS Algorithm
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Abstract - This paper presents an efficient improvement of the iterative eigenvalue calculation method and the selection of
initial values in AESOPS algorithm. To determine the initial eigenvalues of the system, system state matrix is constructed

with the two-axis generator model.

From the submatrices including synchronous and damping coefficients, the initial

eigenvalues are calculated by the QR method. Participation factors are also calculated from the above submatrices in order to
determine the generators which have a important effect to the specific oscillation mode. Also, the heuristically approximated
eigenvalue calculation method in the AESOPS algorithm is transformed to the Newton Raphson Method which is largely
used in the nonlinear numerical analysis. The new methods are developed from the AESOPS algorithm and thus only a few

calculation steps are added to practice the proposed algorithm.

Key Words

.M 2
AEAZY v2AE AT AL A THA AP
2 AJUgEe FA4NA ¥ AMAL AFHR BEUS
A7) 7)1 A A 7‘]%3‘:°ﬂ HFee LHXGE Aoz A
Absle AlA71ge] s len, AESOPS (Analysis of
Essentially Spontaneous Oscillations in Power Systems) ¢
Zoz «dA qlvk AESOPS ¢xngEF2 /Ay &

—’F?l AREAE EAFLH7Y A stk AFS dF
H,

A g WEALES Qo U HIIZIAA XNFH
THde RS Tk =6, Ad 250709 2 71eE 2000
MY =AM ez 360070 MEz FAY WiE JdAE
o} #Ho] shsslth. mHA Aol e viraE Haw
3tz gon MA WFREV)F old vAAE GAHEANAM F
8 BAgide] He A77AY BFRed sgsle 243
¢ AErey B uE Hd9s Fe ¥Hr] SEAA
g Aag 5 dvke FH@el Aok ¥ AESOPS X211
HE AF] A DHX7E obd HIANAR W wH
AFARE FEA Hao 1 g FEREH dgEtE o1&

T 5 e wA-e] Q)
AESOPS ¢ 1gl&L Fo Bt} %43 248 ALY 4
AR AT oJerEa gHH AMNAl A (sparsity) S Hoi g

FE F UERE HE guEe dFE MMt PEALSY
TE & A BHUA ERETHETSE BEdE - LY
T g R SEA BRLEM HE-TH
g2 HE 1999 2H 27H
BHSE T 1999% 107 20H

1394

AESOPS Algonithm, Small Signal Stability Analysis, Newton Raphson Method, Initial Value Selection

SSSP Z2aelM nF3A HAEY sz AEHT Aot
(3l 28y F¥ Al AAAHQ WYPoz ZASG ¥y
Newton Raphson®& Al&dts HX HEAG dndFL
gz AEEI glen, o2 A HE EAH 1FX At
Al AAZE B ES£0 oE AERE b ZA Y
Bt o] Bas oy EAE AEdsr) A 3
2EE [4, 5l e gd Apzbiqh FFE AEEe BRKA
E 754 & Newton Raphson ¥l dwtdg o= A2 3staly
U S A A R B ool AEiEed dEAdx
718& AAS T g AAAdEE F A4tEe] Bolx A
= T3 FuEE (6 7ldAME AESOPS
Y EFS *JEH:&"Z} WgAe dvtgdoez JeEum oz R
Ah2).8 Newton Raphsone] #E®iZ ®Wstgoh
=AM e 2de Uy T ¥e AHdE #Iude
AESOPS ¢xelFe 78328 IU& Hdeus W2 g1
2 F 223 E Newton Raphson Fel& 2 3lst=d Pg3
TANE HH FEstgc
£33 AESOPS ¥uel&e Jelsid e FAsIx g vt
A o8 n§RE FiHE
F219 Z7)gkel U7AE B4
HAaA HdASA E3e AS
Avk AAzre] el 28 5E AV A7A Ak 499
AT Atz she AT Rl i Al HEA ¢
v Aol A7N7AA Aereet & £ Qe 0.2Hz-3.0Hz9
Fae HY el EE @27 dis nsx e
FHE 002 Aoz HIAA JIEA 2GR AHEE

OJ.
o ]

7k kAl efar kst

l

P

o LFAE Fete WEe] AHEEHUTH e o] W
AArA o] whg o] AaEi BlEEH| A ALLE ]
AstA xeto £ e HHoRE AURE Fel7) 9



2. AESOPS 22252 7i[2]

AFAEY Ay FHRIAA v THFA GE
pe grEaz AN ¥R AFsn dEe A¢E
7hA gt

T = Tyxe'" " (1)

AN A Txe Biafoll ¢+jQE DHA 27
olt}. AESOPS ¥xelZolME w7l @, Wi,
2T 281 RELA TxE AMed olE &S A8
stel DA FAANES ANEn, A5HY DHA FAAY

o

W7l AR LAVARTG BE FS A ohAA "ok
21 ASYIY

] A dyagd de A% HREEe
FAED, BA0) wARgo R Fobe Fo) ASYYAL o
o
j=]

ATT eT+ RTG g =190 (2)
Age) $H7) Gx5E Teh shn w@7] +F Nolgh g
o) [

9 A QT+ N7 #F7E A, WA F& 2Tl
22 INAY HAAe] o ojek T & AA Ao

22 wHI| SHYHYY

NAH 2GR ONAS F7bEY e ngT Te
A7l FHEAAAN TE & Qok

eTR] 0
1 23 Ay ax 4y 0310} en 0
1 zg Qg Gz Qg Ao | | R Tx
as, asp; As3 sy 255 e; 0
Qg Gey g3 Gos 265 <66 w|_|0
aqy A G A1 235 Rg 211 A Ve 0 (3)
as Gg Agy Ay 25 Qg 2y AFD 0
agqy Ay Qg3 gy Res 2g @gio || Asp 0
a1 @2 2103 104 2105 @109 21010 | AFQ 0
| Aso 0
2A@3)NA a2 EAE Re A5 dageld, Zy2 EA
H AL Baio YaSoth HAF YAEL ILFA S
o gaoln, naAe) FAAN Wael W 1 gho] LA
A "9k A@)E UM RE Zokaie 3719 wAer »t
g9 g3 go

AESOPS gn2l&Ee DFx HrExH

S
B
)
20
=
%
Y
gy
f

0

Trans. KIEE. Vol. 48A, No. 11, NOV. 1999

€Tr
2y 2y 233 2y 235 | €T 0
241’242'243'244'245) Q‘R = 0 (4)
asy sy As3 Az 255 e} Tx

w

H TS utX |

WFE BAAE AREDN 0 wHAE Fakel, Al
N oA WA We e 2ol & % Aok

w=—2z%'las errt+ apen+ aszep + ager (5)
A5y BA7e gAEgs WRAES I Fel #Ad

719 £28 Adsted AL A@AM A UM S
wol distd B Fo WAL 3 o] FHAGL

(]

FE wH7|

Yy YM]_I Yy Yaz][em] ©)

Y43 Y44 Y41 Y42 en

FEEA7 ALE A A 9A PA dRER Tx
2 54 ®rh o] AL R EA Tk #& AAHse A
pEwdzie AEE g 1022 2AQsta TxE AASHI
gt}

TX: 0512TR+ 1252271+ as3epr + as ey +Z55CI)D (7N

e Azl eAUESH WAl Ade F IA¥E
2 Txg Adsted AEHe, ot oAl 1HAE Adst
g AHEET AW BHY) WEALE B Lol T
Ak,

eg =._[Zxx L2y’ ] '1{[ wpzy ]+[Z31 2y HQTR]} Q)
er 243 2y Wp245 24 2y €rs

)7 4@ 2H7) REAgl e BAYE 4@l
ASWH Aol Aol BAULGE AW, o &g oA
263 4@ Bl $HAY RAGE AvA 2
.

23 DR HANHY
Zo)s] AESOPS 2@ ZolA Agste niael was
e 29 19 217 FaENe) ESHEdN §E

A
O 1eH 230 9 BR84S FIE &S 2o

AT=[%¥S + Ki(S) + l%ga]m» )

Hxel BB WMol B AT 1395



WEPWNE 480% 11948 1999% 118

@

4Te
Ks(s)
S

O3 1 Y37 S9UdE4Ae S84T 1

Fig. 1 Block diagram 1 of generator swing equation
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Table 1 Eigenvalues from submatrices in New England
test system

= A3

AEge =gl

oA — 2;41%1 N 4:)% ﬂ‘j}ﬂ’
1 -0.0424076 | 4.1689224 0.6635
2 -0.0740309 | 9.8433663 1.5666
3 -0.0621902 | 9.6511656 1.5360
4 -0.0910078 | 9.2854848 1.4778
5 -00775798 | 5.9616015 0.9483
6 -0.0652231 | 65415650 1.0411
7 -0.0579864 | 81348070 1.2946
8 -0.0751864 | 7.9815310 1.2703
9 -0.0680086 | 7.2384584 1.1520
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Table 2 Participation factors of oscillation mode 1, 5, 6

A | AFRRE ] | AEFRES AERE 6
wn 05671E-05 | 0.2028E-04 0.8600E-06
w3 05591E-06 | 0.3405E-05 0.4734E-04
wx 09202E-05 | 05439E-05 0.7250E-04
wn 0.1411E-04 | 0.1315E-04 0.5036E-05
wn 0.3965E-04 | 0.34838E-03 0.2182E-05
w3 0.1544E-04 | 0.1177E-04 0.1374E-04
w3 0.1175E-04 | 09311E-05 0.1080E-04
wy 04329E-05 | 0.2017E-04 0.6692E-06
W 0.4873E-05 | 0.3461E-03 0.1115E-03
0 0.3354E-04 | 0.8700E-05 0.2925E-06
Sumw | 0.1391E-06 | 0.1398E-04 0.8109E-05
Sum | O7441E-06 | 0.1513E-05 0.2136E-06
Saum | 05262E-06 | 0.1221E-04 0.5568E-04
Sma | 03443E-04 | 0.2000E-03 0.1209E-03
Saus | 02160E-05 | 0.1510E-04 0.2966E-04
Sam | 0100IE-05 | 0.1227E-04 0.2241E-04
Snx | 01845E-08 | 0.73ME-05 0.1713E-04
Sum | 01411E-04 | 02027E-03 0.1838E-03
Sam | O04937E-04 | 0.1410E-05 0.5728E-04
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Table 3 Eigenvalues from the two algorithm

AESOPS &4 x2& Newton Raphson ¥

s ﬂg 0.434 [sec] f}% 0.387 [sec]

o | e LA wpE -

T AF [ ary [aer |89 Ay [ sas
1 20 -.29846 | 3.883%3 8 -.20846 | 3.83389
2 12 -.60039 | 9.46540 3 -.60039 | 946541
3 17 -51836 | 874709 5 -51836 8.74709
4 13 -53532 | 9.15218 5 -.53532 | 915218
5 8 -26039 | 599679 6 -.26039 | 599679
6 14 -28734 | 6.48261 7 -28734 | 6.48260
7 15 -.00011 6.99023 6 -.00011 6.99022
8 6 -.40379 | 791833 7 -40379 | 791833
9 11 -31795 | 7.15244 6 -.31794 7.15244
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