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A Study of the transient stability analysis in large systems
—The Application of NEW RIDGE Method to multi disterbuns cases—

Keiiti DEGUCH]I, Isao SHIRAL Masahiko TAKAHASHI,
Saburo TAKANO, and Juichi IRISAWA

Present day transient stability analysis is mainly performed by simulations based on a step by step method.
This method is very reliable, but it is not suitable for on-line application since a large number of contingencies have

to be simulated in a short time.

As a substitute, Lyapunov’s direct method was proposed, and many papers have reported on this method.
Research has reached some level of a simple model by the PEBS (potential energy boundary surface) method.

The PEBS method gives excellent agreement with actual Ter (fault crealing time) except for a conservative
estimate and pessimistic (over) estimate. In this paper a new approach to the quantitative study of the transient
stability of large power systems is presented, using the new method of Lyapunov. A region of asymptotic stability
for the postfault system is obtained through the RIDGE theorem.

In this méthod, fairly accurate results are also obtained for multiswing cases. In this paper, we discuss the

RIDGE method for large systems with uniform-damping.
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<. Table 1 Syné:_hljonous machine constants and initial
N condition.
3. RIDGEZ Mzt 20, VOEE VCT £¥ 5. (1) Synchronous machine constants and initial conditions.
4. MRSy L, RO RERDGET D 7k | EGw | 6ued | Mpw) | Puilow
BEETLEE—F L, RETIREROK 1 1.2050 | —0.294950 | 0.17190 | 6.00000
E—FHET 5, 2 1.1510 0.043633 | 0.05157 1.50000
5. LU, FEEET—FHP2LUE0EE L HIE, K 3 1.0420 0.286234 | 0.14320 5.57780
RiErHW5,

6. FicmE—F peE e 1L, FDE— ¥ o (20 Matrix for faulted system (fault on bus 1).

- o Gii
Hrlzh rTEEFEEAE 7702 PEICE- _ - ; 3
H
Tk, FOEICBITD VOEERDD, ZOV . ; ; n
D Ver &N LSV T ST, REEREHAVS, 2 0 0.0961718 0.042732
7. V> Ve bid, REFZOERE2X > 2L 3 0 0.042732 1.320587
L, Vcr b’% Tcr %ﬂ?&‘)%)_ Bi;
(7a—Fr—1 1 HH) ij 1 2 3
1 —30.0003 0 0
4, % MW 2 0 —2.406016 1.181749
BT R A TRIERAT 21TV, RERE & BRE 3 0 1181749 | —5.770403
HEOMERE L B L, BREEOFIMELZERT 5. .
~ (3) Matrix for post-fault system.
BAEWATIZ V3, SEEORBKET L DATA % Gy
PLTFIZRT. i 1 2 3
4.1 3BT EHEBRHKETNY 1 5.022934 0.154652 1.075054
Pavella it 3 ¥ 7T BHERKE T L O SEHFEL 2 0.154652 0.966479 0.075933
k, o R, &Fﬁ*?)%{’éi@? F 3 > 247%1% Table 3 1.075054 0.075933 1.535934
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Fig.8 Single line diagram of 15-machine 43 bus power
system.

Table 3 Data of 15-machine 43-bus power system.

(1) HEH
ﬁmﬁ% SR X M | E | &
MVA % MWs/red | MW | pu | Deg
4 500 37 11.14 | 360 | 1.182]14.3
3 350 37 7.80 | 255 |1.163 | 14.2
5 300 37 6.68 | 200 |1.141]13.4
1 500 37 11.14 | 360 | 1.182 | 14.3
10 350 37 7.80 | 255 |1.163|14.2
12 300 37 6.68 | 200 |1.14113.4
1 400 37 8.91 | 300 |1.168] 3.6
2 400 37 8.91 | 300 | 1.198| 3.0
8 400 37 8.91 | 300 | 1.168] 3.6
9 400 37 8.91 | 300 | 1.198 | 3.0
7 900 43 17.19 | 675 | 1.177 | 13.5
6 900 43 17.19 | 675 | 1.183 | 14.0
14 900 43 17.19 | 675 | 1.177 | 13.5
13 900 43 17.19 | 675 | 1.183 | 14.0
15 900 40 17.19 | 544 |1.194 | 11.2
@ TR
waws |[F8&| & | 4 [=eme §A| % | &
31-20 11000| 13 | 110 | 52-41 [1000] 13 | 110
324 | 1000| 13 | 106 | 5345 |1000] 13 | 106
33-16 | 400| 13 | 110 | 54-37 | 400] 13 | 110
34-27 | 200] 13 | 100 | 55-48 | 200] 13 | 100
3529 | 400| 13 | 100 | 5650 | 400] 13 | 100
36-25 | 200| 13 | 100 | 57-46 | 200 13 | 100
(3) A
BEES | | MU | BRES ww | m¥a
7 200 66 33 200 66
18 150 50 39 150 50
19 500 | 200 40 600 | 200
20 200 66 41 200 66
21 100 | 132 ) 400 | 132
22 400 | 132 43 400 | 132
23 200 66 4 200 66
2 50 2.2 45 50 2.2
25 100 8.4 46 100 48.4
WEEs H115 (1989)

BHES | \w | MU | BRES Mw | MYa
2% 7 36.3 47 75 36.3
27 175 84.7 8 75 84.7
28 50 2.2 49 50 2.2
33 400 100 54 400 100

4) BB -5 R

HRES k X wel?
16-17 15 5 69
1718 15 5 69
18-19 1 3.33 103.5
19-20 0.72 2.4 73.8
20-21 1.08 3.6 49.2
21-22 1.5 5 69
22-23 15 5 69
23-16 15 5 69
16-19 24 24.7 8
19-21 3.6 12 41.4
21-16 7.4 2.7 85
22-24 12 1 124.2
24-18 1.8 6 82.8
2526 2.7 9 124.2
26-27 218 7.28 100.4
27-28 218 7.28 100.4
28-25 2.7 9 124.2
28-29 1.24 413 56.8
29-26 1.24 113 56.8
37-38 15 5 69
38-39 15 5 69
39-40 1 3.33 103.5
40-41 0.72 2.4 73.8
41-42 1.08 3.6 9.2
12-43 15 5 69
43-44 15 5 69
44-37 15 5 69
37-40 74 2.7 85
40-42 3.6 12 4.4
42-37 7.4 24.7 85
13-45 1.2 1 124.2
45-39 1.8 1 82.8
46-47 2.7 9 124.2
47-48 2.18 7.28 100.4
18-49 2.18 7.28 100.4
19-46 27 9 124.2
49-50 1.24 113 56.8
50-47 1.24 113 56.8
31-32 1.8 1.4 13.3
32-33 2.4 15.2 57.8
33-34 1.8 1.4 3.3
34-35 1.8 11.4 43.3
35-36 2.4 5.2 57.8
36-52 1.8 1.4 33
52-53 1.8 11.4 13.3
53-54 2.4 15.2 57.8
5455 1.8 1.4 3.3
55-56 1.8 1.4 3.3
56-57 2.4 15.2 57.8
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57-31 1.8 11.4 43.3
58-30 2.7 16.5 64.6
30-32 0.3 1.8 7.2
58-51 2.7 16.5 64.6
51-53 0.3 1.8 7.2
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ToTwd L2 LREFELITIZEMBETH b STEP
BY STEP kic L 2 HE L IZIFRE L% 5 2 Tw
5.

Table 4 T¢r by Lyapunov method.

Table 6 127> *— 4 EE L 2 BEBRERT. B
MR 4—3 T PEBS gl kgiffi # 52 Tvw3 2 &
b5, RIDGE i, 0.01 (sec) mi&ZEZ# 52 Tit
W B DEKFHEi I 2 - TwaZeva, Table 712827 ¢—
EEARCAT LB AERERT., So—%%
BT 5E, WRETIIEZ B 52 257, 8%
FH1TRIEZBROMBEIBREEIND Z o9 h 5,

Table 7 7., by Lyapunov method
EiB#& | RbyS# | PEBS# |RIDGE #%| #F#1
2-1% .74 .75 .74 .74
2-3% .73 .74 .73 .73
2-5% .73 .74 .73 .73
3-2 .64 .64 .64 .64
3-4 .57 .55 .55 .56
4-3 .64 .64 .64 .64
4-5 .64 .64 .64 .64

By [sec] A =D/M;=8fori=1tomn

5.1.3 158 3 BKERKET LD

Table 8(1)ic8 > ~—% &L L 25T E&ER, Table
8(2), Table 83)ic&~<2 A=0510 L7318 E
T, xHIEOITEBHEMRH, PEBSHick - T
BHLUZ Tor THREREL 2B, B2, £35HAL

Hiff#R | SbySik | PEBSi#: | RIDGE i | #8231 | 2 X B
1% .40 .69 .38 .38 0 LT LB TH.
Table8 7., by L thod.
HEr [sec] A =D/Mfori=1ton " able v -yapunov metho
Table 5 Tcr by Lyapunov method H g SbyS & PEBS i RIDGE
EigB4 | RbyS i | PEBS i | RIDGE # | #8251 | A 18 41 .41 .41
1% .44 .74 .41 .44 .5 22 .42 .42 .42
1% .49 .80 .41 .49 1 26 .37 .37 .37
HAL [sec] A =D/Mfori=1ton 28 .38 .38 .38
. * . . .
5.1.2 446 BERHET L 2 u i X
39 .41 .41 .41
Table 6 T, by Lyapunv method. 43 42 A2 42
BHEER SbyS i% PEBS # RIDGE #: il 7 97 57
49 .37 .37 .37
2-1 .67 .66 .66
50 % .44 .46 .43
2- . . .
3 66 65 65 2% 43 44 42
2-5 65 65 65 P 5 75 5
3-2 .51 .51 .51 53 % 43 .44 .42
3-4 .51 .51 .51 56 .74 .74 .4
4-3 % .56 .58 .55 58 .52 .52 .52
4-5 57 57 .57 30* 42 44 40
By [sec] A =D/M;=0fori=1ton 1% 42 44 39
E2RHLUNCBHAL 2y — 2 38R S ERT S
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5.2 % % k2

BEE2E, BAFEEE5 2 2BENAICREBER
By, #RUMEX > VT HHETH B,

ZITIR, BRDVATLATERKHES 52 57—
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Table 912 34 7 BHRHIC B 1T 2 7l 277,

IDVAT LTI 1 BRRBEEIEATMES 25
B CHD, BATMELET S EHIEENATLZ
EThHYN, TOBROBABERALEL 5 EEE
HoTWwad Il bbb, - TINr—AlL, BK
SHli% 52 2 TREEYH S & L TREEEZ A2

Table 9 T, by Lyapunov method.
B > > ; ?Ei& iﬁ‘h_ A8
1% .40 6.69 .38 c O O

5.2.2 486 BEBRHTT L
Table 10 i= 4 4% 6 BHRFAFIC BT 2@ 2~ T.

FEms #1115 (1989) —

F#M®R | SbySik | PEBSik | RIDGE i | #Fik1 LEFFTHY, WERAICL > TH2EALEL T
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Table 11 T, by Lyapunov method.
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