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Single Machine Infinite Bus (SMIB) Eigenvalue

Analysis

e SMIB Eigenvalue Analysis internally builds a dynamic model of one
generator connected to an infinite bus

— All of that generator’s dynamic models (machine model, exciter, governor,
stabilizer, etc...) are included

— A matrix (often called the “A Matrix”) of all the dynamic states is the
constructed at the steady state solution and eigenvalue and eigenvector
analysis is performed on this matrix

e These SMIB models can also be saved out as two-bus models
consisting of the machine bus and an infinite bus

— Choose the “Save Two-Bus Equivalent” action
— These two-bus models can then be further analyzed
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SMIB Eigenvalues

e Click Run SMIB Eigen Analysis

— Positive Eigenvalues = Problem
* |ndicates an unstable dynamic state

— Negative Eigenvalues with extremely large magnitudes = Problem
* Indicate a dynamic state that is extremely fast
e This will cause numerical problems in the integration routines

— What do these mean?
 May be a model data error

e May be a problem with how Simulator is modeling something
e Although this is the last page on the Transient Stability Analysis
dialog, it is often one of the first places to look when examining a
case
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SMIB Eigenvalues

 Extremely large negative eigenvalues are often caused by
particular exciter models such as EXST1_GE and REXS which
contain extremely fast feedback loops

 These models require special consideration in the numerical
integration algorithm and are dealt with by using sub-interval
Integration
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SMIBExample.pwb

SMIB Eigenvalues Example

&

e Open the case
SMIBExample.pwb

Validation

Unsupported Models Last Validation

Run Validation Minimum time congssnt

1 1 1 ORaise Error : . : 27
* Openthe Validation page, click o  Cimiin,  mrmmesime e sz
() Mo Errorj\Warning 4.0 Errors: 96 Warnings: 55

“ R u n Va I i d at i O n o Validation Errors

Validation Warnings  Informational Messages

B T B ol %0 5% oh 84

E ALl 5 ZORT -
Records ~ Set~ Columns ' .E' "@E' ¥ BE'EIv e Tl - Hl oOptions -

T11: Single Machine Infinite Bus

L T h e re a re m a ny e r rO rS a n d Element Type General Type Model Type ‘ Device Object Identifier Validation Message
Status

° 1|Generataor Exciter ESST1A Active  BusD0974_22.0(974) £1 Parameter Ta must be 4.0 times the time stef

Wa r n I n gs 2| Generator Machine Model GEMTPF Actve  Bus01189_ 13,8 (1189) #1 Xl = Xdpp is not possible. Should correct or ru

3| Generator Machine Model GEMTPF Actve  Bus01469_13.8 (1469) #1 Xl = Xdpp is not possible. Should correct or ru

. . 4| Generator Machine Model GEMTPF Active  Bus0D1518_ 13.8 {1513) #1 [l = Xdpp is not possible. Should correct or o

CO r re Ct I n g t h e S e m ay h e I p fl X 5|Generator Machine Model GEMNTPF Active  Bus01590_ 13.8 (1590) #1 X = ¥Xdpp is not possible. Should correct or ru

. 6 |Generator Machine Model GEMTPF Active  Bus01960_ 13.8 (1960) #3 ¥l = ¥dpp is not possible. Should correct ar ru

S O m e Of t h e I a rge e I ge nva I u e S 7|Generator Machine Model GEMTPF Active  Bus02012_ 13,8 (2012) #5 ¥l > Xdpp is not possible, Should correct or ru

3|Generator Machine Model GEMTPF Active  Bus02022_ 13.8 (2022) #4 Xl = Xdpp is not possible. Should correct or ru

R " R ) 9|Generator Machine Model GEMTPF Active  Bus02164_ 13.8 (2164) #5T Xl = Xdpp is not possible. Should correct or ru

C I I C k R u n A u to C O r re Ct I 0 n 10 |Generator Machine Model GENTPF Active  Bus02192_13.1(2192) #5T ¥l » Xdpp is not possible. Should correct or ru

11|Generator Machine Model GEMTPF Actve  Bus02954_ 6.9 (2954) 5 ¥l = Xgpp is not possible. Should correct or ru

. . . . 12| Generator Machine Model GEMTPF Active  Bus03016_ 6.9 (3016) #2 ¥l = Xgpp is not possible. Should correct or ru

T h V I d t W 13| Generator Machine Model GEMTPF Active  Bus03016_ 6.9 (3016) #3 ¥l = Xgpp is not possible. Should correct or ru

e n ) VI eW a I a I O n a r n I n gs 14| Generator Machine Model GEMTPF Active  Bus03180_ 4.9 (3180) #1 ¥l = ¥gpp is not possible. Should correct or ru

. 15|Generator Machine Model GEMTPF Active  Bus03180_ 6.9 (3130) =2 ¥l = ¥gpp is not possible. Should correct or ru

a n d I n fo r m a t I O n a | IVI e S S a ge S to 16 |Generator Machine Model GEMNTPF Actve  Bus03180_ 6.9 (3180) #3 ¥l = ¥gpp is not possible. Should correct or ru

17 |Generator Machine Model GEMTPF Active  Bus03180_ 6.9 (3130) =4 ¥l = ¥Xgpp is not possible. Should correct or ru

158 |Generator Machine Model GEMTPF Active  Bus03365_ 6.9 (3365) =6 ¥l = ¥dpp is not possible. Should correct or ru

see what was changed
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SMIBExample.pwb

SMIB Eigenvalues Example

&

e After AutoCorrection,
there are no more errors

Validation

Unsupported Models

Run Validation Minimum time constant

Lastvealidation
9 B2 By size as multiple of time 10,28 /20256:30: 10 PM
Run AutoCorrection () Raise Warning step -

e Some warnings and " O T w0 o0 w1
informational messages

Time

Validation Errars Informational Messages

fig = BH | Options -

- P & [y ST
B B el 438 2% dh # | Records = Set~ Columns ~ [Bg~ | g WM. S OBH- W

(=3 WELD
. Element Type ‘ General Type W Model Type ‘ Device Object Identifier Validation Me
t I | t Status
a re S I p re S e n 1|Generator Pref Controller LCFB1 Active  Bus01260_ 20.0 (1260) #1  Type=0 which means that Kdrp will always be treated :
2|Generator Pref Controller LCFE1 Active  Busl15901_ 15.5(15901) #C1 Type=0 which means that Kdrp will always be treated &
. 3|Generator Pref Controller LCFB1 Active  Bus16060_ 22.0 (16080) #C4 Type=0 which means that Kdrp will always be treated :
([ IVI a ny Of t h e Wa r n I n gs aGenerab:ur LCFBI Active  BusD0974_22.0 (374) #1 Type =0 which means that Kdrp will always be treated :
5|Generator Pref Controller LCFE1 Active  Bus16071_ 20.0 {18071) #C3 Type=0 which means that Kdrp will always be treated ¢
L ] [ 6 |Generator Ower Excitation Limit OEL1 Active  Bus04435_ 13.8 (4435) #1  Might not be used, because the Active Exdter is not su
I n d I Ca te t h a t C e rta I n 7|Generator Over Excitation Limit OEL1 Active  BusD29593_ 18.0(2593) #1 Wil not be used, because the Active Exciter is absent
3|Generator Owver Excitation Limit OEL1 Active  BusD2630_ 16.0 (2630) #1 Wil not be used, because the Active Exciter is absent
h d 9 |Generator Ower Excitation Limit OEL1 Active  Bus02680_ 18.0 (2680) #1 Wil not be used, because the Active Excditer is absent
ge n e ra to rs a n O 10 |Generator Machine Model GEMTPF Active  BusD7939_ 11.0{73939) #A1 Tdop > 5*Tdopp is recommended.
11|Generator Machine Model GEMTPF Active  Bus10480_ 12.6 (10480) #1 Tdop > 5*Tdopp is recommended.
h . d | t h 12|Generator Machine Model ~ GENTPF Active  Busl0566_ 13.8 (10566) B8 Tdop > 5 Tdopp is recommended.
m a C I n e m O e ) S O ey 13|Generator Machine Model GENTPF Active  Bus09697_ 13.8 (3697) #B6 Tdop > 5*Tdopp is recommended.
. 14|Generator Machine Model GEMTPF Active  BusD9543_ 13.8 (9543) #B1 Tdop > 5*Tdopp is recommended,
a re b e I n g t re a te d a S a 15|Generator Machine Model GEMTPF Active  BusD7939_ 11.0(7939) #A2 Tdop > 5*Tdopp is recommended.
16 |Generator Machine Model GEMTFF Active  Bus09697_ 13.8 (9697) #87 Tdop > 5*Tdopp is recommended.
N 17 |Generator Machine Model GEMTPF Active  Bus10566_ 13.8 {10566) #B9 Tdop > 5*Tdopp is recommended,
n e g a t I Ve | O a d 13 |Generator Machine Madel GEMTPF active  Bus10566_ 13.8 (10566) #BA Tdop > 5°Tdaopp is recommended.
19 |Generatar Bus02943_115.0 (2943) #Q1 Generator does not have machine modeled defined; tre
20 |Generator BusO6771_180.5 (6771) #1  Generator does not have machine modeled defined; tre
21|Generator Bus02B809_115.0 (2809) #Q2 Generator does not have machine modeled defined; tre
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SMIBExample.pwb

SMIB Eigenvalues Example

e This case provides an example of using SMIB eigenvalues to identify
input parameters which cause instability

 Open the SMIB Eigenvalues page on the Transient Stability Analysis
dialog

e Click “Run SMIB Eigen Analysis”

e Different fields available- Number of Eigenvalues, Number of Zero
Eigenvalues, Max Eigenvalue, Min Eigenvalue, all eigenvalues

* You can click on the Max Eigenvalue Column to sort by Max
Eigenvalue and view the largest eigenvalues; positive eigenvalues are
present
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Positive Minimum Eigenvalues

SMIEB Eigenvalues

Run SMIE Eigen Analysis Re-Initialize Eigenvalue Analysis Last Run:  10/23/2025 6:41:47 PM SO rt d e S Ce n d i n g
m "'||" |:||:| + .:. ﬂ ?&D '_ Records = Set = Columns = * ""HB H"HB v %* i%ﬂ flx) - @ Options = . .
Mumber of Bus|Mame of Bus| ID ‘M'u'.ﬁ. Basze|Area Mame uF‘ Machine Exciter ‘ Governor |Stabilizer |Calculated |Mumber of |Mumber of Zego|Min Eigenv: W [Max Eigenvalue M by M I n E Ige nva I U e
Gen Eigenvalues|Eigenvalues D
1 12003 Bus12003 1 12.0 Areall GEMR.OU YES B i 1.2344 -45.0085
2 13465 Bus13465 3 33.0 Arealsd GEMSAL EXACSB IEEEG1 PS52A YES 23 i 0.7582 -32.3127
3| 4226 Bus04226 1 44.0freatn JeENWRI EXWTGL YES 6 D 0.3378 -35.8641 N ote presence Of
o 3444 Busdad4q4 2 100.0 Areall GEMSAL PIDGOV PS52A YES 23 i 0.1935 -36.6948 p
5 2693 BusD2693 1 37.0 Areals GEMR.OU REXS GGEOV1 YES 17 2 0.0630 -50.0024 . e
6 324 Bus00324 sl 36.6 Areall GENSAL EXDC1 YES g p 0.0645 97.2141 p osltive
7 10711 Bus10711 1 3.8 Areal? GEMR.OU YES B i 0.0334 -45.7300
3 12708 Bus12708 2 71.2 Arealsd GEMR.OU IEEET1 GGEOV1 WSCCST YES 22 1 0.0272 -50.0024 1 I
9 12708 Bus12703 1 71.2 Arealsd GEMR.OU IEEET1 GGEOV1 WSCCST YES 22 1 0.0272 -50.0024 e I ge nva u e S
10 7155 Bus07155 1 22.0 Areall GEMTPF YES B i 0.0256 -54.6823
11 11651 Bus11651 1 134.0 Areal2 GEMSAL EXST1_GE  PIDGOV PS52A YES 25 i 0.0119 -98.5019
12 11351 Bus11351 1 5.5 Areal? GEMR.OU YES B i 0.0071 -44.4416
13 11397 Bus11397 3 134.0 Areal2 GEMSAL EXST1_GE  PIDGOV PS52A YES 25 i 0.0059 -100,3113
14 11583 Bus11538 1 5.0 Areal2 GEMR.OU YES B i 0.0055 -44,7185
15 11037 Bus11037 1 3.6 Areal? GEMR.OU YES B i 0.0051 -44,0991
15 11037 Bus11037 2 3.6 Areal? GEMNR.OU YES 5 i 0.0051 -44,0991
17 12363 Bus12363 3 15.0 Areal3 GEMSAL EXDC4 GPWSCC YES 14 i 0.0029 -133.0140
13 3017 BusD3017 QF 162.0 Arealsd GEMR.OU GGEOV1 PS52A YES 25 1 0.0004 -50.7027
19 15836 Bus15336 W1 166.7 Area2ld GEWTG  EXWTGE WMNDTGE YES 23 2 0.0000 -50.0024
20 15930 Bus15930 W2 166.7 Area2ld GEWTG  EXWTGE WMNDTGE YES 23 2 0.0000 -50.0024
21 16213 Bus16213 W3 135.0 Area2ld GEWTG  EXWTGE WMNDTGE YES 23 2 0.0000 -50.0024
22 6382 BusDe3d2 1 20.8 Areall GEMSAL EXACSB GGEOV1 PS52A YES 29 i 0.0000 -58.48327
23 6382 Busl6332 4 20.8 Areall GEMSAL EXACSB GGEOV1 PS52A YES 29 i 0.0000 -58.48327
24 6382 Buslo3ad2 2 20.8 Areall GEMSAL EXACSB GGEOV1 PS52A YES 29 ﬂ 0.0000 » -58.48327
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Extremely Large Negative Maximum Eigenvalues

SMIE Eigenvalues

Run SMIE Eigen Analysis Re-Initialize Eigenvalue Analysis Last Run:  10/28/2025 6:41:47 PM .
|_| % "'| f.;'.g ;'3_3 ﬂ f&n Records = 5Set = Columns = * HE* H@E* v %* i%REL i) - @ Cptions = K Sort ascendlng by
Mumber of Bus|Mame of Bus| ID ‘M'u'.ﬁ. Base E.reia MName uf‘ Machine Exciter ‘ Governor | Stabilizer |Caloulated g;rggsélﬁzs g;rggsélzzgem Min Eigenvalue fMax Eigenvi & M aX E |ge nva I u e
1 7428 Bus07428 2 6.0 Areall GEMSAL EXST1_GE YES 7 U] -1.4348 -2601.8113
2 7428 Bus07428 3 6.0 Areall GEMSAL EXST1_GE YES 7 0 -1.6933 -2101.6555
3 7428 Bus07428 1 6.0fareall _ |GENSAL EXST1GE YES 7 0 -1.7312|  -2101.6355
4 7428 Bus07428 4 9.4 Areall GEMSAL EXST1 _GE YES 7 0 -1.0077 -1477.0999
5 5333 Bus05383 H 442.8 Areald GEMCC  EXST1 GE  IEEEG1 IEEEST YES 13 4 -0, 1000 -1296.9680
=] 5653 Bus05653 H 442.8 Areald GEMCC  EXST1 GE  IEEEG1 IEEEST YES 13 4 -0, 1000 -1296.9679
7 13325 Bus13325 1 22.3 Areald GEMSAL EXST1 GE  GPWSCC YES 14 U] -0.0072 -1042.9824
3 13649 Bus13649 Go 145.0 Areal4d GEMROU EXST1 GE  IEEEG1 PS52A  YES 24 u] -0.15685 -94949,9999
9 6673 Bus06a73 3 142.0 Areall GEMSAL EXST1_GE  HYG3 PS55B YES 23 u] -0.0375 -999,9999
10 13446 Bus13446 G5 145.0 Arealsd GEMROL EXS5T1 GE IEEEG1 PS52A YES 24 u] -0,1663 -999,9999
11 4795 Bus04735 5 142.0 Areall GEMSAL EXST1_GE  HYG3 PS55B YES 23 u] -0.0375 -999,9999
12 4456 Bus04456 4 142.0 Areall GEMSAL EXST1_GE  HYG3 PS55B YES 23 u] -0.0375 -999,9999
13 13331 Bus13331 2 443.0 Arealsd GEMROL EXS5T1 GE IEEEG1 IEEEST YES 20 4 -0,4917 -932.4090
14 13713 Bus13713 1 13.8 Arealsd GEMSAL EXST1_GE GPWSCC YES 14 u] -0,0073 -918.4132
15 13042 Bus13042 1 443.0 Arealsd GEMROL EXS5T1 GE IEEEG1 IEEEST YES 20 4 -0.4943 -900.4990
16 5383 Bus05383 L 377.2 Areall GEMCC  EXST1_GE IEEEST YES 15 4 -0,1003 -399.4741
17 5653 Bus05653 L 377.2 Areall GEMCC  EXST1_GE IEEEST YES 15 4 -0,1003 -399.4740
13 13257 Bus13257 1 100.0 Arealsd GEMSAL EXST1_GE YES 9 u] -0,8265 -799.7054
19 13257 Bus13257 E1 100.0 Arealsd GEMSAL EXST1_GE YES 9 u] -0,8663 -771.6896
20 12743 Bus12743 1 100.0 Arealsd GEMSAL EXS5T1 GE YES 9 u] -0,8583 -771.6896
21 13376 Bus13376 1 100.0 Arealsd GEMSAL EXS5T1 GE YES 9 u] -0,7953 -771.6892
22 12519 Bus12519 2 100.0 Arealsd GEMSAL EXST1_GE YES 9 U] -0.7567 7716772
23 12519 Bus12519 1 100.0 Arealsd GEMSAL EXST1_GE YES 9 0 -1.8241 -F7LE67/M3
29 13376 Bus1337/6 EZ 22.4 Areald GEMSAL EXST1_GE YES 9 0 0.79314\ 7716707

Single Machine Infinite Bus

© 2025 PowerWorld Corporation



SMIB Eigenvalues Dialog

e Sort by Max Eigenvalue
e Look for Bus 12604

SMIB Eigenvalues

SMIBExample.pwb

Click to display the SMIB dialog

&

Run SMIE Eigen Analysis Re-Initialize Eigenvaluf Analysis Last Run: 10/28/2025 6:41:47 PM
e Right-click, then “Show OB A6 3 B8 5 e e covnn B B B T B 8 optens
g ) Mumber of Bus|Mame of Bus| ID |MVA Base|Area Name of| Machine Exdter Governor |Stabilizer |Calculated |[Number of [Mumber of Zero|Min Eigenvalue|Max Eigenvi & (M
Gen Eigenvalues|Eigenvalues ]
° V24 1566 12604 Bus 1260411 na 7 Hr==w cEMDO|] ESACTE GGOV1  PSS2A4  YES 0 1 -0.2000 -54,7633
I a O g 1567 6542 Bus0654 Show SMIE Dialog EXAC2 GGOV1 YES 18 0 -0.0240 -54.6548
1568 6218 Bus0621 Save Two Bus Equivalent EXST1_GE GGOV1  IEEEST YES 22 1 -0.0058 -54,6086
1569 4538 Bus0453 EXST1_GE GGOV1  IEEEST YES 22 1 -0.0051 -54,6085
° h t b 1570 16135 Bus1613 bl Show Dialog... EXST2A  GAST_GE YES 13 0 -0.1000 -54,5350
I ree a S a re 1571 13148 Bus1314 B Display/Column Options... REXS GGOV1  PSS2A YES 25 1 -0,1851 -54,4765
1572 1588 Bus0153 Show Field Descriptions EXST4B PSS2A  YES 19 0 -0.0933 54,4552
. 1573 1805 Bus0180 EXST4B PSS2A  YES 19 0 -0.0933 -54,4552
ava I a e- ( 5 e n e ra I n O 1574 1122 Bus0112 @& Find... Ctrl+F EXST4E PSS24  YES 19 0 -0.0930 -54,3963
’ 1575 2944 BuS029% @ conrch for Text EXST1 GE YES g 0 -0.6857 54,3457
. . 1576 25317 Bus02s1] *** EXST1 GE YES g 0 40,8152 -54,7935
A M at rIX E | g e nva | u e S 1577 4391 Bus0439 Transient Generator records * | EXDC4 HYGOV YES 11 1 -0.,0195 -54,2504
Vi 1578 5543 Bus0554 Set/Toggle/Columns y | ExsT1GE YES B 0 -0.9788 -54,2332
1579 5289 BUsDS28 Py , [ EXAC2 GEOV1 YES 18 1 -0.0851 -54,1250
1580 4330 Buspazs| T COPy/Paste/Sen F EXAC2 GGOV1 YES 18 1 -0.0951 -54,1260
1581 2824 BusD2B2 B g3y As » | EXST1GE YES B 0 -0.6094 -54,0330
1582 3271 Bus0327 D EXST1_GE YES 8 0 -0.6155 -54,0108
1583 3271 Busdza7 e EXST1 GE YES B 0 0.6155 54,0108
1584 3271 Bus0327 B Advanced Row Filter.. EXST1 GE YES 8 0 40,5155 -54,0108
a ——— ———— - e TOET - . - - — L —— o a—— - - R -
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SMIB Eigenvalues Dialog

e General Info Tab

{) Generator SMIB Eigenvalue Information

- G e n e ra tO r M VA Ba Se Bus Mumber | e Find By Mumber Status
o . BusName |Bus12604 ~| | Find By Name Open Closed
— Infinite bus magnitude and angle, D rd.. | Arcaoame Areatd (19
H G tor Informati G tor MVA B
terminal voltage and current e
Gegperal Info 4 Matrix  Eigenvalues
magnItUde and angle Generator MVA Base 104,700
H Infinite Bus Voltage Magnitude (pu)  1.0483 Infinite Bus Angle (deg) 112,8592
— Network impedance on System MVA —
Terminal Current Magnitude {pu) 0.6884 Terminal Current Angle (deq) 131,551
b dase an d G ene rato r M VA B ase Terminal Voltage Magnitude (pu) 1.0000 Terminal Voltage Angle (deg) 128.3147
Metwork Impedance on Generator MVA Base Metwork Impedance on System MVA Base
Metwork R, (Gen Base) 0.00358 Metwork R (System Base) 0.00329
Metwork X (Gen Base) 0.42119 Metwork X (System Base) 0.40228

SMIB dialog-
General Info ta b ¢ oK Save x Cancel ? Help Print

T11: Single Machine Infinite Bus © 2025 PowerWorld Corporation
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SMIB Eigenvalues Dialog

A Matrix Tab
Generator Information (on Generator MVA Base)
— Sensitivity of each SMIB dynamic Generalnfo AMatrix  Eigenvalues

% '>| f.;.'g ;':'_E ?&D Records = Set~ Columns = * H.E* H&E* T %' i%ﬂ flx) = @ -
State e q u at | O n to e a C h State Of t h e Row Mame Machine Machine |Machine Egp| Machine Machine |Machine Edp | Exciter VE
Angle Speed w PsiDp PsiQpp |
genera tor

1|Machine Angle 0.0000  376.9911 0.0000 0.0000 0.0000 0.0000 0.0000
. . 2|Machine Speed w -0.1285 -0.05397 -0.0337 -0.0989 0.0427 0.0054 0.0000
- Va I ues in E|ge nva|ueS ta b are QMachine Egp -0,1009 -1,7471 1.4215 -0.0692 -0.0087 0.1250
. . 4|Machine PsiDp -3.5959 -5.33563 43,2156  -52.0271 -0.1229 -0.0155 0.0000
eva I uated from th|s matnx 5|Machine PsiQpp 3.5184 5.4322 0.0366 0.1074  -28.9758 19,3071 0.0000
&|Machine Edp 0.2239 -0.4134 -0.2795 -0.8207 9,0517  -13.1423 0.0000
. . 7 |Exciter VE -22,2740 -4,1551 -357.2793  297.1120 -5.2387 0.7925  -16.7291
—_ Ca N ﬂght CI |Ck a nd save out SM | B 8 |Exciter Sensed Vit 46260  33.3039 51076 149934 237708 2,9955 0.0000
9 |Exditer Kir 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Info 10 |Exciter VA -2.4375 -1,8335  -43.0782 35,0525 -1,7074 -0.2152 -2.0075
11|Governor PElec Measure 3.0674 1.4262 0.3047 2.3523 -1.0169 -0.1281 0.0000
12 |Governor Governar Inte 0.0000 -7.0000 0.0000 0.0000 0.0000 0.0000 0.0000
L4 CSV 13|Governor Turbine Actuat 0.0000  -42,5000 0.0000 0.0000 0.0000 0.0000 0.0000
14|Governor Turbine LL 0.0000 4,9412 0.0000 0.0000 0.0000 0.0000 0.0000
° E Xcel 15|Governor Turbine Load L 0.0000 0.1757 0.0000 0.0000 0.0000 0.0000 0.0000
16 |Governor Turbine Load I 0.0000 -2.8475 0.0000 0.0000 0.0000 0.0000 0.0000
° Au X f| | e 17 |Governor Surpervisory L 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
18 |Governor Accel Control 0.0000  -100,0000 0.0000 0.0000 0.0000 0.0000 0.0000

T11: Single Machine Infinite Bus © 2025 PowerWorld Corporation 12
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SMIB Eigenvalues Dialog

* Eigenvalues Tab SMIB dialog- Eigenvalues tab
- The SMIB eige nvalues Generator Information (on Gener A Base)
General Info A Matrix Eigenvalues

— Each row corresponds to — B o @

w3, | Records = Set~ Columns - = - HE' H@E' hal %' ﬁﬂ fix - HH | Options -

an eige nvalue Real Part |Imag Part|Magnitude Dla:lrgﬂil;ug Dam?ﬁg}Freq PEE:::SFEE'E.:} Ll.lzl:g:rgﬁsf M:ndgize gq:;d;iini MaEd'qEIne M;SE::;E h;:aijr;e

: 54,7633 15.1442 56.8187  0.9638 2.4103 0.4149 9.0430 0.0011  0.2271  0.8373  0.0012

_ COIumns Contaln real part, 2| -54.7633 -15.1442 56.3187  0.9533 -2.4103 -0.4149 9.0430 0.0032 0.0011  0.2271  0.8373  0.0012
. . . 3| -48.8668 0.0000 45.8688 1.0000 0.0000 7.7774 0.0007 0.0002  0.0016  0.0249  0.0052
|mag|nary pa rt, damplng 4| -36.3584 0.0000 36.3594  1.0000 0.0000 5.7368 0.0000 0.0001  0.0001  0.0001  0.9522

. . 5| -9.0489 149876 17.5075  0.5189 2.3354 0.4192 2.7864 0.0522 0.3808 0.4453  0.0944  0.0011
rat|0, damplng frequency, 6| -9.048% -14.9875 17.5075  0.5189 -2.3354 -0.4192 2.7364 0.0522 0.3808 0.4453  0.0944  0.0011

. . . 7| -17.1677 0.0000 17.1677  1.0000 0.0000 2.7323 0.0002 0.2324 0.0002  0.0003  0.0000

pa rt|C|pat|On faCtorS’ and 8| -12.4421 59445 137893  0.9023 0.9461 1.0570 21946 0.0004 0.3525 0.0033  0.0004  0.0001

9| -12.4421 -5.09446 137893  0.9023 0.9461 -1.0570 2.1946 0.0004 0.3525 0.0033  0.0004  0.0001

more 10| -7.0900 6.1898 9.4118  0.7533 0.9851 1,0151 1,4979 0.0029 0.4343 0.0222  0.0013  0.0007

11| -7.0900 -6.1898 9.4118  0.7533 40,9851 -1.0151 1.4979 0.0029 0.4343 0.0222  0.0013  0.0007

. . . 12| -10.0000 0.0000  10.0000 1.0000 0.0000 1.5915 0.0000 0.0000 0.0000  0.0000  0.0000

—_ Pa rt|C|pat|0n faCtorS ShOW 13| -1.5147 4.4379 4.5893  0.3230 0.7063 1.4158 0.7463 0.2794 0.6928 0.1655  0.0173  0.0242
14| -1.5147 -4.4379  4.5893  0.3230 -0.7063 -1.4158 0.7463 0.2794 0.6928 0.1655  0.0173  0.0242

hOW System States 15| -5.7518 0.4904 57826  0.9964 0.0781 12,5115 0.9203 0.0047 0.0011  0.0022 00001  0.0151

. L. 15| -5.7518 -0.4304 5.7826  0.9954 00781  -12.8116 0.9203 0.0047 0.0011 0.0022  0.0001  0.0151
Cont”bute to (”pa rt|c|pate 17| -2.48654 1.5028 2,9582  0.8405 0,2551 3.9202 0.4708 0.1854 0,099 0.1716 0.0131  0.0530

18| -2.4854 -1.5028 2.9582  0.8405 -0.2551 -3.9202 0.4708 0.1884 0.0999 0.1716  0.0131  0.0590

in”) a pa rt|CUIar e|genva|ue 19| 09956 0.3854 10876  0.9326 0.0813 15,3020 0.1699 0.3159 0.0149 0.7401  0.0650  0.0928

T11: Single Machine Infinite Bus © 2025 PowerWorld Corporation 13



SMIBExample.pwb

SMIB Eigenvalues Dialog

Pole locations s=—-0 + jw,

o =00,

1_ 4/2 1 Im(S)
@ =sin"¢
Damping ratio ¢ \
Damped natural frequency @, v
a)n
Undamped natural frequency @,
Decay rate of exponential envelope O Re(s)
(0
é/ o, 27 o, d
Generator Inforfhation (on Generator 'u'.-!'. Base]l 272' a)d 272' X_
General Info A Matrix  Eigenvalues IGHG
E B ‘>||4' +.;.E +':'E w Records S5et = Columns " H.E Hg;@' b %" i“ T~ @ Opipns ~
Real Part Imag Part Magnitude Damping Ratio | Damped Freq | Damped Period |Undamped Freq
[Hz) [Seq) [Hz)
- =2l e —— e R rE R G. F. Franklin, J. D. Powell, A. Emami-Naeini, Feedback Control of
= = 25T LLLLLL e e L LLLL rE Dynamic Systems, 5th edition, Prentice Hall, 2006.
4 -36.3616 0,0000 36,3616 1.0000 0.0000 57871
T11: Single Machine Infinite Bus © 2025 PowerWorld Corporation
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SMIB Eigenvalues Example

e One problem is that several
PIDGOV models have parameters
Rperm (droop) which are negative

 This creates a positive feedback
instead of a negative feedback and
eventually causes the system to
become unstable

e Open the Model Explorer to the
Governors page and view the data
for the PIDGOV models

e There are two active PIDGOV
models with negative Rperm,
located at buses 11651 and 11397

T11: Single Machine Infinite Bus

SMIBExample.pwb

Governor PIDGOV - Hydro Turbine and Governor Model PIDGOV

e PREF

* 0 Feedback signal States
R SBASE ||P,.. 1 - Mechanical Output
L+sT T
MBASE 2 - Measured Delta P
3-PI
+ _
Aw ) NYOIEE O 1 @ 4-Regl
W P g » Pd 5% ) o
Speed_‘ e e 5 14T, = 1+5T, 5 - Dentvative
- 6 - Reg?
7 - Gate
& |G
1+5T,
Gax
Vebi_i_‘( '
! s
N AR O J 1= O e P
= T / 5 1+5T;2
. S T —
Ve ./ _
M G T,=(A_)*T,
v Drwb

Model supported by PSLF
Model supported by PSSE

© 2025 PowerWorld Corporation

(G0,0). (GL.P1). (G2.P2). (1.P3) are x.v coordinates of Power vs. Gate function

15



SMIB Eigenvalues Example

SMIBExample.pwb

* Going back to the SMIB page, we can confirm that these
generators are associated with positive eigenvalues

SMIB Eigenvalues
Run SMIE Eigen Analysis Re-Initizlize Eigenvalue Analysis Last Run:  10/283/2025 6:41:47 PM
D "H“' .;..;. N .;. ﬂ f&n Records = Set~ Columns - v H.E H"HE - %v ?':'-ETD flx) = ﬁ Options =
Mumber of [Mame of Bus| ID |MVA Base|Area Mame of| Machine Exciter Governor |Stabilizer (Caloulated|Mumber of |Mumber of Zero [Min ¥ | ax Min
Bus Gen Eigenvalues|Eigenvalues Eigenvalu Eigenvalue |Dan
1 12003 Bus12003 1 12,0 Areal2 GEMR.OU YES 5] 0 12544 -45.0085
2 13465 Bus13465 3 33.0 Areald GEMSAL  EXACEE IEEEG1 PS52A YES 23 0 0.7582 -82.3127
3 44.0 Areald GENWRI EXWTG1 YES 5] 0 0.3378 -35.8041
3 100.0 Areall GEMSAL PIDGOV PS52A YES 23 0 0.1935 -36.6948
5 1 37.0 Areals GEMR.OU REXS GGEOV1 YES 17 2 0.0630 -00.0024
5] 324 Bus00324 s 36.6 Areall GEMSAL  EXDC1 YES 9 0 0.0645 -97.2141
7 10711 Bus10711 1 3.8 Areall GEMR.OU YES 5] 0 0.0334 -45.7300
8 12708 Bus127058 2 71.2 Areald GEMROU  IEEET1 GGEOV1 WSCCST YES 22 1 0.0272 -00.0024
9 12708 Bus12708 1 71.2 Areald GEMROU  IEEET1 GGEOV1 WSCCST YES 22 1 0.0272 -00.0024
10 7155 Bus07155 1 22.0 Areall GEMTPF YES 5] 0 0.0256 -64.6823
lﬂ 11651 Bus115651 184.0 Areal2 GEMSAL  EXST1_GE EIDGOD YES 25 0 0.0119 -98.5019
12 5.5 Areall GEMR.OU YES 5] 0 0.0071 -44. 4416
13 184.0 Areal2 GEMSAL  EXST1_GE  PIDGOV YES 25 0 0.0059 -100,3113
14 5.0 Areall GEMR.OU 5 0 0.0055 -44, 7185

T11: Single Machine Infinite Bus

© 2025 PowerWorld Corporation

Two PIDGOV models with negative Rperm
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SMIBExample.pwb

SMIB Two-Bus Equivalent

e Let’s save out the two- Save two-bus equivalent for this bus
bus equivalent for the

b us 1 1 6 5 1 SMIB Eigenvalues

Fun SMIE Eigen Analysj

Re-Initialize EigenvaludNgnalysis Last Run; 10/28/2025 6:41:47 PM

°® Save it as m % "'||"' .;.E ;':'_E ﬂ ?&D ‘_ Records = Set - mns ~ * H.E* Hg;@* T %* 1%%; flx) - @ Options =
Mumber of ame of Bus| ID [MVA Base|Area Mame of| Machine weiter Governor |Stabilizer |Calculated|Mumber of  [Mumber of Zero|Min L J
Bus Fige: es|Eigenvalues Eigenvalu
G e N 1 1 6 5 1 1 pW b — 11651 Bus11651 1 184.0 Areal2 GENSAL  EXST1_GENEIDGOP e BS2I4  VES 75 0 oo
J— —_" 12 11351 BUSTTIST T e thou SLAUB Disleay 0 0.0071
. 13 11397 Bus11397 3 134.0 Areal2 GENSAL EXST1.GE FID Save Two Bus Equivalent 0 0.0059
th IS Shou |d be the 14 11588 Bus11588 1 5.0 Areal2 GENROU 0 0.0055
15 11037 Bus11037 1 3.6 Areal2 GEMR.OU @ Show Dialeg... 0 0.0051
d f |t th t 16 11037 Bus11037 2 3.6 Areal? GEMR.OL By Display/Column Options... a0 0.0051
e a u n a I I le a 17 12363 Bus12363 3 15.0 Areal3 GEMSAL EXDC4 GPWSI . .. 0 0.0029
Show Field Descriptions
13 3017 Bus03017 QF 162.0 Areald GEMROU GGOV 1 0.0004
a p p e a rs i n t h e S ave 19 15836 Bus153356 W1 166.7 Area20 GEWTG EXWTGE wWHOT| g Find... Ctrl+F 2 0.0000
20 15930 Bus15930 W2 166.7 Areazl GEWTG EXWTGE WHDT ?&n Search for Text... 2 0.0000
. 21 16213 Bus16213 W3 135.0 Areazd GEWTG EXWTGE WHDT 2 0.0000
d I a I O g) 22 6332 BusDe382 1 20,8 Areall GENSAL EXACSE GOV Transient Generator records  # ] 0.0000
23 5332 Bus0b382 4 20,8 Areald GEMSAL EXACEB GGOV Set-"l'nggle-'Cculumns » 0 0.0000
24 56332 Bus0b382 2 20,8 Areald GEMSAL EXACEB GGOV B - Send , 0 0.0000
25 6382 BusD6382 3 20.8 Areald GENSAL ExACsB  cgov| B8 “opy/Faste/Sen 0 0.0000
5 6326 Bus06326 8 20.8 Areald GENSAL EXACBB  GGOV| W gue Ac > 0 0.0000
27 4522 Bus04822 6 20,8 Areald GEMSAL EXACEB GEOV . . 0 0.0000
— - - T._ — - . ——— R Cuick Filter... - .

T11: Single Machine Infinite Bus © 2025 PowerWorld Corporation 17



Gen 11651 1.pwb

SMIB Two-Bus Equivalent

* Now open Gen
11651 1.pwb, the
two-bus equivalent

e Open the Model
Explorer to the bus
records or the
Models in Use to see
some of what is in
this case

T11: Single Machine Infinite Bus

{L) Medel Explorer: Buses

Buses

B ) Bl %8 5% ¢4 48

Explore R

Explore Fields

7 Records  Geo~ Setr Columns ~ ' HE‘ T -

Filter |Advanced - |Bus - ~ | Find... i
> Recent
w Metwark I Mumber| Mame Area Mame|Mom k'u" PU Volt | volt (V) ‘.ﬁ.ngle (Deag)|Gen MW [Gen Mvar |Load MW |Lo
> Eranches By Type
@ Eranches Input (1) 1 Infinite Bus |1 O 15.80 1.008% 13.89 0,00 -174.31 37.00
@ Eranches State (1) 2| 11651 Busi11651 1 13,80 0.93983 13.660 8.26 174,80 -11.33
> EI' Buses [2)
@ DiC Transmission Lines
Open Mew Explorer search search Mow Options =

{L) Model Explorer: Models in Use

Explore R

¥ ModelsinUse 3 Gen Summary X Buses

F] 7 B Ak %9 5% @4 8 Records~ Set~ Columns~ Bg- 0. . BR. 30

Filter |Advanced - |TSModelSummaryObject - + | Find... i

Explore Fields
W Transient Stability

¥ DC Models Model Class |DbjectType Active and Active | Inactive |PowerWaorld GE PSLF ‘P’I‘[
W summary Online Count | Count Count  |Support I
HH Generator Model Use 1|_All Models _All Models 5 5 0 YES YES YES
H Load Model Use 2 |Exditer EXST1 _GE 1 1 0 YES YES (EXST1)
B Model Support Status | 3| Governor 1 1 0 YES YES YES
{H Models in Use () 4|Machine Model GEMCLS 1 1 0 YES YES YES
BH Area AGC Models 5|Machine Model GENSAL 1 1 0 YES Translate (GENSAL YES
B Bus Models &|Stabilizer PSS24 1 1 0 YES YES YES
HH ns Time Schedules R
Open Mew Explorer Search Search Mow Options =

© 2025 PowerWorld Corporation
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Gen 11651 1.pwb

SMIB Two-Bus Equivalent

 Open the Transient Stability Analysis dialog

 Go to the Plots tab and quickly create a plot definition for the Rotor Angle of bus

11651

Do notinsert any events; keep the End Time set to the default 10 seconds

e Click “Run Transient Stability”

e Optionally change the

Time Step to 0.5 cycles oo
to decrease simulation
time e
* Now change the
simulation time to === NO event, 10
2000 seconds and o] s€conds
run it again o

| v Rotor Angle, Gen Bus11651 #1 |

T11: Single Machine Infinite Bus

© 2025 PowerWorld Corporation
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SMIB Participation Factors

e Open the SMIB Eigenvalue

Information dialog

e Open the Eigenvalues tab and
sort by “Real Part” so that the
positive eigenvalue is at the top

e Scroll over and look at the

participation factors for this

eigenvalue

e These tell how the states map

to a particular eigenvalue

T11: Single Machine Infinite Bus

(L) Generator SMIB Eigenvalue Information

Gen 11651 1.pwb

Bus Mumber | 11651

Bus Name |Eus 11651

m 1

Generator Information (on Generator MV A Base)

General Info A Matrix  Eigenvalues

i
RECD

0.0003

) & Ak W8 %
Governar Governar
Mechanical Quput|Measured Delta P

0.0263
2 0.0000
3 0.0000
4 0.0000
3 0.0000
5] 0.0003
7 0.8319
a
9
10

Find By Mumber

Find By Mame

Find ...

Governor Ki | Governor

Status

Open

Closed

Area Mame 12 (12)

Records = 5et ~ Columns * H.E* H&E* T %'

Governor | Gowernaor |Gowvernor Gat
Regl Derivative Reg2

0.0062 0.0000 0.0062 0.006
0.0000 0.0000 0.0000 0.000
0.0000 0.0000 0.0000 0.000
0.0000 0.0000 0.0000 0.000
0.0000 0.0000 0, 0000 0,000
0.0001 0.0000 0.0001 0,000
0.3031 0.0000 0.3031 0.303
0.0000 0.0000 0.0000 0.000
0.5230 0.0000 0.5230 0.523
0.5230 0.0000 0.5230 0.523

The state “Governor PI” makes a large

contribution (0.996) to the positive eigenvalue,
while other contributions are zero or close to zero

© 2025 PowerWorld Corporation
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SMIB Participation Factors

 From the block diagram for
" ) Governor PIDGOV - Hydro Turbine and Governor Model PIDGOV |
PIDGOV, the state “Governor P1” is e
right after the point where Rperm |

contributes to the feedback loop o tﬁ P
z

* The positive eigenvalue is indeed SN, S A N ¢ PRal
6 - Reg?
due to the governor

* Note that this discussion is the
same regardless of whether you L T el
use the Gen_ 11651 1 case or the T‘ et 0,7
full SMIBExample o

Model supported by PSLF
Model supported by PSSE (G0.0), (G1.P1), (G2.P2). (1.P3) are x.v coordinates of Power vs. Gate function

T11: Single Machine Infinite Bus © 2025 PowerWorld Corporation 21



SMIBExample.pwb

SMIB Eigenvalues Example

e Also, you can easily make certain models for a particular generator inactive to see how it
impacts the SMIB eigenvalues

e This can help you narrow down some of the other sources of positive eigenvalues
e Recall that gen 13465 ID 3 currently has the second maximum eigenvalue with 0.7582

e Run Validation and AutoCorrection; then, for bus 13465 ID 3, make everything inactive except
the machine, GENSAL

e Re-Initialize and do the analysis again

Disabling all geneator models except GENROU makes SMIB Eigenvalues negative

Mumber of |Mame of Bus| ID ‘M'I.-'.ﬁ. Base|4&rea Name of| Machine Exciter Governor | Stabilizer |Calculated |Mumber of  [Mumber of Zero|Min ¥ | Max Min Percent|Swing Equation

Bus Gen Eigenvalues|Eigenvalues Eigenvalu Eigenwvalue |Damping |Freg. (Hz)
3286 7402 BusO7402 3 3.9 Areall GEMROU EXDC1 YES 9 0 -1,0219 -77.0001 9.594 2.34963
3287 13465 Bus13465 3 33.0 Areald GENSAL E IEEEG1) .DSSD 5 0 w 19.009 1.0521
3285 3338 Bus03335 1 15.0 Arealld GEMSAL  EXSTI YES 9 0 =359 -131.05586 18.127 1.2924

o p——— —_- o

e This generator now has only negative eigenvalues
e Can we narrow down which model is contributing to this small-signal instability?

T11: Single Machine Infinite Bus © 2025 PowerWorld Corporation 22



SMIB Eigenvalues Example

Re-enable the EXAC8B exciter; Re-Initialize and re-run the analysis

SMIBExample.pwb

Disabling IEEEG1 and PSS2A makes the generator’s SMIB Eigenvalues negative

Mumber of B | Mame of Bus D | MVA Base | Area Mame of Machine Exciter | Governor Stabilizer Calculate| Mumber of [MNumber of Zero|Min Eigenvalue | Max Eigenvalue
Gen Eigenvalues |[Eigenvalues
651 58200 BALY 182 2 68.0 ALBERTA GEMROU |EEET1 etetalyal ML CeT YES 20 1 e -32.0840
652 SB200] BALT 182 3 33.0 ALBERTA GENSAL EXACBE AT NES 8 0 01316 D 342003
653 58268 HORUP10D G2 101.0 ALBERTA GEMROU YES & 0 E - -39.8371
GEMROU

e This generator still has only negative eigenvalues, so we know its positive eigenvalue was
associated with its governor or stabilizer
Disabling only PSS2A still makes the generator’s SMIB Eigenvalues negative
_ Numhero::z:ﬂ B:LE:;:EUS : 18] | MVA&;:DAT;ZZEE:TE of FEP:\-;T:lne IEEETE:{citer ‘Fptii\:emor lllll S:tpa::lilizer ::SIculate| Eh:;g]t\:lr:lruo:szo Eli:r::‘;rlﬁster: Min Eigevu Maing-:r::l:.;:
S P 12 S —— . : -
e |f we disable only the stabilizer, we again find that this generator has only negative
eigenvalues
]

T11: Single Machine Infinite Bus © 2025 PowerWorld Corporation

This indicates that we should more carefully consider the PSS2A model and its parameters
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SMIBExample.pwb

SMIB Eigenvalues Example

e Let’s look at the participation factors for the maximum eigenvalue of Gen 13465 ID
3

 Re-enable all of the models for Gen 13465 ID 3 if you disabled them
e Click “Re-Initialize” and “Run SMIB Eigen Analysis”

 Then, right-click and “Show SMIB Dialog” for Gen 13465 ID 3
 Open the Eigenvalues tab and sort by “Real Part”

 There are actually two positive eigenvalues for this generator which are complex
conjugates

 The state “Stabilizer Transducer 2” has a relatively large participation factor, but it
is not the largest (scroll over and look at the other states, especially some of the
machine states)

* |nthis example, the cause of the instability does not seem as obvious to identify

T11: Single Machine Infinite Bus © 2025 PowerWorld Corporation 24



T11: Single Machine Infinite Bus

SMIB Eigenvalues Example

SMIBExample.pwb

&

e Let’s save out the 2-bus equivalent for the gen 13465 ID 3
e Save it as Gen 13465 3.pwb (this should be the default name

that appears in the save dialog)

SMIE Eigenvalues

Run SMIE Eigen Analysis Re-Initialize

Eigenvalue Analysis Last Fun: 1/6/2022 211
ALLE IRE]

]
Records » Set~ Column: v [EH5x

B30 Btk t8 5% ok 29,

iR == ! fogr B | Options ~

wsm__—=> OAVE two-bus equivalent for this gen

Number of B | Mame of Bus 1n3 MVA Biss =rea Name of Machine Exciter Governor Stabilizer Calculatel Mumber of  [Number of Zero|Min Eigenvalue
Gen Eigenvalues
B51 58290 i 63.0 ALBERTA GE u IEEET1 GGOV WSCCST YES 20 1 -0.0830
652 58200 T 2 220 R LEE R MNSAL EXACSE IEEEG PSS24 YES 23 ] 0.7590
B53 58263 HORUP Show SMIB Dialu:ug GEMROU YES & 0 01812
oEEEE——— |
B55 58263 EMPLIQ GEMSAL YES 5 0 17727
B56 58251 CARSEL: Sh Dial GEMROU REXS GGOV PS524 YES 26 2 -0.0834
B57 58248 MAHKE- oL aag-. GENROU EXST4E GOV PSS24 YES 27 1 -0,0830
658 58247 CAVALE By Display/Column Options... GENROU EXST1_GE GGOV1 PSS2A YES 29 1 -0.0659
B59 58247 CAVALE ; s GEMSAL EX5T1_GE IEEEG1 PSS28 YES 23 0 -0.0662
ShDW FIEld DESCFIFItIDrIS GEMROU E¥ST1 GE GEOV]
@ Find.. Ctrl+F
Lo ?&D Search for Text... GEMSAL
GEMSAL
665 58230 OLDMAI R e S GENSAL EXACBE PIDGOV PSS24 YES 26 0 -0.0076
BEG 52230 OLDMAL GEMSAL EXACEE PIDGOV PSS24 YES 26 o -0.0076
Set/Toggle/Columns ¥ GEMROU
B IPaste/Send b GEMSAL EX5T1_GE GGOV1
piui e GENSAL EXST1_GE GGOV
670 58218 SUNC G| auxn Save s b GEMROU IEEET1 GGOV P55248 YES 28 0 -0.0134
71 ca?1n qvhr ot B GEMROI F¥ST74 GO VES 17 n _nnias

© 2025 PowerWorld Corporation
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Gen_13465 3.pwb

SMIB Eigenvalues Example

e Open Gen_ 13465 3.pwb

e |t has two buses, the slack bus which is also the infinite bus, and bus 13465 with
attached generator models

 Running the analysis for 500 seconds with no event does not cause numerical
instability like in the earlier example

e More analysis is needed to determine what is causing the positive eigenvalues

The stabilizer is the only
_— model with states that
are not completely flat,
as they should be in
steady-state

0 4‘50

Gen_13465_3, stabilizer states Gen_13465 3, all other states

T11: Single Machine Infinite Bus © 2025 PowerWorld Corporation 26
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