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Transient Stability Basics

* Overview of the Transient Stability Add On
Functionality
— Initialization procedure

— State equations
— Numerical integration procedure

— Updating the network
» Special features of Simulator’s Transient Stability
Add On
e Basic Simulation Control
— General and Power System Model Options
— Running a simulation
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“Typical” Transient Stability Operation

 The procedure for a “typical” transient
stability study is straightforward

— Study assumes that the transient stability models
have been saved in the *.pwb file and
storage/plotting variables of interest (up to and
including every is already defined)

 Open *.pwb file, select “Add-Ons, Transient
Stability” to display Transient Stability
Analysis Form.

e Click “Run Transient Stability”
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Basic Simulation Control

e Open “Example 13 4 WithPlot” —this case has
already been set up

e Single-machine infinite-bus system with 4 buses
* |nitial power flow solution is shown below

Bus 1 Bus 2

b%»»»%%l .
Infinite Bus

Bus 4
@ Sl 3T >

11.57 Deg Bus 3
1.097 pu WW
6.58 Deg 4.45 Deg 0.00 Deg
1.048 pu 1.030 pu 1.000 pu
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Display After Selecting
“Run Transient Stability”
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Going Deeper: Looking at the
Generator Models

Right-click on the generator at bus 4 and select “Generator
Information Dialog ” Select the “Stability” tab to view the transient
stability models in the case — GENROU and IEEET1.

he

Ge nerator Information for Current Case

b |
Generatorlnfarmatmn for Current Case @

Bus Mumber 2
Bus Name  Bus 4
I 1

Area Name — Home (1)

no labels

]
(=3

Find By Mumber Status

- Find By Mame

) Open

@) Closed

Generator MVA Base

100.00

Fuel Type ’Unknown

7]

Bus Mumber [ - [Z]:: Find By Mumber Status
) Open
Bus Name  Bus 4 - Find By Mame )

Generator MVA Base

Unit Type ’UN (Unknown)

7]

@ Closed
Area Name — Home (1) Fuel Type ’Unknown VI
[ Labels ... ] no labels Unit Type ’UN (Unknown) VI

| Pawer and Voltage Contral I Costs I OFF I Faults I Owners, Area, etc. I Custom | Stability |

| Pawer and Voltage Contral I Costs I OFF I Faults I Owners, Area, etc. I Custom | Stability

Machine Models | Exciters | Governors I Stabilizers I Other Models I Step-up Transformer I Terminal and State |

| Machine Models | Exciters |Governors I Stabilizers I Other Models I Step-up Transformer I Terminal and State |

[ Insert ]

[ Delete | GenMyaBase 100.0

Type | Active - GENROU

Parameters

vl Active (only one may be active)

[PU values shownfentered using device base of 100.0 MVA v]

Show Diagram Set to Default

[ msert | [ Delete | GenmvABase 100.0

Show Diagram Set to Default
'l Active (only one may be active) Defaults: S
Parameters

[PU values shownfentered using device base of 100.0 MVA v]

Type | Active - IEEETL

H 3.0000 = ¥dpp=Xgpp  0.1300 = 5(1.2)  0.0000 = Tr 0.0000 = Kf 0.0900 =
D 0.0000 = ¥l 0.1500 = RComp  0.0000 = Ka  50.0000 = T 14600 =
Fa  0.0000 = Tdop  7.0000 = ¥Comp  0.0000 = Ta  0.0200 = Switch  0.0000 =
| ¥d  2.1000 = Tgop  0.7500 = ] Vrmax 10000 = El  2.8000 = i
¥g  0.5000 = Tdopp  0.0300 = Vrmin - -1.0000 = SE(E1)  0.0400 =
¥dp  0.2000 = Tgopp  0.0500 = Ke  -0.0800 = E2 37300 =
¥gp  0.5000 = S(1.0)  0.0000 = Te  0.6000 = SE(EZ)  0.3300 =
[ ¢OK ] [ Save ] ’ x Cancel ] ’ ? Help ] ’ Print ] [ ¢OK ] [ Save ] ’ x Cancel ] ’ ? Help ] ’ Print ]

.
Ll
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Basic Simulation Control

e How do you design and control the simulation?

 Transient Stability Dialog
— Customize the options to fit your needs
— Setup automatic plotting and storing of results
— Specify events to occur
— Setup and run the simulation

— Step through the simulation using States/Manual
Control

e More details will be covered in later sections

* Here we’ll look at the Transient Stability Dialog
and cover the basics of running a simulation
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Transient Stability Dialog

Go to the Add Ons ribbon tab and select Transient Stability

Transient Stability Analysis
Simulation Status Mot Initialized

| Run Transient stabiity |
Select Step

L iﬁﬁ
S im u I atl on $re::::nt Limit Monitors
- Ste!tes,.'ManuaI Control
phage Of :;:‘:IIE::iDanvalues
the
Transient T
Stability
The

Analysis
y dialog

Dialo .

J contains
several
pages

Simulation

Process Contingencies
@ One Contingency at a time
() Multiple Contingencies

(== ]

For Contingency: [MyTransient Contingency v]
[ Add... ] [Delete... ] [ Rename... ]

Simulation Time Values

Start Time (seconds) 0.000 =

This is the main place
to design and control
the simulation

Spedify Time Step in
() Seconds

10.000 = -
@ Cydes

End Time (seconds)

Time Step (cydes) 0.500 =

Transient Contingency Elements
[ Insert Elements ] [ Clear All Elements ] [ Insert Apply and Clear Fault ]

B By Al %l 5% | dh 84 | Records * Set = Columns ~ [Eg~ | fgih . b, S Tt FH | Options *
Object Pretty Enabled Time Object Description Conting
(Seconds) MName
1Bus Bus 3 YES 1.0000 Bus'3 FALLT 3PE SOLID My Trar
2|BranchBus 1 TO Bus 3CKT 1 YES 1.3400 Branch '1"'3''1' OPEN BOTH My Trar
3 1.3400 Branch '2'3''1' OPEN BOTH My Trar

Branch Bus 2 TO Bus 3CKT 1 / YES

The simulated events consist of “Transient
Contingency Elements” which are defined here

These are covered in a later section
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Simulation Dialog

The simulation is designed and typically run from here

Transient Stability Analysis =5 | IoR|E%S
Simulation Status Mot Initialized
Run Transient Stability ] For Contingency: [M‘f‘ Transient Contingency ']
CI ICkI n Select Step Simulation [ Add... ] [ Delete... ] [ Rename... ]
g " Simulation Time Values ~J N .
. . +- Options
th IS WI I | --Repsult Storage Start Time (seconds) 0.000 = S!Jedfy Time Step in M u |t| p I e Trans e nt
[#l- Plots | End Time (seconds) 10000 =] © Seconds . :
start the e Resils | e e " @y Contingencies
--Transient Limit Monitors Time: Step {cycles) 0.500 5 b d f d
1 1 - States/Manual Control ma e erne
simulation || & e y
..... SMIE Eigenvalues Transient Contingency Elements
[ Insert Elements ] [ Clear All Elements ] [ Insert Apply and Clear Fault ]
Sp@ley m % A h 50 | i ?S@n | Records = 5et - Columns - ' | “.E*' “&E' T EE'-E; fix) BH | Options -
Start tl m e’ Object Pretty Enabled {Se'l':lj;n:ds} Object ‘ Description ﬁ:;iing
. 1Bus Bus 3 YES 1.0000 Bus'3 FALLT 3PE SOLID My Trar
e n d tl m e 2|BranchBus 1 TO Bus 3CKT 1 YES 1.3400 Branch '1"'3''1' OPEN BOTH My Trar
] 3|BranchBus 2 TO Bus 3CKT 1 YES 1.3400 Branch '2'3''1' OPEN BOTH My Trar
and time | ]
|
step
Here, a 3-phase fault at 1.0
seconds is cleared by opening

the two adjacent lines

Process Contingencies
@ One Contingency at a time
() Multiple Contingencies

’ Save All Settings To ] ’ Load All Settings From ]

[ Show Transient Contour Toolbar ]
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Transient Stability Dialog Pages Allow
for Customization

Simulation (W) Transient Stability Analysis
Deflne events Sta rt tlme end Simulation Status Mot Initialized
’ ’
time, and time step [ Run Transient Stability ]
Select Step Simulation | SMIB Eigenvalues
Options ® Simulation imulati : . .
4 Options SmdatenTme  parform Single Machine Infinite
L Start Time (sec .
General, Powe.r Syst(.em Mo.del, Result Storage Bus analysis on each generator
Results, Generic Limit Monitors (- Plots End Time (seco
--Results
[#)- Transient Limit Menitors Tme Step (vd y/alidation
Results Storage [l States/Manual Control _ _

. ) - Validation Options to validate the data for
Specify what to store during the .. SMIB Eigenvalues Transient Cont possible errors and warnings
simulation for viewing, plotting, Process Contingendies [ insert em
and contouring 9/ Gne Contingency ata time (] B #k  States/Manual Control

" Multiple Contingencies :
Manually step through the
Plots ’ Save Al Settings To ] ’ Load All Settings From y P g

simulation and view initialized states

Create plot descriptions that can be and initial limit violations

automatically generated upon
completion of a transient stability run

Results Transient Limit Monitors

Set monitors to check for stability
criteria violations during the
simulation

View numeric results of a
simulation and a summary of
events that occurred
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Transient Stability Options: General

e Options to Transfer Results
— Interval check
— After manual time step
— After manual control “Run Until Time”
— Immediately after events

 Run at a Rate Proportional to Real-Time

— Runs the simulation at a slower rate for
educational/demonstrational purposes

— i.e., to view a contour of transient stability data changing with time
— Does not actually change the time step
— Slowdown =5 runs at 1/5 of real-time rate
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Transient Stability Options: General

e Open the Options page to the General tab

Transient Stability Analysis [ @ ]

Simulation Stats Mot Initialized

[ Fun Transient Stability : For Contingency: leTrﬂ'E'u'ttCﬂ'lfl'W‘HI! 'rl ‘
_ “seectStep ooy e AL Sl L oL P
Op“on e Seal S S - o H
| Note: Changes made to option entries are saved mmediately and wil be applied during the next transient stability run. |
affects £ Result Storage General | power System Model | Resut Options [ Generic Lmit Monitors | |
: MVA Base for Input/Display of Generator Values Identify Buses in Events and Results by
Generator | & resus  Use Indivickual Generator MVA ase - |
; &~ Transient Limit Monitors IE Uise Canmmon Power I:‘u:lw MVA Base - m Identlfy '
Dlalog & StatesManual Control ]
) 51 Validation Automatic Update and Transfer Results to Power Flow Options Marue: (oier) Buses In |
Inputs Number (Name)
SMIB Bigenvalues Display UpdateCheck Pause Interval teps 10 =
Cp nf Y RS R Name.and k¥ Events and
( ase Info [7] Update Displays after Interval Chedk Nurrber and kY
DiSplayS [7] Transfer Results to Power Flow after Interval Check Name (Mumber) and kv ReSU|tS
MNumber &) and k
always show [¥] Transfer Results to Power Flow On Manual TimeStep s it |_|St|ngs
values on 7| Transfer Results to Power Flow On Run Until Specified Time
generator || Transfer Results Immediately for Events
MVA base) || Show Results Page When Done :
Brooess Cont 7| Run at Rate Proportional to Real-Time; Slowdown = 5.0 =
@ One Contingency at a time
| Multiple Contingencies
| Save AlSettingsTo | //Load All Settngs From | | Show Transient Contour Toobar | | Zbep | | i cose

Options for tra/nsferring results to power flow are discussed

urlnq Manual Control examfles
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States/Manual Control

e |n addition to running the simulation, you can also step through it

e Go to the States/Manual Control page - options related to
States/Manual Control are on the General tab of the Options page

[®) Transient Stability Analysis = |[E ] )
smision st milzde—— SjMulation Is initialized
Run Transient Stability ] For Contingency: ’My Transient Contingency - ]
Select Step States/Manual Control |
- Simulation
(- Options [ Reset to Start Time ] Transfer Present State to Power Flow
[+ Result Storage - - = .
- Plots [ Run Until Specified Time ] 0.000 == Run Until Time
E-Results J_ Do Specified Number of Timestep(s) ] 1 = Mumber of Timesteps to Do
[#)- Transient Limit Monitors )
538 States/Manual Control /| Al States | State Limit Violations | Generators | Buses | Transient Stabiiity YBus|
(- Validation ; : S )
. SMIB Eigervalues / i = T e | & | Records * Set = Columns = - | Bo- M. S BE- W oA | Options =
Model Class Model Type | Object Name | At Limit | State Ignored | State Name | Value | Derivative Delta X K1
. 1)zen Synch. Mad GEMROU 4 (Bus 4) #1 MO Angle 0.5244 0.0000000 0.0000000
C | |Ck to d (0] 2|Gen Synch. Mac GENROU 4 (Bus 4) #1 NO Speed w 0.0000 0.0000000 0.0000000
3|Gen Synch. Mac GEMROU 4 (Bus 4) #1 MO Egp 1.19495 0.0000000 0.0000000
. 4|Gen Synch. Mac GENROU 4 (Bus 4) #1 MO PsiDp 1.1597 0.0000000 0.0000000
a tll | IeStep 5|Gen Synch. Mac GENROU 4 (Bus 4) #1 NO PeiQpn 0.2434  0.0000000  ©0.0000000
6 |Gen Synch. Mac GENROU 4 (Bus 4) #1 MO Edp 0.0000 0.0000000 0.0000000
7|Gen Exciter IEFET1 4 (Bus 4) #1 MO EField 2.70938 0.0000000 0.0000000
8|Gen Exciter IEFET1 4 (Bus 4) #1 YES Sensed Vt 1.0971 0.0000000 0.0000000
9|Gen Exciter IEFET1 4 (Bus 4) #1 MO VR -0.0743 0.0000000 0.0000000
10|Gen Exciter IEFET1 4 (Bus 4) #1 MO WF 0.0000 0.0000000 0.0000000
11|Bus Frequency Bus Frequency I 1 (Bus 1) MO Freguency 0.0000 0.0000000 0.0000000
12|Bus Frequency Bus Frequency I 2 (Bus 2) MO Freguency 0.0000 0.0000000 0.0000000
13|Bus Frequency Bus Frequency M 3 (Bus 3) MO Freguency 0.0000 0.0000000 0.0000000
14|Bus Frequency Bus Frequency M 4 (Bus 4) MO Freguency 0.0000 0.0000000 0.0000000
Process Contingencies . . .
Initial states and derivatives
() Multiple Contingendes

[ Sawve All Settings To l [ Load All Settings From ] [ Show Transient Contour Toolbar ] ILQIose
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States/Manual Control

e Click “Do Specified Number of Timesteps” — the simulation will
take one step and then pause

e Dialog now shows the values after 1 time step

[®) Transient Stability Analysis ==Eom = T h I S p ag e

Simulation Status  Paused at 0,008 — SlmUIatlon |S paused Can be used
Continue Abort For Contingency: ’My Transient Contingency - ]

Select Step StatesManual Control | aS a
- Simulation
& Options [ Reset to Start Time |
[+~ Result Storage =
& Plots d [ Run Until Specified Time ] 0.000 == Run Until Time [ Restore Power Flow Model ] d e b u g g I n g
G- RES”'T‘S o . [ Do Specdified Mumber of Timestep(s) ] 1 = Number of Timesteps to Do [ Save Time Snapshot ]
[~ Transient Limit Monitors to O I -I:O r O r
- States/Manual Control All States |513he Limit Violations I Generators | Buses I Transient Stability YBus| y u
- Al States e 0 .00 B~ |fuB, AR, = F. 9y .
.. State Limit Violations [ 8 Ak 8 8| 04 88, | Records - Set~ columns - 5 |- Wi~ ¥ WE- 1 fa B | Options - Slm UIatIOnS
Generators Model Class | Model Type | Object Name | At Limit | State Ignored | State Name | Value | Derivative | Delta X K1 |
;~Buses N 1|Gen Synch. Mac GENROU 4 (Bus 4) £1 NO Angle 0.5244  0.0000000 0.0000000
-~ Transient Stability YBus 2|Gen Synch. Mac GENROU 4 (Bus 4) #1 NO Speed w 0.0000 0.0000000 0.0000000
[ Validation 3|Gen Synch. Mac GENROU 4 (Bus 4) #1 NO Eqp 1.1995 0.0000000 0.0000000
- SMIB Eigenvalues 4|Gen Synch. Mac GENROU 4 (Bus 4) #1 MO PsiDp 1.1597 0.0000000 0.0000000
5|Gen Synch. Mac GENROU 4(Bus 4) #1 MNO PsiQpp 10,2434 0.0000000 0.0000000 C | h I t
& |Gen Synch, Mac GENROU 4 (Bus 4) #1 MO Edp 10,0000 0.0000000 0.0000000 an a SO e p O
7|Gen Exciter IEEET1 4 (Bus 4) #1 MO EField 2.7093 0.0000002 0,0000000 . . .
8 |Gen Exciter IEEET1 4 (Bus 4) #1 YES Sensed Vi 1.0971 0.0000000 0,0000000 d t t
9|Gen Excter IEEET1 4 (Bus 4) #1 MO VR -0.0743 0.0000106 0.0000001 I en I I nCOrreC
10 |Gen Exciter IEEET1 4 (Bus 4) #1 MO VF 0.0000 0.0000000 0.0000000
11|Bus Frequency Bus Frequency P 1 (Bus 1) MO Frequency 0.0000 0.0000000 00000000 m t
12|Bus Frequency Bus Frequency P2 (Bus 2) MNO Frequency 10,0000 0.0000000 0.0000000 a‘ra e e rS
13|Bus Frequency Bus Frequency P 3 (Bus 3) NO Frequency 0,0000 0,0000000 0.0000000
14|Bus Frequency Bus Freguency 14 (Bus 4) MO Frequency 10,0000 0,0000000 0.0000000
Process Contingencies
(@) One Contingency at a time
() Multiple Contingencies
[ Save All Settings To ] [ Load All Settings From l [ Show Transient Contour Toolbar ]
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States/Manual Control

Now, enter 1.35 seconds for “Run Until Time” and click “Run Until
Specified Time”

T3:

Transient Stability Analysis =n(E=R ==
smiaton satus  Paused st 1L3590+—— Simulation is paused after the fault is cleared
Continue Abort For Contingency: [r\"lg-I Transient Contingency b l
Select Step States/Manual Control |
-~ Simulation
- Options [ Reset to Start Time ]
[ Result Storage ; : = )
__ Plote [ Run Until Specified Time ] 1,350 == Run Until Time [ T T P B ]
- RES'—"FS o . [ Do Spedfied Number of Timestep(s) ] 1 == Mumber of Timesteps to Do [ Save Time Snapshot ]
-- Transient Limit Monitors
[l States/Manual Control All states | State Limit Violations | Generators | Buses | Transient Stability YBusl
- Validation oPL +0 .00 B~ | lin, AldE, s> B3, 30RT -
| SMIB Eigenvalues D == | | ?&D | Records ~ 3Set = Columns ~ * | e - % T flx) fH | Options ~
Model Class Model Type | Object Name | At Limit | State Ignored | State Name | Value Derivative Delta X K1
1JGen Synch. Mad GENROU 4(Bus 4) #1 MO Angle 1.8522 44611077 0.0420671
2|Gen Synch. Mac GENROU 4 (Bus 4) #1 MO Speed w 0.0118 -0, 1878478 -0.0015413
3|Gen Synch. Mac GENROU 4 (Bus 4) #1 MO Egp 1.0522 -0.4092525 -0.0034000
4|Gen Synch, Mac GENROU 4{Bus 4) #£1 MO PsiDp 0,9191 -0.0371895 0.0017903
5|Gen Synch. Mac GEMROU 4 (Bus 4) #1 NGO PsiQpp 0.2415 5.9211938 0.0663601
E t t t 6|Gen Synch. Mac GEMROU 4(Bus 4) #1 MO Edp 0.0000 0.0000000 0.0000000
XCI er S a. e 7|Gen Exciter IEEET1 4 (Bus 4) #1 MO EField 3.2706 1.3593989 0.0114713
. . . BlGen Fxoter IEEET1 4 ({Bus 4) #1 YES Sensed Vit 0.7268 0.0000000 0.0000000
| S at a ||m |'[ 9|Gen Exciter - EEET T —)> |igh Limit MO VR 1.0000 0.0000000 0.0000000
10 |Gen Exciter IEEET1 4 (Bus 4) #1 NGO VF 0.0306 -0.0205724 -0.0001717
11|Bus Frequency Bus Freguency P 1 (Bus 1) NO Freguency 0.0028 -0,1109212 -0.0012826
12|Bus Frequency Bus Freguency I 2 (Bus 2) NO Frequency 0.0000 0.0000000 0. 0000000
13|Bus Frequency Bus Freguency I3 (Bus 3) NO Frequency 0.0006 0.0000000 0.0000000
14|Bus Frequency Bus Freguency I 4 (Bus 4) NO Frequency 0.0072 -0,2862825 -0,0034706
Process Contingencies
(@ One Contingency at a time
(71 Multiple Contingendies
’ Save All Settings To ] [ Load All Settings From ] [ Show Transient Contour Toolbar ]

Transient Stabi
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States/Manual Control

The “Transfer Results to Power Flow on Manual TimeStep”
option was checked, so the power flow and the oneline were
updated

Bus 1 Bus 2

BUS4;§EEEEEEEEEEE Infinite Bus

(R)mpzs p-(G)

62.67 Deg BUIS 3
0.727pu | | —
37.76 Deg 90.00 Deg 0.00 Deg
0.703 pu 0.000 pu 1.000 pu
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States/Manual Control

Can click “Transfer Present State to Power Flow” to transfer the
state and update the display with the transient stability results

[®) Transient Stability Analysis (=lE ==
Simulation Status  Finished at 10.000
Run Transient Stability ] For Contingency: ’My Transient Contingancy -
Select Step States/Manual Contral |
- Simulation
[+ Options [ Reset to Start Time ] [ Transfer Present State to Power Flow ]
- Result Storage =
g Plots g [ Run Until Specified Time ] 0.000 == Run Until Time [ Restore Power Flow Model F
[ Results [ Do Specified Number of Timestep(s) ] 1 = Number of Timesteps to Do
[+]- Transient Limit Monitors
[+]- States/Manual Control All States | State Limit Vielations | Generators | Buses | Transient Stabiiity YBus |
- Validation 1PT. .0 00 Mo | wuiB. A, @ B, SR .
- SMIB Eigenvalues [ & Ak % | i | Records ~ Set ~ Columns ~ {45~ | wew B F B o B | Options ~
Maodel Class Model Type | Object Name | At Limnit | State Ignored | State Name | Value | Derivative Delta X K1
1)Gen Synch. Mad GENR.OU 4 (Bus 4) #1 MO Angle 0.6130 -0.0533424 -0.0004114
2|Gen Synch. Mac GENR.OU 4 (Bus 4) #1 MO Speed w -0.0001 -0.0011993 -0,0000109
3|Gen Synch. Mac GENR.OU 4 (Bus 4) #1 NO Egp 1.1827 -0.0016538 -0.0000150
4|Gen Synch. Mac GENROU 4 (Bus 4) #1 MO PsiDp 1.1462 0.0000231 -0.0000022
5|Gen Synch. Mac GENR.OU 4 (Bus 4) #1 MO PsiQpp 0.2520 -0.0117325 -0,0000337
6 |Gen Synch. Mac GENR.OU 4 (Bus 4) #1 MO Edp 0.0000 0.0000000 0,0000000
7 |Gen Excdter IEFET1 4 (Bus 4) #1 NO EField 2.5575 0.0318338 0.0002754
8 |Gen Exdter IEEET1 4 (Bus 4) #1 YES Sensed Vt 1.0972 0.0000000 0.0000000
9|Gen Excdter IEEET1 4 (Bus 4) #1 MO VR -0.0753 -0.0961425 -0.0007233
10| Gen Exciter IEEET1 4 (Bus 4) #£1 MO VF -0,0001 0.0000342 0.0000003
11|Bus Frequency Bus Frequency M 1 (Bus 1) MNO Frequency 0,0000 0.00181858 0.0000133
12|Bus Frequency Bus Frequency I 2 (Bus 2) MO Freguency 0.0000 0.0000000 0.0000000
13|Bus Freqguency Bus Freguency 3 (Bus 3) MO Freguency 0.0008 0.0000000 0.0000000
14|Bus Frequency Bus Freguency M4 (Bus 4) MO Frequency -0,0001 0.0026303 0.0000192
Process Contingencies
[ Save All Settings To ] [ Load All Settings From ] [ Show Transient Contour Toolbar ]

T3: Transient Stability Basics
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States/Manual Control

Click “Restore Power Flow Mode

|II

to restore the power

flow state of the system before the transient stability

run Bus 1 Bus 2
Busa  PIF I I I I I I I it Bus
Restored
model, /
unsolved 1157 Deg Bus 3
10070 | r | r -
6.58 Deg 4.45 Deg 0.00 Deg
1.048 pu 1.030 pu 1.000 pu
Bus 1 Bus 2
>33 > > > > > > m .
Bus 4 Infinite Bus
Restored ( :: )—)—I)E) ,}'
model after a 1157 Deg Bus 3
power flow 1.097 pu )}}»;»)»}}
SO|Ut|0n 6.58 Deg 4.45 Deg 0.00 Deg
1.048 pu 1.030 pu 1.000 pu

T3: Transient Stability Basics
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Run a Simulation

 On the States/Manual Control
page, click “Reset to Start
Time”

 This reinitializes the simulation

e Then, go back to the Simulation
page

e C(Click on “Run Transient
Stability” to solve- the

simulation will run for 10 e
seconds

e After the run, the plot to the Resultant plot of Bus 1 voltage and
right will be automatically Generator 4 rotor angle

generated Lots of options are available for
customizing the appearance of the plots
and for exporting plot information.
These will be talked about later in the Plot

Definition Section.
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Transient Stability Options:
Power System Model

e Open the Power System Model page to the General tab

Options related to the solution of the Nominal Frequency
algebraic network equations (Typically 60 Hz or 50 Hz)

Options

Mote: Changes made to option entries are saved immediately and YAl be applied during the next transient stability run.

General | Power System Maodel | Result Options | Generic Li;ﬂMonitors | Distributed Computing

Power System Values Load Modeling Exciter Saturation Model

MNominal System Frequency (Hz) 00.0 5 D_efault Load Model (@ Quadratic (GE Approach)
@ Constant Impedance

(7 ZIP Mode! from Power Flow Model

Metwork Equations Solution Options (©) Constant Current

System MVA Base 100.00 () Scaled Quadratic

() Exponential

Solution Tolerance (MvA) 0.10000 = ©) Canstant Current P, Impedance Q Exciter Automatic Parameters
Maximum Tterations 25 = Minimum Per Unit Voltages for (@ ¥r = Zero Approach
Force Metwork Equation Update 0.00 = Constant Power Models IS

(7 ¥r = Zero Approach
Constant Current Models 0,500

UUse Voltage Extrapalation
Machine Saturaiton for 512 < 510

Inner Loop Mismatch Scalar 1.0 @ E
D Ignore Speed Effects in Generator Swing Equation i Flip Values
() Ignore Saturation
Infinite Bus Modeling [ ISOVETTIoT ot v g -8
(@ No infinite buses (recommended setting) Mote: Needed for spedific governor models such as TGOV3 Integration Method
(71 Model the power flow slack buses as infinite buses Global Fast Valving Option @ Second Order Runge-Kutta

(@) Initiate on Freq Deviation > (rad/sec)
() Initiate on Fault after Delay of Seconds
7) Do Mot Initiate

Handling of Initial Limit Viclations ) Euler
(@) Modify Limits and Run
71 Abort

() Run without Changing Limits Fast Valving Parameter {rad/sec or sec) 0.1

-

-

Special options for governors using Fast Valving such as TGOV3
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Transient Stability Options: Power
System Model

Network Equation Solution Options

 Solution tolerance and maximum iterations
— For transient stability power flow algorithm only

* Force network equation update
— Specify a time for a full network equation update, can be helpful to
avoid small oscillations caused by small mismatches
e Use voltage extrapolation

— Estimate the voltages based on the voltage at the last three time steps,
aids in the initial guess of the network equation voltages and helps
speed up the solution

* Inner loop mismatch scalar

— When network equation solutions are done as an intermediate part of
the numerical integration method, allowing this scalar to be larger than
1 allows the network equation solution to have a larger mismatch
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Transient Stability Options:
Power System Model

* Infinite Bus Modeling

— Model the island slack bus as a constant voltage and angle (essentially it
is a generator with infinite inertia)

— Infinite buses do not exist in real systems so normally this should NOT
be done

— Primarily intended for academic audiences
e Handling of Initial Limit Violations Handling of Initial Limit Violations

.. . . @ Modify Limits and Run
— There are many limits associated with . ty
dynamic models (exciters, governors, Apart
and over-excitation, etc...) Run without Changing Limits

— Theoretically, there should be no violations of these limits in the steady
state solution

— This option determines what Simulator does if there are violations in
the initial conditions

— Default action is to modify the limit value so that the system is initially
in steady-state
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Transient Stability Options:
Power System Model

Default Load Model
e Default Load Model ® Constent Impedance
_ It iS beSt tO deﬁne 3 System_ ZIP Model from Power Flow Model
d I d d I I . I Constant Current
Wi e Oa mo e eXp ICIt y Constant Current P, Impedance Q
— This option is applied to loads with no specitied dynamic
model

e |gnore Speed Effects in Generator Swing Equation

— Generator swing equation includes a term that divides the
P_ ... by the per unit speed.

— Normally you should not ignore this effect.

e Governor Fast Valving Option— When to Initiate
— After a specified frequency deviation in rad/sec
— After a fault and a specified time delay in seconds
— Do not initiate
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Transient Stability Options:
Power System Model

e Exciter Saturation Model

— Quadratic - S(x) = B¥(x — A)? (GE PSLF)
— Scaled Quadratic =2 S(x) = B*(x— A)? / input (PTI PSS/E)
— Exponential = S(x) = B*xA (BPA IPF)

* Exciter Automatic Parameters
— Used to automatically calculate K, when K, =0
— V.=0approach = K, is set to force V.= 0 (GE PSLF)
— V. >0 approach = K, is set to force V, = V,,,,/10 (PTI PSSE)
* Machine Saturation when S12 < S10

— This is bad data probably but you can request Simulator just flip the
values

* Integration Method
— Second Order Runge-Kutta
— Euler
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