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Transient Stability Analysis:
PowerWorld’s Design Goal

* Traditional transient stability

— Create one set of events which define your transient
stability simulation

— Similar to having a tool to solve one power flow solution
 PowerWorld’s Design Goal

— Mimic the processing of Simulator’s Contingency Analysis

— Define multiple contingencies and process them all

— This section will concentrate on defining a single transient
contingency

* This leads to creating a new object in Simulator called a
Transient Contingency

— Similar to Contingency records except a different set of
actions are available

— Also timing inputs are important
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Transient Contingencies

e Goal - to simulate a particular contingency and see
if it causes any problems for the system

e Atransient contingency will consist of one or more
events

* One contingency might be the outage of a
generator to gauge the response of the governors
of the remaining generators

* Another contingency might simulate a bus fault,
which has events to both initiate and clear the
fault
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Defining a Transient Contingency

e A new contingency will automatically be given an
unused name starting with “My Transient Contingency”

e Several buttons are normally available at the top of the
dialog regardless of the page which are used for
processing transient contingencies

 More than one contingency may be specified

Simulation Status Not Initialized

Run Transient Stability Palse ho For Contingency: IMy Fault VI
[ Add... ] [Delete... ] [ Rename... |

* Use Add, Delete, and Rename buttons to manage the
transient contingencies

e Use the drop-down menu to choose the presently active
contingency from a list of available contingencies
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Transient Contingency

e Specify Start and End Time
» Specify Time Step (seconds or cycles)
— Recommend either 0.5 cycles or 0.25 cycles
* Transient Contingencies have one or more Transient

Contingency Elements to specify the events that occur

during the simulation  ATransient Contingency with two Transient
Contingency Elements

— Fault Bus
[ Transient Stability Analysis = @B
H Smulasion Status ot Initalred
— Open Line — e
Selict Ste Smuaton Add.. | | Deete. enarme. Clone Contirgency
— Etc.. | e

Stptes Marual Conrod
Valdation Transent Contngency Liements
SMED gervalots trsert | | Cloor Al | | Irsert Appiy/Cearfopen | | Time Siuft fsecond) || 00002

[ryramic Smuilater Cptens B B4k 52 25 M8
pret

| Btject PrettylEnabi,

Contingency
elements are

associated with time O o
Save Al Settings To Load Al Settngs From Show Trangient Comour Tookar Auto Insert.... Critizal Oearing Time Caloulator... ?H’h _rLoﬂ'
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Transient Contingency Elements

* Insert Elements Button

— Opens the Transient Stability Contingency Element Dialog
e Clear All Elements

— Deletes all currently defined events
* |Insert Apply and Clear Fault

— Quickly apply/clear a fault by specifying both its fault time
and its clearing time in one dialog

 Element Table

— A case information display which lists all transient stability
elements currently defined for the Transient Contingency

— Clicking on an event and choosing “Show Dialog” option will
open the Transient Stability Contingency Element Dialog
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Transient Contingency Element Actions
Types

e Bus

— Apply Fault
* Apply the specified fault type (Balanced 3 phase, Single Line to Ground, Line to Line, or
Double Line to Ground)

* Fault Across — (Solid, with Impedance and specifying PU Resistance and PU Reactance, or
with Admittance specifying PU Conductance and PU Susceptance)

— Clear Fault

* Generator
— Open the generator.
— Close the generator.

— Ramp Values : Output , Exciter Setpoint (Vref), Governor Setpoint (Pref) Set
Values

— Set Value: Output , Exciter Setpoint (Vref), Governor Setpoint (Pref)
* Load

— Open

— Close

— Set Values
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Transient Contingency Element Actions
Types

* Switched Shunt
— Open
— Close
* AC Line/Transformer

— Apply Fault

* Apply the specified fault type (Balanced 3 phase, Single Line to Ground, Line to
Line, or Double Line to Ground)

* Fault Across — (Solid, with Impedance and specifying PU Resistance and PU
Reactance, or with Admittance specifying PU Conductance and PU Susceptance)

* Percent Location
— Clear Fault
— Open : Both Ends, From End Only, To End Only, One Phase Open
— Close : Both Ends, From End Only, To End Only
— Bypass, and Not Bypass: intended for series capacitors
* DClLine

— Open
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Creating
Transient Contingency Elements

. Transient Contingency
* Click Insert Elements, or Choose Element Dialog /
Records’ Insert [®) Transient Stability Contingency Element Dialog = = &
 Transient Contingency Elements | s | e
involve specifying the following: | "5 = - Ommeeenfon o o
filﬂ?gggnmp
— Object element is applied to D 63 5 (oo
— Time element occurs S Loooon =
- Eve nt Type %EPE" T Exciter Setpaint
— Parameters for element Egiii:Zfi;im 2:222;
o OK ? Heb X cancel
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TS9Bus Example

* Open TS9BusNoModels.pwb
* With PowerWorld Simulator, a power flow case can be
quickly transformed into a transient stability case
— This requires the addition of at least one dynamic model

* We will now go through how to transform a power flow
case into a transient stability case

* Add a dynamic generator model to an existing “no
model” power flow case by:
— In run mode, right-click on the generator symbol for bus 1,

then select “Generator Information Dialog” from the local
menu

— This displays the Generator Information Dialog, select the
“Stability” tab to view the transient stability models; none
are initially defined.
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Inserting a Model

* From the Generator Information Dialog, insert a
GENSAL model (represents a salient pole machine)

Click to insert
a maChine > | Insert
mOde| Type |none defined

Power and Valtage Control | Costs | OPF

Delete

Parameters

Gen MVA Base | 100.0

Active

[®) Generator Information far Present o = =
= Status
1
Bus Number v 2 [FindBy Nuwber | S0
BusName |Busl v || Find By Name (®) Closed
Energized
D 1
fd NO (Offiine)
AreaName  1(1) @ YES (Online)
Labels ... | nolabels FuelType  Unknown v
Generator MVA Base| 100,00 UnitType  UN (Unknown) v

Faults | Owners, Area, etc. | Custom | Stability

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

Show Blodk Diagram | | Create WCurve

Set to Defaults

PU values shown/entered using device base of 100.0 MVA

OK Save

Save to Aux

Cancel Help Print

Chooselz GENSAL
[® Model Type/ o @B s

Select Model from t

- GENPWS [Trayfislate to GENTPI in GE] [Tra »
- GENPWTwo s
GEMROE [ranslate to GENROU in GE]

£ Below List

- GENTFF [Translate to GENTPI1 in PTI]

. GENTPI [GENTPI1in PTI]

- GENTPW [Translate to GENTP] in GE] [Tra
- GENTRA [Translate to GENTPJin GE]

- GEMWRI
- GEWTG
InfiniteBusSignalGen b

< 3
Show Models Supported By
PW Only PTI
[Jera GE
[[Both GE and PTT

[ only Show Used Models

o oK \ X cancel
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Inserting a Model

* GENSAL Dialog for Bus 1 now looks like this-

Generator Information for Present

GENSAL is the only machine
model inserted for this
generator, so it was
automatically made active

Bus Mumber |1 v 2= | Find By Number
Bus Mame |Busl + | | Find By Name
D |1 Find ...

AreaMame | 1(1)
Labels ... | |nolabels

Generator MVA Base| 100.00

Power and Voltage Control | Costs | OPF

Machine Models | Exciters | Governors | Stabilizers | Other Models

If you add more
models, you need to _—

select which to make
active

Delete Gen MVA Base | 100.0

Insert

Fuel Type
Unit Type

Faults | Owners, Area, etc, | Custom  Stability

Status
(") Open
(®) Closed

Energized
MO (Offline)
@ YES (Online)

Unknown v

UN (Unknown) w

Step-up Transformer | Terminal and State

Show Block Diagram | | Create VCurve

Type | Active - GENSAL w [ Active (only one may be active)|  Set to Defaults
Parameters
PU own/entered using device base of 100.0 MVA v
H| 3.00000% Tdop  7.00000 %
D| 0.00000/2  Tdopp D0.04000 %
Ra| 0.00000|= Tgopp  0.05000 = Default
xd| 2.10000|= 51 0.00000|%
—
¥a| 0.50000(% s12| 0.00000[% paral | |eterS
¥dp| 0.20000(= RComp|  0.00000 = are resent
¥dpp| 0.18000|= ¥Comp| 0.00000|% p
X/ 0.15000=
—
oK Save Save to Aux Cancel Help Print

T5: Transient Contingency

© 2019 PowerWorld Corporation

TS9BusNoModels.pwb

12




Inserting a Model

* Modify the machine parameters at Bus 1 to match those
shown here [®) Generator Information for Present o B R

5l
» 4 Find By Mumber i

Bus Number

O Open
BusName Busl v | | Find By Name (@) Closed
" Energized
D 1
Biod MO (Offiine)
AreaName 1(1) ) YES (Online)
Labels ... | nolabels Fuel Type | Unknown v
Generator MVA Base| 100.00 Unit Type | UN (Unknown) W

Power and Voltage Control | Costs | OPF | Faults | Owners, Area, etc. | Custom | Stability
Machine Models | Exciters | Governars | Stabilizers | Other Models | Step-up Transformer | Terminal and State

Insert Delete Gen MVA Base | 100.0 Show Block Diagram | | Create VCurve

Type | Active - GENSAL
Parameters
PU values shown/entered using device base of 100.0 MVA W

Active (only one may be active)  Set to Defaults

H|23.64000 > Tdop| B.96000| %
D| 4.72800 Tdopp| 0.31000
Ra| 0.00000|% Tqopp | 0.31000
xd| 0.14600| > S1  0.00000| =
Xg| 0.09690 = 512 0.00000 %

Xdp| 0.06080| > RComp |  0.00000

¥dpp| 0.06080 = XComp| 0.00000 =
Xl| 0.03040 =
OK Save Save to Aux Cancel Help Print
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Inserting a Model

* Repeat for Generators 2 and 3

Generator Information for Present o B = Generator Information for Present o B &
Bus Number |2 A Find By Number %ﬂg‘;en Bus Number  |& v =% |Find By Number %Bgﬁen
BusName |Bus 2 | | Find By Name (®) Closed Bus Name |Bus 3 v | | Find By Name (®) Closed
D |1 Find ... E"alaﬂz?gmne) ! Find ... Enerz%lz(egfﬁme)
AreaName  |1(1) ®) YES (Online) AreaName  |1(1) ®) YES (Online)
Labels ... | |nolabels Fuel Type  Unknown v Labels... | nolabels Fuel Type | Unknown v
Generator MVA Base  100.00 UnitType  UN (Unknown) v Generator MVA Base| 100.00 Unit Type | UN {Unknown) v
Power and Voltage Control | Costs | OPF | Faults | Owners, Area, etc. | Custom | Stability Power and Voltage Control | Costs | OPF | Faults | Owners, Area, ete. | Custom | Stability
Machine Models | Exciters | Governors | Stabiizers | Other Models | Step-up Transformer | Terminal and State Machine Models | Exciters | Governors | Stabilizers | Other Models | Step-up Transformer | Terminal and State
Insert Delete Gen MVA Base | 100.0 Show Block Diagram | | Create VCurve Insert Delete Gen MVABase | 100.0 Show Block Diagram | | Create VCurve
Type | Active - GENSAL v [¥] Active (only one may be active)|  Set to Defaults Type | Active - GENSAL + |[¥] Active (anly one may be active)  Set to Defaults
Parameters Parameters
PU values shown/entered using device base of 100.0 MVA v PU values shown/entered using device base of 100.0MVA v
H| 6.40000 2 Tdop  6.00000 = H| 3.01000 = Tdop| 5.89000 %
D| 1.28000 = Tdopp 0.53500 |5 D| 0.60200 Tdopp| 0.60000 =
Ra| 0.00000 2]  Tgopp 0.53500|% Ra| 0.00000 5]  Tqopp| 0.60000 %
Xd| 0.89580 = S1 0.00000| % xd| 131250 = S1 0.00000 %
Xg| 0.86450 = S12 0.00000 [ Xq| 1.25780 = s12| 0.00000 =
Xdp| 0.11980 5| RComp 0.00000| % ¥dp| 0.18130 2, RComp| 0.00000 =
¥dpp| 0.119802]  ¥Comp 0.00000 % Xdpp| 0.18130 5| XComp| 0.00000 =
¥ 0.05990 > Xl 0.09060 =
oK Save Save to Aux Cancel Help Print oK Save Save to Aux Cancel Help Print
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Model Explorer — Machine Models

Model Explorer: Generator Machine Models o B =
Explore | X Generator Machine Models | X Buses
Explore | Fields P B cE %l %8 @4 B T Records~ Geo~ Set~ Columns - EE- |fgl- 8- ¥ BH- B0 - B | options~
%ﬁ "ds i | £ Filter Advanced| - [Machine Modek: GENSAL [ - |~ | Find... Remave CQuick Filter -
B Mw Transad Machine Model GEMSAL Show Block Diagram
> B¥ Nomograms B GENPWFILxDecE A
A owners B cEnPws Mumber of| ID|Name_Nominal Mame ofBus‘ Type ‘MVABase Device 5tatus|5ub-lntervals| H ‘ D ‘Ra‘ xd | Xg | ¥dp ‘ Xdpp
WTwoAx Bus kV of Bus »
& substations % 2:“:&:0 = 1 77 Bus1_1650  Busi GENSAL 100 Active 2364 4728 0 0146 0.969 0.0608 0.060
B super areas 2 21 Bus2_18.00 Bus2 GENSAL T 64 128 0 0.8958 0.8645 0.1198 0.119)
B Tielines betw & cenrou 3 31 Bus3.13.80  Bus3 SERSAL 100 Active 301 0602 0 13125 12578 0.1813 0.181
EH Tielines betw Bl GENsAE
B Tielines betw B cEnsaL (3)
B Transfer Dire B cenTPF
EH zones HcerrrT
Solutin Becls | B centPw
- - == P |
H | D (Ra| Xd | Xxq ' Xdp | Xdpp ‘ Xl ‘Tdop Tdopp |qupp |S1 |S12|RCOmp XComp
2364 4728 0 0446 0.099 0.0608 0.0608 0.0304 89 0.31 031 0 0O 0 0
64 128 0O 0.8958 0.8645 0.1198 0.1198 0.0599 & 0535 0535 0 0O 0 0
3.0 0602 0 13125 1.2578 0.1813 0.1813 0.0906 5.89 0.6 06 0 O 0 0
H Genera tor O Show Models Supparted By
i Genestor | o s e Can verify or change parameters here
EH Line Relay M [Jera =3
B Line Shunts [] only Show Used Models
> E Load Charac Save Load < >
Open New Explorer | © Search Search Now Options ~
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Adding a Generator Exciter

* The purpose of the generator excitation system
(exciter) is to adjust the generator field current to
maintain a constant terminal voltage.

* PowerWorld Simulator includes many different types
of exciter models. One simple exciter is the IEEET1.
To add this exciter to the generator dialog, “Stability”
tab, “Exciters” page. Click Insert and then select
IEEET1 from the list.

* The IEEET1 is by far the most common exciter used in
the 2006 MMWG case; the next most common is its
close relative, the IEEEX1.
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Insert Exciter Models

Generator Information for Present o B =R
Status
1] = i —

A d d | E E E | 1 Bus Number | %~ |Find By Number O open

Bus Name |Bus1 v | | Find By Name (®) Closed

. " Energized

o 1

Exciter
Area Name |1(1) #¥ES (Online)

Labels ... |nolabels Fuel Type | Unknown ]

I I I O d e I S to a I | Generator MVA Base | 100.00 Unit Type UN (Unknown) w

Power and Voltage Control | Costs | OPF | Faults | Owners, Area, etc, | Custom | Stability
t h re e Machine Models | EXCters | Governors | Stabilizers | Other Models | Step-up Transformer | Terminal and State

Insert Delete Gen MVA Base | 100.0 Show Block Diagram | | Create VCurve
Type | Active -IEEET1 v Active (only one may be active)|  Set to Befaults

generators Parnters

PU values shown/entered using device base of 100.0 MVA v

Tr| 0.00000 = Tf| 0.35000 =

C h a n ge Ka|20.00000 2 Switch| 0.00000 E

Ta| 0.20000 = E1 280000 %

H Vrmax| 3.00000 = SE1| 0.30340 % .
Settl ngs for a ” Vrmin| -3.00000 = E2| 3.730002 C“Ck to ShOW bIOCk
Ke| 1.00000 = SE2| 1.28840 > diagram

th ree eXCite rs Te| 0.31400 ; Spdmlt| 000000
to match Kf| 0.06300 2
t h e S e oK Save Save to Aux Cancel Help Print
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IEEET1 Exciter

* You can view the block diagram for the IEEET1 exciter by clicking on
the “Show Diagram” button.

* This opens a PDF file in Adobe Reader to the page with the
appropriate block diagram (shown below).

Exciter IEEETI
IEEE Type 1 Excitation System Model

Epp

© The input to the exciter, E,
is usually the terminal
voltage. The output, E,
is the machine field voltage.

1+5T;
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Model Explorer - Exciters

BH Generator st
EH Line Relay M
@ Line Shunts

> B Load Charac w

Open New Explorer

[¥lPw only [¥]PTI

[CIeea GE
] only show Used Models

Save Load < >
Search Search Now Options ~

T5: Transient Contingency
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[® Model Explorer: Generator Exciters o B &R
Explore n | X Generator Exciters | X Machine Models | X Buses
Jm‘ Fields TET I ER A W @ T Records+ Geow Set+ Columns - B~ | 8- WE- ¥ BH- W f- B Options -
% :_:'z;i;edim‘ i Filter |Advanced| = | Exciter: IEEETT [~ |~ Find... Remove Quick Filter -
HH MW Transad Exciter IEEET1 Show Block Diagram
> BB Momograms B expic1 ~ = |
@ Owners @ EXST1 GE gumher of|ID)| :“a,mfeENnmina\ Name of Bus| Type [MVA Baselnwice:l:!:.u Sub-Intervali|Tr{Ka| Ta [Vrmax| Vrmin|Ke| Te Kf | TF |Switch|E1| SE1
B substations H exst1em s Gl ~
Bl Super aress & e S| 21 mdiesr— Rz e 005 3 3 10314006 053
%T'e"”“““‘ %:‘23" 3| 57 Bus3.13.80  Bus3 EEETT 02002 3 -3 103140063 035
Tielines betw X
HH Tielines betw H g I
EH Transfer Dire 2]
BH zones | = -
» [ Selution Detalls @l Tr|Ka| Ta [Vrmax|Vrmin|Ke| Te Kf | Tf [Switch|E1| SE1 | E2 | SE2 |Spdmlt
> [ Case Informatiol i)
> Contingency An %
> Optimal Power F 1
+ 1 Tools and Add C % 020 0.2 3 -3 1 0.314 0.063 0.35 0 2.8 03034 3.73 1.2884 0
4[| Transient Stabili
> 21 DC Moddls mh 0 20 0.2 3 -3 1 0.314 0.063 0.35 0 2.8 0.3034 3.75 1.2884 H
H 5
sy 2 20 0.2 3 -3 10.314 0.063 0.35 0 2.8 0.3034 3.73 1.2884 0
HH DS Time Sche H
HH Generator B B EET1A .
[ Genentor | 8 e Can verify or change parameters here
HH Generator M PR 1EETSA v
H Generator 0 Show Models Supported By

19

TS9Bus System with Machine and

Exciter Models

T5: Transient Contingency
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Define a Transient Contingency

Go to the Add

Transient Stability Analysis

_opecity start and

=} = £
Simulation Status  Not Initialized 1
. imulation Status  Not Initialize End Tlme
O n s r I b b O n ta b Run Transient Stability Pause Abort  Restore Reference  For Contingency: | B8 | My Transient Contingency v
Select Step Simulation Add... Delete... | Rename... | | Clone Contingency...
4 - Simulation Conral
a n d S e I e Ct YL contral ontrol | Definitions | Violations
i~ Definitions Simulation Time Values Summary Results S . f T. S
T . vt St e o) | (%] Sy TS e o PECIfY Time Step
o pnons o1 (OSeconds <
I » - Result Storage End Time (seconds) 10.000 =] Tripped ( d
(®) Cydles y
> Plats Time Step (cycies) 0.500 % Islanded seconds or cycles
H M » - Results from RAM
tability Tt it ortrs | caegaes —
» - States/Manual Control
> “E"daﬁ_“” Transient Contingency Elements Transient Contingency Monitor Violations
-~ SMIB Eigenvalues Insert | | Clear All | | Insert Apply/Clear/Open | | Time Shift (seconds) | | 0.000 Limit Monitar Name Contingency Name
—Modal Analysis
----- Dynamic Simulator Options B ol %8 5% B4 €% Records~ Set- Coumns- BH- | ¥ v
|_ H Defined
i Object Pretty|Time Time  |Object| Description|Enabled| Model Criteria
(Cycles)| (Seconds)
Stability GIC.. Scheduled Mone efined - z
: Show Dialog
Eraiihe e P Click to Insert & oo events that occur
{ A | Show Data View
[ Transient stability... = ] E; T .
*| | Process Contingencies fil Display/Column Options... d g th
Show Transient Contour Toolbar ©0”5C°”hﬂge"=vatah'E|e|[IentS urln e N
) . () Multiple Contingendes #% Find, . I .

B cCaseInformation 3 \ 8 | Search for Text. S“ I |u atlon = =
Models in Use Save All Settings To Load All Settings From Show Trart . aTime Calculator... 7 Help | Close
Generator Model Use Insert Apply and Clear Fault...

Load Model Use Delete
Models Supported Status Transient Contingency Element records  *
| Convert CMPLDW models to Compload Set/Toggle/Columns G
Copy/Paste/Send »
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Transient Stability Contingency

Element Dialog

Element Dialog shown below

they occur

; Transient Stability Contingency Element Dialog o B =
Object Type \ o
Insert Save Delete
Changes the . =
typ e Of events ) BranchTransformer ~|Sortby (IName (@) Number
(®)B
& GI:‘WW Filter | Advanced  ||Bus A M
t at Can Occur Otoot %] [[]Use AresiZone Fiters | Quick || Define | Remove
() Switched Shunt 4
(_IDC Line 2(Bus 2) [18.00 kv] 2
() Injection Group 3 (Bus 3) [13.80 K
. () Line Shunt 4 (Bus 4) [230.0 K
T| m e () Simulation S(Bs 5) [230.0 kV]
\ 6(Bus &) [230.0 kV] ¥\
- When the m 1.00000 5
event occurs Desaripton
Type Parameters
/' tglnwlv Fault Fault Type Balanced 3 Phase v
% E-:Dm e FaultAcoss | solid v
=0
0.000 %
Event Type and T

Parameters

— Depends on
Object Type

Comment:

Clicking “Insert” opens the Transient Stability Contingency

This dialog is used to specify transient stability events and when
No events have been defined yet

Description
A drop-down list of all

Calculate Effective Impedance from Sequence Networks
[] self Clearing Fault

VoK P Hep

X cancel

T5: Transient Contingency

© 2019 PowerWorld Corporation

currently defined events

May be used to switch
between events and modify
them as necessary

Appears once the event is
saved

Choose the Element
— Apply the event to
this element
— List is updated as
Object Type is
changed

TS9BusNoModels.pwb 22




Transient Stability Contingency
Element Dialog

e “Save” will save any
modifications but leave the
dialog open

e “Insert” creates a new
event with the specified
parameters

e “OK” will accept changes
and close the dialog

e “Delete” will delete the
event defined by the event
Description

e “Cancel” closes the dialog
without saving

T5: Transient Contingency

Transient Stability Contingency Element Dialog

=} = =

Description

Insert Save

Delete I

Object Type Choose the tlement
() Branch/Transforme ~|Sortby (C)Name (@) Number
:212“5 - Filter | Advanced v | Bus v v
enerator

O oad %] []Use Ares/Zone Fiters | Quick || Defie | Remove
() Switched Shunt 4
()DC Line 2 (Bus 2) [18.00kV] "
() Injection Group 3 (Bus 3) [13.80k
Clnesns
) Simulator 5 (Bus 5) [230.0k]

6 (Bus 6) [230.0kV] v
Time

Time (Seconds)
Desaription
Type
(®) Apply Fault
() Clear Fault

() open

Comment:
—

1.00000 5

Parameters
Fault Type Balanced 3 Phase
Fault Across Solid

Calculate Effective Impedance from Sequence Networks

[ self Clearing Fault

v

v
0.000 %
0.000 =

 OK

7 Help

X cancel

© 2019 PowerWorld Corporation
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Add a Fault at Bus 5

* Apply a balanced
solid three-phase
fault on Bus 5 at
time =1.00
seconds

T5: Transient Contingency

Transient Stability Contingency Element Dialog o B8R
Description =
Insert Save Delete
Object Type Choose the Element
() Branch/Transformer +|Sortby (JName  (®)Number
Eg: :“5 o Filter | Advanced + | Bus v v
_) Generator =
OLoad ® | [Juse AresfZone Fikers | Quick || Define | Remove
() Switched Shunt 4
LJDC Line 2 (Bus 2) [18.00 kv] ~
[:l Injection Group 3 (Bus 3) [13.80 kv]
(_)Line Shunt B e
(") simulation Ll 5 (Bus 5) [230.0 kvl
6 (Bus o) 2200 KV ©

Time
Time (Seconds) 1.00000 2

Description
Type Farameters
__'® Apply Fault Fault Type Balanced 3 Phase v
() Clear Fault
st ear Faul Fault Across Solid W
(_)Open
0.000 %
ot used 0.000 2
Calculate Effective Impedance from Sequence Networks]
[ self Clearing Fault
Comment:
o] 7w Ko

© 2019 PowerWorld Corporation
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e Clear the Bus 5
fault at time =1.10

seconds

Note: could have also
used the Insert q
Apply/Clear/Open

button

Transient Contingency Elements

Insert Apply/Clear {Open

Clear Al

T5: Transient Contingency

Clear Fault at Bus 5

Transient Stability Contingency Element Dialog o B
Description =
Insert Save Delete
Object Type Choose the Element
(") Branch/Transformer - Sortby (_IName  (®)Number
OE“S o Filter |Advanced | Bus v v
enerator
OLoad x| [T|Use Area/Zone Fiters | Quick | Define || Remove
() Switched Shunt 4
()DC Line 2 (Bus 2) [15.00 kY] P
() Injection Group 3 (Bus 3) [13.80 kV]
() Line Shunt 4 (Bus 4) [230.0 k!
() Simulation 5 (Bus 5) [230.0 ki
& (Bus 6) [230.0 kV] W
Time:

Time (Seconds)

.10000 |-

Description
Type Parameters
ult Fault Type Balanced 3 Phase
Clear Fault
® ault Across Solid
pen
0.000 %
0.000 %
Self Clearing Fault
Comment:
et Xons
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Transient Contingency Definition

Transient Stability Analysis Transient Stability Contingency Element Dialog = = 2 B =
Simulation Status | Not Initialized
Description 1.100: [Bus Bus 5] CLEARFALLT v
Run Transient Stabili Pause Abort Restore Reference : | Find
L = P s Insert Save Delete
Select Step Simulation =
Simulation Object Type Choose the Element
... Control Control | pefinitions | Violations () BranchjTransformer ~| Sortby (JMame  (®) Number
-Definitions Simulation Time Values 82“5 - Filter | Advanced | Bus v v
. enerator
o hv’mlahens Start Time (seconds) 0.000]2]  Spedify Time Ste load %] [[]use AreaiZone Fiters | Quick || Define | Remove
> -Options - =
2 (Jseconds )
» Result Storage End Time (seconds) w.000[2 _ Switched Shunt
> -Plots o ®cydss $i o 1(Bus1) [16.50 k] ~
s Time Step (cydes) 0.500 () Injection Group 2(Bus 2) [18.00kV]
»Results from RAY ) Line Shunt 3(Bus 3) [13.80kV]
» - Transient Limit Monitors Cateqgories () Simulation 4(Bus 4) [230.0 k!
Sul nn |ary > -States/Manual Contral 5 2300 K .
> -alidation Transient Contingency Elements ooy Fonaaten
i~ SMIB Eigenvalues ot | [Gear Al [Toert 7 —0 Time: .
| Mol Aratrs nsert | | Clear sert Apply/Clear/Open | [Tme S | e o onao 1100002 me
elements £ Dynamic Simulator Options [] B % Ak %8 500 44 mn Records = Set Description
. Object Pretty|Time Time | Object|Descript Type Parameters
in (Cycles)| (Seconds) () Apply Fault Fault Type Balanced 3 Phase
P 1|BusBus5 60.0 1. Bus 5’ FAULT 3 (®) Clear Fault N .
. 2 66.0 1100000 Bus'S' CLEARFA |~ At Solid
contingency
and time of il
. Process Contingendies Ri g ht click here
aCtlon (®) One Contingency at a time < 5
- ile Centngences And select “show dialog” e
Save All Settings To Load All Setti From Show TransiegtyContour Toolbar . Close
< A ran AR TR Come L
roO—TrcOpCr—trits
Dialog box N\ [7=] [2o
g \

T5: Transient Contingency

TIAUIINE. GENSAL

\

Available element type will vary with different objects
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AUX files to Save/Load Model Data

* Any of the model data can be saved into
AUX files

e Save machine model data-
— Right click in Model Explorer

B
O

#h

RECh

— Select “Save As” “Auxiliary File...”

* This data can be Ioad__ed back in

T5: Transient Contingency

Show Dialog...
Show Data View
Display/Column Options...

Find...
Search for Text...

Ctrl+F

Insert..,

Insert Apply and Clear Fault...

Delete
Transient Centingency Element records  »
Set/Toggle/Columns 4
Copy/Paste/Send L
| Auwiliary File... o SaveAs
Auxiliary File (only selected records)... FE  Load 4
Auiliary File (only selected records/columns)... Quick Filter...
€SV (Comma delimited)... bl e e
CSV (only selected records/columns)... i Advariced Sort,
f(x} Define Expression...
AL Define String Expression...
Biep BB Refresh Display
Kea Help (F1)
[
Farm Control L4
© 2019 PCwer vvuiiu wur purauun 27
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Save Stability Settings

T5: Transient Contingency

Transient Stability Analysis = &3 =
Simulation Status | Not Initialized
Run Transient Stability Pause Abort Restore Reference  For Contingency: | Find | My Transient Contingency v
Select Step Simulation Add... Delete... Rename. .. Clone Contingency...
4 Simulation
Control Contral | pefinitions | Violations
Definitions Simulation Time Values Summary Results
o h““'a‘]“”s Start Time (seconds) 0.000]=]  Specify Time Stepin Generation Load
- Options = (O second:
> Result Storage End Time (seconds) wooo|3 CE':':" s Tripped
(®) Cydes
> Plots Time Step (cydes) 0.500= Islanded
> -Results from RAM
b Transient Limit Monitors Categories Change... I
> States/Manual Control | Save Stability Data for Selected .. &
> validation Transient Contingency Elements | a e
.. There are several settings which affect ransient
) fq:;z?;?::g“es Insert | | Clear Al Insert Apply fClear/Open Time Shift (seconds) 0.0 bility cakulati Choose which settings you would | ¥ Name
- Dynamic Simulator Options E17 B Ak %2 5% dh #8 | Records~ set~ Columns - B~ ke to save.
‘Dhjert Pretty|Time Time Object| Description|Enabled| Maodel
(Cycles)| (Seconds) | Save Tr, tablity Contingences
1|Bus Bus 5 60.0 Bus '5' FAULT 3PE £ CHECK
2|Bus Bus 5 6.0 511 Bus 'S’ CLEARFAUL" CHECK | Save Transient Limit Monitors
Can save transient S
o . (V]5ave Results to Save
Process Contingencies Stabl | Ity Settl ngS from ESave Plot Definbions
@ One Contingency at a time 4 = B
() Multiple Contingendies h ere | Save Dynamic Models
Save Data Using =
oad All Settngs From Show Transient Contour Toolbar Auto Insert... Criti = 5 Close
L o ne @) Number (Primary Key) it
O Save Data U Options.. Rk ) Mame and Mominal kY (Secondary Key)
\ :
Save Awiliary.. __ Label (Use Primary if no labef)
Save GE DYD... Machine: GENS| x g
Save PTI DYR.. MW Exditer: IEEETY | G
Save BPA SWI... Mvar Governor:
Only Records Modified in Difference Case r Stabiizer:

© 2019 PowerWorld Corporation
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Load in Plot Settings

e The machine models and exciter models for this example can also
be loaded in from TS9ExciterModels.aux and TS9MachModels.aux

* Save the case with the modelsand = =
events as TS9Bus Bus Fault NoPlot | e -

g 200 o
* Go to Stability Case Info, Load 5. 5
Transient Stability Data, Load ° T e ee——

Rotor Angles

Generat

A u Xl I | d l'y o 2 3 3 3 10 o 2 4 3 3 10
. . Time [seconds] Time [seconds]
e Load in the AUX file TS9Bus Bus T e G BT
. . W — MW_Gen Bus 2 #1 [¥ — Rotor Angle_Gen Bus 2#1
FauItPLOTDEFN _aux Whlch CO ntalns W — 1w _Gen Bus 321 . ¥ — Rotor Angle_Gen Bus 3#1

some plot settings that we will talk
about in detail in a later section

e Save the case as TS9BusCtgEx

 Click “Run Transient Stability” to " Time seconcs —
simulate the models and the events P e e Rotor Angle
that you inserted Lt

1.0040
1.0020

Speed Deviation

T5: Transient Contingency © 2019 PowerWorld Corporation TSQBUSCtg Ex 29

Example: Changing Contingency
Elements

e Suppose you want to change the events that are
simulated for a particular contingency

* We will change the elements of this Transient
Contingency from a bus fault at Bus 5 to a fault
between Bus 4 and Bus 5 near bus 5

* There are several ways this can be done

— On the Simulation page, clicking “Clear All Elements”
will remove the existing elements; you can then add
new ones

— You can right-click on an existing element and open the
Transient Contingency Element Dialog and change the
events directly
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Example: Changing Contingency
Elements

Simulation Add... Delete... Rename... = - - - B
Transient Stability Contingency Element Dialog o = =R
Control | Definitions | Violations
. -
Simulation Time Values Summary Results Description =
Start Time (seconds) 0.000( = Specfy Time Stepin Generation  Loa Insert Save Delete

=1 () Second
End Time (seconds) 10.000 | = ; CE;DH s Tripped 0.00 Obiect Tune Choose the Element
(®) Cydes = =
Time Step (cydes) 0.500 = Tslanded 0.00 \._) Branch/Transformer ~ Sortby (_IName (@) Number
L=

Categories Change... L

Transient Contingency Elements u () Switched SHunt 4
Insert | | Clear Al Insert Apply/Clear fOpen Time Shift (seconds) (_DC Line 2 (Bus 2) [18.00 kv] -
() Injection Gropp 3 (Bus 3) [13.80 kv]

BT Es Ak 8 % 00 88, | recoras -

Object Pretty[Time ject| Description|Enabled| Model Criteria ||| ™ & G 8 D500 1] y
1[Eus Bus 5 Bus 'S’ FAULT 36 € CHECK Time =fo =t fonsaln
__ 2|BusBuss 66,0 1.100000 Bus 'S’ CLEARFAUL CHECK (e Looooo =
e Right-click on the first
. . Type Parameters
Transient Contingency ooy Fault FaType |Bolanced 3hase Y
() Clear Fault
Element and open the Oowen FakAcoss | soid -
0.000

Transient Stability First, change o000 2
Contingency Element dialog the object

e First, change “Object Type,” type
from Bus to

Branch/Transformer to view 2 reb X Concel

Filter Advanced v | Bus v Y]
= | [|use AresfZone Fiters | Quick || Define | Remove

4(Bus 4) [230.0k
| 5 (Bus 5) [230.0 kvl

Calculate Effective Impedance from Sequence Networks
[ 5elf Clearing Fault

choices for that object type

T5: Transient Contingency © 2019 PowerWorld Corporation TSQBUSCtg Ex
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Example: Changing Contingency
Elements

* “Choose the Element”
— Make sure the Near Bus is selected
to be 5 and Far Bus is selected to be
4
* “Time”
— Time (Seconds) —set to 1.00
* “Description”
— “Apply Fault” should be selected
* “Parameters”

— Fault Type — set to Balanced 3
Phase

— Fault Across — set to Solid

— Percent Location (near to far) — set
to0 0.00

Transient Stability Contingency Element Dialog = & 22

Description 1.000; [Bus Bus 5] FAULT 3PB SOLID |

Insert Save Delete

Object T Choose the Element
&_'® Branch/Transform: +|Sortby ()Name (@) Number
(_JBus Filter | Advanced v | Branch v ]

(_) Generator _
CiLoad x| [Use AreafZone Fiters | Quick || Define | Remove
() Switched Shunt. 5

e Search For Near Bus Select Far Bus, CKT
(_JInjection Group

3(Bus3) [13.600] A | AR
K

CLine Shunt 4 (Bus 4) [230.0 7 (Busf) [230.0 kV] CKT 1,
() Simulation 5 (Bus 230.0 ki
& (Bus &) [230.0kV]y v

Time

eses 5 Apply a line fault
Parameters negnr‘;dghla!as 5 .

C_(® Apply Fault Fault Type ol
) Clear Fault

= Fault Across ligh v
(Z)Open
) Close Percent Location (near to far) U.OD
(_)Bypass 0000
()Mot Bypass § 0.000 =
() Set Values
Calculate Effective Impedance from Sequence Networks
[ self Clearing Fault
Comment:

P Help X cancel

T5: Transient Contingency © 2019 PowerWorld Corporation TSQBUSCtg Ex
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Example: Changing Contingency
Elements

Transient Stability Contingency Element Dialog = & &
e After verifying these changes, click il KO C T T "
Save e Gfec e e
(®) Branch/Transformer «[Sortby (_)Mame  (®)Number
H O
* Once you click save, the S emeratr e (e oanc__v i
. N Load []Use AreafZane Fikers | Quick || Define | Remove
Description at the top changes to Oswichedshnt
fl t th t th_ . b h E:iifeuc;:n — Search For Mear Bus Select Far Bus, CKT
= 3 (Bus 3) [13.80k 4 (Bus 4) [230.0 KV] CKT 1
reriec C IS IS NOW a branc @llzeini 4::4) [zm.okﬂ " 7((2327%230‘0»;\#]]0«1
() Simulation
fa u It 6 (Bus6) [230.0kV]
Time
e Then, click OK to close the dialog e Geonds) | fLoooon 2
Description
[ 1 1 EYDG Parameters
Now the first Transient P
. . ol I
Contingency Element in the case et [ raitaaoss s v
H H H ~ Percent Location (near to far) 0.000 =
information display has changed o =
_)Bypass 0.000|
(") Not Bypass 0.000 %
Transient Contingency Elements Qe Calaulate Effective Impedance from Sequence Networks
Insert | | Clear All Insert Apply/Clear/{Open Time Shift (seconds) 0.000|= [ Esecahnt it
m i % ‘>||“' fg'g ;0_8 M ?&D Records = Set = Columns ~ ' "ﬁ"ﬂ' "%‘gv ¥ B —
Object Pretty Object ‘ Description | v K 7 teb X Cancel
I}

1JLline Bus 5 TO Bus 4 CKT 1 60.0 Branch '5' '4"'1' FAULT 0 3PB SOLID My Transient Jontingency
o B&.0 T.00000 BUs 5 CIEARTAOLT Mymm%m‘
After clicking “Save,” the Description and Case Information Displays will update
T5: Transient Contingency © 2019 PowerWorld Corporation TSQBusCtg Ex 33

Example: Changing Contingency
Elements

[®] Transient Stability Contingency Element Dialog = & &
L nght-Cth on the second Descrpton | 1.100: [LneBus 5 TO Bus 4 CKT 1] CLEARFALLT vl
Transient Contingency Element o e e
. ol Obiect T . 100: [Bus B ARFAL
and Qpen the TranSIent_ Stablllty @JBranﬁransforme +|Sortby (_/Name (@ Number
Contingency Element dialog e Fiter [Advenced_ v [orach v =
. . ::Efa " %] [[|Us= AresfZone Fiters ic ine || Remove
e From the Description drop-down = I S
menu, Se'ect the description for 8?55'-:2:.1 _ Search For Near Bus Select Far Bus, CKT
. OLine Shunt 3us 3) [13.80kv] |4 (Bus 4) [230.0 kW] CKT 1
the element that you just created . 7 (Bus 7 [230.0K4] T
e Change thetimeto 1.1 . 00 P2k v
e Change Apply Fault to Clear Fault omtesms  vexo:
Description
* All other parameters are e Paramters
unchanged <b@gea, Faut _ S
. . (_)Open o
e C(Click Insert —a new contingency O e Percent Location (rear o fa) | 0.000 %
element with a new name has Oypass tesitance 0.000 2
b d (_JNot Bypass - P, 0.000 =
een create (")5et Values
Self Clearing Fault
Comment:
? Help x Cancel
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Example: Changing Contingency
Elements

Transient Contingency Elements

Insert | Clear Al Insert Apply /Clear fOpen Time Shift (seconds) 0.000 [} CI i c k O K to C I ose t h e d i a | Og

m =] % A 438 % & l‘?&n Records ~ Set~ Columns = ' v\n' "!,’il’;- ¥ B i%kg; f~ B | option .
e * We still need to delete the
(Cycles)| (Seconds] . . .
LineBus5 TO Bus4CKT1 600 1, Branch 5 41 FAULT 0 3PB SOLID My Transient Contingency th|rd Tra nS|ent Cont|ngency

Line BusS TO Bus4 CKT 1 660 1. Branch 'S "4 1" CLEARFAULT My Transient Contingency

BB — 27 Show Do Wiy Element which had been

Time Time

Object ‘ Description ‘ Contingency Mame

(o ]

=]
e Right-click and used previously for clearing
Display/Column Options...
. # . a4/ choose “Delete”  the Bus 5 fault
) earch for Ted...
| Settings From sh Ii;er‘:.f ! /rihm Clearing Time Calculator...

[ -

NPT
1] Py —
vak& L Delete @ 20 M
30 M@
Transient Contingency Element records o Delete 1 TSContingencyElement records?

»
Set/Toggle/Columns r
Bd Copy/Paste/Send L4 e GENSAL Yes No
. —
W SaveAs * | IEEETL
3

B Lons Confirm the decision
gk to delete the record

B Advanced Filter...
SI%E’ Advanced Sort... Transient Contingency Elements

i
fix) Define Expression... Insert  Clear All Insert Apply/Clear /Open Time Shift (seconds) 0.000
Define String Expression...

m %h@wmg the neW m & % ‘>||" ffs ."3 M ?gn Records = Set = Columns = ' "ﬁ“g' “&E- ? ﬁ' i%'};; i) - ﬁ Optior

. ( . Object Pretty Time Time Object ‘ Description Contingency Name
Transiefit Contingency . (Gcies)] (seconds
an Control 4 1jLine Bus 5 TO Bus4 CKT 1 60.0 1.000000 Branch '5' "4 '1" FAULT 0 3PB SOLID My Transient Contingency
Elem eAtS 2lnebuss TO BusZckTd] 660 1.100000 Branch 'S '4 1" CLEARFAULT My Transient Contingency
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Example: Changing Contingency
Elements

* The new events may also be
loaded from ‘
TS9ChangeCtg.aux —— . =

o ST A
* You have now changed % = 25

what events will be 5 . 5 »

simulated for this Transient |& ¢ N Y A A i

Contingency "7 Tmepeconds] | Timelseconds]
* Click “Run Transient S M

Sta bility” to re-run th e ¥ — MW_Gen Bus 31 . ¥ — Rotor Angle_Gen Bus 3#1

1.0020

Speed

4 and 5 fault located near

simulation to simulate a 5 o
branch fault between Buses || 1«
&

1,0000 PPetRos0m 1.0020
Bus 5 amas e naranar IRT
Ti d
e The plots should look the ime [reconds] e
W — Speed_Gen Bus1 #1 RUlUlAﬂQ'e

same as when you P e om oz Lo
. . v — Speed_Gen Bus 3#1
simulated this as a bus fault :
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Multiple Contingencies

* In most of the training, we just talk about simulating a
single transient contingency event

e Simulator facilitates the definition of multiple transient
contingency scenarios within the same case

* These Multiple Transient Contingencies may be defined
and simulated, either individually or all together

* Changing the Process Contingencies option from “One
Contingency at a time” to “Multiple Contingencies” will
change the dialog in small ways throughout

e This will be discussed later
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