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Multiple Contingencies

* |n most of the training, we just talk about simulating a single transient
contingency which can contain multiple transient elements used to simulate

events

e The PowerWorld design goal is to make running transient stability a similar
environment to running a contingency analysis study with repeated power
flow solutions

 Changing the Process Contingencies option on the Simulation page of the
dialog from “One Contingency at a time” to “Multiple Contingencies”
changes the dialog in small ways throughout
 Three subtopics for processing multiple contingencies
— User interface
— Data storage
— Transient limit monitors
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Multiple Contingencies: User Interface Changes

 The Simulation page is changed
 The Plots and Results pages are changed
 The States/Manual Control page is no longer present

 The rest of the dialog has very few changes

— The Options page does not change and will apply to all transient
contingencies

— The Results Storage page will also apply to all transient contingencies

— Validation and SMIB do not change since they apply to the initial steady-
state condition of the system

— Transient Limit Monitors apply to all contingencies, and Transient Limit
Violations reference a particular contingency
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Multiple Contingencies: User Interface Changes

 When processing multiple contingencies, The Transient Stability Analysis dialog

looks very similar to PowerWorld’s contingency analysis tool

 The top shows a list of the transient contingency definitions, each with its Start

Time, End Time, and Time Step

e The bottom shows the Transient Contingency Elements which are part of the
selected contingency

Change In
appearance of
the Transient
Stability Analysis
Simulation page
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Example: Multiple Contigencies

e Open the TS9BusCtgEx case The drop-down Can also delete,
displays which rename or clone a
contingency Is active contingency

/

e This case initially contains a
fault at bus 5 as well as some
plot settings

/ ——
e We will add another Transient o —
Contingency and show how to | .7 =5 =l 7Fme
handle the processing of == || =7 =
multiple contingencies BN B
e Open the Transient Stability " Click to add. neby
Analysis dialog and Click “Add” === _Transient Contingencies
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Example: Multiple Contingencies

e After clicking “Add,” the dialog
will appear as shown

e Similar to the blank Transient
Stability Analysis dialog before
any events are inserted, but the
name says “My Transient
Contingency 1”

e Click the drop-down and verify
that you can still switch back to
the first contingency (the bus 5
fault)
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Adding a new
Transient Contingency
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Example: Multiple Contingencies

e Add new Transient
Contingency
Elements to “My
Transient
Contingency 1”

e Make events to open
the load at bus 8 at
1.0 seconds and
close it again at 1.5
seconds
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Transient Stability Contingency Element Dialog
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Example: Multiple Contingencies

 You can give each Transient
Contingency a more
meaningful name

e Click “Rename”

e Name the two
contingencies “Bus 5 Fault”
and “Bus 8 Load”

e Save the case as
TS9BusMultipleContingency
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Transient Stability Analysis = 5] X

Simulation Status [Not Initialized

Run Transient Stability Pause Abort Restore Reference | For Contingency: | Find ||Bus 8 Load ~
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Save Al Settings To Load Al ings From Show Transient Contour Toolbar Auto Insert... Critical Clearing Time Calculator. .. Help Close

Contingency

\ Currently, only the selected
contingency will be processed
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Example: Multiple Contingencies

 Under “Process Contingencies,” change the option to “Multiple Contingencies”
 The dialog has visibly changed to the one shown below
e This view allows you to study multiple Transient Contingencies at once

Transient Stability Analysis — [ B
Simulation Status | Mot Initialized
Select Step Simulation
. ~ - Simulation
( : | I C k O n e aC h Control Run Transient Stability Pause Abort Restore Reference
i i-Definitions Control  Definitions ~ Violations
i L Violations e .
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1{Bus 5 Fault 0.000000 10000000 NGO 0020000 MO YES MO
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Multiple Contingencies

e A convenient way to add
Transient Contingencies is
from the display which
appears at the top of the e —
dialo g when “Multi ple . e .

nnnnnnnnnnnnnnnnnnnnnnnnn

o [} ” . .
Contingencies” is selected | == Y 5 LA Bt s i B8 B 1 8 o
-Plots — - - -
-Result Analyzer - Damping Mame ategory| Start Time End Time Cycles for Step| Time Step Skip
-Results from RAM
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B Display/Column Options...
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Insert” from the right-click =l T
~ 5 oLID
N

menu S5 Right-click for another

* Transient Contingencies can et | |, -y | place to insert or
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right-click menu

Set/Toggle/Columns
Copy/Paste/Send

i Advanced Sort..

2D ﬁ Advanced Filter... Szl CI?QIQET‘&T R f RIS
iy \JI\JI\ILQ a Conulngency
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HH Refresh Display
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Form Control
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Multiple Contingency: Plot Defintion

* You can choose to
define plots for only
one contingency at a
time

e Alternatively, you can
click “Plot Multiple
Contingencies” to
specify plots for
multiple transient
contingencies at once
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Find | Bus 8 Load
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Plot Multiple Contingendies

Choose Contingendies to Plot

===

Transient Stability Analysis

D/x

Simulation Status |

Mot Initialize

// Plot for only one contingency -

A

Select Step

| Plots

w - Simulation
i Control
Definitions
i -Violations
- Options
-Result Storage
-Plots
i i Plot Designer
: - Plot Definition Grids
-Result Analyzer - Damping
-Results from RAM
- Transient Limit Monitors
- Validation
. SMIB Eigenvalues
i--Modal Analysis
- Dynamic Simulator Options

Process Contingendies
O One Contingency at a time
(® Multiple Contingencies

Save All Settings To

)
~ | []Plot Multiple Contingendies | Choose Contingencies to Plot
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Multiple Contingencies: Plot Definition

&

* On the Plots page, check the “Plot Multiple Contingencies”
checkbox and click “Choose Contingencies to Plot”

Transient Stability Analysis

Generate a plot
showing multiple
traces from
multiple Transient
Contingency
simulations
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T
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Auto Insert Multiple Contingencies

e A convenient way to add
Transient Contingencies is
from the Auto Insert...
button

e New Transient
Contingencies using Auto
Insert... can be created in
the One Contingency at a
time or Multiple
Contingencies User Interface

T9: Multiple Contingencies

Try inserting new contingencies this way

[®) Transient stability Analysis O
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SMIE Eigenval hies - it Mo ency M
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© 2025 PowerWorld Corporation 13



Auto Insert Multiple Contingencies

e Objects and Contingency Different Naming Time and Duration

Type Allowed: options and ldentifiers  of the Event

— Single Transmission Line Solid
Three phase Fault and clearing

ime [sec] EventDuration [sec] Location %

= s 2 Anoth :
[ voooooof2] [ o.ossszsfE | w.00fF S0
[Tee o celf Clear Onen Devica

— Single Transformer Solid Three
phase Fault and clearing

Edit Area/Zone Filter

Branch End to Use

— Single Generator Unit Opening

[[] only indude branches meeting Define Branch Filter

[NOnly include elements within 0.00 7 |Number of nodes

— Single Bus Solid Three phase _
Fa u It a nd Clea ri ng | Do Insert Transient Contingency records Save Settings SachoAN Cancel Help

\

Can use

Filters
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Multiple Contingencies: User Interface Changes

* Clicking “Choose Contingencies to Plot” brings up the list of the Transient
Contingencies defined in the case
 There are five columns next to each contingency
— Show
— Plot Color
— Plot Dashed
— Plot Thickness
— Plot Symbol

e Setting “Show” to YES causes the plot series for that contingency to be
generated (it is set to YES by default)

e Plot Color, Dashed, Thickness, and Symbol will override what is specified
with the plot definition and will be applied to all plot series for the particular
contingency
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Multiple Contingencies: Plot Definition

After clicking “Choose Contingencies to Plot,” use the dialog to customize how the
plots will appear

 Both Transient Contingencies are set to be shown
e Plot Colors and Plot Thickness have been changed

Transient Contingency

— O b4

Show Bus 5 and Bus 8 Bh olk 48 B8, Records /et - - - - B W -
events as different colors —
in the defined plots

e Go back to the Simulation page
e Click Run Transient Stability
 Go back to the Plot page
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Multiple Contingencies: Plot Definition

* Create and customize plots for the simulation as desired
* Click “Generate Selected Plots”

[ Generate Selected Plots ‘

Plots, Subplots, Axis Groups
v MW output
v [ MW: SubPlot
(W MW _GenBus1 #1
(W MW _GenBus 2 #1
(W MW _GenBus 3 #1
v 7] Rotor Angle: SubPlot
ﬂh Rotor Angle _ Gen Bus1 #1
ﬂh Rotor Angle _ Gen Bus 2 #1
{\h Rotor Angle _ Gen Bus 3 #1
v [7] Speed: SubPlot
N\r Speed _ Gen Busl #1
ﬂh Speed _Gen Bus 2 #1
N\v Speed _Gen Bus 3 #1
v [7] Speed _ Gen Bus 2 #1: SubPlot
N\v Speed _ Gen Bus 2 #1
v Add new plots here
M Add objects/field combinations here

Plot legends include the name
of the Transient Contingency
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Multiple Contingencies: Result Storage

e Result storage options apply to all of the contingencies being processed, but
the settings are the same as when processing one contingency

e |tisimportant to be aware of what you are saving, especially when
processing multiple contingencies

e When saving to RAM, results are stored to RAM for each contingency — be
careful what you store

 When saving to Hard Drive, two files are created for each contingency

— Contingency Name.TSR
* Plot generation can get data directly from the Hard Drive
e Data shown in case information displays can not come from Hard Drive; however, you can load
from hard drive a subset of the data so that it can be viewed in a case information display
— Contingency Name.AUX

e Stores the Min/Max Values, Summary Information, Events, and Solution Details information for
the contingency
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Multiple Contingencies: Result Storage

 Open the Results Storage page
e All of the fields for Generators and Buses are currently being saved

* This case is small and we are only simulating two contingencies, so this is okay for
the purposes of our demonstration

* |n general, you probably do not want to do this

Result Storage Result Storage
Where to Save/Store Results Save Results Every n Timesteps: Where to Save/Store Results | Save Rests Every n Timesteps:
[F1store Resuilts to RAM = [ store Results to RAM =
[[]save Results to Hard Drive = [Jsave Results to Hard Drive

|:|Do Not Combine RAM Results with Hard Drive Results DD:\ Not Combine RAM Results with Hard Drive Results
[ save the Results stored to RAM in the PWB file  [/] Save the Min/Max Results stored to RAM in the PWB fi [[Jsave the Results stored to RAM in the PWB file /] Save the Min/Max Results stored to RAM in the PWB file

Store to RAM Options i
Store to RAM Options  Save to Hard Drive Options ' 2 SEpeio s o P Do
Note: All fiel fi I f defi lot will al M.
Note: All fields that are specified in a plot series of defined plot will also be stored to RAM. Elte ekl ket e it bt s ok g At i Mo o s el S
Store Results for Open Devices Set All to NO for All Types | | Set Save All by Type ...
[[] store Results for Open Devices Set All to NO for All Types Set Save All by Type ... i
- Generator Bus Load Switched Shunt Branch Transformer Line Shunt DC Network Aggregations System
Generator Bus Load  Switched Shunt Branch Transformer Line Shunt DC Network Aggre TR TR e O R AT
— g 0 .00 24 T Set All NO i fn Ak %0 % @4 8 Records - Set~ Columns~ [Eg- §h- WA BH- W 1 - B Options -
Set AllNO i ga ik e % A B4 Records* Set~ Columns~ By~ g~ |
. Number{Name o D Area Save All[ Save |Save Save Save Save Save Save |Save Save
Number| Name | Area |Save All| Save V | Save V [SaveV | Save Save From of Bus |Bus Name o Rotor (Rotor | Power | Speed [ MW MW MW |MW Mvar
From Name pu angle [angle Gen Gen Selection: Gen Angle Angle_ Angle Mech Accel |Govern
Selection: No shiftf MW Mvar No Shiff Ref
1 1] Bus1 1
1 1 2 2Bus2 1
Make Plot 2 2 3 3Bus3 1

3 3 M
4 4 G
5 5
6 6
T 7
8 8
9 9

JDject
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Multiple Contingencies: Time Value Results

 Showing the time value results
for multiple contingencies at
once would be overwhelming

e On the Results page of the
Transient Stability Analysis
dialog, a dropdown is provided
to allow you to choose which
transient contingency’s results
you would like to view

T9: Multiple Contingencies

Bus 8 Contingency is
selected to view results

[®] Transient Stability Analysis

Simulation Status
Select Step

Simulation
Options

~  Result Storage

w

<

Store to RAM Optons

Save to Hard Drive Optione

Plots

Plot Designer

Plot Definition Grids
Result Analyzer - Damping
Results from RAM
Transeent Limit Monitors
Validation
SMIB Eigenvakies
Modal Analyss
Dynamic Simulator Options

Process Contingencies
(C) One Contingency at a time
() Multiple Contingancies

Save All Settings To

Load All Settings From

Results from RAM  For Contingency:  Find | Bus 8 Load o

Time Values  Minimum/Maximum Values Summary Events Solution Detalls Power Flow States
Resuits can be viewed in the case information displays for only one transient contingency at a time
Generator Bus Load Switched Shunt Branch Transformer Line Shunt DC Network Aggregations System

Column Order [““j T Bl 8 % 4 98 Records~ Set~ Columns+ Ef~ WO~ 'ER- 9 -

S = Time Gen Busl | Gen Bus1 | Gen Busl | Gen Bus1 | Gen Bus1 | Gen Busl | Gen Bus1 | Gen Busl | A~
Column Filtering #1 Rotor | #1 Speed | #1 MW SIMW [ #1Mvar | #1Vpu #1 Efd #11fd
Filter Moxfy. .. Angle Mech
| 1 0 3.5855) 1 716446 71,6385 27.0451 1.04 1.0821 1.0821
[Juse AreafZone Fiters 2 0.02 3.5859 1 716446 716385 27.0451 1.04 1.0821 1.0821

3 0.04 3.5859 1 71.6446 71.6396 27.0451 1.04 1.0821 1.0821
" 4 0.06 3.5859 1 716446 716406  27.0451 1.04 1,0821 1.0821
Choose Fields to Display ~ 5 0.08 3.5859 1 716446 716417 27.045 1.04 1.0821 1.0821
| (] 0.1 3.5859 1 71,6446 71.6429 27.045 1.04 1.0821 1.0821
{ £ Aero State 7 01z|  3.5859 1 716446 716442  27.0449 104 10821 10821
[~_r'] AGC State B 0.14 1,586 1 716446 716454  27.0449 1.04 1.0821 1.0821
| M App Imp'R 9 0.16 3.586 1 71.6446 71.6466 27.0449 1.04 1.0821 1.0621
| 1 app tmp\x 10| 0.18 3,586 1 716446 T1.6476  27.0448 1.04 1.0821 1,0821
| [ efd 11 0.2 3.5861 1 716446  T16484  27.0448 1.04 1.0822 1.0821
| MExclter State 12 0.22 3.5861 1 71.6446 71.648% 27.0445 1.04 1.0822 1.0621
= 13 0.24 3.5861 1 716446 716492 27,0447 1,04 1.0822 1.0821
| B Governor State v 14 0.26 3.5861 1 716446 716493  27.0448 1.04 1.0822 1.0821
< > 15 0.28 3.5861 1 71.6446 71.649 27.0445 1.04 1.0822 1.0621

' 16| 0.3 3.5862 1 716446 71.6485 27.0448 1.04 1.0822 10821
Check Al | Uncheck All < >

Load fram Hard Drive Fils into RAM results spacified by Store to RAM Options Clear Time Values from RAM Clsar Min/Max Values, Summary, Eve

Show Transient Contour Toolbar Auto Insert... | | Critical Clearing Time Calaulator. .. Help Close
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TS9BusMultipleContingency.pwb

Multiple Contingencies: Hard Drive Storage

 Open the Result Storage page Set where and

[®] Transient Stability Analysis = (] X
. Simula’
Cha nge Where to Save/Store i || what to save
Select Step Result Storage
Simulation
o Options Where to Save/Store Results — Save Results Every n Timesteps:
Results to “Save Results to S Dsme ket o d
Store to RAM Options DO@ Not Combine RAM Re: with Hard Drive Rasults
Save to Hard Drive Optio 5 FRAM in the PWE fle £ Save the Min, ts stored to RAM in VB file
[] ” pb“p!g: Store to RAM Options  Save to Hard Drive Options
a r r I Ve Plot Definition Grids Directory in which to store all results TSR files for all contingences Object Types to Indude
Resuit Analyzer - Damping Location | | Browse... Store FiftnGb@ter Input
esults from RAM For each transient contingency, one file will be written to this drectory. Generators [ Define | (@] (@] ([
Transient Limit Monitog The fiename will be the name of the contingency with the ®. TSR file axtension. Buses 1| Define |
M Vakdation Note: If no directory i spedified, then the director of the case file will be used. -
e Choose a location where the S SLISIISINITII T e e ww
m [m
Dynamic Si tor Options Storage of States, Other Fields, and Input Fields ST Sl £ | Defie . 5 @
- [ Aleo store states for each object Branches [ pefine
files should be saved < e b e
[ also store input fields for each object BC Lines A [oere I ]
[[] only store every result for objects which mest the Area/Zone Fiters VSC DC Lines [ | pefine
Edit Area/Zone Filters Multi-Terminal DC £ | pefine || |
TSR File Archiving MTDC Converters 1 | Define
[[JEnable Auto-Archive of TSR Files - Areas [ Define [
Masamum Number of Archive Files 6% Zones [ pefine ]
Save th Its of ——  Die
ave the resuits o e [ [pekel]|
Injection Groups [ | oefine
multiple contingency e OESEIT
System O
. < 3 Measurement Objects [
runs to hard drive oo s O
.} One Contingency at a time
(®) Multiple Contingencies p Expressors [
Save All Settings To Load All Settings From Show Transient Contour Toolbar Auto Insert... Critical Clearing Time Calculator. .. Help Close
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Multiple Contingencies: Results

 Go back to the Simulation page and click “Run Transient Stability”

e Open the Results page; it does not show the time values because they have
not been loaded from RAM

* A separate file with extension *.tsr is generated for each Transient
Contingency

e Verify that the two files “Bus 5 Fault.tsr” and “Bus 8 Load.tsr” are both in the
folder where you saved them

* You can go to the Result Storage page, change the Store Results to RAM
settings, and use the “Load from Hard Drive File into RAM results specified
by Store to RAM Options” button to load in specified fields from RAM

e Also, you can still generate the selected plots on the Plots page
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Multiple Contingencies: Results

Result Storage
Where to Save/Store Results Save Results Every n Timesteps:
Store Results to RAM 1=
[ save Results to Hard Drive ~ -——— %

&

[[]save the Results stored to RAM in the PWB file /] Save the Min/Max Results stored to RAM in the PWB file

Instead of using Result
Storage settings to
specify what to save
out, we are now using
them to specify what
to read in

T9: Multiple Contingencies

[Jbo Not Combine RAM Results with Hard Drive Results

Toggle to YES to specify
what to read in

Store to RAM Options  Save to Hard Drive Options
Note: All fields that are specified in a plot series of defined plot will also be stored to RAM.

[[JStore Results for Open Devices | Set All to NO for All Types | | Set Save All by Type ...
Generator  Bus Switched Shunt  Branch Transformer  Line Shunt

Load DC Network Aggrgfations System

Results page is now

setalno | ¢ B ) B ot %3 5% @A #8  Records~ Geo~ Set~ Columns~ wo- U B OV fpo -
Number|Name of D Area Save Alf| Save |[Save Save Save Save Save Save |Save .
s il B e [ = | G A R P populated with the data
e
e z N W for th - -
5 e No Eoofo N0 N0 N0 No or the active contingency
Results from RAM  For Contingency: = Find |Bus 8 Load b

Time Values  Minimum/Maximum Values Summary Events Solution Details Power Flow States
Results can be viewed in the case information displays for only one transient contingency at a time

Generator Bus Load Switched Shunt Branch Transformer Line Shunt DC Network Aggregations System
C°'”f“" Order : BT Balk 68 5% #h 98 Records~ Set+ Columns~ [~ B~ WA~ ¥ B B f - B
e Time | GenBus1 | Gen Bus1 | Gen Bus1 |Gen Bus 2 | Gen Bus 2 | Gen Bus 2 | Gen Bus 3 | Gen Bus 3 | Gen Bus 3 | A
Column Filtering #1 Rotor | #1 Rotor | #1 Power | #1 Rotor | #1 Rotor | #1 Power | #1 Rotor | #1 Rotor | #1 Power
Filter Modify... Angle Angle No Angle Angle Angle No Angle Angle Angle No Angle
Shift Shift Shift
| 1 o[ 35859] 3.5859  3.5857 61.0999 61.0999 51.8197 54,1381 54,1381  49.473
. [ Use Area/zone Fiters 2| 0.004167] 35859 35850  3.5857 61.0999 61.0999 51,8197 541381 54,1381  49.473
3] 0.008333] 35859 35859  3.5857 61.0999 61.0999 51,8197 54,1381 541381  49.473
IC to Od 4| 00125| 35859 35859  3.5857 610099 610099 518197 541381 541381  49.473
Choose Fields to Dis... ™ 5| 0.016667| 3.5859  3.5859  3.5857 61.0999 61.0999 51.8197 541381 54,1381  49.473
. B Aero State 6| 0.020833] 3.5859 35850  3.5857 61.0999 61.0999 51,8197 541381 54,1381  49.473
res u Its | nto R A M 7 0.025| 3.5859 35859  3.5857 61.0999 61.0999 518197 54,1381 541381 494731
AGC State 8| 0.029167| 3.5859  3.5859  3,5857 61.0999 61.0999 51.8197 541381 541381 49473
£ App ImpR v 9| 0.033333] 35859 35859  3.5858 61.0999 61.0999 51,8198 541381 54,1381  49.4731
a 10| 0.0375| 3.5859  3.5859  3.5858 61.0999 61.0999 51.8198 541381 54,1381 404731
] M - 11] 0.041667] 3.5859 35859  3.5858 61.0999 61.0999 518198 541381 541381 494731 V¥

Load from Hard Drive File into RAM results spedified by Store to RAM Options Clear Time Values from RAM Clear Min/Max Values, Summary, Events, andor !
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Transient Limit Monitors

 Transient Limit Monitoring is applied to each contingency

e Each Transient Limit Violation refers to the contingency which
caused it
— Similar to contingency analysis
— You get a list of contingency violations

* Transient Limit Monitors greatly facilitate the processing of multiple

contingencies by reducing the need to save a lot of data when you
only want to verify that certain criteria are met during the run

e Discussed in the Transient Limit Monitors section
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