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Presentation Overview

• Purpose of presentation is to explain the presentPurpose of presentation is to explain the present 
state of development for the PowerWorld 
Transient Stability ApplicationTransient Stability Application

• Also to receive feedback about desired 
functionalityfunctionality
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Presentation Summaryy

• Since the last conference we have madeSince the last conference we have made 
significant progress and can now run the 
Eastern and WECC systems with almost allEastern and WECC systems with almost all 
the models included

PowerWorld probably now supports more models– PowerWorld probably now supports more models 
than any other vendor 

• We have almost made great progress on the• We have almost made great progress on the 
presentations of the results, primarily graphs
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Presentation Summary, cont.y,

• We still need to add user defined models getWe still need to add user defined models, get 
better models for the HVDC lines, and then fill 
in the remaining modeling gapsin the remaining modeling gaps

• We’ll will continue to work on the user 
interface particularly on the ability to do batchinterface, particularly on the ability to do batch 
runs
A i l i l hi i fi i b• A simple single machine, infinite bus 
eigenvalue analysis tool is also under 
d l
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Eastern Interconnect Frequency 
P ti A i ti E lPropagation Animation Example
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Using PowerWorld Transient 
St bilit (TS)Stability (TS)

• There are three key aspects to usingThere are three key aspects to using 
PowerWorld for transient stability analysis

Defining the models– Defining the models
– Solving the simulation

Interpreting the results– Interpreting the results
• Models can be read and stored in using four 

diff t f t (* d * d d * i * )different formats (*.dyr, *.dyd, *.swi, *.aux)
• Models are defined using new Case Info 
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Transient Stability Analysis Formy y

• Simulation is solved and results analyzedSimulation is solved and results analyzed 
using the Transient Stability Analysis Form
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Transient Stability Examplesy p

• Open TS9Bus Load Drop pwbOpen TS9Bus Load Drop.pwb
Bus 2 Bus 7

Bus 8

Bus 9 Bus 3

 163 MW
   7 Mvar

  85 MW
 -11 Mvar 100 MW

  35 MvarMachine: GENSAL 

Exciter: IEEET1 

Machine: GENSAL 

Exciter: IEEET1 

Governor: GAST GE Governor:

Bus 5 Bus 6

Stabilizer:  

Governor: GAST_GE 

Stabilizer:  

Governor:  

Bus1

Bus 4
 125 MW
  50 Mvar   90 MW

  30 Mvar
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slack  72 MW
  27 Mvar

Machine: GENSAL 

Exciter: IEEET1 

Stabilizer:  

Governor:  



What models are in TS9Bus?

• Each generator has a GENSAL machine modelEach generator has a GENSAL machine model 
(Salient Pole)

• Each generator has an IEEET1 exciter model• Each generator has an IEEET1 exciter model 
(1968 IEEE type 1)
F hi l l h b 2 h• For this example, only the generator at bus 2 has 
a governor specified

• No stabilizers are specified.
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View Stability Modelsy

• Machine, Exciter,Machine, Exciter, 
Governor, and 
Stabilizer models 

ll b dd dcan all be added to 
Generators
– Right-Click on aRight Click on a 

Generator
– Choose Generator 

I f ti Di lInformation Dialog
– Go to the Stability 

Tab
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Integrated Step-up Transformers g p p

• Integrated generator step-up transformersIntegrated generator step-up transformers 
are supported
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Well-Featured TS Case 
I f i Di l A il blInformation Displays are Available
• Displays are available from Add OnsDisplays are available from Add Ons, 

Stability Case Info
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Interactive Model Summary Pages 
Al A il blare Also Available

• Shown by selecting Stability Case InfoShown by selecting Stability Case Info, 
Transient Stability Case Summary, or Stability 
Case Info Transient Stability GeneratorCase Info, Transient Stability Generator 
Summary

• Both displays allow easy access to dialogs• Both displays allow easy access to dialogs 
with more information
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Transient Stability Model 
S FSummary Form
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Right-clicking Provides Access to 
All I t f th M d l TAll Instances of the Model Type
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Transient Stability Analysis Dialogy y g

• Go to the Add-Ons Ribbon TabGo to the Add Ons Ribbon Tab
• Choose Transient Stability Icon

Loss of Load 5 at 
Time = 1.0 seconds
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Run Simulation

• Click Run Transient StabilityClick Run Transient Stability
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Another Example of a Faultp

• Open TS9Bus Bus Fault pwbOpen TS9Bus Bus Fault.pwb
• Again, just open the Transient stability 

dialog and run itdialog and run it

SOLID f lt t B 5 hi hSOLID fault at Bus 5 which 
start at 1.00 seconds and is 
cleared at 1.10 seconds
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TS9Bus Bus Fault
A 0 1 d b f lt t b 5A 0.1 second bus fault at bus 5
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Model Explorer:
T i t St bilit F ldTransient Stability Folder

• Models Listed by “class” under foldery
• Choose a class of models and you’ll see a list of the 

specific model types

Class of 
Model

Specific 
Types
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Navigating a List of Modelsg g

• Choose All to get a list of all stabilizersChoose All to get a list of all stabilizers
• Choose specific 

type to get a listtype to get a list 
of all the 
parametersparameters

©2009 PowerWorld Corporation S10-21Parameters



Specific Model Typesp yp

• If the model is listed, then Simulator is able 
to read this model from other file formats
– Models that are not read from other formats will 

result in errors messages in the message log 
when the file format is readwhen the file format is read

• The number of models defined 
for each type is listed
G T i di d l• Gray Text indicates no models 
of this type are defined

• Color of icon indicates whether Simulator 
f ll h d l i h ifully supports the model in the transient 
stability solution engine
– Green means it is supported

©2009 PowerWorld Corporation

– Red means it is not supported
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Specific Model Typesp yp

• Types can be further filtered to show only thoseTypes can be further filtered to show only those 
models supported by other formats
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Navigating Transient Stability 
A l i Di lAnalysis Dialog

• Simulation ControlSimulation Control
• Options

l S• Results to Save
• Plots
• Results
• States/Manual ControlStates/Manual Control 
• Validation

SMIB Ei l
©2009 PowerWorld Corporation

• SMIB Eigenvalues
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Simulation Control

• Specify Start and End TimeSpecify Start and End Time
• Specify Tim Step (in either seconds or cycles)

S if h h d i h• Specify the events that occur during the 
simulation
– Fault Bus
– Open Line
– Etc…
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Transient Stability Options
Options

y p

• General OptionsGeneral Options
– Relate to the user-interaction with the tool
– Should data be stored in PWBShould data be stored in PWB
– Validation
– When to start saving Min/Max informationg
– When to view results

• Power System Model Optionsy p
– Nominal Frequency
– Default Load Models
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– Angle Reference
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A Variety of Different Load Models 
N S t dare Now Supported

• Static load models (ZIP)Static load models (ZIP)
• Induction motor models, including either single 

cage or double cage motorscage or double cage motors
• Complex load models (constant power, 

i d l i d i llimpedance, large induction motors, small 
induction motors, and discharge lighting)

• Load models have a tremendous impact on the 
system voltage response
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TS9Bus System Voltage Response 
V L d M d lVersus Load Model

Bus 5 
Voltage, 
Constant 
Impedance
Load Model
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TS9Bus System Voltage Response 
V L d M d lVersus Load Model

Bus 5 
Voltage, 
Constant 
Current
Load Model
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TS9Bus System Voltage Response 
V L d M d lVersus Load Model

Bus 5 
Voltage, 
Complexp
Load Model
(25% large 
motors 25%motors, 25%
small motors,
20% discharge
li h ilighting, 
remainder
constant current

©2009 PowerWorld Corporation S10-30



TS9Bus System Voltage Response 
V L d M d lVersus Load Model 

Bus 5 
Voltage, 
All Induction
Motor Load
Model
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PowerWorld Makes it Easy to Step 
Th h S l tiThrough a Solution

• Select the States/Manual Control page to eitherSelect the States/Manual Control page to either 
run a specified number of time steps, or run to a 
specified timespecified time
– Many of the variables can be directly examined

Results can also be automatically transferred to the– Results can also be automatically transferred to the 
power flow for a more detailed 
analysis/visualizationanalysis/visualization
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States/Manual Control
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Voltage Contour for Simulation 
P d t 1 2 S dPaused at 1.2 Seconds

Bus 2

185 MW

Bus 7

Bus 8

Bus 9 Bus 3

90 MW 185 MW
  84 Mvar

 90 MW
  49 Mvar  86 MW

  25 MvarMachine: GENSAL 

Exciter: IEEET1 

Machine: GENSAL 

Exciter: IEEET1 

Stabilizer:  

Governor:  

Stabilizer:  

Governor:  

Bus 4

Bus 5 Bus 6

slack

Bus1

121 MW

 190 MW
 111 Mvar   82 MW

  35 Mvar

Machine: GENSAL 

Exciter: IEEET1 
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slack
246 Mvar

Stabilizer:  

Governor:  



Results to Save
Result to Save

• Presently the results of Transient Stability RunPresently the results of Transient Stability Run 
are stored in memory

• To specify what values are saved chose from the• To specify what values are saved chose from the 
list of objects and fields available for saving
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Plots
Plots

• You may also design plots of data prior toYou may also design plots of data prior to 
performing the transient stability run

• Any object fields included in a plot definition• Any object fields included in a plot definition 
will automatically be saved by Simulator during 
the runthe run
– Thus you can also just ignore the “Results to Save” 

information and instead just design your plotsinformation and instead just design your plots
– By designing your plots, you’re also specifying what 

to save

©2009 PowerWorld Corporation

to save

S10-36



Elements of the Plot Definition
Plots

• Plot
– A single window showing plotted results
– A single plot can contains any number of subplots.

• Subplot
R h l hi l h– Represents the actual graphical chart

– Contains the horizontal axis description
– A single subplot contains one or more axis groups

• All the axis groups then share the horizontal axis• All the axis groups then share the horizontal axis
– For many plots, there will only be one subplot.

• Axis Groups
– A single axis group may contain many plot seriesA single axis group may contain many plot series
– Contains the vertical axis description

• All the plot series then share the vertical axis
– For many plots, there will only be one axis group.

©2009 PowerWorld Corporation

• Plot Series
– Actual graphical line representing one numerical data series.
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A Simple Plot
Plots

p

• A plot containing 1 subplot that contains 1 axisA plot containing 1 subplot, that contains 1 axis 
group, that contains 1 plot series
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A Complex Plot
Plots

p

• Four subplots with multiple axis groups and plotFour subplots with multiple axis groups and plot 
series
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The Plot Designer
Plots

g
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Choosing your Plot Series
Plots

g y

• Choosing your Plot seriesChoosing your Plot series
– Choose Device Type

Choose Multiple Fields– Choose Multiple Fields 
– Choose Multiple Objects

• Click Add >> buttons
– Add >>
– Add >> Group Fields

©2009 PowerWorld Corporation

– Add >> Group Objects
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Inserting and Deleting
Pl t El t

Plots

Plot Elements
• Right-Click on Plot ElementRight-Click on Plot Element 

to see options to Add or Delete
Options will be enabled based– Options will be enabled based
on where you right-click

• Add and Delete buttons are on• Add and Delete buttons are on 
the various tabs

• Drag/Drop to move plot elements between 

©2009 PowerWorld Corporation
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Creating Plot Definitions
f R lt t S G id

Plots

from Results to Save Grids
• Plot Definitions canPlot Definitions can 

be created on Results 
to Save gridsg
– Select objects (rows) 
– Select fields 

(columns) 
– Choose Make Plot

Click 
Group 

by 
Fi ld

• Make Plot
• Group by Field
• Group by Object

©2009 PowerWorld Corporation

Field• Group by Object
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Plot Designer:
Pl t T b

Plots

Plot Tab
• Plot NamePlot Name
• When to 

show theshow the 
plot
Til b l• Tile subplot 
mode
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Plot Designer:
Ch t T b

Plots

Chart Tab
• Visible In GUI, the Subplot Number is managed internally, but when 

i AUX fil hi i h k fi ld f h b lVisible
• Color
• Title, Footer

using AUX files this is the key field for the subplot

Title, Footer
• Location

– Used whenUsed when 
plot is not set 
to one of the 
“Tile” modesTile  modes

• Advanced 
Options

©2009 PowerWorld Corporation

Options
– A file location
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Plot Designer:
H i t l A i T b

Plots

Horizontal Axis Tab
• Show Axis In GUI, the Subplot Number is managed internally, but when 

i AUX fil hi i h k fi ld f h b l
• Inverted
• Logarithmic

using AUX files this is the key field for the subplot

• Title
• Scale
• Horizontal 

Axis Value
Defaults to– Defaults to 
time

– Change for a 
“State Space”
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State Space  
plot
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Plot Designer:
V ti l A i T b

Plots

Vertical Axis Tab
• Show Axis In GUI, the Axis Group Number is managed internally, but 

h i AUX fil hi i h k fi ld f h iShow Axis
• Inverted

i h i

when using AUX files this is the key field for the axis group

• Logarithmic
• Title
• Scale
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Plot Designer:
Pl t S i Li t

Plots

Plot Series List
• A list of the In GUI, the Axis Group Number is managed internally, but 

h i AUX fil hi i h k fi ld f h iA list of the 
plot series 
which are in

when using AUX files this is the key field for the axis group

which are in 
the axis group
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Plot Designer:
Pl t S i T b

Plots

Plot Series Tab
• Object/Field is the key field for plot seriesObject/Field is the key field for plot series
• Visible

C l• Color
• Type 

– Line Series
– Point Series

• Line Attributes
• Point Attributes
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• Point Attributes
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Plot Definition Grids
Plots

• Case Information Displays which show provideCase Information Displays which show provide 
access to all the attributes of the plot elements

• Use all the functionality of the case information• Use all the functionality of the case information 
displays
C i l i S /L d A ili• Convenient location to Save/Load Auxiliary 
files with Plot Definitions
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User Interaction with Plots
Plots

• Panning: Right-Click and Drag on the plotPanning: Right-Click and Drag on the plot
• Zoom In: Left-Click and Drag to the left

O f Cli k d h i h• Zoom Out: Left-Click and Drag to the Right
• Making Plot Series 

visible or invisible:
Checkboxes on Legend
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User Interaction with Plots
Plots

• Get Information about a Plot SeriesGet Information about a Plot Series
– Hover mouse over series and wait for a Hint

Right Click on the series and– Right-Click on the series and 
choose Plot Series Information 
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Advanced Options
Plots

p

• Click on the button inClick on the button in 
the lower-right of each 
subplot and choose p
Advanced Options…
– Or right-click on the 

axis or legend 
– Thousands of more 

obscure optionsobscure options
– Advanced options can 

only be stored in a file

©2009 PowerWorld Corporation

only be stored in a file
referenced by a subplot
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Exporting Data
Plots

p g

• Data behind a particular chart (subplot) can beData behind a particular chart (subplot) can be 
exported directly to another format

Text XML– Text, XML, 
HTML, or Excel

– Accessed from theAccessed from the 
Advanced Options 
dialogg
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Result:
S d Di l O ti

Results

Summary and Display Options
• Provides a summary of the stability resultsy y
• Display Options

– Display Angular speed in
• Deviation from 

Synchronous Speed
– positive numbers mean more than synchronous

negative mean less than synchronous speed– negative mean less than synchronous speed
• Absolute Speed : just show the speed
• Either Radians/second or Cycles/second (Hertz)

Display Rotor Angles in Radians or Degrees– Display Rotor Angles in Radians or Degrees
– On Results grids, each column represents one 

Object/Field pairs for which results were saved
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• Option is available to group columns by object or field
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Results:
Mi i /M i V l

Results

Minimum/Maximum Values
• Shows the Minimum and Maximum 

Value that a particular generator or bus 
experienced during the stability run
N t Th i l ti hi h• Note: There is a general option which 
determines at what time we start 
checking for minimum and maximum g
values.
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Results:
Ti V l

Results

Time Values
• Case Information Displays showing the actualCase Information Displays showing the actual 

saved results 
Each column represents an object/field pair for– Each column represents an object/field pair for 
which values were saved.

– Each row represents a time pointEach row represents a time point
• You can make the normal Case Information 

Display Plots from hereDisplay Plots from here
– These plot definitions aren’t saved but just prove a 

quick and dirty way for you to look at the results
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