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PoweERWORLD Simulator
License Agreement

Please Read Carefully Before Use

POWERWORLD CORPORATION (“LICENSOR”) IS WILLING TO LICENSE THE SOFTWARE
WHICH ACCOMPANIES THIS LICENSE TO YOU ONLY IF YOU ACCEPT ALL OF THE TERMS
IN THIS LICENSE AGREEMENT. PLEASE READ THE TERMS CAREFULLY. IF YOU DO NOT
AGREE TO THESE TERMS, LICENSOR WILL NOT LICENSE THIS SOFTWARE TO YOU, AND
IN THAT CASE YOU SHOULD RETURN THIS PRODUCT PROMPTLY TO THE PLACE OF
PURCHASE FOR A FULL REFUND.

Owner ship of the Software

1. The software which accompanies this license (the "Software") and the accompanying written materials
are owned by ®/eRWORLD CORPORATION (POWERWORLD) [or its suppliers] and are protected by United
States copyright laws, by laws of other nations, and by international treaties.

Grant Of License

2. Licensor grants to you the right to use one copy of the Software on a single computer. You may load
one copy into permanent memory of a single computer. You may install the Software on a single network
server, provided there is no possibility of the Software being used by more than one user simultaneously.

3. The primary user of the computer on which the Software is installed may make a second copy for his
or her exclusive use on either a portable or a home computer.

Restrictionson Useand Transfer

4. You may not copy the Software, except that (1) you may make one copy of the Software solely for
backup or archival purposes, and (2) you may transfer the Software to hard disks as specified in above
under Grant Of License.

5. You may not reverse engineer, decompile, or disassemble the Software.
Limited Warranty

6. PPWERWORLD warrants that the Software will perform substantially in accordance with the
accompanying written materials for a period of 60 days from the date of your receipt of the Software. Any
implied warranties on the Software are limited to 60 days. Some states do not allow limitations on duration
of an implied warranty, so the above limitation may not apply to you.

7. POWERWORLD DISCLAIMS ALL OTHER WARRANTIES, EITHER EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT, WITH RESPECT TO THE
SOFTWARE AND THE ACCOMPANYING WRITTEN MATERIALS. This limited warranty gives you
specific legal rights. You may have others, which vary from state to state.
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8. POWERWORLD'S ENTIRE LIABILITY AND YOUR EXCLUSIVE REMEDY SHALL BE

REPLACEMENT OF THE SOFTWARE THAT DOES NOT MEET LICENSOR'S LIMITED

WARRANTY AND WHICH IS RETURNED TO LICENSOR. Any replacement Software will be

warranted for the remainder of the original warranty period or 30 days, whichever is longer. These remedies
are not available outside the United States of America.

9. This Limited Warranty is void if failure of the Software has resulted from modification, accident, abuse,
or misapplication.

10. IN NO EVENT WILL LICENSOR BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY

LOSS OF PROFITS, LOST SAVINGS, OR OTHER INCIDENTAL OR CONSEQUENTIAL DAMAGES
ARISING OUT OF YOUR USE OR INABILITY TO USE THE SOFTWARE. Because some states do not
allow the exclusion or limitation of liability for consequential or incidental damages, the above limitation
may not apply to you.

11. This Agreement is governed by the laws of the State of lllinois.

12. If you have any questions concerning this Agreement or wish to cootest\WORLD for any reason,
please email info@powerworld.com or call (217) 265-0286.

13. U.S. Government Restricted Rights. The Software and documentation are provided with Restricted
Rights. Use, duplication, or disclosure by the Government is subject to restrictions set forth in subparagraph
(c)(1) of The Rights in Technical Data and Computer Software clause at DFARS 252.227-7013 or
subparagraphs (c)(1)(ii) and (2) of Commercial Computer Software - Restricted Rights at 48 CFR 52.227-
19, as applicable. Supplier i9®WERWORLD CORPORATION, 2004 South Wright St., Urbana, IL 61801.

Copyright © 1996 - 1999@&®VERWORLD CORPORATION. All rights reserved.
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Chapter 1
Getting Started with PowerWorld

This chapter provides the essential information you need to start using the PowerWorld Simulator.
The following material isincluded:

* Introduction to PowerWorld Simulator

*  About this Manual

*  Windows Basics

*  What's New in Version 6.0

* PowerWorld Simulator: Getting Started
« Using the Toolbars

+ Edit and Run Mode

» Message Log

*  Web Publishing

* How to Get Help

Introduction to PowerWorld Simulator

PowerWorld] Simulator (Simulator) is a power system simulation package designed from the
ground up to be user-friendly and highly interactive. Simulator has the power for serious
engineering analysis, but it is also so interactive and graphical that it can be used to explain power
system operations to non-technical audiences. With Version 6.0 we've made Simulator easier to
use, yet even more powerful and more visual.

Simulator is actually a number of integrated products. At its core is a comprehensive, robust
Power Flow Solution engine capable of efficiently solving systems of up to 60,000 buses. This
makes Simulator quite useful as a stand alone power flow analysis package. Unlike other
commercially available power flow packages, however, Simulator allows the user to visualize the
system through the use of full-color animated oneline diagrams with full zooming and panning
capability. Moreover, system models may be modified on the fly or even built from scratch using
Simulator’s full featured graphical case editor. Transmission lines may be switched in or out of
service, new transmission or generation may be added, and new transactions may be established,
all with a few mouse clicks. Simulator’'s extensive use of graphics and animation greatly increases
the user’s understanding of system characteristics, problems, and constraints, as well as of how to
remedy them.

Simulator also provides a convenient medium for simulating the evolution of the power system
over time. Load, generation, and interchange schedule variations over time may be prescribed,
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and the resulting changes in power system conditions may be visualized. This functionality may be
useful, for example, in illustrating the many issues associated with industry restructuring.

In addition to these features, Simulator boasts integrated economic dispatch, area transaction
economic analysis, power transfer distribution factor (PTDF) computation, and contingency
analysis, al accessible through a consistent and colorful visua interface. These features are so
well integrated that you will be up and running within minutes of installation.

About this Manual

In addition to this manual, PowerWorld Simulator includes comprehensive, context-sensitive on-
line help. In fact, most of this manual is derived from the on-line help. We would strongly
recommend using the on-line help since it provides features not available in a printed manual, such
as the ability to jump to another topic simply by double-clicking onit. Furthermore, the on-line
help is likely to be the more up-to-date reference as program updates are issued.

Windows Basics

Simulator 6.0 runs under Windows 95/98 and NT 3.5 and later operating systems. Since much of
the interaction between Simulator and the user is accomplished by using the mouse, we have
designed the interface to obey consistent conventions for mouse usage. In genera, the left-mouse
button is used to effect some sort of immediate change or control over a power system element,
while the right mouse button is used to gain more information about a power system element or to
view alist of available options. More details on mouse interaction will be provided throughout
this manual.

What's New in Version 6.0

Simulator Version 6.0 boasts a number of major new features as well as a host of smaller
enhancements designed to improve the performance and convenience of the package. Among
Simulator’'s major new features are the following:

Ownership Data

Simulator now allows you to store ownership information for buses, loads, generators, and
transmission lines. Generators and transmission lines can have up to four owners, each with their
own specified percentage of ownership. Loads and buses can have one owner.

Saving Views

The ability to store various views for a oneline diagram has been added to Simulator. The saved
views option allows moving around to specific locations on the diagram even quicker than before
by saving a list of the x and y coordinates, as well as the zoom level.

Automatically Insert Loads, Generators, and Interfaces

Adding on to Simulators automatic line inserting feature, Simulator 6.0 adds the ability to
automatically insert loads, generators, and interfaces. These features can greatly decrease the
amount of time it takes the user to construct a oneline diagram for an existing case.
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Outage I nformation

Simulator 6.0 makes it extremely easy to view the generators, lines, and transformers that are out
of service. The outage information is displayed in the form of atable and can be viewed any time
in Edit Mode or Run Mode.

Super Areas

A super areais acollection of areas that function as one area. Simulator 5.0 allowed the user to
create a super area for modeling in the Power Flow Solution. Simulator 6.0 now takes this feature
one step further and allows super areas to be displayed on the oneline diagram.

Bus Palette

The bus palette is designed to help you lay out a new oneline diagram for a pre-existing power
flow model as quickly as possible. It lists the buses that you have already added to the oneline and
the set of all buses that have not yet been added to the drawing. With the new bus palette, buses
can be added to the drawing with very little effort.

Contingency Analysis

PowerWorld Simulator 6.0 has added several new features to our contingency analysisin order to
make it much more user-friendly. The ability to add a combination of up to three transformers,
three lines, and three generators has been added to the automatic insert contingency dialog. The
contingency reports have also been enhanced with the ability to view the report immediately after
being created and creating three delimited text files for convenient transfer into a database or a
Spreadsheet.

I njection Groups

Aninjection group is a collection of loads and generators, and each load or generator can belong to

more than one injection group. Moreover, a single injection group may contain generators and

loads from several different areas and zones. Injection groups are useful when you need to model

a collection of generators and loads that act together as a unit, regardless of each individual's area
or zone affiliation.

PowerWorld Simulator: Getting Started

The key to using Simulator is to recognize that it has two distinct modes: the Edit Mode and the
Run Mode. The Edit Mode is used to construct new simulation cases or to modify existing cases,
while the Run Mode is used to perform the actual power system simulation. You can easily switch
between the modes at just about any time using the Edit Mode and Run Mode buttons on the
Program Palette. Each mode has its own distinct set of menu commands. The entries on these
menus are explained in the following sections.

If you are new to Simulator and seek a quick means of familiarizing yourself with it, you may wish
to start with the tutorial; see Creating a New Case (page 249). Or if you're interested in trial-and-
error learning, you may just wish to open one of the sample cases and start learning.

Using the Toolbars

Simulator 6.0 makes extensive use of toolbars for easy access to its many features. You can move
and size these toolbars according to your preferences. The toolbars house several palettes of
controls, each of which may be activated with a single mouse click. The toolbar palettes are
identified here.
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Program Palette

| bort | EditMode| RunMode || Log | Single Solution

The program palette gives you the ability to switch between the program’s Edit and Run Modes
and to control various aspects of the Power Flow Solution. The options available from the
program palette include:

Edit Mode

Switches the program to Edit Mode, which can be used to build a new case or to modify an
existing one.

Run M ode

Switches the program to Run Mode, which can be used to perform a single Power Flow Solution or
a timed simulation with animation.

Single Solution (Run M ode only)

Performs a single solution of the power flow equations, as opposed to a timed simulation. The
single solution button allows you to use Simulator as a standalone power flow. See PowerWorld
Simulation Control (page 118) for details.

Log

Toggles the display of the message log window. The log window shows what is going on with the
Power Flow Solution process and may prove useful when you are trying to track down a problem
with a non-converging model.

Abort

Terminates the current Power Flow Solution. If the application is performing a timed simulation,
pressing the abort button will pause the simulation. See PowerWorld Simulation Control (page
118) for more details.

File Palette:

2ERRhE 89

The File Palette provides access to operating system activities such as saving a oneline diagram or
case model to disk, printing a oneline display to a printer, or loading a case or oneline from disk.
This palette also offers access to the on-line help system and to PowerWorld's case validation tool.

Edit Palette (Edit M ode only)
| & By @[ i

The Edit Palette links to several case edit tools. You can cut or copy single objects on the oneline
diagram and paste them into the same or another diagram. You can perform the same operations
with groups of elements that have been identified through either the Select By Criteria or the
Selection Rectangle tools.

Insert Palette (Edit M ode only)

ADOQx e TET A8 ®uw T by 20 B2 & |8

The Insert Palette contains a number of buttons that allow you to add drawing objects to the
current oneline diagram. These objects include power system components such as buses,
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transmission lines, transformers, loads, generators, areas, and zones, as well as informational
objects such as pie charts and analogs. Y ou may also add display objects such as text fields,
rectangles, ellipses, arcs, and free-form shapes, which are not linked to objectsin the power system
model. The buttons on this pal ette provide access to most of the activities available from the Insert
branch of the main menu.

Format Palette (Edit M ode only)

[Fuaann e

The Format Palette allows you to control such display object attributes as font, color, line styles,
zoom-dependent visibility, and display layer level. This palette also enables you to set default
values for various drawing parameters and to reset the default values when necessary. The Format
Pal ette provides access to most of the activities available from the Format branch of the main
menu.

Zoom Palette

|1DD% 'I L3 am E

To display large detailed power systems, Simulator’s onelines possess zooming and panning
capabilities. The Zoom Palette enables you to prescribe a zoom level either by directly specifying
a zoom value or by selecting a rectangular region of the diagram on which to focus. In addition,
this toolbar enables you to save a view location, or recall a previously saved view location. This
palette also links to a dialog box from which you can select a bus on which to center the display.
See Zooming and Panning (page 26) for more information.

Pan/Zoom Palette
FPanZoomlo.. B4

The Pan/Zoom Palette offers additional zooming and panning control. Use the four-arrow cluster
to pan the display horizontally and vertically. Use the other buttons to zoom the display in and
out.

Optiong/Info Palette

" AR "‘"":H

FLOW

The Options/Info Palette provides quick access to Simulator’s many information displays and
option settings. Use this palette to set simulation and solution options, define display filters,
perform a Single Power Flow Solution, generate quick power flow lists and the bus view displays,
and to switch to other open oneline diagrams.

Run Mode Palette

"I h‘ " |-.. EIIFF_'

The Run Mode palette offers access to various Run Mode activities. It features VCR-like controls
for starting, resetting, and pausing the simulation. It also links to Run Mode tools such as
contouring and difference flows.
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Edit Mode Introduction

The Edit Mode is used to create a new case and to modify existing cases. To switch to Edit Mode,
click on the Edit Mode button on the Program Palette.

Here is a sampling of things you can do in Edit Mode:

e Create acompletely new case; see New Case (page 37) for details.

e Create anew oneline diagram; see New Oneline (page 38) for details.

e Add new components graphically to an existing case; see Insert Menu (page 49) for details.
*  Modify the appearance of the oneline objects; see Format Menu (page 72) for details.

*  View and modify acase using non-graphical lists displays; see Case Information Displays
(page 146) for details.

e Equivalence acase; see Equivalencing (page 123) for details.
e Append a subsystem to an existing case; see Appending a Case (page 188) for details.
For a more details on the Edit Mode please see Edit Mode Overview (page 48).

Run Mode Introduction

The Run Mode s used to either solve a single Power Flow Solution or to run atime-domain
simulation of the power system. To access the Run Mode click on the Run Mode button on the
Program Palette.

The key menu associated with the Run Mode is the Simulation Control. This menu allows you to
either perform a single Power Flow Solution (however, it is quicker to use the toolbar), or start a
time-domain simulation.

Other key components of the Run Mode include:

e The oneline diagrams, which allow you to view the case graphically. See Oneline Diagram
Overview (page 23) for details.

e The Case Information Displays, which allow you to view the entire power system case using
list displays. See Case Information Displays (page 146) for details.

« Diaogsto change the simulation options and the Power Flow Solution. See Simulation
Options (page 111) for details.

e Various strip-charts for plotting the time-variation in system values. See Load and Generation
Chart (page 125) for an example.

e Scaling to alow easy variation in the load, shunts, and generation at any number of buses. See
Scaling (page 198) for details.

e Contouring, which shows a color contour representing the variation in any power system
parameter across a system. See Contouring (page 127) for details.

e Transfer distribution factor calculations. See Power Transfer Distribution Factors (page 132)
for details.

e Customization based upon whether you are doing pure power flow studies, or time-domain
economic analysis.
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Message Log

The Message Log displays detailed results of each Power Flow Solution, chronicling the solution
process iteration by iteration. It also reports messages raised by Simulator in performing various
operations, such as opening or validating a case. The Message Log can be helpful when you run

into problems solving a particular smulation case. The Message Log is not used with Viewer.

To display the Message Log, click on L og on the Program Pal ette.

Right-clicking on the Message Log displaysitslocal menu. To print a highlighted section of or
clear thelog, select either Print Selection or Clear. Y ou can also copy the contents of the message
log to the Windows clipboard by highlighting text in the log and selecting Copy Selection to
Clipboard. Finally, you can change the Message Log’s font by seleCtiragge Font from the
local menu.

Web Publishing

Simulator provides tools for creating presentations of data and diagrams produced using the
application for display on the world-wide web. These tools include

e The ability to save case information display contents as HTML code.

e The ability to save oneline diagrams and strip charts as jpeg files. See Saving Images as Jpegs
(page 231) for more information.

* Abasic HTML editor that can import HTML code written using other applications.

* A mechanism for uploading your HTML documents to your web server. See Publish to Web
(page 233) for details.

Consult the chapter on Web Publishing for more information on how to publish your Simulator

data on-line.

Getting Help

On-line help is available in PowerWorld Simulator, either through using é@main menu item,

or by clicking theHelp button or thé=1 key on many dialogs and displays. Furthermore, context-
sensitive help is available on the oneline diagrams by positioning the mouse over any object on the
oneline and pressing tife key to obtain help on that object.

Sample power flow cases and other information are available at the PowerWorld web site,
http://www.powerworld.com

Contact our technical supportsapport@powerworld.com for answers to your questions
regarding any PowerWorld product. Or call us at (217)265-0286.

PowerWorld Corporation
2004South Wright Street
Suite #102
Urbana, IL 61801
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Chapter 2
Using Oneline Diagrams

Simulator has been designed to be both highly graphical and interactive. The key to making
effective use of Simulator is understanding the oneline diagrams. This chapter provides essential
information on how to use and customize these onelines.

The following material isincluded:

*  Oneline Diagram Overview

*  Oneline Screen Coordinates

*  Oneline Local-Menu

e SaveView Level Dialog

e Oneline Zooming and Panning

e Oneline Animation

e Print Options Dialog/Printer Setup

«  Oneline Conditional Display of Objects
»  Copying Onelinesto Other Programs
*  Window Menu Command

*  Oneline Customization Options

» Relationship Between Display Objects and the Power System Model

Oneline Diagram Overview

The purpose of the oneline diagram is to show information about the power system graphically.

Such displays are called oneline diagrams (onelines) because the actual three-phase power system
components are represented using a single line. Simulator helps make the onelines “come alive”
by providing

e zooming and panning
» conditional display of objects
e animation.

Additionally, a key aspect of Simulator is the ease with which it allows you to examine and modify
many of the devices contained on the oneline diagram. For most objects, this is accomplished by
positioning the cursor on the object and right-clicking.

You may open any number of oneline diagrams, including multiple copies of the same oneline.
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Oneline Screen Coordinates

Onelines can be any size and can contain any number of objects. The size and position of objects

on the screen are specified in terms of x-y “oneline screen coordinates.” When the zoom level is
100% the size of the oneline in screen coordinates is 100 by 100. More generally, the size of the
oneline is 108 divided by the zoom level in both the x and y directions.

The default screen center is the point (50,50) but this can be easily changed (See Oneline Panning
and Zooming (page 26).) Negative screen coordinates are allowed. Usually you will not have to
be concerned about an object’s location in screen coordinates.

Oneline Local Menu

The local menu provides access to a number of options and tools directly from the oneline. To
display the local menu, position the cursor to an empty portion of the oneline and then click the
right mouse button. The local menu will appear. The contents of the local menu depends on
whether the application is in Edit Mode or Run Mode.

Print Oneline (Edit and Run M odes)

Sends a copy of the oneline diagram to the printer. Selecting this option has the same affect as
selectingFile, Print Oneline from the main menu. See Printing Oneline Diagrams (page 28) for
more information.

Copy Imageto Clipboard (Edit and Run M odes)

Copies the oneline file into the Windows clipboard using the Windows Metafile format (*.wmf).
You can then paste the oneline into another program, such as a word processor. See Copying
Onelines to Other Programs (page 29) for details.

Export Imageto File (Edit and Run M odes)

Saves a copy of the entire oneline diagram to a file. Images of a oneline can be saved using the
bitmap format (*.BMP), the Windows Metafile format (* WMF, .EMF), or the JPEG format (.jpg).

Apply Template (Edit and Run M odes)

Allows the choice of applying either a case template (see Case Templates (page 39)) or a oneline
template (see Oneline Templates (page 39)) to the current case. Selecting this option has the same
affect as selectin@ptions/Tools, Apply Template from the main menu.

Find Bus on Oneline (Edit and Run M odes)

Displays the Zoom, Pan and Find Options dialog. You can use this dialog to find a particular bus
on the oneline.

Pan/Zoom Control (Edit and Run M odes)

Displays the Zoom, Pan, and Find Options dialog. This dialog allows you to modify the zooming
and panning levels for the display.

Oneline Display Options (Edit and Run M odes)

Displays the Oneline Display Options dialog. This dialog allows you to customize the appearance
of the oneline.

Area Information Dialog (Edit and Run M odes)

Displays the Area Information Dialog for the area of the bus that is closest to the point where the
local menu was displayed.
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Contouring (Run M ode Only)

Displays the Contour Options Dialog. This dialog allows you to contour the system voltage
magnitudes or angles.

Difference Flows (Run Mode Only)

Displays the Difference Flows Dialog. Thisdialog is used to compare two power system operating
points.

Toggle Flow Visualization (Run M ode Only)

Switches the oneline’s animated flows between displaying actual flows and power transfer
distribution factors.

Save/Edit/Delete View (Edit and Run M odes)

Displays the Save View Level Dialog. This dialog is used to set defined locations on the oneline
for recalling specific views from a list of saved views.

Go To View (Edit and Run M odes)

Allows the user to go to a specific location and zoom level on the oneline by choosing from a list
of saved views. This option does nothing if no views are saved.

Set As Contingency Reference (Run M ode Only)

This option is available only when the Contingency Analysis Dialog is open. Select this option to
set the case currently in memory as the starting point for future contingency analysis.

Save View Level Dialog

The Save View Level Dialog is used to save an (x,y) location and zoom level in an easily
accessible list for quickly recalling defined oneline diagram views. This dialog can be called by
selecting thesave/Edit/Delete View option from the oneline local menu, or by clicking Saee

View button on the Zoom Palette.

Recalling a saved view can be done by either right-clicking on the background to access the
oneline local menu and choosing a view from@weT o View list, or by clicking on the drop

down arrow on th&ave View button and selecting a view from the resulting list. Selecting a
saved view automatically moves the oneline diagram location to the (x,y) coordinates and zoom
level stored with the selected view.

This dialog can be used for creating a new view, editing an existing view, or deleting an existing
view. TheSave View Level Dialog has the following options:

View Name

This is the name that the view will be stored under in the saved view list. This must be a unique
name for each view saved with the oneline diagram. By default this field is blank. To edit an
existing view, choose the desired view from the drop down list.

X-Coordinate

The x-coordinate for the view. This value will default to the current x-coordinate for the oneline
diagram, or will change to a saved value if a saved view is chosen frfieth&lame drop down
list. This value can be modified by the user.
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Y-Coordinate

The y-coordinate for the view. Thisvalue will default to the current y-coordinate for the oneline
diagram, or will change to a saved value if a saved view is chosen from the View Name drop down
list. Thisvalue can be modified by the user.

Zoom Level

The zoom level for the view. Thisvauewill default to the current zoom level for the oneline
diagram, or will change to a saved value if a saved view is chosen from the View Name drop down
list. Thisvalue can be modified by the user.

Save

This button will save anew view or modify the values for an existing view of the name in the View
Namefield.

Delete

This button will delete the currently open view from the saved view list. The dialog information
will default to the saved view information of the previous view in the list.

OK

This button will save anew view or modify the values of an existing view of the namein the View
Name field, and will close the Save View Level Dialog.

Oneline Zooming and Panning

All oneline diagrams permit zooming and panning. Zooming and panning are very important tools
for building and investigating large oneline diagrams that occupy more than a single screen of
viewing area. Moreover, the display of various objects can be set to depend on the zoom level.
See Oneline Conditional Display of Objects (page 28) for more information on this feature.

The following mechanisms are provided for zooming or panning a oneline:
Zooming on Onelines

Zooming involves adjusting the oneline diagram’s display area by changing the magnification of
the view. Zoom in on a oneline to have the screen display less of the complete oneline diagram,
and zoom out on a oneline to have the screen display more of the complete oneline diagram.

To zoom on a oneline diagram using the keyboard, follow these instructions:
e Use CTRL-up arrow to zoom in

* Use CTRL-page up to zoom in quickly

* Use CTRL-down arrow to zoom out

* Use CTRL-page down to zoom out quickly

e The Zoom Palette offers additional zooming options:

» Use theZoom in on Area button on theZoom Palette of the toolbar to select a region on
which to zoom.

* Use theShow Full Oneline button on theZoom Palette of the toolbar to zoom the display out
to show the entire oneline.

* Use thePan/Zoom Control button on theZoom Palette of the toolbar to display the
Pan/Zoom Dialog.
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¢ Usethe Save View button on the Zoom Palette of the toolbar to display the Save View Level
Dialog, or click on the drop down arrow on the Save View button to choose from alist of
saved views.

Finally, clicking the ‘+' button on thBan/Zoom Palette of the PowerWorld Toolbar will zoom in
on the oneline, while clicking the *-* button will zoom out.

Panning on onelines

Panning moves the screen’s focus point around the oneline diagram. You can pan left, right, up, or
down to view different portions of the complete oneline diagram.

To pan around the oneline using the keyboard, follow these instructions:
e Use the arrow keys to move in the desired direction

e Use page up to move up quickly

¢ Use page down to move down quickly

¢ Use the Home key to move left quickly

¢ Use the End key to move right quickly

You can also use the Pan/Zoom Palette to pan around the oneline. Simply click one of the arrow
buttons to move the focal point in the desired direction.

Additionally, you can use the Pan/Zoom Dialog to pan to a specific location, or even to a specific
bus. You can display the Pan/Zoom Dialog either by pressiriggttin@oom Button on theZoom
Palette of the PowerWorld Toolbar or by selectiRind Bus On Oneline or Pan/Zoom Control

from the oneline diagram’s local menu.

Oneline Animation

An important feature of PowerWorld Simulator is its support of animated onelines. The use of
efficient display algorithms allow animation rates that are typically greater than several times per
second, even on large cases and on onelines with a significant number of objects. The extensive
use of animation makes the display “come alive” so that system conditions can be ascertained more
easily.

In Simulator, animation is started from Run Mode by sele@inwilation, Play. In Viewer,
animation is started automatically when you load a case.

The animation can be controlled and customized fromtin@ated Flows Tab of the Oneline
Display Options Dialog. To access this dialog, seBations/T ools, Oneline Display from the
main menu, or right-click on an empty area of the oneline diagram andGeéticie Display
Options from the resulting local menu.

Print Options Dialog

The Print Options Dialog is used to configure the printing of oneline diagrams (including bus view
displays) and of strip charts. To print a oneline diagram, delle;®rint Oneline from the main

menu. To print a strip chart, right-click on it to invoke it's local menu, and then Belatt

Window. In both cases, Simulator will open the Print Options Dialog.

The Print Options Dialog has two tabs. The first tab is laliédgd L ayout, and it controls how
the diagram will appear on the printed page. It presents the following controls:



28

PowerWorld Simulator 6.0 User Manual

Margins
Specify the horizontal and vertical marginsin either inches or centimeters.
Scaling

Set this option to Proportional to print the oneline diagram or strip chart such that the screen’s
aspect ratio is maintained. Set this optiofitato Page to force the printout to take up all
available space on the page in both horizontal and vertical directions.

Draw Border
Places a border to be drawn around the oneline diagram or strip chart.

The second tab controls the printing of a title bar. ChecRrtime Title Bar box to print a title

bar at the bottom of the diagram. Checking this box displays a number of options that allow you to
specify various items to include in the title bar. If you don’t want to include certain items on the
plot, simply leave those fields blank.

The title bar is split horizontally into three sections. If you specify values for all requested items,
they will be arranged in the title bar as follows:

Company | Description Line 1 | Date
Department | Description Line 2 | Drawing #
Author | Description Line 3 | Title

Click Print to send the document to the printerCancel to abort the print. Clicetup to view
the default Windows printer dialog, which will allow you to specify whether to print the figure in
portrait or landscape modes and to set various printer-specific properties.

Printing Oneline Diagrams

To print a oneline diagram, seldsite, Print Oneline from the main menu, click tHerint
Window button on the File Palette, or right-click on the oneline background and Reletct
Window from the popup menu. This opens the Print Options Dialog, which you can use to
configure the print job, including its size, orientation, border, and title bar.

Oneline Conditional Display of Objects

Along with supporting zooming and panning, the onelines permit the conditional display of
objects. That is, it is possible to specify display objects so they are visible only at particular
zooming ranges. This enables the oneline to show additional details as the user zooms in and
fewer details when the user zooms out.

Please note that the zoom levels are defined as percentages. If you want an object to display only
between 50% and 150%, you must select 50 and 150 as the zoom level boundaries.

This option is available froror mat, Display/Zoom L evels.
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Copying Onelines to Other Programs

The onelines can be easily copied to other programs. This allows you to add PowerWorld onelines
to your word processor documents or slide presentations. The simplest way to copy aoneline
diagram to another program is to use the Windows Clipboard. Thisis accomplished as follows:

« InSimulator or Viewer, zoom and/or pan the display to the portion of the oneline diagram you
would like to copy.

*  Click on an empty portion of the oneline to display the local menu.

*  Sdlect Copy Window to Clipboard menuitem. This places acopy of the oneline into the
Window’s clipboard.

* Inthe other program, ustaste or Paste Special to copy the contents of the clipboard into
that program. The oneline is pasted into the program using the Metafile format.

Windows Menu Command

TheWindow menu tree contains several commands that affect the appearance of the windows
shown on the screen, and it lists the children windows that are currently open in Simulator. To
make a particular window active (and fully visible), simply click on its name.

The Window menu tree houses the following commands:
Tile

Rearranges the open oneline diagrams such that the total window area is divided equally among all
of them and each is completely visible.

Cascade

Rearrange all open windows such that all they appear on top of each other while leaving the title
bars visible.

Refresh Displays

Redraws (refreshes) each of the open windows. Simulator usually automatically refreshes the open
windows as necessary. However, this option allows you to trigger the refresh when you want it.

Show Full

Changes the zooming and pan levels on the currently active oneline diagram so that all of the
objects contained on the oneline are visible. You could then use eittZ@uatingn on Area

button on the Zoom Palette of the PowerWorld Toolbar or CTRL with the down arrow to zoom
into a particular region of interest.

Toolbars

Provides the user control over which palettes are visible. The submenu lists all available palettes.
Those that are currently visible are marked with a checkmark. Click on the name of a toolbar
palette to show or to hide it.

Oneline Display Options Dialog

The Oneline Display Options dialog allows you to customize the display of the oneline diagram.
You can access this display by either right-clicking anywhere on an empty portion of a oneline and
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selecting Oneline Display Options from the resulting oneline local menu or selecting
Options/Tools, Oneline Display from the main menu. This dialog houses three pages of options
that govern various aspects of the oneline display. These pages are entitled Display Options, Pie
Chart Options, and Animated Flows Options.

Display Options
Display Detail

The Display Detail box allows you to control how much information is shown on the oneline
display. There are three choices:

Minimal Show the oneline background, branch circuit breakers, generator
MW output, and load MW/MVR.

Moderate Show all Minimal information, along with bus voltages and &l line
flow pie charts.

Complete  Show all information.

Of course, in order for a certain display object to appear, it must have been placed there by the
person who designed the oneline.

Voltage Options
Voltages may be expressed in either actual units (kV) or per-unit.
Background Color

Select Change Background Color to select a different color for the oneline diagram background
color. Select the Set as Default Background Color option to set the background color asthe
default for al oneline diagrams.

Use Absolute Valuesfor MW Line and I nter face Flows

If checked, this option will cause all MW flow text fields for lines and interfaces to be displayed as
the absolute value of the flow. Otherwise, the MW flow text fields will be positive near the source
end of the line or interface and negative near the sink end of the line or interface.

Show Outaged Componentswith Dashed Lines

Y ou can draw attention to branches, shunts, loads, or generators that are out of service by having
Simulator draw them using dashed lines. Check this box to exploit this feature.

Note: Due to drawing limitations, dashed lines are always represented as a line with a thickness of
1

Draw an ‘X' Through Off-line Generators

It may be particularly helpful for large users of Simulator to highlight pockets of generation
deficiency. When this option is selected, Simulator draws a large ‘X’ through all off-line units so
that they may be easily located on the oneline diagram.

Enable M ouse Wheel Zooming
When this box is checked, zooming can be done with a mouse wheel. The default is off.
Changein Generator Angle Per Refresh (degrees)

Generator display objects are drawn with a dog bone rotor whose angle relative to the horizontal
can be used to represent the generator internal angle. Enter a nonzero value to make use of this
feature.

Pie Chart Options

The next several fields are used to customize the appearance of the line flow pie charts.
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Style

The Line Pie Chart Style box determines whether the line flow pie charts show the percentage
loading of the line based upon the MV A flow, the MW flow, the MVR flow, or the line
ampl/transformer MV A flow.

Always Use M ax. Flow

Typically, the flow at opposite ends of atransmission line is slightly different due to losses across
theline. If thisoption is checked, the pie chart will correspond to highest MV A value of the line,
independent of which end of the line that value occurs. Otherwise, the pie chart will always show
the MV A value at the from bus for the line.

M aximum Size

When zooming in on aline or transformer, the size of the pie charts, like that of all other objects,
increases. Eventually the pie charts will tend to dominate the display unless their size is capped.
Thisfield specifies a maximum size for the pie charts. The default valueis 99.

Show Value Per cent

When a branch’s loading exceeds the value specified iBhibw Value Per cent field, the
percentage loading is shown as text within the pie chart. The default is 100%.

Normal Color
The standard, pre-warning fill color for pie charts.
Warning Percent, Warning Size Scalar, Warning Color

At loading percentages at or above ¥iar ning Per cent but below thelimit Per cent, the size of

the pie chart is automatically scaled by the amount ofthening Size Scalar field. These fields
permit highlighting the pie charts associated with lines and transformers that are close to their
limits. TheWarning Color changes the pie chart to this color when loading is at or above
Warning Percent. Double-click on the color field to change the warning fill color. Default

values for the Warning Percent, Warning Size Scalar, and Warning Color are 80%, 1.0, and Blue,
respectively. If th@nly in M onitored Areas option is checked, then the pie charts obey these
parameters only for branches in areas for whichRiEort Limit Violations option is active. See
Area Display (page 150) for more information.

Limit Percent, Limit Size Scalar, Limit Color

At loading percentages at or abdvenit Per cent, the size of the corresponding pie chart is
automatically scaled by the factor prescribed byt timait Size Scalar field and the fill color

becomes the color specified by thienit Color field. These fields enable you to emphasize the

pie charts associated with lines and transformers that are above their limits. The limit color can be
changed by double-clicking on the color itself. Default values for the Limit Percent, Limit Size
Scalar, and Limit Color options are 100%, 1.0, and red, respectively.Qftlyen M onitored
Areasoption is checked, then the pie charts obey these parameters only for branches in areas for
which theReport Limit Violations option is active. See Area Display (page 150) for more
information.

Only in Monitored Areas

If this option is checked, then only those pie charts that correspond to branches in areas for which
limit violations are supposed to be reported will change appearance to reflect warning and limit
loading levels. If this option is not checked, then all pie charts will obey the options prescribed in
this dialog.

Animated Flows Options

The next several fields are used to customize the appearance of the animated flows on the oneline.
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Show Animated Flows

Determines whether power flows are animated on the onelines. If this option is not checked, then
no flow symbols appear on the oneline.

Density

Determines the relative density of the animated flows on the devices. Increasing this value causes
Simulator to display a greater number of flow symbols per unit distance on the oneline. Thisvalue
may range from 1 to 999, and the default value is 10.

Size
Determines the relative size of the animated flows on the devices. Increasing this number

increases the size of the flow symbols. Thisfield may range from 1 to 999, and the default value is
10.

Animation Symbol

Simulator can display animated flows using directional arrows, circles, or squares.

Use Fill Color

Checked if animated flow symbols should be filled using the Fill Color. Default isfalse.
Fill Color

Shows the fill color used for the animated flows if Use Fill Color is checked. Double-click on this
field or click the Change Fill Color button to change thefill color.

Animation Par ameter

Determines whether the size and speed of animated flows represent actual flow or percentage
loading. This option applies only to transmission lines and transformers as flows on other devices,
such as loads and generators, always represent actual flow.

Animate Flow
Use this option to enable or disable the animated flows feature.
Animate Size

If checked, the size of the animation symbols will represent the quantity specified by the
Animation Parameter. Otherwise, the symbol size will be the same for all devices regardless of
the val ue represented.

Max. Zoom Level to Resize

Asaoneline is zoomed, the animated flow symbolsincrease in size. The value of Max. Zoom
Level to Resize caps the size of the animated flows so that zooming beyond this level resultsin no
further increase to the size of the flow symbols.

Reference Valuesfor Sizing

Maximum flow reference for sizing the animated flows. The lower MV A reference, the larger the
animated flows appear on the oneline diagram.
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Max Flow MVA

Thisfield is used to scale how far the animated flows should move between each screen refresh.
Thisfield specifies the MV A flow corresponding to the maximum change in animated symbol
position. The maximum change in the location of a symbol from one time step to the next is 0.35
times the distance between the symbols. Thislimit is necessary because larger changes could
cause the line flow to appear to be flowing in the opposite direction. In essence, thisfield controls
the speed of the animated flows. All MV A flows that exceed the value specified in thisfield will
be represented by an animated flow of equal speed.

Flow Visualization

Animated flows on onelines may depict either actual power flows or power transfer distribution
factors, depending on what you choose here.

Relationship Between Display Objects and the Power
System Model

This section isintended for more advanced users familiar with the fundamentals of power system
modeling.

A key strength of the Simulator isits ability to allow users to manipulate a power system model
graphically. This capability greatly simplifies the work involved in developing or maintaining a
power system case for both novice and advanced users. However, it isimportant to keep in mind
the distinction between the display objects shown on the onelines and the actual power system
model, consisting of model objects. A key concept is that any number of display objects, including
none at all, can be associated with a single model element.

Simulator uses a bus-oriented model. In other words, the model objects are either the buses
themselves, objects that are radially attached to abus (i.e., loads, generators and switched shunts),
or objects that join two buses (i.e., transmission lines, transformers or dc lines). Aslong asthereis
a one-to-one mapping between display objects and model objects, the distinction between the two
could be made entirely transparent to the user.

However, thiswould limit flexibility. Infact, It is quite reasonable to use more than one display
object to represent a single model object. For example, by using the conditional zoom feature, two
bus display objects could be used on a single oneline to represent the same bus. One bus might be
visible over a particular zoom range, while another, with perhaps a different size/thickness, is
visible over another range. Alternatively the same bus could be represented using display objects
drawn on separate onelines.

An ambiguity arises when the user uses the Cut command to delete the bus. Are they deleting just
the Display Object or the Display Object and the Model Object? To get around this difficulty,
Simulator prompts you when you are deleting a display object with an associated model object.

Y ou can either delete both the Display Object and its associated model object record, delete just
the display object, or cancel the delete.

Also, there is no requirement that model objects have a corresponding display object. Thus, you
could use the oneline diagram to show just a fraction of the total system buses and other devices.
Also, you can use the Case Information menu to view the model objects directly regardless of
whether or not they are shown on aoneline.
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Chapter 3

Creating, Loading, and Saving
Simulator Cases

This chapter describes the File and Simulation Control Menus. The File Menu is used to open and
save either full cases or oneline diagrams, or to create new cases or new onelines (Edit Mode).
The menuis also used to exit Simulator or to validate a case (Edit Mode).

The Simulation Control Menu controls the actual simulation. Y ou can use this menu to do either a
time-domain simulation or a single Power Flow Solution.

The following material is included:

e Opening Cases and Onelines

*  Case Formats

e Starting aNew Case or Oneline

* CaseVdlidation

e Saving Cases and Onelines

e Using Templates

e Exporting Onelinesin Different Graphical Formats
e Saving and Loading Auxiliary Data

e Saving Admittance Matrix and Jacobian Information

File Menu

Thefile menu is used to open and save either full cases or oneline diagrams, or to create new
cases. Themenu isaso used to validate cases or to exit Simulator. The buttons on the File Palette
of the toolbar provided access to many of the same options housed by the File Menu.

Opening a Simulation Case

Thefirst step in using Simulator isto open a case. When a case is opened, any associated oneline
files are also opened. To open acase, either select it from the list of recently opened cases inthe
file menu or

e Sdect File, Open Simulation Case from the main menu or Open Simulation Case button on
the File Palette to display the Open Dialog.
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* Inthe Type of Filesbox, select the desired file type. By default, the PowerWorld Binary type
isselected (*.PWB). The PowerWorld Binary isthe preferred file type, providing the most
comprehensive power system information along with the smallest size and quickest load time.
Other file types include the PowerWorld Case type, PTI Raw Data formats version 26, version
25, version 24 and version 23, and |EEE Common Format. Please see Case Formats (page
37) for more details.

* Inthelist of cases, click on the desired case.
e Click OK.

When opening an existing Simulator case, you should see one or more oneline diagrams pop up.
When opening a power flow case created with another program, a oneline may not be available.
However, you can easily create a oneline for such a case using the Edit Mode.

If you arein the Edit Mode, you can modify the case. See Edit Mode Overview (page 47) for
details.

If you arein the Run Mode, the Clock Window may be displayed. Thiswindow shows the
simulation start time, end time and current time. 'Y ou may choose to close or open the clock at any
time.

If the case has validation errors, the mode isimmediately switched to Edit Mode. Y ou must
correct the validation errors shown in the message log before you can use the Run Mode to solve
the case.

Opening a Oneline Diagram

Simulator supports oneline diagrams that have been developed using its Edit Mode tools.
PowerWorld can also import PTI Draw Files (*.drw).

When a case is opened, any associated onelines are usually opened, aswell. Additionally, new
oneline diagrams can be opened directly from any existing onelines using oneline links. However,
you may also directly open a oneline diagram using the following procedure:

*  Sdect File, Open Oneline from the main menu, or select the Open Oneline button on the File
Palette.

*  Choose the file type you would like to open (One Line Display File or PTI Draw Fil€).
* Inthelist of available onelinefiles, click on the desired oneline.
e Click OK.

Y ou may open as many onelines as you like, and even multiple copies of the same oneline.

Recently Opened Cases

A numbered list of the most recently opened cases appears in the File M enu immediately
following the Print menu item. Simply click on the case’s hame in the menu to open the case.
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Case Formats

Simulator supports a number of case formats. Y ou can open and save cases using any of the
following formats:

PowerWorld Binary (*.pwb) (Preferred Format)

For most users, the best choice of power flow case formats is the PowerWorld Binary format. This
format stores the most complete set of case information but requires the smallest file sizes.
Information stored in this format includes power flow data, economic parameters, case time
variation/options values, and screen customizations. The only potential disadvantage of this
format isthat it is stored in binary form, which means that it cannot be viewed using a standard text
editor. All the other formats are ASCII and thus readable in text editors such as Notepad.

PowerWorld Case (*.pwc)

The PowerWorld Case format is primarily included for backward compatibility with earlier
versions of PowerWorld packages. While this format does not include as much information as the
PowerWorld binary format, it still includes power flow data, economic parameters, and most case
time variation/options values.

PTI Raw Data Format (*.raw) (version 26,25, 24 and 23)

Thisformat isincluded primarily for interchange of power flow data with other packages. The PTI
Raw Data format only contains power flow data. The newer version 26 format, as well asthe
version 25, version 24 and version 23 formats are supported. CAUTION: when opening a PTI
Raw Data Format file, you must know whether it is version 23 or version 24/25/26; typically al
versions use the same *.raw extension. When using this format, the generator participation factors
are automatically set to be proportional to the MW rating for the generator.

|EEE Common Format (*.cf)

The |EEE Common Formet is used to specify only power flow information. CAUTION: |IEEE
common format does not support many of the formats used in the PowerWorld packages, such as
multiple loads and generators at abus. Usually, IEEE Common Format is used only for inputting
Cases.

Auxiliary Files

The auxiliary files are used to store additional power system information that is not contained in
power flow datafiles that do not have the pwb format. For example, generator cost information is
one such set of data. Simulator uses a number of different types of auxiliary filesto allow you to
manipulate this data easily. Thesefiles are accessed by selecting File, Save/L oad Auxiliary Data
from the main menu to show the Save/Load Auxiliary Data display. Please note that al of the data
stored in the auxiliary filesis also stored in the pwb files.

Building a New Case

To create anew case in Simulator, select File, New Case from the main menu, or select the New
Case button on the File Palette. After asking you whether or not to save the current working case
(if one exists), Simulator will automatically switch to Edit Mode. The screen will turn to the
default background color, indicating that you can begin to build the new case.

New users may wish to view the tutorial Creating a New Case from Scratch for further guidance.
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Validating a Case

Select File, Validate Case to check the case for errors that would prevent it from working
correctly in Simulator. If a case has validation errors, you cannot switch to Run Mode. Any errors
are displayed in the message log.

Case validation is performed automatically when switching from Edit Mode to Run Mode.

Saving Cases

Simulator allows users to save case information in several different formats. To call up the Save
Asdialog, select File, Save Asfrom the main menu. The format in which the file will be saved
depends upon the value of the Save File Type field shown in the lower-left corner of the dialog.
Simulator can save cases in PowerWorld binary format (the default), PT1 versions 23, 24 or 25 raw
data, and the IEEE common format. Please see Case Formats (page 37) for more details on the
various case formats available.

To convert a case to a different format, follow this procedure:
*  Select File, Open Simulation Case.

* Inthe Type of Filesbox, select the desired file type. By default, the PowerWorld Binary type
is selected (*.PWB).

*  Select the name of the desired case and click OK.
* Sdect File, Save Case As from the main menu.

«  Changethe Type of Files setting to match the desired file type, designate the name with which
to save thefile, and click OK.

To simply save the case with its current name and format, select either File, Save from the main
menu or the Save Case button on the File Palette.

Building a New Oneline

This option enables you to create a new oneline diagram. It is accessible from either the Edit or
Run modes by choosing File, New Oneline from the main menu or pressing the New Oneline
button on the File Palette. When you select it, the application will automatically switch to Edit
Mode, from which you can construct the new oneline.

New users may wish to view the tutorial Creating a New Case from Scratch for further guidance.

Saving a Oneline

Select File, Save Oneline from the main menu to save the currently selected onelinefile.
Alternatively, you may select the Save Oneline button from the File Pal ette.

Select File, Save Oneline As from the main menu to save the currently selected oneline file with a
different name. Y ou may overwrite existing files.

For both the Save Oneline and Save Oneline As options, only the oneline diagram is saved; the
case (i.e. the power flow model) is not written to disk.
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Using Templates

Simulator allows you to use files called Templates to apply a pre-defined set of optionsto a
particular case quickly and conveniently. Simulator supports the use of two types of templates:

» Case Templates, which store options related to the power flow case and the application
environment. These options include schedules, case information display customizations, and
other options you would typically find on the PowerWorld Simulator Options Dialog.

e Oneline Display Templates, which allow you to apply the options used for a particular
oneline diagram to a different oneline diagram.

Case templates are stored as separate files having the extension .pwt by default. Oneline diagram
templates are actually just PowerWorld oneline diagram files having the default extension .pwd.

For more information, see Case Templates (page 39) and see Oneline Templates (page 39).

Case Templates

A case templateis afile of options that you can apply to the case currently in memory. You can
use a case template, for example, to apply a set of options you have defined using Simulator for a
previous case to a case you are just building from scratch, or to a case you have imported from
another power flow program that does not support Simulator’s set of options.

You can control the contents of a case template from the Templates Tab of the PowerWorld
Simulator Options Dialog. A case template may contain schedules, case information display
customizations, and any of the options specified on the other tabs of the PowerWorld Simulator
Options Dialog.

To save a set of options as a template, sEiégtSave Case As from the main menu and change
the Save As Type option toPowerWorld Template (*.pwt). Specify the name of the template file
and clickSave.

To apply a pre-existing case template file to the case currently in memory Gyatlexnts/T ools,
Apply Template, Case from the main menu in either the edit or Run Modes. Select the template
file whose options you wish to apply to the current case.

You can configure Simulator to apply a particular case’s template options to any case you load into
memory by checking thgse Default Template checkbox on the Template Tab of the

PowerWorld Simulator Options Dialog and specifying the name of the template file. The default
template file must exist in the same directory as the case to which you are applying it.

Oneline Templates

A oneline template is really nothing more than the portion of a Simulator oneline diagram file that
specifies its display options. To apply the display options associated with a pre-existing oneline
diagram to the case and oneline currently in memory, S8fgcbns/Tools, Apply Template,

Oneline from the main menu in either the run or Edit Modes. Then, select the oneline diagram file
whose display options you wish to apply.
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Printer Setup

Exporting

Choose File, Printer Setup from the main menu to configure the printer using the standard

Windows printer setup dialog. This dialog allows you to define which printer to use for printing

from Simulator, the size of the printed page, the page’s orientation, and additional properties that
are specific to the printer you are using.

Onelines in Different Graphic Formats

Simulator can export oneline diagrams and other graphical displays as bitmaps, metafiles, or jpegs.
SelectFile Menu, Export Onéline from the main menu. A save file dialog appears where the
dropdown menu for files type offers three choices: JPEG, BITMAP, METAFILE. Select the file
type and choose he name before clicking the save button.

Exporting an image as a jpeg also requires you to set the compression ratio for the picture. See
Saving Images as Jpegs (page 231) for more information.

Saving Images As Jpegs

Simulator can save oneline diagrams, bus view displays, and strip charts as jpeg images. To save a
oneline diagram or bus view display as a jpeg, s€iégtExport Oneline from the main menu.

This brings up theave file dialog where you can specify file type from the dropdown menu.

Choose jpeg, type the file name, and press save. This brings up the resolution screen where you
decide the picture’s resolution. Adjust the resolution control to specify the compression ratio at
which to save the diagram as a jpeg. The greater the resolution you specify, the larger the resulting
file will be. Click Save to save the image or cliékancel to terminate the process without saving

the image as a jpeg.

To save a strip chart as a jpeg image, right-click on the background of the strip chart and select
Save As Jpeg from the resulting local menu. Specify the compression/resolution in the Jpeg
Options Dialog. ClickCancel to terminate the process, or cli8ave to save the jpeg to a file

whose name you specify.

Save/Load Auxiliary Data

The Save/Load Auxiliary Data Display provides access to the various supplemental data files
Simulator supports. The auxiliary files are used to store additional power system information that
is not contained in a conventional power flow data file, such as generator cost information and load
schedules. To show this display, seleit¢, Save/lL oad Auxiliary Data. All of the auxiliary files

use a text format (i.e., they are ASCII files) so they can be easily edited. Please note that all data
that can be stored in auxiliary files is also saved in the PowerWorld Binary (*.pwb) files. The
auxiliary data files are most useful when you are working with a power flow case that is not stored
in a pwb file.

When saving auxiliary files, you can save the data for the entire case (the default) or you can use
the bus selection page (See Bus Selection Page (page 196)) to specify a desired subsystem for
which to write data. Whelwading auxiliary file information, no such distinction can be made: all
information contained in the file is loaded.
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By default, the auxiliary files are saved in files with an extension of *.aux. These auxiliary files
contain headers that specify the type of information stored in thefile. In addition, certain auxiliary
data can be saved in their own file types: generator reactive capability curves with the extension
*.gcp, generator cost data with the extension * .gcd, automatic area controls with the extension

* aac, injection group data with the extension *.inj, and load schedules with the extension *.shd.
These additional file types are for compatibility with auxiliary files generated in previous versions
of PowerWorld Simulator.

Auxiliary File Format (*.aux)

The default auxiliary files allow for saving different types of auxiliary datain one type of datafile.
The auxiliary files have aformat similar to an HTML file. The auxiliary files have the following
format:

<HEADER>

auxfiletype

</HEADER>

<DATA>

auxfiledata

</DATA>

where
auxfiletype an identifier for the type of data stored within the auxiliary file,
identifiers: AREA/ZONE LOAD SCHEDULES

AREA AGC, AUTO TAPS, AUTO SHUNTS
GENERATOR REACTIVE CAPABILITY CURVES
GENERATOR COST DATA
PARTICIPATION GROUPS
INTERFACE RECORDS

auxfiledata the data for the file type, in the same formats as the format
descriptions for the individual file types below.

Multiple HEADER and DATA sections can be put in one auxiliary file. Thisallowsfor storing all
of the datafor al of the auxiliary datatypesin the samefile. Each datatype must have its own
HEADER and DATA section, with the DATA section always immediately following the
corresponding HEADER section.

Identifier Format (Save Only)

When saving data, the object identifiers (such as buses) can be saved using either numbers or the
object name, contained in single quotes. Likewise, when loading an auxiliary file, the identifiers
can be specified with either numbers or names. Please see the specific format descriptions given
below.

Area/Zone Load Schedules (*.shd)

The schedule files store the area and zone |oad variation schedules. The files have the following
format:

For adesired area or zone, the first line of the record is either AREA or ZONE, followed by the
arealzone’s number or name in single quotes.
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The next linesin the file must have the format timepoint, schedule value. The timepoint format is
either hh:mm, where hh is the hour and mm is the minutes, or hh:mm:ss, where ssis the seconds.
Multiple timepoints and schedule values can be on the same line.

The record is terminated by aline with single negative number.
Example

AREA 1

06:00 1.0000 10:00 3.0000

-1ZONE 206:00 1.500 9:00 2.5000 10:00 1.5000

-1

Automatic Area Controls (*.aac)

The automatic area controls file stores the control settings for areas in the case. The automatic
area controls files have the following format, with one area per line:

AREA areaname ar eacontroltype autotaps autoshunts
where
areaname the area’s name in single quotes,

areacontroltype the dispatch control for the area, in single quotes (Off AGC,Part. AGC,
ED, Area Slack, OPF),

autotaps the status of automatically switching taps (1 for automaticallyswitching
taps, O otherwise),

autoshunts the status of automatically switching shunts (1 for automatically
switching shunts, O otherwise).

Generator Capability Curves (*.gcc)

The generator capability curves are used to model the dependence of the generator reactive power
limits and the generator’s real power output. The generator reactive capability curves files have
the following format, with one generator per line:

num or name, |D, Plu Ql,max.Ql,mina qu Qz,max- Q2,min Pnu Qn,max. Qn,min

where
num/name the generator’s bus number or the bus’ name in single quotes,
ID the generator’s single character id,
P a generator MW output value,
Qimax and Q; min the associated maximum and minimum reactive power limits.

Up to 10 different P/Q,/Qmin Values may be specified.
Generator Cost (*.gcd)

The generator cost data file contains the parameters used to model the generator operating costs.
Each record in the generator cost data file specifies the operating cost model for a single generator.
The cost model may be either a cubic polynomial or a piecewise linear curve.

Each generator cost data record begins with the fields
num or name, I D,
where

num/name the generator’s bus number or the bus’ name in single quotes,
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ID the generator’s single character id,

Following the ID field is an optional single-character fi€lostM odel that specifies the type of
cost model. If CostModel is ‘C’ or is not specified, the record describes a cubic cost model and
thus concludes with the following fields:

a;, bi, G, di, FuelCost

where
a, b;, ¢, d; input-output curve coefficients; see Generator Cost Information (page
93) for details,
fuelcost fuel cost, expressed in price per MBtu

If, on the other hand, CostModel is ‘P’, the record describes a piecewise linear cost model. The
remainder of the record specifies pairs of generator output and corresponding generator cost:

FixedCost, MW, Cost;, MW,, Costy, ... , MW,,Cost,, MWneg

where
FixedCost Operation cost independent of the generator's MW output; expressed in
$/MWHr,
MW, Cost; Output/cost data point pairs that define the piecewise linear cost model
for the generator,
M Wneg An arbitrary negative value used to terminate the record.

Injection Groups (*.inj)

The injection group files store the information for defined injection groups (also referred to as
participation groups). The files have the following format:

GROUP groupname
POINTS

Devtype busnum id participation pointtype

END
where
groupname the name of the injection group, in single quotes,
devtype either GEN or LOAD,
busnum bus number of the device,
id the device’s single character ID,
participation relative amount each device will contribute during a transfer,
pointtype either FIXED or DYNAMIC.

Multiple GROUP sections can be put in the file, each marked with END to signify the end of that
group’s data.
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Interface Data
The interface data files store the interface data. The files have the following format:
INTERFACE inthamelimalimb limc

Elemtype from to id checktoend fromto

where

intname the interface name, in single quotes,

lima, limb, limc the three limits for the interface, in MW,

elemtype one of three valid element types: AREA, LINE, or ZONE

from for AREA and ZONE, the first area or zone number; for LINE, the from
bus number,

to for AREA and ZONE, the second area or zone number; for LINE, the
to bus number,

id only included for LINE, the two character circuit identifier; otherwise
left blank,

checktoend only included for LINE, if thisfield equals 1, the flow is checked at the
to bus, otherwise the flow is checked at the from bus; otherwise left
blank,

fromto only included for LINE, if thisfield equals 1, the positive flow is

assumed to be from the from bus to the to bus, otherwise the flow is
assumed to be in the opposite direction; otherwise left blank.

Multiple interface records can be listed in the file, and multiple interface elements can be listed in
each interface record.

Saving Admittance Matrix and Jacobian Information

The Save Ybusor Power Flow Jacobian Dialog is used to store the power system bus admittance
matrix (Y bus) and/or the power flow Jacobian in atext format that can be easily read into other
programs such asMATLABO. Thisdialog is primarily designed for users doing power system
analysisresearch. The dialog has the following fields.

Ybusin MATLAB Format
Filename for Saving Ybus

Enter the name of the file in which to storethe Ybus data. The Ybusdatais stored using the
MATLAB sparse matrix format in the matrix Ybus. If the Include Bus Voltagesfield is checked,
then the bus voltages are also stored, but in the vector V.

Save Ybusin MATLAB Format
Click this button to save the Y bus.
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Power Flow Jacobian in MATLAB Format
Filename for Saving Jacobian

Enter the name of the file in which to store Jacobian data. The Jacobian is stored using the
MATLAB sparse matrix format in the matrix Jac.

Filenamefor Identifier Info

Enter the filename to store the text identifier information. This information is used to translate the
bus numbering convention used in the Jacobian and Y bus files with the actual bus number and
name in the case.

File Type

Choose the type of MATLAB fileyou wishto saveas. The MATLAB .M Format isthe more
common text format used for directly loading MATLAB information. The Text for MATLAB
Ascii is for use with MATLAB's ability to read Ascii files. The Ascii file type can be read into
MATLAB much faster than the traditional .M files.

Jacobian Form

SelectRectangular to store the rectangular form of the JacobiarRabar to store the polar form
of the Jacobian.

Save Jacobian

Click this button to save the Jacobian and object identifier information.

Close Oneline

To close a oneline diagram, goRie, Close Ondline. This will prompt you to save the oneline if
changes have been made since the last save. Note that this does not close the current case, just the
oneline. Case simulations can be run with the oneline closed.
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Chapter 4
Building a Oneline Diagram

The oneline objects provide a key means of interacting with the power flow simulation. This
chapter provides areference on how to insert each of the different types of objects shown on the
oneline diagram, and an overview of Edit Mode. Note that when you are using the Simulator, you
can obtain context sensitive help for oneline objects by positioning the cursor on the desired object
and pressing the F1 key.

The following material isincluded:
*  Edit Mode Overview

»  Edit Mode General Procedure
»  Description of the Insert Menu
e Useof Anchored Objects

»  Descriptions of All Oneline Objects

Edit Mode Overview

The Edit Mode is used to create and/or modify cases and onelines. Y ou can use the Edit Mode to
create a case from scratch or to modify existing power flow cases stored using either the PTI Raw
Data Format or the [EEE Common Format. New users may wish to view step-by-step tutorials on
either

Creating a New Case from Scratch
Creating Onelines for an Existing Power Flow Case.
To enter the Edit Mode, select the Edit Mode button on the Program Palette.

A powerful capability of the Simulator isits ability to create or modify a case by graphicaly
placing/editing display objects on a oneline diagram. These display objects consist of both power
system devices, such as buses, generators, and transmission lines; and additional objects that show
various system parameters, provide descriptive text, or function as a static background.

Simulator’s oneline diagrams illustrate the current state of the components of the power system.
Most display objects correspond to records in the underlying power system model, but not all
records in the power system model need to have an associated display object. In fact, for large
system models, it may be that most of the system will not be illustrated. In such cases, you will
want to devote more detail to the more critical areas of the system so as not to clutter the view.
Furthermore, it is possible to associate more than one oneline with a single power flow case, and a
single oneline may be associated with multiple cases. This great flexibility can prove to be a big
time-saver. Please see Relationship Between Display Objects and the Power System Model (page
33) for a more thorough discussion.
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Edit Mode General Procedures

In order to simplify the process of graphically constructing a power flow case, Simulator’s drawing
interface obeys the following conventions for most objects:

Inserting a New Object
« Select the type of the object you wish to add from the Insert Menu.
« Left-click on the location on the display where you would like to position the object.

« Once the object is placed, Simulator displays a dialog box that allows you to specify various
options for the object.

« If desired, use the Format Menu to change the appearance of the object once it has been
placed.

Moving or Resizing an Existing Object

« Select the object by clicking on the object with the left mouse button. Handles are displayed
around the object to indicate it has been selected.

« To move the position of the object, place the mouse anywhere on the object except at a handle
location. Then drag the object around the screen by holding the left mouse button down.

e To change the size of an object using the mouse, first select the object. Then place the mouse
on one of the object’s resizing handles. The cursor will change to either a horizontal, vertical
or diagonal two-headed arrow shape. Then drag the mouse to change the object’s size.
Text/field objects cannot be resized; rather, you should change their fonts. You can also
specify the size of most objects using their dialog boxes.

Viewing/M odifying Object Parameters

* To view and/or change the options associated with an object right-click on the object. This
either displays the object’s dialog box directly, or it display’s the objects local menu, from
which you can elect to see the object’s dialog box.

Selecting Several Objectsto M odify Their Appearance

Hold down the Shift key while clicking objects on the screen to select several objects at once. You
may then change the objects’ attributes, such as Font, Line/Fill, etc., by chbtssilay

Appearance from the Format Menu. To move the objects that are selected, drag them with the left
mouse button down.

To select a set of objects that meet some given criteria, choose Select by @dterihe Edit
Menu. As an example, use Select By Criteria to select all the 345 kV transmission lines in a case.

You can also use the Rectangle Selector button on the Edit Palette to select all objects in a
particular region of the oneline.

Changing An Object’s Screen Appearance

Use the Format Menu to change the screen appearance of either a selection of objects or the entire
display.

Oneline Display Options

The Oneline Display Options Dialog allows you to customize the appearance of the presently
selected oneline diagram. To view this dialog, either select Options/Tools, Oneline Displayfrom
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the main menu or choose Oneline Display Options from the oneline’s local menu . Please see
Oneline Display Options Dialog (page 29) for more information.

Insert Menu

The Insert Menu contains the key selections for creating or modifying the oneline diagram, and
hence the associated case. The options on this menu are only available in Edit Mode and after you
have selected either tiew Case command or have opened an existing case. Most of the insert
activities are accessible from the Insert Palette, as well. The insert menu provides a convenient
means of inserting new objects into the case by graphically placing them on the oneline diagram.
See Case Information Display (page 146) for details on modifying objects that are not necessarily
shown on the oneline.

When adding objects to the oneline, it is helpful to consider the relationship between zoom level
and display size. The objects that you add should be sized appropriately.

Anchored Objects

While in Edit Mode, Simulator allows certain objects to be attacheahabored, to an another

object, called thanchor. When an object that functions as an anchor is moved, all objects that are
anchored to it will move with it. This feature can be very useful when you move objects around
the oneline diagram in Edit Mode. There are four types of anchored objects:

Buses

Loads, generators, switched shunts, bus fields, and transmission lines may be anchored to their
associated bus. When the anchor bus is moved, these anchored objects will move with it.

Areal/Zone Objects
Interface objects can be anchored to either area/zone objects or buses.
Linesand Transformers

Circuit breakers, line pie charts, and line analogs may be anchored to their associated
line/transformer. When the line/transformer is moved, these anchored objects will move with it.

Interfaces

Interface fields and interface pie charts can be anchored to their associated interface.

Area/Zone/Super Area Display Objects

Areas and zones may be represented on Simulator oneline diagrams. This feature may prove
particularly useful for illustrating how the areas and zones comprising the system are
interconnected. Not only can Simulator depict bus-to-bus connections, but it can also show area-
to-area and zone-to-zone connections through the use of area and zone display objects and
interface objects. Since multiple onelines can be associated with a single power flow case, you
may find it useful to construct two oneline diagrams for your model: one showing the system at
the bus level, and the other representing the areas or zones that make up the model as blocks tied
together by area-area or zone-zone interface objects. Such oneline diagrams replace the Area
Displays that were used in versions 4.1 and earlier.
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Edit Mode

To add an area or zone display object to aoneline, choose I nsert, Area/Zone/Super Area from
the main menu or click the Area/Zone button on the Insert Palette. Then, click the left mouse on
the oneline to indicate where you would like to place the new area or zone object. The
ArealZone/Super Area Display Options Dialog will appear. Supply the requested information and
click OK to finish adding the area or zone or Cancel to abort the operation. If you choose OK, the
new area or zone display object will appear on the oneline diagram at the location you chose.

When you select an area or zone display object, it will display its sizing handles. Usethe sizing
handles to resize the area or zone display object as desired.

Area or zone objects may be connected together by interface objects.

It isimportant to note that this discussion covers how to add area or zone display objects only, not
areaor zonerecords. Areaor zone records cannot be added graphically. Instead, area or zone
records are added to the model whenever abusis assigned to an area or zone that does not already
exist. The procedure we have discussed here can be used only to represent a pre-existing area or
zone graphically on aoneline. 1t cannot be used to add an area or zone to a case model.

Areal/Zone/Super Area Display Options Dialog

When you try to insert an area or zone display object on a oneline diagram, Simulator opens the
ArealZone/Super Area Display Options dialog. Use the Area/Zone/Super Area Display Options
dialog to control various display and identity attributes of the area or zone display object. The
dialog contains the following fields:

Type of Record

Indicate whether area/zone/super area display object you are adding corresponds to an area, zone,
or super area.

Number

This dropdown box lists the number of all areas (if you are inserting an area object), zones (if you
are inserting a zone object), or super areas (if you are inserting a super area object) in the case.
Use this control to associate the display object with the correct area, zone, or super area.

Name

If you would prefer to search through areas, zones, and super areas by name rather than by number,
use the Name dropdown box to see alist of names of all the areas or zonesin the case.

The remainder of the choices presented on the Area/Zone/Super Area Display Options dialog
pertain to the object’s display appearance.

Style

Choose whether the display object should appear as a rectangle or as an ellipse.

Caption

Indicate how the display object should be identified to the user: by name, number, or both.
Width, Height

The dimensions of the new display object.

Click OK to save your selections and add the object to the oneline, or cbarusb to terminate
the addition.
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Area Fields on Onelines

Areafields are used to show various values associated with a particular area of the power system.
Right clicking on the areafield displays the Area Field Dialog.

Edit M ode

To enter anew areafield, first select Insert, Fields, Area Fields from the main menu, or click the
Area Fields button on the Insert Palette. Then, click on or near a bus in the area for which you
want to add afield. This calls up the Area Field Dialog. Verify that the area number is correct. By
default, this value is the number of the area associated with the closest bus. Enter the total number
of digitsthe field should display as well as the number of digits to the right of the decimal point.
Depending on what the field is designed to display, you may need to enter an additional area
number. Finaly, select the field type. Click OK to save the field or Cancel to abort the operation.

To modify the parameters of an existing areafield, position the cursor anywhere on the areafield
and right-click. Thisagain brings up the Area Field Dialog. Use the Format, Display

Appear ance main menu option to change various display attributes for the areafield, including its
font and background color. Finally, you can use the Format, Oneline Display, Default Font
option to change the font for al fields on the display.

Zone Fields on Onelines

Zone field objects are used to show different values associated with zones and the system. This
dialog is used to view and modify the parameters associated with these fields. Note that the zone
number itself cannot be changed on thisdialog. To reach thisdialog, go to Insert, Field, Zone
Field in Edit Mode.

Zone Number

Zone number associated with the field. When you insert fields graphically, thisfield is
automatically set to the zone number associated with the closest bus on the oneline. With most
types of zone fields, an Zone Number of 0 isvalid and defines the field as showing values for the
entire system.

Total Digitsin Fields

Total number of digits to show in the field.

Digitsto Right of Decimal

Number of digitsto show to the right of the decimal point.
Other Zone Number

Some of the fields, such as MW Flow to Other Zone, require that a second area be specified. If
applicable, enter the second (other) zone here.

Delta per Mouse Click

Thisvaueis used only with the Sched Flow to Other Zonefield type. When thereis anonzero

entry in thisfield, and the field type is Sched Flow to Other Zone, a spin button is shown to the

right of the zone field. When the up spin button is clicked, the flow to the other zoneis increased
by this number of MW; when the down button is clicked, the scheduled flow is decreased by this

amount.
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Field Value

Shows the current output for the zone field. Whenever you change the Type of Field selection,
thisfield is updated.

For the Sched Flow to Other Zonefield type only, you can specify anew valuein MW. Exports
are assumed to be positive.

Type of Field
Used to determine the type of zone field to show. The following choices are available:
Name
Zone name (eight characters maximum). The Zone Number field must correspond to avalid zone.
Number
Zone number (1 - 999). The Zone Number field must correspond to avalid area.
MW Load, Mvar Load

If the zone number is nonzero, then these fields show Total MW or Mvar load for the zone. If the
zone number is zero, these fields show the total |oad in the entire system.

MW Generation, Mvar Generation

If the Zone Number is nonzero, then these fields show Total MW or Mvar generation for the zone.
If the Zone Number is zero, these fields show the total generation in the entire system.

MW Losses, Mvar L osses

If the Zone Number is nonzero, then these fields show Total MW or Mvar losses for the zone. If
the Zone Number is zero, these fields show the total losses in the entire system.

MW Shunts, MVR Shunts

If the Zone Number is nonzero, then these fields show Total MW or Mvar shunt compensation for
the zone. If the Zone Number is zero, these fields show the total shunt compensation in the entire
system.

MW Flow to Other Zone, Mvar Flow to Other Zone

Total MW or Mvar flow from the zone specified in the Zone Number field to the zone specified in
the Other Zone Number field. The Zone Number field must correspond to avalid zone. |If the
Other Zone Number field is zero, this field shows the zone’s total MW or Mvar exports.

MW Losses, MVR Losses

If the Zone Number is nonzero, then these fields show Total MW or Mvar losses for the zone. If
the Zone Number is zero, these fields show the total real or reactive losses in the entire system.

Load Schedule Multiplier

Indicates the current value of the multiplier applied to the zone’s loads. See Load Variation
Display (page 160) for more detail.

SelectOK to save changes and close the dialoGamcel to close dialog without saving your
changes.

Super Area Fields on Onelines

To display certain information about a super area, such as MW Load or MVAR losses, insert a
super area field. This can be done in Edit Mode throngért, Fields, Super Area Field. This
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will bring up the Super Area Field Options. From here you can choose which super areato
describe, how many digitsin the field, and how many digitsto the right of the decimal. There are
also 12 different field options to choose from. If afield valueis not defined, question marks will
be displayed instead of avalue.

Bus Display Objects

In power system analysis, the term “bus” is used to refer to the point where a number of electrical
devices, such as lines, loads or generators, join together. On the oneline diagram, buses are
represented with either a thick horizontal line or a thick vertical line. The bus thickness and color
can be customized using the Edit Mode.

Right-clicking on the bus will display its local menu. The local menu offers you the chance to
view the corresponding Bus Dialog, the Quick Power Flow List, and the Bus View Display. When
the application is in Edit Mode, the local menu will also allow you to add bus fields to the bus.
Bus Fields are often placed close to the bus to indicate its voltage magnitude, voltage angle, and
other relevant information.

Edit Mode
To add a new bus to the case, follow this simple procedure:

* Selectinsert, Bus from the main menu, or select tBes button on the Insert Palette. This
prepares Simulator to insert a new bus.

« Left-click on the oneline background at the location where you want to place the new bus.
This invokes the Bus Option Dialog.

« Use the Bus Option Dialog Box to specify the number, hame, size, thickness, orientation, area,
zone, and nominal voltage of the bus, as well as the load and shunt compensation connected to
it. Every bus must have a unique number, and bus names can be no longer than eight
characters.

» Click OK on the Bus Option Dialog to finish creating the bus and to close the diéiam
do not wish to add the bus to the case, dliakcel.

If you are simply adding a symbol to the oneline diagram for a bus that has already been defined in
the case, many of the parameters you are asked to specify in step three will be filled in for you.

To modify the parameters for an existing bus, position the cursor on the bus and right-click to

invoke the bus’ local menu. From the local menu, ch@oisénformation Dialog to view the

associated Bus Dialog. You may change any of the parameters specified there. When a bus’
number is changed, the bus numbers associated with all of the devices attached to that bus are also
automatically changed. To renumber a number of buses simultaneously, please see Options, Bus
Renumbering Dialog (page 192).

To modify any aspect of a bus’ appearance, first select the bus, and théfochiek, Display
Appearance from the main menu. You can change the length of the bus (but not its thickness) by
dragging the bus’ resizing handles.

To delete an exiting bus, use either Bukt, Cut command to preserve a copy of the bus on the
Windows clipboard, oEdit, Delete to remove the bus without copying it to the clipboard. You

will be asked whether you want to remove both the display object and its associated bus record, or
merely the display object, leaving the bus in the power flow model. If you will never be deleting a
record from the power system model, you may also choose the option |IAbhedgd Delete

Objects Only. Be careful when deleting existing buses with attached devices. An error will occur
during validation if you do not also delete the attached devices or attach them to other buses.
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Bus Fields on Onelines

Bus field objects are used primarily to indicate various quantities associated with bus devices.
Furthermore, some bus field types, which are distinguished by an integrated spin button, may be
used to change bus device properties.

Run Mode

For bus fields with an associated spin button, clicking on the up/down arrows will change the value
of the associated field.

Right clicking on the bus field displays the bus’ local menu, from which you can elect to view the
Bus Field Dialog.

Edit Mode

Simulator 6.0 offers two options for adding bus fields to a oneline in Edit Mode. If you need to
enter only a single field, the easier approach may be to chosesé, Field, BusField from the

main menu or th8us Field button from the Insert Palette and then select the bus to which you

want to add the field. This invokes the Bus Field Dialog. Enter the bus number associated with
the device (the default is the closest bus to the field), the total number of digits to show, and the
number of digits to the right of the decimal point. Specify the ID field when working with fields
related to generators or loads. Next, select the type of field to show. To show
load/capacitor/generator values, the corresponding device must, of course, be attached to the bus.
The Setpoint Generator MW type should be selected only for cases that employ the uniform
frequency option. For generator actual MW and Setpoint MW types and load MW and Mvar

fields, specify a nonzero value in thelta per Mouse Click to design a bus field with an

integrated spin control. The Gen AGC Status field is used to display the automatic generation
control status of the generator. The user can toggle this status in Simulator by clicking on the field.
Likewise, the Gen AVR Status field is used to display the automatic voltage regulation status of
the generator. Again the user can toggle this status by clicking on the field.

The second approach for adding new bus fields entails right-clicking the bus and s@lddtting
New Fields Around Bus from the resulting local menu. Please see Inserting and Placing Multiple
Display Fields (page 77) for more details.

To modify the parameters of an existing bus field, position the cursor anywhere on the object and
right-click. This brings up the Bus Field Dialog. Chobsemat, Display Appearance to change
various display attributes of the field, including its font and background color. Seteust,

Oneline Display, Default Font to change the font for all fields on a display.

Generator Display Objects

Generators are represented on the oneline as circles with a “dog bone” rotor inside. Multiple
generators at a bus are allowed, with each being distinguished by a single character identifier.

Each generator symbol (except that corresponding to the slack) is equipped with a circuit breaker
that can be used to change the status of the generator. You may toggle the generator status by
clicking on the circuit breaker. Furthermore, the angular position of the dog bone rotor indicates
the “angle” of the voltage at the generator terminal.

Bus fields are often placed close to the generator on the oneline to indicate the generator’s
MW/Mvar output.



Chapter 4 : Building a Oneline Diagram 55

Run Mode

When animation is active, the flow of the arrows emerging from the generator is proportiona to its
MW output. Y ou can customize the appearance of this flow using the Animated Flows Tab of the
Oneline Display Options Dialog.

Right clicking on the generator brings up the generator submenu. This menu is used to display a
variety of information about the generator, including

e Generator Information Dialog
*  Input-output curve

*  Fuel-cost curve

* Incremental cost curve

*  Hest-rate curve

*  Reactive capability curve
Edit Mode

To add a new generator to the case, select Insert, Generator from the main menu, or click the

Generator button on the Insert Palette. Then, place the cursor on the bus where you would like to

attach the generator, and click with the left mouse button. This calls up the Generator Dialog. The

bus number is automatically determined from the bus to which you attached the generator. The ID

field contains a single character ID used to distinguish multiple generators at abus. The default is

‘1"

Enter the size, the thickness of the lines (in pixels) used to display the device, orientation, and
other parameters for the generator. Each generator automatically contains a switch for connecting
or disconnecting the device in Simulator. Select OK to add the generator. If you do not want to
add the generator to the case, select Cancel.

To modify the parameters for an existing generator, position the cursor on the generator and right-
click. This again brings up the Generator Dialog. You can then change any parameter (be careful
in renumbering an existing generator). UseRbemat, Selection command to change the color

and/or line thickness.

Load Display Objects

Simulator models aggregate load at each system bus. Multiple loads at a bus are allowed. Each
load object on the oneline comes equipped with a circuit breaker. The status of the load
corresponds to the status of its circuit breaker. A circuit breaker is closed if it appears as a filled
red square, and it is open if it appears as a green square outline. You may toggle the status of the
load by clicking on its associated circuit breaker.

Bus fields are often placed close to the loads on the oneline to indicate their MW/Mvar value.
Run Mode

When animation is active, the flow of the arrows into the load is proportional to its current MW
load. You can customize the appearance of this flow using the Animated Flows Tab of the Oneline
Display Options Dialog.

Right-clicking on the load displays the Load Dialog.
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Edit Mode

To add anew load to the case, select Insert, Load from the main menu, or click the L oad button
on the Insert Palette. Then, select the bus to which you want to attach the load with the left mouse
button. This calls up the Load Dialog. The bus number is automatically determined from the bus
to which you attached the load. The ID field contains a two-character ID used to distinguish
multiple loads at abus. The default ID is 1.

Enter the size, the thickness of the lines[in pixels] used to display the device, the orientation, and
the base MW and Mvar load values for the device. Usually, only the Constant Power fields are
specified as nonzero. The Constant Current and Constant | mpedance fields are used to specify
loads that vary with voltage. Constant current loads vary proportionally with bus voltage, while
constant impedance |oads vary with the square of the voltage. Specify the constant current and
constant impedance val ues assuming one per-unit voltage.

Select OK to add theload. If you do not want to add the load to the case, select Cancel.

To modify the parameters for an existing load, position the cursor on the load and right-click.
Select Load Information Dialog from the local menu to invoke the Load Dialog. Y ou can then
change any parameter asdesired. Y ou can select Format, Display/Zoom L evels from the main
menu to change the drawing parameters of the load.

Switched Shunt Display Objects

Switched shunts are either capacitors that supply reactive power to the system or reactors that

absorb reactive power. Simulator represents switched shunts as a number of blocks of admittance

that can be switched in a number of discrete steps or over a continuous range. Switched shunt

display objects come equipped with a circuit breaker that indicates the shunt’s status. If the
switched shunt is closed, the circuit breaker appears as a filled red square. If the switched shunt is
open, the circuit breaker appears as a green square outline. To change the status of the switched
shunt, click the corresponding circuit breaker.

Bus fields are often placed next to switched shunts to indicate the amount of reactive power
supplied by the device. For switched shunts with such a bus field, you can manually increase the
reactive power supplied by the device (provided its control mode is discrete) by clicking on the up-
arrow associated with the device’s reactive power field. Likewise, you can decrease the reactive
power supplied by the device by clicking on the down-arrow. To make the up/down arrows
visible, set théelta per Mouse Click on the bus field to a nonzero value.

Right-clicking on the switched shunt displays the Switched Shunt Dialog. Use the Switched Shunt
Dialog to inspect or modify the model of the switched shunt.

You can add a new switched shunt to the case in Edit Mode. Beett Switched Shunt from

the main menu, or click tHewitch Shunt button on the Insert Palette. Then click the bus where
you would like to attach the devic&he Switched Shunt Dialog will appear. The bus number is
automatically determined from the bus to which you attached the capacitor. Enter the size, the
thickness of the pen [in pixels] used to draw the device, and its orientation. The Nominal Mvar
field gives the amount of reactive power the device would supply if its terminal voltage were 1.0
per unit. The Control Mode field determines whether the switched shunt has a fixed value or will
vary discretely or continuously within its operating limits to maintain its terminal voltage within
the voltage range specified in the Voltage Regulation field.

The amount of shunt admittance is specified in the Switched Shunt Blocks table. The columns in
this field correspond to different blocks of admittance. The first row indicates the number of steps
in each block, and the second row gives the amount of nominal Mvars per step. The switched
shunts are always switched in the order specified in this field.
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Select OK to add the device. If you do not want to add the switched shunt to the case, select
Cancel.

To modify the parameters for an existing switched shunt, position the cursor on the device and
right-click. This again brings up the Switched Shunt Dialog. Y ou can then change any parameter
of the switched shunt. Choose For mat, Display Appear ance from the main menu to change the
color and/or line thickness.

To delete an existing switched shunt, use the Edit, Cut or Edit, Delete menu items.

Transmission Line Display Objects

Transmission lines are represented on the onelines using multiple segment lines drawn between

buses. Transmission lines may be equipped with circuit breakers that can be used to change the

line’s status. You can also add pie charts and line fields to transmission lines to indicate how
heavily loaded the line is. The appearance of transmission lines, including line thickness and
color, may also be customized.

Run Mode

Simulator’'s animation feature can be used to indicate the magnitude of the flow on the
transmission line, either in MW or in terms of the line’s percentage loading. You can customize the
line flow animation using th&nimated Flows Options on the Oneline Display Options Dialog.

Right-clicking on a transmission line displays the line’s local menu, from which you can choose to
inspect the Line/Transformer Dialog.

Edit Mode

To add a new transmission line to the case, first seleththet, Transmission Line command,

or click theac Transmission Line on the Insert Palette. Then place the cursor on the first bus for
the transmission line (the “from” bus) and click the left mouse button. Add more segments to the
line by moving the cursor and clicking with the left mouse button. To complete adding a new line,
place the cursor on the second bus for the line (the “to” bus) and double-click with the left mouse
button. This calls up the Line/Transformer Dialog. The “from” and “to” bus numbers are set
automatically provided the line starts and ends on existing buses. If there is just one line between
the buses, the circuit number should be “1.” For multiple lines between buses, you must give each
a unique circuit number. Enter the thickness of the lines [in pixels] used to display the
transmission line. Enter the per unit (100 MVA base) resistance, reactance, total charging
susceptance (that is B not B/2) for the line, and an MVA rating. Select OK to add the line. If you
do not want to add the line to the case, select Cancel.

To modify the parameters for an existing line, position the cursor anywhere on the line and right-
click. This brings up the Line/Transformer Dialog, which you can use to change various line
parameters. Choo$®rmat, Display/Zoom L evels from the main menu to change the drawing
parameters of the line.

To change the shape of the line, first left-click on the line to select it. This causes handles to
appear at each vertex. You can then move any vertex by dragging it with the left mouse button
down. To remove a vertex, press CTRL and then click the vertex you would like to delete. To add
a vertex, press CTRL and then click on the line where you would like to add a vertex.
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Circuit Breakers on Onelines

Circuit breakers are used to open or close transmission lines and transformers. Closed circuit
breakers are shown as solid red squares, while open circuit breakers are shown as a green square
outline. Circuit breakers cannot be placed on dc transmission lines. Clicking on the circuit
breaker with the left mouse button changes the status of the breaker.

In PowerWorld Simulator, a circuit breaker directly controls the status of the associated line or
transformer. Therefore, to open aline, you do not have to open circuit breakers at both ends of the
line. In other words opening either of the line’s circuit breakers opens the line. However, it is
often convenient to place circuit breakers at both ends of a line.

Edit Mode

To add a new circuit breaker to the oneline, sélesdrt, Circuit Breaker from the main menu

and then click the line to which you want to add the breaker. The Circuit Breaker Options Dialog
will appear with thdrom andto bus numbers, and the circuit number automatically set to identify
the line you selected. Specify the size for the switch and its initial status, as well as whether it will
be anchored to the line so that it will move with the line. Gbikto add the circuit breaker, or

click Cancel to abort the process. To add a second circuit breaker to the line, simply repeat this
procedure.

To modify the parameters for an existing switch, position the cursor anywhere on the device and
right-click. This invokes the Circuit Breaker Options Dialog, from which you can change many of
the breaker’'s parameters. Additional display settings for the circuit breaker can be accessed by

selectingFormat, Display Appearance from the main menu.

Line Fields on Onelines

Line field objects are used to show MW and Mvar flow values associated with lines, transformers
and dc transmission lines.

Run Mode
Right clicking on the line field displays the Line Field Dialog.
Edit Mode

To enter a new line field, seldetsert, Fields, Line Field from the main menu or theine Fields

button on the Insert Palette and select the line, transformer, or dc line to which you want to add the
field. The Line Field Dialog will open. Enter timear andfar bus number associated with the

device (the default values for these fields correspond to the device on which you clicked) and the
circuit number of the device. The field will display the flow value antdae end of the device.

Enter the total number of digits to show on the screen and the number of digits to the right of the
decimal point. Finally, select the desired field type.

To modify the parameters of an existing line field, position the cursor anywhere on the object and
right-click. This again brings up the Line Field Dialog. Selemtmat, Display/Zoom Levels

from the main menu to change many of the line field’'s display attributes. ClRooset,

Oneline Display, Default Font to change the font for all fields on the display.

Another way to add line fields to the oneline entails right-clicking the line and sel@dtingew
Fields Around Line from the resulting local menu. Please see Inserting and Placing Multiple
Display Fields (page 77) for more details.
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Transformer Display Objects

Transformers are represented as transmission lines with two opposing coils drawn on one of the
segments. The transformer’s line thickness, color, and symbol segment can be customized using
the Edit Mode. Optionally, circuit breakers and pie charts can be placed on the transformer.
Clicking on the circuit breakers changes the status of the transformer.

Line fields are often placed close to transformers on the oneline to indicate the power flow through
the device. Transformer fields are often placed close to transformers on the oneline to indicate and
control their tap positions. See Transformer Modeling (page 101) for details on modeling either
LTC or phase shifting transformers.

Run M ode

Simulator’s animation feature can be used to indicate the magnitude of the flow through the
transmission line, either in MW or in terms of the transformer’s percentage loading. You can
customize the line flow animation using thrimated Flows Options on the Oneline Display
Options Dialog.

Right-clicking on a transformer displays the line’s local menu, from which you can choose to
inspect the Line/Transformer Dialog.

Edit Mode

New transformers are inserted in much the same way as transformers. To add a new transformer to
the case, first selethsert, Transformer from the main menu, or click tfig ansformer button

on the Insert Palette. Then place the cursor on the first bus for the transforrfrangtes) and

click the left mouse button. Add more segments to the transformer by moving the cursor and
clicking with the left mouse button. To complete the new transformer, place the cursor on the
transformer’s other terminal (thie bus) and double-click with the left mouse button. This calls up

the Line/Transformer Dialog. THeom andto bus numbers for the transformer should have been

set automatically. If there is just one transformer between the buses, the circuit number should be
“1.” For multiple transformers between buses, you must give each a unique circuit number. Enter
the thickness of the lines [in pixels] used to display the transformer, the number of the line segment
in which you would like the transformer symbol drawn, and the size of the transformer symbol.

Enter the per unit (100 MVA base) resistance, reactance and charging susceptance for the
transformer, and an MVA rating. Enter the off-nominal tap ratio and the phase shift angle in
degrees. (For a transformer without tap or phase control, the off-nominal tap should be 1.0 and the
phase shift angle should be 0 degrees.)

Select the appropriate Automatic Control Option. If the transformer does not have tap control,
selectNo Automatic Control (this is the default). SeleAVR (Automatic Voltage Regulation) if

the transformer changes its tap ratio to control the voltage at user specified regulation bus. Select
Reactive Power Control if the transformer changes its tap ratio to control the reactive power

through the transformer. Finally, sel@ttase Shift Contral if the transformer changes its phase

shift to control the MW flow through the transformer. If you need any of the last three options,
select the Automatic Control Options button to set the parameters associated with the automatic
control.

For AVR control, enter the number of the bus whose voltage is to be controlled, the allowable
range for the controlled voltage (in per unit), the minimum and maximum tap ratios (typical values
are 0.9 and 1.1), and the step size for the discrete changes in the tap ratio (typical value is
0.00625).

For reactive power control, the control variable is always the reactive power measuréddoat the
bus (i.e., the tapped side) of the transformer. Positive flow is assumed to be going through the
transformer to théo bus. Enter the minimum and maximum allowable flows, the minimum and
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maximum tap ratios (typical values are 0.9 and 1.1), and the step size for the discrete changesin
the tap ratio (typical value is 0.00625).

For phase shift control, the MW flow through the transformer is the controlled value. Enter the
bus number of the terminal whose flow is controlled, the allowable range for the controlled flow
(positive flow is assumed to be into the transformer at the terminal entered in the previous field),
the minimum and maximum phase angles (typical values are -30° and 30°), and the step sizein
degrees (typical values are between 1° and 2°).

Select OK to save the values and return to the Transformer Options Dialog; otherwise select
Cancdl.

If you would like the transformer to be initially modeled as being on automatic control at the start
of the case, select the Automatic Control Active checkbox.

If you do not want to add the transformer to the case, select Cancel.

To modify the parameters for an existing transformer, position the cursor anywhere on the device

and right-click. This brings up the local menu from which you can choose to view the
Line/Transformer Dialog. Use the Line/Transformer Dialog to adjust many of the transformer’s
electrical properties. Selelebr mat, Display Appearance to change the transformer’s color
and/or line thickness.

See Transformer Modeling (page 101) for details on modeling either LTC or phase shifting
transformers.

Transformer Fields on Onelines

Transformer fields are used to show field values specific to transformers, such as tap position.
Run Mode

If there is a spin control integrated with the field, you can click on the spinner to change the field’s
value by the associat&klta Per Mouse Click.

Right clicking on the transformer field displays the Transformer Field Dialog.
Edit Mode

To enter a new transformer field, selbtsert, Fields, Transformer Field from the main menu or
theTransformer Field button on the Insert Palette, and then click on the transformer object to
which you want to add the new field. This calls up the Transformer Field Dialog. Enfiemthe

andto bus numbers associated with the device (the default values for these fields correspond to the
transformer on which you clicked), and the circuit number of the device. Enter the total number of
digits that the field should display, as well as the number of digits to the right of the decimal point.
Finally, specify what the field should display: the off-nominal tap ratio, the off-nominal tap

position, or the phase shift angle in degrees.

To modify the parameters of an existing transformer field, position the cursor anywhere on the
object and right-click to bring up the Transformer Field Dialog. Us&dhmat, Display

Appear ance main menu option to change various display attributes for the transformer field,
including its font and background color. Finally, you can usé&thenat, Oneline Display,

Default Font option to change the font for all fields on the display.
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Line Flow Pie Charts on Onelines

The line flow pie charts are used to indicate the percentage MVA, MW, or Mvar loading of a
transmission line or atransformer. The degree to which the pie chart isfilled shows how close the
deviceistoitslimit (provided the device has a nonzero limit). A line flow pie chart becomes
completely filled when the device’s flow meets or exceeds 100% of its rating.

Use thePie Chart Options tab of the Oneline Display Options Dialog to customize various

attributes of all pie charts. The tab allows you to define a warning level at which the size and color
of the pie charts will change to a size and color you specify. The tab also allows you define a limit
percent as well as the size and color to which to change the pie charts when their corresponding
devices violate their limits. You can also specify whether the pie charts should reveal total power
flow (MVA), real power flow (MW), or reactive power flow (MVR). The oneline display options
dialog can be invoked either by selectidgtions/Tools, Oneline Display from the main menu or

by right-clicking on the background of the oneline diagram and selg€@tidgne Display Options

from the resulting local menu.

Right clicking on the pie chart displays the Line Flow Pie Chart Options Dialog. This dialog
allows you to view thérom andto bus numbers and the circuit number of the line/transformer
associated with the pie chart. You can change the pie chart’s size and the MVA rating of the
line/transformer associated with the pie chart.

Edit Mode

To enter a new line flow pie chart, seléesert, Line Flow Pie Chart from the main menu or

click theLine Flow Pie Chart button on the Insert Palette and click on the line or transformer to
which you want to add the pie chart. This opens the Line Flow Pie Chart Options Dialog box.
Enter the near and far bus number associated with the device (these fields default to the terminal
bus numbers of the device on which you clicked), the circuit number of the device, and the desired
size of the pie chart. The field will display the flow value atrtts end of the device. Enter the

size of the device. SeleCK to insert the line flow pie chart. Otherwise, sefeatcel.

To modify the parameters of an existing line flow pie chart, position the cursor anywhere on the
object and right-click. This again brings up the Line Flow Pie Chart Options Dialog box.

DC Transmission Line Display Objects

DC transmission lines are represented on the onelines using multiple segment lines drawn between
two buses. The line thickness and color of dc transmission lines can be customizéonumatg

Display Appearance from the main menu. Line fields are often placed close to dc transmission

lines on the oneline to indicate the power flow through the device.

Note that, unlike ac transmission lines, dc transmission lines cannot be equipped with circuit
breakers.

Run Mode

Simulator's animation feature can be used to indicate the magnitude of the flow on the dc
transmission line, either in MW or in terms of the line’s percentage loading. You can customize the
line flow animation using th&nimated Flows Options on the Oneline Display Options Dialog.

Right-clicking on a dc transmission line displays the line’s local menu, from which you can choose
to inspect the DC Transmission Line Dialog.
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Edit Mode

To add a new dc transmission line to the case, first select Insert, DC Transmission Line from the
main menu, or click the DC Transmission Line from the Insert Palette. Then place the cursor on
the bus you desire to be the rectifier bus for the line and click the left mouse button. Add more
segments to the line by moving the cursor and clicking with the left mouse button. To complete
the new line, place the cursor on the second bus for the line, which will serve as the inverter bus,
and double-click the left mouse button. This calls up the DC Transmission Line Dialog. If you
successfully selected the rectifier and inverter buses, their numbers will be automatically filled in
for you when the dialog opens.

The DC Transmission Line Record Dialog has four separate pages: Line Parameters, Rectifier
Parameters, Inverter Parameters, and Actual Flows. The separate pages can be accessed using the
tabs shown at the top of the dialog. These pages are used to set the modeling parameters
associated with the dc lines.

To modify the parameters for an existing dc transmission line, position the cursor anywhere on the
line and right-click. Thiswill provide accessto the corresponding DC Transmission Line Dialog,
from which you can modify any of the dc line’s parameters. SElehat, Display Appearance
from the main menu to change the color and/or line thickness of the dc line.

To change the shape of the line, first left-click on the line to select it. This causes handles to
appear at each vertex. You can then move any vertex by dragging it with the left mouse button
pressed. To remove a verteX, press CTRL and then click the vertex you would like to delete. To
add a vertex, press CTRL and then click on the line where you would like to add a vertex.

Inserting Interfaces Dialog

Thelnserting Interfaces Dialog is used to insert a group of interfaces. Only interfaces between
adjacent areas or adjacent zones can be inserted automatically; single-branch interfaces between
buses must be inserted with line insertion options. Adjacent areas or zones are those that share at
least one tie line. To reach this field, gatase I nfor mation, Interfaces and then right-click on

the display to bring up the submenu. From the submenu chabednsert Interfaces. This

dialog is NOT brought up throudinsert, Auto Insert, I nterfaces.

The Inserting Interfaces Dialog sports the following fields:
Typeof Interfacesto Insert

Select the type of interfaces to insert. Area-to-area interfaces join adjacent areas, while zone-to-
zone interfaces join adjacent zones. The name of the new interface defaults to “Areal” - “Area2”
or “Zonel-Zone2” with aOptional Prefix.

Optional Prefix

This field allows you to specify an optional prefix of up to three characters. Use this prefix to
avoid duplicating names, particularly when some of the areas or zones have the same name.

Delete Existing Interfaces

If this option is checked, then all existing interfaces are deleted before inserting the new interfaces.
By default, this option is checked. If this option is not checked, the existing interfaces are not
deleted. However, new interfaces will automatically overwrite any existing interfaces having the
same name.

Only Insert Between Areas’Zoneswith Display Filters Set

If this option is checked, the set of potential areas or zones for inserting interfaces is limited to
those for which the display filter setting¥es.
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Limits
Simulator will either calculate an interface rating based on the ratings of the components included
in the interface, or the user can specify a set of ratings to be used for the interface.

Insert Interfaces
Click this button to insert the interface records into the case.
Cancel

Closes the dialog without modifying the list of interfaces.

Interface Display Objects

Interface display objects are used on the onelines to visualize the flow of power through an
interface record. Interface records are used to show the net real power (MW) flow on a group
consisting of one or more of the following devices: 1) transmission lines and/or transformers, 2)
total tie-lines between two adjacent areas, and 3) total tie-lines between two adjacent zones. Only
area-area and zone-zone interface records can be displayed using interface display objects.

Interfaces, like transmission lines, are represented as multi-segment lines, except that they may be
drawn between area/zone objects in addition to buses. Drawing interface display objectsinvolves
the same steps as drawing transmission lines and transformers.  The line thickness and color of
interface objects may be customized by selecting For mat, Display/Zoom L evels from the main
menu.

Interface Fields and Interface Pie Charts are often placed close to or on the interface to indicate
the power flow through the device.

Run Mode

When animation is active, the flow of the arrows on the interface object may represent either the
MW flow through the interface or the currently cal culated power transfer distribution factor
(PTDF) pertaining to that interface. Y ou can customize the appearance of the animated flows
using the Animated Flows Tab of the Oneline Display Options Dialog available using the local
menu.

Right-click on the interface to view the Interface Dialog for this interface.
Edit Mode

The quickest method of inserting new interface objectsis to use the Options, Auto I nsert
Interfaces. Please see Automatically Inserting Interfaces (page 190) for details.

To manually add a new interface object to the case, first select Insert, I nterface from the main
menu, or click the Interface button on the Insert Palette. Then place the cursor on the starting
location for the interface (usually an area/zone object or a bus object) and left-click. Add more
segments to the interface by moving the cursor and the left-clicking at the end of the segment. To
finish adding an interface, place the cursor on the terminal object for the interface and double-
click. Thisthen calls up the Interface Dialog. Either select an existing interface, or define a new
interface (see Interface Dialog (page 108) for details).

Interfaces can be anchored to either area/zone objects or bus objects.

To change the shape of the interface, first left-click on the object to select it. This causes handles
to appear at each vertex. You can then move any vertex by dragging it with the left mouse button
down. To remove avertex, press CTRL and then click the vertex you would like to delete. To add
avertex, press CTRL and then click on the interface where you would like to add the vertex.
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Interface Fields on Onelines

Interface field objects are used to show values associated with interface records.
Run Mode

Right clicking on the interface field displays the Interface Field Dialog.

Edit Mode

To enter anew interface field, select Insert, Field, Interface Field, and then click on the
background of the oneline diagram where you want the field placed. This calls up the Interface
Field Dialog. Enter the name of the interface, the total number of digits desired in the field, and
the type of field.

To modify the parameters of an existing interface field, position the cursor anywhere on the object
and right-click. Thisagain brings up the Interface Field Dialog. Use the For mat, Font command
to change the font (including its color) used with the field; use the M ake Default and Set to
Default to change the font for all fields on adisplay. Usethe Format, Line/Fill command to
change the background color used for the field.

Interface Pie Charts on Onelines

Interface pie charts are used to graphically show the percentage |oading on an interface record.
The amount of shaded region of the pie chart indicates how close the interface isto its limit
(provided the interface has a nonzero limit). The appearance of the interface pie charts, including
their color and the ability to automatically change size based upon loading level, can be
customized on the Oneline Display Options Dialog.

Right-clicking on the interface pie chart displays the Interface Pie Chart Dialog. Thisdialog can
be used to customize the size of the pie chart, or change the interface’s limit.

Edit Mode

To enter a new interface pie chart, selesert, I nterface Pie Chart from the main menu or click
theLine Flow Pie Chart button on the Insert Palette. Then, click the mouse on the interface
object with which you want to associate the pie chart. This calls up the Interface Pie Chart Dialog,
which is used to customize the appearance of the pie chart.

Text on Onelines

Text display objects are used to show single lines of text on the oneline.
Edit Mode

To add descriptive text to the oneline, selesert, Text from the main menu and click the
oneline where you would like the text to appear. The Text Options Dialog will open, asking you to
enter the desired text string.

To modify an existing text object, position the cursor anywhere on the text and right-click. The
New Text Options Dialog will appear, allowing you to edit the text. Us€&thmat,

Display/Zoom L evels menu option to control the font and background color of the text object.
SelectFor mat, Oneline Display, Default Font from the main menu to modify the font properties
for all text objects on the oneline.
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Background Pictures on Onelines

The background of a oneline diagram can display a variety of objects, including lines, filled
polygons, and even pictures. The latter will be discussed in this section.

Edit M ode

Simulator 6.0 can insert bitmaps, jpegs, enhanced and standard metafiles, and icons from files into
the oneline diagram. These pictures may either serve as a background or appear above other
objects on the oneline.

To add a picture object to the oneline diagram, select I nsert, Background Graphic, Picture from
the main menu. Then, click the oneline diagram at the point where you would like the top left
corner of the graphic to be placed. The Open Picture Dialog will open, asking you to select the
graphic file that you want to insert. When you select afile from the dialog, the dialog displays a
preview image so that you can be sure that you are selecting the right file. When you have
identified the file to insert, click OK. The image will then appear on the oneline. 1t may be resized
by dragging its resizing handles.

By default, pictures are inserted at the middle stack level. Thus, they hide most other oneline
display objects. To change the stack level of the picture, click it to select it, and then select
Format, Display/Zoom L evels from the main menu. From the Line/Fill Tab, select the stack level
of your choice. The Base stack level places the picture below all other oneline display objects,
while the Top stack level will cause the picture to obscure all other display objects.

To resize or reshape an existing picture object, click on it to select it and then drag itsresizing
handles. To change the stack level of an existing picture object, click onit to select it and then
select Format, Display/Zoom L evels from the main menu for access to the Line/Fill Tab, from
which you can modify the picture’s stack level.

Background Ellipses on Onelines

The background of a oneline diagram can display ellipses among other items.
Edit Mode

To add a new ellipse, first seldetsert, Background Graphic, Background Ellipse from the

main menu, or click thBackground Ellipse button on the Insert Palette. Then position the cursor
where you would like to place the upper left-hand corner of the ellipse and click with the left
mouse button. An ellipse having the default size and shape is inserted. Drag the ellipse’s resizing
handles to resize/reshape it.

To resize or reshape an existing ellipse, click on it to select it. The resizing handles will appear,
which you can then drag to reshape or resize the ellipse.

SelectFormat, Display/Zoom L evels from the main menu to change the color, line thickness and
fill color of the ellipse.

Background Lines on Onelines

The background of a oneline diagram can display added lines, polylines, and filled polygons
among other items.
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Edit Mode

To add anew background line, first select I nsert, Background Graphic, Background Line from
the main menu or click the Background Line button on the Insert Palette. To draw a series of
straight line segments on the background, follow these steps:

«  Position the mouse cursor where you would the series to begin and click and release the left
mouse button.

*  Movethe mouse to the desired termination point of the first line segment. A straight segment
will follow your mouse movements. Click and release the left mouse button to complete the
line segment and prepare for drawing the next line segment, or double-click if thisline
segment is the last segment you wish to draw.

To draw afreehand shape rather than a series of straight line segments, click and hold the left
mouse button where you would like the freehand shape to begin and drag the mouse to trace the
shape you desire (while holding the left mouse button down). Release the left mouse button to
complete the section of the freehand shape you have been drawing. At this point, you can add
either another freehand section or a straight line segment. When you have finished drawing in the
background, double click the mouse button.

Note that background display objects composed of straight line segments display significantly
faster than lines drawn freehand.

Use the Format, Display/Zoom L evels command to change the color, line thickness and fill color
associated with the line. If the Use Background Fill option on the Line/Fill Tab of the Edit
Multiple Objects Dialog is checked, the line is assumed to be a polygon, with aline automatically
drawn between the first point on the line and the last point. The polygon isfilled using the color
specified in the Fill Color Field.

To change the shape of the lineg, first |eft-click on the line to select it. This causes handlesto
appear at each vertex. You can then move any vertex by dragging it with the left mouse button
down. To remove avertex, press CTRL and then click the vertex you would like to delete. To add
avertex, press CTRL and then click on the line where you would like to add a vertex. Note that
freehand lines are nothing more than a continuous series of vertices.

Background Rectangles on Onelines

The background of a oneline diagram can display rectangles among other items.
Edit Mode

To add anew rectangle, first select Insert, Background Graphic, Background Rectangle from
the main menu. Position the cursor where you would like to place the upper left-hand corner of the
rectangle and click with the left mouse button. A rectangle having the default size is inserted.

Drag the rectangle’s resizing handles to resize/reshape the rectangle.

To resize or reshape an existing rectangle, click on it to select it. The resizing handles will appear,
which you can then drag to reshape or resize the rectangle.

To change the color, line thickness or fill color of the rectangle, first select it by clicking on it and
then choosé&or mat, Display/Zoom L evels from the main menu.
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Links to Other Onelines

Run M ode

Onéline links are one of the mechanisms used in Simulator to allow you to view multiple oneline
diagrams on the same screen. By default, the oneline links are shown as blue rectangles
surrounding atext identifier of the linked oneline diagram. Double-clicking the left mouse button
anywhere within the oneline link object will display the linked oneline diagram, even if it has not
already been opened.

The ability to associate multiple oneline diagrams with a single case may prove particularly helpful
when dealing with large cases. If asingle oneline diagram is used to display a case having many
buses, the diagram may become cluttered, and it will be difficult to analyze the case in sufficient
detail. The ability to associate additional onelines with the case and to call up those additional
onelines using one-links can significantly enhance your view of the system.

Note that you can aso use the File, Open Oneline command from the main menu to open any
oneline diagram (*.pwd) file directly. See Opening a Oneline Diagram (page 36) for further
details.

Edit Mode

To add anew oneline link to a oneline diagram, first select Insert, Oneline Link from the main
menu, or select the Link button on the Insert Palette. Then, click the left mouse button at the
location where you would like to display the new link. The Oneline Link Options Diaog box will
open, asking you to enter the name of the file that stores the linked oneline and a caption for the
clickable oneline link object.

To modify the parameters of an existing oneline link, position the cursor anywhere on the object
and right-click. Thisinvokesthe Oneline Link Options Dialog, allowing you to change the identity
of the linked file and the caption. Select Format, Display/Zoom L evels from the main menu to
modify various display attributes of the oneline link, including its font and background color.
Finally, select For mat, Oneline Display, Default Font from the main menu to modify the font for
all objects on the display.

Document Links on Onelines

Just as you can link to other oneline displays from a oneline diagram using oneline link objects,

you can aso link to documents and data on the world-wide web using Document Link Objects.

When you click on Document Link Objects in Run Mode, your system’s default browser will be
launched to retrieve the linked URL address. This feature is not only for web URL'’s, though. Any
file can be linked and its associated application will automatically open. This means that power
point files or word documents or spreadsheets can also be linked.

To add a Document link to a oneline diagram, selesgrt, Document Link from the main menu.

Then, click the left mouse on the oneline diagram at the position where you would link to insert the
Document link. The Document Link Options Dialog box will appear, asking you to specify the
world-wide web address to which to link as well as a clickable caption to display on the oneline
diagram. Enter the requested information and pp&ss add the Document link object to the

oneline.

To modify the caption or address for a Document link object, right-click anywhere on its text.
Specify its new parameters in the Document Link Options Dialog and@kes¥ ou may also
modify various aspects of its appearance by chod3inmat, Display/Zoom L evels from the

main menu. Finally, to modify the font properties of all text objects on the oneline, including of
Document objects, seleEbrmat, Oneline Display, Default Font from the main menu.
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Note that Document links are active only in Run Mode. Clicking on a Document link object from
the Edit Mode will have no effect other than to select the object.
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Chapter 5

Editing, Formatting, and Customizing
Oneline Diagrams

The Format Menu is used in the Edit Mode to customize the appearance of the oneline diagrams.
This chapter covers the following:

+ Edit Menu

* Format Menu

e Changing Fonts

e Lineand Fill Dialog

e Other Display Object Properties

e Background Color Dialog

e The Drawing Grid

e Zoom, Pan, and Find Dialog

e Default Drawing Values

e Inserting and Placing Multiple Display Fields

e Copying Simulator Data to and from Other Applications

Edit Menu

The Edit Menu allows most of the basic editing functions. It isavailable only in Edit Mode. The
following commands are available on the Edit Menu:

Cut

Deletes the currently selected object(s) from display. Cut objects are aso copied into the paste
buffer.

Copy

Copies the currently selected object(s) into the paste buffer without deleting them.

Paste

Copies the contents of the paste buffer (if any) onto the display at the current cursor location.
Delete

Deletes the currently selected object(s) from the display without also copying the object(s) to the
clipboard.
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Select by Criteria

Brings up the Select by Criteria Dialog which allows selection of many objects which meet a set of
criteria. For example, you could select all the 345 kV transmission linesin Area X and then
change them to the color blue using the Format Selection Dialog.

Rectangle Selector

The Rectangle Selector option is available only from the Edit Palette. 1t enablesyou to select all
objectsin a particular region of the oneline diagram.

Cut Command

The Cut Command is used in the Edit Mode to delete the currently selected object(s). To delete a
set of objects, first select the objects. Then select the Cut command from the Edit Menu. For
power system objects, such as buses, generators or transmission lines, you are given an option of
whether to delete just the display object(s), or delete both the display object(s) and their underlying
power system records. See Relationship Between Display Objects and the Power System Model
(page 33) for further explanation of these choices. To delete only the display object(s) and never
the power system records from now on, select the Always Delete Object(s) Only option. You

will not be prompted again. Y ou can disable this selection on the Default Drawing Options
Dialog.

Unlike Delete, Cut also copies the selection into the paste buffer.

Copy Command

The Copy Command copies the currently selected object(s) into the paste buffer without deleting
them. For power system objects, such as buses, generators or transmission lines, you are given an
option of whether to copy just the display object(s), or copy both the display object(s) and their
underlying power system records. See Relationship Between Display Objects and the Power
System Model (page 33) for further explanation of these choices. To copy only the display
object(s) and never the power system records from now on, select the Always Copy Object(s)
Only option. You will not be prompted again. Y ou can disable this selection on the Default
Drawing Options Dialog.

Paste Command

The paste command copies the contents of the paste buffer (if any) onto the display at the current
cursor location. Use the Paste command from the Edit Menu. Note that the paste buffer may
contain both display objects and the underlying power system records. When pasting, the display
objects are pasted regardless of whether an identical display object already exists on the oneline.
In contrast, duplicate power system records are never pasted. Thisis because, for example, itis
acceptable to have two display objects referring to the same generator, but the generator exists
only as asingle entity in the power system model. See Relationship Between Display Objects and
the Power System Model (page 33) for further details.
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Delete Command

The Delete Command is used in the Edit Mode to delete the currently selected object(s). To delete
aset of objects, first select the objects. Then select the Delete command from the Edit menu. For
power system objects, such as buses, generators or transmission lines, you are given an option of
whether to delete just the display object(s), or delete both the display object(s) and their underlying
power system records. See Relationship Between Display Objects and the Power System Model
(page 33) for further explanation of these choices. To delete only the display object(s) and never
the power system records from now on, select the Always Delete Object(s) Only option. You

will not be prompted again. Y ou can disable this selection on the Default Drawing Options
Dialog.

Unlike Cut, Delete does not copy the selection into the paste buffer.

Select by Criteria Dialog

Selecting Edit, Select By Criteria from the main menu brings up the Select By Criteria Dialog.
The Select By Criteria Dialog provides away of selecting objects that meet a specific set of
criteria. The criteriamay include Area Numbers, Zone Numbers, Voltage Levels, Zoom Levels,
and Object Type.

Use the dialog’s controls to specify the selection criteria. UsArtbe andZone fields to select

the areas and zones in which you want to select display objects. Ranges of area and zone numbers
can be entered in the usual way, or you can checklth&reas or All Zones boxes to select all

areas and all zones. Specify the max and min voltage levels for selected objects using the boxes
that are provided, keeping in mind that all voltages are in kV. Specify the max and min zoom
levels in the provided boxes to select only those display objects that are visible over the specified
zoom range. Next, select the type of object in which you are interested from the supplied list. To
select multiple items from this list, use the CTRL or SHIFT keys in tandem with the left mouse
button. Display object types that are prefixed by '+', suéresField (All), are expandable,

meaning that they have several associated subtypes. If you click on a '+' sign to expand a list, you
may click on the resulting '-' to compact it. Finally, selecSdiect All Except What M eetsthe

Above Criteria if that is what you wish to do.

Once you have selected the criteria and pre@sedll objects that satisfy ALL the criteria will be
chosen. If the Select All Except What Meets the Above Criteria is unchecked, then the selected
objects will lie within the specified areas AND zones, the specified voltage level, and the specified
zoom levels, and will be of one of the drawing types specified.

Using this dialog in conjunction with the Format Selection Dialog, can be a very fast and easy way
to customize your displays.

NOTE: When choosing to select all tie lines, all objects associated with the tie line will also be
selected. This includes all line fields for the line as well as the two buses that are the endpoints of
the line.

Rectangle Selector

You can also use the Rectangle Selector button on the Edit Palette to select all objects in a
particular region of the oneline. After clicking the Rectangle Selector button, click and hold the left
mouse button on the oneline at the point where you would like to begin the selection. Then, drag
the mouse to size the selection rectangle. Finally, let go of the mouse button once every object you
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need to select has been selected by the selection rectangle. Handles will appear on every object
located within the selection rectangle, indicating that they have been selected.

Format Menu

The Format Menu can be used to change the screen appearance of either individual objects or the
entire display. If no items are currently selected, the only options available from the Format Menu
liein the Oneline Display submenu, which controls various attributes of the oneline display as
whole. Otherwise, the options available from the Format Menu allow you to modify the
appearance of one or more currently selected objects.

Choosing any of thefirst four options offered by the Format Menu brings up the Format Selection
Dialog. The Format Selection Dialog is subdivided into four tabs that control different aspects of
display objects, including font, line thickness and style, fill color, zoom levels, and individual
object size and display orientation.

The Format Menu offers the following options:
Font

Select this option to change the font with which the selected objects are displayed. The Font Tab
of the Format Selection Diaog is displayed.

LinefFill

Select this option to change the line thickness and style with which a display object is drawn, the
fill color for closed shapes, and the relative level at which an object isdrawn. The Line/Fill Tab of
the Format Selection Dialog is displayed.

Zoom Levels

Simulator can hide or show display objects based on the current zoom level. Usethe Zoom Levels
option to designate the zoom level at which the currently selected objects are visible. The Zoom
Levels Tab of the Format Selection Dialog is displayed.

Display Appearance

The Display Appearance menu option provides a more general formatting tool. It simply invokes
the Format Selection Dialog, from which the font, line/fill, conditional zoom, and object display
attributes can be changed.

Send to Back, Bring to Front

The Send to Back and Bring to Front menu options govern the visibility of display objects that
occupy the same screen stack level. All objects have an associated screen stack level, which may
be one of Base, Background, Middle, or Top. Objects having a screen stack level of Top obscure
all objects having stack levels of Middle, Background, or Base that occupy the same region of the
screen. They may or may not obscure objects having the same stack level of Top depending on the
order in which the objects having the same stack level are drawn. Selecting Send to Back for a
selected object will cause it to be obscured by all other same-level objects that occupy its location.
Selecting Bring to Front for a selected object will cause it to be drawn above al other same-level
objects that occupy the same region of the screen. The Send to Back and Bring to Front menu
options govern relative placement of objects only within stack levels. The Send to Back and Bring
to Front options do not affect the relative placement of objects having different stack levels.

Onédline Display

The Oneline Display option contains a submenu of options that control the display of the oneline
diagram as awhole. These options are discussed below.
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Default Font

Use this option to specify the oneline diagram’s default font. Changing the default font will
change the font used for all text objects on the display whose font has not already been changed
using the Format Selection Dialog.

Background Color

Displays the Background Color Dialog. This dialog is used to change the background color of the
display.

Drawing Grid

Displays the Drawing Grid Dialog that is used to control the drawing grid. The drawing grid is an
invisible network of lines that helps you align various objects on the oneline. Use this display to
change the drawing grid used for positioning objects on the display.

Zoom/Pan

Displays the Zoom/Pan Dialog which is used to specify a desired zoom level for the display, as
well as a new screen center. This dialog also allows you to pan to specific object on the oneline.

Format Selection Dialog

The Format Selection Dialog features three tabs of controls for modifying the display attributes of
selected objects.

Font
The Font Tab is used to change the font used in text/font objects.
LinelFill

The Line/Fill Tab is used to change the line size, color, and style and the fill color with which the
selected objects are drawn.

Object Display

The Object Display Attribute Tab controls the size and orientation of the selected objects, as well
as the range of zoom levels over which it is to be displayed.

Font Properties

The Font Tab allows you to define the font for the selected objects. It also allows you to control
the default display font through two buttons labelkake Default andSet All to Default.

By clicking onM ake Default, the current font name, size, and effects will be set as the default
font for the display. This has the same effect as selgetingat, Oneline Display, Default
Font.

By clicking onSet All to Default, all the selected objects will be set to the default font name, font
size, and font effects.
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Line/Fill Properties

The Line/Fill Tab is used to customize the line size/color and thefill color of selected objects.

Y ou can view thistab by selecting Format, Line/Fill from the main menu. This tab’s controls can

be used to change the appearance of most, but not all, screen objects. When you modify the line
thickness or color of an object, these new values will be set as the default settings for all new line
objects. You can view the case defaults using the Default Drawing Options Dialog. The Line and
Fill Options tab has the following fields/commands:

Line Thickness
Thickness of the line in pixels.
Dashed

Allows setting a line to appear as a dashed line on the diagram. There are three types of line
dashing to choose from in the drop down menu for this option.

Note: Due to drawing limitations, the line thickness for a dasheching be equal to 1. Any
other line thickness will result in the line being drawn as solid, regardless of the dashed setting.

Line Color

The Line Color field shows the current line color. To change the line’s color, click on the box
displaying the current line color, or click tdange Line Color button. This displays the Color
Dialog. Select the desired color and select OK to change the color, or click Cancel if you do not
wish to change the color.

M ake Default for New Line Objects

Changes the default line settings so that any additional lines drawn on the display will
automatically exhibit the selected features.

Use Background Fill

Click on this field to toggle whether or not to fill the background for the selected objects with the
selected background fill color. Only text objects such as Text, Bus Fields, Line Fields,
Transformer Fields, and Area Fields and background objects such as Background Lines and
Background Rectangles can be filled.

Fill Color, ChangeFill Color

The Fill Color field shows the current fill color. To change the fill color, click on the box that
displays the current fill color, or click tlghange Fill Color button. This displays the Color

Dialog. Click on the desired color and the select OK to change the color, or click Cancel if you do
not wish to change the color.

Stack Level

The stack level determines how overlapping objects are shown on the display. Simulator draws
Base objects first, followed by Background, Middle, and Top level objects. Thus, Base objects
appear below all other objects occupying the same location, while Top level objects appear above
all other objects occupying the same location. Emenat, Send to Back andFor mat, Bring to

Front options from the main menu to adjust the display of competing objects having the same
stack level.
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Other Display Object Properties

Use the Object Display Attribute Tab of the Format Selection Tab to change the display size, pixel
thickness, orientation, and conditional display of the selected objects. To change the display size
of the selected objects, modify the Size parameter. Modify the Pixel Thickness attribute to adjust
the pixel thickness of the selected objects. To change the orientation of the selected objects,
modify the Orientation setting. To toggle whether or not the selected objects are anchored ,
check or uncheck the Anchored option.

Y ou may also use this tab to control the zoom-conditional display of selected objects. Simulator
can associate with an object azoom level range for which it will be displayed. Check theUse
Conditional Display box to indicate that the object should be displayed only at certain zoom
levels. The Low Zoom Level field then determines the minimum zoom level at which the object is
displayed, while the High Zoom L evel field determines the maximum zoom level at which the
object is displayed.

Number of Selected Objects
Thisfield shows the number of objects that are currently selected on the oneline.

Setting Background Color

The Background Color Dialog changes the background color for the display. To view this dialog,
select Format, Oneline Display, Background Color. Click Change Color to bring up the Color
Dialog, which you can then use to select the new background color. Click OK to register the new
color. The Background Color Dialog will provide a preview of the color you selected. To define
this color as the default background color to use in all new onelines you create, click the Set as
Default Background Color. Finally, click OK to save your color selection.

Drawing Grid

The display grid is an invisible network of lines that helps you align various objects on the oneline.
To enable this option, check the Snap to Grid option. The x Grid Resolution and y Grid
Resol ution fields determine the number of gridlinesin the x and y directions.

Y ou can temporarily disable the Snap to Grid option by holding down the ALT key while moving
an object.

Zoom, Pan and Find

The Zoom, Pan, and Find Options Dialog is used to specify a desired zoom level and screen
location or to locate a particular bus or area/zone on the oneline. The dialog has the following
fields:

Find Objectson Onéline

The Find Object on Oneline section of the dialog is used to pan to any desired bus object or
area/zone object on the oneline.

Object Type

Select Buses to find a bus object, Areasto find an area object, or Zonesto find a zone object.
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Object ID

Enter the object’'s number or name or select the dropdown arrow to see a list of all the objects of
the specifiedbject type shown on the oneline.

Find By

Used to specify whether the user is entering the object by its number or by its name. This option
also determines how the entries in @igect ID combo box are sorted (either by number or by
name).

Only Include Objects Visibleat Current Zoom Level

If checked (the default), then tlibject ID combo box only lists those objects that are visible at
the current zoom level.

Pan to Object on Oneline

Click this button to pan to the specified object. The object will be located at the center of the
oneline diagram. This command does not change the zoom level.

Oneline Zoom L evel and Screen Center

The Oneline Zoom Level and Screen Center section of the dialog is used to allow the user to
specify either a new zoom level and/or screen center and to define these as the new display default
settings. The zoom level and screen center can also be changed from the keyboard. Please see
Oneline Zooming and Panning (page 26) for details.

Zoom Level
Enter the desired percentage zoom level (nhominal is 100%).
Horizontal, Vertical

Enter a desired location for the center of the screen. The nominal screen center is 50 horizontal and
50 vertical.

Restore Default Values
Resets the zoom level and screen center to the default values.
Set as Default Values

Sets the current zoom level and screen center as the default values for the oneliRan/Zidom
to New L ocation button must be clicked before this feature can be implemented.

Pan/Zoom to New L ocation

Changes the screen center and zoom level to the values specified in the above fields.

Default Drawing Values

The Default Drawing Options Dialog allows you to see and change the various default values used
to create new objects. To show this dialog sedgtions/Tools, Default Drawing Valuesin Edit

Mode. Most of these values are updated dynamically when you create a new object and initially
select a non-default size value.

See Setting Default Drawing Options (page 194) for more information.
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Inserting and Placing Multiple Display Fields

Simulator 6.0 provides a convenient method of adding display fieldsto a variety of oneline display
objects and placing them in default positions relative to the display object. Unlike the field
placement implemented by selecting I nsert, Fields from the main menu, the method described
here allows you to place multiple fields around a display object in asingle operation. This option
isavailable for several different types of objects, including buses, generators, lines and
transformers, shunts, and loads. The option can always be accessed by right clicking the display
object of interest and selecting the Add New Fields to .option from the resulting local menu.

The dialogs for inserting and placing multiple display fields for the various display objects (buses,
generators, lines/transformers, shunts, and loads) are virtually identical in content. The top portion
of the dialog illustrates the possible locations of the display fields for the various orientations of
the display object. For example, since buses may be oriented either horizontally or vertically, the
dialog shows how each of the eight possible bus fields would be positioned for each of the two
orientations. Generators, loads, and shunts each have four possible orientations, so the dialog
identifies the locations for the possible fields for each of the four orientations. Transmission lines
and transformers can assume only one orientation, and the dialog will thus show the possible field
locations for that single orientation.

Each field location is identified on the illustrations with alabel of the form Pos # The next

section of the dialog is used to assign field types to these positions. For example, suppose you

want to add a voltage field in position 1 for a bus display object. From the field typedropdown

box situated next to the label ‘Posl’, select ‘Voltage'. Then, specify the total number of digits and
the number of digits to the right of the decimal using the adjacent spin controls. Bus field position
#1 will then specify the bus voltage to the precision you have specified. You may then assign

other field types to other field positions around the bus. Adding fields to other display object types
proceeds in an identical manner. Of course, the types of fields you can add varies with each object

type.

Four buttons occupy the bottom of the dialogs used to insert and place multiply field objects. To
employ the just defined field placement for all devices of the same type that will be added, click
the Set as Default for New Objects button. This changes the default fields that will be added
whenever a new object of the same type is dropped on the oneline. To restore the previous set of
default fields, click thé.oad Default for New Objects button. The previous default fields set will

be applied to the current display object and to all subsequently added display objects of the same
type. ClickOK to implement your choices for field additions and placement, or Chokel to

discard the changes.

It should be noticed from this discussion that all objects have an associated set of default fields that
will be added to the oneline with them. You may redefine the default fields set as just discussed by
pressing thé&et as Default for New Objects button. Alternatively, sele@ptions/Tools, Default

Drawing Values from the main menu and press 88t Default Fields Adding button on the

resulting Default Drawing Options Dialog. This brings up a five-page dialog, each page of which
can be used to define field additions and placement for a particular display object type (bus,
generator, line/transformer, load, and shunt).

Copying Simulator Data to and from Other Applications

You may sometimes find it useful to copy data from Simulator to other applications such as a word
processor or spreadsheet program. Alternatively, you may want to copy data from other
applications into Simulator. Simulator’s case information displays provide a convenient way to
accomplish this. In particular, ti@opy All, Copy Selection, andPaste options from the local

menu allow Simulator to communicate data with other applications.
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To copy aselection of data from a case information display to another application, first select the

range of cellsto copy from the case information display. Then, right-click on the case information
display to display its local menu, and choose Copy Selection. To copy the entire content of a case
information display to another application, follow the same procedure, except choose Copy All

from the local menu instead of Copy Selection. Switch to the application that will serve as

destination for the data and use that applicatiBa&%e command to finish copying the selected
Simulator data to that application. Note that not only is the data copied, but so are the data
headings. The data headings are very important to maintain if you are planning on copying data
from a spreadsheet back into a Simulator case information display.

To paste data from another application into a case-information display, select the data in the other
application and use that application’s Copy command. In order to paste back into Simulator, you
must have the record type and data headings selected with the columns of data. The record type
must match the case information display you are attempting to paste into, and the data headings tell
Simulator which columns of data you are pasting. It is not necessary to copy and paste all columns
or rows of data back into Simulator, as long as the column headings match a valid heading for the
case information display. It is also important to note that you CANNOT have columns of data that
are unrecognizable by Simulator in between valid data columns in the data you are attempting to
paste. Simulator will only paste columns of data from the clipboard up to the point where it finds

an unrecognizable column header. If there are any valid columns of data after the unrecognized
column, that data will be ignored. If you wish to copy data from a spreadsheet into a Simulator
display, you must make sure they are ordered in such a way that all the information you wish to
paste can be grouped and copied as one block of date from the spreadsheet. Once you have copied
all the information from the spreadsheet you wish to transfer, switch to Simulator, open the case
information display in which to paste the data, and s&leste from its local menu.

Note: you can only paste values into the case information displays if the values are enterable on
the display (shown blue by default). Also, be careful about pasting redundant data. For example,
in the Bus Records display both voltaggpén unit and voltage ifkV are enterable, but they

specify the same information. Make sure you only copy ONE of these columns into Simulator.
Otherwise you may not get what you expect. Simulator will paste the value in twice, and whatever
value was pastedwill show up.
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Chapter 6

Oneline Display Object Information

This chapter provides a description of the properties of each of the Oneline Display Objects. Note
that when you are using the Simulator, you can obtain context sensitive help for oneline objects by
positioning the cursor on the desired object and pressing the F1 key.

Area Information

The Area Information Dial og shows information about each areain the system. It displaysan

area’s load, generation and losses; the area’s scheduled interchange with other areas; options for
controlling the area’s generators, transformers, and shunts; the flows on its tie lines; and its
operating cost information. You may view this dialog by doing any of the following:

Right-click in an empty portion of the oneline near a bus in the area of interest to display the
oneline’s local menu. Seledtea Information Dialog.

SelectCase I nformation, Areas from the main menu. This displays the Area Display. Right-
click on the record corresponding to the desired area to bring up the display’s local menu, and
chooseShow Dialog.

Right-click on an Area/Zone Display Object that represents an area.

The Area Information Dialog contains the following information:

Number

A dropdown box that specifies the area number. Select an area from the dropdown box, or use the
spin button to cycle through the list.

Find By Number

To find an area by its number, type the number ililiber field and click this button.

Name

A dropdown box that specifies the area’s alphabetic identifier, which may be of up to eight
characters.

Find By Name

To find an area by its name, type the name il\idme field and click this button.

Super Area

To associate an area with a particular super area, either select an existing super area from the
dropdown box, or type the name of a new super area.

Area Control Options

Select to change the area’s method of Automatic Generation Control (AGC.)
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Set Factors

Press this button to open the Generator Participation Factors Dialog, which gives you control over
how the participation factor for each generating unit is defined. 1f you decide not to prescribe
participation factors using this button, Simulator will assign participation factors in proportion to
the maximum MW rating of each unit.

Therest of the AreaInformation Dialog is divided into five pages of controls, which are described
here:

I nfor mation/Inter change

The Information/Interchange Tab serves as an accounting sheet for flows into and out of an area.
It houses the following controls:

Load, Generation, Shunts, L osses, I nterchange

These read-only fields express the total real and reactive |oad, generation, shunt compensation,
losses, and interchange for the area.

Base I nterchange

Base scheduled interchange in MW between the area and all other areas (exporting power is
positive). Base Interchange isinterchange for which detailed time-dependent schedules are not
modeled. See Area Transactions Modeling (page 121) for more information on the difference
between Base Interchange and Scheduled I nterchange.

Use the Base I nterchange by Area Tableto set the interchange between the area and al other
areas. To prescribe the interchange with a specific area, simply enter the amount of power in MW
to export to that areain the MW Export column. To specify an import, enter a negative value. |If
the recipient of the power is unknown, you may enter the net total in the MW Export field for the
Unspecified arearecord. To save the changes you make to this table, be sure to click Save
Changesor OK. To sort the entries in any column in the Base Interchange Table, simply left- or
right-click on the column title.

Sched. Interchange (MW)

Current scheduled interchange in MW between the area and all other areas, with power exports
represented as positive. In pure power flow studies, Base Transactions are normally used instead
of Scheduled Transactions, because pure power flow studies usually do not require time or cost
information. For a discussion of modeling area transactions covering how to set up scheduled
transactions and the difference between this field and base interchange, see Area Transactions
Modeling (page 121).

Area Control Error

Current area control error (ACE) for the areain MW. Note that, when the constant frequency
model isused, ACE = area generation - areaload - area |losses - scheduled area interchange.

MW Tolerance

The MW toleranceis used in enforcing areainterchange. When the absolute value of the ACE is
less than this value, Simulator considers the area interchange constraint to be satisfied.

Options
Report Limit Violations

If checked, limit violations for this area are reported. Limits violations are reported in the Limit
Violations List.
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Generation AGC Values

These fields indicate the total available AGC range for all the generatorsin the zone that are
specified asbeing on AGC and have nonzer o participation factors. That is, these fields show
the total amount the generation in the area or zone that can be increased or decreased using the
presently on-line generation. This may be referred to as the spinning reserve. The generator
status, AGC status, and participation factor can be changed on the Generator Records Display.

L oad Schedule

Use this dropdown box to specify the load schedule to use for the area. The load schedule
prescribes how the load in the area should vary with time.

Load Multiplier Value
Thisvalueis used for scaling the area load.
Automatic Control Options

The Automatic Control Options section provides a convenient mechanism to enable or disable
automatic control of switched shunts and transformersin the area.

Area Slack Bus Number
Identifies which bus to model as the area’s slack bus.
Generator MW Limits

Indicates whether or not generator MW limits should be enforced for the area. If youldb®ose
Case Default, the setting specified on tiRewer Flow Solution Tab of the PowerWorld Simulator
Options Dialog will be used instead.

Include L oss Penalty Factorsin ED

If this box is unchecked, then the economic dispatch for the area is calculated assuming that the
area is lossless. Otherwise, the solution will incorporate losses when computing the economic
dispatch. The penalty factors gauge the sensitivity of the area’s losses to changing injection at
specific generators. The option to calculate loss penalty factors is relevant only when the area
operates according tconomic Dispatch Control. Usually, if the system’s cost curves are

relatively flat, the inclusion of losses in the solution will not have much of an effect on the
dispatch.

Economic Dispatch Lambda

The lambda value calculated during the economic dispatch computation. This field is valid only
when the area is on economic dispatch control.

Wheeling Charge

The transmission price charged by the area for wheeling power between two other areas as part of
a transaction.

TieLines

The tie line grid shows the flow on all of the tie lines for the area. The grid displays the area name,
bus number, and bus name for each terminal of the tie line, with the local area’s terminal listed
first. The next column shows the tie line’s circuit identifier. The next two columns show the real
and reactive powditowing from thisareato the other area. The next column gives the status of

the tie line as open or closed. The last two columns show the real and reactive power losses.

Simulation Summary

Earlier versions of Simulator employed a distinction betv&ewlation andStudy applications.
In Sudy mode, system economics are essentially ignored. This mode was used to perform pure
power flow studies for which economics were not a concern.Shhgation mode was commonly
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applied to timed simulations where area costs were a primary concern. Interms of the user
interface, the only difference between the two modes involved which of the two varieties of Area
Information Dialog were presented to the user. As of Simulator 6.0, the application no longer
enforces this dichotomy between Study and Simulation modes. To maintain compatibility with
earlier versions, however, the Simulation Summary tab has been provided to house the contents of
the Simulation-mode Area Information Dialog.

Total Area Cost
Total areacost in $ from the start of the simulation to the current time.
Hourly Cost

Current average hourly cost for the areain $/hour. Select the Graph Button to the right of this
field to display the Hourly Cost Chart for this area.

Lambda
Current incremental cost for theareain $¥MWH. Thisfield isonly valid if the areais on AGC.
L oad

Present areaload in MW. Select the Graph Button to the right of thisfield to display the Load
and Generation Chart for this area.

Generation

Current generation for the areain MW. Select the Graph button to the right of thisfield to display
the Load and Generation Chart for this area.

L osses

Current real power lossesin MW for the area. Select the Graph Button to the right of thisfield to
display the Area Losses Chart for this area.

Scheduled I nterchange

Current scheduled interchange in MW between the area and all other areas (selling power is
positive) beyond the base value. Select the Graph Button to the right of thisfield to display the
Area MW Transactions Chart for thisarea. For adiscussion of modeling area transactions,
including how to set up scheduled transactions and the difference between this field and base
interchange, see Area Transactions Modeling (page 121).

Area Control Error

Current area control error (ACE) for the areain MW. When the constant frequency model is used,
ACE = area generation - areaload - arealosses - scheduled areainterchange. Select theGraph
Button to the right of thisfield to display the ACE Chart for this area.

Inadvertent Interchange

The inadvertent interchange keeps track of how much energy in MWH beyond its requirements the
area has produced. The inadvertent error increases anytime the ACE is positive (indicating the
areais producing too much power), while it decreases anytime the ACE is negative.

Unserved Load (MW)

Current amount of areaload that is not being served. To account for the economic costs associated
with this unserved load, the area hourly cost is increased by a value equal to the amount of
unserved load times the case-wide cost for unserved load (expressed in ¥MWH), which is
specified on the Smulation Tab of the PowerWorld Simulator Options Dialog.
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Base I nterchange

Base interchange in MW between the area and all other areas, with exports represented as positive.
Base interchange represents real power transactions for which detailed time-dependent schedules
and cost information are not modeled. See Area Transactions Modeling (page 121) for more
information on the difference between Study Transactions and Scheduled Transactions.

Scheduled MW Transactions

The Scheduled MW Transactions tab identifies the scheduled transactions in which the area
participates. For more information on this table, please see MW Transactions Display (page 162).

Area Field Information

Areafield objects are used to show different values associated with areas and the system. This
dialog is used to view and modify the parameters associated with these fields. Note that the area
number itself cannot be changed on this dialog.

Area Number

Areanumber associated with the field. When you insert fields graphically, thisfield is
automatically set to the area number associated with the closest bus on the oneline. With most
types of areafields, an Area Number of O isvalid and defines the field as showing values for the
entire system.

Total Digitsin Fields

Total number of digitsto show in the field.

Digitsto Right of Decimal

Number of digits to show to the right of the decimal point.
Other Area Number

Some of the fields, such asMW Flow to Other Area, require that a second area be specified. If
applicable, enter the second (other) area here.

Delta MW per M ouse Click

Thisvaueis used only with the Sched Flow to Other Area field type. When there is a nonzero
entry in thisfield, and the field type is Sched Flow to Other Area, a spin button is shown to the
right of the areafield. When the up spin button is clicked, the flow to the other areais increased
by this number of MW,; when the down button is clicked, the scheduled flow is decreased by this
amount.

Field Value

Shows the current output for the areafield. Whenever you change the Type of Field selection, this
field is updated.

For the Sched Flow to Other Areafield type only, you can specify anew valuein MW. Exports
are assumed to be positive.

Type of Field
Used to determine the type of areafield to show. The following choices are available:
Name

Area name (eight characters maximum). The Area Number field must correspond to avalid area.
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Number
Areanumber (1 - 999). The Area Number field must correspond to avalid area.
MW Load, Mvar Load

If the area number is nonzero, then these fields show Total MW or Mvar load for the area. |If the
area number is zero, these fields show the total 1oad in the entire system.

MW Generation, Mvar Generation

If the Area Number is nonzero, then these fields show Total MW or Mvar generation for the area.
If the Area Number is zero, these fields show the total generation in the entire system.

MW Losses, Mvar L osses

If the Area Number is nonzero, then these fields show Total MW or Mvar losses for the area. If
the Area Number is zero, these fields show the total losses in the entire system.

ACE (MW)
Area Control Error in MW for the area. The Area Number field must correspond to avalid area.
Hourly Cost ($/hr)

If the Area Number is nonzero, then this field shows the hourly cost for the area. If the Area
Number is zero, these fields show the hourly cost for the entire system.

Total Cost ($)

If the Area Number is nonzero, this field shows the total cost incurred by the area since the
beginning of the simulation. If the Area Number is zero, thisfield shows the total cost incurred
throughout the system since the beginning of the simulation.

MW Flow to Other Area, Mvar Flow to Other Area

Total MW or Mvar flow from the area specified in the Area Number field to the area specified in
the Other Area Number field. The Area Number field must correspond to avalid area. If the
Other Area Number field is zero, this field shows the area’s total MW or Mvar exports.

Sched. Flow to Other Area

Total scheduled MW transactions from the area specified iArdgeNumber field to the area
specified in thedther Area Number field. TheArea Number field must correspond to a valid area.
If the Other Area Number field is zero, this field shows the area’s total scheduled MW
transactions. If thBelta per Mouse Click value is nonzero, you can use the spin arrows on the
oneline to change this value. Also, you may directly enter a new valuehretti&alue field.

SelectOK to save changes and close the dialoGamcel to close dialog without saving your
changes.

L oad Schedule M ultiplier

Indicates the current value of the multiplier applied to the zone’s loads. See Load Variation
Dialog (page 160) for more detail.

AGC Status
Displays the AGC status of the area.
Select a Field

Choose from 40 different choices.
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Bus Information (Edit Mode)

Thisdialog is used to view/modify information about each bus in the system during Edit Mode. It
isvery similar in content to its Run Mode counterpart.

Bus Number

Unique number between 1 and 99,999 used to identify the bus. Y ou can use the spin button
immediately to the right of the number to move to the next bus (click the up arrow) or the previous
bus (click the down arrow).

Find By Number

To find a bus by its number, enter the number into the Bus Number field and then click this
button.

BusName
Unique aphabetic identifier for the bus consisting of up to eight characters.
Find By Name

To find a bus by its name, enter the bus name into the Bus Name field (case insensitive) and then
click this button.

Display Size

Specifies the length of the busif its orientation is horizontal and height of the busif orientation its
orientation is vertical.

Pixel Thickness

Thickness of the busin pixels.
Orientation

Either horizontal or vertical.
Area Number

Number of the bus’ area. Each bus must be associated with an area record. If a bus is specified as
belonging to an area that does not already exist in the model, the new area is created.

Area Name

Alphabetic identifier for the bus’ area. If the area already exists, you do not need to enter this
value.

Zone Number

Number of the bus’ zone, between 1 and 999. Each bus must be associated with a zone record. If a
bus is specified as belonging to a zone that does not already exist in the model, the new zone is
created. Zones provide a useful mechanism for breaking up a large system. Buses can be assigned
to zones independent of their area assignments. Thus, a single area could contain multiple zones,
or a single zone could span multiple areas. You can use the Zone Dialog to list the buses in a
particular zone and easily move a group of buses from one zone to another

Zone Name

Alphabetic identifier for the bus’ zone. If the zone already exists, you do not need to enter this
value.

Nominal Voltage

The nominal voltage for the bus in kV.
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System Slack Bus

Check only if the bus should be modeled as a system slack bus. Each case requires at |east one
slack bus.

Voltage (pu), Angle (degrees)

Current per-unit voltage magnitude and angle for the bus. If you are inserting a new businto an
existing system, you should not change theinitial per unit voltage values. Rather, when you
first switch to Run Mode, Simulator will estimate the voltage magnitude and angle at the new
busesin such away asto reduce the initial mismatches. Thisautomatic estimation isonly
availableif you have not modified the voltage in any way.

Load Summary Information

Displays the net MW and Mvar load at the bus. Y ou cannot change either of these fields from this
display. Select the View/Edit Bus Load Records to view the individual load records for the bus via
the Load Dialog.

Shunt Admittance

Thereal (G) and reactive (B) components of shunt compensation at the bus, expressed in MW and
MVR, respectively.

OK, Save, Delete, and Cancel

OK saves your changes and closes the dialog. Save saves your changes but does not close the
dialog; this allows you to use, for example, the Find By Number command to edit additional buses.
Cancel closes the dialog without saving any changes.

Bus Field Information

Bus field objects are used primarily to indicate various quantities associated with bus devices.
Furthermore, some bus field types, which are distinguished by an integrated spin button, may be
used to change bus device properties.

The Bus Fields Information Dialog can be used to modify the properties of individua busfields on
the oneline. The dialog displays the following fields:

Bus Number

Number of the bus associated with the field. Use the dropdown box to view alist of all busesin
the case with valid display filters.

Bus Name

Name of the bus associated with the field. Use the dropdown box to view alist of all busesin the
case with valid display filters.

ID

The ID field is used when showing generator or load fields. Generator ID fields are single-
character, whereas load ID’s are two characters in length.

Total Digitsin Field
Total number of digits to show in the field.
Digitsto Right of Decimal

Number of digits to show to the right of the decimal point.
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Field Value
The current value of the field being displayed.
Delta Per Mouse Click

Bus fields can be used not only to show various fields associated with bus devices, but they can
also be used to change some values. Thisis accomplished using spin buttons shown to the right of
the busfield. When the up spin button is clicked, the bus field value is increased by the amount
specified in the delta per mouse click field. When the down spin button is clicked, the bus field
value is decreased by the same amount.

Thisfield isonly used for fields of the following types: Load MW, Load Mvar, Setpoint Gen MW,
and Switched Shunt Mvar. Specifying anonzero value in thisfield causes the integrated spin
button to appear as part of the bus field on the oneline.

Anchored

If the Anchored checkbox is checked, the bus field is anchored to its associated bus, which means
that it will move with the bus.

Type of Field
Used to determine the type of busfield to show. The following choices are available:

Bus Name Name of the bus

Bus Number Bus number (from 1 to 99,999)

BusVoltage Bus voltage magnitude

BusAngle Bus voltage angle in degrees

Load MW Total MW load at the bus

Load Mvar Total Mvar load at the bus

Switched Shunt Mvar Total Mvar capacitance at the bus

Actual Gen MW Total MW generation at the bus

Actual Gen Mvar Total Mvar generation at the bus

Setpoint Gen MW Only used with uniform frequency option

Gen AGC Status AGC dtatus of generator; status can be toggled in Simulator
Gen AVR Status AVR status of generator; status can be toggled in Simulator
Mech Gen MW Only used with uniform frequency option

MW Marginal Cost Bus MW margina cost in $MWh,; available only with OPF
Mvar Marginal Cost Bus Mvar marginal cost in $/Mvarh; available only with OPF
MW L oss Sensitivity Increasein losses for 1 MW of generation over the nominal
Gen Setpoint Voltage Voltage of generator on bus

Select a Field Choose from any of 42 different fields

Select OK to save changes and to close the dialog, or click Cancel to close the dialog without
saving your changes.
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Generator Information (Edit Mode)

Thisdialog is used to view and modify the parameters associated with each generator in the
system. It can also be used to insert new generators and sometimes to del ete existing generators.

The Edit Mode version of the Generator Information Dialog is almost identical to the Run Mode
version.

Bus Number

Unique number between 1 and 99,999 used to identify the bus to which the generator is attached.
The dropdown list enumerates all generator buses in the case that meet the criteria established by
display filters. You may select a bus number directly from the dropdown list, or you may use the
spin buttons to cycle through the list of generator buses.

ID
Single-character ID used to distinguish multiple generators at a bus; ‘1’ by default.
Find By Number

To find a generator by its number and ID, enter the number inBubhBRumber field and the 1D
into thel D field. Then click this button.

Bus Name

Unique alphabetic identifier for the bus to which the generator is attached, consisting of up to eight
characters. Use this dropdown box to view a list of all generator bus names in the case with valid
display filters.

Find By Name

To find a bus by its name and ID, enter the bus name inBukblame field (case insensitive)
and the ID into théD field. Then click this button.

Status

Status of the generator, either Closed (connected to terminal bus) or Open (not connected). You
can use this field to change the status of the generator.

Regulated Bus Number

Number of the bus whose voltage the generator is regulating. This is usually, but not always, the
generator’s terminal bus. Multiple generators can regulate the same remote bus, but the regulated
bus must not be another generator bus. If the generator is at a slack bus, it must regulate its own
terminal voltage. Sele@ase Information, Others, Remotely Regulated Busesto view the

Remotely Regulated Buses Dialog, which identifies all buses that are being remotely regulated.

Display Information
Display Size
The size of the generator.
Pixel Thickness
Thickness of the display object in pixels.
X and 'Y Location
X/Y location of the upper left corner of the display object.
Orientation

Specifies the direction in which to draw the object.
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Anchored
If checked, the object is anchored to itsterminal bus. See Anchored Objects (page 49) for details.
I nput-Output Curve, Fuel-Cost, and Marginal Cost Grouping

The Input-Output Curve, Fuel-Cost, and Marginal Cost grouping is used to show/change values
associated with the cost of operation of the generator. See Generator Cost Information (page 93)
for details. Cost data can also be saved/loaded using the Generator Cost Datafiles.

Cost M odel

Simulator can model generators as having either a cubic cost model or a piecewise linear model.
The cost model type you choose determines the content of the remainder of this dialog.

Cubic Cost CoefficientsA, B, C, D

For cubic cost models of the form C(Pgi) = (d*Pgi"3 + c*Pgi"2 + b*Pgi + a) * (fuel cost), specify
the cost curve’s coefficients. These coefficients can be specified only when you have chosen to
use a cubic cost model.

Fuel Cost

The cost of fuel in $/MBtu. This value can be specified only when you have chosen to use a cubic
cost model.

Marginal Cost

Shows the marginal cost of producing real power at the genera;(ngg[dPgi. This field is
read-only and appears only when you have chosen to use a cubic cost model.

Fixed Cost

The fixed cost associated with operating the unit. This cost is independent of the generator's MW
output level and is added to the cost prescribed by the piecewise linear model to obtain the total
cost of operating the generator in $MWHTr. This option can be specified only for piecewise linear
cost models.

Piecewise Linear Table

If you have chosen to use a piecewise linear cost model, a table appears that allows you to specify
pairs of MW output levels and corresponding generator operating costs. To insert a hew point on
the cost curve, right-click on the table and chdosert New Point from the resulting local menu.

To delete an existing point from the cost curve, right-click on the table and dheesePoint

from the resulting local menu. To edit an existing point in the table, simply enter your changes to
the appropriate cells.

Convert Cubic Cost to Linear

Use this option to create a piecewise linear cost function from the cubic cost function specified by
the coefficients A, B, C, and D and the fuel cost. Specify the number of break points, and hence
the number of segments, in tRember of Break Pointsfield. Click theConvert to Linear Cost

button to create the piecewise linear function that approximates the cubic cost function. This
action switche€ost M odel option toPiecewise Linear and displays th@iecewise Linear Table

that identifies the piecewise linear curve’s breakpoints.

MW Control Grouping

The MW Control grouping fields are used to show/change the values associated with the real
power output of the generator.

MW Output

Current real power output of the generator.
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Minimum and M aximum MW Output

Minimum and maximum real power output limits for the generator. Simulator will not let the MW
output go below its minimum value or above its maximum value if the Enforce MW Limits option
is exercised.

Enforce MW Limits

If checked, the minimum and maximum MW limits are enforced for the generator, provided the
Enforce Generator MW Limitsfield is aso checked on the Limits Tab of the PowerWorld
Simulator Options Dialog. If this box is checked and a generator is violating areal power limit,
the generator's MW output is immediately changed.

Available for AGC

Determines whether or not the generator is available for automatic generation control (AGC).
Normally this box should be checked. However, there are times when you would like to control
the generator output manually (such as if you are using the generator to remove a line limit
violation), in which case you should leave this box unchecked. A generator is also placed on
“manual” control anytime you manually change its output. You could then place the generator
back on AGC control by using this dialog.

L oss Sensitivity

Shows how the losses for an area will change for an incremental increase in the generation at the
bus. This information is useful in determining the economic dispatch for the generation. The
implicit assumption in calculating this field’s value is that the incremental change in generation
will be absorbed by the system “slack bus.” This field cannot be changed.

MW Ramp Limit

Specifies the maximum rate at which the real power output of the unit can be changed (in
MW/minute). This rate is needed because of the mechanical and thermal stresses that arise when
the output of a generator is changed. Since changing the output too quickly can damage a
generator, the program will enforce this limit. You can command Simulator to ignore the limit by
removing the check from tHenforce Generator Ramp Limits option on the Limits Tab of the
PowerWorld Simulator Options Dialog. Then the output of the generator will change
instantaneously.

Participation Factor

The participation factor is used to determine how the real power output of the generator changes in
response to demand when the generator is available for AGC and the area is on participation factor
control. When you open a case using the PTI Raw Data Format, this field is initialized to the per
unit MVA rating of the generator, since participation factor information is not stored in the PTI
format.

Voltage Control Grouping

The Voltage Control grouping is used to show/change values associated with controlling the
voltage/reactive power output of the generator.

Availablefor AVR

Designates whether or not the generator is available for automatic voltage regulation (AVR).
When the AVR field is checked, the generator will automatically change its reactive power output
to maintain the desired terminal voltage within the specified reactive power range. If a reactive
limit is reached, the generator will no longer be able to maintain its voltage at the setpoint value,
and its reactive power will then be held constant at the limit value.
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Desired Reg. Bus Voltage

Specifies the desired per unit voltage for the generator at the regulated bus. The regulated bus
need not be the terminal bus of the generator.

Actual Reg. BusVoltage

Shows the actual per unit voltage at the regulated bus. |If the generator ison AVR and has not
reached a reactive power limit, the actual regulated bus voltage should be equal to the desired
regulated bus voltage. Thisfield cannot be changed.

Use Capability Curve

If checked, then the generator’s reactive power limits are specified using a reactive capability
curve that prescribes the dependence of the generator’s reactive power limits on its real power
output. Otherwise, the fixed values given in ki Mvar Output andMax Mvar Output fields

are used. The generator reactive capability can be defined using the table that appears at the
bottom of the dialog. Please see Generator Reactive Power Capability Curve (page 92) for details.

Mvar Output

Current reactive power output of the generator. You can manually change this value only if
Availablefor AVR is not checked.

Min and Max Mvar Output
Specify the minimum and maximum allowable reactive power output of the generator.
Remote Reg %

This field is only used when a number of generators at different buses are regulating a remote bus
(i.e., not their terminal buses). This field then specifies the percentage of the total reactive power

required by the remote bus to maintain its voltage that should be supplied by this generator. The

default value is 100.

Generator Participation Factors Information

The Generator Participation Factors Dialog gives you control over how the participation factors for
generating units oparticipation factor control are defined. This dialog is accessed from the
oneline’s local submenu by choosiAgea I nfor mation Dialog and then clicking th&et Factors

button.

The Generator Participation Factors Dialog features the following controls:
Set Participation FactorsBased On

You can choose to assign participation factors to a group of generating units in any of four ways.
The participation factor for a unit may be defined such that it is proportional to the maximum MW
output of the unit. Thus, the largest units participate most heavily in implementing a scheduled
change in generation. This is Simulator’s default mechanism for assigning participation factors.
Alternatively, you can calculate the participation factor for the unit as the difference between the
maximum and current output of the unit. With this method, those units having the most reserve
participate most heavily in implementing a scheduled change in generation. Furthermore, you may
choose to specify a value explicitly to use as the participation factor for a group of generators by
selecting theConstant Value of option and specifying a value in the adjacent textbox.

Finally, you may want to load participation factors for a group of units from a text file. Simply
select the~ile option if this is the case, and specify the name of the file either directly in the
adjacent textbox or by clicking thgrowse button and searching for the file containing the
participation factors. This file must be formatted as follows. The first line must contain either of
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the keywords NUMBERS or NAMES to identify how buses will be identified in subsequent lines.

Then, each line must be a comma-delimited record identifying the unit's terminal bus (either by
number or name, accordingly), the unit’s id, and the participation factor to assign to it. No special
text is used to terminate the list of participation factor records. Here is an example that assigns a
participation factor of 600 to the unit 1 at both buses 18109 and 18110:

NUMBERS

18109,1,600

18110,1,600

Set Participation Factors For

Once you have decided how to calculate the participation factors for a group of generators, you
must identify the group of generators to which to apply the calculations. (Note: if you have
chosen to read the factors from a file, these options are not available to you.) You have four
options:

To assign participation factors to all generators in a particular area, seladtgeeeratorsin
area option and pick the desired area from the dropdown box.

To assign participation factors to all generators in a particular zone, selétt gleer atorsin
zone option and pick the desired zone from the dropdown box.

To assign participation factors to all generators in the system regardless of area or zone affiliation
and without regard to display filter status, selectXHegeneratorsin system option.

Finally, to assign participation factors only for generators with valid display filters, selédi the
generatorswith valid display filters option.

Click Set Factorsto employ the methodology you have just outlined for assigning patrticipation
factors to a group of generating units. Se@cise to close the dialog box after setting the factors,
or Cancel to close the display without assigning the factors.

Generator Reactive Power Capability Curve

The reactive power output of most generators depends on the real power output of the generator.
This dependence is expressed using a reactive capability curve. Simulator models the reactive
capability curve using a piecewise linear approximation. The reactive capability curve is modified
on the generator dialog and can be saved/loaded using the Generator Reactive Capability Curve
files.

M odeling a Reactive Power Capability Curve From the Generator Dialog
* Make sure th&Jse Capability Curve checkbox is checked.

* Inthe table immediately below the checkbox, prescribe the reactive capability curve using up
to 10 points. The points should be ordered by MW, in numerically increasing order. At each
point specify the MW value, the minimum reactive power value in Mvar, and the maximum
reactive power value in Mvar. The first point should correspond to the minimum MW output
of the generator, while the last point should correspond to the maximum MW output.

* Toinsert a new point, click on the desired column, and then right-click to display the table’s
local menu. Select Insert Point.

* Toremove a point, click on the desired column, and then right-click to display the table’s
local menu. Select Delete Point.

*  When finished be sure to sel&ave to save your modifications.
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In the Run Mode, you can view the reactive power capability curve graphically by right-clicking
on the generator to display its submenu and then selecting Reactive Capability Curve.

Generator Cost Information

The cost associated with operating a generator varies according to the output of the generator, with
the general rule that getting more power out of a generator costs more. In Simulator, there are two
options for modeling generator cost. The first employs the common cubic relationship

Ci(Pg) = (a + biPg + ¢ (Pgi)2 + d (Pgi)3)* fuel cost $/Hour

where Pgi isthe output of the generator at busi in MW. Thevauesa, b;, ¢;, and d; are used to

model the generator’s input-output (I/O) curve. The I/O curve specifies the relationship between
how much heat must be input to the generator (expressed in MBtu per hour) and its resulting MW
output. Normally, the cubic coefficients remain constant for a generator. The last term in the
equation is the fuel cost, expressed in $/MBtu. This value varies depending on the fuel used in a
generator. Typical values would be $ 1.25/MBtu for coal and $ 2/Mbtu for natural gas. The
resultant equation is known as the fuel-cost curve. The values ¢f thesad, and the fuel cost

can be viewed and modified using the Generator Information Dialog.

Simulator can also model generator costs using a piecewise linear model consisting of pairs of
MW output and cost of generation. Such curves can be defined using generator cost data files.

Load Information (Edit Mode)

This dialog is used to view and modify the parameters associated with each load in the system. It
can also be used to insert new loads and sometimes to delete existing loads. It is nearly identical in
structure to its Run Mode counterpart.

The Load Information Dialog can be used to inspect and modify the model of a bus load. To view
the Load Information Dialog, simply right-click on the load of interest and dedadtinformation
Dialog from the resulting local menu. The dialog has the following fields:

Bus Number

Unigue number between 1 and 99,999 used to identify the bus to which the load is attached. The
dropdown box provides a list of all load buses with valid display filters. You can use the spin
button to cycle through the list of load buses.

When you insert objects graphically, the Bus Number and Bus Name fields are usually set
automatically to the bus upon which you placed the object.

ID

Two-character ID used to distinguish multiple loads at a bus. By default, the load ID is equal to “1
. An identifier of ‘99’ is used to indicate an equivalent load.

Find By Number

To find a load by its number and ID, enter the number into the Bus Number field and the ID into
the ID field. Then click this button.
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Bus Name

Unique alphabetic identifier for the bus to which the load is attached, consisting of up to eight
characters. The dropdown box lists the names of all load busesin the case with valid display
filters.

Find By Name

To find aload by its name and 1D, enter the bus name into the Bus Name field (case insensitive)
andthe ID into the ID field. Then click this button.

Status

Status of the load, either Closed (connected to terminal bus) or Open (not connected). Y ou can use
this status field to change the load’s status.

Display Size

Size of the load.

Pixel Thickness

Thickness of the display object in pixels.

X and Y Location

X/Y location of the upper left corner of the display object.
Orientation

Specifies the direction to draw the object.

Anchored

If checked, the object is anchored to its terminal bus. See Anchored Objects (page 49) for details.
Base Load Model, Current Load

The Base Load Model fields are used to represent the amount of base real and reactive load at the
bus. Usually this load is modeled as being “constant power,” meaning that the amount of load is
independent of the bus voltage magnitude. However, Simulator also permits modeling “constant
current” load, for which the load varies in proportion to the bus voltage magnitude, and “constant
impedance” load, for which the load varies in proportion to the square of the bus voltage
magnitude. Values in these fields are specified in MW and MVR assuming one per unit voltage.

All six fields in the Base Load Model section can be changed.

The actual load at the bus is equal to the base value multiplied by the corresponding load
multiplier. The load multiplier is a potentially time varying value specifying how the load is

scaled. The load multiplier depends upon the area load multiplier, the zone load multiplier, and
the case load multiplier. See Load Modeling (page 94) for more details. The load multiplier value
cannot be changed on this dialog.

OK, Save, Delete, and Cancel

OK saves your changes and closes the diaBage saves your changes but does not close the
dialog; this allows you to use, for example, the Find By Number command to edit additional loads.
Delete deletes the current loa@ancel closes the dialog without saving your changes.

Load Modeling

Each load can be modeled as having voltage and/or time variation. The voltage variation is
modeled using the Base Load Model fields on the Load Information. The time variation in the
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load is modeled using Area and Zone load variation schedules. Thus the actual real and reactive
value of each load is determined using the following equation:

MW = LoadMultiplier(t) * (SMW + IMW * V + ZMW * V * V)

Mvar = LoadMultiplier(t) * (SMvar + IMvar * V + ZMvar * V * V)
where

MW = current real power load in MW

Mvar = current reactive power load in Mvar

SMW = constant power MW value

SMvar = constant power Mvar value

IMW = constant current MW value (assuming 1.0 per unit voltage)

IMvar = constant current Mvar value (assuming 1.0 per unit voltage)

ZMW = constant impedance MW value (assuming 1.0 per unit voltage)

ZMvar = constant impedance Mvar value (assuming 1.0 per unit voltage)

\% = per unit bus voltage magnitude
The Load Multiplier field is a potentially time varying field. Itsvalueis given by
LoadMultiplier(t) = (Case Load Multiplier) * (Area Schedule Value) * (Zone Schedule Value)

The Case Load Multiplier allows you to scale al the loads in the case quickly and conveniently.
Thisvalueis specified on the Simulation Tab of the PowerWorld Simulator Options Dialog.

The Area Schedule Value scales all of the loads in an area based upon a time-dependent schedule.
These values are defined as part of aload variation schedule that can be established or modified by
using the Load Schedule Dialog. Each area can have an associated load schedule, whichis
identified in the Area Records Display.

The Zone Schedule Vaue scales al of the loads in a zone based upon a time-dependent schedule.
These values are defined as part of a Load Variation Schedule that can be established or modified
by using the Schedule Dialog. Each zone can have an associated load schedule, which isindicated
in the Zone Records display.

Note that area and zone load schedules can also be saved to and loaded from Load Schedule Files.

Line/Transformer Information (Edit Mode)

The Line/Transformer Information Dialog is used to view and modify the parameters associated
with each transmission line and transformer in the system. Y ou can also insert new transmission
lines and delete existing transmission lines from this dialog.

The Edit Mode version of thisdialog is very similar in content to its Run Mode counterpart.
The Line/Transformer Information Dialog has the following fields:

From Bus Number and Name

From Bus number and name. For transformers, the from busiis the tapped side.

To BusNumber and Name

To Bus number and name.
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Circuit

Two-character identifier used to distinguish between multiple lines joining the same two buses.
Default is ‘1.

Find By Number

To find a line or transformer by its bus numbers, entefrtme andto bus numbers and the circuit
identifier. Then click this button. Use the spin button to cycle through the list of lines and
transformers in the system.

Find By Name

To find a line or transformer by the names of its terminal buses, enfeorthandto bus names
and the circuit identifier. Then click this button.

From End M etered

This field is only used for lines and transformers that serve as tie lines, which are lines that join
two areas. If this field is checked for a tie line, therfitb end of the device is designated as the
metered end. Otherwise tleeend is metered. By default, them end is metered. The location

of the metered end is important in dealing with energy transactions because it determines which
party must account for transmission losses.

Resistance, Reactance, Charging (B)

The resistance, reactance, and the total charging susceptance (that is, B, not B/2) of the device (in
per unit).

Limit A, Limit B, Limit C

Ratings for the transmission line or transformer in MVA. Simulator allows the use of three
different limits sets. You can toggle between limit sets usingithi¢s Tab of the PowerWorld
Simulator Options Dialog, or théhange Limit Set button on the Line and Transformer Limit
Violations Display.

Status

Current status of the device.

Pixel Thickness (Edit M ode only)
Thickness of the display object in pixels.
Anchored

If checked, the object is anchored to its terminal bus, which means that it will move when you
move the terminal bus. See Anchored Obijects (page 49) for details.

Link to New Line

Use thelink to New Line button to create a new line corresponding to the entries you have made in
the dialog. This button performs the same function as preSsieg Note that adding a new line

to the case in this way does not add a transmission line to the oneline display; the new line is
present only in the model. You may then add the newly modeled line to the oneline diagram in the
usual way (such as seldaisert, Transmission Line from the main menu).

View/M odify Line Shunts

Select to view the Transmission Line Shunt Information Dialog. This dialog is used to change the
value of the line shunts. Line shunts are entered in per unit, with a positive B corresponding to
capacitors and a negative B corresponding to reactors.
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OK, Save, Delete, and Cancel

OK saves your changes and closes the dialog. Save saves your changes but does not close the
dialog; this allows you to use, for example, the Find By Number command to edit additional
transmission lines. Delete deletes the current transmission line. Cancel closes the dialog but does
not save any changes.

Multi-Section Line Information

Multi-section line records are used to group a number of transmission lines together so that their
statusis controlled as a single entity. They are usually used to model very long transmission lines
that require multiple individual transmission line records if they are to be modeled accurately. In
terms of line status, Simulator then treats each multi-section line as asingle device. In other
words, changing the status of one line in the record changes the status of the other linesin the
record, as well.

Multi-section line records are not directly represented on the oneline diagrams. Rather, to view
this dialog, right-click the record of interest on the Multi-Section Line Records display and select
Show Dialog from the resulting local menu. To define a new multi-section line, switch to Edit
Mode and, from the Multi-Section Line Records display, right-click and select Insert from the
resulting local menu.

The Multi-Section Lines Dialog contains the following fields:
From Bus Number and Name

Number and name of the from bus for the record. If you are defining a new multi-section line, this
must be the first dataitem you specify.

To Bus Number and Name

Number and name of the “to” bus for the record. You cannot specify this value directly. Instead,
use the table at the bottom of the dialog to define the intermediate buseseandnal.

Circuit
Two character identifier used to distinguish between multiple records joining the same from/to
buses. The first character of the circuit identifier must be an “&.”

You can use the spin button immediately to the right of the circuit field to view other multi-section
line records. However if you have changed the regaamust selectSave before moving to
another record. Otherwise, your changes will be lost.

From End M etered
If checked, thérom end of the record is the metered end; otherwisddlead is metered.
Table

The table lists the dummy (or intermediate) buses antbtgs that comprise the record. The

first column should contain the first dummy bus number and the circuit ID of the transmission line
joining thefrom bus with the first dummy bus. The next column should contain the second dummy
bus number and the circuit id of the transmission line joining this bus to the first dummy bus.
Continue until the last column contains thdus and the circuit ID of the transmission line joining
the last dummy bus with the “to” bus.

Each transmission line comprising the multi-section line must already exist. If only one
transmission line joins any two buses, you may omit the circuit identifier.



98

PowerWorld Simulator 6.0 User Manual

OK

Saves any modifications and closes the dialog.

Save

Saves any modifications but does not close the dialog.

Cancel

Closes the dialog without saving modifications to the current record.
Delete

Deletes the current multi-section line record.

Help

Displays this help page; you may also get help by pressing the F1 key from anywhere on the
dialog.

If any of the transmission lines comprising a multi-section line record are deleted, the entire multi-
section line record is deleted as well.

DC Transmission Line Information

Thisdialog is used to view and modify the parameters associated with each dc transmission linein
the system. It can also be used to insert new dc transmission lines or to delete existing ones.

This dialog has four separate pages: Line Parameters, Rectifier Parameters, Inverter Parameters,
and Actual Flows. The Actual Flows pageis not used in Edit Mode. The separate pages can be
accessed using the tabs shown at the top of the dialog. These pages can be used to view/change the
modeling parameters associated with the dc lines.

Line Parameters
This page is used to enter parameters associated with the dc line itself.
Rectifier and Inverter Bus Numbers and Names

These fields indicate the numbers and names of the rectifier and inverter ends of the line. When
graphically inserting a dc line, these fields are automatically determined based upon the starting
and ending buses used in drawing the line. When investigating existing dc line records, you may
use the Find By Numbers button to identify a dc line between a specific rectifier - inverter pair.

Y ou may also use the spin control to cycle through the list of dc line records modeled in the case.

Circuit 1D

Thisfield is not currently used, since only one dc transmission line can exist between each
inverter-rectifier pair. It ishard-coded to be 1.

Control Mode

Theinitial control mode for the line. Specify Blocked to disable the dc line, Power to maintain
specified MW power flow through the line, or Current to maintain specified current flow through
theline.

Setpoint

If the line operates in the Power Control Mode, Setpoint should indicate the desired power flow in
MW. To specify power flow at the rectifier end, enter apositive value. Enter anegative value to
specify power flow at the inverter end. If the dc line operates in Current Control Mode, enter the
desired line flow in amps.
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Resistance
Resistance of thedc Line.
Sched. Voltage

Scheduled dc line voltage in kV. The value of Rcomp is used to determine whether this value
specifies the inverter end or the rectifier end.

Switch Voltage

When the line operatesin the Power Control Mode, thisisthe inverter voltage level inkV at
which the line switches from constant power to constant current control.

Rcomp

Compounding resistance. The compounding resistance dictates whether the inverter voltageis
scheduled (Rcomp = 0), or the rectifier voltage is specified (Rcomp = dc line resistance).

Status

Initial status of the dc line.
Rectifier Parameters

This page is used to enter parameters associated with the rectifier end of the line.

# of Bridges

Number of valve bridgesin series.

Base Voltage

Base ac voltage in kV on primary side of transformer.

XF Ratio

Transformer ratio.

XF Tap

Transformer tap setting.

XF Min/Max Tap, XF Tap Step

Transformer minimum and maximum tap settings, and the tap’s step size.

Commuting XF Resistance and Reactance

Per unit commuting resistance and reactance for the transformer.

Minimum, Maximum, and Actual Firing Angle

Minimum, maximum, and actual values of the firing angle for the rectifier.
Inverter Parameters

This page is used to enter parameters associated with the inverter end of the line. Entries are
identical to the Rectifier Page, except here they are associated with the inverter.

# of Bridges

Number of valve bridges in series.

Base Voltage

Base ac voltage in kV on primary side of transformer.
XF Ratio

Transformer ratio.
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Line Field

XF Tap

Transformer tap setting.

XF Min/Max Tap, XF Tap Step

Transformer minimum and maximum tap settings, and the tap’s step size.

Commuting XF Resistance and Reactance

Per unit commuting resistance and reactance for the transformer.

Minimum, Maximum, and Actual Firing Angle

Minimum, maximum, and actual values of the firing angle for the rectifier.
Actual Flows

Shows the actual real and reactive power flows into the line at the rectifier and the inverter, as well
as the voltage at both ends (in kV) and the line current in amps. The contents of this page are valid
only when Simulator is in Run Mode.

Information

Line field objects are used to show different values associated with transmission lines, transformers
and dc lines. This dialog is used to view and modify the parameters associated with these fields.

Near Bus Number

Bus associated with the near end of the object. All fields display values calculatedeat thes
end. When inserting fields graphically, this field is automatically set to the closest bus on the
oneline.

Far Bus Number
Bus associated with tHar end of the object.
Circuit

Two-character identifier used to distinguish between multiple lines or transformers joining the
same two buses. Default is ‘1.

Total Digitsin Fields

Total number of digits to show in the field.

Digitsto Right of Decimal

Number of digits to show to the right of the decimal point.
Delta Per Mouse Click

Only used with the MVA Limit field type. Specifying a nonzero value for this field equips the
MVA Limit Field with an integrated spin button that can be clicked to increment or decrement the
MVA Limit by the amount of théelta Per Mouse Click value.

Field Value
The current value of the displayed field.
Anchored

If checked, the line analog is anchored to its associated line.
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Type of Field

Used to determine the type of line field to show. The following choices are available:

AC LineMW Flow
AC LineMvar Flow
AC Line MVA Flow

AC Line Amp Flow
AC LineMW L osses
AC LineMvar Losses
DC LineMW Flow
DC Line Mvar Flow
MVA Limit

DC Line Setpoint

Select a Field

MW flow into the line or transformer at the near bus
Mvar flow into the line or transformer at the near bus

Magnitude of MV A flow into the line or transformer at the near
bus

Magnitude of Amp flow (in amps) into the line at the near bus
Real power losses on the line or transformer in MW

Reactive power losses on the line or transformer in Mvar

MW flow into the dc line at the near bus

Mvar flow into the dc line at the near bus

MVA limit for the line or transformer

Set point value for the dc line; see DC Transmission Line dialog
(page 98)

Choose from over 80 different fields

Select OK to save changes and close the dialog or Cancel to close the dialog without saving your

changes.

Transformer Modeling

Transformers are used to transfer power between different voltage levels or to regulate real or
reactive flow through a particular transmission corridor. Most transformers come equipped with
taps on the windings to adjust either the voltage transformation or the reactive flow through the
transformer. Such transformers are called either load-tap-changing (LTC) transformers or tap-
changing-under-load (TCUL) transformers.

Another type of transformer is known as a phase-shifting transformer (or phase shifter). Phase-
shifting transformers, which are less common than LTC transformers, vary the angle of the phase
shift across the transformer in order to control the MW power flow through the transformer. This
type of control can be very useful in controlling the flow of real power through a transmission

system.

Off-nominal Turns Ratio and Phase Shift Degrees

The Line/Transformer Dialog displays several transmission line and transformer properties. For
transformers, this dialog box also shows information about the LTC or phase shifter controls. The
Off-nominal Turns Ratio field indicates the voltage transformation, while the Phase Shift
Degreesfield show the phase shift angle. If the transformer is not on automatic control, these
values can be changed manually. The off-nominal tap ratio determines the additional
transformation relative to the nominal transformation. This value normally ranges from0.9to 1.1
(1.0 corresponds to no additional transformation). For non-phase shifting transformers, the phase
shift angle should be set to zero. For phase-shifting transformers this value normally ranges from

about -40° to 40°.

When in Edit Mode, the dialog also reveals the type of transformer. Valid typesare 1) No
Automatic Control (in which the taps are assumed fixed), 2) AVR (automatic voltage regulation),
3) Reactive Power Control, and 4) Phase Shift Control. The type of transformer CANNOT be

modified in the Run Mode.
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Simulator provides you with agreat deal of flexibility in being able to specify which transformers
will actually be used for automatic control in the Power Flow Solution. For atransformer to be
used for voltage or flow control, three criteria must be met.

* The transformer'@&utomatic Control Active field must be checked on its Line/Transformer
dialog. This field can also be modified on the Transformer Records display.

* The transformer’s area must have automatic transformer control enabled. This is specified on
the Options Tab of the Area Records display.

« Transformer control must not be disabled for the entire case. This is specifiedPom¢he
Flow Solution Tab of the PowerWorld Simulator Options Dialog.

The area and case enforcement of transformer control are also accessible from the
Line/Transformer Dialog.

Transformer Voltage Control

When on automatic voltage control, the transformer taps automatically change to keep the voltage
at the regulated bus (usually one of the terminal buses of the transformer) within a voltage range
between the minimum voltage and maximum voltage values (given in per unit). Note that
automatic control is possible only if a regulated bus has been specified. These values can be seen
by clicking on theAutomatic Control Options button. Note that th€ap Sensitivity field

provides an estimate of the change in the controlled bus voltage if the tap is increased by the step
size value.

The tap position for an LTC transformer is indicated on the oneline by the number of tap step
positions from the nominal position (i.e., the position when the off-nominal tap ratio is equal to
1.0). When the off-nominal ratio is greater than 1.0, the transformer’s tap is said to be in the
“raise” position, and an ‘R’ appears after the number. Likewise, when the off-nominal ratio is less
than 1.0, the transformer’s tap is said to be in the “lower” position, and an ‘L’ appears after the
number. For example, with a step size of 0.00625 andf-aominal ratio of 1.05, the tap would

be in position 8R. The tap position can be changed manually only when the transformer has been
set off automatic voltage control. For this case, clicking on the tap position with the left button
raises the tap one step, while clicking on the tap position with the right button lowers the tap one
step.

Transformer Reactive Power Control

When on automatic reactive power control, the transformer taps automatically change to keep the
reactive power flow through the transformer (measured dtahebus) within a user-specified
range.

Phase Shifter Control

A phase-shifting transformer can be placed on automatic MW control by checkigtthmatic

Control Active box. When it is on automatic control, the transformer phase shift angle
automatically changes to keep the MW flow through the transformer (measured at the regulated
bus end) between the minimum and maximum flow values (given in MW, with flow into the
transformer assumed positive). The limits on the phase shifting angles are specified in the
minimum and maximum phase fields (in degrees). These values can be seen by clicking on the
Automatic Control Options button. The phase shift angle changes in discrete steps, with the step
size specified in the Step Size field (in degrees).MNh¢ Per Phase Angle Step Size provides an
estimate of the change in the controlled MW flow value if the phase angle is increased by the step
size value.
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Transformer Impedance Correction Table Display

The Transformer Impedance Correction Display shows information about al the transformer
impedance correction tables in the case. The Transformer Impedance Correction Display is used
to model the change in the impedance of the transformer as the off-nominal turns ratio or phase
shift angle is varied.

The Correction Display isaclass of Case Information Display and therefore can beused in a
manner consistent with all other case information displays. It hasaloca menu from which you
can print, copy, and modify itsinformation as well as view the information dialog of its associated
correction tables. When in Edit Mode, you can define new tables using the Insert option, or delete
existing tables using Delete. Y ou can also sort the transformer impedance correction information
by clicking on the heading of the field by which you want to sort.

To show thisdisplay select Case I nformation, Others, Transformer Impedance Correction
Tables.

The display contains the following fields by default:
Table

Shows the table number for the record. Table number must be between 1 and 64. Each table
record occupies two lines on thedisplay. 1, 2, ... 11

Transformer Impedance Scaling Factors

The next eleven columns show the actual fieldsin the table. The first line shows the off-nominal
turns ratio, or phase shift angle, while the second line shows the associated scaling factor for the
transformer’s impedance.

Transformer Mvar Control Dialog

The Transformer Mvar Control dialog is used to view the control parameters associated with load-
tap-changing (LTC) transformers that are used to control the Mvar flow through the transformer.
To view this display, click on th&utomatic Control Options button on the Line/Transformer
Information Dialog.

When used to control reactive power, the LTC transformer always controls the reactive power flow
at thefrom end of the transformer (i.e., the tapped side), with positive flow assumed to be going
through the transformer to thebus. Therefore the regulated bus field is not used.

The dialog has the following fields:
Mvar Flow at From Bus

The current Mvar flow as measured at fitmm end of the line. This is the parameter the
transformer tries to control.

Mvar Error

If the Mvar flow at thefrom end violates the limits defined by tNénimum Mvar Flow and
Maximum Mvar Flow fields, theMvar Error field indicates by how much the flow falls outside the
control range.

Minimum Mvar Flow, Maximum Mvar Flow

Minimum and maximum allowable reactive power flow as measured &tothdous. The
transformer attempts to regulate the reactive flow to fall within this range.
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Current Tap Ratio
The transformer’s present off-nominal turns ratio.
Minimum Tap Ratio, Maximum Tap Ratio

Minimum and maximum allowable off-nominal tap ratios for the LTC transformer. Typical values
are 0.9 and 1.1.

Tap Step Size

Transformer off-nominal turns ratio increment. The off-nominal turns ratio is either incremented
or decremented from 1.0 in integer multiples of this value. Default value is 0.00625.

Impedance Correction Table

Specifies the number of the transformer’s corresponding transformer impedance correction table.
Transformer impedance correction tables are used to specify how the impedance of the transformer
should change with the off-nominal turns ratio. If this number is 0, no impedance correction table

is associated with the transformer, and the impedance of the transformer will thus remain fixed as
the tap ratio changes. Valid impedance correction table numbers range from 1 to 63. To assign an
existing impedance correction table to the transformer, enter the existing table’s number. To view
the existing impedance correction tables, clickltizert/View |mpedance Correction Table

button, which brings up the Transformer Impedance Correction Dialog. To define a brand new
impedance correction table for the transformer, enter an unused table number and then click
Insert/View Impedance Correction Table to prescribe the correction table. Note that the

association between a transformer and an impedance correction table is not finalized until you
select eithe©K or Save on the Line/Transformer Dialog.

View Transformer Correction Tableor Insert Transformer Correction Table

Click on this button either to view or to insert transformer correction tables. Clicking on this
button displays the Transformer Impedance Correction Dialog. Note that the table must prescribe
at least two points in order to be defined.

Transformer Phase Shifting Information

The Transformer Phase Shifting Dialog is used to view the control parameters of phase-shifting
transformers. To view this display, click on thetomatic Control Options button on the
Line/Transformer Information Dialog, provided that #fease Shift Control option is chosen from
the Automatic Control group.

Regulated Bus Number

Number of the terminal bus of the phase shifter regulated by the phase shifter. When control is
active, the phase shifter will automatically change its phase shift to keep the MW flow at this bus
at the desired value.

Current MW Flow
Current MW flow through the transformer measured at the regulated bus terminal.
MW Error

If the current MW flow falls outside the minimum/maximum MW flow limits, M&/ Error field
indicates by how much the flow violates the regulating range.

Minimum MW Flow, Maximum MW Flow

Minimum and maximum allowable MW flow through the phase shifter.
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Minimum Phase Angle, Maximum Phase Angle
Minimum and maximum allowable phase shift in degrees.
Step Size (Degrees)

Phase shift change per step in degrees.

MW Flow to Phase Sensitivity

The sensitivity of the controlled MW flow to changes in the transformer’s phase. This sensitivity
indicates the transformer’s ability to regulate its MW flow.

Impedance Correction Table

Specifies the number of the transformer’s corresponding transformer impedance correction table.
Transformer impedance correction tables are used to specify how the impedance of the transformer
should change with the off-nominal turns ratio. If this number is 0, no impedance correction table

is associated with the transformer, and the impedance of the transformer will thus remain fixed as
the tap ratio changes. Valid impedance correction table numbers range from 1 to 63. To assign an
existing impedance correction table to the transformer, enter the existing table’s number. To view
the existing impedance correction tables, clickltisert/View Impedance Correction Table

button, which brings up the Transformer Impedance Correction Dialog. To define a brand new
impedance correction table for the transformer, enter an unused table number and then click
Insert/View Impedance Correction Table to prescribe the correction table. Note that the

association between a transformer and an impedance correction table is not finalized until you
select eitheOK or Save on the Line/Transformer Dialog.

View Transformer Correction Tableor Insert Transformer Correction Table

Click on this button either to view or to insert transformer correction tables. Clicking on this
button displays the Transformer Impedance Correction Dialog. Note that the table must prescribe
at least two points in order to be defined.

Transformer Field Information

Transformer field objects are used to show field values specific to transformers. Use Line Fields
to show fields generic to transformers and transmission lines, such as the flow of power through
the device. The Transformer Fields Dialog is used to view and modify the parameters associated
with transformer-specific fields.

Near Bus Number

Bus associated with thear end of the transformer.
Far Bus Number

Bus associated with tHar end of the transformer.
Circuit

Two-character identifier used to distinguish between transformers joining the same two buses.
Default is ‘1.

Total Digitsin Field
Total number of digits to show in the field.
Digitsto Right of Decimal

Number of digits to show to the right of the decimal point.
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Type of Field

Designates the type of transformer field to show. The following choices are available;
Off-nominal Tap Ratio Actual tap ratio

Phase Shift Angle Actual phase shift in degrees

Off-nominal Tap Position  Tap position in steps, usually ranging from L16 to R16.

Select OK to save changes and close the dialog or Cancel to close dialog without saving your
changes.

Switched Shunt Information (Edit Mode)

Thisdiaog isused to view and modify the parameters associated with each switched shunt in the

system. It can also be used to insert new switched shunts and sometimes to delete existing shunts.

Only one switched shunt is permitted at each bus. Switched shunts usually consist of either

capacitors to supply reactive power (in MVR) to the system, or reactors to absorb reactive power.

The switched shunts are represented by a number of blocks of admittance that can be switched in a

number of discrete steps. |If at least one block isin service, the shunt is said to be online. The

shunt’s corresponding circuit breaker can be used to determine and to toggle the switched shunt’s
status.

The Edit Mode version of this dialog is very similar in content to its Run Mode counterpart.
Bus Number

Unique number between 1 and 99,999 used to identify the bus to which the swhichieid s
attached. You can use the spin button immediately to the right of the number to move to the next
switched shunt (click the up arrow) or the previous switched shunt (click the down arrow).

Find By Number

To find a switched shunt by its bus number, enter the number into the Bus Number field. Then
click this button.

Bus Name

Unique alphabetic identifier for the bus to which the switched shunt is attached, consisting of up to
eight characters.

Find By Name

To find a switched shunt by its bus name, enter the bus name into the Bus Name field (case
insensitive). Then click this button.

Display Size

Size of the switched shunt.

Pixel Thickness

Thickness of the display object in pixels.

X and Y Location

X/Y location of the upper left corner of the display object.
Orientation

Specifies the direction in which to draw the object.



Chapter 6 : Oneline Display Object Information 107

Anchored
If checked, the object is anchored to itsterminal bus. See Anchored Objects (page 49) for details.
Nominal Mvar

The Nominal Mvar field gives theinitial amount of reactive power the device would supply (in
Mvars) if itsterminal voltage were 1.0 per unit.

Control Mode

Determines whether the switched shunt has a fixed value, or whether the amount of reactive power
supplied by the device changes in either discrete steps or continuously in order to maintain its
terminal voltage within the voltage range specified in the Voltage Regulation fields. Thisfield can
be changed (except in Viewer). However, for a switched shunt to be used for automatic control

three fields must be set correctly: 1) the Control Mode field must be set to either Discrete or
Continuous, 2) the corresponding areasito Shunts property must be true, and 3) the case-wide
Disable Switched Shunt Control option, which can be set on tRewer Flow Solution Tab of the
PowerWorld Simulator Options Dialog, must not be checked.

Note: automatic control of switched shuntsisdisabled if the voltage regulation high valueis
not greater than thelow value; they should not be equal unlessin the continuous mode.

Voltage Regulation

When the switched shunt is on automatic control, its reactive power is changed in discrete steps or
continuously to keep the voltage at the regulated bus within the per unit voltage range defined by
High Value and theL ow Value. You may modify these values (except in Viewer). However,
because the amount of reactive power supplied by this device changes in discrete amounts, the
High Valuemust be somewhat greater than the low value. The necessary voltage range depends
upon the size of the switched shunt blocks. Rbg. Value field shows the current per unit

voltage at the regulated bus. The number of the regulated bus is showR&g.tBes # field.

Switched Shunt Blocks

The amount of shunt reactive power (susceptance) is specified in the Switched Shunt Block field.
The columns in this field correspond to different blocks of reactive power. The first row indicates
the number of steps in each block, and the second row gives the amount of nominal Mvars per step
(assuming 1.0 per unit voltage). You may model both capacitors and reactors. The reactors
should be specified first, in the order in which they are switched in, followed by the capacitors,
again in the order they are switched in. The sign convention is such that capacitors are positive
and reactors negative. Shunt blocks are switched in order from left to right.

OK, Save, Delete, and Cancel

OK saves your changes and closes the diaBage saves your changes but does not close the
dialog; this allows you to use, for example, the Find By Number command to edit additional
switched shuntsDelete deletes the current switched shunt; this option is not available when

inserting objects graphically — use the cut command inst€ahcel closes the dialog but does

not save any changes.

Zone Information (Edit Mode)

The Zone Dialog is used in the Edit Mode to view information about a zone and to move one or
more buses from one zone to another. (See Zone Information (Run Mode) (page 214) for help on
the corresponding Run Mode version.) To view this dialog, first SEksetI nfor mation, Zones

to view the Zone Records Display. Then, right-click on the desired zone record an&ismlect

Dialog to view this dialog.
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The dialog has the following fields:
Zone Number

Zone number between 1 and 999. Y ou can use the spin button immediately to the right of thisfield
to move to either the next zone (click the up arrow) or the previous zone (click the down arrow).

Zone Name

Alphanumeric identifier for the zone of up to eight charactersin length. Y ou can use thisfield to
change the zone’s name, provided you click eiase or OK.

ZoneBuses Table

This table lists all of the buses in the zone. Number, name, voltage, area number, and area hame
are shown for each bus. This table can be used to move buses to a different zone. Select the bus
or buses you would like to move with the mouse. Then, ent@dsimation Zone Number,

which is the zone to which you want to move the selected buses. You may enter a zone number
that does not already exist, too, so that the buses will be moved to a brand new zone. In this case,
be sure to provide th2one Name, as well. Finally, click th& ove Selected Bus(s) to

Destination Zone button to implement the move.

OK, Save, Cancel

OK saves any changes to the zone name and closes the @alegaves any changes to the zone
name, but does not close the dial@pncel closes the dialog ignoring any changes.

Interface Information

The Interface Dialog is used to create, modify, or delete interface records in both the Edit and Run
Modes. This dialog has the following controls:

Interface Name

An alphanumeric identifier for the interface of up to 24 characters. Use the dropdown box or the
spin button to navigate through the list of existing interface records.

Inter face Number
A numeric identifier for the interface, between 1 and 32,767.
Add New Interface

Click the Add New Interface button to define a new interface from the Interface Dialog. When
you click this button, thénterface Name field andl nterface Elements table are cleared,
requiring you to enter a new name and new elements.

Delete Interface

Select this button to delete the currently displayed interface. Once the interface record has been
deleted, theénterface Name field displays the previous interface record, if any. If there are not
previously defined interface records, Simulator will close the dialog.

Interface Limit A (MW), Limit B (MW), Limit C (MW)

Specify the three possible limits for net interface flow. As for transmission lines and transformers,
three distinct limits can be specified for interfaces. Which limit set is used can be controlled from
theLimits Tab of the PowerWorld Simulator Options Dialog or the Line and Transformer Limit
Violations Display.
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Direction for Flow M onitoring

This area allows the user to change the flow monitoring direction. Clicking on the interface in the
I nterface Elementsareawill bring up the I nterface Elements Dialog. Thisis where the default
directionisset. To keep this default direction, choose FROM - TO, to change this direction,
choose TO - FROM, and to monitor both directions, choose Both Directions.

Current Flow

Indicates the present net flow through the interface elementsin MW. Thefield isvalid only in Run
Mode.

Inter face Elements

The Interface Elements Table lists each element comprising the interface. If Simulator isin Run
Mode, the table will also show the present flow through each element. To edit or delete an existing
element in the table, click on it to bring up the Interface Element Dialog. Use the Interface
Element Dialog to modify or delete the element.

Element | dentifiers

Choose whether to show the interface descriptions using the interface names or the interface
numbers.

Insert New Element

Click the Insert New Element Dialog to add a new element to the interface using the Interface
Element Dialog.

Click OK to save any changes you have made and to close the Interface Information Dialog. Click
Save to save your changes but to leave the dialog open so that you can view and modify other
interface records. Click Cancel to close the dialog without saving your latest change.

Interface Element Information

The Interface Element Dialog is used to redefine or to add the individual elements comprising an
interface. Individual lines or transformers, inter-areaties, and inter-zone ties may make up an
interface. The Interface Element Dialog allows you to add all three varieties of interface elements
to an interface.

The Interface Element Dialog comes in two very similar forms, depending upon how it was
invoked. The dialog may be called from the Interface Information Dialog by clicking on either the
Interface Elements Table or the Insert New Element button.

The Interface Element Dialog contains the following controls:
Element Type

Specifies the type of interface element being investigated or added. Interface elements can be any
line or transformer or, more specifically, they can be groups of lines and transformers that tie two
areas or two zones together. When the selection for Element Type changes, the available Element
I dentifiers change to allow you to pick the appropriate elements of that type.

Element Identifiers

Depending upon the Element Type selection, different element identifiers are required to
designate the element to add to the interface. For lines and transformers, the required identifiers
are From Bus, To Bus, ID, and at which end to monitor the flow (by default, interface branch
flow is monitored at the from end of the branch; check the box to monitor it at the to end). For
inter-areatie lines, specify the From Area and To Area. For inter-zonetie lines, specify the
From Zoneand To Zone. Inthe case of al three element types, when you select the from
element, the list of available to elementsis set automatically.
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Insert

If you came to the Interface Element Dialog by pressing the Insert New Element button on the
Interface Information Dialog, only the Insert, Cancel, and Help buttons will be available. Click
the Insert button to add the element you have just defined to the list of elements comprising the
interface. After you click Insert, the dialog will disappear, and the Interface Elements table on the
Interface Information Dialog will contain the element you just added.

Replace, Delete

If you arrived at the Interface Element Dialog by clicking on an element in the Interface Elements
Table of the Interface Information Dialog, the Replace, Delete, Cancel, and Help buttons will be
visible. Click Replace to modify the interface element according to your specifications on this
dialog. Click Delete to remove the element from the interface definition.

Cancel

Click Cancel to close the Interface Elements Dial og without saving your changes.
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Chapter 7
Solving and Simulating a Case

This chapter describes the Run Mode options menu. This menu is used to customize and control
the time domain and single Power Flow Solutions in the Run Mode.

The following material isincluded:

*  PowerWorld Solution/Environment Options

*  Controlling Simulations and Solving the Power Flow

»  Description of Area Control and Transaction Modeling
* Equivalents

* Charts

»  Contouring

e Sensitivities

» Scaling

* BusView Display

Solution/Environment Options

Simulator provides aflexible environment for simulating power system operation by offering you
access to a number of customizable options. The Power World Simulator Options Dialog houses
six pages of options that you can customize to tailor the simulation to your needs. To display this
dialog, select Optiong/Toals, Solution/Environment from the main menu. If atimed simulation is
active when you open the dialog, it is automatically paused and will not resume until you close the
dialog.

This section discusses the use of the PowerWorld Simulator Options Dialog by describing the
options it presents.

Power Flow Solution Options

The Power Flow Solution Tab offers various options regarding how Simulator solves the power
flow problem. There are three sub-categories on the Power Flow Solutions tab. Each of these
categoriesis shown on tabs at the bottom of the page. Many of the options in the Power Flow
Solution options will be of interest only to advanced users of the package.

Power Flow Solution: General
Initialize From Flat Start Value

When checked, each Power Flow Solution is started assuming that all voltage magnitudes and
generator set point voltages are unity and all angles are zero. By default, this option is not
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selected. Some power flow problems can be very difficult to solve from flat start assumptions.
Therefore, use this option sparingly.

Allow Multiple Islands
If checked, multiple islands are allowed during the solution.
Restore I nitial State on Restart

If checked, a paused simulation will revert to initial conditions whenever the user selects
Simulation, Play from the main menu to start a simulation, or selects Simulation, Reset followed
by the Play option to restart asimulation. Otherwise, selecting Play with a paused simulation will
simply resume the paused simulation.

MVA Convergence Tolerance

The MV A convergence tolerance serves as a yardstick for determining when the Power Flow
Solution process has reached an acceptable solution. The MV A mismatch is computed as the
maximum real or reactive mismatch at any busin the system. Usually, this value should be around
0.1 MVA. If you are having difficulty solving a particular case, it may be helpful to temporarily
increase the MVA Convergence Tolerance to drive the solution closer to the actual solution, and
then re-solve from this solution using the smaller MV A tolerance.

M aximum Number of Iterations

This option defines the maximum number of iterations Simulator will perform during the Power
Flow Solution process in an effort to converge to a solution. If Simulator must exceed this number
of iterations, it assumes that the power flow caseis not converging and will terminate the solution
process. If Simulator is configured to represent non-converging power flow cases as blackouts, the
screen will turn gray and the blackout warning message will appear.

Assumed MVA Per-Unit Base

This option allows the user to specify the MV A base to be used for the entire case. By defaullt, this
valueis set to 100 MVA.

Solution M ethod

This option is available only for OPF releases of Simulator. Use it to indicate whether Simulator’s
repetitive power flow should perform a Full Newton Power Flow Solution or an optimal power
flow (OPF) solution.

Bus L oss Sensitivities

Bus loss sensitivities indicate how island or area losses change with power injection at the bus.
Here you may choose to forego the calculation of bus loss sensitivities or to base them on island
losses or area losses. If the case consists of only one island, which, by definition, corresponds to
the entire system, then the bus loss sensitivities are measured with respect to total system losses.

Power Flow Solution: Automatic Controls
Disable Checking Gen MVR Limits

If checked, the MVR limits are ignored for all the generators in the case during a Power Flow
Solution. By default, this option is not selected.

Check Immediately

If checked, violations of the MVR limits for each generator are checked before the Power Flow
Solution is started. Normally, the Power Flow Solution is started without checking the MVR limits
until after a solution has been reached. If any of the MVR limits are violated after the solution is
reached, the violations are corrected, and the power flow is solved again. With this option
checked, the violations are checked before the first time the power flow is run. By default, this
option is not selected.
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Disable Switched Shunt Control

If checked, automatic control of switched shuntsisdisabled in all areas. By default, thisoptionis
not selected.

Disable LTC Transformer Control

If checked, automatic control of LTC transformersisdisabled in all areas. By default, thisoption is
not checked.

Minimum Sensitivity for LTC Control

This option specifies the minimum-voltage-to-tap sensitivity for LTC transformers. All
transformers having an absolute value of voltage-to-tap sensitivity below this value are
automatically disabled from automatic control. This prevents Simulator from changing
transformer taps that have little effect on their controlling voltage. The Transformer AVR Dialog
shows the voltage-to-tap sensitivity for each voltage-controlling transformer.

Disable Phase Shifter Transformer Control

If checked, then automatic control of phase shifting transformersisdisabled in al areas. By
default, this option is not checked.

Enforce Generator MW Limits

If checked, then generator minimum and maximum MW limits are enforced for all generators
whose Enforce MW Limitsfield is set to true. See Generator Information Dialog (page 203) for
more information. Otherwise, generator MW limits are not enforced.

Prevent Controller Oscillations

Sometimes, a power flow will fail to converge because certain automatic controls such as MVR
limit enforcement at generators, transformer tap switching, and shunt switching oscillate between
their control bounds. These oscillations very often are due to modeling inaccuracies. If thisoption
is checked, Simulator will automatically detect such oscillating controls and fix them at their
current value so that they no longer oscillate. Y ou may find this option helpful if you feel that the
modeling of automatic controlsin your system is inaccurate.

Power Flow Solution: Area Interchange
Disable Area Interchange Control

If checked, the enforcement of the MW interchange constraints for all areasisdisabled. By
default, this option is not checked.

Include L oss Penalty Factorsin ED

If checked, the economic dispatch calculation will consider losses in determining the most
economic generation dispatch. Otherwise, the generation dispatch calculation will disregard
system losses.

Enfor ce Convex Cost Curvesin ED

The economic dispatch algorithm attempts to set the output of all generators that are set to be

automatically controlled so that the system'’s load, losses, and interchange are met as economically
as possible. The algorithm is guaranteed to reach a unique solution only when all generator cost
curves, which model the variation of the cost of operating a unit with its output, are convex. If this
option is checked, Simulator will identify units whose operating point is outside the convex portion
of the cost curve and set them off automatic control.
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Environment Options

The Environment Options Tab provides you control over a number of display and simulation
options. The first section of the page contains alist of check boxes that you can use to designate
the content of the oneline displays. These optionsinclude:

Disable Showing Blackouts

You can dramatize a power flow case’s failure to converge by representing it as a blackout. The
background of the oneline diagram will become a dark shade of gray, and a message box will

appear to announce that the system has experienced a blackout. To disable this behavior, select the
Disable Showing Blackouts box. Representing the failure to converge as a blackout can be very
helpful for presentation purposes. Very often, the power flow’s failure to converge can be traced

to the system’s inability to serve the load demand, a situation that requires that load be “blacked
out,” or shed, to restore the system to a viable operating state. Thus, displaying the failure to
converge as a blackout has physical significance.

Show Oneline Hints

If checked, a hint will pop up when the user places the cursor over certain types of elements on the
oneline diagram. By default, this option is not selected.

Show X,Y Coordinates

If checked, the (x,y) location of the cursor is monitored in the status bar at the bottom of the
screen. The (x,y) location of the cursor is only shown in Edit Mode. By default, this option is
selected.

Display Only

If checked, Simulator only displays the case; it does not solve the power flow equations. System
flows are determined by the initial values in the case file. This option should be checked if you
simply want to use Simulator to visualize a case that has already been solved. The advantage of
the display-only mode is that animation is significantly faster, particularly for large cases. The
drawback to the display-only mode is that the power flow equations are not automatically solved at
each time step; you must explicitly call for a Power Flow Solution using eith8irtie Solution

button of the Program Palette or one of the two Power Flow Solution options available from the
Simulation tree on the main menu.

Show Log

If checked, the message log is displayed. The message log shows detailed results of each Power
Flow Solution. Usually this log is NOT shown. However, if you are running into problems with a
simulation case, it can prove useful for debugging the case.

Auto Load Script File

If checked, the script file is automatically loaded with the case. This is not checked by default.
Note: scripts can be loaded manually from the option in the simulation menu.

Clock Style

The clock serves as a timer for timed simulations by showing the current time, the start time, and
the end time of the simulation. You can choose to hide the simulation clock by specifying a clock
style ofNone. Otherwise, to display the clock in its own window, chddissog, and to display

the clock on the program’s status bar, seRutts Bar.

Transformer Symbol

Since transformer representation varies in different countries, this option allows the user to
represent transformers as coils or circles. By default, transformers are represented as coils.
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M easur ement System

This option allows the user to choose English (Imperial) or Metric (SI) units for system
measurements. By default, this option is set to English units.

Main Oneline File

This option is used to identify the primary oneline diagram to use with the case. The main oneline
isthefile that is displayed when you first open the case. The dropdown box lists all the oneline
files that reside in the same directory as the case. Select one of thesefiles, or enter the full path of
the oneline you want to use if it does not appear in the dropdown box.

Use Default Oneline File

Y ou can command Simulator to open a particular oneline diagram fileif it cannot find a oneline
diagram file for the case you are trying to open. For example, thereis no oneline diagram
associated with a PSS/E raw data file when you first read it into Simulator. However, if your
application is such that you will aways use the same oneline file whenever you open a PSS/E raw
file, check the Use Default Oneline File to have Simulator open the oneline identified in the
Default Oneline File box whenever it encounters a case that has no associated oneline. The
default oneline must exist in the same directory as the case you are trying to open.

Case Information Display Options

PowerWorld uses numerous case information displays to show power system datain tabular
format. The options presented on this page of the PowerWorld Simulator Options Dialog control
some of the general features of the case information displays.

Enterable Field Color

Fields whose values can be directly entered on the case information displays are colored navy blue
by default. Click on the color field to change the color of enterable fields, or click the Change
Enter Color button.

Toggleable Field Color

Fields whose values can be toggled (changed) by left-clicking on them are colored green by
default. Click on the color field to change the color of toggleable fields, or click the Change
Toggle Color button.

At or Exceeding Limit Color

Fields whose values are at or exceeding alimit are colored red by default. Click on the color field
to change the color of such fields, or click the Change Limit Color button.

Default Row Height

This option sets the height of the rowsin the case information displays. Thisfield may need to be
changed depending on the screen size and font size of the computer. By default, the height is set to
20.

Disable Auto Refresh of Case I nformation Display

This option prevents Simulator from automatically updating the contents of open case information
displays with each solution. If this option is not checked, the datain all open case information
displays will be updated automatically to reflect the system state calculated from each Power Flow
Solution.

View/M odify Default Font

Clicking this button brings up afont dialog from which you can choose the font in which case
information displays should show their data. Selecting anew font, font size, style, or color and
pressing OK will change the default font, so that all case information displays will then employ a
font having the selected properties.
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Template Options

Simulator offers the ability to apply case templates to open power flow cases. Templates are
binary files that store such things as schedules, case information display customizations, and
settings for many of the options described in this section. For more information on how to work
with templates, please see Using Case and Oneline Templates (page 39).

Savein Template File

The type of information to store in the case template. Y our choices include schedules, case
information customizations, and case options, as configured from this PowerWorld Simulator
Options Dialog. In addition, a default auxiliary data file can be saved with the case template,
allowing the default auxiliary file to be automatically applied to a case whenever the template is

applied.
Use Default Case Template

By checking this option, you can also have Simulator load in a default set of options, regardless of
the case you are working with. [f this option is checked, whenever Simulator tries to open a new
case, it will apply the options stored in the default template file you identify. The template file
must exist in the directory of the case you are attempting to open.

Simulation

The Simulation Tab controls such things as the timing of the simulation and the structure of energy
transactions. The Simulation Tab offers the following options:

Simulation Start and Simulation End Times

The start and end times of the simulation have both time and day attributes, since Simulator can
model a system over multiple days. All time specifications must have the form hh:mm. Weeks are
assumed to begin on Mondays.

Current Time

This indicates the current time of the simulation. Adjust this value to rewind or fast-forward the
simulation to a particular point in time.
Simulation Speed-Up

The Simulation Speed-Up controls how fast the simulation runs relative to actual time. For
example, entering 60 in this field causes the ssmulation to run at 60 times actual time so that one
minute of simulation time occurs in one second of actual time. Thisfield isvisible only if the
Fixed Time Step box is unchecked.

Fixed Time Step

By using this option you can specify the rate of the simulation in terms of the number of secondsto
advance with each Power Flow Solution. If this box is checked, the Simulation Speed-Up field is
relabeled the Fixed Time Step (seconds) field.

Fixed Time Step (seconds)

The Fixed Time Step (seconds) field is used to specify the number of seconds the simulation
should advance with each Power Flow Solution. For example, specifying a fixed time step of 60
seconds means that the simulation time will advance 1 minute each time the power flow is solved.
Thisfield is visible only when the Fixed Time Step box is checked.

Default Area Number
This option specifies the default area number used with the strip-chart displays.
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MW Blocksfor Transactions

This option indicates the default size of new MW transactions. When you try to insert new MW
transactions using the MW Transactions Display and MW Transactions Dialog, the initial
transaction amount will default to this value.

Transaction Ramp Time (seconds)

This option sets the default ramp rate for inter-area transactions. This value specifies the amount
of time in seconds over which atransaction will ramp from zero to the level indicated by the MW
Blocksfor Transactionsfield. When you try to insert new MW transactions using the MW
Transactions Display and MW Transactions Dialog, the initial value of the Ramping parameter
will default to thisvalue.

Scheduled System Frequency
Indicates the scheduled system frequency in Hz.
Cost of Unserved Energy

Thisfield is used to assign apenalty cost to areas that fail to fulfill their side of energy
transactions. This cost will be included in computing the total cost of operating the offending area.

Case Load Multiplier

Thisfield is used to specify a scalar by which to multiply the value of all real and reactive loads
throughout the system. See Load Modeling (page 94) for further details.

Transformer Tap Delay

Typically, atime delay is built into the switching of transformer taps. Y ou can model this delay
during timed simulations in Simulator by specifying a nonzero value for the Transformer Tap
Delay in seconds. If thisvalueis nonzero, Simulator will wait until the specified delay time has
elapsed before switching the transformer taps as long as the Use Transformer Tap Delay box is
checked.

Use Transformer Tap Delays

This box must be checked in order for the tap delay setting in the Transformer Tap Delay box to
take effect.

Unexpected Events

This field allows you control the frequency with which “unexpected events,” such as lightning
hitting a transmission line, can occur during a simulation. When such an event occurs, the line’s
circuit breakers immediately open to protect the line from further damage. For some events (such
as a lightning strike), you can immediately re-close the line (i.e., you can use the oneline to close
the circuit breakers). However, for other events, like tornadoes, the line will stay open for the
remainder of the simulation (since it can take months to rebuild a line). These events occur at
random times. Whenever an unexpected event occurs, you will be shown a message box, which
you must acknowledge to proceed.

Auto Start

If the Auto Start box is checked, a timed simulation for the case will be launched as soon as the
case is loaded into memory.

Auto Solve on Load

If this option is checked, the case is automatically solved when it is Iqasikled Simulator is
in Run Mode; otherwise, the case is not solved until the user starts the simulation.



118 PowerWorld Simulator 6.0 User Manual

Limits Options
Enforce Generator MW Limits
If checked, generator MW limits are enforced.
Enforce Generator Ramp Limits
If checked, generator MW ramp limits are enforced.
Automatically Open Overheated Lines During Simulation
If checked, overheated lines automatically open during simulation.
Percent Loading to Report Branch Limits
The percent thermal loading at which a branch is flagged as aviolation.
Per Unit Low Voltage Limit, Per Unit High Voltage Limit

Acceptable per-unit limits for bus voltage. Any bus voltages that fall outside this range are flagged
asviolations.

Treat Transmission Line Limits as Equivalent Amps

Limits for transmission lines and transformers are always entered in MVA. However, when
reporting limit violations, it is common to check transmission line limits in terms of their amp
loading. If thisbox ischecked, line limits are expressed in terms of their amp loading. Otherwise,
line limits are checked in terms of MVA. See Line and Transformer Limit Violations (page 175)
and see Limit Violations List (page 174) for details.

Lineand Transformer Limit Set

Simulator allows the use of up to three limit sets for transmission lines and transformers. Select
the desired limit set. Up to three limits for each line/transformer may be set on the
Line/Transformer Dialog.

Simulation Control

The main function of the PowerWorld Simulator isto simulate the operation of an interconnected

power system. The simulation may focus on a single instant of time or may chart the evolution of

the system over time using a series of system snapshots. The Simulation Menu and the

corresponding Program Palette are used to control both types of simulation. For timed

simulations, the menu is used to start/continue the simulation, pause the simulation and reset the
simulation to its starting parameters. The system clock is usually visible during atimed simulation

and shows the current simulation time along with the simulation’s start and end time. The system
clock will appear either in its own window or as a series of panels in the right corner of the
window’s status bar. The other type of simulation, that of a single instant of time, is accomplished
by selectingSingle Solution from either the main menu or the Program Palette. This activity
performs a single Power Flow Solution. See Solving the Power Flow (page 119) for more
information.

The following tasks are available from the Simulation Control menu and the Program Palette:
Starting the Simulation

To commence a timed simulation, sel8chulation, Play from the main menu, or click the play
button on the Run Mode Palette. The simulation clock, visible in either its own window or the
status bar, will keep track of the simulation time. Regardless of the speed of your computer, the
simulation time will change at a fixed rate that is governed by the Simulation Speedup selected in
the Simulation Options Dialog.
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Y ou can reset the simulation at any time by choosing the Simulation, Reset command, or by
clicking the reset button on the Run Mode Palette.

Pausing the Simulation

Once the simulation has started, you can pause it at any time by selecting Simulation, Pause from
the main menu or by clicking the pause button on the Run Mode Palette. 1t is helpful to pause the
simulation when you want to take a closer look at a particular instant of the simulation.

Continuing a Paused Simulation

Once the simulation has been paused, you can continue with the simulation by selecting
Simulation, Play from the main menu, or by clicking the play button on the Run Mode Palette.

Performing a Single Solution

Whenever a timed simulation isn’t currently active, you can instruct Simulator to perform a single
power flow calculation by selectir§mulation, Single Solution - Full Newton from the main

menu or by clickingSingle Solution on the Program Palette. A single solution solves the power
system using the specified solution technique. The simulation time and total system costs do not
change as a result of the single solution.

Reset to Flat Start

SelectSimulation, Reset to Flat Start from the main menu to initialize the Power Flow Solution

to a “flat start.” A flat start sets all the voltage magnitudes and generator setpoint voltages to 1.0
per unit and all the voltage angles to zero. Usually, a flat start should be used only if the power
flow is having problems converging. You can also use the flat start option on the Solution and
Environment Options Dialog to initialize every solution from a flat start.

Solving the Power Flow

Solving the Power Flow

At its heart, Simulator is a Power Flow Solution engine. Power flow is a traditional power
engineering calculation that is performed to determine the flows on all lines and the voltages at all
buses in the system given the power injections at all buses and the voltage magnitudes at some of
them. When Simulator performs a timed simulation, it actually performs a sequence of power flow
calculations, each based on data that present a snapshot of system conditions at a particular instant.
Since it is based on power flow, Simulator models the system as being of constant frequency. This
assumption is only an approximation, but frequency deviations are generally very small in

everyday operation.

The power flow problem entails solving a system of nonlinear equations. Solving a nonlinear
system requires the use of an iterative algorithm to hone in on the correct solution. Many
nonlinear system solvers have been developed, and PowerWorld provides access to the full
Newton-Raphson method.

Usually, the power flow computation converges quickly. However, it is certainly possible to
model conditions for which no Power Flow Solution exists, or for which the algorithm cannot
converge to the solution within the maximum number of iterations specified. For such situations,
the message log will provide a message indicating that the computation failed to converge.
Furthermore, unless blackouts are disabled, the screen is grayed, and a message indicating a
blackout has occurred is shown.
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Display Only

The Display Only option allows you to animate the oneline diagrams without solving the power

flow equations. When Simulator isin Display Only mode, the animated flows always reflect the

state of the system as of the last Power Flow Solution. Any changes you make to the system, such

as switching lines in and out of service or changing a generator’s output, are not reflected in the
animated flows until you re-solve the system. In other words, in Display Only mode, Simulator
will not solve the power flow equations automatically at each time step. The advantage of the
Display Only mode is faster display animation. Thus, if you simply want to animate flows for a
large system without modifying the system too frequently, you will find the Display Only mode
useful.

To enable/disable the Display Only Option

e From the main menu selgdptions/Tools, Solution/Environment. This displays the
PowerWorld Options Dialog.

e Check theDisplay Only checkbox orEnvironment Tab to enable the Display Only option.
Leave the box unchecked to force Simulator to re-solve the power flow equations at each
iteration.

Area Control

One of the most important aspects of interconnected power system operation is the requirement
that each operating area changes its total generation to match changes in the sum of its load plus
losses plus power transactions with other areas. Normally, this requirement is met by Automatic
Generation Control (AGC). The purpose of AGC is to ensure that the actual MW output of an area
is equal to the scheduled MW output of the area. The AGC system accomplishes this by first
calculating the Area Control Error (ACE), which is defined as

ACE = Pactual - Pscheduied + (@ term dependent upon system frequency)

where R4 is the actual amount of MW flowing out of an area. If power is actually flowing into

the area, Rua is negative. Bqued is the amount of power scheduled to flow out of the area and

thus equals the areas total sales minus its total purchases, both expressed in MW. The last term in
the ACE depends upon the deviation of the actual system frequency from the scheduled system
frequency. When the system frequency is modeled using constant frequency, this term is always
equal to zero. Otherwise, the equation assumes uniform, but not constant, frequency throughout
the system. In this case, this term, known adrtagiency bias, equals -10 Bf, where B is an

area specific bias factor with units of MW/0.1 Hz (always negative)Ahidthe deviation of the
frequency from the nominal frequency (usually either 50 Hz or 60 Hz). Simulator currently always
assumes a constant frequency.

In Simulator, Byequed has two componentScheduled Transactions andBase Transactions. The

two types are provided in order to simplify transaction modeling in some studies. Scheduled
Transactions have a specified starting time, ending time, MW amount, and price. However, in
many power flow studies, in which one is concerned only with the static flow of power in the
transmission network and not specifically with cost information, it is much easier just to model the
net flow of power from one area to another (or even to an unspecified area). For these situations,
there is no need to specify price or start and end times. Simulator refers to these as Base
Transactions. Both Base and Scheduled Transactions can be defined on the Area Information
Dialog.

Whenever the ACE is greater than zero, it means that the area is over generating and thus needs
either to decrease generation or to sell more. Likewise, whenever the ACE is less than zero, the
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areais under generating and thus needs either to increase generation or to buy more. AGC works
to keep the ACE close to zero.

In Simulator, there are four options for implementing AGC:
No area control

The output of the generators does not change automatically. Y ou must manually change the
generation to match system load/losses/transaction variation.

Participation Factor Control

The output of all AGC generators in the area change automatically to drive the area control error
(ACE) to zero. Each generator’s output is changed in proportion to its participation factor.
Checking this option enables tBet Factor s button, which, when pressed, opens the Generator
Participation Factors Dialog.

Economic Dispatch Control

The output of all AGC generators in the area changes automatically to drive the area control error
(ACE) to zero. Each generator’s output is changed so that the system is dispatched economically.

Area Slack Bus Control

Only the output of the area’s slack bus changes automatically to drive the area control error (ACE)
to zero.

In Participation Factor Control, the ACE is allocated to each AGC generator in the area in
proportion to that generator’s participation factor divided by the total of the participation factors
for all AGC generators in the area. A generator’s participation factor cannot be negative. By
default, a generator’s participation factor equals its current MW setpoint value, but individual
participation factors can be changed.

With Economic Dispatch (ED) Control, Simulator tries to change the output of the area’s AGC
generators economically so that the area’s operating cost is minimized. ED control recognizes that
some generators are less expensive than others and tries to use the least expensive generators to the
largest extent possible.

To do economic dispatch, we need to know how much it would cost to generate one more MW at a
particular generator. This is known as the incremental or marginal cost. The incremental cost for
each generator is modeled using the formula

N = IG (Pg) = (b + 26Pg +3d (Pgi)z)*fuelcost $/MWH

The plot of IG(Pg) as a function of Pis know as théncremental-cost curve. The economic

dispatch for a system occurs when the incremental costs for all the genesatanes ¢qual. This

value is known as the systén{lambda) or system incremental cost. Its value tells you how much

it would cost to generate one more MW for one hour. The system lambda becomes important
when trying to determine whether or not an area should buy or sell power. For example, if an area
can buy power for cheaper than it can generate it, it might be a good idea for the area to buy
power.

Area Transaction Modeling

One of the primary benefits of interconnected power system operation is the ability to do power
transactions between areas. In its simplest form, a power transaction entails one area selling a
specific amount of power for a time period (often specific, sometimes not) at a specific price to
another area.
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Simulator offers two complimentary mechanisms for specifying areainterchange: Base Area
Interchange and Scheduled Area Interchange. These mechanisms may be used simultaneously,
provided you understand that the use of base transactions in economic studies can skew results
considerably. This discussion should clarify the issues involved in using the two types of
transactions.

Base Area Interchange

The base interchange for an areais the amount of power (in MW) scheduled to be exported from
the area to either another area or to an unspecified buyer(s). However, since base interchangeis
intended only for use in standalone power flow studies, no start/end times and no price are
associated with the transaction. Since the price and sometimes the buyers ar e not known, the use
of base interchangeisDEFINITELY NOT RECOM M ENDED when you are doing pricing
studies/simulations. Since no price is specified, from an economic modeling point of view the area
is essentially giving the power away for free. This can, of course, have a major impact on area
economics. Additionally, base interchange has no starting or stopping time; it is always assumed
to be active.

However, the use of base interchange is convenient when you are simply doing power flow
studies/simulations (i.e. without economic considerations). Base interchange values can be set on
the AreaDialog. Please note that when you use base interchange with unspecified buyers, itis
your responsibility to ensure that the net of all base transactions add to zero. That is, in order for
some areas to export, other areas must be importing a corresponding amount. Base interchange
values can also be viewed and modified on the onelines using areafields.

Scheduled Area Interchange

The scheduled interchange for an area is the amount of power (in MW) scheduled to be sold from
the area to specific buying areas for a specific duration and price. Y ou should use these types of
transactions exclusively when you are doing economic/pricing studies/simulations. The only
downside to the use of scheduled interchange is that you must specifically set up each such
transaction. Please see MW Transactions Display (page 162) for a description of how to do this.

Equivalents

An equivalent power system is a power system model of smaller dimension than the original

system that approximates the behavior of the original system reasonably well. In reality, most

power system models are actually an “equivalent” of a much larger interconnected network. When
performing power system studies, it is often desirable to reduce the size of the system model even
further so that they may be solved more quickly. You can build power system equivalents in
Simulator using the Equivalencing Display. The following paragraphs provides some details on
this process.

The most important part of constructing an equivalent is determining which buses should be
explicitly retained in the equivalent, and which buses shoutdjligal enced, or removed from the
case. Several definitions are useful here:

Study System

The buses that are to be retained.
External System

The buses that are to be equivalenced.
Boundary Buses

Any buses in the study system that are connected to buses in the external system.
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How well the equivalent system approximates the behavior of the original system depends upon
which buses are retained in the study system. Retaining more buses yields results that more closely
match those of the original case, but at the expense of greater computation time. The number of
buses to retain in the study system depends upon how the equivalenced system will be used.
Building system equivalentsis as much an art asit is a science, with few solid rules of thumb.
However, to improve accuracy, you should retain as many generator units as possible.

The actual equivalent is constructed by performing a matrix reduction on the bus admittance

matrix. A result of this process is the creation of “equivalent” transmission lines that join

boundary buses equipped with equivalent shunts or loads. Equivalent lines have a circuit identifier
of ‘99'. Since many of the equivalent lines created during the matrix reduction have very high
impedance values, an option is provided to ignore equivalent lines with impedances exceeding a
specified threshold value. Additionally, an option is provided to convert the equivalent shunts
added at the boundary buses to constant PQ loads.

Equivalents Display

Equivalents Display

The Equivalents Display is used to construct equivalent systems.E4univalent System s a

system of smaller dimension that exhibits similar power flow properties. Equivalent systems are
constructed to help accelerate computation without sacrificing accuracy. For more information,
please see Equivalents (page 122).

To bring up the Equivalencing Display, sel€gitions/Tools, Create Equivalent from the main

menu in Edit Mode. This display contains two pagesBteSelection Page and theCreate

Equivalent Page. Use the Bus Selection Page to partition the power system into the study system
and the external system. Use the Create Equivalent Page to

e Save the external system in a file
e Extract the external system
e Build an Equivalent
Each of these tasks is described below.
Bus Selection Page

To perform any of the tasks described on the Create Equivalent Page, you first need to specify the
study system and the external system. Do this by directly assigning buses to the desired system.
The Bus Selection Page has been designed to provide a number of powerful and complimentary
ways of accomplishing this task.

The most important point to keep in mind when using this page is that membership in the study
system and the external system is on a bus-by-bus basis (as opposed to by areas or zones). Thus,
each bus is either in the study system or the equivalent system. Each bus’ current assignment is
indicated in the Buses list, which is shown on the bottom left corner of the page. By default, all
buses initially reside in the study system. Please see Bus Selection Page (page 196) for more
details.

Create Equivalent Page

The Create Equivalent Page allows you to save the external system in a file, to delete the external
system, and to build the power system equivalent.
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Saving the External System in a File

This procedure allows an external system to be saved in afile without deleting the external
system. Thisoption is useful for allowing you to save a portion of the system in afile, modify it
using perhaps another program, and then use Append Case to append the modified file to the
origina case.

When saving the external case, there are two options. 1) save just the external case, or 2) save the
external case and any tiesto the original case. Option one just saves the external case, while
option two saves the external case and any transmission lines or transformers that connect the
external system to the rest of the system. Save just the external case if you are planning to use the
external case as a standalone case. Save the external case and itstiesif you are planning to modify
the external case and then to append it back to the original case.

Click Save External System to save the external systemin afile. Y ou will be prompted for the
desired case format.

Deleting the External System

This procedure del etes the external system from the original case. All devicesin the external
system are removed, including any buses and lines/transformers in the external system and any
lines/transformers that join the external system to the study system. Check the Remove External
Objects from Onelines to remove any display objects linked to the external system from the open
onelines.

This command per manently removes the external system from the case; an equivalent systemis
not created. Select Delete External System to actually delete the system.

Building an Equivalent

This procedure constructs an equivalent system. For background on equivalents, please see
Equivalents (page 122). Thistask has the following options:

Delete All External Generatorsor Retain Generatorswith Max MW Ratings Above

If the Delete All External Generators checkbox is checked, the equivalencing routine will
remove all external generators from the case, regardless of their MW rating. Otherwise,
the equivalencing routine will add to the study system any generators originaly in the
external system whose real power output exceeds the specified value. Retaining large
generators often makes an equivalent significantly more accurate. |f you do not wish to
retain any additional generators, check the Delete All External Generators checkbox.

Remove External Objects from Onelines

This feature removes display objects associated with the external system from any open
onelines.

Convert Equivalent Shuntsto PQ Loads

During the equivalencing process, shunt elements are added at the boundary buses.
Check this box if you would like these equivalent shunts converted to constant PQ loads.
If this option is checked, equivalent loads are created with aload 1D of ‘99'.

Retain Remotely Regulated Buses

Some generators and transformers regulate buses other than their terminals. When this
box is checked, these remotely regulated buses are automatically included in the
equivalent if the regulating generator or transformer is included. If the box is not
checked, the regulated bus is set to the terminal of the retained object. It is strongly
recommended that you leave this box checked at all times.
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Delete Empty Areasand Zones

If this option is selected, then any areas or zones that contain no buses will be removed
from the case. The default value of thisoption is True. Y ou may, however, wish to retain
the empty areas or zones if they possess specia attributes that you want to preserve or you
plan to add buses to them after building the equivalent.

Max Per Unit Impedance for Equivalent Lines

During the equivalencing process, a number of equivalent lines are created joining the
boundary buses. All equivalent lineswith per unit impedance values above this threshold
are ignored.

Select Build Equivalent System to construct the equivalent system. Constructing an equivalent
system permanently removes the external system from the case and adds a number of equivalent
lines and shunts/loads.

Area Control Error (ACE) Chart

The ACE chart plots the area control error for an area over time. For details on ACE, please see
topic Area Control (page 120). To view this display, select Options/Tools, Charts, ACE Chart
from the main menu, or press the corresponding button on the Simulation Summary tab of the Area
Information Dialog. If you use the main menu to view this chart, it shows information for the
default area, but this can be changed. The strip chart startsto plot the data when you open it, with
new data appearing on the left. Y ou can change the scale of either the x-axis (the time axis) or the
y-axis (Scheduled Transactions axis) by right-clicking anywhere on the axis itself and specifying
the new axis limits and number of intervals.

Right-click on the display (except on the axes) to view the display’s local menu. The local menu is
used to print the strip chart, save the strip chart in a file, copy the strip chart to the Window's
clipboard, or change the number of the area being displayed.

Use the display’s control-menu box to close the display (i.e. the ‘X’ button at the top right corner
of the form).

Area Load and Generation Chart

The Load and Generation chart plots an area’s load + losses and generation in MW over time. To
view this display, sele@ptions/Tools, Charts, Area Load and Generation Chart from the

main menu, or press the corresponding button on the Simulation Summary tab of the Area
Information Dialog. If you use the main menu to view this chart, it shows information for the

default area, but this can be changed. The strip chart starts to chart the data when you open it, with
new data appearing on the left. You can change the scale of either the x-axis (the time axis) or the
y-axis (Load/Generation MW axis) by right-clicking anywhere on the axis itself and specifying the
axis limits and number of intervals.

Right-click on the display (except on the axtesyiew the display’s local menu. The local menu is
used to print the strip chart, save the strip chart in a file, copy the strip chart to the Window's
clipboard, or change the number of the area being displayed.

Use the display’s control-menu box to close the display (i.e. the ‘X’ button at the top right corner
of the form).
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Area Losses Chart

The Area Losses chart plots an area’s real power losses over time. To view this display, select
Options/Tools, Charts, Area Losses Chart from the main menu, or press the corresponding
button on the Simulation Summary tab of the Area Information Dialog. If you use the main menu
to view this chart, it shows information for the default area, but this can be changed. The strip
chart starts to chart the data when you open it, with new data appearing on the left. You can
change the scale of either the x-axis (the time axis) or the y-axis (Load/Generation MW axis) by
right-clicking anywhere on the axis itself.

Right-click on the display (except on the axtesyiew the display’s local menu. The local menu is
used to print the strip chart, save the strip chart in a file, copy the strip chart to the Window's
clipboard, or change the number of the area being displayed.

Use the display’s control-menu box to close the display (i.e. the ‘X’ button at the top right corner
of the form).

Area MW Transactions Chart

The Scheduled MW Transactions chart plots the scheduled real power (MW) transactions for an
area over time. To view this display, sel®gttions/Tools, Charts, Area MW Transactions

Chart from the main menu, or press the corresponding button on the Simulation Summary tab of
the Area Information Dialog. If you use the main menu to view this chart, it shows information for
the default area, but this can be changed. The strip chart starts to chart the data when you open it,
with new data appearing on the left. You can change the scale of either the x-axis (the time axis)
or the y-axis (Scheduled Transactions axis) by right-clicking anywhere on the axis itself and
specifying the new axis limits and number of intervals.

Right-click on the display (except on the axtesyiew the display’s local menu. The local menu is
used to print the strip chart, save the strip chart in a file, copy the strip chart to the Window's
clipboard, or change the number of the area being displayed.

Use the display’s control-menu box to close the display (i.e. the ‘X’ button at the top right corner
of the form).

Area Average Cost Chart

The Average Cost per MWH chart plots the average cost per MWH for an area over time. This
value is calculated by dividing the total cost of operating the area (generation cost + purchased
power cost - revenue from power sales) by the MW load in the area. To view this display, select
Options/Toals, Charts, Area Average Cost Chart from the main menu, or press the

corresponding button on the Simulation Summary tab of the area information dialog. If you use the
main menu to view this chart, it shows information for the default area, but this can be changed.
The strip chart starts to plot the data when you open it, with new data appearing on the left. You
can change the scale of either the x-axis (the time axis) or the y-axis (Scheduled Transactions axis)
by right-clicking anywhere on the axis itself and specifying the new axis limits and number of
intervals. Note that as the area’s load increases, the average cost per MWH tends to increase.

Right-click on the display (except on the axes) to view the display’s local menu. The local menu is
used to print the strip chart, save the strip chart in a file, copy the strip chart to the Window's
clipboard, or change the number of the area being displayed.
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Use the display’s control-menu box to close the display (i.e. the ‘X’ button at the top right corner
of the form).

Contouring

Simulator can create and animate a contour map of various system quantities, such as voltage
magnitudes and angles, MW transactions, transmission loading, and real and reactive load. Such
displays resemble a contour map of temperatures like that shown on a weather forecast.
Contouring can significantly improve understanding of a large interconnected system, helping
identify congestion pockets and Mvar-deficient regions and providing an overview of how power
flows through the bulk power system.

The Contour Options Dialogpntrols Simulator’'s contouring capabilities. To access it, either click
the right mouse button on an empty area of the oneline and cBonsauring from the resulting
local menu, or choogBptions/Tools, Contouring from the main menu.

Contouring Options

The Contour Options Dialog allows you to draw contour maps of many system quantities, such as
bus voltages or angles, transmission line and interface MVA loadings, and transmission line and
interface PTDFs.

To access this dialog, either click the right mouse button on an empty area of the oneline and
chooseContouring from the resulting local menu, or chod3ptions/Tools, Contouring from

the main menu. The Contour Options Dialog has three tabs: the Contour Type Tab, the Contour
Type Options Tab, and the Custom Color Map Tab.

Contour Type
Object

Simulator can contour several different values. To specify what Simulator should contour, first
choose the type of object; the options are Bus, Line, Interface, or Area/Zone. This selection
narrows the set of quantities that can be contoured, which is specifiedvial tieedropdown box.

Value
Then select the quantity to contour from the Value dropdown box.
Import From/Export To

When contouring Area/Zone ATC values, these options become available. Check one of these two
options for the desired ATC contour, and then select the area of interest from the drop down menu.

Pixel Options

In order to optimize the speed of drawing, the user must specify the Influence Region as well as the
Contour Resolution. Also, when contouring line or interface objects, the number of data points
used to represent that line must be chosen.

Continuously Update Contours

Normally contouring is only done on a snap shot of the power system state. However, you can also
set PowerWorld to automatically update the contour every time the display is redrawn. In this

way, an animation of the contour can be created. If you would like to create this animation, simply
check the Continuously Update Contours checkbox. Note, however, that this will slow down the
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animation of the display, as the program must recal culate the contour at each step. If this slows
down your display too much, try lowering the contour resolution to speed it up.

Draw Color Key

Checking this box will cause the contour to draw a color key showing which colors are mapped to
which values.

Action

Choosing Draw Contours will show the contour on the oneline diagram when you select either OK
or Recalculate Contours. Remove Contours will remove any previously drawn contours from the

display.
Color Map

Choose from various predefined color maps using the color map combo-box. A color map, along
with the values specified, defines how values are mapped to a color on the contour image.

If a color map showing both high and low values is desired (such as for bus voltages), use of “Blue
= Low, Red = High” is recommended. If a color map showing only high values is desired (such as
for line flows), use of “Weather Radar, Nominal to High” is recommended.

A user may also define additional color maps by going to the Custom Color Map Tab.
Brightness

Modify the brightness track bar to change the brightness of the color map.

Ignore Above M ax %

Check this check-box to completely ignore values above the maximum percentage. This means
that data which is larger than the Max % will not be used in calculating the contour image.

Values

These values along with the color map define how to convert your values into a color for the
contour. The values are:

Absolute Minimum: The smallest value allowed in the contour. All values below this
will be mapped to the lowest color. This value corresponds to 0%
in the color map.

Limit Minimum: This value is used by some color maps to highlight a lower limit.
This value corresponds to 25% in the color map.

Nominal : This value is the nominal value for the contour. Values around this
will be mapped to the middle color. This value corresponds to
50% in the color map.

Limit Maximum: This value is used by some color maps to highlight a lower limit.
This value corresponds to 75% in the color map.

Absolute Maximum: The largest value allowed in the contour. All values above this will
be mapped to the highest color. This value corresponds to 100% in
the color map.

Note: a representation of the color map is shown to the right of the values.
Ignore Above Min %

Check this check-box to completely ignore values below the minimum percentage. This means
that data which is smaller than the Min % will not be used in calculating the contour image.
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Contour Type Options
Object

Simulator can contour several different values. To specify what Simulator should contour, first
choose the type of object; the options are Bus, Line, Interface, or Area/Zone. This selection
narrows the set of quantities that can be contoured, which is specified in the Value dropdown box.

Value
Then select the quantity to contour from the Value dropdown box.
Import From/Export To

When contouring Area/Zone ATC values, these options become available. Check one of these two
options for the desired ATC contour, and then select the area of interest from the drop down menu.

Influence Region

Thistrack bar determines how far away each data point influences the contour image. A larger
influence region results in each data point influencing more of the contour at the expense of longer
screen refresh times.

Contour Resolution

This value determines the relative resolution of the contour. Increasing the contour resolution
increases the level of detail represented on the map but will lengthen screen refresh times.
Reducing the screen refresh time will yield less detail and shorter screen refresh times.

Exaggerate Limit Violations by

To cause even minor limit violations ( values outside of 25-75%) to stand out prominently on your
contour, check the Exaggerate Limit Violations by check-box. Then adjust the sliding scale to
modify how much the violations will stand out.

Begin Fade Per centage

While moving away from a data point, the data point’s value decays to towards the Nominal Value.
The Begin Fade Percentage specifies when the value starts to fade as a percentage of the largest
distance for which this data point influences the contour.

Custom Color Map
Color Map

Choose from various predefined color maps using the color map combo-box. A color map, along
with the values specified, defines how values are mapped to a color on the contour image.

If a color map showing both high and low values is desired (such as for bus voltages), use of “Blue
= Low, Red = High” is recommended. If a color map showing only high values is desired (such as
for line flows), use of “Weather Radar, Nominal to High” is recommended.

A user may also define additional color maps by going to the Custom Color Map Tab.
Brightness

Modify the brightness track bar to change the brightness of the color map.

Contour Type Valuesto Use

These check-boxes signify which values from the Contour Type Values Tab are used by the Color
Map. The Nominal Value must always be used and therefore cannot be unchecked.

Default Color

For parts of the contour image which are not influenced by any of the data points, this color will be
used.



130

PowerWorld Simulator 6.0 User Manual

Number of Points

This value sets the total number of color points used to define the color map. The color points are
then set using the Colored Rectangles and Percentage Values. To change the color of aone of the
rectangles, click on the rectangle.

Save As New

To save the present color map as a new color map, click this button. Then specify a name for the
new color map.

Save Map

To save changes that have been made to the present color map, click this button.
Rename M ap

To rename the present color map, click this button.

Delete Map

To delete the present color map, click this button.

Sensitivities: Flows and Voltages

The Flows and V oltages Sensitivities Dialog can be opened from the Options/T ools, Sensitivities,
Flows and V oltages menu option in Run Mode.

The Flows and Voltages Sensitivities Dialog shows the effect an additional injection of real or
reactive power at a bus has on real, reactive, or complex power flow on a particular line or
interface. The grid that occupies the bottom of the dialog lists each bus in the system, subject to
the Display Filter settings. Thisgrid is acase information display and thus shares properties and
controls common to all other case information displays. The P Sensitivity field indicates the effect
al MW increasein real power at the bus has on the flow (either MW, MVR, or MV A flow, as
dictated by the Flow Type setting) on the device identified by the Device | dentifier. Likewise,
the Q Sensitivity field indicates the effect a1 MV R increase in reactive power at the bus has on the
flow (either MW, MVR, or MVA flow, as dictated by the Flow Type setting) on the device
identified by the device identifier.

Use the Device Type control to indicate whether the sensitivities are to be calculated for a
line/transformer or an interface. Use the Flow Type control to specify the type of power flow for
which the sensitivities will be calculated. Use the Device | dentifier fieldsto identify the
line/transformer or interface.

Whenever you make a change to any of these settings, click Calculate Sensitivities to update the
grid with the new sensitivities.

Click Close to close the Flows and V oltages Dial og.

Sensitivities: Losses

The L osses Dialog can be opened from the Options/T ools, Sensitivities menu option.

The BusMarginal Loss Sensitivities Dialog is used to calculate and display the sensitivity of a
real power loss function, P s, t0 busreal and reactive power injections. Stated mathematically,
the display calculates d P yse/d P, and d P ose/d Q; , Where P, and Q; are the real and reactive
power injections at busi, respectively. The display is availablein the Run Mode by selecting
Optiong/Toals, Sensitivities, L osses.
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Stated less formally, the display indicates how losses would change if one more MW or Mvar of

power were injected at busi. Simulator can calculate the losses for abus relative to losses in the

bus’ island or area, to losses in a select group of areas, or, if the bus belongs to a super area, to
losses in the bus’ super area. How Simulator computes the losses is governed by the value of the
Loss Function Type option. The Loss Function Type may assume one of the following five

values:

None No Losses are calculated because a loss function is not specified.

Each Idand Losses are calculated with respect to the losses in bus’ island. If
the power system consists of only one island, losses are computed
with respect to the total system losses.

Each Area Losses are calculated with respect to the total losses for the area
containing bus i. This is probably the most common loss function
because usually one is concerned with minimizing losses for a
particular area rather than for the entire case.

Super Area Losses are calculated with respect to the total losses fardae
containing bus i if bus i does not belong to a super area, and with
respect to the total losses for super area containing bus i if bus
i does belong to a super area.

Selected Areas Losses are calculated with respect to the total losses for a group of
areas, specified in tigelected Areas field.

In steady-state power system operation, total generation must always equal total load plus losses.
Therefore, the real power injection at a single bus cannot be changed arbitrarily; it must be met by
a corresponding change somewhere else in the system so that the total power remains balanced.
other words, the change in power injection must somehow be absorbed. How the injection is
absorbed depends on the Loss Function Type. If the Loss Function Bageh iksland, the

injection is absorbed by the island slack. ForEheh Area andSelected Areasloss functions,

the injection is absorbed at the area tie-lines.

The Bus Marginal Loss Sensitivities Dialog houses the following controls:
L oss Function Type

Use this to specify which Loss Function to use.

Selected Areas Table

This table is used only when thess Function Type is set toSelected Areas; otherwise, it is
ignored. Left-click on thénclude field to include or exclude areas from the loss function.

Calculate Marginal L oss Sensitivities Button

Once the loss function type has been specified, click this button to calculate the bus marginal loss
sensitivities and update the Bus Marginal Loss Sensitivities table.

BusMarginal Loss Sensitivities Table

This table shows the bus marginal loss sensitivities for all buses with valid display filters. The Bus
Marginal Loss Sensitivities Table is a type of Case Information Display and thus exhibits features
and behavior similar to all other case information displays. It has a local menu from which you

can choose to find out more about a particular bus. You can sort records by any of the listed fields
by clicking on the column headings. The table contains the following fields:

Number, Name

Number and name of the bus.
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Area Number, Area Name
Number and name of the bus’ area.
MW Sens.

Sensitivity of the loss function to an increase in the real power injection (generated power
assumed positive) at the bus.

MVR Sens.

Sensitivity of the loss function to an increase in the reactive power injection (generated
power assumed positive) at the bus.

Power Transfer Distribution Factors

The Power Transfer Distribution Factor (PTDF) display is used to calculate the incremental
distribution factors associated with power transfers between two different areas or zones. These
values provide a linearized approximation of how the flow on the transmission lines and interfaces
change in response to transaction between the Seller and the Buyer. These values can then be
visualized on the onelines using animated flows (see below for details). The transaction for which
the PTDFs are calculated is modeled by scaling the output of all generators on AGC in the source
and sink areas in proportion to their relative participation factors. Generators in the source area
increase their output, while generators in the sink area decrease their output.

An important aspect to consider in calculating the PTDF is how the losses associated with the
transfer are allocated. Simulator assumes that the Seller increases the output of its generators by
100% of the transfer amount, while the Buyer decreases the output of its generators by 100%

minus any changein system losses. In other words, the Buyer accounts for the entire change in

the system losses. Of course it is possible that a transfer may result in decreased system losses; for
that case, the decrease in the Buyer’s generation will be greater than 100% of the transfer.

To Calculate the Power Transfer Distribution Factors:
* Perform an initial Power Flow Solution.

e In Run Mode, seled®ptions/Tools, Power Transfer Distribution Factors (PTDFs) from
the main menu to open the Power Transfer Distribution Factors Dialog.

e Supply the requested information on the Power Transfer Distribution Factors Dialog and click
theCalculate PTDFsbutton. The distribution factors are calculated and displayed for the
element set of your choice in the table at the bottom of the dialog.

The animated flows that appear on the oneline diagram may represent either actual flows or PTDF
values. To specify that the display should show distribution factors, click the button labeled
Visualize PTDFs. Once this button is clicked, the flow arrows on all open onelines will represent
distribution factors, and the caption of the button will changédaalize Actual Power Flows.

Click the button again to visualize actual power flows instead of distribution factors.

Power Transfer Distribution Factors Dialog

The PTDF Dialog enables you to control and to view the results of power transfer distribution
factor calculations. You access this dialog by sele@ipgons/Tools, Sensitivities, Power

Transfer Distribution Factors (PTDFs) from the main menu in Run Mode only. The dialog has
the following options:
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Seller Type, Buyer Type

Distribution factors can be calculated for power transfers between any combinations of areas,
zones, and super areas. Use the seller type and buyer type options to indicate the type of the
selling and purchasing entities. (The Custom option is not currently supported.)

Seller, Buyer

These dropdown boxes allow you to select the selling and buying entities. Their contents are filled
when you select the seller and buyer types.

Only Show Values Above %

Restricts the result set to show only those PTDFs that exceed a specified value. Many line-loading
relief routines, for example, disregard elements having a PTDF of less than 5%.

Total Increasein L osses

Thisisaread-only field that indicates the change in system losses caused by the transfer from the
selling areato the buying area. The change is expressed as a percentage of the transfer amount.

Automatically Update
If checked, the PTDFs are automatically updated every time the power flow is solved.
Use Display Filters

If this box is checked, then the results table at the bottom of the dialog will include only records
associated with devices located in areas or zonesincluded in the display filter set.

Calculate PTDFs

Click on this button to update the PTDF values. The results table will reveal the latest
calculations.

Calculate MW-Distance

Click this button to open the MW * Distance Calculations form. Thisform allowsyou to
calculate MW * Distance values for the transaction for which you calculated PTDFs. See MW-
Distance Calculations (page 135) for more information.

Reverse Buyer/Seller

Click this button to re-calculate PTDFs for the direction that is the reverse of the direction
currently shown. For example, if you have just calculated PTDFs for atransaction from area A to
area B, press this button to calculate and display PTDFs for atransaction from area B to area A.

Show Results For

PTDF results may be shown for branches, interfaces, areas, zones, or generators. Y our selection
for this option defines the contents of the results table at the bottom of the dialog.

PTDF Calculation M ethod

PTDFs may be calculated using either the full power flow Jacobian or only a portion of it. If you

select the Full AC Approximation option, the sensitivity of the monitored element’s flow will be
calculated as a function of both its real and reactive power components to the voltage magnitude
and angle of its terminal buses. If you instead select the Lossless DC Approximation option,
branch flow sensitivity is calculated by estimating the real power that flows through the monitored
element only from the difference in angles measured across its terminals. The lossless dc
approximation is more efficient to compute, but the Full AC Approximation tends to be more
accurate because it accounts for the relationship between reactive power flow and voltage
magnitudes.
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Highlight Counter Flows

If this box is checked, then the PTDFs that are directed counter to the existing flows on the system
are highlighted on the oneline using the Counter Flow Highlight Color. Double click on the color
to change its value.

Visualize Actual Power Flows, Visualize PTDFs

Select to toggle the onelines between showing the actual power flows and the PTDF flows.
Selecting this button changes the Flow Visualization field for all the visible onelines. Y ou can also
change this field manually using the Oneline Display Options Dialog.

Results Table

The Results Table occupies the bottom of the PTDF Dialog. It is acase-information display and
thus shares many characteristics common to all other case information displays. Depending upon
the value of the Show Results for option, the table will show results for lines/transformers,
interfaces, areas, zone, or buses. The table features alocal menu from which you can print, copy,
or modify its records as well as view the information dialog of its associated element. Y ou can also
sort the area records by clicking on the heading of the field by which you want to sort.

The contents of the table depend on what types of elements you have chosen to display, as
described here:

LinedTransformers

Shows the transaction distribution factors for the lines and transformers. The following fields
are shown:

From Bus#, From Bus Name, To Bus#, To Bus Name, Circuit
Identifiers for the transmission line or transformer.
DF From Bus %

Distribution factor associated with the MW flow at the “from bus” end of the line or
transformer, specified as a percentage of the transaction amount.

DF ToBus%

Distribution factor associated with the MW flow at the “to bus” end of the line or
transformer, specified as a percentage of the transaction amount.

Interfaces

Shows the transaction distribution factors for the interface records. The following fields are
shown:

I nterface Name
Alphanumeric identifier for the interface.
Dist. Factor %

Distribution factor associated with the MW flow through the interface, specified as a
percentage of the transaction amount. A positive value indicates the transaction would
result in an increase in the flow through the interface.

Areas and Zones

Shows the impact the transaction has on the losses for the area or zone. The following fields
are shown:

Area/Zone Number and Name

Number and name identifiers for the area or the zone
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L osses %

Change in the losses in the area or zone, specified as a percentage of the transaction
amount. A positive number indicates that the transaction would result in increased
losses in the area or zone, while a negative number indicates that the transaction would
result in decreased |osses.

Gen Chg %

Total change in all of the generatorsin area or zone, specified as a percentage of the
transaction amount. For areas, thisfield should show 100% in the selling area, and 100%
minus the change in system losses in the buying area.

Generators

Shows the marginal participation of each generator in the transaction. The following fields are
shown:

Bus Number, Bus Name, Gen ID

Generator’s terminal bus number and alphanumeric identifier, and the id for the generator.
Area Number, Area Name

Name and number of the generator’s area.
% Gen Increase

Assumed participation of the generator in the transaction, specified as a percentage of the
transaction amount. This value is directly proportional to the participation factor for the
generator, provided the generator is available for AGC and is free to move in the

specified direction (i.e., is not at a MW limit). The generator’s participation factor and
AGC status are modified on the Generator Dialog, which can be displayed by right-
clicking anywhere in the record’s row in the table and selectinghivg Dialog option.

Calculate MW-Distance

Simulator can estimate MW * Distance quantities for the system’s areas and zones that result from
a specified transaction. Given a transaction from a specified source to a specified sink, Simulator
uses power transfer distribution factors (PTDFs) to estimate the change in flow for each line in the
system that results from the transaction. For each line, multiplying the line’s change in flow by its
length then gives the MW * Distance index for that line. Simulator then sums the MW * Distance
indices by area and by zone to obtain the total MW * Distance for each area and zone in response
to the specified transaction.

Because the MW * Distance calculations use PTDFs, you must access the MW * Distance
functionality from the PTDF Dialog. Once you have calculated PTDFs for a particular transaction
by pressing th€alculate PTDFs button, click theCalculate MW * Distance button to bring up
theMW * Distance Calculations Dialog.

The top portion of the MW * Distance Calculations Dialog is used to set the lengths of the lines in
the case. Although line length is represented as a data element in the power flow case, it often is
left blank. However, Simulator needs line length information if it is to calculate MW * Distance
indices. Simulator offers a few options regarding the source of line length information. If you do
not have access to line lengths, either from the existing case or an external text file, Simulator can
estimate line lengths for you. It does this by using the Ohms/Length values you specify in the table
for lines of various kV. Simply indicate the voltage levels in the first row of the table, and the
corresponding ohms or reactance per length in the second column. You do not need to
differentiate here between English and metric units, because the calculation is independent of the



136

PowerWorld Simulator 6.0 User Manual

measurement system. If you want the length estimates cal culated using this table to overwrite any

line lengths that may already be present in the case, be sure to check the Always Estimate L ength
checkbox; otherwise, the new estimates will set the lengths only of lines whose pre-defined length

isn't greater than zero. If you want the estimates to populate the lengths of lines in the model so
that, when you save the model, the estimated lengths are saved as part of the model, check the
Save Estimates With Case. (This provides a handy way to set line lengths for a case that might
not have any defined.) Note that, in performing these estimates, transformers are defined as having
zero length. If you do not want Simulator to estimate line lengths but instead want to use the line
lengths that are currently stored in memory, checlbihdlot Use Length Estimates box.

Finally, if you want to load line lengths from a text file, click thead Line Lengths from File

button. This file can be either comma- or space-delimited, and each line must have the following
fields in the order specified:

From_Bus_Number To_Bus_Number Circuit_ID Length

Once Simulator knows how to calculate line lengths, it can calculate MW*distance indices for each
area and zone. Specify the amount of MW that will be transacted Sizthef Transaction

textbox. You may use the arrows to increase or decrease the size of the transaction. Simulator
assumes that the transaction is to occur between the source and sink groups for which you just
calculated PTDFs. Press the button labéleltulate to compute the indices. Two tables are

populated with the results of the calculation, one for areas, and another for zones. Use the tabs to
switch between the two tables. These table€ase | nformation Displays and thus behave in a

manner identical with all other case information displays. Thus, you can sort the tables, add or
delete columns, access the area and zone dialogs, print the tables, and save their content as HTML.

Several options can be set to customize the calculation of MW*Distance. These options are
reached from th& W* Distance Options Dialog.

M W?* Distance Options Dialog

The calculation of MW*Distance quantities can be customized in a number of ways. These
options are set from the MW*Distance Options Dialog.

Include TieLines Only

If this box is checked, then the only branches that contribute to the MW*Distance calculation are
those that tie two areas together. Otherwise, both tie lines and lines internal to areas and zones are
included in the calculation. In the latter case, tie lines are assumed to belong to the area that owns
the metered end of the branch.

Internal Flows

If you choose to include both tie line flows and flows internal to areas and zones in calculating
MW?=*Distance quantities, you have two options for how to treat internal flows. You can ignore
flows resulting from the transaction that flow in the reverse direction of the existing flow on a
branch by checking theclude flow increases only checkbox. You can also choose to treat all

such counterflows as negative contributions to an area or zone’'s MW * Distance value by checking
the Deduct flow reductions checkbox.

Omit Branches

To omit branches for which the PTDF corresponding to the transaction is less than a specified
value, specify a nonzero percentage in this textbox.
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Scaling

Use the Power System Scaling Dialog to scale the load, generation, or bus shunts uniformly for
either the entire case or a group of selected buses. This display allows you to scale any of the
following values:

e Busreal power load

e Busreactive power load

e Generator real power output

* Real component of the bus shunt admittance

e Capacitive component of the bus shunt admittance
»  Reactive component of the bus shunt admittance

To display the Power System Scaling Dialog, select Options/T ools, Scale Case from either Edit
Mode or Run Mode. When the dialog appears, you may begin to select the buses to be scaled.
The Buses Table lists the name and number of all buses in the system and whether or not each bus
will participate in the scaling. Similarly, the Areas Table lists the name and number of all areasin
the system and whether or not each areawill participate in the scaling. Simulator initially assumes
that you wish to scale load, generation, or shunt compensation at all busesin the case. If you
instead wish to scale only a subset of the system, press the Set All To No button and begin to
select the buses and areas to scale. The Power System Scaling Dialog furnishes a number a ways
to do this:

» Usethe Add to be Scaled fields to enter either arange of areas and/or buses to scale.

« Usethe Remove from Scaling fields to enter either arange of areas and/or buses to omit from
the scaling.

« Usethe Busesand Areas Tables to change the scaling status of individual areas or buses.
Simply click on the Scale field for abus or areato toggle its value.

* Click the Set All To Yes button to scale the entire case. Click the Set All To No button to
remove the entire case from scaling.

Changing the scaling for an area changes the scaling status for all busesin the area. For example,
to scale al the busesin asingle area, first click Set All to No. Then, click on the Scale field for
the desired areain the Area Table. To scale all busesin an area except for a select few, repeat the
above process, but then click on the Scale field for the buses not to scale.

Asyou select the buses to be scaled, the fields in the Totals for Selected Buses are updated to
indicate the total load, generation, or shunt compensation that will be scaled.

Once you have selected the buses, you can either use the Scale By fields to enter a new scaling
factor for each of the quantities or use the New Value fields to specify a new value directly. If you
do not wish to scale a particular type of device, such as bus shunts, simply leave the Scale By field
as unity.

Finaly, click Do Scaling to scale the load, generation, or shunt compensation.

To ensure that the reactive power is scaled proportionately to maintain the current load power

factor, click the Constant P/Q Ratio option. To enforce generator limits when scaling generation,
check the Enforce Gen MW Limits option. To scale generation and load to enforce ACE, check
Scale Gen to Keep ACE Constant. When Simulator scales generation, all generator power outputs
at the selected buses are scaled by the specified factor, regardless of area control.
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Bus View Display

The Bus View Display feature serves as a graphical analog to the text-based Quick Power Flow

List. Likethe quick power flow list, the bus view displays enable convenient bus-by-bus

navigation through the power system. Moreover, the bus view display contains much the same
information as the items on the quick power flow display. From the bus view, you can find out a

bus’ voltage and angle, the load, shunt compensation, and generation connected to the bus, and the
flows on all lines emanating from the bus. You can also discover the bus’ area and zone
affiliations, as well as the bus’ marginal cost. Moreover, as with the quick power flow lists, you
can find out all information about the elements associated with the bus by directly invoking their
associated information dialogs. The advantage of the bus view displays, however, is that you
interact with them in the same, familiar way you interact with oneline diagrams. In other words,
the bus view displays provide the content and maneuverability of the quick power flow lists with
the ease of use of the oneline diagrams.

Along the top of the bus view display resides a panel of controls. The buttons BaeXehd

Ahead allow you to step through the history of buses you have viewed thus far. The next two
controls following theBus label allow to specify a bus name (in the first text box) or a bus number
(in the second text box). If you type a number or name that does not exist, the bus display will
continue displaying the current bus. Following the bus specification fields are two text boxes
displaying the name and number of the bus’ associated area. These two fields are read-only.

Below this top panel sits the actual bus display. The bus you have chosen to inspect, which we
shall refer to as thearget bus, is represented by a long, thick black horizontal line. Notice that the
bus’ voltage in kV and per unit, its angle, and its marginal cost are specified to the left of the bus.
Any loads and generating loads connected to the target bus are drawn above the bus symbol, along
with their associated annotation. Emanating from the bottom of the bus symbol are all
transmission lines and transformers that connect the target bus to its neighbors. The transmission
line and transformer symbols are equipped with pie charts and annotation identifying flows as
measured at the target bus, as well as arrows to identify the direction of MW flow on the branch.
Branches that serve as tie lines are drawn in green for easy identification. Neighboring buses are
represented as filled yellow rectangular regions. When you drag the mouse over one of these
symbols, it turns into a pointing finger. Clicking the left mouse button when the mouse cursor is in
this shape redefines the target bus to be the bus whose symbol you just clicked. The bus view
display is redrawn to show the same sort of display for the newly chosen target. You can go back
to the previously displayed target bus by clickingBaek arrow, and then return to this record by
clicking theAhead arrow.

It is useful to think of the bus view displays as nothing more than an addition oneline diagram. In
other words, you interact with the objects drawn on the bus view display in the same way you work
with objects on a more conventional Simulator oneline. Right-clicking on any power system

object will bring up that object’s local menu, which includes a link to the object’s associated
information dialog. As on a conventional oneline diagram, flows on a bus view display can be
animated. Right-clicking on the bus view display’s background will generate the same local menu
as other oneline diagrams. Again, the bus view display is quick power flow list in the form of a
oneline diagram.

The bus view display can be generated using any of the following methods:

*  From the main menu, choo€ase I nformation, Bus View. You will have to specify a bus
name or number upon entry.

* Right click on the bus of interest on the oneline diagram to display the bus’ local menu, and
chooseBusView. The bus view display will open with the selected bus already displayed.
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«  From any of the case information displays that convey bus information, right click on arecord
to bring up itslocal menu, and choose Bus View Onéline. The bus view display will open
with the corresponding bus already displayed.

*  Click the corresponding toolbar icon on the Options/Info Palette.

To switch between the bus view and the main oneline, use the Window menu tree on the main
menu. To close the bus view display, simply close the form using the X button in the top right
corner of the bus display.
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Chapter 8
Text Based Information Displays

This chapter describes the case information displays. The case information displays are used to
display information about the case, regardless of whether or not it is shown on the onelines.

The following material isincluded:

e Overview of Using the Case Information Displays
* Useof Display Filters

*  Power Flow and Quick Power Flow List Displays
e Limit Violations Displays

» Displaysfor All Mgjor Case Components

Case Description

The Case Description Dialog allows you to enter atext description of acase. The portion of the
description that is actually saved with the case varies with the case type, as indicated here:

PowerWorld Binary (*.pwhb) Essentially an unlimited number of lines allowed
PTl Raw Dataformat (*.raw)  Two lines
PowerWorld Case (*.pwc) No case description supported
|IEEE Common Format (*.cf) ~ No case description supported
In PowerWorld Viewer, these descriptions are read-only.

Select Case I nformation, Case Description from the main menu to display the Case Description
Dialog.

Case Summary

The Case Summary Display provides a summary of the current case. Note that there are no
enterable fields on the display. To display the Case Summary, select Case I nformation, Case
Summary from the main menu. The fields shown on this display include:

Number of Devicesin Case
Shows the number of each of the following device types:
Buses

Total number of busesin the case. Use the Bus Display to see alisting of these buses.
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Generators

Total number of generatorsin the case. Use the Generator Display to see alisting of these
generators.

L oads
Total number of loadsin the case. Use the Load Display to see alisting of these loads.
Switched Shunts

Total number of switched shuntsin the case. Use the Switched Shunt Display to see alisting
of these switched shunts.

LinedTransformers

Total number of transmission lines and transformersin the case. Use the Line/Transformer
Display to see alisting of these lines and transformers.

DC Lines

Total number of dc transmission linesin the case. Usethe DC Transmission Line Display to
see alisting of these dc lines.

Control Areas

Total number of control areasin case. Usethe Area Display to see alisting of these areas.
Zones

Total number of zonesin the case. Use the Zone Display to see alisting of these zones.
Islands

Total number of islands in the case. Anisland isagroup of busesthat are interconnected
through ac transmission lines or transformers but are isolated from the rest of the system.
Each idand must have aslack bus. In Simulator, use the Power Flow Solution tab of the
PowerWorld Simulator Options display to specify whether multiple islands are allowed.

Interfaces

Total number of interfacesin the case. Aninterfaceisagrouping of tie line objects between
areaobjects. In Simulator, use the Case I nformation, Interfaces records display to open the
Interface Dialog to define and modify interface objects.

Case Totals

Summarizes the total load, generation, shunt compensation, and losses for the case. Positive
shunt compensation denotes shunt |oad, whereas negative shunt compensation indicates a
shunt injection (such as shunt capacitance). The case totals fields are valid only when the
current caseis solved.

Slack Bus Number (s)

The number(s) of the slack bus or buses. One slack busis required for each island. If
multiple slack buses are shown, you may need to use the left/right arrow keysto view the
entire field.

Case Pathname

Full file name of the current case.
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Entering a Range of Numbers

On anumber of displaysit is often convenient to enter agroup of numbers, including ranges.
Examples include entering buses or areas to scale on the Scaling Display, or buses on the Quick
Power Flow List. The format for thisfield isto enter individual numbers separated by commas,
and/or ranges with a dash between the beginning of the range and the end of the range.

For example the entry
1-5,21,23-25
corresponds to numbers 1 through 5, 21 and 23 through 25.

Power Flow List

The Paver Flow List shavs detailed iformation about theystamn's paver flows in amore
traditional text-based far. This information is intended for usevgho would like detailed flow
information about the peer flow. Including the per unit voltage at the bus, the bus’ load and
generation, and fles on all lines and transfmers enanating fron the bus.The content of this
display (i.e.which buses are included in the list) is governgdhle displ¥ filters.

To shaw this disply selectCase I nformation, Power Flow List from themain menu.

To view flows at just a fev select busegou may want to use the Quick Rer Flov List instead.
For large gstans with no disply filtering set, itmay take Simulator a long tine to generate the
complete Paver Flow List. Note also that this disgl@dan sha a maximum of 32,767 lines of
text. If this limit is exceeded, Siulatorwill generate a resource error. Either use the display
filters to limit the number of devices shwan on this displg, or use the QuicRower Flow List to
focus on a fer selected buses of interest.

The Power Flow List allows you to navigate through thgsten's buses rather eagilYou can also
use the displato shav theflowsfor a bus neighbor ly doubleclicking on the line that read3O
nnnnn...,"where nnnnn is the mber of the bugouwould like to see.The displg is then
positioned at this bus. If the bus is in an area and/orwbose displg filter is not set, the
display filter is set autmatically. In thisway, you can inspect theysteam bus ly bus.

The displg can also be used to quigldisplay the dialog box associatedth different bus
objects. Place the cursor on the desired device, depres$Riekey and then left click. The
corresponding bus, load, generator, or shuntimdition dialogswill be displa/ed.

The Power Flow List also has itswn localmenu,which can be viered by clicking the rightmouse
button on the displa SeleciChange Font to modify the syle and size of the displ& font.
SelectRefresh to ensure that the disgfa contents concuwith the current gstem state. To skip
to particular bus in the list, ckd=ind Bus, which will open the Find Bus DialogTo displa/ the
information dialog for the currentlselected branch, bus, load, or shunt, sé&égilay Object
Dialog. To print the displg, choose taPrint localmenu optionChoosing Copy enables/ou to
copy the displg into the Windavs clipboardfrom where the iformation can be pasted into
another application. Fingllselet Closeto close the dispia

When printing the displayou can either send the results dingttl the printer or save theto a
text file. To save the results in a text file on the Print Dialog seledhe to File option shown
in the laver left corner of the dialog.

For each bus, the folldng items are shan:
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Bus

Shows thebus’ number, name, and eminal voltage in kV. The next éur fields are the MV,
MVar, MVA and percentage headers for subsequevi.rdhe next fields spegifthe per unit
voltagemagnitude, voltage angle in degrees, the bus’ aredeuand the bus’ areama.
Depress the TRL key and then left click on this line to displéhe Bus Dialog.

Generator

For each generator at the bus, thev®oFlow List shavs the generator’s IDrfimediatey after the
keyword GENERATOR) and the peer output of the generator in MW. Follimg this is

generator’s reactive peer output in Mvar.A single character is shm immediatey after the

Mvar field. An ‘R’ indicates that the generator is regulating the bus voltage, ‘H’ indicates that the
generator is at its high reactivevper limit, ‘L’ indicates that the generator is at itsMoeactive

power limit, and a blank suggests that the generator is set off of A\fR.last field in the
GENERATOR item is the MVA output of the generator. Depress ti&kC key and then left

click on this line to dispkathe Generator Dialog. If no generators are connected to the bus, this
item will be absent fron the displa.

L oad

Shaws the total parer consmed by each load at the bus. If no loads are present at the bus, this
item will be absent fron the displg. Depress the TRL key and then left click on this line to
display theLoad Dialog.

Shunt

Shows the total paver for the fixed shunts at the buBositive shunt values denote shunt load,
while negative shunt quantities indicatgeiction. If no shunts are connected to the bus, this item
will be absent frm the displg.

Switched Shunt

Shaws the total paver for the witched shunts at the bus. Depress ti®RCkey and then left
click on this line to disphkathe Svitched Shunt Dialog. If nonstched shunts are located at the
bus, this iten will be absent fron the displa.

Linesand Transformers

For each line or transforer caning into the bus, the Reer Flow List shavs the line’s flav and
percentagedading. For transbrmers, theoff-nominal tap ratio angbhase shift angle idegrees
are also sbwn. Immediately to the rightof the off-nominal tap ratio is awo-charactedesignatbn
indicating the tapped sidé the tranformer: ‘TA’ indicates that the bus is on the tapped side,
while ‘NT’ identifies the bus as residing on the sidéhout the tap. You can left- click on this
field to immediatey reposition the bus to the other end of the line or tramgfor

Depress the TRL key and then left click on this line to disglthe Transnission
Line/Transfomer Dialog. Sinply left-click (without holding the TRL key) to navigate through
the gstem from bus to bus.

Quick Power Flow List

The Quick Paver Flow List provides a convenienteans of viaing a listing of the flavs at
individual buses in theystem. The fomat and control of the Quick Rer Flow List is generally
the sane as that of the Reer Flow List, except that the Quick Rer Flov List displgys results for
just the desired bs or range d buses.
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Y ou can access this Quick Power Flow List in a number of different ways:

e From most of the Case Information Displays, right-click to invoke the display’s local menu,
and selecQuick Power Flow List.

e From the Bus Information Dialog click on théew All Flows at Bus button.

e From the oneline diagram, right-click on the bus symbol to display the bus’ local menu, and
selectQuick Power Flow List.

e Select the toolbar icon from the Options/Info Palette.

This display is automatically created if it is not already shown. Information on subsequent buses
appears at the bottom of the display.

As with the Power Flow List, you can navigate through the system bus-by-bus by double-clicking
on the lines that begin with “TO nnnnn ...,” whemnn is the number of the bus you would like
to investigate. Information for that bus will appear at the bottom of the display.

Like the Power Flow List, the Quick Power Flow List has a local menu that is accessed by right-
clicking on the display. Among the things you can do from the local menu is to display the bus,
branch, generator, load, or shunt corresponding to the currently selected record by selecting
Display Object Dialog. You can also navigate through the system bus-by-bus just as you can do
through double-clicking by choosirgpoto Line Bus from the local menu.

Making Reports

ChoosingM ake Reports allows you to create text style reports of all power system information.
This includes information regarding Areas, Zones, Buses, Generators, Loads, Switched Shunts,
and Transmission Lines. These reports may be printed and customized as desired.

When you seledCase | nformation, Report Writer, theReports Criteria Dialog will appear.

This allows you to customize the information contained in the report. By default, the Make
Reports activity will create a comprehensive set of reports for all areas whose Display Filter
settings allow them to be displayed. To specify which types of reports will be created and for
which buses, use the options provided on the Reports Criteria Dialog.

«  First, select either Area Reporting or Zone Reporting. This will designate whether to organize
the report by areas or by zones.

* Next, select the areas or zones you would like to include in the report. To add or remove an
area/zone from the report, click on its status with the left button to toggle between ‘In Report’
and ‘NOT in Rep’. You may also add or remove large ranges of area/zone numbers by typing
number ranges into the Add or Remove text boxes and pressing Return.

« Select the voltage levels you would like the reports to cover. The report will include records
only for power system equipment whose nominal voltage falls in this range.

e Choose th& ypes of Reports you would like to create. To produce the entire set of reports
(which is the default setting), select All. You can select multiple items from this list by using
the shift and/or control keys.

e Select eitheList Reportsby Area/Zone or List Reports Together. This will determine the
format of the report. For instance, if you choose to List Reports Together, then all of the bus
information will be grouped in one listing; whereas if you choose List Reports by Area/Zone,
then the information will be grouped by Area/Zone.

e Finally, chooseQK, M ake Reports.
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A new dialog containing the report will appear. The report dialog features both a main menu and a
local menu (accessible by right-clicking on the report) that allow you to change the font of the
report, send it to a printer, or copy portions of the report to the Windows clipboard for use with
another application.

Case Information Displays

Simulator offers several Case Information Displays that provide a convenient, spreadsheet-like
view of the power system and its components and are available regardless of whether the case has
an associated oneline diagram. The Case I nfor mation menu item provides alink to these
displays. Caseinformation displays are available for buses, bus mismatches, generators, generator
costs, ac lines, transformers, transformer impedance correction tables, dc lines, interfaces, areas,
zones, and schedules. Other screens, such as the Display Filtersand Limit Violations displays,
also fal into the category of case information displays. The next few topics discuss characteristics
common to all case information displays.

Configuring the Case Information Displays

The content and format of all case information displays can be controlled through the Case
Information Display Options Dialog. Thisdialog can be viewed by clicking Display/Column
Options from the case information display’s local menu.

To ensure that data presented by the case information displays always reflects the current state of
the system, check the box labekdomatically Refresh. Generally, you will want to have the

case information displays refresh automatically. However, for large systems, having several
automatically refreshing case information displays open simultaneously may hamper program
performance.

To restrict the case information display’s record set to cover only those areas and zones specified
by the display filters, check thdse Display Filters box. If this box is unchecked, all records,
regardless of zone or area, will be displayed. (The display filters option obviously does not apply
to the Display Filters information display).

The next few options control the appearance of the case information display. Adjust the value
labeledRow Height to define the height of the rows of the case information display. Click
View/Modify Custom Font to define the font with which to display the records. Changing either
the Row Height or Custom Font properties will causéseCustom Font/Row Height box to be
checked. If you wish not to apply your custom specifications to the active case information
display, uncheck thgse Custom Font/Row Height box; the default font and row height settings, as
defined under th€ase Information Displays tab of the PowerWorld Simulator Options dialog

box, will be reapplied. You may also redefine the default settings to match your custom settings
by clicking theSet Font/Row Height as Default button. Finally, click théuto Size All Column

Widths button to constrain all field widths to contain the widest data elements in each column.

The contents and visibility of each column in the case information display are defined using the
next few controls. Select the column whose properties you wish to inspect or to modify in the box
labeledColumn Number. Change the field corresponding to that column by selecting a different
field type from the drop-down list label&blumn Field. Adjust the physical width of the column

by entering a new value in ti@olumn Width text box, or change the column’s numerical format
using theTotal Digits andDecimal Places inputs. You may also delete the column or insert a new
column ahead of it by clicking tHeelete Column andlnsert New Column buttons, respectively.

Note that, when you choose to insert a new column, the new column is defined with the same
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properties, including field association, as the pre-existing column it now precedes. Therefore, you
will want to change the newly inserted column’s properties as described in this paragraph.

To reset all case information display properties to their default settings, including column and data
field associations, click thieset to Default button.

To save your changes and close the dialog box, Glick To save your changes without closing
the dialog box, cliciBave. To undo the changes you have specified and close the dialog box, click
Cancel. Finally, clickHelp to view the corresponding help screen.

Case Information Displays: Local Menu Options

All case information displays have a set of local menu options. The local menu can be brought up
at any time by right clicking on case information display. The following local menu options are
common to most case information displays:

Find

Use the Find local menu option to retrieve a record pertaining to a particular element. Choosing
Find from the local menu will open the Find Dialog Bakich may be used to find records
pertaining to an element identified by either number or name.

Quick Power Flow List

Use the Quick Power Flow List local menu option to invoke Simulator's Quick Power Flow List
tool.

BusView On€line

Use the Bus View Oneline local menu option to bring uBtieView Display (insert
reference), which illustrates how the selected bus is connected to the rest of the system.

Show Dialog

Selecting the Show Dialog option will invoke a dialog box containing more detailed information
and settings regarding the corresponding system object. For example, clicking Show Dialog from
the local menu of a Bus Case Information Display will bring up the Bus Information Dialog.

Copy All

The Copy All menu option copies the entire record set contained in the case information display to
the Windows clipboard, from which it can be copied into other programs such as Excel for further
analysis. See Copying Simulator Data to and from Other Applications (page 77) for more details.

Copy Selection

The Copy Selection menu option copies the records selected in the case information display to the
Windows clipboard, from which the selection can be copied into other programs such as Microsoft
Excel for further analysis. See Copying Simulator Data to and from Other Applications (page 77)
for more details.

Paste

Select Paste from the local menu to copy a record set from the Windows clipboard into the case
information display. See Copying Simulator Data to and from Other Applications (page 77) for
more details.

Print

You can print the contents of most of the case information displays by selecting Print from the
local menu.
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Save AsSHTML

Y ou can save the entire table or selected recordsto an HTML file for viewing from an Internet
browser. For more information, see Saving Case Information Display Contents asHTML Tables

(page 229).
Display/Column Options

The contents and format of the information display can be controlled using the Case Information
Display Dialog. See Configuring the Case Information Displays (page 146) for more details.

Refresh Display

Select this option to update the currently displayed data to match the present state of the system.
Close

Closes the case information display.

Help

Display context-sensitive help for the case-information display.

Case Information Displays: Colors and Cell Styles

The case information displays distinguish data field types by text color and cell style. Most of the
entries on the case information display are colored using the following color convention. These
colors can be customized using the Case Information Displays tab on PowerWorld Simulation
Options Display , which can be invoked by selecting Options/Tools, Solution/Environment from
the main menu.

There are three types of datafields:

Standard Fields Fields that cannot be modified directly from the case information
display are colored black by default.
Enterable Fields Fields that can be modified are colored navy blue by default.

When selected, a cell containing an enterable field will display a
tiny filled square in its bottom right corner. Thisbox iscalled a
cell handle.

Toggleable Fields Fields whose values can be toggled are colored green by default.
The values contained in toggleable fields are modified by left-
clicking on them. Like cellsin enterable fields, cellsin toggleable
fields display a cell handle when selected.

Besidesindicating field type, color coding is also used to highlight violations of branch flow,
generator MW or MVR output, and bus voltage constraints. Fields that are either at alimit or
violating alimit are colored red by default. This, too, is configurable from the Case Information
Displays tab on PowerWorld Simulation Options Display .
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Case Information Displays: Using Cell Handles

When selected, cells corresponding to enterable and toggleable fields exhibit a small filled square
in their bottom right corner called a cell handle. The cell handle may be used to propagate the
value of the selected cell to other cellsin the same field.

Suppose we have selected a toggleable or enterable cell and that we wish to copy its value to other
records. Call this cell the source cell and its value the source value. To copy the source value to
another record or records, perform the following steps:

Drag the mouse onto the cell handle until the pointer becomes a crosshair.
With the mouse pointer showing as a crosshair, click and hold the left mouse button.

With the left mouse button depressed, drag the mouse up or down from the source cell to select a
group of records to which to copy the source value. These destination cellswill display a
yellow background when selected in this manner.

When you have finished selecting the destination cells, release the left mouse button.

A message box will appear asking whether you want to change the values of the destination cells to
the source value. Answer Y es to complete the copy.

Case Information Displays: Sorting Records

Y ou can sort the entries on the case information displays by just about any field. To sort the
records |y a particular colmn, left-click on the colmn’s heading. Left-click the cotn’s
heading again to reverse the sort order.

To sort the recordsylthe absolute value of a field, holdvdwo the shift kg asyou left-click on the
field’s heading

Case Information Displays: Finding Records

The Find Dialog is used to find the device of the specifipd bn the different Case Infoation
displays. The Find Dialog is available anost case infanation displas from the localmenu,
which can be invokedybright-clicking.

Different Find dialogs exist fohreas, Buses, Interfaces, Lines and Zones. Note that the Bus
Dialog is used to locate all busjebts, such as generators, loadgtched shunts and the bus
itself. In general, the famat of each dialog is wilar, allowing you to find the desired object using
either its nmber or nane. The ony exception is interfaces, farhich no nane is defined.

In the identifier fieldsyou can either diregtlenter the object’s mober or nane, or use the
associated aabo box to select the identifier froa list of all identifiers of thatype for the gstem.
With the FindLine Dialog, oncerou have entered ¢from Bus, theT o Bus combo boxwill only
list those buses connected to therrBus. Entering th€ircuit value is optional; if it is mitted,
the dialog returngiith the first line found b&teen thewo buses.

Onceyou have selected the object’s identifier(s), ued-thd button to locate the object, or select
Cancel. If Find is selected, the Case Infaaition displg is repositioned to dispyathe requested
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object. If the object isin an area and/or zone with adisplay filter set to “No”, the display filter is
automatically set to “Yes.”

Display Filters

The Display Filters Display, invoked by clickif®ase | nfor mation, Display Filters from the

main menu or the corresponding button on the Options/Info Palette, allows you to filter the
information shown on the case information displays by area and zone. For small cases, you will
usually not need to use this filtering capability, but it can be essential for large cases. The filters
display lists each area and zone in the case, the number of buses in the area/zone, the range of bus
numbers contained in the area or zone, and whether or not information about that area/zone should
be displayed. In order for a device to be displapeth its area and zone display filter must be

set.

You can switch between displaying the filters for the case areas or the zones by clicking on the
associated tab.

The Display Filters screen is itself a case information display and therefore shares many of the
same local menu options and characteristics. Using the local menu, you can search for an area or
zone by number or by name, copy records to and from other applications, and send the records to a
printer. You can inspect an area or zone by sele&ing Dialog from the local menu, which

invokes the Area Information and Zone Information Dialogs. You can also change the format and
content of the filters display by selecting the Display Column/Options item from the local menu.

The records can be sorted by any its component fields simply by clicking the corresponding
column’s heading.

The filters display’s only enterable field is the one entibésplay Filters, which may assume only

the values Yes and No. For example, if the Display Filters setting for an Algahen any case
information display configured to enforce display filters will omit the area’s elements from the
resulting record set. You can specify whether a particular case information display enforces filters
using the display’'s Display/Column Options Dialog.

Click on a cell in the Display Filters field to toggle its value. Use the cell handle to propagate a
particular value to multiple areas or zones, or us@aggle All Yes or Toggle All No local menu
options to set the values of all Display Filter records.

Area Display

The Area Display houses data about each area in the case. The Area Display is a class of Case
Information Display and therefore can be used in a manner consistent with all other case
information displays. It has a local menu from which you can print, copy, or modify its records as
well as view the information dialog of its associated areas. You can also sort the area records by
clicking on the heading of the field by which you want to sort.

To show the area records display, setegde | nfor mation, Areas.

By default, the area records display contains the following fields:

Number, Name

Area’s number, between 1 and 999, and its alphanumeric identifier, eight characters maximum.
AGC Status

Area’s automatic generation control status. This field indicates whether or not the area’s
generation is changing automatically to control the area interchange. See Area Control (page 120)
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for more details. You can toggle the value of the area’s AGC Status (except in Viewer) by left
clicking on the entry. Valid entries in this field include:

+ Off AGC

Area is off AGC. Generation must be adjusted manually to meet changes in load and losses.
If it is not, the system slack will be forced to pick up the balance.

« Part AGC

Area is on AGC, with generation dispatch controlled by its units’ participation factors.
« ED

Area is on economic dispatch control so that generation is dispatched in order of cost.
e OPF (only used with Simulator OPF)

Area is on OPF control. This option is only used with Simulator OPF. When the case is
solved using the OPF the area controls are changed by the OPF to maintain area power
balance. During non-OPF solutions this option is equivalent to Off AGC.

Gen MW

Total real power generation in the area in MW.
Load MW

Total real power load in the area in MW.
Scheduled MW

The net of the base and scheduled transactions between the area and all other areas, with exporting
power indicated as a positive value. The base interchange for an area is set on the Area
Information Dialog; the scheduled transactions for an area can be viewed using the specified MW
Transactions display. See Area Transaction Modeling (page 121) for a description of the

difference between base and scheduled transactions.

I nterchange MW

The actual interchange between this area and all other areas, with exporting power positive. If an
area is on AGC control, its actual interchange should match its scheduled interchange.

ACE MW

Area control error in MW.

Lambda

The area’s marginal cost.

Loss (MW)

Total real power losses for the area.
Report Limits

Determines whether limit violations for the area are reported in the Limit Violations List. Click on
this field to toggle its value. Click on the “Toggle All Yes” or “Toggle All No” local menu items
to set the value of entries in this column.

L oad Schedule

Identifies the load variation schedule that governs how load varies in the area. The load variation
schedule specifies values for the load multiplier at specific points in time. To examine the details
of a load schedule or to modify its prescription, se@sse | nfor mation, Load Variation

Schedules from the main menu to bring up the Load Variation Dialog.
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Load Mult

Shows the current load multiplier for the area, as constrained by the prevailing load schedule. Al
load in the areais scaled by this multiplier. This value of this field can be modified only through
adjusting or redefining the area’s associated load schedule using the Load Variation Dialog.

Auto Shunts

Determines whether switched shunts for the area are available for automatic control. You can use
this field to disable all the switched shunts in an area. Click on this field to toggle its value. Click
on theToggle All Yes or Toggle All No local menu options to set the auto shunts property for all
switched shunts. Note that a switched shunt is available for automatic control only if it meets three
conditions: 1) its control mode property is seAtwomatic (see Switched Shunt Information

Dialog (page 212)); 2) its associated aréait Shunts property is set tdes; and 3) théisable

Switched Shunt Control option on the Power Flow Solution tab of the PowerWorld Simulator
Options Dialog must not be checked.

Auto XF

Determines whether tapped transformers for the area are available for automatic control. You can
use this field to disable all the transformers in an area. Click on this field to toggle its value. Click
on theToggle All Yes or Toggle All No local menu options to set all entries in this column. Note

that three conditions must be met for a transformer to be used for automatic contréutb) its

field must be set t¥es (see Transformer Modeling (page 101) for details); 2) its associated area’s
Auto XF property is set t&es; and 3) theéDisable Transformer Control option on the Power Flow
Solution tab of the PowerWorld Simulator Options dialog must not be checked.

The local menu of the area records display has an addition option |&befeda Gen IC Curves.

Select this activity to generate a plot showing the incremental cost curves for all units located in a
particular area. Theoretically, if losses are ignored, an area operates most economically if all
generators operate at the same incremental cost. This common incremental cost is the area’s
lambda, or marginal cost.

Bus Display

The Bus Display presents data describing each bus in the case. The Bus Display is a class of Case
Information Display and therefore can be used in a manner consistent with all other case
information displays. It has a local menu from which you can print, copy, and modify its records

as well as view the information dialog of its associated buses. You can also sort the bus records by
clicking on the heading of the field by which you want to sort. Additionally, you can choose to
restrict the records shown by the Bus Records Display according to the constraints of the display
filters. Finally, when Simulator is in Edit Mode, the local menu allows you to add new buses to or
remove existing buses from the system.

To show the bus records display, sefease | nformation, Buses.

By default, the bus records display contains the following fields:

Number and Name

Bus number between 1 and 99,999, and its alphanumeric identifier, eight characters maximum.
Area Name

Alphanumeric identifier of the bus’ area.

PU Volt

Bus’ per unit voltage magnitude.
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Volt (kV)

Bus’ actual voltage magnitude in kV. This is the per unit voltage magnitude multiplied by the bus’
nominal voltage.

Angle (deg)

Bus’ voltage angle in degrees.

MW Load, Mvar Load

Total real and reactive load at the bus. If no loads are located at the bus, these fields are blank.
MW Gen, Mvar Gen

Total real and reactive generation at the bus. If no generators are located at the bus, these fields
are blank.

LossMW Sensitivity

A measure of the sensitivity of system losses to power injection at the bus.

DC Line Display

The DC Line Display presents data describing each dc line in the case. The DC Line Display is a
class of Case Information Display and therefore can be used in a manner consistent with all other
case information displays. It has a local menu from which you can print, copy, and modify its
records as well as view the information dialog of its associated dc lines. You can also sort the dc
line records by clicking on the heading of the field by which you want to sort. Additionally, you
can choose to restrict the records shown by the DC Line Records Display according to the
constraints of the display filters.

To show the dc line records display, sel@ase Information, DC Lines.

By default, the dc line records display contains the following fields:

Number

Each dc line must be assigned a unique number, typically between 1 and 40.
Rect Bus#, Rect Name, Rect MW, Rect Mvar

Number and name of the rectifier bus, and the real and reactive power flow from the rectifier into
the dc line. You may right-click on any of the rectifier-related fields and select Quick Power Flow
List or Bus View Oneline from the local menu to view additional information about the rectifier
bus.

Inv Bus#, Inv Name, Inv MW, Inv Mvar

Number and name of the inverter bus, and the real and reactive power flow from the inverter into
the dc line. You may right-click on any of the inverter-related fields and select Quick Power Flow
List or Bus View Oneline from the local menu to view additional information about the inverter
bus.

Control Mode

Specifies how flow on the dc line is controlled. If this field is s€&dwer, then the line’s MW
flow is the control parameter. If the control mode is defingOuasent, then the line’s current is
the control parameter.
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Setpoint

Specifiesthe initial value of the control parameter, which is expressed either in MW or in amps
depending on the dc line’s control mode.

Set kV

Specifies the voltage of the dc line in kV.

Generator Display

The Generator Display presents data describing each generator in the case. The Generator Display
is a class of Case Information Display and therefore can be used in a manner consistent with all
other case information displays. It has a local menu from which you can print, copy, and modify

its records as well as view the information dialog of its associated generators. The Quick Power
Flow List and Bus View Display tools are available for finding more information on the

generator’s terminal bus. You can also sort the generator records by clicking on the heading of the
field by which you want to sort. Additionally, you can choose to restrict the records shown by the
Generator Records Display according to the constraints of the display filters. Finally, you can use
the local menu’'snsert andDelete options when the application is in Edit Mode to insert a new
generator into the case or to delete an existing generator.

To show the generator records display, se€lese I nfor mation, Generators.
By default, the generator records display contains the following fields:
Number, Name

Number and name of the bus to which the generator is attached. The display’s local menu offers
you the opportunity to view the Quick Power Flow List and the Bus View Display for the bus.

ID

Single character ID used to distinguish multiple generators at the same bus. This default value for
this field is ‘1.

MW, Mvar

The real and reactive power output of the generator. If the generator is on AVR control, the
reactive power is set automatically.

Set Volt

Per unit setpoint voltage for the generator. When a generator is on AVR control, the reactive
power output of the generator is varied automatically in order to maintain the regulated bus voltage
at this value. The regulated bus is usually, but not always, the generator’'s terminal bus. Use the
Generator Dialog to see the regulated bus number.

AGC

Designates whether the generator’s real power output is governed by automatic generation control.
If the AGC field is set tdres, the generator is on automatic generation control (AGC). When a
generator is on AGC, its real power output can be varied automatically. Usually the purpose for
AGC is to keep the area interchange at a desired value. You can click on this field to toggle its
value (except in Viewer). Please see Area Control (page 120) for more details.

AVR

Designates whether the generator will vary its reactive power output to maintain a constant
terminal voltage. If th&VR property is set t&es, the generator is on automatic voltage regulation
(AVR) control. When a generator is on AVR control, its reactive power output is varied
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automatically to keep the regulated bus voltage at the Set Volt value. AVR islimited by the
generator’'s reactive power limits. You can click on this field to toggle its value (except in
Viewer).

Min MW, Max MW

Minimum and maximum allowable real power output of the generator.
Min Mvar, Max Mvar

Minimum and maximum allowable reactive power output of the generator.
Part. Factor

Generator’s participation factor. Participation factors are used to determine how AGC generators
participate in area control when their area is on participation factor control. Please see Area
Control (page 120) for more details.

Generator Qutages

PowerWorld Simulator allows you to view the generators that are out of service. In order to see
these generators that are currently out of service, Gagel nfor mation, Outages, Generators.

The Generator Outages Dialog describes the component that is out with thirteen different
properties.

Although only thirteen properties can be displayed at one time, there are over 50 different
properties to choose from. To change a category, right-click on the column heading that you want
to change and choo&ssplay/Column Options. From there you can change the column heading

by selecting a different subject from the column field drop-down menu.

The outages can be organized according to any column by simply clicking on the title of the
column. The first click will order them in increasing order if the information is numeric and
alphabetical order if the information is words. The second click on a column will order the rows in
reverse order from the first click.

Generator Fuel Cost Display

The Generator Fuel Cost Display presents more detailed cost information for each generator in the
case. The Generator Fuel Cost Display is a class of Case Information Display and therefore can be
used in a manner consistent with all other case information displays. It has a local menu from
which you can print, copy, and modify its records as well as view the information dialog of its
associated generators. The Quick Power Flow List and Bus View Display tools are available for
finding more information on the generator’s terminal bus. You can also sort the generator records
by clicking on the heading of the field by which you want to sort. Additionally, you can choose to
restrict the records shown by the Generator Records Display according to the constraints of the
display filters. Finally, you can use the local mern&rt andDelete options when the

application is in Edit Mode to insert a new generator into the case or to delete an existing
generator.

To show the generator cost records display, s€lagt | nformation, Generator Fuel Costs.
By default, the generator records display contains the following fields:
Number, Name

Number and name of bus to which the generator is attached.
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ID

Single character ID used to distinguish multiple generators at the same bus; ‘1’ by default.
MW

Current real power output of the generator.

IOA, IOB, 10C, 10D, FuelCost

Parameters used to model the cost characteristic of the generator. Please see Generator Cost
Information (page 93) for details. Please note that these values can be saved/loaded using the
Generator Cost Data auxiliary file type.

Cost
Operating cost for the generator in $/hr.
IC

Incremental cost to produce an additional MWh. This can be expressed as dC(Pgi)/dPgi, where C
denotes the generator’s cost of operation in $/hr and Pgi expresses the current MW output of the
unit. In a lossless system, the incremental dispatch is equal to the generator's lambda value.

L 0ssSens

Area loss sensitivity. This field @nly calculated when the generator’s area is on economic
dispatch control. Thisfield specifiesthe incremental change in arealosses if this generator were

to produce one more MW, with the excess generation absorbed by the system slackhis may
be expressed as dPloss/0Pgi. The loss sensitivity is used in calculating the generator’s lambda
value for the economic dispatch activity.

Lambda

Incremental cost multiplied by the penalty factor. The penalty factor is defined as being 1/(1 +
0PlossdPgi ). Like thel ossSensfield, this field is only calculated when the generator’s area is on
economic dispatch control. When operating at the economic dispatch solution, all of the
generators in an area will have equal lambda values (in the absence of congestion).

Interface Display

The Interface Display is used to show the net real power (MW) flow on a group consisting of one
or more of the following devices: 1) transmission lines and/or transformers, 2) total tie-lines
between two adjacent areas, and 3) total tie-lines between two adjacent zones. Interface
information are useful because secure power system operation often requires that the flow on such
groups be less than some limit value. For example, interface information could be used as
“proxies” for other types of security constraints, such as voltage or transient stability limitations.
Interface information can also be extremely useful for summarizing the flows occurring on a large
network. Interface flows can be monitored using the Interface Violations Display.

The Interface Display presents more detailed information for each interface that has been defined
for the case. The Interface Display is a class of Case Information Display and therefore can be
used in a manner consistent with all other case information displays. It has a local menu from
which you can print, copy, and modify its information as well as view the information dialog of its
associated interfaces. The local menu also affords the opportunity to insert new interface
definitions either singlylsert) or as a group (Automatic Insertion) into the model or to delete
existing ones. In addition, PowerWorld has also added options for reading NERC flowgate files
(Load NERC Flowgates) and writing NERC flowgate files (Save NERC Flowgates) to the local
menu.
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Y ou can sort the interface information by clicking on the heading of the field by which you want to
sort. Additionally, you can choose to restrict the information shown by the Interface Display
according to the constraints of the display filters.

To show the interface display, select Case Information, Interfaces.

Interface information can be saved in the “*.inf” auxiliary file format. See Save/Load Auxiliary
Data (page 40) for details.

The Interface display contains the following fields:

Name

Alphanumeric identifier for the interface (24 characters maximum).
MW Limit A, Limit B, Limit C

Ratings for the interface in MW. Simulator allows the use of three different limits sets for
interfaces. The limit set used here is the same as the limit set for transmission lines and
transformers. You can toggle between limit sets using either the Limits tab of the PowerWorld
Simulator Options Display, the Line and Transformer Limit Violations Display, or the
Line/Transformer Display.

Flow
Current MW flow on the interface.
Per cent

Percentage loading of the interface, calculated as Flow/(MW Limit) * 100.

Line and Transformer Display

The Line/Transformer Display presents data describing each transmission line and transformer in
the case. The Line/Transformer Display is a class of Case Information Display and therefore can
be used in a manner consistent with all other case information displays. It has a local menu from
which you can print, copy, and modify its information as well as view the information dialog of its
associated branches. The local menu also affords the opportunity to insert new lines or
transformers into the model or to delete existing ones. Moreover, it enables you to invoke the
Quick Power Flow List and Bus View Display for each branch’s terminal buses. You can also sort
the line and transformer information by clicking on the heading of the field by which you want to
sort. Additionally, you can choose to restrict the information shown by the Line/Transformer
Display according to the constraints of the display filters.

To show the line/transformer display, sel€ese | nformation, Lines and Transformers.

The contents of the display depends upon the application’s operating mode. The line/transformer
display shows the following fields by default:

From Bus Number and Name

From Bus number and name. For transformers,ftbm bus is the tapped side. Right-clicking on
either of these fields brings up the display’s local menu from which you may select Quick Power
Flow List or Bus View Display to obtain more information aboutftien bus.

To Bus Number and Name

To Bus number and name. Right-clicking on either of these fields brings up the display’s local
menu from which you may select Quick Power Flow List or Bus View Display to obtain more
information about théo bus.
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Circuit

Two-character identifier used to distinguish between multiple lines joining the same two buses.
Default is ‘1’.

From MW, From Mvar, From MVA (Run M ode default)

Real, reactive, and complex power flowing into the line afrtma bus.

MW Loss, Mvar Loss (Run M ode default)

Real and reactive power losses on the transmission line or transformer. Since reactive power
losses include the effect of line charging, the reactive power losses may be negative.

Resistance, Reactance, Capacitance (Edit M ode default)

Indicates the branch’s R, X, and line charging in ohms.
LimAMVA,LimBMVA,LimC MVA

Identifies the limit set for the line or transformer. All limits are expressed in MVA.

See Transformer Display (page 167) for a listing of transformer specific fields.

Line and Transformer Outages

PowerWorld Simulator allows you to view the lines and transformers that are out of service. In
order to see these transformers and lines, @ase | nformation, Outages, Line/Transformers.

The Line and Transformer Outages Dialog describes the component that is down with six
properties.

Although only six properties can be displayed at one time, there are over 80 different properties to
choose from. To change a category, right-click on the column heading that you want to change
and choos®isplay/Column Options. From there you can change the column heading by

selecting a different subject from the column field drop-down menu.

The outages can be organized according to any column by simply clicking on the title of the
column. The first click will order them in increasing order if the information is numeric and
alphabetical order if the information is words. The second click on a column will order the rows in
reverse order from the first click.

Load Display

The Load Display presents data describing each load in the case. The Load Display is a class of
Case Information Display and therefore can be used in a manner consistent with all other case
information displays. It has a local menu from which you can print, copy, and modify its
information as well as view the information dialog of its associated loads. The local menu also
affords the opportunity to insert new loads into the model or to delete existing ones. Moreover, it
enables you to invoke the Quick Power Flow List and Bus View Display for the load’s terminal
bus. You can also sort the load information by clicking on the heading of the field by which you
want to sort. Additionally, you can choose to restrict the information shown by the Load Display
according to the constraints of the display filters.

To show the load display, selégase Information, L oads.

The load display contains the following fields by default:
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Number, Name

Number and name of busto which the load is attached.

ID

Two-character ID used to distinguish multiple loads at the same bus; ‘1’ by default.
Status

Either Closed if the load is connect to its bus, or Open if it is not. You can click on this field to
toggle its value. If the load is open, the entire load record is dimmed.

MW, Mvar, MVA

Total real, reactive, and complex power for the load. Loads may be both voltage dependent and
time dependent. The total load is the sum of the constant power, constant current, and constant
impedance components. See Load Information (page 208) and see Load Modeling (page 94) for
more information.

SMW, SMVAR, IMW, IMVR, ZMW, ZMVR

These six fields describe the composition of the load at the bus assuming 1 pu bus voltage. The
SMW and SMVAR fields indicate the constant power portion of the load, the component that does
not vary with bus voltage magnitude. The IMW and IMVR fields express the constant current part
of the load, which varies in proportion to the bus voltage magnitude. Finally, ZMW and ZMVR
indicate the constant impedance portion of the load, which varies with the square of the voltage.
The sum of the SMW, IMW, and ZMW fields yields the base MW load at the bus (assuming 1pu
voltage), and the sum of the SMVR, IMVR, and ZMVR fields provides the base MVR load at the
bus (assuming 1 pu voltage). Please see Load Modeling (page 94) for more details on how bus
load is modeled.

Load Variation Schedule

The Load Variation Schedules Display identifies load variation profiles that have been defined.
These profiles can be assigned to areas or zones to prescribe how the load within the areas or
zones should vary over time. PowerWorld employs a load model in which all the loads in the case
are first scaled from their Base Case values by the Case Load Multiplier. This provides a
convenient means of changing the load level for the entire case. Furthermore, for each area and
zone the loads can be modeled to change proportionally with time (i.e., they are all scaled from
their base values by the same value) according to a piecewise linear model whose values can be
displayed and modified using the Schedules Dialog. The Load Variation Display identifies
information that specify various piecewise linear variations that can be applied to the loads in an
area or zone.

The Load Variation Schedules Display is a class of Case Information Display and therefore can be
used in a manner consistent with all other case information displays. It has a local menu from
which you can print, copy, and modify its information as well as view the information dialog of its
associated load profiles. The local menu also affords the opportunity to define new load profiles
or to delete existing ones, or to enable or disable a particular profile. You can also sort the load
variation information by clicking on the heading of the field by which you want to sort.

Additionally, you can choose to restrict the records shown by the Load Display according to the
constraints of the display filters.

To show the load display, selétase I nformation, Others, Load Variation Schedules. The
load display contains the following fields by default:
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Name
The name of the load profile schedule. This name may contain up to 24 characters.
Enabled

Indicates whether the current |oad variation will be applied to any area or zone that has been
defined to use it. An areamay be associated with a particular load variation through either the
Options Tab of the Area Information Dialog or the Load Schedule field of the Area Case
Information Display. Likewise, zones may be associated with a particular load variation through
either the Options Tab of the Zone Information Dialog or the Load Schedule field of the Zone
Case Information Display.

Value
The current value of the load multiplier prescribed by the schedule.

Type

Simulator recognizes three types of load profiles. Daily load profiles describe aload variation that
is common to all days for which the simulation is performed. Weekly load profiles chart load
variation across an entire week. Finally, weekend load profiles permit a distinction between how
load is to vary during aweekday and how it is to vary on aweekend day. The Type field will thus
contain one of three values: daily, weekly, or weekend.

# Time Points

Indicates the number of segmentsin the piecewise linear model. A load profile havingn time
points defines the load multiplier at n pointsin time. Time points may be added or deleted using
the Load Schedule Dialog.

Load Variation Dialog

The Load Variation Dialog allows you to define and to modify load variation profiles. These
profiles can then be assigned to specific areas or zones using either the Options tab of the Area
Information Dialog or Zone Information Dialog or the corresponding case information display.

Load profiles, or schedules, are piecewise linear prescriptions of how the load multiplier of any
area or zone associated with the profile should vary over time. Per the Load Modeling discussion,
all loads are subject both to a case load multiplier and to the load multiplier of their corresponding
areaor zone. The Load Variation Dialog provides control over both these parameters.

The Case Load M ultiplier entry allows you to specify the load multiplier to apply to al loadsin
the case. The nominal value of this parameter is 1.0. Please see Load Modeling (page 94) for
further details.

The next section of the dialog, entitled Schedule, enables you to define the load variation. The
Name dropdown box lists all the load variations that have been defined thusfar. If you are
creating a new load variation, simply ignore the Name box; you will have the opportunity to assign
aname to your new profile when you click Save Record As.

The Time Scale dropdown box controls the granularity of the schedule.

Check the Disable option to deactivate a currently defined schedule. Any area or zone associated
with adisabled schedule will not have itsload controlled by that schedule. The option to disable a
schedule can be particularly useful when you want to try several different load profiles for a
particular areain subsequent simulations.

The Current Value text box indicates the current value of the profile’s prescribed load multiplier.
This is a read-only field.
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Simulator recognizes three types of load profiles: daily, weekly, and weekday/weekend. Define the
load schedule as one of these classes by selecting one of the choices listed under Schedule Type.
Daily load profiles specify how load isto vary over the course of asingle day. If the simulation
stretches over multiple days, the same load variation will be modeled for each subsequent day if
the active load profile is of type daily. A weekly load profileis actually a composite of 7 daily
load profiles. It alows you to specify load multipliers for each hour of each day of the week. If
the simulation occurs over multiple weeks, the same weekly load variation will be modeled for
each subsequent week if the active load profileis of type weekly. Finaly, a weekday/weekend load
profile gives you the flexibility to specify different load profiles for weekdays and weekend days.
If all weekdays exhibit the same load variations, specifying a weekday/weekend schedule will
require less work than specifying a weekly schedule, since aweekly schedule requires you to enter
aprofile for each day of the week. Use aweekly profile if you want to model the variationsin load
peaks and shoulders exhibited by different days of the week.

Following the Schedule Type option is atable listing pairs of time points and load multiple values.
This table defines the schedule for the load variation. If no schedule has been defined, a default
schedule is shown with all values equal to 1.0. If unmodified, the default schedule is automatically
deleted. If you do not wish to model a schedule, simply leave the default schedule without making
any modifications.

The schedule table has alocal menu that can be invoked by clicking the right mouse button. To
insert a new point, choose Insert Time Point from the local menu, or press the Insert Time Point
button. To delete an existing time point, right click on the recdualid Scale field and choose
Delete Time Point, or press th®elete Time Point button. To see a plot of the load profile as it is
currently defined, press tt#how Graph button. To modify the load multiplier at a particular
time, simply edit the correspondihgad Scale field.

Note that you can also edit the load profile from the graph that appears when y@halick

Graph. Click on the plot of the profile to reveal its vertices. The vertices represent the time

points listed in the table. When you move the mouse over a vertex, it becomes a crosshair pointer.
When the mouse is in this state, you can move the vertex around the plot area to modify both the
time and the load scale parameters associated with that point. You may discover and even modify
the load scale associated with a vertex by right clicking the mouse when the pointer is a crosshairs.
You may introduce a new time point by holding the CTRL key down and then selecting the curve
with the left mouse button at the point in time where you want to define the new load scale. You
can delete a vertex by holding down CTRL as you select the vertex with the left mouse key. You
can adjust the scale of either axis by right-clicking on the axis. Finally, you may move the entire
load profile up or down the load scale or along the time axes by selecting the curve somewhere
other than at a vertex. When you are done modifying the load variation using the plot, you may
close it.

To save the changes you have made to the load profile SelekRecord. To save the load
profile to a new schedule, clidve Record As. Finally, to close the Load Variation Dialog
without saving your changes, cli€lancel.

Multi-Section Lines Display

The Multi-Section Line Display lists the multi-section lines that exist in the case. The Multi-
Section Line Display is used to functionally group a number of transmission lines together. They
are usually used to model very long transmission lines that require the use of multiple individual
transmission line information to be modeled accurately. Simulator then treats each multi-section
line as a single device with regard to line status. That is, changing the status of one line in the
record changes the status of the other lines in the record as well.
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Each multi-section line record consists of the “from” bus, one or more “dummy” buses and the
“to” bus. Each dummy bus must have only two lines connected to it, each of which are members
of the multi-section line record. See Multi-Section Line Information (page 97) for details.

The Multi-Section Line Display is a class of Case Information Display and therefore can be used in
a manner consistent with all other case information displays. It has a local menu from which you
can print, copy, and modify its information as well as view the information dialog of its multi-
section line information. The local menu also affords the opportunity to insert new multi-section
lines into the model or to delete existing ones when the application operates in the Edit Mode.
Moreover, it enables you to invoke the Quick Power Flow List and Bus View Display for the line’s
terminal buses. You can also sort the multi-section line information by clicking on the heading of
the field by which you want to sort. Additionally, you can choose to restrict the information shown
by the Multi-Section Line Display according to the constraints of the display filters.

To show this display sele€@ase | nfor mation, Others, M ulti-Section Lines.
The display contains the following fields by default:
From Bus#, From Name

Number and name of the multi-section lifiesn bus. Right clicking on one of these fields
invokes the display’s local menu from which you can select either Quick Power Flow List or Bus
View Display to find more information about tfrem bus.

To Bus#, To Name

Number and name of the multi-section linesus. Right clicking on one of these fields invokes
the display’s local menu from which you can select either Quick Power Flow List or Bus View
Display to find more information about thebus.

Circuit

Two-character circuit identifier for the multi-section line. The first character in the identifier
should always be an “&.”

Sections
Number of individual lines within the multi-section line record.
Status

Current status of the record. Note, the stat@ased only if all the lines in the record are closed,
and isOpen only if all the lines in the record are open. Otherwise the stahlixésl.

MW Transactions Display

The MW Transactions Display lists the MW transactions that have been defined for the case.
Please note that this display shows onlystiheduled transactions between areas, not the base
transactions. See Area Transaction Modeling (page 121) for a description of the difference
between the two.

The MW Transactions Display is a class of Case Information Display and therefore can be used in
a manner consistent with all other case information displays. It has a local menu from which you
can print, copy, and modify its information as well as view the MW Transaction Information

dialog of its associated transactions. The local menu also affords the opportunity to define new
MW transactions using the same MW Transaction Information Dialog or to delete existing ones.
You can also sort the MW transaction information by clicking on the heading of the field by which
you want to sort. Additionally, you can choose to restrict the information shown by the Load
Display according to the constraints of the display filters.
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To call upthe MW Transactions Display, click Case I nformation, MW Transactions from Run
Mode.

ThisMW Transactions Display contains the following fields by default:

Seller Area Name, Buyer Area Name

Names of the selling and buying areas.

Type

Designates the firmness of the transaction: either firm (non-recallable) or nonfirm (recallable).
Enabled

Indicates whether the transaction is active or inactive. Inactive transactions will not be modeled as
part of the simulation. Thisisatoggleablefield. For inactive transactions, the information fields
are printed in gray text.

Sched MW

Scheduled MW value for the transaction. The scheduled MW will equal the actual MW for the
transaction except during ramp periods. The duration of the ramp periods can be specified from
the Simulation tab of the PowerWorld Simulator Options Dialog. You can aso disable the
enforcement of generator ramp limits from the Limits tab of the same dialog.

Actual MW
Actual MW value for the transaction. When atransaction is inactive, its actual MW value is zero.
Start Time, End Time

Starting and ending time for the transaction. To model transactions without a starting or ending
time, model it as a base transaction.

Day Type

Designates how to model the transaction for different days of the week. Thisfield can assume one
of four possible values. A value of Specified Days forces Simulator to model the transaction only
for the days specified in the Sart Day and End Day fields. A value of Week Days indicates that
the transaction will be modeled every day Monday through Friday, but not on the weekends.
Transactions with a Day Type of Every Day are modeled both on weekdays and weekend days.
Finally, transactions with a Day Type of Weekend occur only on the weekend. Thisisatoggleable
field.

Start Day, End Day

For transactions having a Day Type of Specified Days, the Start Day and End Day fields define the
days for which the transaction will be modeled. These fields are ignored if the transaction’s Day
Type is notSpecified Days.

Buy Price ($MWhr)

Price the buyer pays for the transaction in $/MWhr. The seller receives this amount, minus any
wheeling charges.

MW Transactions Information Dialog

The MW Transactions Information Dialog is used to modify or insert new scheduled transactions.
You can display this dialog using the MW Transactions list display. The dialog has the following
fields:



164

PowerWorld Simulator 6.0 User Manual

Buyer Area, Seller Area

Shows the buying and selling area associated with the transaction. Y ou can only modify these
fields when you are inserting a new transaction from the MW Transactions list display. Otherwise
to change either the buyer or the seller you need to first remove the transaction and then insert a
new one.

Transaction Type

Designates the transaction as either non-firm (recallable) or firm (non-recallable). Simulator
currently does not use these identifiersin any of its calculations. They are provided for your
bookkeeping.

Transaction Amount (MW)

MW amount of the transaction. Each transaction can only have asingle value. By defaullt, this
value equalsthe MW Blocksfor Transactions option that is specified on the Smulation Tab of
the PowerWorld Simulator Options Dialog.

Ramping (min)

The length of time over which the transaction will increase from zero to its scheduled amount. By
default, this value equals the Transaction Ramp Time option that is specified on the Smulation
Tab of the PowerWorld Simulator Options Dialog.

Buyer's Price ($/MWhr)

Price the buyer is paying for the transaction in ¥MWhr. The seller is receiving this amount, minus
any wheeling charges. Modifying the Buyer's Price automatically changes the Seller’s Priceby a
corresponding amount.

Wheeling Price ($/MWhr)

Indicates the total paid to areas that wheel power between the two transacting parties. Thisfieldis
visible only if you have defined wheeling areas using the Wheeling Areas Dialog.

Seller’s Price ($/MWhr)

Price the seller isreceiving for the transaction in $MWhr. Modifying the Seller’s Price
automatically changes the Buyer’s Price by a corresponding amount.

Start Time, End Time

Starting and ending time for the transaction, entered in the form of hh:mm.

Start Day, End Day

The start and end days for the transaction. These values are obeyed only when Day Typeis
Soecified Days.

View/Modify Wheeling Areas

Pressing this button brings up the Transaction Wheeling Dialog, which can be used to identify

those areas that will provide and bill transmission service for the transaction. Such areas are called
wheelers.

Day/Time Type

Specifies the days on which the transaction will take place. Select Specified Daysif the transaction
should be modeled only on the days you have specified using the Start Day and End Day fields.
Select Every Day if the transaction should occur between Start Time and End Time every day of
the week, including weekends. Select Week Days if the transaction should occur between Start
Time and End Time only on days Monday through Friday. Select Weekendsif the transaction
should occur between Start Time and End Time only on Saturdays and Sundays. Finally, select
Always On if the transaction should be modeled at all times during the simulation.
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OK

Click to save any changes and close the dialog.

Cancel

Click to close the dialog without saving any changes.
Delete

Click to delete the current transaction and close the dialog.

Wheeling Areas Dialog

When two aress participate in a power transaction, the power that is exchanged likely will flow
through one or more neighboring areas that are not directly participating in the transaction. If a
significant portion of the power flows through a particular entity, that entity likely will try to bill
the transacting parties for transmission service. Such an entity is called awheeler. The Whedling
Areas Dialog allows you to identify areas that will wheel power as part of the transaction, and at
what cost.

Y ou may invoke the Wheeling Areas Dialog from the MW Transaction Information Dialog by
clicking on the View/M odify Wheeling Ar eas button.

The table that occupies the left half of the Wheeling Areas Dialog identifies each wheeling area
that has been defined for the transaction. Thistable isa Case Information Display and thus
exhibits properties and controls common to all case information displays.

To define a new wheeling areafor a transaction, specify an area name (or an area number) and
click the Add New Area By Name (or the Add New Areas By Number) button. If you choose to
identify new wheeling areas by number, you may add more than one new wheeling area at atime
by specifying a range of area numbers. New wheeling areas are added to the Wheeling Areasin
Transaction table, with the wheeling cost set equal initially to a default value of $2/MWHTr. You
can change the wheeling charge by specifying a new value in the grid.

To delete awheeling area, right-click on the row of the record you wish to delete and select Delete
from the resulting local menu.

To abort the wheeling area definition process without saving changes, click Cancel. To save
changes and close the dialog, click OK.

Remotely Regulated Bus Display

The Remotely Regulated Bus Display provides information about all buses that are remotely
regulated by one or more generators. The bus that a generator regulates is specified in the Edit
Mode using the Generator Dialog. Whenever a generator is regulating a bus that is not its
terminal, it is considered to be remotely regulating that bus. The bus that is remotely regulated,
along with the regulating generators, will appear on this display.

The Remotely Regulated Bus Display is aclass of Case Information Display and therefore can be
used in amanner consistent with all other case information displays. It hasaloca menu from
which you can print, copy, and modify itsinformation as well as view the information dialog of its
associated buses. Y ou can find a specific remotely regulated bus, and you can learn more
information about a particular remotely regulated bus by choosing either Quick Power Flow List or
Bus View Oneline. Y ou can also sort the remotely regulated bus information by clicking on the
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heading of the field by which you want to sort. Additionally, you can choose to restrict the
information shown by the Load Display according to the constraints of the display filters.

To call up the Remotely Regulated Bus Display, click Case Information, Others, Remotely
Regulated Buses.

This Remotely Regulated Bus Display contains the following fields by default:
Number, Name, Area Name

Number, name, and area name for the bus that is being remotely regul ated.

PU Volt

Per unit voltage magnitude for the bus.

Set Volt

Setpoint voltage for the bus. When abusis being remotely regulated by a set of generators, the
generators vary their reactive power output to maintain the voltage at the bus at the setpoint value.
Y ou can enter anew value for thisfield. Changing the setpoint voltage here changes the setpoint
voltage for al the generators that are remotely regulating this bus.

AVR

Combined autometic voltage regulation (AVR) status for all the generators remotely regulating this
bus. If AVR isNo, no generators regulate voltage; if AVR is Yes, all the available generators are
regulating; if AVR is Mixed, some generators regul ate voltage and some do not. Regulation of
individual generators can be specified using the Generator Display . Y ou can toggle thisfield
between “Yes” and “No” by clicking on it.

Total Mvar
Total of the reactive power being supplied by all the generators remotely regulating the bus.
MVR Min, MVR Max

Total of the minimum and maximum reactive power limits for all the generators remotely
regulating the bus.

Gen Buses

The next several fields list the generators that are remotely regulating this bus. Left clicking on
either of these fields allows you to see all the flows into the generator’s bus using the Quick Power
Flow List, while right clicking on the fields displays the Generator Dialog for the generator.

Switched Shunt Display

The Switched Shunt Display identifies all switched shunt devices in the case. Switched shunts are
used in power systems either to inject additional MVR into the system (capacitive shunts) or to
absorb excess reactive power (inductive shunts). They may also be used to regulate bus voltage
within some specified range.

The Switched Shunt Display is a class of Case Information Display and therefore can be used in a
manner consistent with all other case information displays. It has a local menu from which you
can print, copy, and modify its information as well as view the information dialog of its associated
switched shunts. You can find a specific switched shunt using its bus name or number, and you
can learn more about a particular shunt’s terminal bus by choosing either Quick Power Flow List
or Bus View Oneline. When in Edit Mode, you can insert a new shunt into the case or delete an
existing shunt. You can also sort the switched shunt information by clicking on the heading of the
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field by which you want to sort. Additionally, you can choose to restrict the information shown by
the Load Display according to the constraints of the display filters.

To call up the Switched Shunt Display, click Case I nformation, Switched Shunts.
The Switched Shunt Display contains the following fields by default:
Number, Name

Number and name of terminal bus to which the switched shunt is attached. Only one switched
shunt is allowed per bus. Use the right menu options to inspect either the Quick Power Flow List
or the Bus View Display for the terminal bus.

Reg Bus Num.

Number of the bus whose voltage is regulated by the switched shunt. If the regulation busisthe
same as the terminal bus, thisfield is blank.

Control Mode

Control Mode for the switched shunt. A switched shunt may operate either as Fixed if itsreactive

value isto be held constant, as Discrete if its reactive output is controlled automatically in discrete

steps to regulate its terminal voltage, or as Continuousiif its reactive injection is allowed to vary

over a continuous spectrum of valuesto regulate its terminal voltage. A shunt will be switched

either discretely or continuously to regulate its terminal bus’ voltage between its high and low
voltage limits provided thAuto Shunt field of its corresponding area is setvies and switched

shunt control has not been disabled for the entire case. You may set the valusutd Sieint

field from the Area Display, and you can control case-wide enforcement of shunt switching from
the Power Flow Solution tab of the PowerWorld Simulator Options Dialog. This Control Mode
field is toggleable.

Actual Mvar
The reactive power currently supplied by the switched shunt.
Volt High

Per unit high-voltage limit for the regulation range. It is important for discrete shunt control that
Volt High exceed Volt Low by a nontrivial amount; otherwise, the output of the shunt may
oscillate during the Power Flow Solution.

Volt Low
Per unit low-voltage limit for the regulation range.
Actual Volt

Actual per unit voltage at the regulated bus. When Control Mode is Bitsoeete or Continuous,
this voltage should be between Volt Low and Volt High.

Deviation

Deviation of the regulated bus’ actual per unit voltage from the desired regulation voltage. If the
actual voltage is within the regulation range, this field is zero. If the voltage is greater than Volt
High, the deviation is positive. It is negative if the actual voltage is less than Volt Low.

Transformer Display

The Transformer Display identifies all transformers in the case. The data presented in the
Transformer Display supplements the data presented in the Line/Transformer Display by
presenting transformer-specific information. Consult the Line/Transformer Display for the
transformer flows.
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The Transformer Display is a class of Case Information Display and therefore can be used in a

manner consistent with all other case information displays. It hasaloca menu from which you

can print, copy, and modify itsinformation as well as view the information dialog of its associated
transformer. Y ou can find a specific transformer using the names or numbers of its terminal buses,

and you can learn more about a particular transformer’s terminal buses by choosing either Quick
Power Flow List or Bus View Oneline. When in Edit Mode, you can delete an existing
transformer from the case. You can also sort the transformer information by clicking on the
heading of the field by which you want to sort.

To show this display sele€@ase | nformation, Transformers.
The Transformer Display contains the following fields by default:
From Bus Number and Name

FromBus number and name. Tikeom Busis the tapped side. You may view either the Quick
Power Flow List or the bus view display for theom Bus from the local menu.

To Bus Number and Name

To Bus number and name. You may view either the Quick Power Flow List or the bus view display
for the To Bus from the local menu.

Circuit

Two-character identifier used to distinguish between multiple transformers joining the same two
buses.

Type
Type of transformer. Possible values include
¢ Fixed
The tap positions are fixed
e LTC
The tap ratio changes to regulate bus voltage
e Phase
The phase angle changes to regulate real power flow.
Tap/Phase

Indicates the tap ratio for LTC and fixed transformers and the phase shift angle in degrees for
phase-shifting transformers.

XF Auto

If the value of this field i¥es, the transformer will automatically change its tap or phase angle to
keep the regulated value within the specified regulation range, provided thatah- field of

its associated area is sefy®s and transformer tap/phase control has not been disabled for the
entire case. ThAuto XF field of individual areas is set from the Area Display, and case-wide
transformer control can be set from the Power Flow Solution tab of the PowerWorld Simulator
Options Dialog. Click on this field to toggle its values.

Reg Bus

For an LTC transformer, this is the number of the bus whose voltage is controlled by the
transformer. For phase shifting transformers, the real power is always controlled at the tapped bus.
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Reg Value

For an LTC transformer, thisis the present per unit voltage at the regulation bus. For a phase
shifting transformer, thisis the present real power flow through the transformer measured on the
“from” (tapped) side.

Reg Min, Reg Max

Minimum and maximum values for the regulation range. For LTC transformers, these fields
represent per unit voltage at the regulated bus. For phase shifting transformers, these fields
represent actual MW flow through the transformer measured on the “from” (tapped) side. Because
transformers use discrete control, the maximum regulation value must be somewhat greater than
the minimum value.

Error

Error between the regulated value and the regulation range specified by Reg Min and Reg Max. If
the regulated value is within the regulation range, then the error is zero. The error is negative if the
regulated value falls below the regulation range, and it is positive if the regulated value exceeds the
regulation range.

Tap Min, Tap Max

For LTC transformers, these fields specify the minimum and maximum tap ranges for the
transformer. For phase shifting transformers, these fields specify the minimum and maximum
phase shift angle in degrees.

Transformer Field Information

Transformer field objects are used to show field values specific to transformers. Use Line Fields
to show fields generic to transformers and transmission lines, such as the flow of power through

the device. The transformer fields dialog is used to view and modify the parameters associated

with transformer-specific fields.

Near Bus Number

Bus associated with threar end of the transformer.
Far Bus Number

Bus associated with thar end of the transformer.
Circuit

Two-character identifier used to distinguish between transformers joining the same two buses.
Default is ‘1.

Total Digitsin Field

Total number of digits to show in the field.

Digitsto Right of Decimal

Number of digits to show to the right of the decimal point.

Type of Field

Designates the type of transformer field to show. The following choices are available:
Off-nominal Tap Ratio Actual tap ratio
Phase Shift Angle Actual phase shift in degrees
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Off-nominal Tap Position  Tap position in steps, usualy ranging from L16 to R16.

Select OK to save changes and close the dialog or Cancel to close dialog without saving your
changes.

Super Area Display

The Super Area Display identifies any super areas that have been defined for the case. Super areas
are groups of areas whose generators are dispatched as a coordinated group. Super areas can thus
be useful for modeling the operation of independent system operators or power poaols.

Super areas cannot be inserted into a case from the Insert menu. Instead, a super area can be
defined when modifying or creating an area simply by typing the name of a new super areain the
Super Area dropdown box on the Area Information Dialog.

The Super Area Records Display is a class of Case Information Display and therefore can be used
in amanner consistent with all other case information displays. It hasalocal menu from which
you can print, copy, and modify its records as well as view the information dialog of its associated
super areas. You can call up the Quick Power Flow List or Bus View Display to obtain more
information about representative busin the super area. Y ou can also sort the super area records by
clicking on the heading of the field by which you want to sort.

To show thisdisplay select Case I nfor mation, Super Areas.
The display contains the following fields by default:

Name

The name of the super area.

AGC Status

The Super Area may operate without automatic generation control (AGC Status = Off AGC), with
participation factor control (AGC Status = Part. AGC), or according to an economic dispatch
(AGC Status = ED). Thisisatoggleable field.

Num Areas

Indicates the number of areas defined as being part of the super area. Areas are added to super
areas using the Super Area dropdown box on the Area Information Dialog.

Lambda

The super area’s marginal cost.

LossMW

Indicates the real power losses incurred within the super area.
ED Use PF

Indicates whether the power flow engine will calculate loss penalty factors in computing the
economic dispatch solution for the super area. If loss penalty factors are not calculated, then the
economic dispatch is calculated assuming that the super area is lossless. Otherwise, the economic
dispatch solution incorporates losses. The penalty factors gauge the sensitivity of the area’s losses
to changing injection at specific generators. The option to calculate loss penalty factors is relevant
only when the super area operates accordiiggdaomic Dispatch Control. Usually, if the

system’s cost curves are relatively flat, the inclusion of losses in the solution will not have much of
an effect on the dispatch.



Chapter 8 : Text-Based Information Displays 171

Super Area Information Dialog

The Super Area Information Dialog displays information pertaining to Super AreaDisplay. It

summarizes the super area’s real and reactive load and generation, scheduled transactions, and
constituent areas. It also allows you to manage the list of areas to include in the super area and to
designate how its generation should be controlled. To display the Super Area Information Dialog,
right-click on the Super Area Records Display and sé&leoiv Dialog from the resulting local

menu.

The Super Area Information Dialog has the following fields:
Name

The list of all super areas that have been defined in the case are listed in this dropdown box. Select
one of the super areas to display its information, or type a new name in the box aAddliéw
to define the new super area.

Delete
Click this button to delete the super area specified in the Name field.
Super Area Control Options

Specify the type of generation control to employ for the super area. The super area may be
removed from area control or employ Participation Factor or Economic Dispatch control. See Area
Control (page 120) for details on these types of generation control.

Areasin Super Area

Lists the areas contained in the super area. Right-click on a row and=eehese to remove the
area from the super area.

New Area

Use the dropdown box to select an area to add to the super area. CAddthew to add the
selected area to the super area.

Total Scheduled Transactions

Lists the total scheduled import or export for the super area. Itis computed by summing the
scheduled interchange for all areas comprising the super area. Exports are positive.

Total ACE

The total area control error for the super area. It is calculated by summing the ACE for all areas
comprising the super area.

Lambda

The marginal cost associated with the super area. Lambda is valid only for super areas that are on
economic dispatch control.

Load, Generation, Shunts, L osses, I nterchange

The Load and Generation section of the Super Area Information Dialog accounts for the real and
reactive power flows into, out of, and within the super area. Each quantity is computed by
summing over the areas comprising the super area.
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Zone Display

The Zone Display provides information about all the zonesin the case. Similar to the Area
Display, the Zone Display provides a means of dividing up a power system. System results can
then be summarized by zones using this display. Buses can be assigned to zones independent of
their area assignments. Thus a single area could contain multiple zones, or a single zone could
span multiple areas. The zone number for each busis shown on the Bus Dialog. In the Edit Mode,
groups of buses can be easily moved from one zone to another using the Zone Dialog.

The Zone Records Display is a class of Case Information Display and therefore can be used in a
manner consistent with all other case information displays. It has alocal menu from which you
can print, copy, and modify its records as well as view the information dialog of its associated
zones. You can call up the Quick Power Flow List or Bus View Display to obtain more
information about representative bus in the zone. 'Y ou can also sort the zone records by clicking
on the heading of the field by which you want to sort.

To show this display select Case | nformation, Zones.
The display contains the following fields by default:

Zone Num

Zone’s number, between 1 and 999.

Zone Name

Zone's alphanumeric identifier, eight characters maximum.
Load MW, Load MVR

Total real and reactive power load in the zone.

Gen (MW), Gen (Mvar)

Total real and reactive power generation in the zone.
LossMW, LossMVR

Total real and reactive power loss in the zone. Losses are computed by summing the losses of the
individual transmission lines and transformers in the zone. Because of shunt charging, these
devices can also generate reactive power. Therefore, reactive power losses may actually be
negative.

Int MW, Int MVR

Net interchange of real and reactive power with all other zones. Exported power is assumed to be
positive.

L oad Schedule

Identifies the load variation schedule that governs how load varies in the zone. The load variation
schedule specifies values for the load multiplier at specific points in time. To examine the details
of a load schedule or to modify its prescription, se@ase | nfor mation, Load Variation

Schedules from the main menu to bring up the Load Variation Dialog.

Load Mult

Shows the current load multiplier for the zone, as constrained by the prevailing load schedule. All
load in the area is scaled by this multiplier. This value of this field can be modified only through
adjusting or redefining the area’s associated load schedule using the Load Variation Dialog.
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Bus Mismatches Display

The Bus Mismatches Display lists the real and reactive mismatches at each bus. The bus
mismatches are defined as the difference between the power entering the bus and the power
leaving the bus. A power flow case is considered solved when all the bus mismatches are below
the convergence tolerance specified on the Power Flow Solution tab of the PowerWorld Simulator
Options diaog.

Most of the time you will not need to be concerned about the bus mismatches. If the power flow
solves, the mismatches are guaranteed to be below the desired tolerance. However, advanced users
will find this display useful in determining the cause when a power flow diverges.

The Bus Mismatch Display is aclass of Case Information Display and therefore can be used in a
manner consistent with all other case information displays. It hasaloca menu from which you
can print, copy, and modify itsinformation as well as view the information dialog of its associated
bus. Y ou can find a specific bus mismatch using the name or number of the bus, and you can learn
more about the bus by choosing either Quick Power Flow List or Bus View Oneline. Y ou can also
sort the bus mismatch information by clicking on the heading of the field by which you want to
sort.

To show this display select Case I nformation, Mismatches. Y ou can view bus mismatches only
when the application isin Run Mode.

The Bus Mismatch Display contains the following fields by default:

Number, Name, Area Name

The number and name of the bus and the name of the areain which it is located.
MW Mismatch, MVR Mismatch, MVA Mismatch

The real and reactive mismatches at each bus, and the total complex power mismatch.

Island Display

The Island Display presents information on the system’s islands. An island consists of a group of
buses that are electrically connected via ac transmission lines and transformers and thus operate in
synchronism with one another. Multiple islands can be connected together via dc transmission
lines. Each island requires a slack bus. All systems have at least one island, which may
encompass the entire system.

The Island Display is a class of Case Information Display and therefore can be used in a manner
consistent with all other case information displays. It has a local menu from which you can print,
copy, and modify its information. You can also sort the islands information by clicking on the
heading of the field by which you want to sort.

To show this display sele€ase | nformation, Islands.

You cannot modify any fields on this display. The display has the following fields for each island:
Slack Number, Slack Name

Number and name of the slack bus for the island. Each island requires at least one slack bus.
Total Buses

Total number of buses in the island.
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Energized

Indicates whether the island is connected to a source of power.
Load MW, Load Mvar

Total real and reactive load for the island.

Gen MW, Gen Mvar

Total real and reactive generation for the island.

Scheduled Export

The power scheduled to be provided by island to other regions of the system. Because theisland is
isolated from the rest of the system, this export requirement is currently not met.

Limit Violations

Selecting Case Infor mation, Limit Violations from the main menu yields a submenu of displays
that show limit violations. These displays cover:

Bus Voltage Violations
Line/Transformer Violations
Interface Violations.

By default, the violations shown on all these displays pertain only to devicesthat reside in areas
having Report Limits set to “Yes.” This field is set on the Area Records Display. You can also
override this option and show violations for the entire case.

Bus Voltage Magnitude Limit Violations

The Bus Voltage Magnitude Limit Violations display identifies buses whose voltage magnitude
lies outside a user-specified threshold. Entries are sorted by the PU Volt field (per unit voltage
magnitude) when the display first appears. There are several options on this display that control
what violations are reported. The following fields and controls are shown at the top of the display:

Number of Line/Transformer Violations

Shows the total number of violations reported on the Line and Transformer Limit Violations
display. This field is read-only.

Number of Bus Voltage M agnitude Violations

Shows the total number of violations reported on this, the Bus Voltage Magnitude Limit
Violations, display. This field is read-only.

Number of Interface Violations

Identifies the total number of interface violations. These violations are shown on the Interface
Violations Display. This field is read-only.

Use Area Limit Filters

If this option is checked, then limit violations are shown only for devices that are in areas with
Report Limits set tdYes.” (This field is set on the Area Records Display). If the option is not

checked, then violations are reported for all areas in the case. When you toggle this field, the
display is automatically updated.
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Automatic Refresh

Selecting the Automatic Refresh option forces the Limit Violations Display to be refreshed
whenever a new Power Flow Solution is available. For large cases, you may wish to leave this
option unchecked to avoid performance problems. To refresh the display manually, press the
Refresh button.

Minimum PU Voltage, M aximum PU voltage

Controls the values for reporting of per unit bus voltage magnitude violations. Buses with a
voltage magnitude below the Minimum PU Voltage field or greater than the Maximum PU Voltage
field are reported as violations. The display is automatically updated when you press the enter key
inthisfield. Thisfield isavailable on the limits tab of the PowerWorld Simulator Options Dialog,
aswell.

A table identifying all bus voltage violations that meet the above criteria consumes the rest of the

dialog. Sincethistableisyet another variety of the Case Information Displays, you may interact

with it in afamiliar manner. Click on any of the field headings to sort by that field. Right-click on

the display to call up the display’s local menu. From the local menu, you can print the voltage
violations, copy them to the Windows clipboard for use with another application, modify the
format and content of the violations listing, and view the Information Dialog, Quick Power Flow
List, or Bus View Display corresponding to the violating bus. There are four commands available
at the top of the list.

The list contains the following fields by default:

Number, Name

Bus number between 1 and 99,999, and its alphanumeric identifier.
Area Name

Alphanumeric identifier of the bus’ area.

PU Volt

Bus’ per unit voltage magnitude.

Voalt (kV)

Bus’ actual voltage magnitude in kV. This is the per unit voltage magnitude multiplied by the bus’
nominal voltage.

Angle (deg)
Bus’ voltage angle in degrees.

Line and Transformer Limit Violations

The Line and Transformer Limit Violations Display shows selected transmission lines and
transformers that have exceeded a user specified threshold. When the display first appears, entries
are sorted by the Percent field, which indicates the severity of the violation. The Line and
Transformer Limit Violations Display offers several options that control what violations are

reported. The following fields are shown at the top of the display:

Number of Line/Transformer Violations

Shows the total number of violations reported on Line and Transformer Limit Display. This field
is read-only.
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Number of Bus Voltage M agnitude Violations

Shows the total number of bus voltage magnitude violations. These violations are shown on the
Bus Voltage Magnitude Limit Violations Display. Thisfield isread-only.

Number of Interface Violations

Indicates the total number of interface violations. These violations are shown on the Interface
Violations Display. Thisfield isread-only.

Use Area Limit Filters

If this option is checked, then limit violations are shown only for devicesthat are in areas with

Report Limits set to “Yes.” (This field is set on the Area Records Display). If the option is not
checked, then violations are reported for all areas in the case. When you toggle this field, the
display is automatically updated.

Automatic Refresh

Selecting the Automatic Refresh option forces the Limit Violations Display to be refreshed
whenever a new Power Flow Solution is available. For large cases, you may wish to leave this
option unchecked to avoid performance problems. To refresh the display manually, press the
Refresh button.

Per centage Threshold for Reporting

Controls the threshold for reporting of branch flow limit violations. All transmission lines and
transformers with an MVA loading at either end of the device greater than this threshold
percentage of their MVA limit are reported. The display is automatically updated when you press
the enter key in this field.

Treat Transmission Line Limits as Equivalent Amps

Limits for transmission lines and transformers are always entered in MVA. However, when
reporting limit violations, it is common to check transmission line limits in terms of their amp
loading. If theTreat Transmission Line Limits As Equivalent Amps box is checked, the limits for
transmission lines are reported in amps rather than MVA. If this box is not checked, limits for
both transmission lines and transformers are expressed in MVA.

For reference, note that the amp rating of a line is derived from the MVA rating using the formula
MVA Ratin
9 m000.

J/300Base kv
Line/Transformer Limit Set

Amp Rating =

Shows the current limit set being used for checking for violations. Simulator can recognize up to
three limits for each transmission element, which are commonly referred to as rates A, B, and C.

Change Limit Set

Click on this button to change the limit set. The display is automatically refreshed using the new
limit set.

A table identifying all branch flow violations that meet the above criteria consumes the rest of the
dialog. Since this table is yet another variety of the Case Information Displays, you may interact
with it in a familiar manner. Click on any of the field headings to sort by that field. Right-click on
the display to call up the display’s local menu. From the local menu, you can print the branch flow
violations, copy the violation records to the Windows clipboard for use with another application,
modify the format and content of the violations listing, view the information dialog of the line or
transformer, and view the Information Dialog, the Quick Power Flow List, or Bus View Display
corresponding to either thieom or to terminal of the branch.

The branch flow limits display contains the following fields by default:
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From Bus Number and Name

“From” bus number and name. For transformers, the from bus is the tapped side. Right- clicking
on either of these fields allows you to see all the flows measured at the “from” bus using the Quick
Power Flow List or Bus View Display local menu options.

To Bus Number and Name

“To” bus number and name. For transformers, the to bus is the untapped side. Right-clicking on
either of these fields allows you to see all the flows into the “to” bus using the Quick Power Flow
List or Bus View Display local menu options.

Circuit
Two-character identifier used to distinguish between multiple lines joining the same two buses.
From Flow, To Flow

If the Treat Transmission Line Limits As Equivalent Amps option is selected, then tkeom Flow
andTo Flow fields indicate MVA loading for transformers and amp loading for lines at the “from”
and “to” ends of the device. If the option is not selected, then MVA flows are specified for both
transformers and transmission lines.

Percent, Limit

Percentage loading of the transmission line or transformer at the end with the higher flow, and its
MVA or Amp limit. The Percent field is only valid if the MVA limit is nonzero and is calculated
as flow/limit * 100.

Units

Units used with the From Flow, To Flow and the Limit field. All flows are expressed either in
MVA or amps.

Interface Violations

The Interface Violations Display shows monitored interfaces whose flow has exceeded a user-
specified threshold. You can view all defined interfaces using the Interface Records Display.
Entries are sorted by the Percent field when the Interface Violations Display first appears so that
the list of violations is arranged by severity.

The display presents several options for controlling and monitoring which violations are reported.
These controls reside at the top of the Interface Violations Dialog and include the following:

Number of Line/Transformer Violations

Shows the total number of violations reported on the Line and Transformer Limit Violations
Display. This field is read-only.

Number of Bus Voltage M agnitude Violations

Shows the total number of violations reported on the Bus Voltage Magnitude Limit Violations
Display. This field is read-only.

Number of Interface Violations

Shows the total number of violations reported on this, the Interface Violations Display. This field
is read-only.

Use Area Limit Filters

If this option is checked, then limit violations are shown only for devices that are in areas with
Report Limits set tdYes.” (This field is set on the Area Records Display). If the option is not
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checked, then violations are reported for al areasin the case. When you toggle thisfield, the
display is automatically updated.

Automatic Refresh

Selecting the Automatic Refresh option forces the limit violations display to be refreshed whenever
anew Power Flow Solution is available. For large cases, you may wish to leave this option
unchecked to avoid performance problems. To refresh the display manually, press the Refresh
button.

Per centage Threshold for Reporting

Controls the threshold for reporting interface limit violations. All interfaces witha MW loading
greater than this threshold percentage of their MW limits are reported. Thedisplay is
automatically updated when you press the enter key in this field.

A tableidentifying all interface flow violations that meet the above criteria consumes the rest of
thedialog. Sincethistableisyet another variety of the Case Information Displays, you may

interact with it in afamiliar manner. Click on any of the field headings to sort by that field. Right-
click on the display to call up the display’s local menu. From the local menu, you can print the
interface flow violations, copy them to the Windows clipboard for use with another application,
modify the format and content of the violations listing, and view the information dialog of the
violated interface.

The interface flow limits violation display contains the following fields by default:
Name

Alphanumeric identifier for the interface (24 characters maximum).

MW Flow

Current MW flow on the interface.

MW Limit

Interface limit in MW.

Per cent

Percentage loading of the interface, calculated as MW Flow/MW Limit * 100.
Elements

Number of elements in the interface.

Interface Field Information Dialog

Interface field objects are used to show the different values associated with interface records. This
dialog is used to view and modify the parameters associated with these fields. The dialog has the
following fields:

I nterface Name

Case insensitive name of an existing interface (12 characters maximum).
Total Digitsin Field

Total number of digits to show in the field.

Digitsto Right of Decimal

Number of digits to show to the right of the decimal point.
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Anchored
If checked, the interface field is anchored to its associated interface display object.
Type of Field

Type of field to show for the interface record. Interface fields may show the interface’s name, its
MW Limit, MW Flow, or percent loading.

Interface Pie Chart Information Dialog

Interface Pie Chart objects are used to graphically show the percentage flow associated with
interface records. This dialog is used to view and modify the parameters associated with these
fields. The dialog has the following fields:

I nterface Name

Case-insensitive name of an existing interface (12 characters maximum).

Size

Size of the pie chart. Note that the pie chart’s size and color can be set to change automatically

when the interface’s loading is above a specified limit. Please see Oneline Display Options (page
48) for details.

Per cent (read-only)

In Run Mode, this field shows the current percentage loading for the interface; if the MVA rating
is zero, the percentage is defined as zero, as well.

MW Rating
MW limit for the interface, using the current limit set for the case.
Anchored

If checked, the interface pie chart object is anchored to its associated interface.

Ownership

The Ownership feature is new to Simulator version 6.0. Buses, loads, generators and lines may
now have an associated owner or owners, along with the percentage of ownership for each owner.
Buses and loads can have one owner, while generators and lines can have up to 4 owners.

The primary source of owner information for case files is from PTI raw data. However, the file
needs to be in version 25 format for owner data to be present. If the file is not a version 25 format
file, the owner data is initialized to no owners.

To view the different owners and see the number of objects they own,Gate¢hfor mation,
Other, Ownership. For more information, see Owner Data Information Display (page 180).

When you save the case, any changed values are saved in the .pwb file, either in the Owners
section of the .pwb or with the individual objects. When the selection to save as a PTI version
24/25 format is made, Simulator detects whether or not any owner data exists. If it does exist, then
Simulator will notify you that owner data exists, and prompts you to continue and save as a version
25 file. If no is selected, a warning is displayed that the owner data will not be saved, and then yes
can be selected to save as a version 24 format file, otherwise the raw file will be saved as version
25 format. If no owner data is detected, Simulator automatically saves as version 24 format.
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Owner Data Information Display

The Owner Data display will display the owners sorted by owner number, and show the total
number of devices, aswell as a breakdown of the number of specific devices. You can right click
on the owner grid to open the local menu, from which you can perform various actions, including
inserting or deleting owners, and showing an informational dialog for a specific owner. Once an
owner dialog is displayed for a particular owner, you can browse through information on all the
owners.

Owner Dialog

Thedialog for anindividual owner displays each of the elements for that owner, along with the
percentage of ownership. By default, the owner dialog displays only the elements for the selected
owner. However, it is possible to display all objectsin the case in the owner dialog by pressing the
Show All Objects In Case button. Pressing the same button again will change the dialog back to
showing only the objects for the selected owner.

A device can be added for an owner by using the edit boxes at the top of the different tab pages.
Generators and loads are based on the device number only, and multiple objects can be added to
the owner at once by using commas and dashes to specify ranges of bus numbers, for example
buses 4 and 6 could be 4,6 and buses 4 through 6 could be 4-6. Generators and lines have to be
entered in the edit boxes one at atime, specifying bus numbers and identifiers. Using the edit
boxes will call up the Update Owners Dialog, in which the user must redistribute the percentage
ownership to include the added owner. If any owner percentage in the Update Owners dialog is
left O, that owner will be removed from the owner list for the device.
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Chapter 9
Injection Groups

Injection groups are a new feature to PowerWorld Simulator. Injection groups are useful for
modeling generators and loads together like a unit.

The following topics are covered in this chapter:
* Injection Group Overview

e Creating and Deleting Injection Groups

* Injection Group Display and Dialog

*  Participation Points Overview

e Participation Point Record Display

*  Adding Participation Points

Injection Group Overview

An injection group is a collection of loads and generators. In that respect, injection groups are

similar to areas and zones, which also group generators and loads together according to the buses

to which the generators and loads are attached. However, unlike with areas and zones, a generator

and load can belong to more than one injection group. Moreover, asingle injection group may

contain generators and loads from several different areas and zones. Thus, injection groups are

useful when you need to model a collection of generators and loads that act together as a unit,

regardless of each individual's area or zone affiliation. The most common use for injection groups
is to model a transfer of power from one group of generators and loads to another for PTDF
calculations. They are called “injection groups” because their components - generators and loads -
are objects that inject power into the network.

Creating Injection Groups

To create an injection group, sel€ase | nformation, Injection Groups from the main menu to
open the Injection Group Case Information Display. Click the right mouse button on this display,
and selectnsert from the resulting local menu. Specify a name of up to 24 characters to identify
the new injection group, or click theoad button to import injection groups from an Injection

Group Auxiliary Data File. If you specify an injection group name, the Injection Group Dialog
will open, which will allow you to add injection points to the group.

Alternatively, if the Injection Group Dialog is already open, you can click the button |akeled
You will then be asked to supply the name of the group you wish to add.
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Deleting Injection Groups

To delete an injection group, select Case | nformation, Injection Groups from the main menu to
open the Injection Group Case Information Display. Click the right mouse button on this display,
and select Delete from the resulting local menu.

Alternatively, if the Injection Group Dialog is open, you can delete the injection group listed in the
Name dropdown box by clicking the Delete button.

Injection Group Display

The Injection Group Records Display presents data describing each injection group in the case. It
isaclass of Case Information Display and therefore can be used in a manner consistent with all
other case information displays. It hasalocal menu from which you can print, copy, and modify
its records as well as view the Injection Group Dialog. Y ou can also sort the injection group
records by clicking on the heading of the field by which you want to sort.

To show the Injection Group Records Display, select Case Information, I njection Groups
By default, the Injection Group Records display contains the following fields:
Name

The name of the injection group. To change the name of an injection group, simply type a new
name in the corresponding cell.

Number of Gens
I dentifies the number of generators contained in the injection group.
% Gen PF

Indicates the degree to which generators will contribute to the output of the injection group relative
toloads. Aninjection group that has a % Gen PF value of 100.0% receives al of its output from
generator points; an injection group that has a % Gen PF of 50% and a % L oad PF of 50% receives
equal contributions from its constituent |oads and generators.

Number of Loads
I dentifies the number of loads contained in the injection group.
% Load PF

Indicates the degree to which loads will contribute to the output of the injection group relative to
generators. An injection group that has a % Load PF value of 100.0% receives al of its output
from load points; an injection group that has a % Load PF of 50% and a % Gen PF of 50%
receives equal contributions from its constituent loads and generators.

Injection Group Dialog

The Injection Group Dialog provides information about injection groups and allows you to modify
them. Specifically, the Injection Group Dialog lists the number of generators and |oads contained

in the group and the percentage contribution of generators and loads to the injection group’s
output. The Injection Group Dialog also houses the Participation Points Records display, from
which you can add and delete points from the injection group’s list of participants and change
various attributes of the points.
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To view the Injection Group Dialog for a particular injection group, open the Injection Group
Records display by selecting Case | nformation, I njection Groups from the main menu. Find the
injection group in which you are interested, and right-click it. Then select Show Dialog from the
resulting local menu.

The Injection Group Dialog contains the following fields and controls:
Name

Identifies the injection group whose information is currently displayed. You can select a different
name from this dropdown box to display information for another injection group.

New, Delete

To insert a new injection group from this dialog, press New, and supply the name you want to give
the new injection group. To delete the injection group that is currently being shown, click Delete.

# Gens

Displays the number of generators contained in the injection group.

# Loads

Displays the number of loads contained in the injection group.

% Gen Part., % Load Part.

Displays the relative contributions of generators and loads to the output of the injection group.
Participation Points

Theright half of the Injection Group Dialog lists the points that make up the injection group. This
display is called the Participation Point Record Display. By right-clicking on this display, you can
add and del ete points from the injection group, and you can change the properties of specific
points.

Participation Points Overview

A participation point is amember of an injection group. It isagenerator or load that participates

in, or contributes to, the output of an injection group. Each participation point record identifies the
generator or load that fills this role, its participation factor, and how that participation factor is
calculated. A participation point’s participation factor identifies the degree to which the point will
contribute to its injection group’s output relative to the other points making up the group.
Participation factors may be defined as having a fixed value, or they may be re-calculated with
every use to stay true to how they were originally defined. For generators, participation factors
may be defined as having a fixed value or being equal to the generator's MW reserve in the
direction of increasing output (MAX GEN INC), MW reserve in the direction of decreasing output
(MAX GEN DEC), or their maximum output (MAX GEN MW).

Participation points are added to or deleted from an injection group using the Injection Group
Dialog. The Injection Group Dialog houses the Participation Point Records display, which allows
you to add or delete points or to find out more information about them using the Participation
Point Dialog.
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Participation Point Records Display

The Participation Point Records display shows information about the points that comprise a
particular injection group. Y ou can access this display for a particular injection group only from
the Injection Group Dialog.

The Participation Point Records display is a class of Case Information Display and therefore can
be used in a manner consistent with all other case information displays. It hasaloca menu from
which you can print, copy, and modify its records as well as view the Generator Dialog or Load
Dialog for a particular point. It also allows you to add participation points to the group through the
Add Participation Points Dialog, and to delete participation points. Y ou can also sort the
participation point records by clicking on the heading of the field by which you want to sort.

The Participation Point Records display shows the following fields by defaullt:
Point Type

Every participation point is either a generator (GEN) or load (LOAD).
Number

| dentifies the number of the bus to which the generator or load is connected.
Name

| dentifies the name of the base to which the generator or load is connected.

ID

Identifies the ID of the generator or load.

AutoCalc?

If the value of AutoCalc is Y ES, the participation factor of the point is re-calculated with every use
to be consistent with the way the point’s participation factor was initially defined. If the value of
AutoCalc is NO, the participation factor is assumed fixed at its present value.

Initial Value
Indicates how the participation factor of the point was originally computed. For generators, the
possible values of this field are

e« SPECIFIED: The participation factor was specified as a constant.

e MAXGENINC: The participation factor was defined as the difference between the
generator’s maximum MW output and its present MW output.

« MAX GEN DEC: The participation factor was defined as the difference between the
generator’s present MW output and its minimum MW output.

e  MAX GEN MW: The participation factor was defined as the maximum MW output of the
generator.

For loads, the Initial Value property can assume only two possible values:
e SPECIFIED: The participation factor was specified as a constant.

e LOAD MW: The participation factor was defined as the size of the load in MW.

The Initial Value field is important if you intend to save the injection groups to an auxiliary file
and use them with another case that might have a different generation dispatch or load profile. If
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you specify the Initial Value for apoint as GEN MAX INC, for example, and load the point from
an auxiliary file into another case, Simulator will re-calculate the point’s participation factor to
match the generator’s positive MW reserve in that case.

The Initial Value field is also important if the AutoCalc field is set to YES, because AutoCalc uses
the rule defined by the Initial Value field to recalculate the participation factor with every use. For
example, if Initial Value is MAX GEN INC and AutoCalc is YES, the point’s participation factor
will be updated to match the generator's MW reserve every time the point is accessed.

When you toggle the value of the Initial Value field, the point’s participation factor, shown in field
ParFac, will update to match the new definition. The Initial Value field must equal SPECIFIED
for you want to change the value of the point’'s ParFac field by typing the new value directly into
the field.

If AutoCalc is NO and you do not intend to use the injection group with any other case, then you
should either ignore this field or set its value to SPECIFIED.

ParFac

Indicates the participation factor of the participation point. The participation factor defines the
relative contribution of the point to the total output of the injection group. The load or generation
change for each point is calculated based on the value of the participation factor, with values for
points having the largest participation factors experiencing the greatest change.

To add points to the injection group, right-click on the Participation Point Records display and
selectlnsert from the local menu. This opens the Add Participation Points Dialog.

Add Participation Points Dialog

The Add Participation Points Dialog enables you to add participation points to an injection group.
You can access this dialog from the Participation Point Records display by right-clicking on that
display and selectinipsert from the resulting local menu.

The Add Participation Points Dialog features three tabs, one for adding generator points, another
for adding load points, and a third for adding points from groups that have already been defined.
The three tabs are almost identical and contain the following controls:

Use Area/ZoneFilters

If this box is checked, the list box beneath it, which lists generators or loads depending on the tab,
will list only those elements contained in areas or zones whose display filter setting is YES. If this
box is not checked, all generators or loads in the case will be listed.

Element List

The box that occupies the left side of each tab lists the generators, loads, or groups (depending on
which tab is active) that can be added to the injection group. You can select multiple elements
from each of these lists. To select several elements in a row, drag the mouse to highlight the
elements you want to add. Alternatively, click the first element you want to add, press and hold
the shift key, and click the last element you want to add. To select elements that are not adjacent
in the list, click the first element you want to add and hold down the CTRL key while clicking the
other elements you want to add.

Once an element is selected in the Element List, it is ready to be added to the injection group.
Participation Factors

You have several options for how to define the participation factor of the points you have selected.
For generators, you can specify a value. Use the generator’s present participation factor (which
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comes from the case and is displayed in the Generator Records Display), or calculate the

participation factor as the difference between its maximum output and its present output or its

maximum output capability. For loads, you can specify avalue, or you can base the participation

factor on the load’s size. For groups, you can specify a value to use for every point in the injection
group, or you can use the values already defined for the injection group.

Recalculate Factors Dynamically

If this box is checked, the participation factors of the points you are adding will be automatically
updated every time the points are used. Such points will then have an AutoCalc value of YES. If
this box is not checked, the participation factors of the points you are adding will be fixed at the
values defined at the time they were created.

To add the points that you have selected, clickAthew button. The new points will be added to
the list box on the right.

The list box that occupies the right side of each tab lists the points that already comprise the
injection group. To delete specific points from the injection group, select them from this list box
and click theTrash button.

To close this dialog, click OK.
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Chapter 10
Edit Mode Tools and Options

Edit Mode provides a number of commands for customizing and modifying the case that are
different from Run Mode.

This chapter covers the following:

* BusPalette

*  Appending Additional Power Flow Components to the Existing Case

e Automatically Insert Transmission Lines, Generators, Loads, and Interfaces on the Oneline
*  Renumber the Busesin a Case and/or Oneline

»  Drawing Options

e Scaethe Case

Bus Palette Overview

The Bus Paletteis designed to help you lay out a new oneline diagram for a pre-existing power
flow model as quickly as possible. It lists for you the buses that you have already added to the
oneline, the buses that have not yet been drawn that neighbor those buses, and the set of all buses
that have not yet been added to the drawing. By selecting and dragging a bus name from either the
Undrawn Neighborslist or the All Undrawn Buses list to alocation on the oneline diagram
where you would like that bus to appear, you can add that bus to the drawing with very little effort.
The Bus Palette is especially useful for adding aregion of an interconnection in its entirety.

To display the Bus Palette, select I nsert, Show Bus Palette from the main menu.

Using the Bus Palette

The Bus Palette is atool designed to accel erate the building of a oneline diagram based on a pre-
existing power flow case. To display it, select Insert, Show Bus Palette from the main menu.

The Bus Palette features the following controls:
Displayed Buses

Lists those buses defined in the power flow case that have already been added to the oneline
diagram. When you click on an entry in the Displayed Buses List, the contents of the Undrawn
Neighbors List will be refreshed to identify all buses that neighbor the bus you selected that have
not yet been added to the oneline.
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Double click on an entry in thislist to pan to it so that the selected bus appears in the center of the
screen. Right-click on an entry and choose either Quick Power Flow List or Bus View Display to
learn more about the selected bus.

Undrawn Neighbors

Lists those buses defined in the power flow case that neighbor the bus selected in the Displayed
Buses List that have not yet been drawn. To add the undrawn bus to the oneline diagram, select its
name with the left mouse button and keep the left mouse button pressed as you move the mouse to
the point on the oneline where you would like to drop the bus. When you let go of the left mouse
button, the Bus I nfor mation Dialog box for that bus will appear. Use the Bus Information Dialog
to change display parameters for the bus (such as its orientation and size) and click OK to finish
dropping the bus onto the oneline. The bus you have just added will be appended to the end of the
Displayed Buses List and will also be added to the History List so that you can identify its own
undrawn neighbors quickly.

Right-click on an entry in thislist and choose either Quick Power Flow List or Bus View Display to
learn more about the selected bus.

All Undisplayed Buses

Lists those buses defined in the power flow case that have not yet been added to the oneline
diagram, regardless of whether the bus neighbors a displayed bus or not. Thislist functions
identically to the Undrawn NeighborsList. To add the undrawn bus to the oneline diagram,
select its name with the left mouse button and keep the left mouse button pressed as you move the
mouse to the point on the oneline where you would like to drop the bus. When you let go of the
left mouse button, the Bus Infor mation Dialog box for that bus will appear. Use the Bus
Information Dialog to change display parameters for the bus (such as its orientation and size) and
click OK to finish dropping the bus onto the oneline. The bus you have just added will be
appended to the end of the Displayed Buses List and will also be added to the History List so that
you can identify its undrawn neighbors quickly.

Right-click on an entry in thislist and choose either Quick Power Flow List or Bus View Display to
learn more about the selected bus.

History List

Identifies the buses you have added to the oneline diagram using the bus pal ette since the last time
you opened the bus palette. Select aname from thislist to display the undrawn neighbors of the
corresponding bus.

Click Close when you are done using the Bus Pal ette.

Appending a Case

The Append Case command allows you to append additional power system components to an
existing case. Unlike the Open Case command, Append Case does not del ete the existing case (if
any) before loading the selected case. To append a case to the existing case, select Optiong/Tools,
Append Casein Edit Mode.

The Append Case command can be useful when used in conjunction with the Equivalencing
Display.

Notes

Appended data completely overwrites an existing record corresponding to the same bus number.

Lines and transformers are appended to a case only if both of their terminal buses exist.
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Automatically Inserting Transmission Lines

The Automatic Insertion of Lines/Transformers Dialog is used to automatically draw transmission
lines and transformers on the oneline diagram between existing bus-display objects. Only branches
that are already defined in the power flow case can be added automatically; if you need to define a
brand new branch, see Transmission Line Display Objects (page 57). Thus, this option is useful
only when you are starting with an existing power flow case, not building a case from scratch.

To insert lines and transformers automatically, you must first have drawn the buses for each end of
the device. Simulator then draws the branch display objects connecting the buses for each
transmission line/transformer in the power flow case not already shown on the oneline.

To display the dialog mode, in the Edit Mode select Options/Tools, Auto Insert, Linesfrom the
main menu.

The dialog has the following options:
Line Spacing on Vertical and Horizontal Buses

Specifies the spacing in screen coordinates between adjacent automatically inserted lines emerging
fromaterminal bus. Separate spacing distances can be specified for vertical and horizontal
terminal buses.

Minimum kV Level

Simulator will automatically draw line and transformer display objects between terminals whose
nominal voltages meet or exceed the minimum kV level specified in thisfield. For a branch object
to be drawn, either one of itsterminals must satisfy this criterion. This option is useful for
suppressing the automatic addition of generator step-up transformersif that kind of detail is not
warranted.

Insert Equivalenced Objects

If this option is checked, equivalenced objects modeled as lines will aso be automatically inserted
with the real transmission lines.

Insert Transmission Line Stubs

Check this option to force Simulator to draw each automatically inserted branch such that it
emerges from both its terminal buses at right angles. To accomplish this, Simulator draws each
automatically inserted branch in three segments: two stubs perpendicular to the terminal buses
having a length specified by the value supplied for Stub L ength, and a third segment joining the
two stubs.

Insert Circuit Breakers
If this option is checked, circuit breakers are automatically added at each end of the new lines.
Insert Pie Charts

If this option is checked, aline pie chart is automatically added at the middle of each of the new
lines.

Use Only Selected Buses

Instead of having Simulator automatically insert line and transformer display objects throughout
the oneline diagram, you can force it to insert the new objects only between the bus display objects
that are currently selected. This option is enabled only when two or more bus display objects are
currently selected on the oneline.

Insert Text Fields
If this box is checked, the text fields defined in the original oneline will be displayed.
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BusTie Breaks

This area deals with lines used as ties between breakers. These lines are modeled as zero
impedance connections. In this areatwo choices are given for how to insert the bus tie breakers:
Do not insert stubsfor bustiesand Only insert a single circuit breaker. Thefirst choice
allows you to decide if lineswill physically show up on the oneline or not. The second alows only
one circuit breaker to show up on the oneline if you choose to show the stubs. This could be useful
for determining real lines from bus tie breaker.

Automatically Inserting Interfaces

The Automatic Insertion of Interfaces Dialog is used to automatically insert interface objects on
the oneline diagram between existing area/zone display objects. Interface pie chart objects can
also be inserted as part of this process. The automatic insertion of interface display objects greatly
accelerates the construction of interface diagrams, which are particularly useful for animating the
results of PTDF calculations. Only area-area and zone-zone interface records can be displayed
using interface display objects.

The following procedure describes the quickest way to create an interface diagram for showing
PTDF information and area-area or zone-zone flows. It steps through the process from the
creation of area-area or zone-zone interface records to the addition of the area or zone display
objects and, finally, to the automatic insertion of interface display objects.

*  Sdlect Case Information, I nterfaces from the main menu to bring up the Interfaces Display.

* Right-click on the Interface Records Display to show itslocal menu. Select Auto Insert
I nterfaces from the local menu. This generates the Auto-Insert Interfaces Dialog.

e Usethe Auto-Insert Interfaces Dialog to create the area-area or zone-zone interface records
automatically.

e At thispoint, the interface records have been created automatically. We now want to generate
an interface diagram, with the interface display objects added to it automatically.

e Onaoneline diagram (either an already open diagram or a brand new one created by choosing
File, New Oneline from the main menu), place area/ zone objects at the desired locations.

o Sdect Insert, Auto Insert, Interfaces to display this dialog.

e Check theInsert Pie Chartson Interfaces box to automatically insert interface pie chart
objects when the interfaces are inserted. |f this option is selected, change the Default Size of
I nterface Pie Chartsto specify their size.

* Sdlect OK toinsert the new oneline objects. New interface objects are automatically inserted
between any area/zone objects that have a corresponding interface record that is not already
represented.

Note that you can do this automatic insertion as often as you like. The Number of I nterfaces Not
Shown field indicates how many interfaces still need to be added to the diagram to represent all
defined area-area or zone-zone interfaces. Itisaread-only field.

Automatically Inserting Generators

The Automatic Insertion of Generators Dialog is used to automatically draw generators on the
oneline diagram on existing bus-display objects. Only generators that are already defined in the
power flow case can be added automatically; if you need to define a brand new generator, see
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Generator Display Objects (page 54). Thus, this option is useful only when you are starting with
an existing power flow case, not building a case from scratch.

To insert generators automatically, you must first have drawn the buses for the end of each device.
Simulator then draws the generator display objects connected to the buses for each generator in the
power flow case not already shown on the oneline.

To display the dialog mode, in the Edit Mode select Options/Tools, Auto Insert, Generators
from the main menu.

The dialog has the following options:
Line Spacing on Vertical and Horizontal Buses

Specifies the spacing in screen coordinates between adjacent automatically inserted generators
emerging from aterminal bus. Separate spacing distances can be specified for vertical and
horizontal terminal buses.

Minimum kV Level

Simulator will automatically draw generator display objects between terminal s whose nominal
voltages meet or exceed the minimum kV level specified inthisfield. For a generator object to be
drawn, its terminal must satisfy this criterion.

Insert Text Fields

When this box is checked, the default fields associated with the generator will appear around the
generator, such as voltage, name, and/or MW.

Automatically Inserting Loads

The Automatic Insertion of Loads Dialog is used to automatically draw loads on the oneline
diagram on existing bus-display objects. Only loads that are already defined in the power flow
case can be added automatically; if you need to define abrand new load, see Load Display Objects
(page 55). Thus, thisoption is useful only when you are starting with an existing power flow case,
not building a case from scratch.

To insert loads automatically, you must first have drawn the buses for the end of each device.
Simulator then draws the load display objects connected to the buses for each load in the power
flow case not already shown on the oneline.

To display the dialog mode, in the Edit Mode select Options/Tools, Auto Insert, L oads from the
main menu.

The diaog has the following options:
Line Spacing on Vertical and Horizontal Buses

Specifies the spacing in screen coordinates between adjacent automatically inserted loads
emerging from aterminal bus. Separate spacing distances can be specified for vertical and
horizontal terminal buses.

Minimum kV Level

Simulator will automatically draw load display objects between terminals whose nominal voltages
meet or exceed the minimum kV level specified in thisfield. For aload object to be drawn, its
terminal must satisfy this criterion.
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Insert Equivalenced Objects

If this option is checked, equivalenced objects modeled as loads will also be automatically inserted
with the real transmission lines.

Insert Text Fields

When this box is checked, the default fields associated with the load will appear with the loads,
such as MVAR and/or MW.

Bus Renumbering Dialog

The Renumber Buses Display allows you to change the bus numbers for either the entire power
system case, and/or for any open oneline diagrams. To show this display, select Options/Toals,
Renumber Buses.

The bus renumbering feature is provided because it is sometimes necessary to renumber busesin
the power system model, either to make room for new buses or to move buses to a different zone
or areathat has a different numbering scheme. It may aso be necessary to renumber bus display
objects on the oneline if you want to use the oneline with a case other than the one for which it was
originally designed. The bus-renumbering feature provides a convenient way of accomplishing
this.

The table at the bottom of the Bus Renumbering Dialog is used to manage the lists of current bus
numbers and any desired changes to the numbering scheme. Y ou can specify the bus numbers to
change and their new values by directly typing them into the table. Alternatively, you can generate
the bus list automatically by selecting one of the Automatic Setup of BusList Optionsand
clicking the Setup BusList button. The Automatic Setup options allow you to add to the list all
busesin the case, all buses in the case subject to the display filter constraints, all buses currently
displayed on the oneline, or a set of numbers from atext file.

The table behaves just like a Case Information Display and thus has alocal menu that can be
invoked by clicking the right mouse button. Select Insert from the local menu to insert anew bus
number to change, or select Delete to delete a bus number that is currently in thelist. Select Show
Dialog to display the Bus Information Dialog corresponding to the bus number on which you right-
clicked. You may clear the entire list by pressing the Clear BusList button.

Once you have indicated which buses you would like to renumber in the table, select an option
from Bus Change Options to specify where you would like to implement the changes (in both the
case and the onelineg, in the case only, or in the oneline only). Make the changes by pressing the
Change Bus Number s button. Close the dialog by pressing Close.

The option groups at the top of the dialog deserve further discussion.
Automatic Setup of BusList Options

This section of the display is used to generate automatically alist of the buses to be renumbered.
Select an option from the list and click on the Setup Bus Swap List button to generate the list, or
Clear Bus Swap List to clear thellist.

Load All Busesin Cases

Creates entriesin the table for every busin the system. By default the new bus number is the same
asthe old bus number. Of course you do not have to renumber every bus. If you would like a bus
to keep its same number, either add that bus to the table, or ssimply have an entry with the old and
new bus numbersidentical.
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L oad Buseswith Valid Display Filters

Same asthe L oad All Buses In Case option except only those buses with valid display filters are
added. Thisallows you to easily modify the bus numbersin just an area or zone.

Load Only Buseson Oneline

Creates entries in the table only for those buses on the current oneline. This option is most useful
when you are just changing the buses on the onelines.

Load Buses From Text File

Creates entriesin the table using an external text file. The format of thisfileis as follows:

1 11 Specifies converting from old bus number 1 to new bus number 11
2 22 Specifies converting from old bus number 2 to new bus number 22
etc.

Freshen Current Oneline

The Freshen Buses option is designed to help you quickly renumber an existing oneline to work
with a new numbering scheme. Y ou will find this method helpful if you have been using the
oneline with a case and now must use it with a different case having a different set of bus numbers,
but the same bus names. Freshen Buses will try to match the buses on the oneline with the busesin
the new case by matching bus names and kv, rather than by number (which is how Simulator
usually triesto link bus display objects with bus records in the case). The best way to learn how to
use Freshen Buses isto consider the following example:

To update an old oneline to work with a new bus numbering scheme:

e Open the oneline and the old case with which it was used.

e Choose Options/Renumber Buses from the edit-mode menu.

* Select “Load Only Buses on Oneline” and press the “Set up Bus Swap List” button.

* Right click on the table and choose Save List to File. Give the file a name. For this example,
we'll name the file “oldscheme.txt.” This file will contain the list of buses represented on the
oneline, specifying each bus’s number, name, kv, and area.

¢ Close the old case.

*  Open the new case and the oneline you wish to renumber. If any other onelines open with the case,
close them. You want only the oneline you wish to renumber to be shown.
e Choose Options/Renumber Buses from the edit-mode menu.

e Select “Freshen Current Oneline” and specify the file “oldscheme.txt” (for this example).
Click the “Set up Swap List” button. Simulator will match the old numbering scheme used in
the oneline with elements in the new case by name and kv. If it finds more than one match, it
will use the element’s area name as a tie breaker. If it still can’t reconcile the multiple
matches, it will add both renumbering options to the table.

e Go through the new list and make sure that you want to swap the buses that are listed. If you
do, change the “Swap?” field value for each to Yes (you can do this quickly for all buses by
right-clicking on the Swap? column and choosing “Toggle All Yes.” Be sure to reconcile any
duplicate bus renumbering suggestions. These are cases for which Simulator could not

determine how to renumber the buses a bus on the diagram matches more than one bus in the

case by name, kv, and area.

e Click the Change Bus Numbers button at the bottom of the form.
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Once the oneline has been renumbered, save it with the case by selecting File/ Save (or File/ Save
Asif you wish to give it a different name) from the main menu.

Bus Change Options
This option is used to specify which buses to change.
Change Both Case and Onelines (default)

Renumbers the buses in both the case and any open oneline diagrams. Y ou will usually want to
select this option.

Change Only Case
Only renumbers the buses in the case. The oneline bus numbers are not changed.
Change Only Onelines

Only renumbers the buses on the onelines. The caseitself is not changed. Y ou would want to
select this option if you have already changed the case, but now have several onelines based on
that case that also need to be changed.

Setting Default Drawing Options

The Default Drawing Options Dialog is used to define the default sizes of display objects, as well
as various other display parameters. Many of these options are updated dynamically when the user
enters a non-default value for anew display object. These options are available only from Edit
Mode. To open the Default Drawing Vaues Dialog, select the menu option Options/T ools,
Default Drawing Valuesin Edit Mode.

For reference, when the zoom level is at its nominal value (100%), the size of the screen is 100 by
100.

BusSize

Indicates the default size for new bus display objects.

Bus Pixel Thickness

Specifies the default pixel thickness used in drawing new bus display objects.
Load Size

Indicates the default size for new load display objects.
Generator Size

Indicates the default size for new generator display objects.
Switched Shunt Size

Specifies the default size for new switched shunt display objects.
Bus Device Pixel Thickness, Bus Device Color

Bus devices include loads, generators, and switched shunts. The Bus Device Pixel Thickness and
Bus Device Color fields control the pixel thickness and color with which such objects are drawn.
Use the Change Device Color button to change the device color, or double-click on the color field
itsalf.

Circuit Breaker Size
Defines the default size for new circuit breaker display objects.
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KV-Based

Pie Chart Size
Specifies the default size for new pie chart display objects.
Line Pixel Thickness, Line Color

Indicates the pixel thickness and color with which new branches (transmission lines and
transformers) are drawn. To change the line color, either click the Change Line Color button, or
double-click on the color field itself.

Transformer Symbol Size
Indicates the default size for new transformer symbol objects.
Use Zoom Levels

If checked, new objects are set so they are conditionally displayed on the oneline based upon their
zoom level. The objects are shown as long as the zoom level is between the L ow Zoom value and
the High Zoom value.

Low Zoom

Lowest zoom value at which a new object is shown on the oneline, aslong as the Use Zoom L evel
field is checked.

High Zoom

Highest zoom value at which a new object is shown on the oneline, as long as the Use Zoom L evel
field is checked.

Only Cut/Copy Display Objects, Not Power System Records

When you cut or delete an object from the oneline, Simulator needs to know whether you simply
want to delete the display object from the oneline or to purge the definition of the power system
object from the model. Check this box to tell Simulator to assume that it should always delete
objects just from the oneline display, not from the power system model.

Automatically Insert CBson New Lines/Transformers

Check this box to command Simulator to add circuit breakers at each end of new transmission line
and transformer display objects.

Set Auto Field Insertion

See Inserting and Placing Multiple Display Fields (page 77) for more information on this topic.
Set kV Color Coding

See kV-Based Color Coding (page 195) for more information on this topic.

Color Coding

At times, a user may want to see the kV level of screen objects directly from the oneline diagram,
without having to open atext display. One way to do thisisto color code the elements on the
oneline diagram according to kV level. The KVV-Based Color Coding Dialog gives the user a tool
for managing the colors based on kV level of the objects on the diagram.

kV Leve
The nominal kV level.
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Color

The background in this box represents the currently selected color for the specified kV level. To
change the color, click the Change button and choose a different color from the color palette.
Apply To

ThekV level color coding can be applied to five different types of oneline elements. These
elements are: Lines/Transformers, Buses, Generators, Loads, and Shunts. Each object that is
selected in this section will be drawn in the selected color for the specified kV level.

Add >

After thekV level, color, and objects to apply to are chosen, click this button to add the color
coding definition to the list. Y ou can add as many kV level specific color codes asdesired. To
remove a color code from the list, right-click on the color code in the list and select Delete.

Bus Selection Page

The Bus Selection page is currently used with two displays:

e The Equivalencing Display, to partition the system into the study subsystem (“Study”) and the
external subsystem (“External”)

e The Save/Load Auxiliary Data display to select the portion of the system to be saved in the
auxiliary files (“Save”) and the portion to be ignored (“Ignore”).

The following description concerns the Equivalencing Display, but the functionality of the Bus
Selection Page is similar for both applications.

Buses, Areas, and Zoneslists

Use these lists to manually change the status of individual buses, areas, or zones. Click on the
Status Field in each of these tables to toggle the object’s affiliation with the study and external
systems, subject to the values of Fiker by kV option and théeighbor Tiersfield.

Set All AsExternal
Click this button to assign all buses to the external system.
L oad Busesfrom File

Click on this button to load a listing of the buses to be included in the study system from a text file.
You will be prompted to select the text file. The format of this text file is such that one bus

number occupies each line. Any buses not identified in this file are defined as being in the external
system.

Save Busesto File

Once the system has been partitioned, this command allows you to store the numbers of the buses
of the study system in a text file.

Add to External System

Use these fields to specify a range of areas, zones, or buses to be added to the external system.
TheFilter by kV andNeighbor Tiers controls will also shape the selection of buses to add to the
external system.
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Add to Study System

Use these fiel ds to specify arange of areas, zones, or buses to be added to the study system. The
Filter by kV and Neighbor Tiers controls will also shape the selection of buses to add to the
study system.

Neighbor Tiers

This value indicates the number of tiers of neighborsto carry with each selected bus when adding
the selected bus to either the study or external system. For example, if Neighbor Tiersis 1 and we
elect to add bus X to the external system, both bus X and itsfirst tier of neighbors will be added to
the external system. If Neighbor Tiersis0, only bus X will be added to the external system.

Voltage Levelsto Include

If the Filter by kV box is checked, then only buses having a nominal voltage level between the
values given inthe Max kV and Min kV fields can be selected.

Example

Assume you would like to create an equivalent containing all the busesin areas 1-5 and 10, plus
any tie buses, and bus number 2050.

e Sinceinitidly all buses are in the study system, first enter 1-1000 in the Areasfield of Add to
External System. Since the area of every busiswithin this range, this places all the busesin
the external system. Alternatively, click Set All As External to accomplish the same
objective.

*  Set Neighbor Tiersto 1. Thisindicates that all subsequent selections will affect the specified
buses and their first tier of neighbors.

e IntheAreasfield of Add to Study System, enter 1-5,10. This places all the busesin these
areas, plus any tie buses (since Neighbor Tiersis 1), into the study system.

* IntheBuseslist, click on bus 2050 to change its status.

List Unlinked Display Objects

Select Optiong/Tooals, List Display Objects, Unlinked from the main menu in Edit Mode to
identify display objects on the currently selected oneline that are not linked to arecord in the
power system model. The existence of unlinked display objects on a oneline diagram can be
misleading because they have zero flows and zero bus voltages associated with them.

The Unlinked Display Objects has the following controls:
Total Number of Unlinked Display Objects

Indicates the total number of unlinked objects on the display. Ideally, this number should be zero.
If nonzero, the unlinked objects are identified in the table by type, screen location, and zoom range
over which the object isvisible.

Delete Unlinked Objects

Click on this button to permanently remove al unlinked objects from the display. Exercisethis
option carefully. Generally, you will want to do this either when you have substantially modified a
power flow case, such as by creating an equivalent, or when you are using the oneline with a new
power system case.
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Closeg, Print, Refresh, Help

Use these commands to close the dialog, to print a copy of the unlinked object list, to refresh the
list, or to display this help screen.

Type, X/Y Location, Low/High Zoom L evel

The remainder of the displays shows the type, location, and applicable zoom level for each

unlinked object. Thistable isatype of Case Information Display and thus behaves similarly to all

other case information displays. You can change the unlinked object’s X and Y location
coordinates, whether or not it features zoom-conditional display, and, if so, the zoom range over
which it is visible. Right-click on a record in this table to invoke the local menu. Shiaet

Dialog from the local menu to view the unlinked display object’s associated information dialog, or
selectPan Onelineto Object to locate and select the unlinked object on the oneline diagram.

List All Display Objects

Scaling

SelectOptions/Tooals, List Display Objects, All from the main menu in Edit Mode generate a

list of all display objects featured on the oneline diagram. Qretine Obj ects Dialog features a
Case Information Display that identifies each display object by its type, X and Y screen
coordinates, whether or not it is subject to zoom-conditional display and, if so, the zoom level
range over which it is visible. All oneline display object attributes exgygtcan be changed

from this table. Since the table is a type of Case Information Display, it exhibits behavior similar
to that of all other case information displays.

Right-click on a record in the display to view the local menu. From the local menu, Eebeise
to remove the display object from the oneline. Ch@&@bsmv Dialog to show the object’s
corresponding information dialog. Finally, chod Onelineto Object to locate and select the
corresponding display object on the oneline.

Use thePower System Scaling Dialog to scale the load, generation, or bus shunts uniformly for
either the entire case or a group of selected buses. This display allows you to scale any of the
following values:

e Bus real power load

e Bus reactive power load

« Generator real power output

« Real component of the bus shunt admittance

e Capacitive component of the bus shunt admittance
e Reactive component of the bus shunt admittance

To display the Power System Scaling Dialog, selgutions/T ools, Scale Case from either Edit

Mode or Run Mode. When the dialog appears, you may begin to select the buses to be scaled.
TheBuses Table lists the name and number of all buses in the system and whether or not each bus
will participate in the scaling. Similarly, thereas Table lists the name and number of all areas in

the system and whether or not each area will participate in the scaling. Simulator initially assumes
that you wish to scale load, generation, or shunt compensation at all buses in the case. If you
instead wish to scale only a subset of the system, preSesttAél To No button and begin to
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select the buses and areas to scale. The Power System Scaling Dialog furnishes a number a ways
to do this:

» Usethe Add to be Scaled fields to enter either arange of areas and/or buses to scale.

« Usethe Remove from Scaling fields to enter either arange of areas and/or buses to omit from
the scaling.

« Usethe Busesand Areas Tables to change the scaling status of individual areas or buses.
Simply click on the Scale field for abus or areato toggle its value.

e Click the Set All To Yes button to scale the entire case. Click the Set All To No button to
remove the entire case from scaling.

Changing the scaling for an area changes the scaling status for all busesin the area. For example,
to scale al the busesin asingle area, first click Set All to No. Then, click on the Scale field for
the desired areain the Area Table. To scale all busesin an area except for a select few, repeat the
above process, but then click on the Scale field for the buses not to scale.

Asyou select the buses to be scaled, the fields in the Totals for Selected Buses are updated to
indicate the total load, generation, or shunt compensation that will be scaled.

Once you have selected the buses, you can either use the Scale By fields to enter a new scaling
factor for each of the quantities or use the New Value fields to specify a new value directly. If you
do not wish to scale a particular type of device, such as bus shunts, simply leave the Scale By field
as unity.

Finaly, click Do Scaling to scale the load, generation, or shunt compensation.

To ensure that the reactive power is scaled proportionately to maintain the current load power
factor, click the Constant P/Q Ratio option. To enforce generator limits when scaling generation,
check the Enforce Gen MW Limits option. Keep in mind that scaling generation is NOT the same
as doing an area control dispatch. When Simulator scales generation, all generator power outputs
at the selected buses are scaled by the specified factor, regardless of area control.
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Chapter 11
Run Mode Tools and Options

Run mode provides a number of commands for simulating and modifying the case that are different
from Edit Mode.

This chapter covers the following:

» Difference Flows

e Run Mode Display Object Information
e Transformer AVR Dialog

*  Transformer Impedance Correction Tables

Difference Flows

The Difference Flows feature provides an easy mechanism for comparing two power system

cases. For example, it could be used to show the difference in transmission line flows and bus
voltages resulting from a contingency or a change in power transfer between two areas. Use of this
feature affects all aspects of the Simulator environment, for al oneline diagrams, case information
displays, and power flow lists will reflect either the operating state of one of the two cases being
compared or the differences between those cases.

Using the Difference Flows activity isfairly easy:

e Set up asolved power system corresponding to one of the desired operating point. This
operating point will be defined as the Base Case.

e Select Optiong/Toals, Differ ence Flows from the main menu, Differ ence Flows from the
oneline local menu in Run Mode, or the Differ ence Flows button (not the arrow next to the
button!) on the Run Mode Palette to display the Difference Flows Dialog.

« Onthe Difference Flows Dialog, click the button labeled Set Present as Base Case. This
stores the current operating point as the Base Case. The Base Case is the operating point
against which the difference flows comparison will be made.

«  Define the operating point for which to perform the difference flows comparison. This new
operating point, the Present Case, will be compared with the Base Case to determine the
difference flows. The Present Case may be developed either by modifying the Base Case as
desired and re-solving, or by opening a new case using File, Open Case from the main menu.
In the latter situation, the new case that you open must have the same bus numbering scheme
asthe Base Case.

« Onthe Difference Flows Diaog, use the Case Type to Display group box to toggle between
displaying the Present Case, the Base Case, or the Difference Case, which shows the
difference between the Present Case and the Base Case, calculated relative to the Base Case’s
operating point. Th€ase Type to Display setting controls which operating state - the Base
Case, the Present Case, or the Difference Case - is displayed by all oneline diagrams and all
case information displays. Alternatively, click the arrow next tditfiter ence Flows button
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to produce alist of which case to display: Present Case, Base Case, or Difference Case. The
presently selected case is flagged with a checkmark. Select the case you wish to display.

When showing the Difference Case, most of the fields shown on the onelines and case information
displays show the difference between the present value and its Base Case value. For example, on
the Generator Records Display, an entry of 0.0 in the MW field indicates that the real power output
of the generator did not change. An entry of 10.0 in the MW field indicates that the present real
power output of the generator is 10 MW greater than it wasin the Base Case.

At any time during a simulation, you can set the present case as the Base Case by clicking the Set
Present as Base Case button on the Difference Flows Dialog.

The oneline diagrams and case information displays cannot indicate structural differencesin the
case very well, such as the addition or removal of adevice. To identify such differences, select
Options/Toals, Present Case Differences from Base Case from the main menu. The resulting
display lists all devices that have been added or removed from the present case relative to the Base
Case.

Bus Information (Run Mode)

Thisdialog is used to view information about each bus in the system. It can be displayed by right-
clicking on any bus. Thisdialog can only be reached in Run Mode, but has a similar Edit Mode
counterpart. The Bus Information Dialog has the following fields:

Bus Number

Unique number between 1 and 99,999 used to identify the bus. Y ou can use the small arrow
immediately to the right of the number to view alist of al busesin the case with valid display
filters. Or you can use the spin button further to the right of the number to move to the next bus
(click the up arrow) or the previous bus (click the down arrow).

Find By Number

To find abus by its number, enter the number into the Bus Number field and then click this
button.

Bus Name

Unique alphabetic identifier for the bus consisting of up to eight characters. Y ou can use the small
arrow immediately to the right of the bus nameto view alist of al bus namesin the case with valid
display filters.

Find By Name

To find a bus by its name, enter the bus name into the Bus Name field (case insensitive) and then
click this button.

Area Number, Name

Each bus is associated with an Arearecord. These fields show the number and name of this area.
See Area Records Display (page 150) for more details about aress.

Zone Number

Each bus is associated with a Zone record. This field is ‘1’ by default. See Zone Records Display
(page 172) for more details about zones. You can also use the Zone Dialog to list the buses in a
particular zone and to easily move a group of buses from one zone to another.
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Voltage (per unit)

Bus voltagein per unit notation. Y ou may enter a new per unit voltage magnitude. However, the
only effect this has is changing the initial voltage guess used in theiterative solution. If you would
like to change the reference voltage for a generator, please see Generator Information Dialog (page
203).

Voltage (kV)
Bus voltage in actual kilovolts.
Angle (degrees)

Voltage angle at the busin degrees. You may enter a new voltage angle. However, the only effect
thishasis changing theinitial voltage guess used in the iterative solution EXCEPT AT THE
SLACK BUS. Changing the angle for the slack bus will shift the voltage angle for al the busesin
the slack bus’ island by a similar amount.

Status

Status of the bus, either connected or disconnected. A disconnected bus is not energized. You can
use this field to change the status of the bus. When the bus is initially connected, selecting
Disconnect opens all of the transmission lines incident to the bus, disconnecting the bus from the
rest of the system. Selecti@gnnect closes all of the lines incident to the bus unless they attach

to another disconnected bus.

System Slack Bus
Checked only if the bus is a system slack bus. This value can only be changed in the Edit Mode.
Load Information

Displays the total MW and Mvar load at the bus. You cannot change either of these fields from
this display. Select the¢iew/Edit Bus L oad Records to view the individual load records for the
bus. Selecting this button displays the Load Dialog.

Generator |nfor mation

Displays the total MW and Mvar generation at the bus. You cannot change either of these fields
from this display. Select théiew/Edit Generator Recordsto view the individual generator

records for the bus. Selecting this button displays the Generator Dialog for the first generator at
the bus.

Shunt Admittance

Shows the real and reactive components of the shunt admittance to ground. Entered in either MW
or Mvar, assuming one per unit voltage. B is positive for a capacitor and negative for a reactor. If
B corresponds to a switched device, consider using a switched shunt.

View All Flows at Bus

Click on this button to use the Quick Power Flow List to view all the flows on all devices
connected to bus.

Generator Information (Run Mode)

This dialog is used to view information about each generator in the system. Many fields on this
display can also be changed (except in Viewer). Here we describe the Run Mode version of the
Generator Information Dialog. The Edit Mode version is very similar.
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Bus Number

Unique number between 1 and 99,999 used to identify the bus to which the generator is attached.
The dropdown list enumerates all generator buses in the case that meet the criteria established by
display filters. You may select a bus number directly from the dropdown list, or you may use the
spin buttons to cycle through the list of generator buses.

1D
Single-character ID used to distinguish multiple generators at a bus; ‘1’ by default.
Find By Number

To find a generator by its number and ID, enter the number inBubhBumber field and the ID
into thel D field. Then click thd=ind By Number button.

Bus Name

Unigue alphabetic identifier for the bus to which the generator is attached, consisting of up to eight
characters. Use this dropdown box to view a list of all generator bus names in the case with valid
display filters.

Find By Name

To find a bus by its name and ID, enter the bus name inBukBlame field (case insensitive)
and the ID into théD field. Then click thé=ind By Name button.

Status

Status of the generator, either Closed (connected to terminal bus) or Open (not connected). You
can use this field to change the status of the generator.

Regulated Bus Number

Number of the bus whose voltage the generator is regulating. This is usually, but not always, the
generator’s terminal bus. Multiple generators can regulate the same remote bus, but the regulated
bus must not be another generator bus. If the generator is at a slack bus, it must regulate its own
terminal voltage. Sele@ase Information, Others, Remotely Regulated Busesto view the

Remotely Regulated Bus Records Dialog , which identifies all buses that are being remotely
regulated.

MW and Voltage Control

TheMW Control grouping fields are used to show/change the values associated with the real
power output of the generator.

MW Output
Current real power output of the generator.
Minimum and Maximum MW Output

Minimum and maximum real power output limits for the generator. Simulator will not let the MW
output go below its minimum value or above its maximum value iEtfierce MW Limits option
is exercised.

L oss Sensitivity

Shows how the losses for an area will change for an incremental increase in the generation at the
bus. This information is useful in determining the economic dispatch for the generation. The
implicit assumption in calculating this field’s value is that the incremental change in generation
will be absorbed by the system “slack bus.” This field cannot be changed.
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MW Ramp Limit

Specifies the maximum rate at which the real power output of the unit can be changed (in
MW/minute). Thisrate is needed because of the mechanical and thermal stresses that arise when
the output of a generator is changed. Since changing the output too quickly can damage a
generator, the program will enforce thislimit. Y ou can command Simulator to ignore the limit by
removing the check from the Enforce Generator Ramp Limits option on the Limits Tab of the
PowerWorld Simulator Options Dialog. Then the output of the generator will change
instantaneously.

Participation Factor

The participation factor is used to determine how the real power output of the generator changesin
response to demand when the generator is available for AGC and the area is on participation factor
control. When you open a case using the PTI Raw Data Format, thisfield isinitialized to the per
unit MV A rating of the generator, since participation factor information is not stored in the PTI
format.

Enforce MW Limits

If checked, the minimum and maximum MW limits are enforced for the generator, provided the
Enforce Generator MW Limitsfield is aso checked on the Limits Tab of the PowerWorld
Simulator Options Dialog . If thisbox is checked and a generator is violating areal power limit,
the generator's MW output is immediately changed.

Availablefor AGC

Determines whether or not the generator is available for automatic generation control (AGC).
Normally this box should be checked. However, there are times when you would like to control
the generator output manually (such as if you are using the generator to remove a line limit
violation), in which case you should leave this box unchecked. A generator is also placed on
“manual” control any time you manually change its output. You could then place the generator
back on AGC control by using this dialog.

Voltage Control

TheVoltage Control grouping is used to show/change values associated with controlling the
voltage/reactive power output of the generator.

Availablefor AVR

Designates whether or not the generator is available for automatic voltage regulation (AVR).
When the AVR field is checked, the generator will automatically change its reactive power output
to maintain the desired terminal voltage within the specified reactive power range. If a reactive
limit is reached, the generator will no longer be able to maintain its voltage at the setpoint value,
and its reactive power will then be held constant at the limit value.

Desired Reg. Bus Voltage

Specifies the desired per unit voltage for the generator at the regulated bus. The regulated bus
need not be the terminal bus of the generator.

Actual Reg. BusVoltage

Shows the actual per unit voltage at the regulated bus. If the generator is on AVR and has not
reached a reactive power limit, the actual regulated bus voltage should be equal to the desired
regulated bus voltage. This field cannot be changed.

Use Capability Curve

If checked, the generator’s reactive power limits are specified using a reactive capability curve that
prescribes the dependence of the generator’s reactive power limits on its real power output.
Otherwise, the fixed values given in then Mvar Output andMax Mvar Output fields are
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used. The generator reactive capability can be defined using the table that appears at the bottom of
thedialog. Please see Generator Reactive Power Capability Curve (page 92) for details.

Mvar Output

Current reactive power output of the generator. Y ou can manually change this value only if
Available for AVR isnot checked.

Min and Max Mvar Output
Specify the minimum and maximum allowabl e reactive power output of the generator.
Remote Reg %

Thisfield is only used when a number of generators at different buses are regulating a remote bus
(i.e., not their terminal buses). Thisfield then specifies the percentage of the total reactive power
required by the remote bus to maintain its voltage that should be supplied by this generator. The

default valueis 100.

Input-Output Curve

The Input-Output Curve, Fuel-Cost and M ar ginal Cost grouping is used to show/change values
associated with the cost of operation of the generator. See Generator Cost Information (page 93)
for details. Cost data can also be saved/loaded using the Generator Cost Datafiles.

Cost M odel

Simulator can model generators as having either a cubic cost model or a piecewise linear model.
The cost model type you choose determines the content of the remainder of this dialog

Cubic Cost CoefficientsA, B, C, D

For cubic cost models of the form C(Pgi) = (d*Pgi"3 + c*Pgi*2 + b*Pgi + a) * (fuel cost), specify
the cost curve’s coefficients. These coefficients can be specified only when you have chosen to
use a cubic cost model.

Fuel Cost

The cost of fuel in $/MBtu. This value can be specified only when you have chosen to use a cubic
cost model.

Marginal Cost

Shows the marginal cost of producing real power at the generaj@Pyf)Fy;. This field is
read-only and appears only when you have chosen to use a cubic cost model.

Piecewise Linear Table

If you have chosen to use a piecewise linear cost model, a table appears that allows you to specify
pairs of MW output levels and corresponding generator operating costs. To insert a new point on
the cost curve, right-click on the table and chdosert New Point from the resulting local menu.

To delete an existing point from the cost curve, right-click on the table and dheete=Point

from the resulting local menu. To edit an existing point in the table, simply enter your changes to
the appropriate cells.

Fixed Cost

The fixed cost associated with operating the unit. This cost is independent of the generator's MW
output level and is added to the cost prescribed by the piecewise linear model to obtain the total
cost of operating the generator in $MWHTr. This option can be specified only for piecewise linear
cost models.
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Generator Economic Curves

Four characteristic curves describe the efficiency and resulting costs associated with operating a
particular generating unit. These four curves plot

*  Fuel Cost

* Heat Rate

e |nput-Output

e Incremental Cost

Simulator can display plots of all these curves. To display a particular plot for a generator, right-

click on the generator in Run Mode to display itslocal menu, and then select the plot you wish to

see. The plot will be presented in its own window. The windows for all plots exhibit identical
characteristics. For example, the current operating point isidentified by ared filled circle. Right

clicking on an open area of the window displays the plot’s local menu which allows you to print
the plot, save it to a file, or copy it to the clipboard for use in other programs. To adjust the length
and number of intervals shown on an axis, right-click oraxi@(not on thenumbers) and specify

the min and max display values and number of intervals. To close a plot window, simply click the
X button in its top right corner.

The Run Mode generator local menu also provides access to a fifth type of plot curve - the “All
Area Gen IC Curves” plot. This plot simply shows the incremental cost curves and present
operating points of all generators in the same area as the generator on which you clicked.

Fuel Cost Curve

The fuel cost curve specifies the cost of fuel used per hour by the generating unit as a function of
the unit's MW output. This is a monotonically increasing concave function.

Heat-rate Curve

The heat rate curve plots the heat energy required per MWH of generated electrical output for the
generator as a function of the generator's MW output. Thus, the heat rate curve indicates the
efficiency of the unit over its operating range. Generally, units are least efficient at the minimum
and maximum portions of their MW output capability and most efficient somewhere in the middle
of their operating range. The vertical axis is plotted in MBtu/MWH and the horizontal axis is
plotted in MW. You may interpret the heat rate for a generator producing X MW as follows: the
heat rate indicates the amount of heat input energy per MWH of generation required to produce X
MW of power. The lower this number, the less input energy is required to produce each MWH of
electricity.

Input-Output Curve

The input-output curve is derived simply from the heat-rate curve by multiplying it by the MW
output of the unit. This yields a curve showing the amount of heat input energy required per hour
as a function of the generator’s output.

Incremental Cost Curve

By multiplying the input-output curve by the cost of the fuel in $MBTU, one obtains the cost
curve for the unit in $/hr. By taking the derivative of the cost curve, one obtains the incremental
cost curve, which indicates the marginal cost of the unit: the cost of producing one more MW of
power at that unit.
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Load Information (Run Mode)

The Load Information Dialog can be used to inspect and modify the model of abusload. To view
the Load Information Dialog, simply right-click on the load of interest and select Load Information
Dialog from the resulting local menu. Thisisvery similar to its Edit Mode counterpart. The
dialog has the following fields:

Bus Number

Unique number between 1 and 99,999 used to identify the busto which the load is attached. The
dropdown box provides alist of all load buses with valid display filters. Y ou can use the spin
button to cycle through the list of load buses.

ID

Two-character 1D used to distinguish multiple loads at abus. By default, the load id is equal to
“1.” An identifier of ‘99’ is used to indicate an equivalent load.

Find By Number

To find a load by its number and ID, enter the number into the Bus Number field and the ID into
the ID field. Then click this button.

Bus Name

Unique alphabetic identifier for the bus to which the load is attached, consisting of up to eight
characters. The dropdown box lists the names of all load buses in the case with valid display
filters.

Find By Name

To find a load by its name and ID, enter the bus name into the Bus Name field (case insensitive)
and the ID into the ID field. Then click this button.

Status

Status of the load, either Closed (connected to terminal bus) or Open (not connected). You can use
this status field to change the load’s status.

Base Load Model, Current Load

The Base Load Model fields are used to represent the amount of base real and reactive load at the
bus. Usually this load is modeled as being “constant power,” meaning that the amount of load is
independent of the bus voltage magnitude. However, Simulator also permits modeling “constant
current” load, for which the load varies in proportion to the bus voltage magnitude, and “constant
impedance” load, for which the load varies in proportion to the square of the bus voltage
magnitude. Values in these fields are specified in MW and MVR assuming one per unit voltage.

All six fields in the Base Load Model section can be changed.

The actual load at the bus is equal to the base value multiplied by the corresponding load
multiplier. The load multiplier is a potentially time varying value specifying how the load is

scaled. The load multiplier depends upon the area load multiplier, the zone load multiplier, and
the case load multiplier. See Load Modeling (page 94) for more details. The load multiplier value
cannot be changed on this dialog.
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Line/Transformer Information (Run Mode)

The Line/Transformer Information dialog box is used to view information about each transmission
line and transformer in the system. Y ou may use this dialog also to change many of the properties
of lines and transformers (except in Viewer).

The Run Mode version of this dialog is very similar in content to its Edit Mode counterpart.
The Line/Transformer dialog sports the following fields:

From Bus Number and Name

From Bus number and name. For transformers, the from bus is the tapped side.

To Bus Number and Name

To Bus number and name.

Circuit

Two-character identifier used to distinguish between multiple lines joining the same two buses.
Default is ‘1.

Find By Number

To find a line or transformer by its bus numbers, entefrtime andto bus numbers and the circuit
identifier. Then click this button. Use the spin button to cycle through the list of lines and
transformers in the system.

Find By Name

To find a line or transformer by the names of its terminal buses, enfeorthandto bus names
and the circuit identifier. Then click this button.

From End Metered

This field is only used for lines and transformers that serve as tie lines, which are lines that join
two areas. If this field is checked for a tie line, therfitbr end of the device is designated as the
metered end. Otherwise tleeend is metered. By default, them end is metered. The location

of the metered end is important in dealing with energy transactions because it determines which
party must account for transmission losses.

Resistance, Reactance, Charging (B)

The resistance, reactance, and the total charging susceptance (that is, B, not B/2) of the device (in
per unit).

Limit A, Limit B, Limit C

Ratings for the transmission line or transformer in MVA. Simulator allows the use of three
different limits sets. You can toggle between limit sets usingithi¢s Tab of the PowerWorld
Simulator Options Dialog or théhange Limit Set button on the Line and Transformer Limit
Violations Display.

Status
Current status of the device.
HasLine Shunts

Indicates whether or not line or transformer has shunt compensation. You cannot directly change
the value of this field. Rather, use Wiew/Modify Line Shunts button to view/modify existing

line shunts or to enter new line shunts. Line shunts are expressed in terms of the per-unit
conductance and susceptance at each end of the line or transformer.
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View/M odify Line Shunts

Select to view the Transmission Line Shunt Information Dialog. Thisdialog is used to change the
value of the line shunts. Line shunts are entered in per unit, with a positive B corresponding to
capacitors and a negative B corresponding to reactors.

Line Flow

These next fields show the actual real and reactive power flow at both ends of the device (because
of real and reactive losses these numbers may be different), and its percentage MV A loading.

Off-nominal Turns Ratio, Phase Shift Degrees

For transformers only, these fields show either the off-nominal turnsratio or the phase shift angle
in degrees. See Transformer Modeling (page 101) for details.

Automatic Control Active

Check this box to enable automatic control of the transformer. Note that automatic control will be
implemented only if (1) transformer control has been enabled for the transformer’s area (see Area
Display (page 150) for details) and (2) transformer control has not been disabled for the entire case
(via theDisable Transformer Control option on thé?ower Flow Solution tab of the PowerWorld
Simulator Options Dialog). The Line/Transformer Dialog gives you convenient access to these
control options through th@ase Transformer Control Enabled andArea Transformer Control

Enabled check boxes.

Case Transformer Control Enabled and Area Transformer Control Enabled

Both of these boxes must be check for a transformer to be contrGiad Transformer Control
Enabled has to be checked for any transformer in the entire case to be controll&deand
Transformer Control Enabled has to be checked for any transformer in that area to be
controlled. Checking either of these does NOT automatically make the entire case or entire area
on control.

Automatic Control Options

Click this button to display either the Transformer AVR information Dialog for LTC transformers
or the Transformer Phase Shifter Information dialog for phase shifting transformers.

Transformer AVR Dialog

The Transformer AVR Dialog is used to view the control parameters associated with load-tap-
changing (LTC) transformers when they are used to control bus voltage magnitudes. To view this
display, click theAutomatic Control Options button on the Line/Transformer Information Dialog.

Note that the button will not respond to the click if N@Automatic Control option is selected

under theAutomatic Control group.

This dialog has the following fields:

Regulated Bus Number

The number of the bus whose voltage is regulated by the control.
Current Regulated Bus Voltage

The present voltage of the regulated bus.

Voltage Error

If the regulated bus’ voltage falls outside the regulating range of the transformer (as defined by the
Minimum Voltage andMaximum Voltage fields), theVoltage Error field indicates by how much
the voltage deviates from the control range.
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Minimum Voltage

The minimum acceptable voltage at the regulated bus.
Maximum Voltage

The maximum acceptable voltage at the regulated bus.
Current Tap Ratio

The tap ratio of the transformer for the current system state.
Minimum Tap Ratio, Maximum Tap Ratio

Minimum and maximum allowable off-nominal tap ratios for the LTC transformer. Typical values
are0.9and 1.1.

Tap Step Size

Transformer off-nominal turnsratio increment. The off-nominal turnsratio is either incremented
or decremented from 1.0 in integer multiples of thisvalue. Default value is 0.00625.

Voltageto Tap Sensitivity

Shows the sensitivity of the voltage magnitude at the regulated bus to a change in the transformer’s
tap ratio. You can use this field to assess whether or not the transformer can effectively control the
regulated bus voltage. In an ideal case, such as when the LTC transformer is being used to control
the voltage at a radial load bus, the sensitivity is close to 1.0 (or -1.0 depending upon whether the
tapped side of the transformer is on the load side or opposite side of the transformer). However,
sometimes the transformer is very ineffective in controlling the voltage. This is indicated by the
absolute value of the sensitivity approaching 0. A common example is a generator step-up
transformer trying to control its high-side voltage when the generator is off-line. Simulator
automatically disables transformer control if the transformer sensitivity is below the value

specified orPower Flow Solution Tab of the PowerWorld Simulator Options dialog.

Impedance Correction Table

This field specifies the number of the transformer’s corresponding transformer impedance
correction table. Transformer impedance correction tables are used to specify how the impedance
of the transformer should change with the off-nominal turns ratio. If this number is 0, then no
impedance correction table is associated with the transformer, and the impedance of the
transformer will thus remain fixed as the tap ratio changes. Valid impedance correction table
numbers range from 1 to 63. To assign an existing impedance correction table to the transformer,
enter the existing table’s number. To view the existing impedance correction tables, click the
Insert/View |mpedance Correction Table button, which brings up the Transformer Impedance
Correction Dialog. To define a brand new impedance correction table for the transformer, enter an
unused table number and then clinkert/View Impedance Correction Table to prescribe the

correction table. Note that the association between a transformer and an impedance correction
table is not finalized until you select eith@K or Save on the Line/Transformer Dialog.

View Transformer Correction Tableor Insert Transformer Correction Table

Click on this button either to view or to insert transformer correction tables. Clicking on this
button displays the Transformer Impedance Correction Dialog. Note that the table must prescribe
at least two points in order to be defined.

Transformer Impedance Correction Tables Dialog

The Transformer Correction Tables Dialog is used to view information about the transformer
impedance correction tables. These tables are used on some LTC or phase shifting transformers to
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model the impedance of the transformer as a function of the off-nominal turnsratio or phase shift.
The dialog has the following fields:

Transformer Impedance Correction Table Number

Number of the impedance correction table, between 1 and 63. Use the spin button immediately to
theright of thisfield to step through the list of defined tables. If you have made changesto a
particular table, you must click Save before moving to another correction table; otherwise, your
changes will belost.

Table Entries

Used to insert/edit/del ete the actual entries in the impedance correction table. In thefirst row,

enter either an off-nominal turnsratio for an LTC transformer, or a phase shift in degreesfor a

phase shifting transformer. The entriesin the first row must be entered in strictly ascending form.

In the second row, enter the scale factor to apply to the transformer impedance. The transformer’s
nominal impedance is multiplied by the scale factor to obtain the actual value. Note that at least
two columns must be used.

Right-click on the table to invoke its local menu, which allows you to delete and to insert columns.
To insert a new column, click on the column before which you want to insert a new column and
selectinsert New Point from the local menu. To delete a column, position the cursor on the
column you want to delete and selBetete Point.

TableisUsed by the Following Transformers

Lists all the transformers in the case that use this impedance correction table. A single table may
be used by any number of transformers. To associate a table with a transformer, use the
Transformer AVR Dialog for LTC transformers or the Transformer Phase Shifting Dialog for
phase shifters.

Switched Shunt Information (Run Mode)

The Switched Shunt Information Dialog box can be displayed by placing the cursor on its symbol
and right-clicking. This is very similar to its Edit Mode counterpart. The dialog has the following
fields:

Bus Number

Unigue number between 1 and 99,999 used to identify the bus to which the swhitchieid s
attached. This dropdown list identifies the buses in the case with switalad that also have

valid display filters. Use the spin button to step through the list of shunts in the case. Note that
only one switched shunt is allowed at each bus.

Find By Number

To find a switched shunt by its bus number, enter the number into the Bus Number field. Then
click theFind By Number button.

Bus Name

Unique alphabetic identifier for the bus to which the switched shunt is attached, consisting of up to
eight characters. This dropdown box lists the names of all the switchetbaises in the case
with valid display filters.

Find By Name

To find a switched shunt by its name, enter the bus name into the Bus Name field (case
insensitive). Then click theind By Name button.
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Nominal M var

Amount of reactive power that would be supplied by the switched shunt if its terminal voltage were
one per unit (capacitive is positive).

Actual Mvar

Actual reactive power in Mvar being injected into the system by the switched shunt (capacitive is
positive). The Actual Mvar field is equal to the Nomina Mvar field multiplied by the square of
the terminal bus’ per unit voltage.

Status

Status of the switched shunt, either Closed (connected to terminal bus) or Open (not connected).
On the oneline, the switched shunt can be opened by placing the cursor on the (red) circuit breaker
box and clicking, and it can be closed by placing the cursor on the (green) box and again clicking.
You can also use this status field to change the switched shunt’s status. Note that the switched
shunt is only available for automatic control when its status is closed.

Control Mode

Determines whether the switched shunt has a fixed value, or whether the amount of reactive power
supplied by the device changes in either discrete steps or continuously in order to maintain its
terminal voltage within the voltage range specified in the Voltage Regulation fields. This field can
be changed (except in Viewer). However, for a switched shunt to be used for automatic control
three fields must be set correctly: 1) @antrol Mode field must be set to eith®iscrete or

Continuous, 2) the corresponding areasito Shunts property must be true, and 3) the case-wide
Disable Switched Shunt Control option, which can be set on tRewer Flow Solution Tab of the
PowerWorld Simulator Options Dialog, must not be checked.

Note: automatic control of switched shuntsisdisabled if the voltage regulation high valueis
not greater than thelow value; they should not be equal unlessin the continuous mode.

Voltage Regulation

When the switched shunt is on automatic control, its reactive power is changed in discrete steps or
continuously to keep the voltage at the regulated bus within the per unit voltage range defined by
High Value and theL ow Value. You may modify these values (except in Viewer). However,

because the amount of reactive power supplied by this device changes in discrete amounts the High
Valuemust be somewhat greater than the low value. The necessary voltage range depends upon
the size of the switched shunt blocks. Reg. Value field shows the current per unit voltage at

the regulated bus. The number of the regulated bus is shownReghBus # field.

Area Shunt Control Enabled

This checkbox provides convenient access td\the Shunts property of the shunt’s
corresponding area. To enforce automatic shunt control for the area, make sure that this box is
checked.

Case Shunt Control Enabled

This checkbox provides a convenient means of disabling or enabling automatic shunt control case-
wide. Leave the box unchecked to disable automatic shunt control throughout the case, regardless
of the Auto Shunt property of the constituent areas. This control has the same effect as checking
the Disable Switched Shunt Control checkbox on th@ower Flow Solution Tab of the PowerWorld
Simulator Options Dialog.

Reg. BusP.U. Voltageto Mvar Sensitivity

The number in this area is the amount that will be added to the per unit voltage for each 1
Mvar increase by the bus controlling element.
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Switched Shunt Blocks

The amount of shunt admittance is specified in the Switched Shunt Blockstable. The columnsin
thisfield correspond to different blocks of admittance. The first row indicates the number of steps
in each block, and the second row gives the amount of nominal Mvars per step. The switched
shunts are always switched in the order specified in this field. Reactive blocks (negative shunt
MVR) should be specified before capacitive blocks (positive shunt MVR).

Zone Information (Run Mode)

Thisdialog is used in the Run Mode to view and modify information associated with a zone
record. It displays different information from the Edit Mode version of the zone dialog. To
display it from Run Mode, first select Case I nfor mation, Zones from the main menu to bring up
the Zone Records Display. Right-click on the zone of interest and choose Show Dialog. The Run
Mode Zone Dialog has the following fields:

Zone Number, Zone Name

Number and name of the associated zone. Use either the combo box or the spin arrows to view the
different zones.

L oad and Generation
Real and reactive load, generation, shunts, losses, and interchange for the zone.
Generation AGC Range

These two fields show the total available MW reserve for generatorsin the zone that are on AGC
and have nonzero participation factors. In other words, these fields show the total MW by which
the generation in the zone can be increased or decreased using only generation that is presently on-
line. The generator status, AGC status, and participation factor can be changed on the Generator
Records Display.

Load Variation M odel

Aswith areas, the load variation within a zone is governed by aload variation schedule, which
prescribes a time-dependent load multiplier to apply to the zone’s load.

L oad Schedule

This dropdown box identifies the load schedule that is currently associated with the zone. Use the
dropdown box to specify the load schedule to apply to the zone from the list of defined load
schedules. It is acceptable not to associate a load schedule with a zone, in which case the value
specified in theschedule Value field is applied at all times.

Schedule Value

This field shows the current load multiplier for the zone, which scales all loads in the zone. If no
Load Schedule has been assigned to the zone, this field will display a prefix of ‘N’. If the
associated load schedule is disabled, the field will display a prefix of ‘D’.

ZoneTielines

The Zone Tie Line Table identifies the flows on all of the zone’s ties to other zones.
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Chapter 12
Contingency Analysis

Contingency analysisis avitally important part of any power system analysis effort. Whether you

are investigating the long-term effects on the transmission system of new generation facilities or

projected growth in load, or you are considering whether to accept a transaction for next-hour’s
energy trade, it is extremely important that you analyze the system not only for its current topology
but also for the system that results from any statistically likely contingency condition. Industry
planning and operating criteria often refer to the n-1 rule, which holds that the system must operate
in a stable and secure manner for the loss of any single transmission or generation outage.
Therefore, it is very important to pay attention to the effects contingencies may have on the
operation of your system.

PowerWorld Simulator is equipped with a set of tools for analyzing the effect of contingencies in
an automatic fashion. The current edition of Simulator can process lists of contingencies involving
the switching of transmission lines and transformers, the loss or recovery of a particular generating
unit, or the shifting of load from one bus to another. Simulator uses a full Newton solution to
analyze each contingency. While this approach is not as fast as those using approximate
techniques such as injection methods and dc load flow, the results tend to be significantly more
accurate, particularly in gauging voltage/var effects. Moreover, the performance of Simulator’s
contingency analysis tools should suffice for moderately sized systems. If your system is very
large or you have a great many contingencies to analyze, we suggest that you may find it
worthwhile to use a dedicated contingency analysis package to identify a subset of critical
contingencies, and then use Simulator to provide exact analysis for that subset.

Contingency Analysis Dialog

Simulator’s contingency analysis tools can be accessed only from Run Mode. Select
Optiong/Toals, Contingency Analysis from the main menu in Run Mode. In response, Simulator

will open the Contingency Analysis Dialog. This dialog has four tabs, only one of which is active
and visible when no contingencies have been defined. When you access the contingency analysis
features for the first time, no contingencies are defined, so only the contingendsegigdile. To

define contingencies for the case in memory, you may either load a pre-existing list from a file (see
Loading Contingencies from Files (page 222)), or you can use the Auto Insert Contingencies
utility. Alternatively, you may insert contingencies one at a time into the topmost grid on the
Contingencies tab by right-clicking on the grid and selectimgert from the local menu. Once you

have defined contingencies for your case, all four tabs of the contingency analysis dialog will be
enabled.

Each tab of the contingency analysis dialog covers a particular aspect of the analysis. The
Contingencies Tab is the only one of the tabs that is always visible. It is used primarily to manage
the contingency list and to learn basic information regarding each contingency and the violations
that it causes. The Monitoring Violations Tialplements a function similar to that of display

filters in Simulator. It governs which areas and zones of the system will be monitored for
violations in response to each contingency, and over what range in voltage levels. The Options
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Tab enables you to dictate various parameters for the analysis that govern such things as how
violations are flagged in both the Base Case and for contingency conditions and what information
should be included in the contingency report. Finally, the Control/Results Tab chronicles the
performance of the contingency analysis and allows you to produce a report detailing the results of
therun. The bottom panel of the dialog houses arow of buttons whose function at any given time
depends on which of the four tabsisvisible. The bottom panel also houses a text status indicator
to keep you abreast of the current state of the analysis.

With this overview in place, we can now take a closer ook at how to analyze contingenciesin
Simulator.

Contingencies Tab

The Contingencies Tab of the Contingency Analysis Dialog provides tools for managing and
simulating lists of contingencies. The top portion of the Contingencies Tab lists the contingency
records that have been defined for the case. Thistableis called the Contingency Records
Display. The contingency records display is atype of case information display and thus shares
many of the properties and controls common to all other case information displays. By right-
clicking on the display, you gain access to its local menu, which offers several choices. For
example, you can insert a new contingency record by selecting Insert, or you can delete a
particular contingency by selecting Delete. Y ou can display the contingency case dialog
corresponding to a particular contingency by selecting Show Dialog from the local menu. You can
copy portions of the display to other applications, print the contingency list or save it asan HTML
table, or save the recordsto afilein aformat that Simulator can read later. Y ou can sort the
display’s contents by any field just by clicking on the field’s heading.

By default, the contingency records display presents the following fields:

Label

The name of the contingency.

Skip

Indicates whether Simulator should skip the corresponding contingency in performing the
contingency analysis. If the value of the Skip fieltfas for a contingency, then that contingency

will not be implemented when performing the contingency analysis. This is a toggleable field,
which means that you can toggle its value by double-clicking on it.

Processed
Indicates whether the contingency has been analyzed yet as part of the current contingency run.
Solved

If the contingency has not yet been processed, which means that the contingency has not yet been
implemented, then the value of this fieldNs. For contingencies that have been processed, the
Solved field indicates whether the power flow case that resulted from the contingency could be
solved to within tolerance. If the resulting power flow case could not be solved, you should
investigate the contingency closely to determine if that contingency is indeed harmful to the
stability of the system.

Violations

Identifies the number of violations caused by the particular contingency. This number represents
the total number of contingencies (branch thermal violations + bus voltage violations + interface
violations) that were caused by the contingency. Depending on how you have configured the
reporting of Base Case violations (see Base Case of the Options Tab (page 219)), this number may
include all, some, or none of the violations that were present in the Base Case model.
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Max Line %

Indicates the percentage overload of the worst-case branch or interface violation. |If there are no
branch or interface violations, this field will be blank.

Min Volt

Indicates the lowest bus voltage resulting from the contingency. If there are no low voltage
violations, thisfield will be blank.

Max Volt

Indicates the highest bus voltage resulting from the contingency. If there are no high voltage
violations, thisfield will be blank.

Asyou scroll through the records in the contingency records display, you will notice that the
contents of the tables that occupy the middle third of the contingency analysis dialog change.
These tables are the Contingency Definition Display and the Contingency Violations Display. To
display one of these, click on the corresponding tab. The contingency definition display identifies
the actions that comprise the contingency selected in the contingency records display. The
contingency violations display lists all violations that resulted from the selected contingency.

When you first load a new contingency list into memory, the current status indicator will display
the word Initialized. During a contingency analysis run, the current status indicator may take on
the values Running, Paused, Aborted, or Finished.

The contingency tab of the contingency analysis dialog offers several ways to run the contingency
analysis. To start arun, you may click the Start Run button. Alternatively, you may choose Run
Contingency Analysis from the local menu of the contingency records display. Once a contingency
analysis run has started, you may pause it at any time by clicking the Pause Run button, after
which you may resume the run by clicking Continue. In addition to running the full set of
contingencies, you may also choose to run just asingle contingency. See Running the Contingency
Analysis (page 226) for more details.

Y ou may choose to remove all contingencies from the current contingency list by clicking the
Clear All button. Furthermore, you may close the Contingency Analysis Dialog at any time either
by clicking Close or by selecting Close from the local menus of the Contingency Records Display
or the Contingency Violations Display.

Monitoring Violations Tab

The Monitoring Violations Tab allows you to restrict the search for violations resulting from each
contingency to by area, zone, and nominal voltage level. To have Simulator look for violations
throughout the system, regardless of the violated element’s associated area or zone or its nominal
voltage, simply uncheck thése Area/Zone Limit Filtersbox. To limit the search for violations

to only a portion of the entire system, make sure that this box is checked.

When the Area/Zone Limit Filters box is checked, a two-tabbed notebook containing two
Monitored Region Infor mation Displays, one for areas and one for zones, will appear. The
Monitored Region Information Displays identify each area and zone in the system, whether limit
violations should be reported for that area and zone, and, if so, over what range in nominal kV
level should violations be flagged. The Monitored Region Information Display is a class of Case
Information Display and, as such, possesses properties and controls shared by all other case
information displays. The following fields are shown by default in each display:

Number, Name

The number and name of the area or zone.
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Report Limits

A toggleable field that indicates whether the search for violations should include elements that are
located in that area or zone. To toggle the value of thisfield, smply double-click onit.

Report Min kV, Report Max kV

Indicates the minimum kV that an element must meet for it to be considered as alimit violation.
Any elementsin the area or zone that do not fall in the range of nominal voltage defined by these
two values will not be flagged as a violation.

Note that the area and zone limit filters work together to exclude elements from the set of limit
violations. In order for an element to be excluded from the limit violations search, both its area
limit criteriaand its zone limit criteria must be set appropriately. If aviolated element qualifies for
consideration through either its area membership or its zone membership, it will be reported as a
violation.

Options Tab

The Options Tab enables you to control many parameters that govern how the contingency analysis
flags violations, deals with violations that appeared in the Base Case, and documents the violations
in the form of areport. The bulk of the Options Tab is occupied by a three-page notebook, each
page of which concerns a different aspect of the contingency analysis. Thesetabs are:

* ldentifying Violations
* Modeling

*+ BaseCase

*  Report Writing.

Please see the corresponding help sections for assistance with each tab. Once you have finished
setting the options for the contingency analysis, click Set Options. If, at any time, you wish to
revert to the set of options that were defined the last time you clicked Set Options (or, if you have
never clicked Set Options, to the option settings that existed when the Contingency Analysis
Dialog first opened), click Reset.

Options Tab: Identifying Violations

The Identify Violations Tab allows you to shape how limit violations are detected. It is divided
into three groups of controls, each concerned with a particular type of power system element.

Thefirst set of option controls concern branch thermal violations. The controlsinclude:
Pre-Contingency Ratings

Governs which rating set to usein identifying violations that exist in the Base Case.
Post-Contingency Ratings

Governs which rating set to use in identifying violations that result from contingencies.
Treat Transmission Line Ratings As

Provides the option of identifying thermal overloadsin terms of either the current (amps) or the
complex power flowing through the branch. Gauging violations in terms of current is usually
preferred because the physical mechanism for the limitation is actually conductor heating due to



Chapter 12 : Contingency Analysis 219

current flow. MVA limits derived from amp limits by assuming a particular voltage level that may
not reflect reality.

Enforce % of Thermal Rating

Allows you to apply a factor to the branch’s rating so that limit violations are flagged at some other
limiting value. For example, to incorporate TRM into their ATC methodologies, some regions
apply a multiplier to their branches’ ratings so that limit violations are flagged at some value lower
than their physical limitation, thus achieving a conservative cushion for line flows. This option
allows you to implement such a scheme in Simulator.

The next set of options govern the detection of bus voltage violations. Any bus voltage that falls
outside the range defined by the settingPrUnit High Voltage Limit andPer-Unit Low
Voltage Limit is identified as a voltage violation.

The next option% L oading to Enforce Interface Limits, is conceptually equivalent to the
Enforce % of Thermal Rating option, except that it pertains to the enforcement of interface
limitations. Any interface whose flow exceeds the product of the % Loading to Enforce Interface
Limits and the interface’s defined limit will be flagged as an interface violation.

Finally, in reporting violations, you may choose to identify buses either by name or by number by
choosing appropriately in tHélentify Buses By option box.

Except for the pre- and post-contingency ratings settings, these options affect detection of both
pre- and post-contingency limit violations.

Options Tab: Modeling

The Modeling Tab controls how the system reacts in the case of a generator outage. In this display
is a list of all defined areas in the system and a percent contribution amount. The value assigned to
the contribution amount determines how much each area will make up for the outage. For
example, if there are four areas and each is defined at 25% contribution, an outage in one area
would be compensated by 25% extra from its own area and 25% from each of the other areas.

This helps spread the strain out among the entire system instead of relying on the slack bus.

Options Tab: Base Case

The Base Case Tab controls the reporting of Base Case violations. Because the concern of
contingency analysis often is to identify those limitations that result directly from a particular
outage or event, you may desire not to report all violations that were present in the Base Case with
each contingency-specific set of violations. The Base Case Tab allows you to specify just how
much of the Base Case violation information to report for each contingency. It gives you three
options:

Do not report Base Case violations

When this option is checked, any element that was violated in the Base Case is omitted from the
set of violations listed for each contingency.

List all Base Caseviolationsfor all contingencies

When this option is checked, all elements that were violated in the Base Case are included in the
set of violations listed for each contingency.
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Usethesecriteria

When this option is checked, only those elements that were violated in the Base Case and that meet
the four criterialisted below will be listed with the contingency-specific violations. The four
criteriainclude:

e Minimum % increasein line/transformer flows. Only those branches that were violated in
the Base Case whose flow has increased by at least this amount as a result of the contingency
will be listed as contingency violations.

e Minimum per-unit decreasein low busvoltage: Only those bus voltages that were violated
in the Base Case that have decreased by at least this amount as a result of the contingency will
be listed as contingency violations.

e Minimum per-unit increasein high busvoltage: Only those bus voltages that were violated
in the Base Case that have increased by at least this amount as a result of the contingency will
be listed as contingency violations.

 Minimum % increasein interface flows: Only those interfaces that were violated in the
Base Case whose flow has increased by at |east this amount as aresult of the contingency will
be listed as contingency violations.

Options Tab: Report Writing

Simulator can produce a report that details the results of the contingency analysis (see Contingency
Analysis Control/Results Tab (page 221) to see how to generate the report). The Report Writing
Tab allows you to control what goesin that report. By default, the report will identify each
contingency, whether or not it could be solved, and what violations resulted from it. By selecting
any of the nine options on this tab, you can include additional information in the report.

Case Summary

The case summary prints the Case Description and then tallies the number of different power
system components in the model.

Option Settings

If thisitem is checked, the report will list each of the options selected on the Options Tab of the
Contingency Analysis Dialog.

M onitored Areas, M onitored Zones

If either of theseitemsis checked, the report will identify the areas and/or zones in which
Simulator has looked for limit violations, and over what voltage ranges. In other words, the report
will mirror the contents of the Contingency Analysis Monitoring Violations Displays.

Base Case Outages
If thisitem is checked, the report will list the limit violations that existed in the Base Case.
Line Flow, Interface Flow, and Bus Voltage Extremes

If one of these items is checked, the report will list the worst-case line flows or voltages seen for
each monitored element during the contingency analysis. None, one, two, or all three of these can
be chosen at one time.

All

Selecting this option will display all of the other options. Although all of the other options will be
activated, none of the other options will be checked.
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Show the actionsinvolved in each contingency

If this box is checked, the definition of each contingency will beincluded in the report. The
definition of each contingency simply identifies the actions that were implemented as part of the
contingency.

Report only contingenciesthat cause violations

Checking this option will cause only the contingencies that cause violations to be shown in the
report. Any contingency that did not cause aviolation will not be included in the report. This
option isuseful if you wish to limit the size of the contingency report.

Create database-friendly tables

Checking the cr eate database-friendly tables box will create three additional files for viewing
contingency results: FILENAME_ctgelem, FILENAME ctgviol, and FILENAME_ctgstat where
FILENAME is the name of the file where the main report is saved. The user can choose which
symbol to use to separate the columns by choosing a delimiting symbol. These files can be easily
imported into a database or spreadshest program such as Access or Excel as delimited text files,
where they can be analyzed more rigorously. These files will be automatically created and saved
in the same folder as the main report.

Control / Results Tab

The Control/Results Tab of the Contingency Analysis Dialog provides additional information on
the status of the contingency analysis run, allows you to start, pause, resume, and abort the
contingency run, and enables you to produce a detailed report on the results of the contingency
analysis. Thetop half of the Control/Results Tab charts the progress of the contingency analysis
run and issues warning messages when a particular contingency failsto solve. The next section
features counters that indicate the total number of contingencies that comprise the list, the number
of these contingencies that have been processed thus far, the number of contingencies that failed to
solve, and the total number of violations that have been flagged. To start the contingency analysis,
click Start. To pause the contingency analysis, click Pause. To resume a paused contingency run,
click Continue. Finaly, to abort the analysis, click Abort.

To produce a detailed report of the results of the contingency analysis, click Produce Report.
Thiswill launch a save window that will save the information you customized on the Contingency
Analysis Options: Report Writing page. Y ou will also be given the option of viewing the report in
Wordpad immediately after creating the file.

To set the case currently in memory as the base or reference case for subsequent contingency
studies, click the Set Reference button. See Contingency Case References (page 227) for more
information.

Automatically Generating a Contingency List

Simulator allows you to generate automatically a contingency list containing all single branch and
all single unit outages. To accomplish this, click the Auto Insert button on the Contingency
AnalysisDialog. This opensthe Auto-Insertion of Contingencies Dialog. Thisdialog isused to
produce a single-outage contingency list automatically. It contains the following controls;

Insert Single Line Contingencies

Check this box to include al single transmission outages in the automatically generated list.
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Insert Single Generator Contingencies
Check this box to include all single generator outages in the automatically generated list.
Bus Identifiers and Name Prefixes

When generating the contingency definitions, Simulator will also attempt to assign unique names
to each contingency. Each contingency name will identify the terminal bus or buses of the outaged
element. The terminal buses will be identified either by name or by number according to the
option you choose for the Bus Identifiers setting. Added to this identification will be a prefix that
you specify. For branch contingencies, the prefix you supply for the Single Line Name Prefix
option will be used. For generator contingencies, the prefix you supply for the Sngle Gen Name
Prefix option will be used.

Only Insert for Lines’Gens With Display Filters

Check this box to limit the automatically generated contingency list to include only those elements
that reside in areas or zones whose display filter setting is active. If you leave this box unchecked,
all single elementsin the case will be included in the contingency list.

Delete Existing Contingencies

Check this box to delete any contingencies that have already been defined before adding the new
automatically generated contingencies. If you leave this box unchecked, the new contingencies
will simply be appended to the list that already exists.

Pressthe Insert Contingencies button to generate the single-outage contingency list. Click
Cancel to abort the automatic contingency creation.

Loading a Contingency List from a File

Simulator can load contingency definitions from atext file. The contingencies may be specified
either in PowerWorld Contingency Format, or in the contingency format used for PSS/E Versions
23 through 25 (see PSS/E Contingency Format (page 223) for limitations). PowerWorld
Contingency Files have the extension .ctg by default, whereas Simulator assumes that PSS/E-
formatted contingencies are stored in files having the default extension .con.

To load contingencies from atext file, click the Load From File button on the contingency
analysisdialog. A dialog box will be provided for you to specify the file from which to load the
contingency records. Specify the file type in the Files of Type dropdown box, and select the
appropriate file. If contingency records have already been defined for the case with which you are
working, you will be asked if you wish to delete the existing contingencies. Respond affirmatively
to delete the existing contingencies before adding the new ones from the specified files.

Otherwise, click No, and the contingencies |oaded from the file will be appended to the already
existing list.

PowerWorld Contingency Format

PowerWorld has developed a special format for defining contingencies for Simulator’s
contingency analysis tool. Each contingency definition is defined within a block structure as
follows:

EVENT contingency_name
Action 1



Chapter 12 : Contingency Analysis 223

Actionn
END

Thus, each contingency definition has a user-specified name contingency name and consists of
one or more actions bounded by the EVENT and END keyword lines. Each action specification
generally begins with a keyword that identifies the type of element (BRANCH, GEN, LOAD,
SHUNT) that is participating in the contingency, continues with an identification of the element or
elementsinvolved, and concludes with averb (OPEN or CLOSE). (Note that load shift
specifications deviate slightly from this format.) Here are examples of the contingency actions
that Simulator recognizes:

Transmission Lines and Transformers:
BRANCH busl# bus2# id OPEN
BRANCH busl# bus2# id CLOSE

Generators
GEN bust id OPEN
GEN bust# id CLOSE

Shunts
SHUNT bus# OPEN
SHUNT bus# CLOSE

Loads
LOAD bus# id OPEN
LOAD bus# id CLOSE
LOAD busl# MOVE PQ TO bus2# x MW
LOAD busl# MOVE PQ TO bus2# x PERCENT

Note that Simulator always assumes that elements are identified by bus number in these
definitions. The formats should be fairly self-explanatory, except perhaps the one specifying a
movement of load from one bus to another. In that case, busl# identifies the number of the bus
from which you are moving the load, bus2# identifies the number of the bus to which you are
moving the load, and x specifies the quantity of load that is being moved in either MW or
PERCENT. The MOVE_PQ_TO keyword suggests that both real and reactive load will be shifted
from busl to bus2 such that the power factor is maintained constant.

PSS/E Contingency Format

Simulator can read and write parts of the contingency format used by Power Technology's PSS/E
Versions 23 through 25. However, the current version of Simulator doesppatrsthe use of the
SET, CHANGE, ALTER, MODIFY, REMOVE, INCREASE, or DECREASE keywords, and it

does not recognize PTI's Automatic Contingency Specification flags. If you need Simulator to
support these keywords, contact PowerWorld Corporation to express your need.

Saving Contingency Records to a File

To save the contingency records you have defined for a case, either clakehe File button
on the contingency analysis dialog or seféanie Contingenciesto File from the local menu of the
contingency records display. Simulator allows you to save contingencies using either the
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PowerWorld Contingency Format or Power Technology’s contingency format for PSS/E. To
specify the format for the contingency file, set 8aee As Type option accordingly.

Contingency Definition Display

The Contingency Definition Display is used to identify the actions that comprise the contingency
that is currently selected in the Contingency Records Display. Click on a row of the display to
view the Contingency Element Dialog for that particular action. The Contingency Element Dialog
allows you to change the action’s definition and even to remove the action from the contingency
definition.

Contingency Violations Display

The Contingency Violations Display is used to list the violations that were caused by the
contingency selected in the Contingency Records Display. If the contingency selected in the
Contingency Records Display resulted in no violations or has not yet been processed, the
Contingency Violations Display will display the worene Defined. This display is a type of

Case Information Display and thus shares many characteristics and controls common to all other
case information displays. You can sort the list of violations by any field simply by clicking on
that field’s caption. By default, the Contingency Violations Display contains the following fields:

Category

Indicates the type of violation, or what violation was committed. The allowable values for this
field areBranch MVA, Branch Amp, Bus Low Volts, Bus High Volts, andlinterface MW.

Element
Names the element that suffered the violation.
Value

Indicates the value of the violating quantity. For example, if the category of the violation is
Branch Amp and the Value field ig, then the current on the violated element is

Limit
Identifies the limit value that was violated. For example, if the category of the violaBoanich
Amp and the Limit field isy, then the limit on the current that may flow through the element is

Area Name

Lists the areas with which the violated element is associated. If the element is a branch, Area
Name identifies the area in which each of the branch’s terminal resides. If the element is a bus,
Area Name identifies the area in which the bus resides. If the element is an area-to-area interface,
Area Name will identify the areas that the interface ties; otherwise, it willN&ad

Nom kV

Identifies the maximum voltage level associated with the violated element. If the violated element
is a branch, then Nom kV lists the nominal voltage of its higher-voltage terminal. If the violated
element is a bus, then Nom kV simply identifies the bus’ nominal voltage. If the violated element
is an interface that is made up strictly of branches, Nom kV lists the maximum nominal voltage of
its terminals; otherwise, it will appear as -9999.9.
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Contingency Element Dialog

The Contingency Element Dialog provides information on the individual actions that comprise a
contingency definition. You may use this dialog to modify an existing contingency’s definition, to
add elements to an existing contingency or one that you are creating, and to delete an existing
contingency. You may open this dialog in any of three ways:

* By pressing thénsert New Element button on the Contingency Case Dialog.

« By clicking on a contingency action in the Contingency Case Dialogrgingency Elements
table.

* By selecting a contingency action from the Contingency Definition Display.
The Contingency Element Dialog features the following controls:
Element Type

Indicates whether the element involved in the contingency action is a branch, a generator, a load,
or a switched shunt.

Element Action

Defines the change specified by the contingency action. All element types may be opened or
closed. Only loads may be moved.

Action Parameter

This control is enabled only for load shift contingencies. Use it to specify the quantity of load to
be moved from one bus to another.

Action Parameter Units

This control is enabled only for load shift contingencies. Use it to specify whether the quantity of
load expressed in the Action Parameter entry represents MW or Percent. In either case, it is
assumed that both real and reactive load will be moved such that the power factor will remain
constant.

Element Identifiers

Use these controls to identify the element involved in the contingency using its From Bus number
and, if necessary, its To Bus number and ID.

Click OK to save any changes you have made to the contingency action, @aiic# to close
the dialog without saving your changes. Clid#iete to remove the action from the contingency.
Finally, click Help to view this help screen.

Contingency Case Dialog

The Contingency Case Dialog serves as an information source for each contingency that has been
defined for the case. You can use the Contingency Case Dialog to scroll through the list of
contingencies, to view and modify their definitions, and to insert new contingencies. You may
access this dialog by choosing eitBhow Dialog or Insert from the local menu of the

Contingency Records Display. The Contingency Case Dialog has the following controls:

Contingency Label

Identifies the name of the contingency currently being described by the dialog. Use the dropdown
arrow to select a different contingency, or use the scroll buttons to navigate through the list of
contingencies.
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Contingency Elements

Lists the actions that comprise the contingency. Click on an entry in thistable to invoke the
Contingency Element Dialog, which allows you to modify or delete the action.

Clear

Removes al actions from the contingency definition. The Contingency Elements Table will then
appear blank, indicating that the contingency involves no associated actions.

Insert New Element

Click this button to add a new action to the contingency. Thiswill open the Contingency Element
Dialog, which will allow you to define the new action. When you return to the Contingency Case
Dialog, the Contingency Elements Dialog will contain the newly inserted action.

Add New Contingency

Prepares the dialog for the addition of a new contingency to the contingency list by clearing the
Contingency Elements list and creating temporary storage for the new item. To add anew
contingency using this dialog, first type an unused contingency name in the Contingency Label
control, and then click Add New Contingency. The name you supply must be unique; otherwise,
you will receive awarning indicating that the name you have specified is aready used by a
contingency in the list.

Click OK to save your changes and close the dialog. Click Cancel to close the dialog without
saving your changes. Click Saveto save your changes (including the addition of a new
contingency) without closing the dialog (this allows you to keep working with the dialog). Click
Delete to remove the contingency from the contingency list.

Running the Contingency Analysis

To run the contingency analysis means to model and solve one or more contingencies from the
case’s current contingency list. Simulator’s Contingency Analysis Dialog gives you several
options for running the contingency analysis. You may

* Run every contingency in the contingency list (except, of course, for those you have
designated to skip using the Contingency Records Display).

* Run a selected contingency to identify its limit violations and then reset the case in memory to
correspond to the system state prior to applying the contingency.

« Run a selected contingency to identify its limit violations and keep the resulting case as the
new reference point for further contingency analysis runs.

e To run the complete contingency list, do any one of the following:

* Right-click on the Contingency Records Display to bring up its local menu and Retect
Contingency Analysis.

e Click theStart Run button visible from the Contingency Tab.
e Click theStart button visible from the Control/Results Tab.

To pause the contingency run once it has started, click &#use Run on the Contingency Tab
or Pause on the Control/Results Tab. To resume a paused contingency run, ci@arttieue
buttons on either the Contingency Tab or the Control/Results Tab. Finally, to terminate a
contingency run, click th&bort button on the Control/Results Tab. The status indicator will
inform you of the run’s current state.
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To solve a single contingency, identify its violations, and then return to the pre-contingency system
state, select the contingency you wish to model in the Contingency Records Display, right-click to
invoke the display’s local menu, and sel8alive Selected Contingency.

To solve a single contingency and set it as the reference, or starting, case for further contingency
analysis activity, select the contingency you wish to model in the Contingency Records Display,
right-click to invoke the display’s local menu, and seffatve and Set As Reference. Simulator

will model the selected contingency, flag its violations, and leave the resulting case in memory so
your future work will affect the post-contingency system rather than the original pre-contingency
state. See Contingency Case References (page 227) for more information.

Contingency Case References

The contingency analysis will always implement the contingency for the case that is currently in
memory. During automatic processing of the contingency list, the pre-contingency case is always
loaded into memory after a contingency is executed, so that all contingencies start from a common
Base Case. When you solve contingencies one at a time instead, you can decide whether to restore
the Base Case after solving the contingency by choosing betwegoivia&el ected Contingency

andSolve and Set As Reference options from the Contingency Record Display’s local menu.
Alternatively, you may click th&et Refer ence button on the Contingency Analysis

Control/Results Tab. Furthermore, whenever the Contingency Analysis Dialog is open, the oneline
diagram’s local menu will contain an additional option lab&etd\s Contingency Reference.

When you choose this option, you establish the case in memory at that time as the reference or
starting point for future contingency analysis runs. You might want to do this, for example, if you
are searching for ways to mitigate a particular contingency and find an operating guide that is
successful. You may then model that operating guide as being in place when you model the rest of
the contingencies in the list.
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Chapter 13

Web Publishing

Simulator presents several toolsfor saving a variety of datain aweb-friendly format. Y ou can

save images as jpeg files, and all case information displays can be saved as HTML tables. You

can then integrate these files into a single web document using Simulator's HTML editor. Finally,
you can upload the HTML document, together with any necessary attachments, to your web server.

This chapter covers the following:

Web Publishing Overview

Saving Case Information Displays as HTML Tables
Saving Images as JPEGs

PowerWorld Simulator's HTML Editor

The Publish to Web Dialog Box

Web Publishing Overview

The best way to use the web publishing functionality is to follow these steps:

Save all case information display contents you wish to publish on the web to separate HTML
files. See Saving Case Information Display Contents as HTML Tables (page 229) for details.

Save all oneline diagrams and strip charts you wish to publish as jpeg files. See Saving
Images As Jpegs (page 231) for detalils.

Launch the web publishing editor by selectititg, Publish to Web from the main menu.

Use its tools to add content to either an existing document or a brand new document. You can
insert the HTML code produced by saving the case information displays as HTML tables

using the editor, and you can add links to the images you have saved as jpegs to the document,
as well.

Upload the main document, together with any attachments, to your web server using
Simulator’s built in ftp functionality.

The rest of this discussion will explain how to accomplish these tasks.

Saving Case Information Display Contents as HTML

Tables

Simulator’'s Case Information Displays allow you to save their contents as HTML tables for
display on the world-wide web. To do this, right-click on any row of the table and Salecis
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HTML from the resulting local menu. This brings up the Table Format Dialog. Set the various
table formatting options and click OK. Then, select the name of the file to which to save the
HTML code. Findly, if aregion of the table was selected, you will be asked if you want to save
just the selected region asHTML. Indicate Yesto convert just the selected portion of the table, or
click No to write the entire tableas HTML.

HTML Table Format Dialog

The Table Format Dialog allows you to set various formatting options for HTML tables. This
formisinvoked when you try to save a Case Information Display as HTML and when you try to
insert a new table using Simulator's HTML editor.

The Table Format Dialog is divided into two talbable Properties andTable Elements.
Table Properties

This tab allows you to specify values for options that govern the appearance of the table as a
whole. Here you can specify the following properties:

Border Weight

The thickness of the border to draw around each cell. Specify 0 to suppress the drawing of a
cell border.

Horizontal Cell Spacing

The spacing to employ between cells that neighbor each other horizontally.
Vertical Cell Spacing

The spacing to employ between cells that neighbor each other vertically.
Table Width

The width of the table. If the Percent checkbox is checked, the width specifies the horizontal
dimension of the table relative to the object that contains it on the screen.

Caption
The table title that will be printed directly above it on the web page.

Table Elements

These options control how the data will be centered in each cell. Choices include:
Horizontal Alignment

Controls how the text in each cell should be positioned horizontally. The default value is Left,
but you may also choose to center or right-justify the data in each cell.

Vertical Alignment

Controls how the text in each cell should be positioned vertically. The default value is
Middle, but you may also choose to align the text with the top or bottom edges of the cell.

If any of the numeric entries (Border Weight, Horizontal Cell Spacing, Vertical Cell Spacing,
Table Width) are left blank or zero, your browser will employ its default settings for these values
in rendering the table on the screen.
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Saving Images as Jpegs

Simulator can save oneline diagrams, bus view displays, and strip charts as jpeg images. To savea

oneline diagram or bus view display as ajpeg, select File, Export Oneline from the main menu.

This brings up the save file dialog where you can specify file type from the dropdown menu.

Choose jpeg, type the file name, and press save. This brings up the resolution screen where you

decide the picture’s resolution. Adjust the resolution control to specify the compression ratio at
which to save the diagram as a jpeg. The greater the resolution you specify, the larger the resulting
file will be. Click Save to save the image or cli¢kancel to terminate the process without saving

the image as a jpeg.

To save a strip chart as a jpeg image, right-click on the background of the strip chart and select
Save As Jpeg from the resulting local menu. Specify the compression/resolution in the Jpeg
Options Dialog. ClickCancel to terminate the process, or cli8ave to save the jpeg to a file

whose name you specify.

HTML Editor

To compose a web page using Simulator’'s HTML editor, s€légtPublish to Web from the

main menu. This opens the PowerWorld HTML Editor. The editor provides basic web page
formatting functionality. It is not intended to compete with commercial packages that offer this as
one of their primary functions, but it does give you tools for writing simple HTML pages that
integrate the various resources you have produced using Simulator.

The web editor’'s window is divided into two sections. A set of command buttons occupies the left
third of the display, and the HTML code for the document you are creating is shown in the text
editor occupying the rest of the window. Use the command buttons to add HTML tags to the
document at the current cursor location. The command buttons are divided into several groups.

Title

Press the title button to specify a title for the web page. The title must be specified in the head
section of the page.

Headingl through Heading 5

Simulator's HTML editor allows you to apply formatting for five different heading styles. The
actual appearance of each heading style depends on your browser’s settings. The Heading 1 and
Heading 3 styles are generally used to format main section and subsection headings, respectively.

Character Formatting

Use theBold, Italic, Underline, Plain, Font Color, and Font Size buttons to apply various
formatting styles to portions of your document’s text.

Comment
Specify the comment text using the Comment command button.
Links and Images

To insert a hypertext link into the web document, clickLthek button. This brings up the HTML

Link Properties Dialog. To insert an image into the document, clicknthge button. This

brings up the HTML Image Properties Dialog. Fill out the requested information to add the link or
image to the main document.
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Page Spacing

Use the Break, Paragraph, Rule, and Center buttons to define the spacing of text in the
document. Break inserts ahair line break; paragraph identifies a new paragraph, Rule inserts a
straight line that spans the screen to separate different portions of the document, and Center
centers the text horizontally on the screen.

List
The next three command buttons allow you to specify elements of either numbered or bulleted
lists. UsetheList (1,2,3) button to define a numbered list, and use the List (*) button to define a

bulleted list. This creates the list's skeleton. You can then fill the list skeleton with one or more
list items by clicking thé&lement button.

Table

The four buttons in the Table section allow you to create a table from scratch. To define the table,
click theTable command button. This brings up the Table Format Dialog, which allows you to
specify the border weight, horizontal cell spacing, vertical cell spacing, table width, and caption.
To have the browser employ its default settings in drawing the table, leave these options blank or
set them to zero.

To insert a header row for the table, click Bheader command button. This brings up the Table
Format Dialog, which allows you to specify the vertical and horizontal positioning of the text in
the header row.

To insert a row in the body of the table, click B@v command button. This brings up the Table
Format Dialog, which allows you to specify the vertical and horizontal positioning of the text in
the body row.

Finally, to insert data into the table, cli€ell. This brings up the Table Format Dialog, which you
can use to control the vertical and horizontal placement of text in the cell.

In defining the vertical and horizontal positioning of table text, cell-specific settings take
precedence over row-specific settings. If no cell-specific settings are provided, however, those of
the corresponding row are applied.

In addition to composing a web document from scratch, you can also load an existing document or
insert text from an existing document into your new document. Clidlesé oad from the

editor's main menu to select an existing HTML document to load into the editor window. To

insert code from another document at the current cursor location in the document you are creating
(say, for example, to insert the html code for a table you created from a case information display),

selectFile, Insert from the editor's main menu and select the file whose contents you wish to

insert.

To save your new web document to your hard drive, #litd Save from the editor's main menu,

and specify the file name you desire. To see how your document appears in your system’s default
browser, choosEile, Test from the editor's main menu. (If you have not already done so, you

will be asked to save the document locally before the test will begin.)

To publish the document on your web server, ch&dlge Publish from the editor's main menu.

If you have not yet saved the document to your hard drive, you will first be asked to save it. After
that, Simulator will open the Publish to Web Dialog. Use this dialog to set up and launch the
transfer of the new document and its attachments (if any) to your web server.

To exit the web publishing editor, cli¢kle, Close from its main menu.
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HTML Link Properties Dialog

To insert a hypertext link in the web document, click the Link button on the HTML Editor. This
brings up the HTML Link Properties Dial og, which sports the following fields:

Descriptive Text
Specifies the text of the label on which the user will click.
Web Address

Specifies the destination address of the link; that is, the address of the location to which the
hypertext is linked.

Upload This Local Copy

If the web page to which the document is linked resides on your local drive and you wish to send it
to the web server along with the main document, check the Upload This Local Copy checkbox.
Then, in the adjacent text box, specify the full local path of the linked document. Use the Browse
button to find the document on your local driveif you would like. Also, specify whether the linked
document is ASCII or Binary.

Click OK to finish inserting the hypertext link in the document you are composing. Click Cancel
if you do not wish to add the link to the page.

HTML Image Properties Dialog
To insert an image into the document, click the Image command button on HTML Editor. This
brings up the HTML Image Properties Diaog, which requests the following information:
Image Address
Specify the web address of the picture you want to display.
Upload This Local Copy

Check this box to identify afile on your local PC that contains the image you are trying to insert.
Provide the full local path of the image file in the adjacent text box. Use the Browse button to find
the file on your local driveif you would like.

Width, Height, Border Size, Vertical Spacing From Text, Horizontal Spacing From Text

Use these controls to specify various display parameters for the image. Specify any value as zero
if you would like to employ the browser’s default setting for that option in rendering the image.

Alignment
Defines how the image will be aligned relative to the surrounding text.

Click OK to finish inserting the link to the image in the document you are composing. Click
Cancdl if you do not wish to add the image to the page.

Publish to Web Dialog

The Publish to Web Dialog allows you to send the document you have created using Simulator’s
HTML Editor, along with any attachments, to your web server. This dialog has two tabs, one
labeledDocuments, and the other labelegrver.
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The Documents Tab identifies the document to upload and its attachments. It contains the
following controls:

L ocal Path
I dentifies the location of the document you have just written on the local drive.
Full URL

Specifies the full URL to assign to the page. The full URL is used to determine where on the web
server to place the document. Therefore, be sure to include the base address of your web server in
the Full URL specification. For example, if the page you have created is to be accessed from the
PowerWorld website using the name mydoc.htm, specify the full URL path as
http://www.powerworl d.com/mydoc.htm.

Attachments

The Publish to Web Diaog provides a table identifying the other documents that are to be sent
along with the main document. These other documents might include web pages that are linked to
the main document you are uploading, or they might be images. To add an attachment to the
attachments list, click the Add New button and fill out the Define New Attachment form. To
delete an attachment from the list, click on the row of the attachment you wish to delete and click
the delete key on your keyboard. To toggle the data type of an attachment listed in the
Attachments table, double-click on the attachméehff® column. To toggle whether or not a
specific column should be uploaded to the server, double click on the attacHopbodd
column. To use the set of attachments associated with a previously published document, click the
L oad Attachments From File button. This will allow you to select a file identifying the
attachments defined as part of a previous web publishing exercise. Such files are stored
automatically with amet extension whenever you upload a document to the web.

The Server Tab allows you to specify several parameters concerning how your web server is
configured and accessed. The Server Tab hosts the following controls:

User | D, Password

Specify the user ID and corresponding password with which you access your web server’s
documents directory.

Hosthame

Indicate the machine name of your web server. Alternatively, you may specify the server’s IP
address.

Port

Supply the number of the port on which the server will be listening for incoming documents. If
you do not know this information, your best bet is to leave this field blank.

Base URL and Corresponding Directory

The base URL is the base, or root, address of your website. This address corresponds to the root
of the directory structure in which your site’s web documents are stored, which is specified using
the Corresponding Directory field. Be sure to specify the full path of the Corresponding Directory.
The main document’s full URL, the remote host’s base URL, and the remote host’s corresponding
directory are used together to determine where to place the document you are uploading and its
attachments. For example, suppose the new document’s desired URL is
www.powerworld.com/cases/today.htm. Furthermorppese the base URL for my web server is
www.powerworld.com, and that the root directory for storing HTML documents on this server is
/mylweb/directory. Then, you should specify www.powerworld.com as the server’s base URL, and
/my/web/directory as the host’s corresponding directory. As a result, the new document will be
uploaded to the remote host that it will be placed in the remote host's /my/web/directory/cases
directory. In other words, a new document will be created on the remote host called
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/my/web/directory/cases/today.htm. If any part of the remote path does not exist, Simulator will
attempt to createit.

To upload the document to the server, click the Upload button. The text box in the lower right
corner of the dialog will document what transpires during the communication with the remote
server. When the file transfer is complete, alog identifying whether the main document and its
attachments were transferred successfully and, if not, the reason for the failure.

To abort the web publishing activity, click Cancel. To close the dialog box at any time, click
Close.

Defining New Web Attachments

Web attachments are files that you want to send to the web server with the master document you

have composed using Simulator’'s HTML Editor Attachments might be jpeg images or other web
pages to which the master document will link. The Publish to Web document lists your master
document’s attachments in a grid labedthchments. To add a new web attachment to this list,
click theAdd New button. This brings up tHeefine New Attachment Dialog, which requests

the following entries:

Local Path

The local path locates the document or file on your local drive. Ud#r thvese button to search
for the attachment if you would like.

Desired WWW Address

The address by which the attachment will be accessed over the world-wide web. Be sure to
provide a complete URL in this box (including the server’'s base address) so that Simulator can
determine in which directory on the host to place the attachment.

Data Type
Identify the attachment’s data as being either ASCII or binary.

Click OK to add the new attachment, or clickncel to close the dialog without adding the
attachment.
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Chapter 14
Script Files

Script files are used to automatically control the Simulator.

This chapter covers the following:

«  Overview of script files, including how they are created, played and cleared
e Script file format

Script Files

One of the important capabilities of Simulator is the ability to schedule particular events to occur
at specific times during the ssimulation. Thisis accomplished using script files. Asthe name
implies, a script file contains specific actions which take place automatically at specific times
during the simulation. Using script files, just about any action a user can do manually can be set
up to occur automatically. In addition, it is possible to add written text annotations which appear
on the screen at various times throughout a simulation. Thus an entire demonstration of a
simulation case can be set up beforehand and then simply played for an audience. Note that while
ascript fileis playing, the user still has the complete ability to interact with the simulation.

I dentifying Script Files

The script file for acase is denoted with the *.SCP file extension. The script file should always be
in the same directory asthe *.PWB and *.PWD files. Note, however, that a case need not have a
script file.

Playing a Script File

Whenever you load a case into Simulator, the script isloaded from the *.SCP file (if a script file

exists). The script is automatically played when the simulation is started. Y ou can tell that a case

has an associated script in two different ways. First, the expression ‘(using script)’ is appended to
the simulation title. Second, in the Case Summary dialog box the line ‘Case uses a Script’ appears
on the line immediately before the OK button. While a script is playing, you still have complete
ability to interact with the simulation.

You can also manually identify a script file to play by selecBimgulation, Open Script File
from the main menu in Run Mode.

Clearing the Script

At any time you can clear the script by selectigulation, Clear Script from the main menu.
Clearing the script removes all future scripted events for the current case, but does not delete the
* SCP file.

Creating a Script File

The script file itself is an ASCII file and can therefore be modified using any type of text editor
program. See Script File Format (page 238) for more details.
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Script File Format

This section describes the actual format used with the Script Files.

Note, we anticipate changing this format in future releases of Simulator. However, if the format
does change, we will provide easy conversion between the new format and the format described

here.

Script files can be created either manually using atext editor, or automatically using the record
feature of Simulator. Theinput file format for script filesis free format (with rare exception) with
the fields occurring in the following order:

Agent ID:

Time:

Event Class:

Thisinteger field isintended to identify the requesting agent. Simulator
currently ignores the value of thisfield.

Simulation time at which the input event should be executed. The format of this
field is hh:mm:ss where hh is simulation hours, mm is simulation minutes and ss
issimulation seconds. The seconds field can include fractional seconds or it can
be excluded. Events are executed as soon as possible at or after the simulation
has reached the specified time. Therefore to execute an event as soon as
possible specify the time as less than the current simulation time (such as
00:00:00).

The event classisthe general category of the event, being specified as a case
independent character string. Since the fields following the event class are event
class dependent, they are described under the corresponding event class type.
The following event classes are valid:

AREA Used to specify events that affect a particular operating area. The next field isthe area
number (from 1 to 100). Following the area number is the case independent action field.
Valid actions are;

AGC The next integer field specifies the area AGC status: 1 - used to place the areaon
automatic generation control, O - used to take the area off automatic generation
control.

BRANCH Used to specify events that affect a particular transmission line or transformer (i.e., a branch).

The next three fields specify the “from bus” number, the “to bus” number and the circuit

identifier (from 1 to 99). Following the circuit identifier is the case independent action field.

Valid actions are:

CLOSE

IMPEDANCE
OPEN

RATING
SUSCEPTANCE
TAPRATIO

TAPANGLE

Closes the branch’s circuit breakers, energizing the device (providing at
least one of the terminal buses is already energized).

Sets the resistance and reactance of the branch (all values are in per unit).

Opens the branch’s circuit breakers, de-energizing the device.

Sets the first (or only) MVA rating for the branch.

Specifies the total charging susceptance (in per unit).

Specifies a new value for the off-nominal turns ratio. Following IEEE

common format convention, taps are assumed to be at the “from bus.” The

next field specifies the tap position.
Specifies a new value for the phase shift angle (in degrees). Following

IEEE common format convention, taps are assumed to be at the “from bus.
The next field specifies the tap position.
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CAP Used to specify events that affect a capacitor at a particular bus. The next field is the bus
number (from 1 to 99999) to which the capacitor is connected. Following the bus number is
the case independent action field. Valid actions are;

CLOSE Close the device's circuit breaker, energizing the device (provided the bus is
already energized).
MVRBASE Used to specify a new value for the capacitor's nominal Mvar injection

(assuming 1.0 per unit terminal voltage). The next field specifies the new
value of the capacitance (in Mvar).

OPEN Open the device’s circuit breaker de-energizing the device.

GEN Used to specify events that affect a generator at a particular bus. The next field is the bus
number (from 1 to 99999) to which the generator is connected. Immediately following the bus
number the next field is a single character machine identifier (O through 9 or A through Z).
Next is the case independent action field. Valid actions are:

AGC The next integer field specifies the generator’'s automatic generation control
(AGC) status: 1 - used to place the generator on AGC, 0 - used to take the
generator off of AGC.

AVR The next integer field specifies the generator’s automatic voltage regulation
(AVR) status: 1 - used to place the generator on AVR control, O - used to
take the generator off of AVR control.

CLOSE Close the device's circuit breaker, energizing the device (provided the bus is
already energized).

COSTMODEL1 Simulator uses the following cost formula (for generator i)
Ci(Pg) = a + bRy + ¢ (Pg)® + d (Pg)° $/hr

This field specifies the parameterstg ¢, and ¢

MVR Specifies the reactive power output of the generator in Mvar. This value
can only be specified when the generator is off of AVR control, and is
restricted to be between the minimum and maximum reactive power limits

MVRDELTA Change the generator’s reactive power output by the amount specified in the
next field (in Mvar). This action only has an affect when the generator is off
of AVR control.

MVRLIMITS Specifies new minimum and maximum reactive power limits (in Mvar).

MW Specifies the real power output of the generator in MW. This value is
restricted to be between the minimum and maximum real power limits.

MWDELTA Change the generator’s real power output by the amount specified in the
next field (in MW). This action always takes the generator off of Area AGC
control.

MWLIMITS Specifies new minimum and maximum real power limits (in MW).

OPEN Opens the device’s circuit breaker de-energizing the device.

LOAD Used to specify events that affect the load at a particular bus. The next field is the bus number

(from 1 to 99999) to which the load is connected. Following the bus number is the case
independent action field. Valid actions are:

CLOSE Close the device’s circuit breaker, energizing the device (provided the bus is
already energized).
MVR Specifies a new reactive power load. The base reactive power load is then

set equal to this new value divided by the load multiplier for the area.
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MVRBASE Specifies a new base reactive power load. The actual reactive power load is
then equal to the base value times the load multiplier for the area.

MW Specifies anew real power load. The base real power load is then set equal
to this new value divided by the load multiplier for the area.

MWBASE Specifies a new base real power load. The actual reactive power load is
then equal to the base value times the load multiplier for the area.

OPEN Opens the device’s circuit breaker de-energizing the device.

SIMULATION Used to specify events that affect the simulation. Following the event class field is

the case independent action field. Valid actions are:

ANIMATEDFLOWS

ANNOTATE

BEEP
CONTINUE

Specifies whether the flow of real power should be animated on the oneline
display; 1 - show animated flows, 0 - do not show animated flows.

Writes some text at a particular location on the computer’s screen for a
particular amount of time. The next fields are the number of lines of text to
display (always 1 in the current version), the amount of time in simulation
minutes to display the text, the font size of the text, the location on the
screen to display the text (given in percentage of the screen width and
percentage of the screen height, measured from the upper left-hand corner),
and in single quotes the text to display.

Causes the computer’s speaker to beep once.

Continues a paused simulation. The continue command is always
immediately executed (since simulation time does not advance in a paused
simulation).

ENFORCEGENRAMPLIMITS Specifies whether generator ramp MW ramp rate limits should be

ONELINEDETAIL

enforced; 1 - enforce limits, 0 - do not enforce limits.

Specifies the amount of information shown on the oneline display; 0
corresponds to “Minimal”, 1 corresponds to “Moderate”, while 2
corresponds to “Complete.”

PAUSE Pauses the simulation for the specified number of seconds. For an indefinite
pause, specify the number of seconds as a negative number. An indefinite
pause can be continued by selectiuntinue from theSimulation menu.

RESET Resets the simulation to the starting time and restarts the simulation. This
will allow continuous play of a script file.

SPEED Determines the speed of the simulation relative to real-time.

UNEXPECTEDEVENTS Specifies the frequency of unexpected events; 0 corresponds to
“Never”, 1 corresponds to “Occasionally”, while 5 corresponds to “Often.”

VOLTPU Displays the voltages on the oneline in per unit.

VOLTKV Displays the voltages on the oneline using actual kV.

TRANSACTION Used to specify real power transactions between control areas. The next two fields
specify the buying and selling areas respectively. Following is the case independent
action field. Valid actions are:

CANCEL Cancels a transaction between the two areas. In order to uniquely identify

the transaction to cancel, the next fields must specify the original ending
time for the transaction (using the same format as the time field), the MW
amount of the transaction, and the price (in $/MWH). If a transaction with
those parameters does not exist, this command is ignored.
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MWFIRM Sets up afirm transaction between the two areas. The next fields specify the
ending time for the transaction, the MW amount of the transaction, and the
price (in ¥MWH).

MWNONFIRM Sets up a non-firm transaction between the two areas. The next fields
specify the ending time for the transaction, the MW amount of the
transaction, and the price (in $/MWH).

TRANSFORMER The transformer class has the same format and actions as the branch class.
Transformers also have the following additional actions:

AVR The next integer field specifies the LTC transformer’s automatic voltage
regulation (AVR) status: 1 - used to place the transformer on AVR control,
0 - used to take the transformer off AVR control.

AWR The next integer field specifies the phase shifting transformer’s automatic
watt regulation (AWR) control status (so that the MW flow through the
phase shifter is controlled):1 - used to place the transformer on AWR
control, O - used to take the transformer off AWR control.

MWLIMITS Specifies the minimum and maximum limits for the real power flow through
the phase shifter (in MW) at the regulated bus.

PHASESTEP Phase shifter transformer step increment (in degrees).

PHASELIMITS Specifies the minimum and maximum phase shift angles (in degrees).

RATIOSTEP LTC transformer turns ratio step increment.

RATIOLIMITS Specifies the minimum and maximum off-nominal tap ratios for LTC
transformers.

REGBUS Specifies the number of the regulated bus for either an LTC transformer or a

phase shifting transformer. For a phase shifter the regulated bus must be
one of the transformer terminal buses.

VOLTLIMITS Specifies the minimum and maximum voltage limits at the regulated bus for
an LTC transformer.

WINDOW Used to specify events that affect the windows shown on the screen. The next field is the case
independent window name. In PowerWorld Simulator the following are valid window names:
ACE Ace chart
AREA Area Transactions/Information Display
AREAINFO Area Information Dialog
AVGMWHCOST Average Cost per MWH chart
LOADGEN Load and Generation chart
ONELINE Oneline diagram window
SCHEDTRANS Scheduled Transactions chart
SYSFREQ System Frequency chart

Following the window name is the ID field for the window. For all windows, exa&EHA,
ONELINE, andSYSFREQ, the ID is the area number; foNEL INE the ID field should be
the name of the display file (e.g., B2.PWD), AREA andSY SFREQ the ID should be zero
(its value is currently ignored).

The size of the windows and their position on the screen is always specified as a percentage of
the screen size. This permits their use on displays with different resolutions. Following the
ID field is the case independent action field.
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CLOSE
MAXIMIZE
MINIMIZE
MOVE

OPEN

PAN

RESIZE

RESTORE
VIEW

Closes the window.
Maximizes the window so it fills the entire screen.
Reduces the window to an icon.

Moves the window. Specify the percentage |eft and top of the upper left-
hand corner of the window.

Opens a new window. Specify the percentage left and top of the upper left-
hand corner of the window, and the percentage width and height of the
window.

Pans to a new screen location. Specify the x and y coordinates of the new
screen center. Thelast field EndTimeisoptional. If EndTimeis greater
than Time, the screen islinearly panned to the specified location starting at
Time and ending at EndTime. If EndTimeislessthan or equal to Time, or
omitted, the screen isimmediately panned to the new location.

Re-sizes the window. Specify the new percentage width and height of the
window.

Restores awindow to its former size after either amaximize or a minimize.

Pans and zooms to the new oneline “VIEW” location. The next field
specifies the name of the oneline view enclosed in quotes. The optional last
field, EndTime, is the ending time value. If EndTime is greater than Time,
the screen is linearly panned to the specified location starting at Time and
ending at EndTime. If EndTime is less than or equal to Time, or omitted,
the screen is immediately panned to the new location.

For graph/stripchart windows the following additional actions are also valid:

XAXISSCALE

YAXISSCALE

Examples:

Changes the scaling used on the x-axis of graph/stripchart windows. For
graphical windows specify the new minimum x value, maximum x value,

and the number of intervals shown on the x-axis. For strip chart windows
(such as ACE, AVGMWHCOST, LOADGEN, SCHEDTRANS, and
SYSFREQ) specify the number of minutes shown on the x-axis, another
number (which is ignored), and the number of intervals shown on the x-axis.

Changes the scaling used on the y-axis of graph/stripchart windows. Specify
the new minimum y value, maximum y value, and the number of intervals
shown on the y-axis.

WINDOW ACE 2 OPEN 50504030

creates an ACE window showing information for area number 2, where the
upper left-hand corner of the window is in the middle of the screen, with a width
equal to 40% of the screen size and a height equal to 30% of the screen size.

WINDOW ACE 2 YAXISSCALE -20204

changes the scaling of the y-axis for the ACE window showing information for
area number 2, with a new minimum of -20 MW, a maximum of 20 MW, and 4
intervals (-20, -10, 0, 10 and 20 MW).

WRAREA Used to specify events that write information about an operating area to the output file. The
next field is the area number (from 1 to 100). Following the area number is the case
independent action field.

ACE
FLOW
GEN

Writes the area’s ACE in MW.
Writes the net MW and Mvar flow (interchange) out of the area.
Writes the net MW and Mvar generation for the area.
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LOAD Writes the net MW and Mvar load for the area.
LOSSES Writes the net MW and Mvar losses for the area.

WRBRANCH  Used to specify events that write information about a particular transmission line or
transformer (i.e., a branch). The next three fields specify the “near bus” number, the “far bus”
number, and the circuit identifier (from 1 to 99). All flow values are assumed to be at the
“near bus” end of the line. Following the circuit identifier is the case independent action field.
Valid actions are:

AMP Writes the current magnitude in amps at the near bus end of the branch.

IMPEDANCE Writes the per unit resistance and reactance of the branch.

MVR Writes the reactive power flow in Mvar out of the branch at the near bus
end.

MW Writes the real power flow in MW out of the branch at the near bus end.

RATING Writes the first (or only) rating of the line in MVA.

STATUS Writes the status of the line circuit breakers: 1 - breakers are closed, O -
breakers are open.

SUSCEPTANCE Writes the total per unit charging susceptance of the branch.

TAPRATIO Writes the off-nominal turns ratio. FollowinBEE common format

convention, taps are assumed to be at the “from bus.” The next field
specifies the tap position.

TAPANGLE Writes the phase shift angle (specified in degrees). Following IEEE
common format convention, taps are assumed to be at the “from bus.” The
next field specifies the tap position.

WRBUS Used to specify events that write information about a bus to the output file. The next field is
the bus number. Following the bus number is the case independent action field.
STATUS Writes the status for the bus: 1 - bus is energized, O - bus is not energized
(i.e., dead).
VOLTKV Writes the bus voltage magnitude in kV.
VOLTPU Writes the per unit bus voltage magnitude.
VOLTRAD Writes the bus voltage angle (in radians).
WRCAP Used to specify events that write information about a capacitor to the output file. The next
field is the bus number. Following the bus number is the case independent action field.
MVR Writes the actual reactive power output of the capacitor in Mvar.
MVRBASE Writes the base (nominal) Mvar value for the capacitor (i.e., reactive power
output assuming 1.0 per unit terminal voltage).
STATUS Writes the status for the capacitor’s circuit breaker: 1 - breaker is closed, O -

breaker is open.

WRCASE Used to specify events that write information about the entire case.
|IEEE Writes the case power flow data into the specified file (you must give the
complete pathname) using the IEEE common format.
PFLIST Writes a listing of all the power flow into all the buses in the system. The

format of this file is similar to the file used in the PowerWorld System
Power Flow List.
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WRGEN

WRLOAD

ZOOM

PTI

Writes the case power flow data into the specified file (you must give the
complete pathname) using the PTI PSS/E format.

Used to specify events that write information about a bus to the output file. The next field is

the bus number, followed by the single character generator ID. Then comes the case
independent action field.

AGC
AVR
COSTMODEL1

MVR
MVRLIMITS
MW
MWLIMITS
STATUS

Writesthe AGC status.
Writesthe AVR status.
Simulator uses the following cost formula (for generator i)

Gi(Pg) = & + b Py + ¢ (Pg)® + d (Pg)> $ihr

Thisfield writes the parameters g, by, ¢, and d;.

Writes the reactive power output in Mvar.

Writes the minimum and maximum reactive power limits (in Mvar).
Writes the real power output in MW.

Writes the minimum and maximum real power limits (in MW).

Writes the status for the generator’s circuit breaker: 1 - breaker is closed, O -
breaker is open.

Used to specify events that write information about a load to the output file. The next field is

the bus number. Following the bus number is the case independent action field.

MVR
MVRBASE

MW
MWBASE

STATUS

Writes the reactive power load in Mvar.

Writes the base reactive power load in Mvar. The actual reactive power
load is then equal to the base value times the load multiplier for the area.

Writes the real power load in MW.

Writes the base real power load in MW. The actual reactive power load is
then equal to the base value times the load multiplier for the area.

Writes the status for the load’s circuit breaker: 1 - breaker is closed, O -
breaker is open.

Zooms to a new screen location. Specify the new zooming percentage level (nominal value is
100). The optional last field, EndTime, is the ending time value. If EndTime is greater than
Time, the screen is linearly panned to the specified location starting at Time and ending at
EndTime. If EndTime is less than or equal to Time, or omitted, the screen is immediately
panned to the new location.
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Chapter 15
PowerWorld Simulator Project Files

PowerWorld Project Files provide the user an easy way consolidate and manage files from any
application, including PowerWorld binary and display files.

This chapter covers the following:

e Overview of PowerWorld Simulator project files
*  PowerWorld Project initialization script

*  Creating anew project file

*  Opening an existing project

» Associating project files with simulator

Overview of PowerWorld Simulator Project Files

Performing a simulation using PowerWorld Simulator sometimes requires using a number of
different files. In addition to the case file that stores the model of the system, there may be one or
more oneline diagrams depicting various regions of the system. These oneline diagrams might
feature document links that connect to files that were created using other applications, aswell as
oneline links, which open other oneline diagrams when they are clicked. For these linksto
function properly, the documents and oneline displays to which they connect must be available. A
simulation might also employ atemplate file that is used to load in a predefined set of solution,
environment, and display options. Furthermore, the simulation might make use of data stored in
auxiliary data files to supplement the data stored in the casefile. Finally, asimulation might utilize
ascript file to perform some automated sequence of tasks, or even to display a movie of system
conditions. Having to deal with so many files may make it difficult to transfer the case to another
computer, or to share the model with a colleague. PowerWorld Simulator Project files provide a
solution.

PowerWorld Simulator Projects have the extension *.pwp. A project serves as a container for all
the files that might comprise a simulation, including the case file, one or more oneline diagrams, a
script file, one or more auxiliary datafiles, and a case template, aswell as any other support files
you may wish to include. A project is actually a compressed file archive that is compatible with
the widely available PKZip and WinZip file compression utilities. It is strongly recommended,
however, that you work with project files strictly within the PowerWorld Simulator environment,
as Simulator can automatically perform the file compression and extraction functions and process
the contents of the included filesin asingle step. (Note: Simulator performs file compression and
extraction using software components available from and
http://www.geocities.com/SiliconValley/Orchard/8607/ main.html).
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PowerWorld Project Initialization Script

Included in every project fileis an initialization script file called OPENPWB.SCP. Thisisa

special type of PowerWorld script file that is used to unload the contents of the project that are

used in the simulation. This file must begin with the keyword ‘INITIALIZATION’ and terminate
with the keyword ‘END’. Between these two lines, OPENPWB.SCP identifies the name of the
case, any oneline diagrams that should be opened immediately, a template file (if any), a script file
(if any), and one or more auxiliary data files (if any) to open and read into memory after extracting
the files. The file might also contain the keyword ‘AUTOSTART’, indicating that the simulation

of the system described by the project file should commence immediately after it is read into
memory. The OPENPWB.SCP is generated for you automatically when you save a new project
file. Here is an example that loads the case B7FLAT.PWB (in PowerWorld binary format) along
with oneline diagram B7FLAT.PWD, the template B7FLAT.PWT, the script B7FLAT.SCP, and
the auxiliary file B7TFLAT.AUX, and then starts the simulation immediately after all contents are
extracted and read:

INITIALIZATION

CASE PWB B7FLAT.PWB
ONELINE B7FLAT.PWD
TEMPLATE B7FLAT.PWT
SCRIPT B7FLAT.SCP
DATAFILE B7FLAT.AUX
AUTOSTART

END

Again, all projects must contain the file OPENPWB.SCP. If a project does not contain this file, an
error message will be shown. Simulator automatically includes a OPENPWB.SCP file with every
project it creates. Therefore, unless you try to create a project file outside of Simulator, you will
not have to worry about this requirement.

Creating a New Project File

Creating a new project file in Simulator is fairly simple. First, make sure that the case for which
you want to create the project is open in Simulator, as well as any oneline diagrams that you wish
to open automatically whenever the user opens the project. TherFskdeSave As Project

from the main menu. This opens the Create Project Dialog, which you can use to specify the
contents of the project file. When you click OK on the Create Project Dialog, the files you
identified will be compressed into a single file, along with the project initialization script that tells
Simulator how it should import the contents of the project.

Opening an Existing Project

To open an existing PowerWorld Simulator Project file, sétdet Open Project from the main

menu, and select the name of the project you wish to open. Alternatively, you mafiselect

Open Case from the main menu, change tRies of Type setting to ‘PowerWorld Project

(*.pwp)’, and select the project you wish to open. Simulator will extract the contents of the project
file and input the information it needs to display the case, oneline diagrams, and other associated
files.



Chapter 15 : PowerWorld Simulator Project Files 247

Associating Project Files With Simulator

PowerWorld Simulator can automatically open and load the contents of a project if the proper file
associations have been made. When Simulator isinstalled on a computer, it registersthefile
extension *.pwp in the Windows registry. Then, whenever you double-click on anicon for a
project file or download a project file from aweb site, Simulator will start, extract the contents of
the project file, and read them into memory. The power system will then be displayed exactly as
the author of the project file intended it to be displayed.

If the file association is somehow destroyed (i.e. Windows no longer recognizes that *.pwp files
should be associated with and opened by Simulator), you can re-establish the association manually
using the following procedure:

*  Open Windows Explorer.

* Select View, Folder Options from Explorer’'s main menu.

»  Switch to the tab labeled “File Types.”

*  Click the button labeled “New Type.”

* For “Description of Type,” specify ‘PowerWorld Project’.

» For “Associated Extension,” specify ‘PWP’.

« For “ContentType (MIME),” specify ‘application/powerworld_project’.
*  For “Default Extension,” specify *.PWP’.

* Under “Actions,” click the button labeled “New.”

» Specify the “Action” as ‘open’.

« Specify the “Application used to perform action” as the path to the Simulator executable file,
followed by a space and the string “%1” (including the quotation marks). For example, if the
path of the PowerWorld Simulator executable is “c:\program
files\PowerWorld\pwrworld.exe,” then you should specify the following string:

c:\program files\PowerWorld\pwrworld.exe “%1”

* Click OK to close the Action dialog.
* Click OK to complete the definition of the file association.

The *.pwp file type will now be recognized on your system as being associated with PowerWorld
Simulator. Again, you will need to perform this procedure only if the association somehow gets
removed.
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Chapter 16
Tutorials

This chapter contains tutorials on building a new case in Simulator and starting from an existing
case in Simulator. They were originally created for on-line use, although they can be used in text
format as reproduced here.

PowerWorld Simulator: Getting Started

The key to using Simulator isto recognize that it has two distinct modes: the Edit Mode and the
Run Mode. The Edit Mode is used to construct new simulation cases or to modify existing cases,
while the Run Mode is used to perform the actual power system simulation. Y ou can easily switch
between the modes at just about any time using the Edit Mode and Run Mode buttons on the
Program Palette. Each mode hasits own distinct set of menu commands. The entries on these
menus are explained in the following sections.

If you are new to Simulator and seek a quick means of familiarizing yourself with it, you may wish
to start with the tutorial; see Creating a New Case (page 249). Or if you're interested in trial-and-
error learningyoumay justwish to open one of the mple cases and start learning.

Tutorial - Creating a New Case

This procedure describeswdo create a giple paver g/stem model using PaverWorld
Simulator. This procedurevas developed for usgith version 6.0 of the package. yifu have an
earlier version, please contactviRs\World Corporation at info@peerworld.cam for information
on upgrading, or visit the website at http://www.powerworld.com.

To begin, double-click on the RerWorld Smulator icon. This starts Shulator. Siulator is
used to create mecasesmodify existing cases, and (of coursaysiate paver g/stans. In this
example, we will build a nev case fron scratch. To create a case froan existing pwer flow case
instead, please see Creating a Ge@m an Existing Pwer Flow File (page 257).

To create a ng case, select theile, New Case from themain menu, or click tie Open Smulation
Case button on the Fil@alette. The screen backgroundll turn yellow, the default background
color for nev PowverWorld oneline diagra. Oneline diagnas are used in peer /stem anal/sis

to represent the actual three-phasegrog/stam using a single line to represent each three-phase
device. Theyellow background represents the blank pag&bich youwill be drawing a new
oneline diagran.
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Tutorial : Inserting a Bus

The most important component of the power system model isthe bus. Buses are used to represent
junction points in the power system where a number of devices are connected together. In building
apower system model using Simulator, you will draw buses onto the oneline diagram, attach
devices such as generators and loads to the buses, and connect different buses together with
transmission lines and transformers.

Inserting buses on the oneline diagram is very easy:

*  Sdlect Insert, Busfrom the main menu, or select the Bus button on the Insert Palette. This
prepares Simulator to insert anew bus.

«  Left-click on the oneline background at the location where you want to place the new bus.
This invokes the Bus Option Dialog.

» Usethe Bus Option Dialog Box to specify the name, size, orientation, area, zone, and nominal
voltage of the bus, as well as the load and shunt compensation connected to it.

* Click OK on the Bus Option Diaog to finish creating the bus and to close the dialog. After
the dialog box closes, the new bus will appear on the oneline at the location you specified.

For exanple, let's add a bus to thewease. Seleédnsert, Bus from themain menu and click
samewhere in thaniddle of the displp. The Bus Options Dialowill open, invitingyou to enter
information about the busThe Bus Number fieldswill automatically display ‘1’. Simulator
requires that each bus have a uniquabmr. For conveniencee will just accept the default
value. In tle Bus Name field, enter a n@e for the busvith up to eight characters. For this
exanple, ente ONE. Next, check theyatan Slack Bus fieldwhich is located tward the bottom
of the Bus InfomationTab. The Slack Bus is modeling construct that ensures that thevgio
systam has enough generationrt®et the load. In othevords, the slack bus “picks up the slack
caused B systan losses. For ng, we will just leave the reainder of the fieldsvith their default
values. Click on the OK button at the battof the dialog to insert the bus. You shouldvrsze a
single horizontal line in theiddle of the oneline; this igour first bus.

Tutorial: Inserting a Generator

Nextwe are going to attach a generator to the bus. Genenadpise inserted pfollowing a
procedure that is versimilar to the one used for inserting a bus:

* Selectinsert, Generator from themain menu, or click tle Generator button on the Insert
Palette.

e Left-click the bus on the oneline diagrdo which youwant to attach the generatorhis
brings up the Generator Option Dialog.

e Using the Generator Option Dialog, spgdtie nev generator’s unit identifier, displasize,
orientation, MW output andrtiits, reactive paer limits, setpoint voltage, and casbdel.

e Click OK on the Generator Option Dialog to finish creating the generator and to close the
dialog. After the dialog box closes, themgeneratowill appear on the oneline attached to
the bus omwhichyou clicked in step 2.

Follow this procedure to attach a generator to the slack bus, bus 1. When the generator option
dialog box appears,mply accept the default fieldsThe oneline diagra should reseble the one
shown below.
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Tutorial: Saving the Case

To save the work that we have done so far, select File, Save Case from the main menu. Beforethe
caseis saved, Simulator validates the case to make sure that it does not contain any errors. Results
from this validation are displayed in the Message Log display, usually shown in the lower right-
hand corner of the display. If thelog is not visible, simply click the Log button on the Program
Palette. Since we have not yet named the case, the Save As dialog is displayed. Enter the filename
and select OK. By default the case is saved using the PowerWorld Binary format (*.pwb). When
saving the case in the future, you will not have to reenter its name. Simulator also asks you to
supply a name for saving the oneline diagram we have been drawing. The oneline diagram files
have a default extension of *.pwd, which identifies them as PowerWorld Display files. Supply the
same hame as you gave to the case. Note that, because the case and the oneline are stored in
separate files, multiple onelines can be assigned to the same case, and the same oneline can be

used by many cases.

Tutorial: Entering a Second Bus with Load

To enter the second bus, select Insert, Bus from the main menu or click the Bus button on the
Insert Palette. Then click on the oneline diagram somewhere to the right of the first bus. The Bus
Options Dialog will open. Leave the bus number at the default value of 2, and enter the name
TWO for the bus. We also want to model a200 MW, 100 MVR load at the bus. To accomplish
this, switch to Attached Devicestab and, under the Load Summary Information heading, enter 200
in the Base MW field and 100 in the Base Mvar field. Click on the OK button at the bottom of the
dialog to insert the bus.

At this point, the oneline diagram does not show the load at bus 2, even though it is represented in
the power system model (you can confirm this by right-clicking on bus 2, selecting Bus
Information Dialog from the resulting local menu, and inspecting the Load Summary Information
fieldsagain). To draw the load on the oneline diagram, select Insert, L oad from the main menu,
or select the Load button on the Insert Palette. Now left-click the mouse somewhere towards the
right edge of this bus. Y ou should immediately see the Load Options dialog box, whose Constant
Power MW and MVR fields confirm that the load is 200 MW and 100 MVR. In addition to
constant power loads, Simulator also allows the modeling of voltage dependent load.

The Orientation field determines the orientation of the symbol when it is drawn on the oneline.
Check the Up entry to make the load point up. Also, verify that the anchored box is checked. By
anchoring the load to the bus, the load moves anytime you move the bus. Then click on the OK
button to insert the load. A circuit breaker symbol is automatically included with each load.
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Now, try moving bus 2. To do this, click somewhere on the bus (not on the load). Holding down

the left mouse, move the bus (this is known as “dragging”). The load should move as well,
because it is anchored. To reposition the load on the bus, simply click on the load, and then drag it
(holding the left button down) to a new position on the bus.

The oneline diagram should now resemble the one shown below.

LN
—

Tutorial: Inserting a Transmission Line

To connect the two buses together, we will now insert a transmission line between them. The
procedure for inserting a transmission line involves the following steps:

e Selectinsert, Transmission Line from the main menu, or click tAgansmission Line button
on the Insert Palette.

« Left-click at the point where you want the new line to originate. This point is usually located
on one of the proposed line’s terminal buses.

*  Without holding down the mouse button, drag the mouse. You will notice that a line segment
connected to the point of origin will follow your mouse movements. Transmission lines and
transformers are drawn as a series of line segments. To terminate a line segment, simply click
the left mouse button. To begin drawing the next line segment, simply move the mouse again.
Each time you click the mouse to terminate a line segment, a new vertex is defined for the
line. These vertices may later be moved or deleted to reshape the line.

e To terminate the final line segment comprising the line (and thus conclude drawing the line),
double click the left mouse button at the point where the line should terminate. The
termination point is usually the line’s other terminal bus. The Transmission Line/Transformer
Dialog will appear.

« Specify the new line’s parameters using the Transmission Line Dialog an@®Klickhe
new transmission line will appear on the oneline.

We will now insert a transmission line between buses 1 and 2. 8Ssett, Transmission Line

from the main menu, and click at the point on bus 1 at which you would like the line to start. This
begins the process of inserting the line. Move the cursor upwards a short distance and then click
the left mouse button to terminate the first segment. Then move the mouse horizontally until the
cursor is above bus two and click the left mouse button to define the second segment. Finally,
move the cursor down to the location on bus 2 where you would like to attach the line and double-
click. You should immediately see the Transmission Line/Transformer Dialog. The dialog should
already contain & in theFrom Bus Number field and a2 in theTo Bus Number Field. The

Resistance, Reactance, andCapacitance fields are used to enter the per unit parameters associated
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with the line. The Capacitance field contains the total per unit charging capacitance for the line.
Enter a0.02 in the Resistance field, 0.08 in the Reactance field and 0.1 in the Capacitance field.
The MV A Rating field contains the MV A rating for the line; enter a value of 400.

If the dialog did not contain a ‘1’ in the FroBus Number field and/or a ‘2’ in th@o Bus Number
field, you probaby did not have the cursor diregthn the busvhenyou were draving the line.
Simply enter the correct bus mbers.

Finally, click the OK button to insert the tramission line.

By default, the trammission line is anchored to botht@nal buses. Ifou try to move bus 2, the
transnission line shoulanovewith it.

We will now place circuit breakers on the line. (If the line alselads circuit breakers at each end,
then Smulator has been instructed to insert circuit breakersvaitcally. You can configure this
option fran the Default Draving Options Dialog). Circuit breakers are used to control the status
of the line. Click smewhere on the line near bus Then seletlnsert, Circuit Breaker. You
should mmediate) see the Circuit Breaker Options dialijh the Fran Bus andTo Bus fields
correcty setto ‘1’ and ‘2'. If thg are ‘'0’, enter the correct value. Set the Size field toyau(can
either enter a 1, or use the spin asan change the value). Click the OK button to insert the
circuit breaker. In Snulator, the location of the circuit breaker doesmatter, because changing
the status of the circuit breaker changes the status of the entire linevétpsincenost
transmission lines have circuit breakers at each amdyill also place a circuit breaker near bus 2.
To accanplish this, just repeat the above process near bus 2.

Saveyour case. Your oneline should nolook similar to the one bele.

ot 1

Tutorial: Solving the Case

We are ahost reagt to run our FIRSTcase. Hwever, béorewe do thatwe are going to enter a
few informational fields directt on the oneline so thate can seahat is going on in theystem

more easy. First,wewill add a title to the diagra. SeletlInsert, Text from themain menu to

bring up theText Object Dialog. Type the stringFirst Case” and cliclkoK. To make the text

look more like a titlewe will do same quick fomatting. SelecFormat, Font to change the font.
This displys the FonfTab of the Famat Selection Dialog. Make the font size 26, and change the
font color blue. To change the text background color, sefertmat, Line/Fill, which sunmons

the Line/Fill OptionsTab of the Famat Selection Dialog. CheckehJse Background Fill box to

give the text avhite background, and then cli€¥. Finally, if youwould like tomove the text,
simply left click on it and drag it to the mnelocation.

Next, we will add several fields that displdous-related quantitiesTo add fields to the dispjeof
a particular bus, foll this procedure:
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* Right-click on the bus to bring up the bus’ loo@&nu.

*  SelectAdd New Fields Around Bus from the localmenu. This opens the Insert Bus Fields
Dialog.

* Use the Insert Bus Fields Dialog to designatditids to add. Youmay add up to §ields
per kus.

* Click OK. The specified bus fieldsill be added to the oneline diagna

For this exaiple, we will add a Nane, Bus Voltage Magnitudéctual Gen MW, and\ctual Gen
MVR fields to bus 1, and Mae, Bus Voltagel.oad MW, and_oad MVRfields to Bus 2. We can
accanplish this in four steps. First, right click on bus 1 and selecAdd New Fields Around Bus
option,which brings up the Insert Fields dialog. Because Bus 1 is horizontal, the possible
positions for the fieldsve will be adding are shan in the diagren located in the top right half of

the dialog. Waewill insert the Nane field for bus 1 in position 1 and the voltage field in position 5.
Use the conbo boxes to spegifassign tb Name field to position 1 and th¥oltage field to

position 5, and prex3K. The nane and voltage fields are to the oneline diageaound bus 1 in

the positionsve specified. Repeat thisrsa process for bus 2. If necessaiou may move each

of the four nevly added fieldsnanualy with themouse. Next add th&ctual Gen MW and\ctual
Gen MVR fields to the generator at bus 1. Right-click on the generator and sehsdd New

Fields Around Gen option to bring up the Insert Fields dialog. Since the generator is oriented
down, the possible positions for thewnéeldswe are adding are siva in the righinost

illustration on the top h&bf the dialog. Use the dropda boxes to assigActual MW to position

1 andActual MVR to position 2. Finafl let us add the MW and MVR fields for the load at bus 2.
Right-click on the load and selecethdd New Fields Around Load option to invoke the Insert
Fields dialog. Since the bus is orientedvapd, the relevant position diagnas the second one
from the Idt. Use the dropden boxes to assign MW to position 5 and Mvar to position 6.

Nextwe will insert fields shaving the paver flow on the transission line. Right click on the line
betwveen buses 1 and 2 and selectAtld New Fields Around Line option to bring up the Insert
Fields Dialog. Use the dropdo boxes to assign MW Rloto position 3 and Mvar Fleto
position 4, and MW Flw to position 9 and Mvar FHeto position 10. Clik OK to add thdields
to the oneline. Yomay need tanove the nely inserted fieldsvith themouse to inprove their
appearanceAt this point,your first oneline diagma should reseble the one shan belaw.
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Tutorial: Adding a New Area

Next, we will create a second operating areafor the case. Large interconnected systems usually

have a number of control areas, with each control arearesponsible for the operation of a particular

part of the system. Often, asingle control area corresponds to a single owner (such as an investor-
owned utility), but it is not unusual for asingle control area to have more than one owner. Control
areas are connected to neighboring areas through tie lines. A tielineisatransmission line that has

one end in one control area and the other end in another. The total amount of power flowing out of

a control area is the algebraiavsof the paver flowing out on all the area’s tie lines. Each control
area is responsible for procuring enouglveotomeet its ovn load plus lossesThe control area
can get this pwoer either ly generating it itself, orybuying it from another areaThis ability to

buy and sell pwer (i.e., paver transactions) is one of the principal advantages of interconnected
operation.

To create another control area, go back to editingibking the Edit Mode buttonThen add a
third bus located belo buses one anavb. Set the bus miber to'3’ and the bus mae to

‘THREE. Set the Base MWeld to 200 and the Base Mvaeld to 100. Havever, in theArea
Number field enter ‘2’; in theArea Nane field enter TWQO'. Entering a nmber for an area that
does not alreadexist autonatically creates a mearea. Next, enter a generator and a load at bus
three. Then enter a trangission line beteen buses 1 and 3 and anothewben buses 2 and 3.
For each line enter a 0.02 in the Resistance field, 0.08 in the Reactance field, 0.1 in the
Capacitancéield, and 400 in the MX Ratingfield.

To verify that the case mohas wo areas, selé€ase Information, Case Summary. The Case
Information displgs allow you to viev the entire case using non-graphical digplal he Case
Sunmary dialog shavs the ninber of buses, generators, lines/transins, and control areas in
the case. You cannotodify ary of these values. Nowe will make sure that both of the control
areas are initiayl set as being on autatic generation controAGC). AGC insures that the
generation in the area is equal to the load plus losses plus and scheduled transactiorizasSelect
Information, Areas. TheArea displg provides a convenient sunary of all the control areas in
the case. $iilar displays exist for buses, generators, lines/tramaéos, etc. Right-click
arywhere on the record for the first area and selec8the Dialog option. The Area Display
Dialog is shavn. Change thérea Nane to ‘ONE’ and set thAGC Status to ED Control. Select
SAVE to save this infonation. Next click on the up amonext to the right of thArea Nunber
field. This displas theArea Record dialog for the next area. SetAfC Status to ED Control,
and select OK to sawmur changes and close the dialog. Closeittea Records dispjaaswell.

Next, we will insert line flow pie charts on each transsion line. The line flov pie charts are
used to shw the percentage MX loading of a line or transforer graphicalf. Selectnsert,
Line Flow Pie Chart from themain menu, or click tle Line Flow Pie Chart button on the Insert
Palette. Click near thmiddle of the line fron 1 to 2. The Line/Transformer Flow Pie Chart will
appearwith the Fran, To, and Circuit fields set autatically to identify the line fran bus 1 to
bus 2. Clik OK and observe that a pie chart is added to the diagrethe line beteen buses 1
and 2. Repeat this procdss lines 13 and 23. Then insert text, bus, and lifields, andinally
solve the case using the Run Mode. Your case should lmikrsio the case sk below.
While the sinulation is running, click on the circuit breakers and note theyngetantaneous
change ingstem flows.
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FI RST Case

ONE 1.00 PU

204.3 MW

27.0 MVR 0.94 PU

-68.7 MW

70.5 MW
THREE
1.00 PU
200.0 MW
100.0 MVR 202.7 MW
172.3 MVR

Tutorial: Case Customization

Simulator allows you to customize your case in a number of different ways. We will touch on just
two of these optionsin this section.

For example, suppose we want to prescribe how the load should vary over the course of the
simulation. To accomplish this, first switch back to Edit Mode, and then select Case Information,
Others, Load Variation Schedules from the main menu. The Load Variation Schedule Dialog
will appear. Usethe Load Variation Schedule Dialog to define how load should vary over time.
These prescriptions are stored as records which may then be associated with a particular area or
areas to govern how the load changes in those areas during the simulation. At thistime, no load
schedules exist, and you will thus have to define one. Designate the Schedule Type as Daily.

Then, edit the table that lists time points and corresponding |oad scales such that the load scaleis
1.000 at hour 0, 0.8 at 06:00, 1.3 at 12:00, 2.0 at 18:00, and back down to 1.000 at hour 24:00.
This load schedulmight approxinate a control area’ypical sunmer load variationwith peak
load occurring in the late afternooihen click tlke Save Record As button to save the schedule
with name ArealDaily. Then, to associatedl\realDaily load schedulaith Area 1, choos€ase
Information, Areas from themain menu. Righiclick on the record corresponding to area 1 and
select theshow Dialog option. In the resultmArea Information Dialog, designate the load
schedule agrealDaily. Then,whenyou restart the siulation,you will find that load in area 1
will vary according to thérealDaily load scheduleThe sane load schedule can be applied to
the other area in the case,you may define a ne/ load schedule.

As another exaple of custonization,we will explore hav to change the amiation of paver

flows. Select thénimated Flows Options Tab of theOneline Display Options Dialog by

selectirg Options/T ools, Oneline Display from themain menu. Check th&ow Animated Flows

box and theJse Fill Color box. Then select the Change Fill Color button. Select a greenish color.
Then choos®XK to close the Color dialog ar@K again to close the Oneline Displ@ptions

Dialog. Save the case and again start tmelation in the Run Mode. You should see thevgo

flowing down the line. Notice that the load in area 1 is changing and that the generation changes
aswell to maintain the balance heten suppt and denand.
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Tutorial - Starting with an Existing Case

This procedure describes how to create a power system model from an existing power flow file
using PowerWorld Simulator. This procedure was developed for use with version 6.0 of the
package. If you have an earlier version, please contact PowerWorld Corporation at
info@powerworld.com for information on upgrading, or visit the website at
http://www.powerworld.com.

This tutorial assumes that you have at least some familiarity with PowerWorld Simulator. 1f you
need a more general introduction, please see Creating a New Case tutorial (page 249).

PowerWorld cases can easily be created from existing power flow cases stored in PTI version 24,
PTI version 23, and |EEE common format. Simulator provides a static model of a power system.
For some studies this model is sufficient. For other studies the model can be augmented by
adjusting generator cost information, the reactive capability curve, the time variation of the load,
and the PowerWorld case options.

To begin, double-click on the PowerWorld Simulator icon. This starts Simulator. In this example
we will be building a case from an existing power flow file.

Tutorial: Loading an Existing Power Flow File

Once Simulator has been started, set Simulator to Edit Mode by clicking on the Edit M ode button
on the Program Palette. Select the File, Open Case from the main menu, or select the Open Case
button on the File Palette. An Open dialog box will appear on the screen. To select a power flow
file, click on the Type of Filefield in the lower left hand corner of the dialog box. A list of file
formats will appear. Choose the appropriate format, and the available files of the type selected
will appear in the box above Type of File. Choose the desired file from the list of available files
and select OK. In thisexample, we will be building a oneline for the 3990 bus MAIN 1998
summer case saved in PTI version 23 format as mdb98s.raw. When prompted to create a oneline,
select yes’. Your displgy should mmediatey turnyellow. This shavs the blank background
uponwhichyouwill be draving the oneline diagr for your case. Onelines are used invpo
systan anaysis to represent the actual three-phasegp@/stan using a single line to represent
each three phase devic€he infomation fran the paver flow file is nowv accessible to Siulator.

Tutorial: Case Information Displays

Simulator presentmary different Case Infanation Displas to provide a text-based wef the
case. For exaple, to viev or modify the description of the case, sel€etse | nformation, Case
Description from themain menu. The Case Description Dialog should appear, shing the text
description of the pmer flow case. In PeerWorld, this text descriptiomay be arbitrariy long.

You can also obtain a casamsualy by selectingCase | nformation, Case Summary from the
main menu. The summary dialogwill appear. It provides a sumary of the case and of the total
case load and generation. None of the fields in this dialog can be changey,aas theended for
informational purposes oyl

The Disply Filters information displg is anothermportant article.The Disply Filters feature
restricts the contents of other case infation displgs to certain areas or zon€eEBhis is
particularly useful for large cases. Open the DigHdters displg by selectig Case
Information, Display Filtersfrom themain menu, or use #Display Filters button on the
Options/InfoPalette. Aswith all Case Infomation Displgs, you can click on a cotan heading to
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sort the list on a particular field; click on that same column heading again to reverse the sort order.
To change a particular area’s digpfiter status, shply left-click on the area’s dispfdilter status
field. To change the filter status for all areas in the case, right-click on theydisfieng up its
local menu (all case infonation displgs have a locahenu), and select eith&oggle All Yes or
Toggle All No. For our exaple, set all areas to ‘no’ except WUMS.

Another mportant text-based displas the Paver Flow List. The paver flow list shaws the
complete paver flow information for all areasvhose displg filter is set to yes’. To display the
power flow list, selet Case I nformation, Power Flow List. The paverflow list has other
options that can be accessatright-clicking arywhere on the list. Ifouwish to viev more
details about a particular devigau can do soyholding davn theCtrl key and left-clicking on
the device.To move through the list of busegmu can use the amokeys or the scroll bar. §ou
are viaving a particular bus angbu wish to viev a bus connected to it, double-click on the line
connecting thewto buses to vie the flovs at the other bus. Note thatsoof the trangission
lines have a circuit identifier of ‘99’. Whenever a ‘99’ is used for an identifier, it ysuathns
that the tranmission line is an equivalent line.

A shorter versionfathe paver flow list can dten bemore uséul. Such a displais dfered ly the
Quick Paver Flow List. The Quick Parer Flaw List is similar to the paver flow list except that it
shows flows at individual buses or a set of buses, regardless of giidfda settings. You can
view flows at ay bus in the caseTo display the quick paver flow list, selet Case Infor mation,
Quick Power Flow List from themain menu, or press th@uick Power Flow List button on the
Options/Info Palette. Idengifthe buses of interest IndBus Number field by entering the
number d either a single bus, a sdtlmses separate¢ bommas, or a rangefduses spefied
using a lgphen. Againyou can doublkelick to move to a desired bus, or cho&®w Object
Dialog from the displg’s localmenu to see the inforation dialog for ap object.

Tutorial: Solving the Case

To solve the paer flow casewe have been using in this emale, press the Single Solution button
on the Progna Palette. Youmay wish to shav the Message Log befoyeu solve the case so as to
monitor the solution process. Whgou choose to perfara Single Solution, the application
autamatically switches to Run Mode if it is not alrepthere. The gstem has initialmismatches
because of voltage truncation in theyeo flow file. The case should converge quickberhaps in

2 or 3 iterations. After the single solution has been pegfdr Smulator nav has the solved

power flow in memory, andyou are reaglto build the oneline.

It is not necessarthat the pwer flow case be solved befoyeu create the oneline. KHever,we
recanmend thatyou solve the existing case firstrmke sure that it is valid.

Tutorial: Building Onelines

PowverWorld Smulatormakes the pwer g/stam case easier to ayak ty presenting results
visually using a oneline diagna You do not need to represent gvius in the pwer flow model
on the oneline, for a oneline diagraeed be created gnior the desired portion of ystem
under stugl. Simulator can autmatically link the constructed oneline diagndo the existing
power gystan model. The following sections of this tutorialill discuss placing various visual
components onto a oneline diagra In all of the follaving sections the actions describeitl
relate to the aforeentioned MAIN example.
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Tutorial: Entering a Bus

The most important component of the power system model isthe bus. Buses are used to represent
junction points in the power system where a number of devices connect together. To build a
oneline diagram, you draw the buses, attach devices such as generators and loads to the buses, and
connect the buses together with transmission lines and transformers.

To begin entering devices onto the blank oneline, you must first switch to Edit Mode. If you are
not already in Edit Mode, switch back to Edit Mode now. Show the Quick Power Flow List and
move it towards the bottom of the screen. Show bus 39820 by typing that number in the Bus
Number field. Select Insert, Busfrom the main menu, or click the Bus button the Insert Palette.
Click on the oneline towards the top center to define the point at which the new bus will be added.
The Bus Information Dialog will appear. In the Bus Number field enter 39820. Select Find by
Number to view the bus information. Y ou should see the information appear in the Bus dialog
fields that corresponds with the MAIN power flow case. Select OK to place the bus. The bus
should now appear on your screen.

If it has not alreaglbeen done foyou autanatically, add a bus field identiing the nev bus’
number mmediatey to the left of the n& bus. To do this, click on or to the left of the display
object that represents bus 39820 and séfeett, Field, Bus from themain menu. Alternativel,
click theBus Field button on the Insert Palettdhe Bus Field Options Dialogill appear foryou
to fill out. Designate theype of field & Bus Number and close the dialog. rBulatorwill add a
text ohect shaving the bus nmber at the poinivhereyou had clicked.

Repeat this procedure to place buses 39881 and 39821 on the onelingithldngir bus
numbers.

Tutorial: Automatic Line Insertion

Transnission lines bateen buses can be insertadnualy by choosing nsert, Transmission

Line from themain menu or pressing thEransmission Line button on the InseRalette, clicking

on the beginning bus, and tracing a line to the ending bus. Varigdse defined along theay

by clicking themouse on the diagnawhere vertices should appear. viverwhen creating a

case fron an existing pwer flow file, you also have the option to insert tnaassion line display
objects autmatically. To do this, selgd nsert, Auto Insert, Lines from themain menu in Edit
Mode. Accept the default options and click OKhe lines joining the visible buses on the display
are autmatically added, alongyith circuit breakers and pie charts, provided those options are set.
Simulatorwill draw only transnission lines that link buses that have alsebden drevn on the
oneline diagren. If you add another bus to the diagrgou can again auto-insert lines, and
Simulatorwill only insert lines that are not alrgadresent on the displa

Tutorial: Panning and Zooming

Two features of Siulator are indispensablghenyou have a large, detailed oneline: panning and
zoaming. To panfrom side to side or up and wo, either use the anokeys or the scrollbars on
the sides of the onelinélo zoan in or out of the oneline, holdélCtrl key down and press the up
arrow to zoam in and the dan arrov to zoam out. Alternativel, use the Pan/Zoo Palette. For

the exanple, pan up and insert buses 39819 and 39841, agdibus analogs skang their

numbers. Again usénsert, Auto Insert, Linesto add the tramsission lines.
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Tutorial: Adding Background

Sometimes you may wish to insert background elements on a oneline such as bodies of water or
state lines to convey geographic location. To show static background elements on the oneline,
select Insert, Background Graphic, Background Line, or click the Background Line button on
the Insert Palette. Click on the diagram to start the background line and to add segments. Double
click to terminate the background line. 1f you wish to fill in the areainside the background line or
change the background line’s color, select the background line and ¢taosat, Line/Fill from
themain menu andmake the appropriate choices in the resulting dialog. rfauwish to
experiment nav with drawing background lines or pects andvith adding fill color.

Tutorial: Simulating the Case

Onceyou have constructed a oneline diagrshaving the area of interestou can ghnulate the
case. Snhulator cannot oyl shav themagnitude and direction of fles on tranmiission lines, but
it can alscanimate them. To configure the amated flovs, switch to Edit Mode and choose
Optiong/Toals, Oneline Display from themain menu. Select #hAnimated Flows Tab of the
resulting dialog box. Check tt8how Animated Flows check box to enable the awited flovs at
run time. This dialog box also alles you to change the size, degsind fill color of the amhated
flows for easier visualizationAt this point,just clidk OK. Next, saveiour case ¥ selecting-ile,
Save from themain menu or ly pressing th&ave button on the Fil®alette. Ifyou have not
alreaqy saved the case,Save As dialogwill prompt you to select a mae. Both the oneline
diagran and the caswill use this nane.

To perfom the simulation, svitch to Run Mode and seleSimulation, Play or Simulation,
Restart from themainmenu. You should ne see Shulatormodeling the 3994us case.

Tutorial: Run-time Object Dialogs

While the sinulation ensuesjou might want to viev or change soe stug paraneters. To do
this, first pause themulation so thayou will not lose ary simulation time while you are viaving
or adusting the pamaeters. (Note thatou do nothave to pause the siulation to tveak
paraneters. You can qdst arything in the cas#hile the sinulation runs, too.)Then, right-click
on ary of the olpects on the dispja Thiswill bring up the run-tine dialog for the ofect. Many
of the paraneters on this dialog can beodified, and the ne settingswill take effectwhen the
simulation is restarted.

Tutorial: Oneline Local Menu

Several options are available at rundifrom the oneline diagra’s localmenu. To call up the
menu, right-click on anrapty portion of the oneline to dispta The localmenuwill appear. Use it
to print the oneline, save it asretdile, or copy it to the clipboard. You can al$md a particular
bus on the oneline, access panning andnaap options, set oneline displaptions, view
information about the pmer s/stem area inwhichyou clicked, create a contour plot, and use the
difference flavs activity, all from the oneline locaienu.



Chapter 16 : Tutorials 261

Tutorial: Area

Often, system data is most conveniently displayed by area. To view the Area Records Display,
select Case Information, Areas from the main menu. The resulting display summarizes
information about al the areas in the case. Y ou can sort the entries by clicking on the column
labels. Ifyouwish to view the limit violations for a particular aregpu can set the aresReport
Limitsfield to Yes to enable reporting of thenit violations for the area.

Tutorial: Limit Violations

Onceyou have defined the areas f@hich to report Iinit violations,you can viev a report of linit
violations ty selectingCase I nfor mation, Limit Violations from themain menu. A display
shawing bus voltage violations, line/transfoer violations and interface violatiomsll appear.
The displged violationswill correspond onyf to areasvhoseReport Limitsfield is set toYeson
the Area Records dispja

In the Bus Voltage Violations report, the entries are soygueb-unit voltage Y default. Ifyou
wish to seemore infomation on a bus that appears in the violation list, right-click on the bus
number and select Quick Rer Flov List from the resulting locamenu. If the case infaration
display is set to refresh autmtically, the list of bus voltage violationsll update as new
violations occur.

In theLine/Transfomer Violations report, the entries are sortgcpbrcentage overload, by
default. Most of the options thatre availablevith the Bus Voltage Violations report area
availablewith the LinefTransfomer Violations report, tooAll line and transfamer limits are
entered in MMA. However, ifyouwish to viev the limits in equivalent mps, select the option to
treat the transission lines linits as equivalentraps fran the top of the dispia

Interface records are usedrtmnitor flow on a group blines or tranformers. Intefaces are fioen
used as proxies for otherwer s/stem limits, such as transient stabjlior voltage stabilit limits.
Interfaces are not defined imost other pwer flow data fomats, but Shulator provides an easy
way to add then to the caseTo define an Interface Record, sel€etse | nfor mation, I nterfaces
from themain menu to viev the M onitored I nterface display. Right-click on the displaand
selectl nsert from the localmenu. This displas the M onitored Interface Dialog, which is used
both to displg information about existing interfaces and to define mgerfaces. For the KIN
example, we will set up an interface skhdng the flav on wo parallel transfaners. Nane the
interface FCHXFS and set itgriit as 80MW. Change &+rom Bus Number field to 39821 and
theTo Bus Number field to 39831. Set thib field to 1. Click orNew Element to add a new
element to the interfaceThe interface elment should ne be shavn in the I nterface Elements
Description field. Repeat this procedure to add the other trameigrexcept changeehD field
to 2. The dialogwill now consist of thevto transfomers. SeleOK to add the Intéace and
close the dialog.

Tutorial: Other Case Information Displays

In addition to the fev displays discussed in this tutorial,rBulator offersmary other case
information displgs. Inmost casesyou can viev information about buses, generators, lines,
transfomers, loads, and zonesrgily by right-clicking on the object in question and choosing the
appropriate option fim the olject’s localmenu. The bestvay to becane more familiar with the
displays and the infanation contained in the is simply to play with a Smulator case and oneline.
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Simulator’s interface has been designed to be simple and intuitive. If you run into problems, the
On-line Help should prove helpful.
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Pause, 118
Phase Shifters, 104
Pictures, 65
Pie Charts
Interfaces, 64, 179
Transmission Lines/Transformers, 61
Pout, 143, 144
Power Flow
Algorithms, 119
Described, 119
Fast Decoupled, 119
Jacobian, 44
Maximum Number of Iterations, 112
Newton Raphson, 119
Power Flow List, 143
Power Transfer Distribution Factors (PTDFs), 132
PTDF Calculation Dialog, 132
PowerWorld Corporation, 21
PowerWorld Project File
Associating with Simulator, 247
Creating, 246
Initialization, 246
Opening, 246
Overview, 245
Present Case, 201
Print Options Dialog, 27
Printer Setup, 40
Printing
Oneline Diagrams, 24, 27
Options Dialog, 27
Printer Setup, 40
Strip Charts, 27
Project File
Associating with Simulator, 247
Creating, 246
Initialization, 246
Opening, 246

Overview, 245
PTDF, 132

Contouring, 127

PTDF Calculation Dialog, 132
PTDF Calculation Dialog, 132
PTI Raw Data Files, 37
Publish to Web Dialog, 233
Publishing to web, 21, 231
Put an 'X' Through Off-line Units, 30
PWB Files, 37

_Q_
Quick Power Flow List, 144
Bus View Display, 138

—R—
Ranges of Numbers, 143
Reactive Capability Curves, 92
Auxiliary Files, 40
Reactive Power Control
Transformers, 103
Recently Opened Cases, 36
Rectangle Selector, 71
Rectifier, 153
Reference Case
For Contingency Analysis, 227
Relationship Between Display Objects and Power
System Model, 33
Remotely Regulated Bus Records, 165
Renumbering Buses, 53, 192
Reports
Area Reports, 145
Contingency Analysis, 220
Criteria Dialog, 145
Zone Reports, 145
Resizing Display Objects, 48
Resource Error, 143
Run Mode
Introduction, 20

—S—
Save View Dialog, 25
Saving
Auxiliary Files, 40
Cases, 38
Onelines, 38
Window in File, 24
Scaling, 137, 198
Scheduled Transactions, 122
Modeling, 121
Setting Up, 163
Schedules
Auxiliary Files, 40
Disabling, 159
Load Variation, 40, 41, 159, 160
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SCP Files, 237
Screen Coordinates, 24
Script Files, 237
Clearing, 237
Format, 238
Playing, 237
Select By Criteria, 71
Selecting Objects, 48
All Objectsin Region, 71
By Criteria, 71
By Object Type, 71
Number, 75
Send to Back, 72
Sensitivities
Flows and Voltages, 130
Losses, 130
SHD Files, 40
Shunts
Control Modes, 213
Information Dialog, 212
Inserting and Placing Multiple Fields, 77
Representation on Onelines, 56
Voltage Regulation, 213
Simulating a Case
Tutorial, 260
Simulation
Continuing, 118
Control, 118
Options, 111
Pausing, 118
Starting/Restarting, 118
Simulator
Getting Started, 17, 249
Introduction, 15
Overview, 15
Single Solution, 118
Slack Bus(es)
Changing its Angle, 203
Listed, 141
Listed by Island, 173
Snap-to-Grid, 75
Solution Method, 112
Solution/Environment Options, 111
Solving a Case
Tutorial, 258
Solving the Power Flow, 119
Mismatches, 173
Sorting
Area Records, 150
Bus Records, 152
Case Information Displays, 149
DC Line Records, 153
Flowgates/Interfaces, 156
Generator Cost Records, 155

Generator Records, 154
Line/Transformer Records, 157
Load Records, 158
Mismatches, 173
Multi-Section Line Records, 161
MW Transaction Records, 162
Remotely Regulated Bus Records, 165
Super Area Records, 170
Switched Shunt Records, 166
Transformer Records, 167
Zone Records, 172

Speeding Up Animation, 120

Spinning Reserve, 214

Stack Level, 74

Start Time, 116

Start/Restart, 118

Strip Chart Displays
Area Average Cost, 126
AreaLoad and Generation, 125
Arealosses, 126
Area MW Transactions, 126
Default Area Number, 116
Exporting as Jpegs, 40, 231

Stubs, 189

Study System, 122

Summary, 141

Super Area
Information Dialog, 171
Inserting Fields, 52
Records, 170
Sorting, 170

Switched Shunt Records, 166

Switched Shunts
Blocks, 214
Case Information Display, 166
Control Modes, 167, 213

Disabling Automatic Control for Entire Case, 113

Edit Mode Dialog, 106
Information Dialog, 212
Representation on Onelines, 56
Voltage Regulation, 213
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Technical Support, 21

Templates, 116
Case Templates, 39
Oneline Templates, 39
Overview, 39

Text Displays
Power Flow List, 143
Quick Power Flow List, 144

Text on Onelines, 64

Tie Lines, 81

Time
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Current, 116 Reporting Limit Violations, 175
Speed up, 116 Representation on Onelines, 57
Tolerance Stubs, 189
Convergence of Power Flow, 112 Tutorial
Toolbar, 17, 29 Adding a Background, 260
Transaction Records, 162 Adding a New Bus, 250
Transactions Adding a New Generator, 250
Base/Scheduled Interchange Defined, 121 Adding aNew Load, 251
Chart, 126 Adding aNew Transmission Line, 252
Chart, 126 Adding an Existing Busto a Oneline, 259
Distribution Factor Calculation, 132 Adding New Area Objects, 255
Information Dialog, 163 Adding New Text Fields, 253
Modeling of, 121 Area Records, 261
MW Blocks, 117 Automatically Inserting Lines, 259
Ramp Time, 117 Building Onelines
Records, 162 Introduction, 258
Sett|.ng Scheduled Transactions, 163 Case Information Displays, 257
sorting, 162 Creating a New Case, 249
Wheeling, 165 ’

Creating a Oneline for an Existing Model, 257
Customizing the Case, 256

Information Dialogs, 260

Limit Violations, 261

Loading an Existing Power Flow Model, 257
Oneline Local Menu, 260

Other Case Information Displays, 261
Panning and Zooming, 259

Saving a Casg, 251

Simulating a Case, 260

Solving the Case, 258

Transfer Distribution Factors, 132
Transformer Fields
Edit Mode Dialog, 105
Information Dialog, 169
Representation on Onelines, 60
Transformer Impedance Correction Tables
Case Information Display, 103
Modifying, 211
Using with a Phase Shifting Transformer, 104
Using with an LTC Transformer, 210
Transformer Records, 167
Transformers
Adding an Impedance Correction Table, 210
Automatic Control, 168
AVR Information Dialog, 210
Case Information Display, 167
Control of Voltage, Mvar and MW, 101
Disabling LTC Control for Entire Case, 113
Disabling Phase Shifter Control for Entire Case, 113

—U—
Unexpected Events, 117
Unlinked Display Objects, 197
Unserved Energy

Cost, 117
URL Links on Onelines, 67

- . —V—
Fieldson Onellneﬁ' 58, 60 Var Limits, 92
Impedance Correction, 103 Version 6.0 New Features, 16
Impedance Correction Table Dialog, 211 Vi 25‘ '
Information Dialog, 143, 209 V!e}’vf:
LTC Control, 113 loatons
Modeling, 101 Contingencies, 224

’ . Identification Options for Contingency Analysis, 218
Mvar Control Dialog, 103 Interf 177
Phase Shifter Information Dialog, 104 rrenaces,
Listing, 174
Records, 167 Reporting for an area, 80
Reporting Limit Violations, 175 P 9 '
Voltage

Representation on Onelines, 59

Sorting, 167

Symbol, 114

Types of Control, 101
Transmission Lines

Fields on Onelines, 58

Information Dialog, 143, 209

Contouring, 127
Violations, 174

—W—
Web Publishing
Adding Attachments, 235
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Define New Attachment Dialog, 235
HTML Editor, 231
HTML Link Properties, 233
Overview, 229
Publish to Web Dialog, 233
Saving Case Info DisplaysasHTML, 229
Saving Images as Jpegs, 40, 231
Sending documents to your web server, 233
Table Format, 230
What is New in Version 6.0, 16
Wheeling
Wheeling Areas Dialog, 165
Wheeling Charge, 81

Window
Cascade, 29
Refresh Displays, 29
Show Full, 29
Tile, 29
Toolbars, 29
World-wide web pages, 21, 67
—Y—
Ybus, 44

—7—
Zone Fields, 51
Zone Records, 172
Zones
Area/Zone Display Options, 50
Case Information Display, 172
Changing, 107
Display Filters, 150
Fields on Onelines, 51
Finding on the Onelines, 75
Information Dialog, 107, 214
Load Schedules, 172
Load Variation Records, 159
Marginal Losses for a Transaction, 132
Records, 172
Representation on onelines, 49
Representing on Onelines, 50
Sorting, 172
Zoom Levels, 73
Conditional Display, 28, 72
Zoom/Pan/Find Dialog, 75
Zooming and Panning, 26
Options, 75
Tutorial, 259






