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Foreword

The evolution of the power system simulator is born from many forces. Some are
driven by the need to solve a problem while others have come directly from sci-
entific research. Over the last decade, the manipulation of increasingly complex
systems has been the driving force behind the graphical interface and its working
environment. Every year there is an increasing demand for more flexibility and
speed, taxing the software in every direction.

| once read a quote, “To do the difficult task easily, you must do the simple tasks
perfectly.” Nowhere has this been more applicable as in the latest rendition of
PSCAD. The fundamentals have been revisited once again to ensure that they
perform precisely and consistently every time. Built on the strong foundation left
by the original creators of EMTDC some twenty years ago, the software has sol-
idly reached the ranks of world class. This by no means indicates that the tasks
are complete. Like the wave on a beachfront, there are always more to come.

As | look back on the last decade of development, the question of the next de-
cade moves into the light. Solutions are found in a montage of tools specifically
targeted for their domain. The distinction of these domains fades as the drive
toward a unified tool grows. Convergence forces us to view it not as waves on
rocks, soil and trees, but to consider it as a beach where all these forces interact.
Thus, tackling this convergence and creating a more powerful set of tools is the
next great challenge for the team and those that partner with us.

The many hours and hard work that has gone into the software over the last two
decades is hard to imagine. It has become and will continue to be the bedrock
of development for the future. In the next years, the many tools will form a nexus
point and change the nature of those solutions and how they are used once
again. | am proud to be a part of the last decade, working alongside all the great
contributors and look forward in earnest to the next.

Craig Muller, P. Eng.
Software Development Manager
September 2005



This masterpiece is dedicated to all the hardworking,
programmers, engineers, students, professors and support
staff who made this program possible.
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About This Guide

The goal of this guide is to provide a comprehensive reference for
installing and using the PSCAD software. It is composed of a com-
bination of both newly written, as well as previously available mate-
rial from the PSCAD V3 Getting Started Manual and Online Help
System.

Information specific to certain models is not included here, but can
be found in the new PSCAD V4 Online Help System. The online
help system also includes this guide and the EMTDC User’s Guide.

For information on more advanced topics regarding simulating using
EMTDC, please see the EMTDC User’s Guide.

ORGANIZATION

The PSCAD User’s Guide is organized in the following manner:

* Chapter 1: Welcome to PSCAD briefly introduces the
PSCAD product, its use and development, what is new, and
also provides important information regarding both compiler
and PSCAD restrictions.

* Chapter 2: Installation and Set-up describes the
installation procedure for all platforms on which PSCAD
is supported. It also discusses hardware and software
requirements, License Manager and licensing, and provides
information on setting up workspace preferences once
installation is complete.

+ Chapter 3: Workspace Settings describes all parameters
included within the Workspace Settings dialog window.

* Chapter 4: The PSCAD Environment describes the
new PSCAD look and feel, including new terminology and
features. This chapter also discusses using the Online Help
System, and provides a tutorial on creating a new project.

* Chapter 5: Features and Operations is essentially a ‘how
to’ guide, which outlines most of the basic features and
operations that are available in PSCAD V4. This chapter
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About This Guide

also includes a tutorial on creating a new project from
scratch.

Chapter 6: Online Plotting and Control provides details
on creating and using the new PSCAD V4 online plotting
tools. Creating and using the online controls and meters is
also discussed.

Chapter 7: Project Settings describes all parameters
included within the Project Settings dialog window.

Chapter 8: Transmission Lines and Cables provides
details on constructing and defining transmission corridors
for both overhead transmission lines, and underground cable
systems. Related output files are also discussed.

Chapter 9: Designing Components is essentially a
manual in itself, which describes how to design components
using the Design Editor. This chapter also includes a tutorial
on designing a component from scratch.

Chapter 10: PSCAD Script is a complimentary chapter for
Designing Components above. It describes all features and
coding conventions involved in the PSCAD Script language.
Chapter 11: Debugging and Finalizing describes common
warning and error messages associated with running a
project, as well as methods for debugging user code,
creating library files and using the search feature.

Chapter 12: MATLAB/Simulink provides details on the
interface subroutine and how to set-up the interface and
connect with MATLAB/Simulink.

Chapter 13: Migrating from Older Versions outlines

all procedures for migrating both V2 and V3 projects into
PSCAD V4. Important conversion issues are also discussed
for migrating each type of project.

Appendix A: References provides references to technical
publications sited in this manual, as well as additional
readings of interest.

Index: Alphabetical index of keywords with page numbers.

DOCUMENTATION CONVENTIONS

The following general conventions are followed throughout this

manual:

References
References are cited using ‘boxed brackets.” For example, referring
to Reference #5 would appear as [5].
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Notes

All note text will appear in text boxes, as shown below:

Text Boxes

NOTE text.

All code examples will appear in text boxes, as shown below:

CODE
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Welcome to

Whether you are a seasoned user upgrading to PSCAD V4, or
you have just recently joined our expanding, worldwide user base
- welcome!

PSCAD was first conceptualized in 1988 and began its long evo-
lution as a tool to generate data files for the EMTDC simulation
program. In its early form, Version 1 was largely experimental. Nev-
ertheless, it represented a great leap forward in speed and productiv-
ity, since users of EMTDC could now draw their systems, rather than
creating text listings. PSCAD was first introduced as a commercial
product as Version 2 targeted for UNIX platforms in 1994. It arrived
as a suite of associated software tools that performed circuit drafting,
runtime plotting/control and off-line plotting.

When Version 3 for Windows arrived in 1999, it sought to push the
envelope by introducing a simulation system that could be built in a
modular form. Systems could now be built up using interconnecting
drawing blocks, compiled individually and having their own private
data space. This modular system improved accuracy and correct-
ness of the simulation. In addition, Version 3 brought some new
usability by fully integrating the drafting and runtime systems of its
predecessor. This integration produced an intuitive environment for
both design and simulation.

PSCAD Version 4 represents the latest developments in power
system simulation software. With much of the simulation engine
being fully mature for many years, the new challenges lie in the
advancement of the design tools for the user. The goal is to produce
software that is both powerful and easy to use. Version 4 retains

the strong simulation models of its predecessors while bringing to
the table an updated and fresh new look and feel to its windowing
and plotting. New single-line representations and new compiler
enhancements improve both the accuracy and reliability of the
simulation. New editors and easier navigation mean that finding your
way and maintaining larger systems is far easier to do. Portability to
Version 3 means updating to Version 4 is as simple as point, click,
and run. These and many other enhancements are why PSCAD has
been, and is, the professional’s choice for transients simulation.

PSCAD User’s Guide

Chapter 1:

PSCAD



Chapter 1: Welcome to PSCAD

WHAT IS PSCAD?

PSCAD (Power Systems CAD) is a powerful and flexible graphi-

cal user interface to the world-renowned, EMTDC solution

engine. PSCAD enables the user to schematically construct a
circuit, run a simulation, analyze the results, and manage the data

in a completely integrated, graphical environment. Online plotting
functions, controls and meters are also included, so that the user can
alter system parameters during a simulation run, and view the results
directly.

PSCAD comes complete with a library of pre-programmed and test-
ed models, ranging from simple passive elements and control func-
tions, to more complex models, such as electric machines, FACTS
devices, transmission lines and cables. If a particular model does
not exist, PSCAD provides the flexibility of building custom models,
either by assembling them graphically using existing models, or by
utilizing an intuitively designed Design Editor.

The following are some common models found in systems studied
using PSCAD:

* Resistors, inductors, capacitors

*  Mutually coupled windings, such as transformers

*  Frequency dependent transmission lines and cables
(including the most accurate time domain line model in the
world!)

*  Current and voltage sources

+ Switches and breakers

*  Protection and relaying

* Diodes, thyristors and GTOs

* Analog and digital control functions

* AC and DC machines, exciters, governors, stabilizers and
inertial models

* Meters and measuring functions

*  Generic DC and AC controls

*+ HVDC, SVC, and other FACTS controllers

*  Wind source, turbines and governors

PSCAD, and its simulation engine EMTDC, have enjoyed close to 30
years of development, inspired by ideas and suggestions by its ever
strengthening, worldwide user base. This development philosophy
has helped to establish PSCAD as one of the most powerful and
intuitive CAD software packages available.
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TYPICAL PSCAD STUDIES

The PSCAD users’ spectrum includes engineers and scientists

from utilities, manufacturers, consultants, research and academic
institutions. It is used in planning, operation, design, commission-
ing, preparing of tender specifications, teaching and research. The
following are examples of types of studies routinely conducted using
PSCAD:

» Contingency studies of AC networks consisting of rotating
machines, exciters, governors, turbines, transformers,
transmission lines, cables, and loads

* Relay coordination

»  Transformer saturation effects

* Insulation coordination of transformers, breakers and
arrestors

* Impulse testing of transformers

*  Sub-synchronous resonance (SSR) studies of networks with
machines, transmission lines and HVDC systems

» Evaluation of filter design and harmonic analysis

»  Control system design and coordination of FACTS and
HVDC,; including STATCOM, VSC, and cycloconverters

*  Optimal design of controller parameters

* Investigation of new circuit and control concepts

» Lightning strikes, faults or breaker operations

»  Steep front and fast front studies

* Investigate the pulsing effects of diesel engines and wind
turbines on electric networks

WHAT’S NEW IN PSCAD V4?

Many individuals reading this chapter may be current users of
PSCAD V3 (or even V2), who have recently upgraded to V4. If so,
you are probably eager to start simulating.

This section is provided especially for users of older versions who
want a jump-start to proficiently using V4, without the hassle of a lot
of reading. Of course, this section will also be of interest to new us-
ers, as the new features are described.
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The following is a list of some of the major new features and im-
provements in PSCAD V4:

New Windowing Interface: PSCAD V4 boasts a completely
new windowing interface, which includes full MFC (Microsoft
Foundation Class) compatibility, docking window support and
a new integrated design editor.

New Drawing Interface: The drawing interface has been
enhanced to provide uniform messaging and core support,
as well as a full double-buffered display.

All New Online Plotting Tools: The online plotting facilities
in PSCAD V4 have been completely redesigned and are now
more powerful than ever. The new advanced graphs come
complete with full features, including full zoom and panning
support, marker controls, Polymeter, PhasorMeter and XY
plotting capabilities.

Improved Online Control: New and improved online user
interface controls have replaced those used in V3. The new
user controls include the basics as in V3, but feature new
functionality, insightful design and stunning appearance.
Off-Line Plotting Facilities: With the inclusion of LiveWire,
the best data visualization and analysis software package
available today, PSCAD output comes to life. LiveWire
includes many of the functions that were available in the
PSCAD V2 utility called ‘Multiplot.” For more on LiveWire,
visit www.zsystems.ca.

Component Ordering Control: Users now have the

ability to manually order system dynamics (controls)
components. This new diagnostic functionality also includes
graphical indication of feed-forward and feedback loops,

as well as component sequence numbering. PSCAD will
order system dynamics automatically, using a sophisticated
algorithm, by default.

Control Group Names: Runtime objects, such as online
controls and displays may now be grouped according to
group name.

Control Signal Flow Indicators: It is now possible to show
control signal flow on data wires. The indicators appear as
small arrowheads, pointing in the direction of signal flow.
Storage Optimization: Users now have the option to only
store data that is required for the next simulation time step
(i.e. feedback signals). Depending on the amount of data
signals, this has the potential to greatly increase simulation
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speed. In addition, users now have the option to ‘turn off’
unused Output Channels.

¢ Multiple-Trace Curves: Output channels will now directly
accept both REAL and INTEGER arrays. This translates
to a multiple-trace curve, which can be inserted directly to
graphs.

¢ Control Setting Storage: A new feature has been added,
which allows users to store the current setting of Dial, Switch
and Slider control components to a template file. Multiple
templates can be stored for each Project. This is similar to
having different Runtime batch files for a single PSCAD V2
project.

* Single-Line Diagram Support: PSCAD now includes the
ability to construct circuits in a convenient and space saving
single-line format. This new feature includes fully adaptive
wires and connections using dimension propagation
logic. All three-phase electrical components in the Master
Library can be adjusted easily to display a single-line
equivalent view.

¢ New Smart Subsystem Logic: Now, electrical subsystems
no longer need to be separated into multiple page modules,
and electrical nodes on the main page no longer restrict
matrix splitting.

* Enhanced Project Navigation and Organization: Most
plotting and online control display design, as well as
navigational operations can now be performed directly from
a central project database called the Workspace. Similar to
the Project Tree in PSCAD V3, the Workspace provides a
wealth of Project related information in a neatly organized
tree type environment.

¢ Drag and Drop: PSCAD now supports Drag and Drop
functionality for component Instances, as well as display
related features, such as Curves and Control Interfaces.

* New Wires: Multiple segment Wires are now
possible. These new and improved Wires can be
manipulated as a group, and may be merged or
decomposed at will. Older Wires will be automatically
replaced with the new Wire component upon upgrade.

* New Data Management Interface: New record support has
been added for improved speed and flexibility, along with
data export portability to offline analysis tools.

* New Online Help System: The Online Help system has
been completely redesigned and updated. Based on the
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Microsoft HTML Compiled help format, the new system
provides a search engine, TOC and index. Also included are
the complete PSCAD and EMTDC manual set.

¢ New 2D Navigation: Now not only can you navigate
into and out of sub-pages and components, but also
view Graphics, Fortran Files, Data Files and signal
information, all with the click of the new multi-window tab
features. Component definition graphics, parameters and
script are also included.

* Improved Menus and Toolbars: The most commonly used
menu functions have been added as buttons on various
new toolbars. Users can now add the most common Master
Library components directly using convenient toolbar
buttons.

¢ MATLAB®/Simulink® Interface: Now interface PSCAD to
both your MATLAB® and/or Simulink® files.

* Backwards Compatibility: Both library and case projects
created in PSCAD V4, can easily be saved as PSCAD V3
type format. Backwards compatibility to PSCAD V2 is not
available.

* Frequency Scan of a Network: Users now can get a
impedance profile of a network over a frequency range by
using Interface to Harmonic Impedance Solution.

* New Models: There are many new models and
improvements to existing models. See the section entitled
New Master Library Models below for a list of available
models and features.

V3/V4 Comparison Tables

With PSCAD V4, we have tried our best to incorporate the best
features of both PSCAD V2 and V3. However, there are, of course,
some differences in appearance, function and terminology. The
following tables compare PSCAD V3 with V4, providing a quick and
convenient reference.

Appearance and Terminology
There have been some changes to the appearance and terminology
used in PSCAD V4. The following is a list of most of them:
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Category

PSCAD V3

PSCAD V4

Project
Organization

Messaging

Graphical
View

Viewing
Fortran

Viewing
Electrical
Data

Component
Design

Component
Workshop:
Graphics

Project Tree

Message Tree

Draft window

Fortran file
viewed in text
editor

Data file viewed
in text editor

Component
Workshop

Graphics
category in
Component
Workshop

Workspace. The Workspace
contains information on loaded
projects. The organizational
structure of information in each
individual project is now re-
ferred to as the project tree for
that particular project.

Output Window. This window
also categorizes Build and
Runtime messages using

the new 2D navigational tab
features, as well as providing
search results.

Design Editor - Circuit
Tab. Imbedded graphical dis-
play editor.

Design Editor - Fortran
Tab. Imbedded text viewer.

Design Editor - Data
Tab. Imbedded text viewer.

Design Editor - Graphic,
Parameters and Script Tabs. In
V3, component design was
performed in a separate util-

ity called the Component
Workshop. Access to compo-
nent definitions is now included
directly into the Design Editor
window, using the new tab
features.

Design Editor - Graphic
Tab. Imbedded graphical dis-
play editor.

PSCAD User’s Guide




Chapter 1: Welcome to PSCAD

Component Parameters Design Editor - Parameters
Workshop: category in Tab. Imbedded text editor
Parameters Component

Workshop
Component Code section Design Editor - Script
Workshop: category in Tab. Imbedded text editor.
SectionsNode Component

Workshop

Keyboard Shortcuts

There have been some minor changes to the keyboard shortcuts (es-
pecially plotting related shortcuts) from that used in PSCAD V3. The
following tables summarize these changes:

General:

Shortcut PSCAD V3 PSCAD V4

Dynamic Ctrl + left Ctrl + Shift + left mouse

Scroll mouse hold hold. This change was made
in order to avoid conflicts with
the new online plotting tools.

Iconify Plot | No longer used. See Frame/
Panel Minimization for more
details.

Plotting:

Shortcut PSCAD V3 PSCAD V4

Zoomto Time Z Ctrl + left mouse hold

Frame

Zoom Shift + Z P

Previous

Show Cross X C

Hairs

Zoom Actual A No longer used

Zoom Smart S Y

Zoom to D L

Default

Cut Graph Ctrl + X No longer used
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For a complete list of PSCAD keyboard shortcuts, see Keyboard
Shortcuts.

New Master Library Models

Many new models have been added to the PSCAD Master Library
since the last release of PSCAD V3. The following summary pro-
vides a picture and a quick description of each new model. For more
details on these components, see the PSCAD Online Help system.

Graphic Description
N
ﬁf Two Winding DC Machine
Te -
T |

Permanent Magnet
Synchronous Machine

Wind Turhine
Vi MOD 2 Type

w j‘( g Wind Turbine

Beta |

Beta |

il Wind Turhine .
im GBovernar Wind Governor
: MOD 2 Type
FPg”
Wind Source
Eq| oA .
Slet R Wind Source
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Wy
: ET;” Internal Combustion Engine

FL IC Engine

1-Phase Auto Transformer

@ 3-Phase Star-Star Auto
Transformer

Simplex
E = Optimum Run
Cptimum Run
=} ABC
Main] ABC 1= Radio Links (“Global Variables”)
aln
1 L
: I : Coupled Capacitor Voltage
T §§ Transformer (CCVT)
L
= }{: — Potential Transformer (PT/VT)

Current Transformer (CT) -
Lucas Model
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:

]

ZiH

0.0 -
2000 [Hz]

Current Transformer (CT) - JA
Model

Two CT Differential
Configuration - JA Model

Interface to Harmonic
Impedance Solution

3-Phase View / Single-Line
View Electrical Wire Converter
(Breakout)

6-Dimension / 2 x 3-Dimension
Electrical Wire Converter

Capacitive, Inductive and
Resistive 3-Phase Passive
Loads

Voltage Source Model 3

Array Product and Array Sum
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|3 [ | = |

]
L]
=

120

12F,

12 2P
M 7]
e | [

Multiple Input Logic Gate

Multimeter

Mutually Coupled Three Wire
Bus

Mutually Coupled Two Wire Bus

Distance Relay Element - Apple
Characteristics

Negative Sequence Directional
Element

Dual Slope Current Differential
Relay

Inverse Time Over Current
Relay
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Ry /.-.3' Distance Relay Element - Lens
K| S Characteristics

R B8

. Ir Out of Step Relay - Lens

i Characteristics

Out of Step Relay - Mho
Characteristics

Out of Step Relay - Polygon
Characteristics

DIMENSION LIMITS

Any limitations imposed on your simulation projects will depend
mainly on which PSCAD edition you are using, and which Fortran
compiler you have chosen. The following tables list the most com-
monly encountered dimension limitations.

PSCAD Imposed Dimensions (all Editions and Compilers)

Description Limit

Number of Transmission Line or Cable conductors

per right-of-way 20
Page Modules 1,024
Components 65,536

Output Channels (PGBs) 1,024
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Edition Specific Dimensions

Description Student Educational Professional
Electrical o
Subsystems 1 1 Unlimited
Electrical Nodes 15 200 Unlimited
Page Modules 5 64 1,024
Components 32,768 32,768 65,536

Compiler Specific Dimensions

Description EGCS/GNU Fortran 90/95
P Fortran 77 Compilers

Compiler

Electrical Subsystems 10 Unlimited

Electrical Nodes 200/ Unlimited
Subsystem

Electrical Branches 2,000/ Unlimited
Subsystem

Transformers 70 Unlimited

Mutually Coupled 10 Unlimited

Windings

Distributed Lines and/or 50 Unlimited

Cables

Frequency Dependent

(Phase) Transmission 20 Unlimited

Lines and Cables

Output Channels (PGBs) 1,030 Unlimited

Radio Link Transmitters 50 Unlimited

Radio Link Receivers 500 Unlimited

STOR Storage Allocations 50,000 Unlimited

STORF/IL/C Storage 10,000 Each Unlimited

Allocations
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PSCAD COMMUNITY FORUM

On August 18, 2004, the Manitoba HVDC Research Centre un-
leashed the PSCAD Community Forum on the online world. This
forum is an online environment where users of PSCAD (and other
related products) from around the world can meet and discuss

the issues important to them. The forum includes several sepa-

rate topic areas, and allows for the exchange of files through post
attachments. Users may contribute to a growing list of example case
projects, and show off what they have accomplished with PSCAD
and/or other related software.

Please note that there are other regional users groups as
well: Please contact PSCAD Technical Support (support@pscad.
com) to find out if your region has one.

Membership

To become a member of the PSCAD Community Forum, you must
have a passion for PSCAD/EMTDC! To add your name to the
forum’s worldwide member list, simply access the site (details below)
and register online. There is no membership fee.

Forum Details

Users can submit their questions/comments/examples regard-

ing PSCAD or related software by posting under the appropriate
forum. Your post will immediately be viewable to all registered
members. If you are responding to an existing topic, the forum will
automatically send an email to the member who posted the topic.

PSCAD Community Forum: http:/bb.pscad.com

NOTE: The PSCAD Community Forum
should not be used as a support medium. If
you have queries regarding problems
simulating with PSCAD, bug reports, etc.,
please contact the PSCAD Support desk at
support@pscad.com. Contacting the support
desk will ensure a prompt response to your
query.
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CONTACTING US

The Manitoba HVDC Research Centre Inc. and its representatives
are committed to providing you with the best sales and technical sup-
port available.

Contact your local PSCAD representative first for fast and efficient
service. If you do not have their contact address from the time you
purchased PSCAD, you can get it either from the PSCAD Web Site
or by contacting the Centre directly. To make the best use of our
technical support and sales facilities, you should have a maintenance
contract arranged through your local PSCAD supplier.

PSCAD Support Services

For non-sales related technical support, precedence is given to com-
mercial users with valid software maintenance contracts. We can be
reached at:

E-mail: support@pscad.com
Phone: +1 (204) 989-1240
Fax: +1 (204) 453-5074
Web Site: www.pscad.com

PSCAD Support Services

Manitoba HVDC Research Centre Inc.
Address: 244 Cree Crescent

Winnipeg, Manitoba R3J 3W1

Canada

Support Petition Request

In order to provide faster, more efficient support service, we rec-
ommend that users issue a Support Petition Request directly from
PSCAD, rather than e-mailing support directly. A Support Petition
Request will automatically contain information regarding your
PSCAD version, compiler version and license data, appended to the
request. This will minimize the need for ‘back-and-forth’ communica-
tions, which can be cumbersome, especially for our overseas users.

To send a support query, go to the Main Menu bar and select Help |
Issue Request...
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Table of Contents  F1
Index

kevboard Shortcuks
Unit Sywskem
Caomponent YWizard
Cnline Platking
Crline Controls
T-Lines and Cables

Support Services
What's Mew

EETETIY

Copyright. ..

About PRCAD. .,

This will bring-up the Support Request dialog window. Simply add
your comments in the space provided. Please ensure that you select
a Description of the Problem from the drop list, which most ade-
quately describes your problem type. When finished, press the Send
button. An email will be sent directly to the PSCAD Support Desk.

Support Request §|

Mailta  supportEipscad.com
Client 1580712 [Professional Licensed)

PSCAD Yersion: 4.2.0 [May 17 2005]
"windows Version: Windows %P [Service Pack 2]
Fortran “ersion: off

Dezcription of the Problem: |F'SEAD ﬂ

Enter comments here. |

System information iz shown and iz uzed for support validation
and diagnostic purpozes. All infarmation sent is considered
(strictly confidential and is not shared. Cancel
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PSCAD Sales

For sales related inquiries (i.e. quotations, etc.), we can be reached

at:

E-mail:
Phone:
Fax:

Web Site:

Address:

sales@pscad.com
+1 (204) 989-1240
+1 (204) 453-5074
www.pscad.com

PSCAD Sales

Manitoba HVDC Research Centre Inc.
244 Cree Crescent

Winnipeg, Manitoba R3J 3W1
Canada
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Chapter 2:

Installation and Setup

HARDWARE AND SOFTWARE REQUIREMENTS

The following are the recommended specifications.

Category Minimum Recommended
Processor 500 MRz (Pentium 2) 3 GHz (Pentium 4 or
Athlon)
Operating Windows 2000 Windows 2000
System Windows XP Windows XP Pro SP2
Additional Digital Visual Fortran 5 Intel Visual Fortran 9.0.x
software Compagq Visual Fortran 6.x
NOTE: One of the fol-
NOTE: A free EGCS/GNU lowing packages must
Fortran 77 compiler is be installed for IVF 9.0
provided, which is suffi- usage:
cient to run most cases in
PSCAD. However, certain * Microsoft Visual C++.
dimensioning limits will be im- NET 2002 or 2003.
posed (see Dimension Limits).  * Microsoft Visual
Studio.NET 2002 or
2003 (with Visual C++
installed).
Memory 256 MB 1GB
(RAM)
Hard Disk 500 MB 40 GB (Fast SCSl or
IDE)
Video SVGA (800 x 600) XGA (1280 x 1024)
Other CD-ROM Drive /w 32-bit Same
Peripherals Drivers
and Mouse
Hardware One (1) Parallel, Serial or USB

port (for hardware lock)
TCP/IP Network Protocol
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FORTRAN COMPILERS

PSCAD requires a Fortran compiler to build and simulate
projects. The following commercially available compilers are pres-
ently supported:

+ Digital Fortran 5.0
+ Compaq Visual Fortran 6.x
* Intel Visual Fortran 9.0.x

For your convenience, a free Fortran compiler, called the EGCS/
GNU Fortran 77 compiler, is provided on your PSCAD CD (or may
be downloaded from our worldwide website: www.pscad.com). If you
have downloaded the Student Edition from our website, the GNU
compiler is available as a separate file. Please note that the GNU
compiler will impose some limitations otherwise not experienced with
the Digital, Compagq or Intel Fortran compilers.

If you are the owner of a professional PSCAD license, and intend to
run large cases (i.e. greater than 200 nodes), it is highly recommend-
ed that you purchase the Intel Visual Fortran 9.0.x compiler. Contact
us at PSCAD Sales (sales@pscad.com) for purchasing details.

LICENSING

All PSCAD software editions, except the Student Edition, must

be licensed. Licensing is organized and controlled using License
Manager software, which can exist either as a separate, standalone
program, or can be embedded within PSCAD itself.

The type of licensing arrangement that is best for you depends on
how you wish to utilize PSCAD, and on what type of license you
purchased. The following sections describe each type of licensing
arrangement in detail.

Multi-User Licensing

The multi-user licensing (MUL) method was first introduced with
PSCAD V3, and was then the only licensing option available. With
this configuration, the License Manager software is installed as a
standalone program, which can be accessed by any computer (in-
cluding the host), on a Local Area Network (LAN).
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NOTE: The License Manager will only
grant licenses to computers on the same
subnet. Licenses requested via a router will
not be accepted.

A multi-user set-up is capable of providing multiple users on multiple
machines the ability to run multiple combinations of various licens-
able editions of PSCAD. In other words, if a user is sufficiently li-
censed, this method has the potential to afford a lot of freedom when
operating over a LAN, and should be used if there will be several
PSCAD users.

In multi-user licensing, the License Manager is used in conjunc-

tion with a hardware lock (also known as a dongle), which contains
licensing information for the purpose of validation. When an instance
of PSCAD is started somewhere on the LAN, a license will be re-
quested from the License Manager. The License Manager deter-
mines whether a license is available, and checks the information on
the dongle for verification.

The number of users that can access PSCAD simultaneously

over the LAN depends on the number of licenses available on the
dongle. For example, if there are a total of two Professional Edition
licenses on a network dongle, then only two users may use the
PSCAD Professional Edition at the same time. Each time a user
opens or closes the PSCAD program, it will request or relinquish a
license respectively. Each licensable edition of PSCAD possesses
a separate product number, so that several products are possible on
one dongle.

NOTE: The number of licenses owned does
not limit the number of PSCAD installations
on the LAN!

The License Manager and dongle needs to be installed on only
one computer in a network. This computer will act as the License
Manager ‘server,” which will hand out licenses to other machines on
the network, as requested. PSCAD may also be installed on the
License Manager server machine if desired.
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Dongle:

PSCAD

el
o
m
n
=
(=]

EXAMPLE: A PSCAD user owns three
Professional Edition licenses programmed
onto one dongle. The above diagram illus-
trates how the user could install the License
Manager on a LAN, so that up to three users
can run PSCAD simultaneously.

Multi-user licenses can be time limited or infinite (no time limit).

Single-User Licensing

Single-user licensing (SUL) still involves the use of a dongle, but

a standalone License Manager program is not required. Here, an
embedded License Manager, within the PSCAD program itself, man-
ages the licenses.

A single-user license will only allow a single user on a single machine
to run only one instance of a licensable edition of PSCAD. Single-

user licensing is designed especially for use on standalone machines
and laptops, and will NOT allow access from other machines, even if

it is connected to a LAN.
[ PSCAD
- DDngIe
=

EXAMPLE: A PSCAD user owns one
Professional Edition license programmed
onto a single dongle. The above diagram
illustrates how the user would install PSCAD
as a single-user configuration. Note the ab-
sence of the License Manager as a separate
program.
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Single-user licenses can be time limited or infinite (no time limit).

Trial Licensing

In order to simplify the evaluation process, and to provide access to
the full PSCAD Professional Edition functions, trial licensing is now
available with PSCAD V4. Atrial license is a special type of single-
user license, where a time limit is mandatory and the user may only
own a single trial license of the PSCAD Professional Edition.

NOTE: Only the Professional Edition of
PSCAD is available for trial licensing.

With trial licensing, neither the License Manager nor the dongle

is required. However, the user must request a trial license after
PSCAD is installed. Note that until the trial license is approved and
sent by the Manitoba HVDC Research Centre Inc., the installed copy
of PSCAD will function as a Student Edition (SE), with all SE limita-
tions imposed (i.e. 15 electrical nodes maximum).

NOTE: Do not upgrade your operating sys-
tem, hard drive, or network card during the
duration of the trial license period. Any one
of these changes will cause your trial license
to be lost.

Trial licenses are locked to the hardware and registry of a particular
machine and are therefore not transferable from one machine to
another. The latest installed trial license will overwrite any previously
existing trial licenses.

Hardware Locks (Dongles)
The License Manager software supports the following types of hard-
ware locks:
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Sentinal SuperPro™ 797, Low Profile Parallel
Port Hardware Lock

Sentinal SuperPro™ USB, USB Port
Hardware Lock

MicroSentinal™, 25-Pin Serial Port Hardware
Lock with 25 to 9-Pin Adapter

The USB and parallel port dongles are the preferred choice, due
to their small size. The parallel port dongle is perfect for laptop
computers, as it features a low profile and does not protrude from
the back of the machine (and typically does not ever need to be
removed). The serial and parallel port locks are compatible with all
Windows platforms on which PSCAD is supported. However, the
USB dongle is NOT compatible with the following operating sys-
tems:

«  Windows NT 4.0
«  Windows 95 OEM Service Release 2 or earlier

NOTE: Not all computers come with USB
ports. If you are not sure if you have one,
contact your system administrator for help.

License Key

The license key is an ASCII text file named ‘license.txt,” which usu-
ally resides on a floppy disk (called ‘License Manager: License.txt’)
required for the PSCAD Professional and Educational Editions. This
file contains encrypted information designed to act as a ‘Key’ to add-
ing or upgrading licenses (both single-user and standalone) to the
license database file, which is used directly by the License Manager.
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LICENSE MANAGER SOFTWARE

In addition to the standalone License Manager software that was first
introduced with PSCAD V3, the PSCAD package now includes two
additional types of License Manager. The type of License Manager
you will need depends on your licensing arrangement.

There are a few important points to discuss regarding the mainte-
nance and operation of the License Manager. These are outlined in
the following sections as well.

Standalone License Manager

The Standalone License Manager (SLM) is used only with multi-
user licenses. The SLM can operate on a dedicated server, or on
any machine running PSCAD. Any combination of PSCAD prod-
ucts can be included and used interchangeably with this License
Manager. Installation instructions for the SLM are given later in this
chapter.

Maintenance and Support

Once the License Manager is installed and running, it is a good idea
for the person operating the designated License Manager server to
maintain the software and ensure proper operation.

The Standalone License Manager (SLM) usually starts automatically
when the machine is booted (unless manual starting is specified dur-
ing installation) and runs as a background process. All SLM events
and transactions are recorded in a log file entitled ‘Lmgrd-log.ixt,’
which is usually located in the Windows or WINNT directory (depend-
ing on your OS). When troubleshooting, this file contains important
information about the cause of any problems.

If problems arise with the operation of your License Manager soft-
ware, first try to address the problem using the clues found in the
log file. If the solution remains elusive, send us an email at PSCAD
Support Services (support@pscad.com) with a detailed description
of the problem. To ensure efficient response time, please attach the
log file (i.e. Lmgrd-log.txt). Also, go to START | Programs | HVDC
Lmgr and run the ‘Get License Info’ utility and attach the generated
‘Get License Info’ file (getinfo.txt) to the email.

Local License Manager
The Local License Manager (LLM) is utilized only when running
under a single-user license. Although the LLM will support multiple
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product licenses, it will not support multiple instances of any individu-
al PSCAD product. Attempting to start a second instance of a certain
product (say Professional Edition), will force the second instance to
run as the Student Edition.

Trial License Manager

The Trial License Manager (TLM) is utilized only when running under
a lockless trial license. The TLM supports only a single, time limited
license of the Professional Edition (multiple trial licenses are not
supported). As with the Local License Manager, the TLM will not
grant licenses to other machines on the LAN, and only one instance
of a trial license may be active at one time. Any additional instances
of PSCAD will run as the Student Edition.

PSCAD Usage Log

As of License Manager Version 1.24, the usage of licensed PSCAD
editions, such as PSCAD Professional and PSCAD Educational, is
now logged. This information is saved in a comma-separated vari-
able (*.csv) file called PscadUsage.txt, which is located in either the
Windows or WIinNT directory on the machine running the License
Manager software. This file can be directly imported into Microsoft
Excel.

The following is a sample line from a PscadUsage.ixt file:

lha, Pro, Remote, 7327, 177, Mon Aug 22 10:45:42 2005, Mon Aug 22 10:48:39 2005
lha, Pro, Remote, 7328, 176, Mon Aug 22 10:46:21 2005, Mon Aug 22 10:49:17 2005

The format of the file is as follows:

<user id>, <Pscad Edition>, <user location>, <LicenselD><#second
s of use>, <start time>, <finish time>

Description:

» <userid>: This is the login userid of the PSCAD user.

* <Pscad Edition>: Can be ‘Pro’ or ‘Edu.” Use of PSCAD
Student is not logged as it is not a licensed edition and does
not require the LM.

» <user location>: ‘Remote’ for users using PSCAD on
machines other than the LM machine. ‘Local’ for users using
PSCAD on the same machine as the LM machine.
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+ <LicenselD>: This is the license ID of the granted license,
and appears in the LM log file (Imgrd-log.txt), and in the
PSCAD V4 log file (PscadLmgr.txt).

+ <starttime>: The time that the LM granted the PSCAD
license to the user.

+ <finish time>: The time that the user quit the PSCAD
application.

INSTALLING V4 FOR THE FIRST TIME

This section is exclusively for those who are either installing PSCAD
V4 for the first time, or installing PSCAD V4 for the first time on a
particular PC.

If you currently have PSCAD V3 installed on your PC, installing
PSCAD V4 will not affect it - V4 is installed in a different program
directory. However, your V3 License Manager software (if present)
will be upgraded during your V4 installation. This will not affect your
PSCAD V3 operations, and is recommended anyway.

If you have a previous version of PSCAD V4 installed already on
your machine, see ‘Upgrading Your V4 Software’ in this chapter.

Installing PSCAD

If your operating system is Windows NT4, XP or 2000, you must
have administrator or power user access to your machine, in order to
install PSCAD.

Please perform the following steps:

1. Insert the PSCAD CD into your CD-ROM drive.
2. The installer should start automatically and in a few
moments, you should see the following screen:
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PSCAD 4 Setup x|

Welcome to the InstallShield Wizard for PSCAD

The InstalShield® Wizard will install PSCAD 4 on your
computer. To continue, olick Mesxt

< Bach I Mext » I Cancsl

NOTE: If a different window appears asking
if you want to Modify, Repair or Remove
existing installed components, skip to
‘Upgrading Your V4 Software’ in this chapter.

3. Click Next. A dialog as shown below should appear outlining
the PSCAD License Agreement. Once the entire agreement
has been read, click Yes to continue.

5I
Licence Agreement MANITOBA-HVDE
Flease read the following licence agreement carefully. RESEARCH E
CENTRE

Press the PAGE DOWM kep to zee the rest of the agresment.

I'SOFTwWARE LICENCE TERMS AND COMDITIONS - PSCAD{TH) Yersion 4 ﬂ

IMPORTAMT: By clicking on 'l Agree’ when prompted in this software, vou, the Customer,
confirm your agreement to all kerme and conditions of this Agreement. Do not accept until
ol have carefully read and agreed to all of the following terms and conditions. [f pou do
not agree to any term or condition of this Agreement, promptly retum to the orginator the
refused software media and any and all materials that you may have received

i Definitions
The following terms are used in this Agreement, as defined in this paragraph: _ﬂ

Do you accept all the terms of the preceding Licence Agreement? If you choose Mo, the setup
will cloze, Toinstall PSCAD 4, wou must accept this agreement,

IristallSHield

< Back e Mo

If you are installing a patch from a CD, and a previous version of
PSCAD is detected, the following dialog should appear. See the
notes given below.
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NOTE: The PSCAD version numbers on this
dialog may vary according to what version
you are upgrading to/from.

pscap aserp R x
Setup Type MANITOBA-HVEE

Select the setup tppe that best suits pour needs. RESEARCH E
CENTRE

Setup haz detected a previouzly installed version of PSCAD, You can either patch that
wversion up bo PSCAD 4, or you can install PSCAD 4 to a new directon

' Patch existing PSCAD 4.0, to PSCAD 4.1
7 Install PSCAD 4 to a new directon

MNext > | Cancel

Patch existing PSCAD 4.x.x to PSCAD 4.x.x: Selecting
this option will patch your existing installation. Files
pertaining to PSCAD v4.0.x will be overwritten with the latest
upgrades.

Install PSCAD 4 to new directory: Select this option to
fully install PSCAD v4.1.x into a new directory. This is useful
if you wish to keep the older version in order to compare
results.

You have the option of installing PSCAD anywhere on your
system. The dialog box below will allow you to make any
changes you desire for installation location. When you have
finished selecting a destination for PSCAD, click Next.
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E
Choose Destination Location MANITOBAHVDD

Select folder where setup will install files. RESEARCH E
CENTRE

Setup will install PSCAD 4 in the following folder.

Tainstall ta this folder, click Mest. Taoinstall to a different folder, click Browse and select
annther folder

1~ Destination Folder

‘ C:4Program Files\PSCAD4 Browse I ‘

< Back | Next > I Cancel |

x|
Product Listing MANITOBA-HVOS
RESEARCH Y
Choose the products S etup will install CENTRE

Select the product(z] or product companent(z] vou want ta install and clear those vou do not
wiaht to install

— Diescription

This component containg
PECAD 4

[ |Feal Time Flayback

54.91 ME of space required on the C diive
8818.08 ME of space available on the C drive

sHiEld

< Back | Newt I Canicel l

5. You will be presented with the above dialog, on which
options are available for your install. Explanations for each
of these options are given below.

+ PSCAD: Select this option to install PSCAD. Although all
PSCAD editions (i.e. Student, Educational and Professional)
are included on the CD, you must be properly licensed to
use any edition other than the Student Edition.

*  GNU Fortran Compiler: If you do not currently have either
the Digital or the Compaq Fortran 90 compiler installed,
select the GNU Fortran compiler. A Fortran compiler is
required for any PSCAD project to simulate (run).

+ License Manager: Only select to install the License
Manager if you intend for this machine to be the License
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Manager server on a network (Standalone Licensing). If you
choose to install the License Manager, proceed to Step 8.

+ LiveWire Lite (Demo): Select this option to install the
evaluation version of LiveWire. LiveWire is the primary data
analysis and post-processing software tool recommended
for use with PSCAD. You can get more information on this
software at www.zsystems.ca/products.htm.

+ LiveWire: Select this option to install the full version of
LiveWire. Note that you must be licensed to run the full
version. Please contact us at sales@pscad.com for more
details on obtaining a full license.

* Real Time Playback: If you wish to evaluate the Real Time
Playback (RTP) demo software (or install the commercial
version), select this option. For more on the RTP, see our
website at: www.pscad.com.

NOTE: If you change compilers at a later
date, you can change the compiler options
directly in PSCAD without having to re-install.

If you selected only PSCAD to be installed above in Step 5, then the
installer will ask you to provide some additional information about
how your current Licensing is configured:

Select PSCAD License Management Option: |
| do nat need a standalone Licence Manager-

" | will only be using

the Student Edition, or
Lockless trial licences.

] will oy be using

Single-uzer/single-machine licences.

| will use a Licence Manager an this maching

| will use a Licence Manager on another machine on my network

Machine name: [or IP addresz]
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* If you are a Student Edition user, will be using a Single-

User License, or intend to request a Trial License (time
limited), then you do not require a Standalone License
Manager. Select the appropriate choice within the | do not
need a standalone License Manager section of the above
dialog.

+ If you did not select to install the Standalone License

Manager in Step 5, but have changed your mind, select |
will use a License Manager on this machine.

» If this machine will be contacting a remote Standalone

License Manager, select | will use a License Manager on
another machine on my network. If this option is selected,
you must then enter the hostname of the machine, on which
the License Manager resides. For example, if this machine
is named ‘zeus,’ then you should enter this name as shown
above. The Installer will also accept an IP address. The
hostname CANNOT contain spaces!

6. The Installer will now perform a variety of tests to verify
system settings and ensure that everything is OK to
proceed. If you would like to see the results of these
diagnostics, please have a look at the report dialog window
(similar to that shown below). Click the Next button to

continue.
|
Information MANITOBA-HVDC
Please read the following test. RESEARCH E
CENTRE
The following shows the detected resources and permizsions o pour system:
Operating system information -
Plattarrm: bwfindows 2000
Windows version: 5.0
Windows build: 0.0.2135
Acocess to required fles and directories
Ok
tfindows Socket DLL file <wsock32 dlls:
CNw INMT Yapstem32iweock 32.dIl
TCRAP nehaork tests:
Initiates use of the "Windows Sockets version 1.0 Succeeded
Initiates use of the Windows Sockets version 1.1: Succeeded.
Initiates use of the Windows Sockets version 2.0; Succeeded. v]
< Back Next » I Cancel ‘

7. You will then be asked to enter a program folder, in which
to place all of the program icons. A folder called PSCAD is
selected by default. Click Next when finished.
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At this point, the Installer will install PSCAD, and then branch off into
additional installations that were indicated in Step 5. If you did not
select the License Manager in Step 5, proceed to the section entitled
Installing EGCS/GNU Fortran.

Installing the License Manager

The License Manager Installer will only run if you selected it in Step
5. If you did not, proceed to the section entitled Installing EGCS/
GNU Fortran.

8. You will be presented with the following dialog window. Click
Next.

HYDC Research Centre Licence Manager Setup x|

9. Adialog, as shown below, should appear outlining the
License Manager License Agreement. Once the entire
agreement has been read, click Yes to continue.

InstallShield Wizard for the Manitoba HYDC
Research Centre Licence Manager

The InstallS hield® Wizard will instal Manitoha HYDC
Rezearch Centre Licence Manager on your computer. To
continue, click Mext.

< Hack Cancel

HYDC Research Centre Licence Manager Setup x|
Licence Agreement MANITORAHVOS
Flease iead the following licence agreement carefully RESEARCH E
CENTRE

Press the FAGE DOWN key to see the rest of the agreement,

[EOFTWARE LICENCE TERMS AND COMDITIONS - Licence Manager Yersion 1.17 i’

IMPORTANT: By clicking an “accept” when prompted in this software: you, the Customer,
confirm pour agreement ta all terms and conditions of this Agreement. Do not accept

until you have carefully read and agreed to all of the following terms and conditions. [f you
do not agree to any term or condition of this &greement, promptly retum bo the originator
the refuzed software media and any and all materials that pou may have received.

1 Definitions
The fallowing terms are used in this Agreement, as defined in this paragraph: j

Do you accept all the terms of the preceding Licence Aagresment? If you choose No. the setup
will cloge. To install Manitoba HYDC Research Centre Licence Manager, you must accept this
agreement.

IrstallShield

< Back Yes

=
G
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10. A window should pop-up with some pre-installation
information. Please review and click Next.

11. The Installer will now perform a variety of tests to verify

system settings and ensure that everything is OK to
proceed. If you would like to see the results of these

diagnostics, please have a look at System Information dialog
window (similar to that shown below) once the tests are

completed. Click Next.

5
System information MANITOBA-HVEE
RESEARCH W,
CENTRE

Following is 2ome infarmation related to your system:

Operating system information -
Windows version: 5.0
Windows build: 0.0.2195
TCPAP network tests:
Iritiates uze of the ‘Windows Sockets version 1.0: Succesded.
Create socket: Succeeded.
Cloze socket: Succeeded
Initiates use of the Windows Sockets version 1.1: Succesded.
Create socket Succeeded.
Cloge socket: Succeeded.

IristallStield
Cancel |
HYDC Research Centre Licence Manager Setup I 1|
Choose Destination Location MANITOBAHVDC
Select folder where setup will install files. RESEARCH W)
CENTRE

Setup will install b anitoba HYDC Reseaich Centre Licence Manager in the following
folder

Toinstall to this folder, click Next. To install to a different folder, click Browse and select
anather folder

1~ Destination Folder
‘ C:%Program FilestHYDC Lngr Browse... |

InstallSHield

< Back Cancel |
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12. You have the option of installing the License Manager
anywhere on your system. The dialog above will allow
you to make any changes that you require for installation
location. When you have finished selecting a destination,
click Next.

13. You will then be asked to enter a program folder, in which to
place all of the License Manager related program icons. A
folder called HVDC Lmagr is selected by default. Click Next
when finished.

Windows 98/ME Only:

14. The installer will ask ‘Would you like to start the License
Manager during machine boot?’. Selecting Yes means
that the License Manager will start automatically when
the system is re-booted. If No is selected, the License
Manager must be manually started following each machine
reboot. See ‘Manually Starting the License Manager’ in this
chapter for more details.

g

\i.’]) Would you like to send the trial license request ko Manitoba HYDC Research Centre now ?

‘es Mo ]

15. Another window will pop-up asking to simply verify the
chosen program folder and installation location. Click Next.

16. At this point, the License Manager software will be installed
along with the proper drivers required for the supported
hardware locks. Also, a new service will be added to the
Windows Services list. The Installer will run checks to
ensure if the required drivers already exist, and if so, is an
upgrade required.

Possible Messages
Missing USB Driver:
If it is found that your PC has a more recent Sentinel parallel port

driver installed, but is missing a USB driver, the following message
will be issued. Click OK.
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Missing Sentinel USE Drivers - ﬂ
Setup has detected vS5,41.2 Sentinel drivers
! which are mare recent than the +5.39.6 drivers supplied with PSCAD,

Setup detected the parallel port driver but not the USE driver.
If wou have a USE lock For PSCAD, wou need to install the Sentinel USE drivers.

More Recent Drivers Detected:

If it is found that your PC has more recent Sentinel USB and parallel
port drivers already installed than those that come with the PSCAD
installation, the following message will be issued. Click OK.

PSCAD will use you newer Sentinel drivers )_(]

Setup has detected w541, 2 Sentinel drivers

! which are more recent than the v5.39.6 drivers supplied with PSCAD,
PSCAD is compatible with the newer drivers,
s0 Setup will not install the included +5,39.6 drivers,

17. Before the hardware lock drivers are installed, you should
receive an important warning message similar to the
following. Click OK once you have unplugged your dongle.

Attempting to install USB drivers 5[

& MMake sure that amy USE or parallel port lock is UMPLUGGED From your computer before proceeding. ..

18. If installation of the hardware lock drivers is successful, the
following message will appear. Take note of the specified
directory path and click OK.
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Successfully installed USB drivers i _)5_;

fi If wou are using a USE lock, and the Find Mew Hardware Wizard appears after vou plug it in,
\'\R’} and asks you to locate the direckory containing the driver,
then select the Fallowing directory:

C:\Program Files\Rainbow Technologies\Sentinel System Driver|sntnlusb,inf

19. The Installer will now ask you to connect your dongle
as shown below. If you are unsure where your USB,
parallel or serial ports are located, contact your system
administrator. Also, see the notes given below.

HY¥DC Research Centre Licence Manager Setup N __)_(]

S
\‘:!-E} Connect wour serial, parallel, or USE port lock device ko the correct port on your computer before proceeding.. .

IMPORTANT:
A. Parallel Port Dongle:

DO NOT insert the Parallel Port Dongle into the 25-pin
serial port (if it exists).

* The dongle and the floppy disk have serial numbers
(SN#) on them. They MUST match to be installed on the
same machine.

B. USB Dongle:

» If you are using a USB dongle, it is possible that the
Windows ‘Find New Hardware Wizard’ may appear
when you connect your dongle. If so, it will ask where
the driver for the new device is. Enter the path given
in the information dialog shown in Step 18. Otherwise,
incorrect default drivers may be installed.

* The dongle and the floppy disk have serial numbers
(SN#) on them. They MUST match to be installed on the
same machine.
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C. Serial Port Dongle:

If you are using a Serial Port dongle, connect the dongle
to the 25-pin serial port. If you have specified the 25-pin
serial port dongle during purchase, then a 9-pin to 25-
pin converter will have been included with the PSCAD
package (in case you do not have a 25-pin serial port).
The dongle should be inserted in the direction indicated
on the dongle.

DO NOT insert the 25-pin serial port dongle into the
parallel port.

The dongle and the floppy disk have serial numbers
(SN#) on them. They MUST match to be installed on the
same machine.

20. You should now be presented with the following dialog
window.

HYDC Research Centre Licence Manager Setup |
Setup Type MANITOBAHVOC
Select the setup type that best euitz your needs. RESEARCH E
CENTRE

Setup needs to know if you want to install/update product licences. Any existing licences wil
be retained even if you select Mo. If vou select Yes, you will need a valid LICEMSE. TT file.

o - don't installupdate any licences

 Yes - install/update product licences

2 Mext» | Cancel

As this is the first time you are installing PSCAD V4 and the License
Manager will require a new product license - select Yes - install/
update product licenses. If this is not your first installation of the
License Manager or you prefer not to install or update your license,
select No - don’t install/update product licenses. See the notes
below if you are not sure. Click Next. If No - don’t install/update
product licenses is selected, proceed to Step 24.

PSCAD User’s Guide



PSCAD

NOTE:

Select Yes:

If this is the first time you are installing the License Manager
on this machine, or

If you are adding a new license (V4 for instance) to an
existing license database file, or

If you are updating or modifying a license, which is already in
the existing license database file.

Select No:

21.

ogram Files'HYDC Lmgr',Common’,Inngr-

Time: Thu Mar B4 B9:58:38 2008x

Please enter your Licence Key file name (default: a:“\license.txt):

If you have no new licenses to add to the license database
file, or

If you do not wish to update or modify any licenses already
in your license database file.

The Installer will then invoke the ‘Enter License Key’
program, and a Command Prompt window should appear
asking you to enter the License Key File Name. This file is
located on the floppy disk provided with PSCAD, entitled
‘License Manager: License.txt'.

22. Place the License Floppy Disk into your floppy drive and

enter ‘a:\license.txt,” as shown below, where ‘a’ represents
the drive letter. If your License File is located at another
location, such as on the network, enter the absolute path to
the file or contact your system administrator for help.
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Centre Inc.
eator Ul.xx
tobha HUDC Research Centre Inc.

Please enter your Licence Key file name C(default: a::\license.txt):
aislicense.txt=

Press the Enter key when you are finished.
Troubleshooting
License File Cannot be Found:

If the ‘Enter License Key’ program is unable to find the license file,
you may receive the following message:

Man arch Centre Inc.
Licence Manager Creator Ul.xx
(c> 1998-2P0x Manitoba HUDC Research Centre Inc.

Please enter your Licence Key file name (default: a:“license.txt>:
a:\license.txt

'ERROR nnot find the licence file: <a:“\license.txt>
+ 5 {Enter> to try again, or
2 . Control-C (Ctrl-C> to exit.

If so, make sure that the path to the license file is indeed correct. Al-
so, make sure that there are no problems with the floppy disk or drive
(if your License File is on a floppy disk). Press the Enter key.

License File and License Database Do Not Match:

This problem usually arises during a new installation when License
Manager software was previously installed on this computer. The
licensing information is stored on a file called ‘Imgr-hvdc’ (with no
extension), which is usually located in your Windows or WINNT
directory. This file is not deleted when the License Manager is
uninstalled. If this is indeed the case, select Option 3 as indicated
below:
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Licence Manager Creator Ul _xx
<c» 1998-2@@x Manitobha HUDG arch Centre Inc.

Please enter your Licence Key file name <{default: a:“license.txt>:
a:\license.txt

%aarching for a Licence Manager lock device...

R {enter.exed: The lock and license.txt do not match the Licence Manager dat
a file.
omer ID (lock device? H 1234
(v omer ID (license.txt? H 1234
customer ID (Imgr—hvdc filed: 158683

You have the ollnu1ng option{s):

Option 1: Pw £Ctrl1-C> to exit.

Option 2: Inuelt the correct USB or serial port lock 158883,
and then press {Enter> to try again.

Option 3: Press the {D> key to delete all existing licences for lock 158683
then install the new licences for lock 1234 {currently plugged in>.

If problems persist, press Ctrl + C to exit the ‘Enter License Key’
program and continue with the installation. When the installation is
completed, attempt to add your license again by following the direc-
tions given in ‘Adding/Upgrading Licenses’ in this chapter. If this
fails, follow the directions in ‘Getting License Information.” Send the
‘getinfo.txt’ file to PSCAD Support Services (support@pscad.com)
with a description of the problem.

itobha HUDC Regealch Centle Inc
Licence Manager Creator Ul _xx
{c) 1998-28@x Manitoba HUDC R arch Centre Inc.

Pleaze enter your Licence Key file name {default: a:z“license._txt):
a:slicense.txt

LICENCE 1:

added new licence to licence database.

HUDC product : Professional 4.8

Quantity of licenc U

Port number 853

Entered on : Mon Mouw 17 108:44:17 2003

Expiry date : Sat Jan 31 23:59:59 2084
WARNING: in order to use the license{s? just entered,

you must stop,. then restart the Licence Manager.

Press <Enter> to exit...

23. The Install program will now scan both the dongle and the
license file and check for validity. The output will be similar
to that shown above. Press the Enter key to exit.

24. This completes the License Manager installation process. It
is highly recommended that you view the ‘Read Me’ file
when prompted, as it contains useful information to users.
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If you did not choose to install the GNU Fortran compiler in Step 5,
then installation is now complete (unless you selected to install the
RTP demo software). Please review Finalizing Your Installation.

Installing EGCS/GNU Fortran
If you chose to install the GNU Fortran compiler in Step 5, the
Installer will now begin to install it.

25. The GNU compiler installation is quite straightforward. Press
Finish when complete.

26. This completes the EGCS/GNU Fortran installation
process. It is highly recommended that you view the ‘Read
Me’ file when prompted, as it contains useful information to
users.

Installing LiveWire/LiveWire Lite
If you chose to install LiveWire in Step 5, the Installer will now begin
to install it.

27. The LiveWire installation is quite straightforward. Press
Finish when complete.

28. This completes the LiveWire installation process. Itis
highly recommended that you view the ‘Read Me’ file when
prompted, as it contains useful information to users.

UPGRADING YOUR V4 SOFTWARE

This section is exclusively for those who are upgrading a previous
version of PSCAD V4. If this is the first time that PSCAD and/or
the License Manager is to be installed on a particular machine, see
‘Installing V4 for the First Time’ in this chapter.

Upgrading a Previous Installation with a Patch
Patch upgrades are available for download on the official PSCAD
website (www.pscad.com).

NOTE: Patching is not a full install and so
you must have previously installed an older
version of PSCAD V4.x.x before you can
continue.
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Please perform the following steps:

1.

Go to the official PSCAD website (www.pscad.com) and
select the Downloads section from the main menu bar. You
will be asked to enter your PSCAD Member ID and
Password before being allowed access to the download
site. If you do not have a Member ID and Password, you
can become a member by selecting the register link on the
page. Contact us at support@pscad.com if you experience
problems.

Once you are in the Downloads area, select the desired
Download, Update or Patch PSCAD V4 link under
PSCAD V4 heading. This will direct you to a new page
corresponding to the PSCAD Edition type selected. Please
review the information presented in this page before
proceeding. Select the link entitled Patch PSCAD™ V4
<xxx> Edition to V4.x.x.

On the resulting page, click the Install button.

Set-up will initiate and you should see a dialog indicating
the security risk of downloading the patch directly from our
website. Please read carefully and select | understand the
security risk and wish to continue and click Next |F this is
indeed what you wish to do. If you wish to cancel the patch
installation, click the Cancel button.

PSCAD 4 - InstallShield Wizard _ = =] 3

Security Warning
['o pou want bo continue running thiz setup?

[

“:& The origin and integrity of this application could not be verified because it was
°E T nat zsigned by the publisher.

*r'ou should continue only if you can identify the publisher as someone pou tust
and are certain this application hasn't been altered since publication.

| dao nat bust this setup

% | understand the security risk and wish to continue

Mext » | Cancel
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5. The installer will then check your system for the required
base installation. You must have previously fully installed
a PSCAD v4.x.x version in order to proceed with the patch
process. If this is indeed the case, then refer to Steps 6 and
7 in the next section.

Modifying a Previous Installation

An option is provided to modify the PSCAD software components
that were installed by a previous set-up. If your operating system is
Windows NT4, XP or 2000, you must have administrator or power
user access to your machine, in order to modify an installation.

NOTE: In order to install a patch, you have
already installed a previous full version of
PSCAD v4.x.x. ***REMOVE***

Please perform the following steps:

1. If a Standalone License Manager was previously installed
on this PC, it must be stopped before you continue. See
‘Manually Stopping the License Manager’ in this chapter for
more details.

2. Insert the PSCAD CD (from which you previously installed
your software) into your CD-ROM drive.

3. The installer should start automatically and in a few
moments, you should see the following screen:

PSCAD 4 Setup i x|
Welcome MANITOBA-HVEE
Modify, repair, or remove the program. RESEARCH E
CENTRE

‘welcome to the PSCAD 4 Setup Maintenance program. This program lets vou modify the
current inzstallation. Click one of the options below.

Select new program components to add or select curently installed
components ba remove.

Fieinztall all program components installed by the previous setup.

" Remove

'Mﬁ] Fiemove all inztalled components.

l et > | Cancel
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4. Select Modify and then click Next. Each screen that
requires important user input will have a corresponding step
to it in the following pages.

5. The following warning should pop-up. If this warning is
not heeded, the Installer may not be able to perform the
modifications. Click OK.

PSCAD 4 Setup . ]

& If ywou originally installed the PSCAD software From a CO-ROM, then insert the CO-ROM before proceeding.

6. You will be presented with the following screen, on which
options are available for your install. The options previously
selected should appear. Select how you would like to modify
your installation.

=
Product Listing PMANITOBA HVDE
RESEARCH E
Choose the products Setup will install CENTRE
Select the praduct(s] er product companett(z] you want ta install and clear thoze pou do not
want ba install
- Description
A
[w] GMU Fortran Compiler This component containg
PSCAD 4

[w]Licence hanager

w] Livetadire Lite (Dema)
[w] Livetadire

[]Fieal Time Playback

54.91 MB of zpace required on the C drive
8818.08 ME of space available on the C diive
Irstal|Shield

< Back | Mest > I Cancel

NOTE: All components selected will be
installed or upgraded. All components that
are deselected will be uninstalled!
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Explanations for each of the above options are given below.

PSCAD: Select this option to install PSCAD. Although all
PSCAD editions (i.e. Student, Educational and Professional)
are included on the CD, you must be properly licensed to
use any edition other than the Student Edition!

GNU Fortran Compiler: If you do not currently have either
the Digital or the Compagq Fortran 90 compiler installed,
select the GNU Fortran compiler. A Fortran compiler is
required for any PSCAD project to simulate (run).

License Manager: Only select to install the License
Manager if you intend for this machine to be the License
Manager server on a network (Standalone Licensing).
LiveWire Lite (Demo): Select this option to install the
evaluation version of LiveWire. LiveWire is the primary data
analysis and post-processing software tool recommended
for use with PSCAD. You can get more information on this
software at www.zsystems.ca/products.htm.

LiveWire: Select this option to install the full version of
LiveWire. Note that you must be licensed to run the full
version. Please contact us at sales@pscad.com for more
details on obtaining a full license.

Real Time Playback: If you wish to evaluate the Real Time
Playback (RTP) demo software (or install the commercial
version), select this option. For more on the RTP, see our
website at: www.pscad.com/

Possible Messages

License Manager is Currently Running:

If you selected to either install or uninstall the License Manager soft-
ware and an instance of the License Manager is detected as running
on this PC, you will receive the following dialog.

Stop process{es) or Cancel the installation ) x|

Setup detected 1 running instance(s) of <Imgrd-bvde=, See lisk below:

Imgrd-hde.exe

‘fou must stop the Licence Manager service and any other active Licence Manager instances before continuing.

Continue with installskion?

Retry | Cancel
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See Manually Stopping the License Manager for more details. Click
Retry once the License Manager process has been stopped.

PSCAD is Currently Running:

If you selected to either install or uninstall the PSCAD and an in-
stance of PSCAD is detected as running on this PC, you will receive
the following dialog.

Stop process{es) or Cancel the inst fion _;ﬁ

Setup detected 1 running instance(s) of <pscad=, See list below;
pscad.exe

‘fou must stop all running application instances before continuing,

Continue with installation?

Retry i Cancel

Close PSCAD and click Retry.

7. The Installer will now perform a variety of tests to verify
system settings and to ensure that everything is OK to
proceed. If you would like to see the results of these
diagnostics, please have a look at the report dialog window
(similar to that shown below):

x
Information MANITOBAHVDE
Please read the following test RESEARCH W,
CENTRE

The following shows the detected resources and permizsions o paur system;

Operating system information; -
Platform: windows 2000
Windows version: 5.0
Windows build: 0.0.2735
Acoess to required Fles and directories
twindows Socket DLL file <wsock32 dll:
C:hwfINM T hapstem32hwwsock 32.dIl
TCRAP network: tests
Iritiates use of the Windows Sockets version 1.0: Succesded.
Iritiates use of the Windows Sockets version 1.1: Succesded.
Iritiates uze of the Windows Sockets version 2.0: Succesded. -
4|

<

IristallSHield

< Back | Next > l Cancel |
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At this point, the Installer will attempt to install or uninstall compo-
nents as selected in Step 6.

Repairing a Previous Installation

An option is provided to repair any PSCAD software components
that were installed by a previous set-up. If your operating system is
Windows NT4, XP or 2000, you must have administrator access to
your machine, in order to repair an installation.

Please perform the following steps:

1.

If a standalone License Manager was previously installed,
it must be stopped before you continue. See ‘Manually
Stopping the License Manager’ in this chapter for more
details on how to stop the License Manager.

Insert the PSCAD CD (from which you previously installed
your software) into your CD-ROM drive.

The installer should start automatically and in a few
moments, you should see the following screen:

Welcome MANITOBAHVEE
odify, repair, or remove the program. RESEARCH E
CENTRE

‘wielzome to the PSCAD 4 Setup Maintenance program. This program lets you modify the
current installation. Click ane af the optians belaw.

i+ Madify

Select new program components bo add or zelect currently installed
Components bo Emove.

" Repair
ﬁ Figinztall all program components installed by the previous setup.
Tk

" Remove

— 2
?—’qj Fiemove all installed components.

Mext > | Cancel

Select Repair and the click Next. Each screen that requires
important user input will have a corresponding step to it in
the following pages.

The following warning should pop-up. Click OK.
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PSCAD 4 Setup ] |

& IF you originally installed the PSCAD software From a CO-ROM, then insert the CO-ROM before proceeding,

6. You will be presented with the following screen, on which
software modules are available for your repair. Select which
ones you would like to repair.

x4
Setup Type MANITOBA-HVDE

Select the setup type that best suits your needs. RESEARCH E
CENTRE

Select the modules) to be repaired in addition to PSCAD:

v Licence Manager

v GMU Fortran Compiler
v Feal Time Playback
W Livelwire Lite

[V Livewire

Iatall Shield

< Back | Mext > I Cancel

7. The Installer will now perform a variety of tests to verify
system settings and to ensure that everything is OK to
proceed. If you would like to see the results of these
diagnostics, please have a look at the report dialog window
(similar to that shown below):
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x
Information MANITOBA-HVDES

Please izad the following test. RESEARCH E
CENTRE

The fallowing shows the detected resources and permissions on your system:

Operating system information: -
Platfarm: ‘Windows 2000
“wiindowes version: 5.0
“wéindoves build: 0.0.21595
Wocess bo required files and directories
tindows Socket DLL file <wsock32.dl:
CWINM T hsystem32hwsack 32.dIl
TCFAP netwark tests:
Initiates use of the ‘Windows Sockets version 1.0: Succeeded.
Initistes use of the Windows Sockets version 1.7: Succesded
Initiates use of the ‘Windows Sockets version 2.0: Succeeded. _ILI
¥

K

Istal Shield

< Back | Mest » I Cancel |

At this point, the Installer will attempt to re-install all components
installed in the previous set-up.

Possible Messages
License Manager is Currently Running:

If you selected to repair the License Manager software and an
instance of the License Manager is detected as running on this PC,
you will receive the following dialog.

Stop process({es) or Cancel the installation b

Setup detected 1 running instancels) of <Imagrd-hvdc=, See lisk below:
Irngrd-heedc . exe

‘ou must stop the Licence Manager service and any other active Licence Manager instances before continuing.

Cankinue with installation?

Retry i Cancel |

See Manually Stopping the License Manager for more details. Click
Retry once the License Manager process has been stopped.

PSCAD is Currently Running:

If you selected to repair PSCAD and an instance of PSCAD is de-
tected as running on this PC, you will receive the following dialog.
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Stop process{es) or Cancel the ; llak x|

Setup detected 1 running instancels) of <pscad =, See lisk below:
pscad. exe

‘fou must skop all running application instances before continuing,

Continue with inskallation?

Retry I Cancel

Close PSCAD and click Retry.

Uninstalling

An option is provided to remove (uninstall) all PSCAD software com-
ponents that were installed by the previous set-up. If your operating

system is Windows NT4, XP or 2000, you must have administrator or
power user access to your machine, in order to uninstall.

NOTE: The uninstall program will not
remove any modified files. This includes
the *.emt directories created by PSCAD at
runtime. These must be removed manually.

Please perform the following steps:

1. If a standalone License Manager was previously installed,
it must be stopped before you continue. See ‘Manually
Stopping the License Manager’ in this chapter for more
details on how to stop the License Manager.

2. Insert the PSCAD CD, from which you previously installed
your software, into your CD-ROM drive.

3. The installer should start automatically and in a few
moments, you should see the following screen:
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x|
Welcome MANITOBAHVEE

Modify, repair, or remove the program. RESEARCH E
CENTRE

‘welcome to the PSCAD 4 Setup Maintenance program. This program lets you modify the
current installation. Click one of the options below.

* Modify

Select new program components to add or select curmently installed
components bo remove.

" Repair

@ Fieinztall all program components installed by the previous setup.

" Remave

@ Femove all installed components.

IrztallShield

< Back | Mext > I Cancel

4. Select Remove and the click Next.
5. The following confirmation warning should pop-up. Click
OK.
|

Do you wank ko completely remove PSCAD 4., and all of its components?

oK I Cancel |

At this point, the Installer will attempt to re-install all components
installed in the previous set-up.

Possible Messages
License Manager is Currently Running:
If you selected to remove the License Manager software and an

instance of the License Manager is detected as running on this PC,
you will receive the following dialog.
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Stop process{es) or Cancel the installation l __)i]

Setup detected 1 running instancels) of <Imgrd-hwdez, See list below:
Imgrd-hydc, exe

fou must skop the Licence Manager setvice and any other active Licence Manager instances before continuing.

Continue with installation?

Fkry I Cancel |

See Manually Stopping the License Manager for more details. Click
Retry once the License Manager process has been stopped.

PSCAD is Currently Running:

If you selected to remove PSCAD and an instance of PSCAD is de-
tected as running on this PC, you will receive the following dialog.

Stop process{es) or Cancel ~E_-;-:":-. o _)ﬂ

Setup detected 1 running instancels) of <pscad:>. See lisk below:
pscad exe

You rusk stop all running application instances befare continuing.

Continue with inskallation?

Retry I Cancel

Close PSCAD and click Retry.

FINALIZING YOUR INSTALLATION

There are a couple of loose ends to tie-up before you begin using
PSCAD V4.

Windows 98/ME Only

If you installed the EGCS/GNU Fortran 77 compiler or the License
Manager, then you must reboot in order to set-up environment infor-
mation.

If you chose to manually start the License Manager, then be sure to
do so upon reboot, before starting PSCAD. See ‘Manually Starting
the License Manager’ in this chapter for more details.
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Windows NT4/XP/2000 Only

Once installation is complete, you must manually start the License
Manager service if you decide not to reboot your machine. See
‘Manually Starting the License Manager’ in this chapter for more
details.

If you installed the EGCS/GNU Fortran 77 compiler, then you must
log-out and then log-in in order to update the environment informa-
tion.

Adding a Shortcut to the PSCAD Executable

All editions of PSCAD V4 now come complete as one executable
file. Therefore, when creating a desktop shortcut, add one of the suf-
fixes described below to your shortcut path.

Professional Edition:

“C:\Program Files\PSCAD4xx\bin\win\PSCAD.exe” PRO

Educational Edition:

“C:\Program Files\PSCAD4xx\bin\win\PSCAD.exe” EDU

Student Edition:

“C:\Program Files\PSCAD4xx\bin\win\PSCAD.exe”

Of course, if you have used something other than the default installa-

tion directory, the above paths will differ.

RUNNING PSCAD FOR THE FIRST TIME

To run PSCAD, simply click on START | Programs | PSCAD and
select whichever PSCAD edition you are licensed for. The program
should now load without any problems. You are now ready to simu-
late cases!

There are however, a couple of problems that may be encountered
at this point. The most common are described below.

Failed to Connect to License Manager Server

If there has been a problem with your License Manager installation,
have lost contact with the License Manager, or have not started

it, it will most likely be noticed when you first start PSCAD. When
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PSCAD is invoked, it will ask the License Manager if there is a
license available. If PSCAD cannot communicate with the License
Manager at all, the following screen will be encountered upon at-
tempting to start PSCAD:

PSCAD Error [ x|
"i" License Manager Repork -
\\?) Fafled to Connect bo License Manager Server,

If you have any questions, please contact your Syskem Adminiskrator,
IMon Sep 09 1002104 2002

Followed by:
pscaDEmor 8 x|

@ Unable bo acquire license From 'localbost

Check the Irgrd-log.kxk file {located in the windows directary)
on the Licensa Server for mare detalled information on this

E0ror message.,

NOTE: ‘localhost’ is the host name of the
License Manager server. The host name
indicated could also be another computer on
the network.

This usually indicates one of the following possible problems:

* The License Manager is installed but either not configured
properly or not running at all. This may include problems
with the dongle (i.e. it is not connected or corrupt).

* The License Manager server on the network is down, or
communication with the server is impossible.

*  The machine name (or IP address) of the License Manager
server is incorrect.

* The user failed to run the Enter License Key program to
enter their license information.
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Solution: First check the dongle’s physical connection. If this ma-
chine is on the LAN, ask your system administrator for help. Ensure
that the machine name that you entered is correct and that there are
no spaces in the name. Check the License Manager Log file (i.e.
Lmgr-log.txt or PscadLmagr.txt in your Windows or WINNT direc-
tory) for clues: Did you enter your License Key? If using Windows
NT4, XP or 2000, did you start the License Manager service? See
‘Adding / Upgrading Standalone Licenses’ or ‘Adding / Upgrading
Single-User Licenses’ in this chapter for more details on how to add
a license.

If all else fails, contact us by email at PSCAD Support Services
(support@pscad.com). Attach the ‘Imgrd-log.txt’ file and the
‘PscadLmagr.txt’ files from your Windows or WINNT directory for us to
analyze.

Running a Simulation Generates a ‘make -f’ or ‘nmake -f’ Error
You may encounter a ‘make -f or ‘nmake -f’ error when attempting to
run a simulation for the first time.

Cannol cieate proces: make -f simplesc mak clesn sl "Either
the zpeciied Fortran compiler iz not installed, or the compilsr

|
enwvironrent variables are not set propedly. '
T |

NOTE: The ‘make -f’ error means that
PSCAD is configured to use the GNU Fortran
compiler, while ‘nmake -f’ refers to one of the
Fortran 90 compilers.

This error indicates that PSCAD is unable to connect with a Fortran
compiler so as to build an executable for simulating. This can be
caused by one of the following reasons:

»  The specified Fortran compiler is not installed.

* Avirus scanner is blocking TCP/IP communication.

* The compiler environment variables are not installed
properly.

* Another program uses a utility program with the same name
(i.e. 'make' or 'nmake') and is defined first in either the
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‘autoexec.bat' file, or in the system environment variables. In
other words, this other utility is being called.

Solution: Ensure that the specified Fortran compiler is

installed. Make sure that your virus scanner is configured to allow
the required communication. Check that the compiler environment
variables are set properly. Check either your ‘autoexec.bat’ file or
your environment variables (depending on your OS) to see if there

is a conflicting utility. If so, you may be able to solve this problem by
placing the utility definition statement, related to the PSCAD com-
piler, before the other. When in doubt, ask your system administrator
for help.

If all else fails, contact us by email at PSCAD Support Services
(support@pscad.com) with a detailed description of the problem.

SETTING COMPILER ENVIRONMENT VARIABLES

Each compiler installer program should automatically set the environ-
ment variables for the corresponding Fortran compiler. However,
there are instances where this may fail. The following are instruc-
tions on how to manually set these variables as per compiler and
operating system:

EGCS/GNU Fortran 77 Compiler
Windows NT4/XP/2000:

1. Right-click on your ‘My Computer’ icon and select
Properties...

2. Click the Advanced tab and select Environment Variables.

3. Ensure that the following User Variable is set:

Variable Value

GCC_EXEC_PREFIX C:\progra~1\egcs\lib\gcc-lib\
PATH C:\progra~1\egcs\bin

NOTE: The environment variable paths
should be in 8-character DOS format.

Windows 98/ME:
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The above changes need to be made by editing the ‘autoexec.bat’
file according to standard formats. For help on this, contact your
system administrator.

Digital Fortran 5 Compiler
Windows NT4/XP/2000:

1. Right-click on your ‘My Computer’ icon and select
Properties...

2. Click the Advanced tab and select Environment Variables.

3. Ensure that the following System Variables are set:

Variable Value

FPS LIB C:\Program Files\DevStudio\VC\LIB

INCLUDE C:\Program Files\DevStudio\DF\INCLUDE;
C:\Program Files\DevStudio\VC\INCLUDE

LIB C:\Program Files\DevStudio\DF\LIB;

C:\Program Files\DevStudio\VC\LIB

C:\Program Files\DevStudio\SharedIDE\BIN;
Path C:\Program Files\DevStudio\DF\BIN;

C:\Program Files\DevStudio\VC\BIN

Windows 98/ME:

The above changes need to be made by editing the ‘autoexec.bat’
file according to standard formats. For help on this, contact your
system administrator.

Compaq Fortran 6 Compiler
Windows NT4/XP/2000:

1. Right-click on your ‘My Computer’ icon and select
Properties...

2. Click the Advanced tab and select Environment Variables.

3. Ensure that the following System Variables are set:
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Variable Value

C:\Program Files\Microsoft Visual Studio\DF98\INCLUDE;
C:\Program Files\Microsoft Visual Studio\VC98\INCLUDE

C:\Program Files\Microsoft Visual Studio\DF98\LIB;
C:\Program Files\Microsoft Visual Studio\VC98\LIB
C:\Program Files\Microsoft Visual Studio\Common\Tools;
C:\Program Files\Microsoft Visual Studio\Common\

Path Msdev98\BIN;

C:\Program Files\Microsoft Visual Studio\DF98\BIN;
C:\Program Files\Microsoft Visual Studio\VC98\BIN

INCLUDE

LIB

Windows 98/ME:

The above changes need to be made by editing the ‘autoexec.bat’
file according to standard formats. For help on this, contact your
system administrator.

Intel Fortran 9 Compiler
Windows NT4/XP/2000:

1. Right-click on your ‘My Computer’ icon and select
Properties...

2. Click the Advanced tab and select Environment Variables.

3. Ensure that the following System Variables are set:

Variable Value

INTEL_ . . . .
LICENSE_FILE C:\Program Files\Common Files\Intel\Licenses

LIB C:\Program Files\Inte\Compiler\Fortran\9.0\[A32\lib
Path C:\Program Files\Inte\Compiler\Fortran\9.0\|IA32\Bin

If Microsoft Visual Studio C++ .NET 2002 is installed, the following
values are additionally required:

Variable Value

C:\Program Files\Microsoft Visual Studio .NET\VC7\
LIB PlatformSDK\lib;
C:\Program Files\Microsoft Visual Studio .NET\VC7\lib
C:\Program Files\Microsoft Visual Studio .NET\VC7\
bin;
C:\Program Files\Microsoft Visual Studio .NET\
Common7\IDE

Path
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If Microsoft Visual Studio C++ .NET 2003 is installed, the following
values are additionally required:

Variable Value

C:\Program Files\Microsoft Visual Studio .NET 2003\Vc7\
LIB PlatformSDK\lib;
C:\Program Files\Microsoft Visual Studio .NET 2003\VVc7\lib
C:\Program Files\Microsoft Visual Studio .NET 2003\Vc7\
bin;
C:\Program Files\Microsoft Visual Studio .NET 2003\
Common7\IDE

Path

Windows 98/ME:

The above changes need to be made by editing the ‘autoexec.bat’
file according to standard formats. For help on this, contact your
system administrator.

TRIAL LICENSES

If you have already installed the PSCAD V4 Student Edition and
require more than the fixed 15 electrical node limit, or if you would
like to review the component design features, you may be interested
in a time limited evaluation license for the PSCAD V4 Professional
Edition. If interested, please follow the procedures below to receive
your Trial License.

NOTE: Once you have submitted Trial
License request, a new License Key will be
sent pending approval. Trial licensing is only
available for the PSCAD V4 Professional and
Educational Editions.

Requesting a Trial License

As part of the Requesting a Trial License procedure, you must
provide us with some specifics on the PC you will be using to run
PSCAD. This information is supplied to us in the form of a text file,
which contains important machine metrics, such as computer name
and other operating system information. This data is required to cre-
ate a Trial License file and is held in the strictest confidentiality.

The following procedure outlines how to request a Trial License:
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1. Open the PSCAD Student Edition and go to Edit |
Workspace Settings... in the main menu bar to open the
Workspace Settings dialog.

2. Select the License tab near the top of the dialog.

Workspace Settings g]

Projects | Wiews ] F\unllme] Furtran] Matlab  License IAssoclallunsl

License Host

‘lyphon 2053 Apply

Trial License

Generate Trial License Request

‘C:\F‘mgram Files\PS CAD 424 TrialR equest. tut |

Install Trial License
[ =2

Single User License

Install Single User Licensels]
| =3
Awsilable Licanse(s)

[ | Activate
Active License

Licensed, Professional, <Unknown: Dietails..
[n] 4 I Cancel Help ‘

3. Inthe Trial License area of this dialog, enter a filename
and path in the input field entitled Generate Trial License
Request or use the Browse button to navigate to the
desired directory. This will specify where PSCAD is to place
the Trial License Request file once it is generated. To avoid
confusion, leave this path and filename as default. Press the
‘Generate’ button directly to the right of this field.

Trial License
Generate Trial License Request
|C:\Pragram Files\PS CAD 424T rilFlequest bt L
Inztall Trial License |Generate trial license requast

4. ATrial License Registration entry form will appear. Enter all
required information into the form and then click the Submit
button near the bottom of the form.
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Trial License Registration @|

Totequest a free B0-cary trial, fill out and submit this form. Upon attaching
the request and e-mailing the information, a trial license may be granted
subject to approval by Manitoba HYDC Research Centre

AT M O s

* Companyniversty:

* Aidress:

Address 2

Address 3

Gty

* Postal/ZIP:

* Courntry:

* Phone:

|
\
|
\
\
|
* State/Province: ‘
\
\
\
\
|

@|

* Required fields

cancel | Reset | Subimit

5. If all fields in Step 4 were entered correctly, PSCAD will
generate the Trial License Request file and place it in the
directory specified in Step 3. A Trial License Request dialog
will appear confirming the placement of the file.

Trial License Request 1

Successfully generated pour Trial Licenze Request file

0k, |

Generated uzer infa file: C:WProgram Files\PSCADA024 TrialR equest bt ﬂ

Iz

6. Adialog will appear asking if you would like to email the Trial
License Request file now. Click Yes to proceed to Step
7. Click No if you wish to email the Trial License Request
file at a later time. If you decide to send the file at a later
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time, you can start at Step 8 of this procedure, as the file has
already been created.

bsa x

-
@ WWould wou like ko send the trial license request bo Manitoba HYDC Research Centre now ¥

Yes Mo |

7. Another dialog will appear with a simple warning. Please
read carefully:

PSCAD 1 d
/i The trial license request file C\Program Files\PSCAD40Z TrialRequest kxk has not been attached to the e-mail sender aukomatically,
Flease attach it manually,

8. PSCAD will then open a new email form from your default
email tool. The body of the email will contain the information
given in Step 4 and the sending address is set to PSCAD
Sales (sales@pscad.com).

NOTE: If you generated your Trial License
Request file at an earlier time, you do not
need to add the text to the body of the email,
as this is contained within your Trial License
Request file anyway.

¥ Request Trial License { Before e-mailing, attach the file: 3 =0 5[
Elle Edit Wew Insert  Format  Iools  Actions  Help Type aquestion for help |+

Elgend (accounts~ [l & £ B2 B B0 BS ' 1 v [z]optons.. &7 o

Signaturs = | . || = »

Ho Isa\es@gscad.com
o |]
Bt I

Subject:  [tequest Trial License { Before e-maling, attach the file: C:\Program Files\PSCADANZ| TrialRequest, bt )

MName: Mr.Joes Smith, Company/UTniversity: Manitobas HYDC Research ;I
Centre Inc., Address: Z44 Cree Crescent, Address 2: , Address

< L. City: Winniped, Frovince: Manitoba, Postal/ZIP: R3J 3W1,
Country: Canada, Phone: (204) 9859-1240, Faxy E-mail:
salesBpacad. com
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9.

Remember to manually attach the Trial License Request
file to email in Step 8 (the file will be located in the directory
specified in Step 3). Send the email to PSCAD Sales
(sales@pscad.com). You should receive a response within
the next couple of days. See the next section entitled
‘Installing a Trial License’ upon receipt of your Trial License
key.

NOTE: Do not upgrade your operating sys-
tem, change your system clock, or change
any hardware configuration (i.e. hard drives,
motherboard, etc.) while waiting for your Trial
License Key.

Installing a Trial License
Upon approval of your Trial License request, you will receive an
email from us with your Trial License key attached (i.e. ‘Trial.txt’).

Before proceeding with installation, please note the following impor-
tant points:

The Trial License can only be installed on the computer from
which it was requested.

When operating under a Trial License, PSCAD will only run if
it is the only PSCAD instance active on your machine. Quit
all other instances of PSCAD (both V3 and V4), prior to
starting with a Trial License.

The Trial License will not operate if certain computer system
configurations are changed. Do not upgrade your operating
system, change your system clock, or change any hardware
configuration (i.e. hard drives, motherboard, etc.) during the
course of the Trial License period.

If you encounter problems during this process, contact us at
PSCAD Support Services (support@pscad.com).

The following procedure outlines how to install a Trial License:

1.

2.

Save the Trial License key (i.e. ‘Trial.txt’ file) somewhere on
your hard drive (say C:\temp).

Open the PSCAD Student Edition and go to Edit |
Workspace Settings... in the main menu bar to open the
Workspace Settings dialog.

Select the License tab near the top of the dialog.
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W:rkspdce Selfings F— g]

Projects | WViews } Fiunt\ma] Fmtran} Matlab  Licens= ]Associat\ons]

License Host
[twphon 2053 Apply
Trial License

Generate Trial License Request
|E WProgram Files\PSCAD 424 TrialR equest tst =]

Install Trial License
[ -]

Single User License

Install Single Uszer Licensels]
| =8

Lyailable Licenze(s]

| ﬂ Activate

Active License

Licensed, Professional, <Unknowri Details...
0Ok Cancel | Help |

4. In the Trial License area of this dialog, enter the filename
and path to your ‘Trial.txt’ file in the input field entitled Install
Trial License or press the Browse button to navigate to the
file. Once entered, press the Install button directly to the
right of this field.

Trial License
Generate Trial Licenze Request

|E:\F'rogram Files\PSCAD424TrialR equest. tat

Install Trial License

|E:\temp\trial.txt

5. |If Trial License is installed correctly, a Trial License
Installation dialog will appear confirming this, along with the
expiry date of the Trial License. Click the OK button.

NOTE: If the license does not install cor-
rectly, please contact us at PSCAD Support
Services (support@pscad.com).
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Trial License Request

Successfully gererated your Trial License Request file

0K
Cetailsg<

Generated uzer info file: C:5\Program Files'PS CAD 4025 T rialRequest. st ___i

1|

6. Close the PSCAD Student Edition and then open the
PSCAD Professional Edition. See ‘Viewing Active License
Information’ in this chapter for details on checking if your
Trial License is running properly.

NOTE: Please see ‘Adding a Shortcut to
the PSCAD Executable’ in this chapter if
you plan to add a shortcut to the PSCAD
Professional or Educational Edition on your
desktop.

ADDING/UPGRADING STAND-ALONE LICENSE
MANAGER LICENSES

You do not need to reinstall the License Manager in order to update
or add a Standalone License Manager License. You will simply need
to update the License Manager database file, which resides on your
computer’s hard drive.

To update or add a new Standalone License Manager License to
your license database file, use the ‘Enter License Key’ program:

1. Go to START | Programs | HYDC Lmgr and select ‘Enter
License Key.’

2. Follow Steps 21 to 23 in ‘Installing V4 for the First Time’ in
this chapter.
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ADDING/UPGRADING A SINGLE-USER LICENSE

You do not need to reinstall the License Manager in order to update
or add a single-user license. You will simply need to update the
License Manager database file, which resides on your computer’s
hard drive.

To update or add a new license to your license database file:

1. Save your license file (located on the floppy disk provided
with PSCAD, entitled ‘License Manager: License.ixt’) to a
convenient directory (say C:\temp).

2. Open PSCAD V4 Student Edition and go to Edit |
Workspace Settings... in the Main Menu Bar. Click the
License tab.

Workspace Settings
Prajects | Wiews | Puntine | Farvan| Matsb  Lisense | assaciations |

License Host
[typhion 2052 Apply

Tiial Ligerse
Generate Trial License Flequest

[CAProgram Files\PSCAD 42\ TriaFequest it |

Install Trial License
| - | B

Single User License

Install Single User Licensefs)
| =3
Available License(s]

| | Ativate

Active License

Licensed, Professional. <Unknowmn> Dietails

fiT3 Cancl \ Heb |

3. Inthe Single User License area of this dialog, enter the
filename and path to your Single User license file in the
input field entitled Install Single User License(s). Press
the Install button directly to the right of the input field and
navigate to the saved ‘license.txt’ file. Select OK in the pop-
up dialog window.

Single User License

Inztall Single User Licensze(s)

i

[1nstall single user license |
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4. Click OK on the Workspace Settings dialog and exit the
PSCAD Student Edition.

5. You should now be able to load the PSCAD edition for which
you are licensed.

CHANGING ACTIVE LICENSING SETTINGS

PSCAD allows you to alter your present (i.e. ‘active’) license set-
tings without the need to close and reopen the program in a different
mode. You can change the License Manager host computer, and/or
the license type (i.e. Professional, Educational or Student) directly
from the Workspace Settings dialog. To open this dialog, go to Edit |
Workspace Settings... in the main menu bar and click the License
tab.

Workspace Settings E]
Projects | Views | Runtine | Foran | Matlab License | Assaciations |

License Host

|twphon 2053 Apply
Trial License

Generate Trial License Request

|E:\Frogram Files\PSCAD42\TrialRequest et B3
Install Trial License

[ -l
Single User License

Install Single User License(s)

[ =8
Available License(s)

[ ~| Activate
Active License

Licensed, Professional, <Unknown Details.

oK Cancel ‘ Help |

Changing License Manager Host
To change the License Manager host computer, simply enter the
name of the new host (along with 2053) and click the Apply button.

Licenze Host

nievihos] 2053 Apply
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Changing Active License Type

To change the active license type, click the down arrow in the selec-
tion box under the Available License(s) area and select the required
license. Click the Activate button.

Avalable Licensels]

| Profeszsional j .-’-'u:ti[fate
E ducational
Student —————

NOTE: You must be properly licensed in
order to change license type!

VIEWING ACTIVE LICENSE INFORMATION

At any time, you can review the status of your active license.

1. Open PSCAD and go to Edit | Workspace Settings... in the
Main Menu bar. Select the License tab.

Workspace Settings E}

Plniects} Views ] Runlime] Fﬂrtran} Matlah  License lAssnciatinns]

Lizense Host

|typhnm 2053 Apply
Trial License

Generate Trial License Request

|E'\F’|ngram Filesh\PSCAD424TrialR equest bt =

Inistall Trial License

| =9
Single User License

Install Single User License(s]

| =8
Lwalable Licensels)

| j Activate

Active License

Licensed, Professional, <Unknowns Details...
(] 8 I Cancel ‘ Help ‘

2. Near the bottom of the dialog, there is an area entitled
Active License. Some preliminary information is given
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directly within this area. For more detailed information, click
the Details... button. A dialog should pop-up displaying all
available information regarding your current licensing. If
you wish you can save this data to a text file or copy it to the
Windows clipboard. Select OK to close the dialog.

License Details

Licencing: Standalone

Wersion: 1.23

Bluilel clate: 14:01:12 May 13 2005

Wyincioms: Windoswes XP (5.01 2600 Service Pack 2)
Log file: CAMDCYSPecadlmgr txt

Machine name: ZELUS
Licence host:  typhon (v1.17)

Custormer IC: 158012 (on Licence server)
Lock 0 149

Uszer date: Tue May 17 06:59:49 2005
Host date: Tue May 17 05:43:39 2005

Save as..

Copy to Cliphoard | Ok |

3

GETTING LICENSING INFORMATION

If you would like information about your licenses, you can get this
directly from the dongle itself. This information is also helpful in
troubleshooting if a problem arises, and is used by PSCAD Support
to help solve License Manager issues.

Standalone License Manager Information
To view your Standalone License Manager information, use the ‘Get
License Info’ program:

1. Goto START | Programs | HYDC Lmgr and select ‘Get

Licen

se Info.
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arch Centre Inc.
Licence Manager formation U1.23
Cc> 1998-2885 Manitoba HUDC Research

This program only needs to be run on a Licence

system id SD2D37F
tepsip port 2853
Windows 08 Windows 2868 <5.88.21
system name WINNT
node name ELECTRA <{(truncated to
node name <{ELECTRA> (complete —
release 5.8
machine INTEL
mise Pack 3
processor Intel, Intel 586, 15, 519
i 192.168.186.129

#51828@5
Getinfo 1.23
User Administrator
PSCAD 3.8 3.9.8, 4.08.8, 4.8.1, 4.1.1, 4.2.8
Licence DB <M >
Licence DB C:SWINNT S 1mgr—hvde
USE info USE driver version 7.78.% for <{Win NI System Driver:
Expected on USB
com port: UsSBE
customer ID: 555628 C(actual)
lock ID: 623
user date: Wed May 18 13:21:38
actual date: Wed May 18 14:84:37 288

MOTE: This info also saved in: c>\pe 1 Shude Imgescommonhgetinfo.txt
If you experience Licence Manager p»

please attach the Getinfo.txt file viling supportB@pscad.com

Press [return] to exit_

When you run this program, a DOS based window should appear
similar to that shown above.

A text file will also be created at the same time called ‘getinfo.txt’ (as
indicated above). This is an important file to include when contacting
PSCAD Support Services by email (support@pscad.com).

Active Licensing Information
See ‘Viewing Active License Information’ in this chapter for more
details.

MANUALLY STARTING THE LICENSE MANAGER

The method for starting the License Manager is different for the vari-
ous Windows platforms:

Windows 98/ME

* Goto START | Programs | HVDC Lmgr. Select ‘Start
License Manager.’
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Windows NT

* Goto START | Settings | Control Panel | Services. Select
the HVDC License Manager and select ‘Start.’

Windows XP/2000
* Right-click on your My Computer desktop icon and select
Manage.
* Double-click on the Services and Applications entry and
then double-click Services.
* Highlight 'HVDC License Manager,' right-click and select
'Start.'

MANUALLY STOPPING THE LICENSE MANAGER

The method for stopping the License Manager is different for various
Windows platforms:

Windows 98/ME

*  Press Ctrl + Alt + Del to bring up the Task List and then use
End Task to stop any instances of ‘imgrd-hvdc.’

Windows NT

* Goto START | Settings | Control Panel | Services. Select
the HVDC License Manager and select ‘Stop.’

Windows XP/2000

* Right-click on your My Computer desktop icon and select
Manage.

* Double-click on the Services and Applications entry and
then double-click Services.

* Highlight 'HVDC License Manager', right-click and select
'Stop.'
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Chapter 3:

Workspace Settings

Workspace Settings Overview

Now that PSCAD has been installed successfully, you may want to
adjust some of the available work environment settings and prefer-
ences available. Workspace settings are those that affect the entire
Workspace (i.e. all loaded Projects). These parameters are con-
tained within a single dialog window called the Workspace Settings
dialog.

To access this dialog, go to Edit | Workspace Settings... in the Main
Menu bar.

File 'u'iew Build  windomw  Help

Cuk Chrl+,
Copy Chrl+C
Paste Chrl+y
Select all Chri+-a
Undo Ctr+Z
Redao Chrl+y
Search. ., Chrl+F

Print Headers
Prink Fookers
Prink Border

‘Workspace Settings. ..

The settings available in the Workspace Settings dialog control win-
dow are divided into seven specific areas:

* Projects
*  Views

* Runtime
* Fortran
« Matlab

e License

« Associations

PSCAD User’s Guide
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PROJECTS

The Projects section of the Workspace Settings dialog window con-
tains a variety of user preference settings related to Projects. These
are explained in detail below.

Workspace Settings

Frajects ]Views ] Fluntime] Fortran] Matlab] Licensei Associations]

Initialization
This area provides some preferences specific to saving and initializa-

tion:

Initialization
[v Reload projects at startup [¥ Ak when updating version
Autormatically save projects every |0 minutes [0 = never]

tozt Recently Used Projects 10 [0-16]

Praject Directary

CABackUp J

Reload Projects at Startup: When selected, this setting
will ensure that all Library and Case Project files, which
were loaded in the Workspace when you last exited PSCAD,
are reloaded again at start-up. When de-selected, only the
Master Library will be loaded at start-up.

Ask When Updating Version: This feature provides the
user with some added protection against inadvertently
changing the version of a loaded case or library project,
when that project is saved. This becomes helpful for
example, when the user is dealing with a client’'s case who
uses an earlier version of PSCAD. If the case is saved as
the latest version, the case may be rendered unusable by
the client. When selected, PSCAD will check the original
version of the case, and ask whether or not the case should
be updated when saved.
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¢ Automatically Save Projects: When selected, PSCAD will
save all Library and Case Projects loaded in the Workspace
at the specified intervals.

¢ Most Recently Used Projects: Enter the number of
recently used Library and Case Projects that you would
like to appear in the File menu of the Main Menu bar. You
may enter a number in the range from 0 to 16 recently used
Projects.

* Project Directory: Enter the default directory path for the
Load Project dialog. You can either enter the path directly, or
use the browse button to select the directory. This path may
be changed at any time.

HTML Browser
This area provides some preferences specific to HTML browser set-
tings:

HTHL Browser
PSCAD will uze thiz broveser for user defined help.

l ]

¢ PSCAD will use this browser for user defined help: Enter
the path to your preferred HTML browser. You can either
enter the path directly, or use the browse button to select the
directory. This browser will be used for viewing your user-
written component help files. See the section entitled ‘Help
Segment’ in Chapter 9 of this manual for details on setting
up component help files.

VIEWS

The Views section of the Workspace Settings dialog window
contains a variety of mostly cosmetic preference settings and
functions. These are explained in detail below.

Workspace Settings

Projects  Wiews lHuntime] Fortran| Matlab] License] Associations]
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Circuit View
This area provides some preferences specific to the Circuit view:

Circit Yiew

v Enable vizual feedback when hovering over components.
[” Enable cut/copy/paste without 'Chl' key.

[+ Solder wires at signal junctions.

[7 Enable 'Shft' key to create controls and curves

v Enable Undo-Redo

[™ Enable double clicking project tee switching to main module

¢ Enable Visual Feedback when Hovering Over
Components: Selecting this option will enable selection
boxes to appear around Components and Modules when the
mouse pointer is over top of them.

¢ Enable Cut/Copy/Paste without 'Ctrl' Key: Select this
option to revert to the PSCAD V3 style hot keys for cut/copy/
paste (i.e. x, c and v)

¢ Solder Wires at Signal Junctions: Select this option
to show solder connection symbols at all overlapping
signal junctions. This feature is used mostly to detect
for overlapping Wires and possible short circuits. Once
debugging is complete, this option should be turned off on
larger Projects, as it can add significant build time to the
Project.

¢ Enable 'Shift' key to create controls and curves: This
option is directly related to Drag and Drop. By default, all
Drag and Drop functions are invoked using the ‘Ctrl’ key in
combination with the left mouse button. This option should
be enabled if the user would prefer to designate the ‘Shift’
key (in place of ‘Ctrl’) to place Curves to Graphs, or Control
Interfaces/Meters to Control Panels.

¢ Enable Undo-Redo: Select this option to enable the Undo
and Redo feature.

¢ Enable Double Clicking Project Tree Switching to Main
Module: When this option is enabled, a left double-click on
the case name in the Projects section of the Workspace
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window, will focus the Circuit canvas on the project main
page.

Script Editor
This area provides some preferences specific to the Script section of
the Design Editor:

Script Editor
v Use syntax colouing

¥ Line Mumbers

e Use Syntax Colouring: Select this option to turn on code
syntax colouring in the Script section. When de-selected, all
Script code will appear in black.

* Line Numbers: Select this option to enable display of line
numbers when viewing code in the Script section or when
viewing any text file in PSCAD.

Graph and Control Panel Style
Select a preferred panel style for Control Panels and Graph Frames.

Graph and Control Panel Style
" Plain paper
& 30 Shadow
O Metal Chisel

The default setting is 3D Shadow, but you may also choose either
Plain Paper or Metal Chisel.

RUNTIME

The Runtime section of the Workspace Settings dialog window is
used to set-up output and memory related settings. These are ex-
plained in detail below.

Workspace Settings

Proiects] Wigws Runtime l Fortran] Matlab] License] Associations]
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Output Channel Warnings
This section contains Output Channel settings:

Output Channel W arnings

Unusual ouput channel setting can produce unexpected results and
reduce the performance of the simulation.

I Wam if ho output channels are requested.
v wam if excessive output channels are requested.
v wam if sample density iz very high.

¢ Warn if no output channels are requested: If this option is
selected, PSCAD will issue a warning message upon Project
Run indicating that there are no Output Channels (and hence
no graphical feedback).

¢ Warn if excessive output channels are

requested: Performs a sanity check to ensure that the
user has not requested an excessive number of output
channels. If the number of output channels is very large,
the user should send channels on demand rather than
all of them (otherwise, the simulation may perform very
slowly). See the section entitled ‘Send Only the Output
Channels that are In Use’ in Chapter 7 for more details.

e Warn if sample density is very high: Performs a sanity
check to ensure the user has not selected a sample count
that is too big for the system display and storage. This can
occur when the time step is very small and the run duration
is long. For example, a one second run plotted at every
microsecond will have 1 million data points per trace. These
are upper bound to ensure that the plot and graphs continue
to function with reasonable performance. See the section
entitled ‘Time Settings’ in Chapter 7 for more on setting
simulation time step and plot step.

System Memory Load
This section contains Output Channel settings:

System Memory Load

The combination of a small zolution time step and a lengthy run can
result in exceszive memory loads and application instabiliy.

Motify if data storage needs exceed 256 ME
Stop if data storage needs excesd 512 ME
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* Notify if storage needs exceed: If this option is selected,
and the storage required for a simulation exceeds the
entered value, a warning will be issued upon Project Run.

e Stop if data storage needs exceed: If this option is
selected, and the storage required for a simulation exceeds
the entered value, the Project Run will not proceed.

FORTRAN

The Fortran section of the Workspace Settings dialog window is
used to set-up Fortran related settings. These are explained in detail
below.

Works pace Settings g]

F'rme:lsl Wigwg I Runtime  Fartran IMalIabl Llcensel Assuc\al\uns]

Fortran Compiler
This section contains Fortran compiler settings:

Fortran Cannpiler

Inztalled Wersion
|E0mpaq ‘Wizual Fortran Standard E dition 6.1 ﬂ

EMTDLC Library Fath

|C:'\F'rogram FileshPSCADAZ2 emtde

|Jzer Library Path
|I::'\temp

¢ Installed Version: Select the Fortran compiler to be used
for compilation of PSCAD projects. If you have more than
one compiler installed, you may freely switch between
compilers without having to restart PSCAD or reload the
project.

e EMTDC Library Path: Enter the path to the EMTDC library
directories. You can either enter the path directly, or use
the browse button to select the directory. This path is set
to default to the installation directory and should be left as
such.
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e User Library Path: The path entered here is automatically
appended to files entered into the Additional Library (*.lib)
and Object (*.obj) Files input field in the Project Settings
dialog.

MATLAB®

The MATLAB® section of the Workspace Settings dialog win-
dow is used to set-up MATLAB®/Simulink® Interface related
settings. These are explained in detail below.

Workspace Settings

Proiects] Wiews ] Huntime] Fortran  Matlab l License] Associations]

Interface Settings
The Interface Settings area is used to set-up a directory path to the
MATLAB® installation libraries.

Interface Settings

Inztalled Yersion

Library Path

[ ]

¢ Installed Version: If you intend to make use of the
MATLAB®/Simulink® Interface in PSCAD, then choose
which version of MATLAB® you will be using in this
field. PSCAD V4 currently supports MATLAB® Versions 5.0
and 6.

e Library Path: If you are using MATLAB® Version 5.0, you
must specify a path to the MATLAB® installation library
directory. This path will be used for all PSCAD projects
using the MATLAB®/Simulink® Interface. If MATLAB®
version 6 is selected, setting a path to the MATLAB®
installation library directory is not required. You can either
enter the path directly, or use the browse button to select the
directory.
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NOTE: Enabling the MATLAB®/ Simulink®
interface is a Project specific option. See the
section entitled ‘Link Options’ in Chapter 7
for more details.

LICENSE

The License section of the Workspace Settings dialog window is
devoted to License Manager and other licensing preferences and
features. These are explained in detail below.

Workspace Settings

Proiects] Wiews ] Huntime] Fortran] Matlab  License Associations]

License Host
The hostname of the License Manager server machine on your
network.

Licetse Hogt

|t_l,lph0n 2053 Apply ‘ |

This field is automatically configured during installation and should
not need to be adjusted unless your License Manager server host-
name is changed. The additional ‘2053’ number is always required
(specifies the port number). This field is not used if you are us-

ing a trial license. For more details on how to change the License
Manager host directly from this dialog, see the section entitled
‘Changing Active Licensing Settings’ in Chapter 2.

Trial License
The Trial License area is used only when requesting and installing a
trial license.

Trial Licenze
Generate Trial Licenze Reguest
|C:\Program FilesAP5 CADA2\TrialR equest.tat -~ 1E

Install Trial License

[ e
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See the section entitled ‘Trial Licenses’ in Chapter 2 for more details.

Single User License
The single user license area is used only when installing and activat-
ing single user licenses.

Single zer License

Install Single Uzer License(s)

l |

See the sections entitled ‘Adding/Upgrading a Single-User License’
and ‘Getting Licensing Information’ in Chapter 2 for more details.

Available License(s)
The Available License(s) area is used for switching between avail-
able licenses.

Available Licenze(z)

| j Activate ‘ |

See the section entitled ‘Changing Active Licensing Settings’ in
Chapter 2 for more details.

Active License
The Active License area is used only when requesting and installing
a trial license.

Active Licenze

Licenzed, Professional, <Unknown: Details... ‘ |

See the section entitled ‘Trial Licenses’ in Chapter 2 for more details.

ASSOCIATIONS

The Associations section of the Workspace Settings dialog window
is used specifically to set-up file association settings. All file associa-
tions specified here, will enable the user to start-up external applica-
tions from within PSCAD, by using the File Reference component.
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Workspace Settings

Ploiects] Wiews ] Huntime] Fortran] Matlab] License Associations ]

Customize File Associations
File associations are entered in two parts: The file extension (with no
period), and the path to the application executable file.

Customize File Aszociations

Extension | Application

kst CHWINDOWS notepad. exe
doc Ct\Program FilesiMicrosoft OFficel, Office 101WINWORD, ...
f C:\Program FilesiMicrosoft Yisual Studiol CommoniMsDe. ..

Creating a New Association
To enter a new file association, press the Add button. The next
available input box in the Extension column will appear as selected.

Custornize File Associations

Extension ‘ Application

bk CWINDOWS\notepad. exe

doc Ci\Program FilesiMicrosoft OfficelOffice 10 INWORD. ...
f Ci\Program FilesiMicrosoft Visual Studioh CormmoniMaDe, .

\ |
Add Remove

Enter the file extension (without the period) and press Enter. Either
double left-click the box directly to the right of the new extension,
or press the Browse (...) button to enter a path to the corresponding
application executable file. The Browse button will bring up a dialog
window by which you can navigate to the file.

Extension | Application Extension ‘ Application

bt CwWINDOWS nokepad. exe 43 CAWINDOWSinotepad exe

doc C:YProgram Files\Microsoft Office OFfice 10V INWORD, .., | | doc C:\Program FilestMicrosoft OfficelOffice LOWWINWORD. . .
f C:\Program Files\Microsoft visual StudiolCommoniMsDe. . || Ci\Program Files\Microsoft Visusl StudielCommaniMSDe. .
s ‘C “temphmnyapp exe Rr
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Removing an Association

Simply select the association to be removed and then press the
Remove button.

Invoking an Associated External Application

To make use of the file associations entered here, the File Reference
component must be linked to a file with a specified extension, as fol-
lows:

1. Add a File Reference component by right-clicking over
a blank part of the Circuit canvas and selecting Add
Component | File Reference.

2. Either left double-click on the component or right-click
on it and select Properties... to bring up the component
properties dialog.

3. Enter the path (relative to the Project file) to the file either
directly or by pressing the Browse button.

File Reference

Abzolute File Path:

| C:BackipDocuments test.doc|

Persist in project &s..

| LU BackUpDocumentsitest doc
Ok | Cancel ‘

That’s all there is to it! The next time the File Reference component
is double-clicked, it will start the associated application and open the
specified file.

PSCAD User’s Guide



PSCAD

Chapter 4:

The PSCAD Environment

The term ‘PSCAD Environment’ refers not only to how the PSCAD
graphical users interface is organized visually, but also to naming
conventions, utilities and other features that facilitate creativity and
design. As you may notice, a lot of effort has gone into enhancing
the work environment in PSCAD V4. We have however, tried to
maintain the look and feel of the previous versions, preserving the
most popular functions and enhancing others.

This chapter discusses a wide range of introductory topics ranging
from simple terms and definitions, to a general overview of most im-
portant functions in PSCAD. The tutorial section My First Simulation
is a must read for new PSCAD V4 users.

For a more detailed description of basic functions and operations,
see Chapter 5 - Features and Operations.

TERMINOLOGY AND DEFINITIONS

In order to fully appreciate the PSCAD User’s Guide and Online
Help System, a quick review of the following common terms is
suggested. Due to the environmental changes implemented since
PSCAD V3, there have been several changes in the terminology
used to describe some new and old features as well.

Components

A component (sometimes referred to simply as a ‘block’) is essen-
tially a graphical representation of a device model, and is the basic
building block of circuits created in PSCAD. Components are usu-
ally designed to perform a specific function, and can exist as either
electrical, control, documentary or simply decorative in type.

£0

Single-Phase Transformer component in PSCAD
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Components usually posses inputs and outputs and can be pieced
together with other components to form larger systems. Model pa-
rameters, such as input variables and constants, can also be manu-
ally entered through the component.

Definitions

A definition is essentially the underlying ‘blueprint’ of a

component. Accessed through the Design Editor, the compo-

nent definition is where all aspects of the component design are
defined. This can include graphical appearance, connection nodes,
input dialogs and model code.

Component definitions are not graphical entities, and are usually
stored in library projects. Definitions stored in a library project can
be used to create component instances in any case project, includ-
ing that library project itself. However, definitions stored in a case
project are local to that case and cannot be used in other projects.

Instances

A component instance is a graphical ‘copy’ of the component defini-
tion, and is normally what is seen and used in a project. An instance
is not exactly a copy, in that many component instances, based on
the same definition can exist simultaneously. Each instance is its
own entity, and can have different parameter settings, or even ap-
pear graphically different from other instances.

Since all instances are based on a single definition, any design
changes to a component definition will affect all instances.

Modules

Modules are a special type of component, where the basic func-

tion of the component model is described using a combination of
other basic components, rather than code. Modules can contain
other modules within them and thus provide a hierarchical model-
ing capability. Also referred to as ‘sub-pages’ or ‘page components,’
modules are also defined by a definition, but presently may only pos-
ses one instance per definition. A module behaves very much like
an ordinary component except that it does not allow input parameter
entry.

Projects

PSCAD allows the user to store everything involved in a particular
simulation (except output files) into one file called a project. Projects
can contain stored component definitions, on-line plots and controls,
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and of course the graphically constructed system itself. There are
two types of projects in PSCAD: Library and Case projects.

NOTE: Component definitions stored in case
projects are local to that case and cannot

be used in other projects. Library projects
should not contain components defined in
other cases or libraries.

Case

Case projects (or simply ‘cases’) are where most work is performed
in PSCAD. In addition to performing the functions of a library proj-
ect, cases may be compiled, built and run. Simulated results can
be viewed directly within the project through on-line meters and/or
plots. Case projects are saved with the file extension *.psc.’

Library

Library projects are used primarily to store component definitions
and viewable component instances. Instances of component defini-
tions stored in a library, can be used in any case project, provided
that the library is loaded first. Library projects are saved with the file
extension “.psl.’

TUTORIAL: MY FIRST SIMULATION

This tutorial is designed to give new users a ‘jump start’ in learn-
ing how to use PSCAD, as well as to give you a chance to try out a
PSCAD simulation before proceeding further in this chapter.

In this tutorial you will learn:

* How to Load a Case Project
* How to Run a Simulation
e How to Print

If you can successfully run this example Project at the end of this
chapter, it will also mean that your installation was successful. So
let’s begin!

Starting PSCAD

To start PSCAD, go to Start | Programs | PSCAD in the Windows
Start Menu, and select whichever PSCAD Edition you are licensed
for. This will open the main PSCAD environment, as shown below.

PSCAD User’s Guide

87



Chapter 4: The PSCAD Environment

88

[ wain Menu|

B WAD Professional
|F||e Edit View Buld Window Help
Main Tool - DEH|S| %2l . | @ ,,—_e_‘ i | 5 = G | I

Bar.

51| master (Master Library]

_Waorkspace
Ty Window

@3 Projects |, Runime |—- TLinesiCables |y Fies |

[#)- A master Master Library'

" O Build [& Rutme |3 Search |

Ready

You should see a list of items across the top of the environment
(File, Edit, etc.). These items are part of the Main Menu. The but-
tons directly below the main menu are part of the Main Toolbar.

Title, Menu and Main Tool Bar
The image below shows the PSCAD V4 Title and Menu Bars.

¥ PSCAD Professional
File Edit Wiew Buld ‘Window Help

Title Bar and Active Project

The top most part of the window that displays PSCAD [Edition] is
called the Title Bar. The Title Bar will also include the Project page
that is currently being viewed in the Design Editor, once a Project is
opened.

Menu Bar and Menu Items

The area under the Title Bar, consisting of menu items and menu
buttons, is called the Main Menu. All main menu items are drop
down menus, so when you left-click with your mouse pointer over top
of one of these menus, you will see a list appearing below it.

To select an item from this list, first move the pointer onto that item
(the item becomes raised) and then click the left mouse button. The
following menu shows how to load a project using the File menu
from Main Menu bar.
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= Edit Wiew  Build Window
Mew 3

Load Project. .. Chrl+O
Save Active Project  Ctrl4+5 k
Save Project As...

Prink Page

Print all
Print Preview Al
Print Setup

Recent Files 3

Exit

Toolbar Buttons
The row of buttons directly below the Main Menu bar comprises the
Main Toolbar.

D S| & B oo B EpEe | -0 -5 E K|

While menu items are a two-stage process, a toolbar offers a single-
click alternative. The Main Toolbar buttons initiate actions as soon
as you click on them and hence are easier to use. For this reason,
most frequently used operations have toolbar button equivalents.

After you become more familiar with the program, you may begin to
use the many keyboard shortcuts available. See the section entitled
‘Keyboard Shortcuts’ in this chapter for more details.

Workspace and Output Windows

If you take a look at the top left-hand corner of the PSCAD
Environment, you should see a smaller window referred to as the
Workspace window. If it is not visible, go to the main menu bar and
click on View | Workspace.

(-8 master [Master Library]

7@ Projects |7\, Runtine |-—- TLinesiCables |48y Files |

The Workspace gives you an overall view of any library and/or case
projects loaded. You can use it to select components and perform
many other activities.
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Directly below the Workspace window, you should see another win-
dow referred to as the Output window. If the Output window is not
visible, click on View | Output.

[#]- A master ‘Master Library'

7% Build g Rurtime | (3 Search |

All the status, warning and error messages involved in both Build
and Runtime procedures are logged in this window - so it is a good
idea to keep this window open and visible at all times.

Both the Workspace and Output windows are based on a tree-type
structure, where branches can be expanded and collapsed at will.

Loading a Case Project

We will start with the most simple of example cases for this
tutorial. This exercise will help us to ensure that PSCAD and any
Fortran compilers being used are installed correctly. We will learn
to create a case from scratch in ‘Creating a New Project’ tutorial of
Chapter 5.

To load an existing Case Project, click on File from the Main Menu
bar and select Load Project... You can also either press Ctrl + O or
click the Load button in the Main Toolbar.

You should see the Load Project dialog pop up on your screen. By
default, the selected file type is ‘PSCAD Files (*.psc, .psl) at the bot-
tom of the dialog. With this type selected, you will see only PSCAD
Project files that have “.psc’ or *.psl’ extension and directories. The
file extensions stand for pscad case or pscad library.

Load Project @
Lock i | ) tutorial |« @i E-
I_jsimpleac‘emt E\nputctrl.psc Esampler.psc

() simpleac_sldt.emt E\nterpnlat\nn.psc Es\mpleac.psc

| )simpleac_sldZ . emt E\egend.psc Es\mpleac;\dl.psc
IC)test.emt Emultlrun.nsc Eswmpleac_s\dz.psc

([ ywdiv_1,emt Emultirun_sld‘psc Etest‘psc

Echattar.psc Enew_intagrator.psc

Efﬂ:.psc Epagearray.psc

File: name: ‘vdivj psc
Files of type: | PSCAD Files [* pse. * psl) -] Cancel
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Navigate to the ‘tutorial’ directory inside your PSCAD installation
directory (i.e. C:\Program Files\PSCAD4xx\examples\tutorial). Click
on the ‘vdiv_1.psc’ file and then click on the Open button to load this
Case Project into PSCAD.

The Workspace window will now list a second project entitled ‘vdiv_1
(Single Phase Voltage Divider) directly under the Master Library
Listing. Double-click on the Project title (or right-click and select
Open) in the Workspace window to open and view the main page of
the Project in the Circuit window of the Design Editor.

ax

. - [0 maszter [Master lelar_l,.l]

wdiv_1 (Singt ™ i T
. u [ Pro]ect Setkings. ..

Set as Active i

Save t!

Save As...
rload

Wigws Map File. ..
Wiew Make File, .
Wigww Compile Log. ..

Global Constants. .. Chl+G
Import Runtime Module, .

Clean Temporary Direckory {.emk) >

@ Projects |, Rurtime |-— TlLinesiCables |£% Files |

You should see the assembled voltage divider circuit as shown
below, which is located at the top left corner of the main page of the
project that you just opened. The plots are situated directly to the
right of the circuit.

.
wrnid Wid Point voltage  10ad oad Current

T
vimid Noad ‘
= =
= -
Single Phase Voltage Single Phase
Source [Resistive] Load [Resistive]
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The circuit consists of a single-phase resistive voltage source con-
nected to a resistive load. Since the magnitude of the source re-
sistance (1 Q) and the load resistance are the same, the voltage

at the load terminal is half that of the voltage behind the source
resistance. This voltage is measured using a voltmeter called ‘Vmid’
connected to the node between the source and the load. The current
in the circuit should be:

E
+hR

lL\:\ad:R

5 L

The plot and graphs will contain the values of the voltage at the mid-
point of the circuit, and the current flowing through the circuit when
the project is run.

Running a Simulation

Before we run the simulation we will do a simple calculation to

find out what load current and mid-point voltage we should be
expecting. Double-click on the source component to open and view
its properties - note that the source voltage magnitude is 70.71 kV
RMS (or 100 kV peak). Close this dialog by clicking on the Cancel
button at the bottom of the dialog and left-click anywhere in an empty
space on the page, to de-select the selected source component (this
will stop the component from blinking). For a 100 kV source voltage,
we know that the mid-point voltage should then be 50 kV peak, and
the load current should be 50 kA peak. Now let us run the simulation
and actually verify the current and voltage waveforms.

To run a case, simply click on the Run button in the Main

Toolbar. When this button is pressed, PSCAD will go through sev-
eral stages of processing the circuit before starting the EMTDC
simulation. You should see a message in the status bar at the
bottom of the PSCAD window, related to various stages of the
process. Depending on how fast your computer is, you may not be
able to read these.

Watch the graphs as the simulation progresses. If you look near

the bottom-right corner of the PSCAD Environment, you will see a
message ‘xx% complete’ where ‘xx’ represents the percentage of the
total simulation length. To the right of it you will also see the current
simulation time, which changes with the simulation. Once again,
depending on the speed of your computer, the simulation may finish
almost instantaneously.
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This tutorial case is set up to run for 0.2 seconds. At the end of the
run you will see the message ‘EMTDC run completed’ in the status
bar. Your plots should look similar to the following - depending on
your plot settings:

Woltage and Current -

= fyicl Point % oltage

k'

= | oad Current L

100
0000 0025 00S0 0075 0400 0425 0450 0475 0200

« »

Make sure that your simulation produces the same result as shown
here. This is one step towards ensuring that your PSCAD is installed
correctly.

Click again on the Run button to see the run once again. PSCAD
will go through all three stages (i.e. compile, build and run), however,
you may not be able to detect the first two stages, as they pass by
very quickly. This is because PSCAD performs them only if changes
have been made to the circuit.

Printing the Circuit

To print the circuit along with the graph you just simulated, click the
right mouse button on the background of the main circuit page and
either select Print Page or Print Preview Page items.
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Module Settings...
Project Settings. ..

Undo Chrl+2
Zoom In (+)

Zoam Cut (&)
Refrash FS

Add Companent »

Create Mew Component. ..

Compile. ..

Show 3
‘iew Signal Table...

‘Wiew Component Table, .

Page Setup...

Prink Preview Page

Help F1

This should bring up either the Print dialog or the Print Preview
Viewer. The contents of the Print dialog depends on what you are
printing - click the OK button to proceed. The Print Preview Page
allows you to view your page before printing.

THE WORKSPACE

Formally known as the ‘Project Tree’ in PSCAD V3, the Workspace
has matured into a central project database for PSCAD. The
Workspace not only provides an overview of all projects currently
loaded, but also organizes data files, signals, controls, transmission
line and cable objects, display devices, etc. within an easily naviga-
ble environment. Features such Drag and Drop may also be utilized
from the Workspace.

NOTE: The PSCAD Master Library is
always the first project loaded into the
Workspace. The Master Library cannot be
unloaded.

The Workspace window is divided into four tabular sections:
. BB Projects
- %% Runtime

e =+ TLines/Cables

e 24 Files
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Moving and Resizing the Workspace Window

The Workspace window may be moved and dropped anywhere in
the PSCAD environment. To do this, click and hold the left mouse
button with the mouse pointer directly over the top window bar.

-

-8 master [Master Library)

_@ Projects |£y; Rurtime |-2- Tlines/Cables |£¥ Files |

Drag the window to where you want it placed (you should see a
boxed outline of the window) and let go of the mouse button. De-
pending on where the window outline is when the mouse button is
released, the window will either dock itself into position or appear as
a floating window.

The Workspace window can be resized by moving the mouse pointer
over one of the four window edges until the pointer changes to that
shown below:

-

I

or ==
Click and hold the left mouse button and drag the mouse pointer to
resize in either the horizontal or vertical direction as shown above.

The Projects Section

When a Case or Library Project is loaded into PSCAD, the Project
filename and description will appear in the Projects section of the
Workspace window. It is possible to load multiple Projects — and if
this happens — the Projects will be listed in the order in which they
were loaded.

The Projects section is used mainly for navigating either between
Projects or within Projects; including direct access to Modules and
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Definitions. A simple double-click on a listed Module, for instance,
will bring you directly to that page in Circuit view.

Icons are included for easy visual differentiation between Case and
Library Projects. These are listed below:

. Library Project
. FJ Inactive Case Project

. FJ Active Case Project

As mentioned above, each project listed in the Projects section con-
tains information regarding any stored Definitions, as well as Module
hierarchy, organized into a standard tree-type structure. This struc-

ture is referred to as the Project Tree.

- X

=-[8 master [Master Library)
-@ -1: [Main] Main Page
—@ Defiritiors

B3 Projects |fy; Runtine |- TlLines/iCables [&% Files |

You can expand and detract each branch in the project tree by click-
ing on either the [+] or the [-] symbols respectively.

Main Page Branch

This branch lists the various Module instances in the project. Start-
ing with the main page, any existing Modules are organized as they
exist in the Project, not only making navigation simple, but providing
an overview of the Project structure.

- X

- master (Mazter Librany)
é-ﬂ test [Test Case)
EHE 1: [Main]
|—D -1: [net1] Metwark #1
E-Q -1: [met2] Network #2
[ -1: [sub1] Substation #1
@ Definitions

_% Projects |7\, Runtime |-= TlLinesiCskles |3 Files |
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For example, the Case Project above (called ‘test’) contains a main
page with two Modules called ‘net1’ and ‘net2.” The Module ‘net1’
contains another Module called ‘sub1.’

A simple double-click on a particular Module will bring you directly
to that page in the Circuit window of the Design Editor. Right-click-
ing on a Module will bring up a menu where you can either compile
that particular Module, or change the Module page set-up. See
‘Compiling an Individual Module’ or ‘Editing the Page Setup’ in
Chapter 5 for more details on these menu functions.

ax

-8 master [Master Library)
é—ﬂ test [Test Caze)
EHEY 1: Main]
|—|‘_‘| 1: [net] Metwark #1
E-% -1: [net2] Metwark, H#2
[ -1 [sub] Substation H
-] Definitions

Page Sekup...

_Q Projects |, Runtime |-—=- T

Icons are included in this branch for visual representation and are
listed below:

. @ Main Page

. |__L| Module Instance

Definitions Branch

The Definitions branch contains a list of all definitions that are stored
within that particular Project. Instances of component Definitions that
are defined in other Projects (such as Master Library components)
do not appear here.

The image below shows the list of component Definitions for the
same Case Project discussed in the previous section. In addition
to the definitions of each Module, the existence of a component
Definition (called ‘user_comp’) is also indicated.
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ax

- ﬂ master [Mazter Library)
-] test[Test Case
FHEY -1 [Main]
E & Definitions
=3 [Main]
1=[3) [net2] Netwark #2
[ [net1] Metwork #1
=3 [sub1] Substation #1
—{ot [user_comp] My Component

_% Projects |7y Runtime |-—- TLines/Cables |¢&y Fies |

NOTE: This example is for illustrative pur-
poses only. Itis not usually a good idea to
define component Definitions within a Case
Project, as they can then only be used in that
Project. All component Definitions should
exist exclusively in Library Projects.

A simple double-click on a Module Definition will bring you directly
to that page in the Circuit window of the Design Editor, whereas
double-clicking on a component Definition will bring you directly to
the Graphic view.

There are a couple of right-click menu functions involved with the
Definitions branch, as well (some of these functions are not available
anywhere else). Right-clicking directly over the Definitions branch
will bring up a menu as shown below:

-8 master (Master Library]
-3 test (Test Case)
FHE] -1 [Main]
=] ,'JE); Definitions
2 Main]
2] [met2] Metwork B2 m
) Ineth] Natwork #1 Tmpart Defirition(s). .
2] [sub1] Substation #1 Copy to Clipboard
—1eF [uzer_comp] My Compon
Sork by Mame
Sort by Description

_% Projects |7\, Rurtime |-—- TlinesiCables |€3 Files |

The following list describes the functions of this pop-up menu:

¢ Paste Definition: This function can be used to paste a
Definition that has been copied from this Project or from
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another Project currently loaded in the Workspace (see the
Copy Definition menu function described below).

Import Definition(s)...: This function is used to import
stored Definition Files (*.cmp). See ‘Importing/Exporting
Definitions’ in Chapter 5 for more details.

Copy to Clipboard: This option allows the user to copy
the entire Definitions list (i.e. names only) to the Windows
clipboard as ASCII text.

Sort By Name: Select this option to sort the Definitions list
by name. Continually selecting this option will toggle the
alphabetical order from Ato Z or Zto A.

Sort By Description: Select this option to sort the
Definitions list by description. Continually selecting this
option will toggle the alphabetical order from Ato Z or Z to A.

If you right-click with the mouse pointer over a specific component
Definition in the list, the following menu will appear:

aX

-8 master [Master Library]
=-E test (Test Caze)
+4E] -1 [Main]
= & Defintions
[ [Main]
[B) [net2] Metwork #2
[B7 [et1] Metwark #1 M
[ [sub1] Substation #1 Edit Definition...
{ok [user_comp] My Campone  pelete Definition
Copy Defintion Chrl+Z

Create instance
Export fs. ..

Compile Module

_@ Projects |4 Rurtime |-— TlLinesiCshles |€% Files |

The following list describes the functions of this pop-up menu:

Properties...: This brings up the Definition Properties dialog
window for editing the definition Name and Description. See
‘Editing Definition Properties’ in Chapter 5 for more details.
Edit Definition: Select this option to edit the Definition of
the component (opens the Graphic section of the Design
Editor). See ‘Editing a Component or Module Definition’ in
Chapter 9 for more details.

Copy Definition: Select this option to copy the Definition to
the Windows Clipboard.

Delete Definition: Select this option to delete the Definition
(and all existing Instances of course!).

PSCAD User’s Guide

99



Chapter 4: The PSCAD Environment

¢ Create Instance: Select this option to create an Instance
of the component for graphical display in the Circuit window
of the Design Editor. Note that once this option has been
selected, go to a blank part of the Circuit canvas, right-click
and select Paste. This will paste the copied Instance directly
onto the page. Once the first instance has been created,
subsequent copies may be made by directly copying the
original Instance. Drag and Drop may also be used to
perform this feature.

* Export As.... This option brings up the ‘Export As’ dialog so
you can save the Definition to a Definition File (*.cmp). See
‘Importing/Exporting Definitions’ in Chapter 5 for more
details.

Modules Only:

e Compile Module: If the selected Definition is a Module,
then selecting this option will compile that Module
individually.

Components Only:

e Help: If the Definition is a component, selecting this option
will open the associated help file.

Icons are included for visual differentiation between component defi-
nitions and module definitions. These are listed below:

. Component Definition (no Instances exist in Project)

. 1Iof Component Definition (one or more Instances exist in
Project)

. Module Definition (no Instances exist in Project)

|_£L| Module Definition (an Instance exists in Project)

«  TF component Definition has changed since last save

D Module Definition has changed since last save

100 PSCAD User’s Guide



PSCAD

Active Project

As mentioned earlier, the Projects section of the Workspace will al-
low you to have multiple Projects loaded simultaneously. If a Case
Project is to be compiled and run, PSCAD needs to know which
one — this is accomplished by selecting an ‘Active’ Case Project
(right-click on the project and select Set as Active). The Projects,
Runtime and Files sections of the Workspace operate based on the
Active Project.

Active case projects are indicated as shown below:
. FJ Inactive Case Project

. B Active Case Project
See ‘Setting the Active Project’ in Chapter 5 for more details.

The Master Library

The Master Library is always the first Project listed in Projects sec-
tion of the Workspace whenever PSCAD is started. It contains most
of the components required to build almost any circuit. To open the
Master Library, simply left double-click the title in the Workspace or
right-click on the title and select Open from the pull down menu. The
Master Library page will open (Circuit view in the Design Editor win-
dow), giving access to all of its components.

i m i1} il I} il I}
VL {: |
A 3 >
== = é:
Fassive Sources  Transformers Breakers Faults
m m i i i
Tlines Cahles Machines Relays HWDCEFACTS
Ij]] m im o 1 i
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Components stored in the Master Library are categorized into sever-
al Modules (located in the top-left corner of the main page), accord-
ing to the functionality of the component. For example, all transform-
er components are stored in the Transformers Module. In addition to
these categories, most Master Library components are also located
on the main page. Some users may find this format allows for easier
navigation to the correct component.

NOTE: Component definitions stored in the
Master Library can be viewed, but not directly
modified. If you wish to modify one of these
definitions, copy the definition into another
Library Project first.

If you want to add any of these components to your own case, simply
copy the Instance directly from the Master Library and paste into
your own Project. You can also use the Library Pop-up Menu sys-
tem, or the Draw toolbars.

The Runtime Section

The Runtime section is provided specifically for the organization

of Runtime related objects, such as Output Channels, Controls,
Graphs, etc. into a convenient tree-based environment. The main
trunk of the Runtime tree is by default arranged according to exist-
ing Modules. However, it is also possible to view Runtime objects
according to Runtime Group, or to view a list of existing Radio Links
components. Regardless of the view settings, any Runtime object
can be navigated to directly with a simple double-click.

NOTE: The Runtime Section is available
only for the currently Active Project. If you
would like to see the Runtime details of a
Project that is not active, simply set the de-
sired project as active first before clicking the
Runtime tab. See ‘Setting the Active Project’
in Chapter 5 for more details.

To switch between each view type, right-click on the Project in the
Runtime section to view the pop-up menu.
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=13 test Runtime
& [Main]
O [net2] Metwork, #2 Open
& [nett] Network #1 Save
O [sub1] Substation #1 Save as.,

ooy ]

Yiew Groups
View Radio Links

T
Project Settings...

Sark by Marme

B3 Proects  “\y Runtime [~ TLj  Sort by Description

Select one of the following:

View Modules: Select this option to view all Runtime
objects according to Module hierarchy.

View Groups: Select this option to view all Runtime
objects according to Groups. See ‘Groups View’ below and
‘Grouping of Runtime Objects’ in Chapter 6 for more details.
View Radio Links: Select this option to view a list of
existing Radio Links components.

The other functions in this menu are as described below:

Project Settings.... Select this option to access the settings
dialog for the Project. See ‘Editing Project Settings’ in
Chapter 5 for more details.

Open: Select this option to open the Project main page

in Circuit view. See ‘Opening the Project Main Page’ in
Chapter 5 for more details.

Save: Select this option to save the Project. See ‘Saving
Project Changes’ in Chapter 5 for more details.

Save as.... Select this option to save the Project to another
filename. See ‘Saving Project Changes’ in Chapter 5 for
more details.

Sort By Name: Select this option to sort all Modules
displayed by name. Continually selecting this option will
toggle the alphabetical order from Ato Z or Z to A.

Sort By Description: Select this option to sort all Modules
displayed by description. Continually selecting this option
will toggle the alphabetical order from Ato Z or Z to A.

Modules View

In Modules View, each Module Instance existing in a Project is
represented in the Runtime section as a branch. If the Module
contains any Runtime objects, such as Output Channels, Controls,
Graphs, etc. within it, a [+] box will appear beside its branch. In the
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Case Project shown below, the only Module containing any Runtime
objects is ‘net1.’

=1-E7 test Runtime
C [t ain]
£ [net1] Netwark #1
& [net2] Netwark #2
C [zub1] Substation #1

@ Projects Yy Runtime |- TlLinesiCables |£% Files |

A simple double-click on a particular Module branch will bring you di-
rectly to that page in the Circuit window of the Design Editor. Right-
clicking on a Module branch will bring up the corresponding pop-up
menu.

X

=1 test Runtime
O [t ain] ‘
¥ O [net1] Metwork #1
G [net2] Metwark, #2 %
O [zub1] Subsztation #1
w Wiew Al

Wiew Controls

View Recorders

Wiew Mamed Signals

Wigw Display Devices

By Projects My Runtime | ronescaoes [y TneE

The following list describes the functions available in this pop-up
menu:

¢ Open: Opens the Module in Circuit view.

¢ Point to.... PSCAD will point to the location of the Module
Instance in the Project.

¢ View All: Allows viewing of all existing Runtime object sub-
branches.

* View Controls: Allows viewing of Control objects only.

* View Recorders: Allows viewing of Recorder objects only.

¢ View Named Signals: Allows viewing of Named Signal
objects only.

* View Display Devices: Allows viewing of Display Devices
only.

NOTE: The following section entitled
Runtime Objects describes these options in
more detail.
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Runtime Objects

Each Module branch will contain a list of all Runtime objects that
exist in the corresponding Module (provided that View All is selected
as described above). Whenever a Runtime object is added to the
Project, a Record of it is immediately added under the appropriate
Module branch. The Record will remain until the object is removed
from the project.

Runtime objects are classified as special components that are
involved exclusively with the PSCAD Runtime interface and are
organized into four main groups:

* Controls

* Recorders

+ Display Devices
* Named Signals

If a module contains any Runtime objects, these will appear as sub-
branches under the corresponding Module branch, as shown below.

-x

-3 test Runtime

[ [Main]

= [net]] Metwork. #1
| [+~ Contrals
'f:rj---} Display Devices
-+ FRecorders
ié|—} Mamed Signalz
[ret2] Metwork. #2
I—@ [zub1] Substation #1

B3 Projects Ay Runtime |-—- TlinesiCables |€Y Fies |

NOTE: If the Project does not contain any
devices in a certain category, then the
respective category branch will not appear
here.

You can expand and detract each Module or sub-branch by clicking
on either the [+] or the [-] symbols respectively. Right-clicking on a
sub-branch branch will bring up the corresponding pop-up menu.
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=3 test Runtime
=4 Main]

# Controls

#{] "Slider 1" - [F02, 126] %
# ] "Switch 1 - [774, 54] i
+—p Recorders

% Display Devices

¥ Mamed Signals

& [net] Natwork #1

&5 [net?] Network #2

& [sub1] Substation #1

o

B Projects /Y, Runtime (- TlinesiCables |&Y Files |

The following list describes the functions of this pop-up menu:

* Sort By Name: Select this option to sort all
Records contained within the sub-branch by Record
name. Continually selecting this option will toggle the
alphabetical order fromAto Zor Zto A.

e Sort By Location: Select this option to sort all Records
contained within the sub-branch by Record location (i.e.
coordinates). Continually selecting this option will toggle the
alphabetical order from 1to Q or 9 to 1.

* Sort By Type: Select this option to sort all Records
contained within the sub-branch by Record type.

A simple double-click on any Runtime object will point you directly
to that object in the Circuit window. For example, double-clicking on
the ‘Slider 1’ object under ‘Controls’ in the above diagram will result
in the following in Circuit view:

% alpha ke

Right-clicking on a Runtime object will invoke the pop-up menu:

ax

=3 test Runtime
& [Main]
=5 [netl] Netwark #1
= Contials

=z} “Slider 1" - [180, 160]

£ Slider - 'Contral Panel 1' - [r%
¥ Slider - 'Control Panel 2' - [r
“Switch 1" - [180, 126]

- Display Devices

¥ Recorders

#— Named Signals

&2 [net2] Network #2

&2 [subl] Substation #1

Sort by Type
Sort by Panel Mame

Sort by Module Name

Help... F1

< >

B3 Projects Ay Runtime |-— TlLinesiCables 4% Files |
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The following list describes the functions of this menu:

¢ Point to.... Select this option to point directly to the
associated Runtime object in Circuit view (same as double-
click).

¢ Properties.... The properties dialog associated with this
Instance of the Runtime object can be accessed directly
using this option.

* Help...: Invokes the help page related to the Runtime object.

Display Devices Only:

¢ Minimize/Restore Frame: Select this option to minimize/
restore any display devices. See ‘Frame/Panel Minimization’
in Chapter 6 for more details.

Controls and Records Only:

e Sort By Type: Select this option to sort all Observers
(if they exist) associated with the Runtime object by
Type. Continually selecting this option will toggle the
alphabetical order from Ato Z or Zto A.

¢ Sort By Module Name: Select this option to sort all
Observers (if they exist) associated with the Runtime object
by Module name. Continually selecting this option will toggle
the alphabetical order from Ato Z or Z to A.

Controls Only:

¢ Sort By Panel Name: Select this option to sort all
Observers (if they exist) associated with the Runtime object
by Control Panel name. Continually selecting this option will
toggle the alphabetical order from Ato Z or Z to A.

Records Only:

e Sort By Container: Select this option to sort all Observers
(if they exist) associated with the Runtime object by
Container (i.e. Graph Frame or Control Panel). Continually
selecting this option will toggle the alphabetical order from A
toZorZtoA.

NOTE: You may use the Drag and Drop
feature to send Controls and Records directly
to a Display Device.
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Icons are included in each Runtime object section for easy visual
identification and are listed below:

=
e 2 Module

. ¥ Runtime sub-branch

Controls:
e =T Slider Component Instance
" Two State Switch Component Instance
« [ Dial Component Instance
. Push Button Component Instance
Recorders:

+ ik Output Channel Instance

+ == RTP/COMTRADE Recorder Component Instance

Display Devices:
=7 Control Panel Instance
+ 2 Plot Frame Instance
/XY Plot Instance
- polyMeter Instance

. 1 PhasorMeter Instance

Named Signals:
. N REAL Data Signal defined with a Data Label
I
. N INTEGER Data Signal defined with a Data Label

L
. N LOGICAL Data Signal defined with a Data Label
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Observers

Output Channels and Control objects can exist in a Project without
being associated with a Curve, Meter or Control Interface (i.e. the
data is not plotted or monitored). If any of these objects is added as
a Curve to a Graph, Meter to a Control Panel, or added directly to a
PolyMeter or PhasorMeter, an entry referred to as an ‘Observer’ will
be added as a sub-branch to the corresponding Recorder or Control
in the Runtime section. If the object is displayed in more than one
Display Device, an Observer will be added for each occurrence.

The figure below shows the existing Controls and Recorders in the
‘Network #1’ Module for our test Project. The Project contains a
Slider called ‘Slider 1, a Two State Switch called ‘Switch 1,” as well
as two Output Channels entitled ‘Ea’ and ‘Switch 1 Output.” Each ob-
ject possesses an Observer to indicate that the output of the objects
is being sent to a Display Device.

=-E test Runtime
[kain]
E-@ [netl] Metwork 1
= Controlz
EH_T[L "Slider 1" - [180, 180]
| [£] Slider - 'Controls' - [net1] [Record@24367828)
B{gﬂt “Switch 11 - [180. 126]
[#] Switch - "Controls' - [net1] [Record@24572640)
#—4 Display Devices
= Fecoders
(=4 "Ea" - [360. 138]
@ Curve - 'net] - Graphs' - [netl] [Record@25430304)
[ PolyMeter - 'Ea' - [netl] [Record@25430304]
Flke] "Switch 1 Output'' - [216, 128]
teter - 'Controls' - [net1] [Record@25452584)
[+ Mamed Signals
—@ [net2] Metwark #2
—@ [sub1] Substation #1

¢ 3
& Projects £ Runtime |- Tlines/Cables | €4 Files |

A simple double-click on any Observer will point you directly to that
occurrence of Runtime Object within the Display Device. For exam-
ple, double-clicking on the ‘Slider 1’ Observer under ‘Controls’ in the
above diagram will result in the following in Circuit view:
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Controls =

Slicler 1 Swwitch 1 Swvitch 1 Output
- i OFF 0N
= re B il —— =

= \ £
E % -2 2
—0
0.5 0 e

Icons are included for all Observer types. These are listed below:

Recorders:

. Curve
. Meter

. @PolyMeter
. @PhasorMeter

Controls:

. IE'SIider
. @Dial

. Two State Switch

. Push Button

Groups View

In Groups View, Runtime objects are listed according to Runtime
Group. If a particular Group contains any Runtime objects within it,
a [+] box will appear beside its branch. Right-clicking on a Group
branch will invoke a pop-up menu:

=-E3 test Runtime

|L:|—’» Firing Control
=z} "Slider 1" - [120, 180] M
Sort by T
‘ @ Slider - "Controls' - [net1] [Recond or _y_'_}ype
[+ Enable/Dizable

|< >

B3 Projects £, Runtime |- TlinesiCsbles |2 Files |
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NOTE: To switch to Groups view, right-
click on the Project name and select View
Groups. See the beginning of this topic for
details.

The following list describes the functions available in this pop-up
menu:

e Sort By Name: Select this option to sort all Runtime objects
within a Group by name. Continually selecting this option
will toggle the alphabetical order from Ato Z or Z to A.

e Sort By Type: Select this option to sort all Runtime objects
within a Group by type. Continually selecting this option will
toggle the alphabetical order from Ato Z or Z to A.

In this view, all Controls or Output Channel objects (and cor-
responding Observers) are organized according to a specified
Runtime Group name. Each group can contain any Controls or
Output Channel object that is described in the Runtime Objects and
Observers sections above.

For more information on creating Runtime Groups, see ‘Grouping of
Runtime Objects’ in Chapter 6.

Radio Links View

In Radio Links View, all Radio Links components existing in the
Project are listed in alphabetical order. Right-clicking on a Group
branch will bring up a pop-up menu:

= u test Runtime

¥ Main:Beta [Main] [216, 342]
‘i MainBeta [Main.net2] [162, 144] m

Py ties...
Liofl MaireBts [Main net2. subiT] [324, 268] roperties

< >

@3 Projects  “y Runtime - TlinesiCables |&3 Files |

NOTE: To switch to Radio Links view, right-
click on the Project name and select View
Radio Links. See the beginning of this topic
for details.
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The following list describes the functions available in this pop-up
menu:

¢ Point to.... PSCAD will point to the location of the
corresponding Radio Link component within the Project.

¢ Properties...: Select this option to edit the properties of the
corresponding Radio Link component.

Icons are included for both Radio Link types. These are listed below:
. '93‘1 Transmitter

. "EB' Receiver

TLines/Cables

The TLines/Cables section is provided specifically for the organiza-
tion of Overhead Transmission Line and Underground Cable re-
lated objects, specifically Transmission Line/Cable Configuration,
Overhead Line Interface, and Cable Interface components. The
main trunk of the TLines/Cables tree is a simple list of all such ob-
jects, where the objects may be sorted by name.

NOTE: The TLines/Cables Section is avail-
able only for the current Active Project. If
you would like to see the TLines/Cables
details of a Project that is not active, simply
set the desired project as active first before
clicking the TLines/Cables tab. See ‘Setting
the Active Project’ in Chapter 5 for more
details.

Icons are included for easy visual differentiation between TLines and
Cables. These are listed below:

« =X Overhead Transmission Line
o ot Underground Cable

Right-clicking on the Project name will invoke a pop-up menu:
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ax

= £ test: Tlines/Cablas
- Tnterstate2? - Mainreiz ] TN Y
-Zr MelsonRiverTie' - [Man.netZsut  Open
¥==r UnderLakes' - [Main.net1] Save

Save as.,

Sork by Mame
< ¥

@3 Projects |4\, Funtime —- TLines/Cables &9 Filss |

The functions in this menu are as described below:

* Project Settings.... Select this option to access the Project
Settings dialog for the Project. See ‘Editing Project Settings’
in Chapter 5 for more details.

e Open: Select this option to switch to Circuit view.

e Save: Select this option to save the Project. See ‘Saving
Project Changes’ in Chapter 5 for more details.

e Save as.... Select this option to save the Project to another
filename. See ‘Saving Project Changes’ in Chapter 5 for
more details.

e Sort By Name: Select this option to sort all Modules
displayed by name. Continually selecting this option will
toggle the alphabetical order from Ato Z or Z to A.

Each branch in the TLines/Cables list represents the Transmission
Line/Cable Configuration component for either an overhead line or
underground cable transmission system. Right-clicking on a TLines/
Cables branch will invoke the pop-up menu:

aX

=3 test: Tlnes/Cables
+)- 'Interstate2' - [Mainnet? subl]
~Ir MelzonRiverTie' - [Main net2 subl]
#-=- UnderLakes' - [Main.net1]

Edit Configuration.. . k
Properties,..
Paint ka...

< >

@3 Projects |9, Runtime -+ TLinesiCables |£% Files |

The following list describes the functions of this menu:

« Edit Configuration...: Select this option to access the The
T-Line/Cable Properties Editor directly for this Transmission
Line/Cable Configuration component.

¢ Properties.... Select this option to access the Transmission
Line/Cable Configuration component parameters dialog.
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¢ Point to.... Select this option to point directly to the
associated Transmission Line/Cable Configuration
component in Circuit view (same as double-click).

If the line is an overhead line with Termination Style in Remote Ends
mode, then a ‘+’ box will appear beside the branch name. Expand-
ing this branch (press the ‘+’ symbol) will show the two Overhead
Line Interface components representing both ends of the transmis-
sion line. Note that cables will always have remote ends, as Direct
Connection cables are not supported.

Right-clicking on an Interface object will invoke the pop-up menu:

-x

= E] test: Tlines/Cables
=)= Inkerstate23' - [Main.net2.subl]
o= Interface 1 - Interstate2d’
= Interface 2 - Interstate2d’
L MelzonRiverTie' - [Main net2.subT]
#=== UnderLake’' - [Main.net1]

| < »

B3 Projects |4y Runtine -+ TlinesiCables |£% Fies |

The following list describes the functions of this menu:

* Pointto.... Select this option to point directly to the
associated TLines/Cables object interface in Circuit view
(same as double-click).

The Files Section

The Files section is provided specifically for the organization of all
files found in the Project Temporary Directory, such as Fortran, Data,
Output, etc. files into a convenient tree-based environment. The
main trunk of the Files tree is arranged according to existing
Modules, with an additional ‘Output Files’ branch specifically to har-
bour miscellaneous Output Files unrelated to specific Modules.

Right-clicking on the Project name will invoke a pop-up menu:
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=gy test files

= Output Files
+-{0) [Main] Sort by Mame
+-{0] [met1] Metwork #1 Sort by Description
+0]) [met2] Mebwork #2
+-[0) [sub1] Substation #1

1] test.psc

1) test.map

1] test.mak

Close all Fils Windows

Clean Temporary Directary ( emt)

B Projects |4y Rurtime |-— TlinesiCables &4 Files

The functions in this menu are as described below:

* Close all File Windows: Selecting this option will close all
text file windows currently open for viewing. This option will
only close windows related to external files, it will not close
any open Circuit views.

* Sort By Name: Select this option to sort all Modules
displayed by name. Continually selecting this option will
toggle the alphabetical order from Ato Z or Z to A.

* Sort By Description: Select this option to sort all Modules
displayed by description. Continually selecting this option
will toggle the alphabetical order from Ato Z or Z to A.

* Clean Temporary Directory (.emt): Select this option to
delete all temporary Project files (i.e. compilation, make,
data, etc. files) from the Temporary Directory. See ‘PSCAD
Temporary Directories’ in this chapter for more details.

The files shown on the main trunk are the Active Case Project files
themselves (*.psc), along with the corresponding Map (*.map) and
Make (*.mak) files. A simple double-click on any file will open that
file in the main viewing area of the PSCAD Environment. Right-click-
ing on the File will invoke a pop-up menu:

1y test files
@ Dutput Files
40 [Main]
4[] [net1] Mehwark #1
40 [net2] Nehwork #2
+1-0) [sub1] Substation #1
1] test.psc
1] test.map
1) test.mak

Delete

B3 Projects |4y Runtime |- TLinesiCables €2y Files

The functions in this menu are as described below:
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¢ Open: Open the selected file for viewing.
¢ Delete: Delete the selected file from the PSCAD Temporary
Directory.

The icons used here are described as follows:

. Module directory

. Output files directory
o D File

Transmission Lines and Cable Files

For the most part, Project related files can be viewed according to
their parent Module. Once the Project has been compiled, each
Module directory will contain a corresponding Fortran (*.f) and a Data
(*.dta) file.

If there are any existing transmission lines or cables within the
Module, all related line constants files will appear within a separate
directory, organized by the transmission system name. In the exam-
ple below, the Module ‘sub1’ contains both a overhead transmission
line and an underground cable system, in addition to an Fortran and
Data file:

X

[=l test files
(-3 Output Files
) Main]
-0 [nett] Netwark #1
-0 [net2] Network #2
é_@ [sub] Substation #1
= TLine - 'TLine'
] TLine.Hi
] TLine.to
] TLine.log
] TLine.out
Cable - 'Cable’
subl.f
zubl.dta

) test.psc
] test.map
L7 test.mak

Edit Configuratian. .. k
Properties. ..
Paink ka...

@ Projects |4y Runtime |- TlLinesiCables Files
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Right-clicking on a transmission line or cable sub-directory will invoke
a pop-up menu as shown above. The options in this menu are as

described below:

* Edit Configuration: Selecting this option will open the The
T-Line/Cable Configuration Editor for the corresponding
transmission system, directly from the Files section.

* Properties...: Select this option to access the input dialog
for the corresponding Transmission Line Configuration or

Cable Configuration.

¢ Pointto.... PSCAD will point to the location of the
transmission system in the Project.

RTP/COMTRADE Recorder Files

If there are any existing RTP/COMTRADE Recorder components
within the Module, all related files will appear within a separate
directory, organized by the RTP/COMTRADE Recorder output
filename. In the example below, the Module ‘net2’ contains an RTP/
COMTRADE Recorder component with an output filename labelled
as ‘test,’ in addition to a Fortran and Data file:

~E3

= test files
FHT) Main]
=1L [net2] Mehwork #2
—1-E) RTF Recaorder - ‘plaphack’
7] playback. pblk
] netzf
1) netZ dta
[+ [net1] Metwork #1
[+ [sub1] Substation #1
1] testpsc
[7) testmap
1] test.mak
+-E3 Dutput Files

Paint ta. .. !

B3 Projects |y Runtme |-2- TlinesiCables ¢ Files

Right-clicking on a RTP/COMTRADE Recorder sub-directory will
invoke a pop-up menu as shown above. The options in this menu

are as described below:

¢ Properties...: Select this option to access the input dialog
for the corresponding RTP/COMTRADE Recorder.

e Point to.... PSCAD will point to the location of the RTP/
COMTRADE Recorder component in the Project.
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NOTE: Depending on the settings of the
RTP/COMTRADE Recorder component,
there could be a number of possible file
types appearing in this directory. See the
RTP/COMTRADE Recorder component for
more details.

Additional icons are provided as follows:
« =1 Transmission line directory
- =] cable directory

« &£l RTP/COMTRADE Recorder component directory

THE OUTPUT WINDOW

Formally known as the ‘Message Tree’ in previous PSCAD ver-
sions, the Output window provides an easily accessible interface
for viewing feedback and troubleshooting your simulation. All er-
ror and warning messages, either issued by a component, PSCAD
or EMTDC, can be viewed here - subdivided into either Build or
Runtime messages.

The Output window will also provide the results of a project search,
using the Find feature, under the Search section tab.

Moving and Resizing the Output Window

The Output window may be moved and dropped anywhere in the
PSCAD environment. To do this, click and hold the left mouse button
with the mouse pointer directly over the top window bar.

I X
+- A master Master Library' a7 1

_cb Build | @& Rurtime |3 Search |

Drag the window to where you want it placed (you should see a
boxed outline of the window) and let go of the mouse button. De-
pending on where the window outline is when the mouse button is
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released, the window will either dock itself into position or appear as
a floating window.

The Output window can be resized by moving the mouse pointer
over one of the four window edges until the pointer changes that
shown below:

X

I,

N

or ==

Click and hold the left mouse button, and drag the mouse pointer to
resize in either the horizontal or vertical direction.

Errors and Warnings

A distinction can be made between error and warning messages sim-
ply by the colour of the symbol preceding the message. The colour
code is as follows:

- & OK
« 2 Warning
. & Error

Warning messages are not considered detrimental to the simulation
run, and PSCAD will continue to build and run the project regard-
less of any warnings. However, warnings can indicate areas of the
system that, although not technically illegal, will still affect the simu-
lation results (i.e. a mistakenly disconnected node, for instance). It
is therefore important to study the Output window every time the
project is built and run.

If an error is reported, the simulation build or run will be halted
immediately. The user must then study any error messages reported
and attempt to determine the problem source. See ‘Locating the
Problem Source’ in this chapter for more details.

PSCAD User’s Guide

119



Chapter 4: The PSCAD Environment

120

Build

The Build section provides mainly component and PSCAD based er-
ror and warning messages related to the compilation and building of
Fortran, data and map files for the project. PSCAD has the capabil-
ity of detecting a number of different types of system inconsistencies
related to this. See ‘Common Output Window Messages’ in Chapter
11 for more information.

Any warning or error messages defined in the Checks segment of
any component definition will be displayed in Build.

Runtime

The Runtime section provides error and warning messages related to
the simulation run - that is, messages from EMTDC. Runtime mes-
sages are usually more serious in nature and can involve numerical
instabilities and other problems of this type.

It is important to study the messages thoroughly. In some cases,
PSCAD will direct you towards the subsystem and node number

in the electrical system where the problem is occurring. The Find
feature in PSCAD can help point you toward the problem area. Also,
see ‘Common Output Window Messages’ in Chapter 11 for more
information.

Locating the Problem Source

The Output window provides an easy method of locating the source
of any displayed message: Either right-click the message itself
and select Point to Message Source, or simply double-click the
message. PSCAD will then automatically open the source page in
Circuit view and point directly at the problem with a message box:

-

¥ master voltmetergnd
# Suspicious isolated node detected o .

& Signal 'MT_3 dimension is undefined -

Search

If a message indicates that the problem is arising at a particular sub-
system and node, then you can utilize the Find feature in PSCAD to
search for this exact location. Simply Invoke the Find dialog and in
the Search input field, select Node Number. Enter the Subsystem
# and Node # indicated in the Output Window and select the Find it
now button.
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Find

— 5
Search Hade Mumber e Cancel
Subsystem# |12 Node# |39 o

v Global Mode [

73 {0 I

The feedback from this search will be displayed in the Search sec-
tion of the Output window. Simply double-click the search feedback
messages and PSCAD will automatically open the source page in
Circuit view and point directly at the problem (with the same arrow as
described above).

THE DESIGN EDITOR

The Design Editor window is probably the most important part of the
PSCAD environment, and is where most (if not all) project design
work is performed. The Design Editor is used mostly for the graphi-
cal construction of circuits (Circuit view), and also includes an em-
bedded component definition editor.

The Design Editor window is invoked (in Circuit view) by either a left
double click on a loaded project title in the Workspace, or by right
clicking on the title and selecting Open.

Viewing Windows

The Design Editor is divided into six sub-windows. Each of the sub-
windows can be accessed by simply clicking on a particular tab on
the tab bar at the bottom of the Design Editor. The tab bar is shown
below for reference:

I_{tm Circuit |} Graphic |[B] Parameters |[B] Script |Bf Fortran |[E] Data |

As you can see, some of the tabs are initially disabled (greyed-
out). This depends on what you are trying to view, as well as wheth-
er or not the project has been compiled.

The Graphic, Parameters and Script tabs are used exclusively for
component design, and will not be enabled unless editing a com-
ponent definition. The Graphic window will also be enabled while
viewing a module page. You can edit a component definition by a
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Ctrl + left double click on the component, or right clicking on the
component and selecting Edit Definition...

Circuit

The Circuit window is always the default view when a project is first
opened. This is where the majority of design work is done while
working with PSCAD, and is where all control and electrical circuits
are constructed.

While the Circuit window is open, the Control Palette and Electrical
Palette toolbars are enabled.

Graphic
The Graphic window is used for editing the graphics of a component
definition or module.

Parameters
The Parameters window is used for editing the parameters of a com-
ponent definition.

Script
The Script window is used for editing component definition code.

Fortran

The Fortran window is a simple text viewer that allows easy access
to the EMTDC Fortran file corresponding to the module currently be-
ing viewed in the Circuit window. For example, if you are viewing the
main page of a project in Circuit view, the Fortran window (click the
Fortran tab) will show the EMTDC Fortran file corresponding to the
main page.

Data

The Data window is a simple text viewer that allows easy access to
the EMTDC input data for any existing electric network, correspond-
ing to the module being viewed in the Circuit window. For example,
if you are viewing the main page of a project in Circuit view, the Data
window (click the Data tab) will show the EMTDC input data for the
main page.

OTHER IMPORTANT FEATURES

Menus
There are a couple of different types of menus available in
PSCAD. The following sections provide a description of each.
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Main Menu Bar

The Main Menu bar contains an assortment of the most com-
mon PSCAD commands. It is located near the top of the PSCAD
Environment, appearing as shown below:

Ed Fie Edi view Buld window Help

This bar may appear differently depending on what section of the
PSCAD Environment you are currently in.

To select a menu item, move the mouse pointer onto that item (the
item becomes raised) and then click the left mouse button. The fol-
lowing menu shows how to create a new project using the File menu.

File

Library
Load Project... Chrl+o
Save Active Project Chrl+3
Save Project As,.,
Unlaad Project Chrl+U

Print Page

Print Preview Page
Print Al

Print Preview Al
Print Setup

Recert Files 3

Exit

You will notice that some menu items, New in the File menu for in-
stance, contain an arrow symbol pointing to the right. This indicates
that there are sub-menu listings related to that menu item, as shown
above.

You may also notice that some menu items are followed by a
triple-period, for instance the Load Project... menu item in the File
menu. This signifies that a dialog box will open if this command is
invoked.

NOTE: The Main Menu bar contains only
some of the standard PSCAD functions.
There are many others available using right-
click pop-up menus.

Right-Click Pop-Up Menus

PSCAD V4 contains an extensive set of right-click pop-up menus for
easy support of location specific commands and tasks. Depending
on the location of your mouse pointer, you can invoke pop-up menus
almost anywhere in the environment by simply pressing your right
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mouse button. The menus that pop-up will always contain com-
mands, which are specific to the area you are currently working in.

Library Pop-Up Menus
Library pop-up menus are designed to provide an organized method
of accessing desired Component Instances located in the Master
Library, or any other user-defined Library Project. This menu system
is invoked by pressing Ctrl + right mouse button, while the mouse
pointer is over a blank section of any project page in Circuit view.

CSMF
Transformers

1. Ground Symbol
2. Single Phase Yoltage Source Madel 1

4. Single Phase Volkags Source Model 2 a

5. Three Phase Yoltage Source Model 2
6. Three Phase Yoltage Source Modsl 1

Faults
Breakers
Meters
SEqUENCE!
Other
I}0_Devices
Logical
Passive

7. Harmonic Current: Injection
. Three Phase Yoltage Source Model 3

Machines

NOTE: Itis a good idea to always provide

an adequate description in user-defined com-
ponents, so as to avoid confusion while using
these menus. If a description is not provided,
the Library Pop-Up Menus will display the
actual filename of the component.

Library pop-up menus display whatever is entered into the descrip-
tion field of the component definition. In the above image, the user
has two Library Projects currently loaded in the Workspace: The
Master Library and another library with ‘Electranix E-TRAN..." en-
tered into the Project description field. The mouse pointer is pointing
towards the Current Source component in the ‘Sources’ module, in
the Master Library. A left-click at this point will add the current source
component to whichever project page is open in Circuit view.

In general, library pop-up menus construct a system of menus ac-
cording to the hierarchal structure of any loaded library projects. As
a default, the Master Library will always be displayed first, and any
user-defined library projects will then be placed in the order as they
appear in the Workspace. If components are located within a mod-
ule in a specific library project, the library pop-up menus will automat-
ically nest these components into another sub-menu. This sub-menu
will be named according to the contents of the corresponding module
description field.

PSCAD User’s Guide



PSCAD

Here are some key points to remember when using library pop-up
menus:

+ Component instances, located on the main page of
the Master Library, will not be included in the pop-up
menu. However, such instances will be included for user-
defined library projects.

»  Duplicate component instances in a module will be ignored.

*  Duplicate component instances in multiple modules will be
added to the menu multiple times.

* Modifications to a library project will not appear in the library
pop-up menu until the library project has been reloaded.

Toolbars

Toolbars are useful in any program to provide a quick and easy
method to access menu functions. PSCAD V4 now includes multiple
toolbars, which contain the most commonly used menu tasks.

The new PSCAD drawing related toolbars allow you to add the most
common drawing objects and components by simply using the left
mouse button: A single click on the toolbar to select an object, and a
single click to add the object to the drawing canvas.

Main Toolbar

The Main Toolbar resides near the top of the PSCAD environment.
This bar primarily contains tasks found in the Main Menu bar, but
also includes others, as well. The individual toolbar buttons are
listed below with a short description:

Button Description

Creates a new Case Project (*.psc file)
Loads a case project (*.psc file)
Saves changes to the Active Project (*.psc file)

Print

Cuts the current selection to the Windows clip-
board

Copies the current selection to the Windows clip-
board

Pastes from the Windows clipboard

O
=
=
=
dh
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Status Bar

Undo

Redo

Zoom in one step
Zoom out one step

Zoom control list box

Navigate back to last view (select the down arrow

for history)
Navigate forward to last view (select the down ar-

row for history)
Up on module level

Invoke Wire Mode
Create a new default Module
Create new component

Launches Find feature

The Status bar is located at the very bottom of the PSCAD
Environment, and is not actually a toolbar, but used for the purpose
of display only (does not contain any command buttons). Most of
the time, the Status bar is used to monitor the status of a simulation
build, link and run, and will display the percentage complete and the
simulation time during a run.

Rotation Bar

The individual Rotation bar buttons are listed below with a short

description:

Button

Description

i
Ch

il ¥
|
-

Rotate selection counter-clockwise
Rotate selection clockwise
Mirror selection

Flip Selection
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Runtime Bar

The individual Settings bar buttons are listed below with a short

description:
Button Description
5] Compile (build) all modules (active project
only)
[akLa} ]

1009

@2 68 @@

a0

o
4

=Default= -

Electrical Palette

Make project (active project only)
Run simulation (active project only)
Stop simulation (active project only)

Pause simulation (active project only)

Advances run by one time step (while pause
is invoked)

Take a snapshot
Change PSCAD Plot Step
Control settings menu button

Control settings template list

The Electrical palette contains common electrical components used
when building circuits in Circuit view. Most of these button functions
can also be found under Add New Component in the Circuit view
right-click pop-up menu. The individual toolbar buttons are listed
below with a short description:

Button Description
— Add Wire
iy Add Resistor
A Add Inductor
e Add Capacitor
Add Ground

|||—
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Control Palette

Add Node Label

Add External Node (Xnode)
Add Breakout

Add Pin

Add Current Meter

Add Voltmeter

Add Voltmeter with ground

Add a T-Line Configuration

Add a T-Line interface

Add a Cable Configuration

Add a Cable interface

The Control palette contains common control components used
when building circuits in Circuit view. Most of these button functions
can also be found under Add New Component in the Circuit view
right-click pop-up menu. The individual toolbar buttons are listed
below with a short description:

Button Description
™. Add Data Tap
F Add Data Merge
& Add Data Label
b Add Integer Constant
-y Add Real Constant
[ Add Import
LCEa Add Export
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Graphic Palette

Add Radio Link
Add Output Channel
Add Slider

Add Switch

Add Dial

Add Pushbutton
Add Graph Frame
Add Phasor Plot
Add XY Plot

Add Control Panel
Add Annotation Box

Add Sticky Note

The Graphic palette contains functions used only when editing com-
ponent definitions in the Graphic section of the Design Editor. The
individual toolbar buttons are listed below with a short description:

Button Description
Reload changes from last save
{!i,_, Return to Circuit view
e Set layers
% Show/Hide all layers
e Add Line
|:| Add Rectangle
) Add Ellipse
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o Add Arc (90°)

) Add Arc (180°)

A Add Text Label

N Add Connection
N - Default line colour
[02pt] - Default line weight
| Default line style

[Transparert | + Default fill style
Graphic Filter Bar

The Graphic Filter toolbar is used specifically within the Graphics
section of the Design Editor. These buttons provide a quick means
to show or hide certain types of Graphic Objects, so as to create a
less cluttered environment in which to work.

Button Description

Showr/hide ellipses
Show/hide arcs
Show/hide lines
Show/hide rectangles
Show/hide text

Show/hide connections

W = O T D

Show/hide all graphics

Parameters Bar
The Parameters bar contains functions used only when editing
component definitions in the Parameters section of the Design
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Editor. The individual toolbar buttons are listed below with a short

description:

Button

Description

i
N

- A= I - -

Configuration -

= O v

Reload changes from last save

Return to Circuit view

Set layers

Search for symbol names

Space Fields evenly (See Field Alignment)
Make Fields same width (See Field Alignment)
Add new Text Field

Add new Input Field

Add new radio button Choice Box

Add new drop list choice box

Navigate Category pages

Add new Category

Duplicate current Category

View Category properties

Delete Category

Move Category up one level

Move Category down one level

Move Category to top

Move Category to bottom
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Script Bar

The Script bar contains functions used only when editing component
definitions in the Script section of the Design Editor. The individual
toolbar buttons are listed below with a short description:

Button Description

Reload changes from last save
Return to Circuit view

Search for text

2 E M

Search for and replace text

comisions =] Navigate segments drop list
Tg; Segment Manager

Keyboard Shortcuts

There are many keyboard shortcuts (or hotkeys) available in order to
make the design process more efficient. Hotkeys help to reduce the
‘amount of clicks’ required for performing a specific task.

The following tables list the available keyboard shortcuts in PSCAD
V4. See ‘What’'s New in PSCAD V47’ in Chapter 1 for changes to
keyboard shortcuts since PSCAD V3.

General

Note that ‘Ctrl’ may be dropped where indicated (i.e. [Ctrl +]) if
Enable Cut/Copy/Paste without ‘Ctrl’ Key is selected. See the
section entitled ‘Views’ in Chapter 3 for more.

Shortcut Description
[Ctrl +] X Cut selection
[Ctrl +] C Copy selection
[Ctrl +] V Paste selection

A Select all
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R Rotate selection right

L Rotate selection left

M Mirror selection

F Flip selection

S Set component sequence
Ctrl+Z Undo
Ctri+Y Redo
Ctrl+F Find function (search)
Ctrl+ O Load project
Ctrl +N New project
Ctrl +S Save active project
Ctrl + G Global Constants dialog
Ctrl + U Unload selected project
Ctrl+ W Invoke/Cancel Wire Mode

Esc Cancel action
+ Zoom in
- Zoom out

Ctrl + Shift + Left
Mouse Hold

Ctrl + Left Double
Click

Pan (dynamic scroll)

Edit definition of selected component

Ctrl + Right Click Invoke right-click menu system
Left Double Click Edit properties of selected component

Backspace Navigate up one module level
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F5 Refresh canvas

F1 Help

Scroll Circuit page horizontally and
= 11 .

vertically
Wires
To apply any of the following shortcuts, simply move your mouse
pointer over a Wire.

Shortcut Description

\"/ Insert a Wire Vertex
| Reverse Wire Vertexes

D Decompose Wire

Plotting

To apply any of the following shortcuts, simply move your mouse
pointer over a plot area. Note that in some instances, the graph
must be selected.

Shortcut Description
Insert Insert an Overlay Graph
+ Zoom in to graphs

Zoom out of graphs
Zoom previous
Zoom next

Zoom x-axis extents
Zoom x-axis limits
Zoom y-axis extents
Zoom y-axis limits

Reset all extents

W v Cc < mX2Z2 T

Reset all limits
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Ctrl + Left Mouse Zoom horizontal aperture

Hold
Shift + Left .
Mouse Hold Zoom vertical aperture
Left Mouse Hold Zoo.m to box (simultaneous horizontal and
vertical)
G Toggle grid lines

Toggle tick marks

K Toggle curve Glyphs

M Show Markers

X Set X marker

(0] Set O marker

L Toggle marker lock-step

F Toggle frequency/delta view

Q Show x-intercept

w Show y-intercept

C Show cross-hairs (follows curve traces)
Space Bar Switch curves while in cross-hair mode

— — Graph frame dynamic aperture adjustment

Window Settings

PSCAD V3 users will notice a difference in the window settings for
V4. That is, all environment windows are now docked (i.e. embed-
ded) rather than floating by default. Docked windows, although
embedded, may still be manipulated in the standard ways. They
may be moved, stretched, maximized, minimized and turned off quite
easily.

Tab Navigation

Another ‘dimension’ was added to the navigational abilities of
PSCAD in V4: Tabs. Tabs allow you to view several aspects of a
project, by simply clicking tab buttons (usually located at the bottom
of the window). For example, once a project is compiled, you can
quickly look at project related files (i.e. Circuit, Fortran, Data, etc.)
with a single click.

I—L',!ﬁ Cireuit |{.F Graphic

......
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Tab navigation is also available in the Output window, the Design
Editor, as well as other areas.

PSCAD TEMPORARY DIRECTORIES

When a Case Project is compiled, several files are created and are
placed into a temporary directory located in the same directory as
the project file (*.psc) itself. The directory is named by appending
an ‘.emt’ extension to the project filename. For example, if a case
project has a filename ‘test.psc,’” a temporary directory called ‘test.
emt’ will be created when the project is compiled. The temporary
directory will contain all files created by both the Fortran compiler
and PSCAD.

All files located in the temporary directory can be viewed in an orga-
nized manner in the Files section of the Workspace.

You may also clean out the entire *.emt directory at any time (see
‘Cleaning the Temporary Directory’ in Chapter 5). Removing com-
piled files from the temporary directory forces PSCAD to recompile
everything from scratch.

PSCAD ON-LINE HELP SYSTEM

PSCAD V4 boasts an entirely new and improved on-line help
system. Based on the content of both the PSCAD V2 manuals and
the PSCAD V3 on-line help, the new system has been brought up-to-
date and includes new information previously unavailable.

The new on-line help is no longer a collection of HTML documents as
it was in V3, but a single compiled file in Microsoft HTML Compiled
Help format. This single file includes it's own browser, and as such,
a standalone web browser is no longer required for viewing. In ad-
dition, features previously unavailable, such as a full-text search
engine and comprehensive index are now at the user’s disposal.

In addition to the complete PSCAD V4 manual set, the on-line help

file includes component specific documentation (not included in the

manuals). See ‘Accessing the Online Help System’ in Chapter 5 for
details on accessing help.
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Look and Feel
When the help system is invoked (by pressing the F1 key), a window
similar to that shown below should appear.

7, PSCAD On-Line Help System

Help - e i

Toolbar Hide Pint  Options

Tutorial Viewer

Cantents | Indew | Search | Favores | - EEH A‘%‘g AE .
aNeng Graphics  allse

Opening Screen
+.@® PSCAD Manual
+ @ EMTDC Manual
+ @ EMTDC Tools Library
+ @ Master Library Models

Version 4.2

Navigation

fang ain Viewing

Window

On-Line Help

~

There are three main sections of the help system. Across the top is
the Help Toolbar, and below this are the Navigation Pane on the left,
and the Main Viewing Window on the right.

The Help Toolbar
The Help toolbar contains the most commonly used functions. These
are summarized below:

Button Description
i Hides navigation pane
chk Moves backward in the viewed topic list
) S Moves forward in the viewed topic list
onvard

Prints currently viewed topic

Provides some options to allow the user to cus-
Options tomize the online help viewer

The Navigation Pane
The Navigation Pane is separated into four sections: The Table of
Contents (TOC), the Index, the Search engine and the Favorites
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section. To access any section, click the corresponding tab at the
top of the pane.

Contents

The Contents tab contains the help system Table of Contents. The
TOC is organized using a standard tree-type structure. To expand or
collapse any branch of the tree, left-click on the corresponding [+] or
[-] icons, directly to the left of each branch, respectively.

Contents ] Index ] ﬁearchl Fa\-'or_ites]

7] Opening Sereen
+ @ PSCAD Manual
+ @ EMTDC Manual
+ @ EMTDC Tools Library
+ Q Master Library Models

There are two icons associated with the TOC: Books and Topics. A
Book simply contains a selection of Topics:

. @ Book

. ﬂ Topic

Index

The index contains a large list of keywords, listed in alphabeti-

cal order, that have been associated with various topics within the
help system. You have the choice of either scrolling through this list
directly, or you may type in a word into the input field near the top of
the index pane, in order to directly look up a word.

In the figure below, for example, a user is looking up ‘air core
reactance.” Entering ‘air’ will bring the list window to the nearest
matching word.
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Contents  Indes ]gearch] Favarites

Type in the keyword to find:

Jaif

i core reactance

allows uze of integrated debugger

allovaing warniables

ammeter

amplitude modulation b

Search

The Search section allows you to enter in a single word or a text
string, and then list the topics that contain the word or string. Simply
enter the text string and click the List Topics button. Any topics
containing the string will be displayed in the output field, as shown
below.

Qontents] Index  Search l Fa\-'or_ites]

Tupe in the keyword ta find:

| core reactance

List Eopics

1-Phaze 2*4inding Transformer ~
1-Phaze 34inding Transformer

1-Phaze Auto Transformer

3-Phaze 24inding Transformer

3-Phaze 3Mwinding Transformer

3FPhasze 4windina Transformer b

Dizplay

Select Topic to display:

NOTE: The Help System search engine
will search all text in each topic. Text that
exists within embedded images will not be
considered.

To bring up a listed topic into the main viewer, simply left double-
click, or select it and click the Display button.

Favourites

The Favourites section allows users to bookmark their favourite help
pages. To add a favourite topic to the favourites list, simply left click
the Add button. To remove a topic from Favourites, select it and left
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click the Remove button. To display a topic from the favourites list,
select it and left click the Display button.

Qontents] Indes ] Seach Favoites l

Topics:

Opening and Yiewing a Praject

[onoe [ s

Opering and Viewing a Project

Current topic:

The Main Viewer

The contents of the main viewing window are interactive in the
same way as in a normal HTML web page. Depending on the page
viewed, there may be hyperlinks and other types of functionality,
normally seen while navigating the web. Usually, text with associ-
ated hyperlinks and other functions are shown in blue color and may
or may not be underlined.

TUTORIAL PROJECTS

The PSCAD software package is installed complete with a directory
of tutorial projects, which contains a variety of simple cases to illus-
trate various features of PSCAD. This directory is located within the
PSCAD installation directory under ...examples\tutorial.

The tutorial projects described in this section are mainly meant to
illustrate the use of PSCAD and hence, they are simple cases from
an electrical engineering point of view. If you are a first time user, go
through all the tutorial cases in the order they are listed below.

Once you are familiar with these projects, have a look at the

more detailed projects contained within the main examples
directory. These include a variety of practical examples ranging in
topics from machines to FACTS devices.
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Voltage Divider

vdiv_1.psc A simple voltage divider circuit with a resistor
and a resistive source. Demonstrates how to
assemble a circuit, monitor voltage and current,
and run the simulation.

Fast Fourier Analysis
fft.psc Shows the use of Fast Fourier analysis compo-
nent to perform online fft on signals.

Simple AC System with a Transmission Line

simpleac.psc A simple AC system with transmission lines. In-
simpleac_sld1. troduces transformers, transmission lines, and
psc the concept of subsystems in PSCAD.
simpleac_sld2.

psc

Use of Control Arrays

pagearray.psc Demonstrates the use of control arrays and
how to export electrical nodes to other pages so
that a circuit can be modeled on multiple pages
- even if you do not have transmission lines.

Use of Slider, Switch, Button, and Dial
inputctrl.psc Shows the use of dynamic input devices: Slider,
Switch, Push Button and the Dial.

Interpolation
interpolation.psc A simple case illustrating the use of interpolation.

Generating a Legend and using PSCAD Macros
legend.psc Shows how to generate a legend. Also illus-
trates the use of PSCAD macros in a legend.

Chatter Elimination
chatter.psc Defines chatter and gives examples on chatter
elimination techniques.
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Multiple Run

multirun.psc A simple example to demonstrate the use

multirun_sld.psc  of multiple run features to find the maximum
overvoltage due to a fault in a 3-phase power
system. The point on wave and type of fault is
varied to determine the worst-case overvoltage.
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Chapter 5:

Features and Operations

This chapter provides a resource for basic operations (or ‘clickology’)
and features in PSCAD. Whether you are a new user, or a seasoned
PSCAD veteran, the following topics can be very helpful in getting
you familiar with PSCAD V4.

This chapter includes a tutorial entitled Creating a New Project,
which is designed to jump start the learning process and to get you
using PSCAD. If you have not done so already, try the tutorial en-
titted My First Simulation, as well. This chapter is divided into three
main sections: Projects, Components and Drawing.

PROJECTS

Creating a New Project

Click the left mouse button on the menu item File in the Main Menu
bar - a drop down menu should appear. With your mouse pointer,
select New. A secondary menu should open listing a choice of either
a Library project or a Case project.

Load Project. .. Chrl+0
Save Active Project Chrl4+5
Save Project As...

Unload Project Cerl+U

Library

Print Page

Print Presdew Page
Print Al

Prink Preyiew all
Print Setup

Recent Files >

Exit:

Select the desired project type. A new project entitled ‘noname’
should then appear in the Workspace window, indicating that a new
project was created.
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You can also create a new case project by simply pressing the New
Project button in the Main Toolbar, or by pressing Ctrl + N on your
keyboard.

Loading a Project

Click the left mouse button on the menu item File in the Main Menu
bar - a drop down menu should appear. With your mouse pointer,
select Load Project....

Tew 3

Load Project. .. Chrl+0 k
Save Active Project Chrl+5
Save Project As...

Unload Project Chrl+0

Prink Page

Prink Preview Page
Print Al

Prink Preview Al
Prink Setup

Recent Files ¥

Exik

A dialog window should open with a default Files of type as PSCAD
Files (*.psc, *.psl) for PSCAD case project and library project
respectively. Navigate to the desired project and select it so that its
name appears in the File name field, as shown below.

Load Project @@
Look in: ‘_f tutarisl ﬂ £ [ e
‘.fjs\mpleac.emt Elnputctr\‘psc Esampler‘pst

[ Zsimpleac_sld1.emt Elnterpnlatlnn‘psc Eslmpleac‘psc

[ )simpleac_sldz,emt Elagend‘psc Esimpleac_sldl \psC
|_Jtest.emt Hmultirun.psc Esimpleac_sldz‘psc

| yvdiv_1,emt Hmultirunisld‘us: Etest‘ps:

Hchatter‘psc EI‘IEWJI‘ItEDratUI’.DSE

‘Bfft.psc Epagearray‘psc

File name: |vdwj pEC Open |
Files of type: |PSCAD Files [*.psc, " psl] ﬂ Cancel

Click the Open button to open the project. The project name should
then appear in the Workspace window, indicating that the project was
loaded.
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You can also bring up the Load Project dialog by simply pressing the
Load Project button in the Main Toolbar, or by pressing Ctrl + O on
your keyboard.

Recent Files

You can also load previously loaded projects by using Recent

Files. Simply hold the mouse pointer over the Recent Files menu
item and a list of previously loaded and saved projects should
appear. Select the desired project from the list. The number of proj-
ects listed can be adjusted from 0 to 16 in the Projects section of the
Workspace Settings dialog.

Opening and Viewing a Project

Right-click on the desired project in the Workspace window and
select Open. You can also open a project for viewing, with a left
double-click on the project title in the Workspace window.

ax

08 mastr st L)
B vaiv_T ISingle ™ o e sattings.

Set as Active =

Save g

Save As...
Unlaad

Wiew Map File. .
Wiew Make File...
Wisw Comple Log. ..

Global Constants... Chrl+a

Import Runtime Module. .

Clean Temporary Directary {.emt) >

<
7@ Projects |4 Rurtime |- TLinesiCables |&Yy Fies |

Once opened, the main page of the project should appear in the
Circuit window of the Design Editor.

Navigating Through an Open Project

Once a project has been opened in Circuit view, there are many
navigational features available to help you efficiently navigate about
the project.

Scroll Bars

Standard vertical and horizontal scroll bars are available in all Design
Editor windows. These are located at the right-most and bottom-
most edges of the open window respectively.

A
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Arrow Keys
You can use the arrow buttons on your keyboard to scroll both hori-
zontally and vertically while in Circuit view.

Panning (Dynamic Scroll) Mode

The panning or dynamic scroll feature allows you to scroll through
the Circuit or Graphic views in a fluid motion. You can invoke pan-
ning mode by one of the following methods:

* On ablank portion of the page, press the Ctrl and Shift keys
at the same time, then click and hold the left mouse button
(Ctrl + Shift + left mouse hold). Moving the mouse will
then allow panning though the page.

*  Press the Pan button in the Main Toolbar to invoke panning
mode. To indicate that you are in panning mode, the mouse
pointer will change into a hand shape, as shown to the
right. Press Esc to cancel Pan Mode.

Moving In and Out of Modules

To move into or open a module in Circuit view, either left double-click
directly over the module, or right-click on the module and select Edit
Definition....

il

S
A
—A+

Passiv

Wiew Properties, ..

Cut Chrl+
Copy Chrl+C
Rotate Left L
Rotate Right R
Rotate 180

Mirror M

Flip F
Ering to Fronk

Send ko Back

Inputfoukput Reference 3
Copy as Meta-File

Help. .. Fi

To move out of the current module (i.e. move back one level), press
either the Backspace key on your keyboard, press the Up one mod-
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ule button on the Main Toolbar, or right-click on a blank part of the
module page and select Up one module.

Module Settings. ..

Paste Chrly

Zoom In (+)
Zoom ook -}
Refresh FS
Up one madule BckSpc

Add Component 3

Show 3

Wiew Component Table. ..

Page Setup...
Prink Page
Print Preview Page

Help F1

Forward/Back Buttons

PSCAD maintains a navigational history while moving into and out
of modules in a project. This history is presented in the form of
Forward and Back buttons on the Navigation Bar, which should be
located near the top of the PSCAD Environment. If you cannot see
this bar, select View | Navigation Bar in the PSCAD Main Menu.

&o-O-

Once a navigational history is started, you may then use the
Forward and Back buttons to navigate into and out of modules, or to
jump directly to previously viewed modules. To access the naviga-
tional history, press the down arrow on either the Forward or Back
button as shown below:

oo

Main

Tabs
The new tab features in PSCAD V4 add an extra dimension to
navigation. That is, the tabs allow you to jump from one viewing area
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to another by simply selecting a specific tab. There is a tab bar in-
cluded at the bottom of the Design Editor window (as shown below),
as well as on the Output window and others.

l_[ﬂi(:ircu'rt o phic | ] |2 | EE)

Zooming

Zoom features are available when working in either the Circuit or
the Graphic sections of the Design Editor. There are a few different
methods for zooming available:

*  From the main menu bar, select View | Zoom. You then
have a choice to select either In, Out or a specified zoom
percentage.

w Main Toolbar

v Status Bar

v Runtime Bar
Rotation Bar

w Control Palette
w Electrical Palstte

v Workspace
v Cukput

Refresh F5 out (- g

25%
33%
S0%
5%
100%
125%
150%
200%a

*  From the Main Toolbar, select either the Zoom In or Zoom
Out buttons, or select a percentage zoom directly from the
Zoom In/Out drop down list.

* Press the + or — keys on your keyboard.

* Right-click on a blank part of the page and select Zoom In or
Zoom Out from the pop-up menu.
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Maodule Settings. ..
Project Settings. ..

Zoom Cut (-3 g

Refresh F5

add Component »
Create Mew Component..,

Compile. ..
Show 3
Wiew Component Table, ..

Page Setup...
Prink Page
Prink Preview Page

Help F1

Refresh
You can refresh the page view in either the Circuit or Graphic win-
dows by one of the following methods:

*  From the Main Menu bar, select View | Refresh.

w Main Toolbar

w Status Bar

v Funtime Bar
Raokation Bar

w Contral Palette
w Electrical Palette

w 'Workspace
W Cutpuk

Zoom 3

EETIRGETY

* Press the F5 key on your keyboard.
* Right-click on a blank part of the page and select Refresh.
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Module Settings...

Project Settings. ..

Zoom In (+)

Zoom Cut (-}

Add Component 3

Create Mew Component. ..

Compile. ..

Shiow 3
‘Wigw Component Table. ..

Page Setup...
Print Page
Prink Preview Page

Help F1

Setting the Active Project

When there is more than one case project loaded simultaneously in
the Workspace window, PSCAD needs to know which project to run
when a simulation is requested. This is accomplished by setting the
‘Active Project.’

In the Workspace window, right-click on the title of an inactive project
and select Set as Active.

A master (Master Libran]

- viv_1 [Sinnle Phase Vnltane Miider]
Freect Settings. .

Open

Save

Save fs...

Unload

Yiew Map File, .
view Make File...
Yiew Compile Log, .

Global Constants... Chrl+G

Import Runtime Module...

e Clean Temporary Directory { emk)

B Projects |7\, Rurtime |— TLinesiCables |23 Files |

Compiling and Building a Project
Before compiling and building a Project, ensure that the desired proj-
ect is the Active Project in the Workspace window.
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NOTE: Running a Project without compil-
ing is perfectly fine. If a Run command is
issued, PSCAD will perform the Compile
Modified Modules and then the Make pro-
cedures before the run starts. See ‘Running
a Simulation’ in this chapter for more.

Compile

Compiling refers to the recreation of Fortran, Data, and Map files
for a the Project. You may choose to compile the entire Project, or
only Modules that have been modified since the last compile. The
latter choice comes in handy for very large Projects, which may take
minutes to compile all.

To compile the entire Project from scratch, select the Compile All
Modules button in the Main Toolbar:

ek ®

Campile all modules

To compile the only Modules that have been modified since the last
compile, select the Compile Modified Modules button in the Main
Toolbar:

s & W @
Compile madified modules

Make

Making the Project refers to the assembly of the associated execut-
able file (*.exe) to be run by EMTDC. To make your Project, press
the Make button.

ol &5 @

IMake

NOTE: If there are any problems with
compilation or making your project, these
errors will appear in the Output Window. You
can locate the source of any of the mes-
sages through a simple left double-click on
the message itself. PSCAD will point to the
source with an arrow icon.
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You may also perform these functions by selecting Build | Compile
Modified, Compile All or Make in the Main Menu.

Compile Modified k
Compile all
Make

Run

Viewing Errors and Warnings
If a problem is detected when a simulation is run, all error and warn-
ing messages will appear in the Output window.

X

[#1- 4 master Master Library'
i
[+ 4 veliv_1 'Single Phase Yottage Divider'

<
7% Build ﬁ Furtime | {3 Ssarch |

The Output window is divided into three main areas: Build, Runtime
and Search. Compilation messages will appear under Build, while
EMTDC runtime messages will appear in Runtime. The Search area
is used to view results from the Find Feature.

Finding the Message Source

If an error or warning message is received, PSCAD can automatical-
ly point to the source of the problem. In the Output window, navigate
to the error or warning message, hold the mouse pointer over the
message itself and either left double-click or right-click and select
Point to Message Source. PSCAD will point to the problem source
in the Circuit window of the Design Editor.

[+ A master Master Library'
A vili_1 "Single Fhass Vottage Divicer
|— A Loading from file 'C:\Program Files\PSCAD4Zexamplesitutorialidiv_1 psc'
= A Generating FORTRAM and Data files
E1- A [Main] Main Page'
L [master votmeterane] "vmic, Warning: suspicious et

Copy To File
Copy to Cliphoard >

<
" O Build [@& Rutime | (3 Search |
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In the example image below, it can be seen that the voltmeter ‘Vmid’
has been shifted and is not measuring a specific node voltage.

Wrnid Wid Point Yaoltage llovad oad Current
—
| Moad
= s
‘Zaﬁﬁr:wmet;gzd de detected - vt E
LSPICIOUS IS0lSted Node ECTe e =
x =
B =
& Signal '™T_3 dimenzion is undefined Cﬁ -
Single Phasze Yoltage Single Phase
Source [Resistive] Load [Resistive]

Running a Simulation
Before running a simulation, ensure that the desired project is the
Active Project in the Workspace window. Use either of the following

methods:
¢ Press the Run button in the Main Toolbar.
sFl 2 3 ®
I~

* In the Main Menu, select Build | Run.

Compile Modified
Cormpile All

Make

BT
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Changing the Run Duration

Open the Project Settings dialog window as described in Editing
Project Settings. Click the Runtime tab and, in the Time Settings
area, enter a new Duration of Run time in seconds.

Project Settings - vdiv_1

General  Runtime | Simulation | Dynarics | Mapping | Fortran | Link |

Time Settings

Duration of run [sec] oz
Solution time step [WS) ’50—
Chanrel plat step [US) W

Changing the Simulation Time Step

Open the Project Settings dialog window as described in Editing
Project Settings. Click the Runtime tab and, in the Time Settings
area, enter a new Solution Time Step time in microseconds (ps).

Project Settings - vdiv_1

General Runtime WSimuIatmnl Dynamics] Mapping} Fortran] Lirk. I

Time Selings

Duration of run [sec) 0.z
Salution time step [US] R0
Channel plat step [us] 1000

Changing the Simulation Plot Step

Open the Project Settings dialog window as described in Editing
Project Settings. Click the Runtime tab and, in the Time Settings
area, enter a new Channel Plot Step time in microseconds (us).

Project Settings - wdiv_1

General  Runtime ] S\mulatlonl Dynam\cs] Mapp\ng} Fortran} Link ]

Time Settings

Duration of wn [sec| 0.2
Solution time step [US] 50
Channel plot step [US] 1000

Taking a Snapshot

Taking a snapshot of a simulation run is presently the only way to
start PSCAD from an initialized condition. This can be accomplished
by one of several methods. See ‘Initialization and Initial Conditions’
in Chapter 2 of the EMTDC Manual for more details on Snapshot
Files.
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Manual

You can manually take a snapshot by either pressing the Snapshot
button on the Main Toolbar, or selecting Build | Snapshot from the

Main Menu bar, while the project is running.

Skop
Pause

et |

Pre-Defined

Pre-defined snapshots are set before the run is started. There are a
couple of different pre-defined snapshot types available.

Open the Project Settings dialog window as described in Editing
Project Settings. In the Runtime section of the Project Settings dia-
log, choose the snapshot type from the Timed Snapshot(s) drop list.

Timed snapshat(z): Shapzhat file: Time

|N0ne j | |

Dutput file: # runs

Single, [once only)
Incremental, zame file | |
Incremental, many files

Enter a name for the snapshot file in the Snapshot File field, and the
exact time at which to take the snapshot during the next run in the

Time field.

Click the OK button to exit the Project Settings dialog and save

changes. Run the project to completion.

NOTE: Make sure that the run duration is
greater than the snapshot time, or no snap-
shot file will be created!

Starting from a Snapshot

Open the Project Settings dialog window as described in Editing
Project Settings. In the Runtime section of the Project Settings dia-
log, choose From snapshot file in the Startup method drop list. Enter
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the name for the snapshot file in the Input File field or use the
Browse... button to select the file.

Startup method: Irput File:

| Standard j | ‘

Standard Output file:

From snapshot file e

Click the OK button to exit the Project Settings dialog and save
changes. Run the project - it should start initializing from the snap-
shot time. See ‘Initialization and Initial Conditions’ in Chapter 2 of
the EMTDC Manual for more details on Snapshot Files.

Saving Output to File

Open the Project Settings dialog window as described in Editing
Project Settings. In the Runtime section of the Project Settings dia-
log, choose Yes from the Save channels to disk? drop list. Enter
the name for the output file in the Output File field.

[No [ .
Mo Snapshat file: Time

Save channels to disk? Clutput file:
. .

Click the OK button to exit the Project Settings dialog and save
changes. Run the case to create the output file. See ‘EMTDC
Output Files’ in this chapter for more details on Output File format.

Saving Project Changes

To save the Active Project, click the left mouse button on the
menu item File in the Main Menu bar - a drop down menu should
appear. With your mouse pointer, select Save Active Project....

T 3
Load Praoject... Chrl+0
Save Active Project  Crl+5 k
Save Project As...

Print Page

Print All
Prink Preview All
Print Setup

Recent Files 3

Exit
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You can also save the Active Project by pressing the Save Active
Project button in the Main Toolbar, or by pressing Ctrl + S on your

keyboard.

To save a selected project (either active or inactive), right click on
the project title in the Workspace window and select Save from the

pop-up menu.

P

<

-8 master [Master Libran]
-E wdiv_1 (Single™

Project Settings. ..
Set as Active
Cpen
Save bs... k
Unlaad

Wiew Map File, .,
Wiew Make File, .,
‘Wiew Compile Log...

Global Constants., .. Chrl+G
Impart Runtime Madule, .

Clean Temporary Directory {emk) >

_% Projects |y Rurtime |-= TlLines/Cables |&% Files |

Save Project As...

To save the Active Project as another file, click the left mouse but-
ton on the menu item File in the Main Menu bar - a drop down menu
should appear. With your mouse pointer, select Save Project As....

M 3
Load Project. .. ChrHO
Save Ackive Project Chr4+S

Print Page

Frint &l
Print Preview all
Print Setup

Recent Files »

Exit

To save a selected project (either active or inactive) as another file,
right click on the Project title in the Workspace window and select
Save As... from the pop-up menu.
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18 master [Master Library]

i e
'B Sl il Project Settings...

Set as Active

Cpen
Save

Unload Es

View Map File...
Wiews Make File. ..
View Compile Log...

Global Constants. .. Chrl+a
Import Runtime Module,

< Clean Temporary Directory {.emt) >

7@ Projects |7y Rurtime |-—- TLinesiCables |&Y Files |

In either case, a dialog window should open with a default Save as
type as PSCAD V4 Files (*.psc, *.psl) for PSCAD V4 case project
and library project respectively. Change the file name of the project
in the File name field, as shown below.

Save Project As @
Save in: ‘_} tutorial ﬂ ¥ E-
?;"'_‘]swmp\eac.amt Efﬂz.psc Enew_integratnr.psc Etest
|[Chsimpleac_sldi emt Einputctrl.psc Epagearray.psc Evdiv

:‘,ﬂswmp\eac_sle et Einterpolat\on .psc "4 sarmpler .psc

Elegend.psc Esimpleac.psc
f;"_“lvdlv_l emt Emultlrun.psc Esmpleac_sldl psc
Echatter‘psc Emultirun_sld.psc Esimpleac_sldzpsc
| £ b
Filename:  [udiv_1_tesfpsc

Save as type: |P5[‘AD W42 File [* psc, " psl] j Cancsl

Click the Save button to save the project under a different file
name. The project name should then change in the Workspace win-
dow, indicating that the project was renamed.

Saving as an Older PSCAD Format

Follow the same procedure outlined in the Save Project As... section
above. When the Save As dialog window appears, go to the Save
as type drop list and select PSCAD Vx.x File (*.psc, *.psl).
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Save Project As

Save in: | ) tutorial -l & BE-
iﬁﬁsimpleac.emt Hfft.psc Enew_integratur.psc Elte |
!ﬂsimpleac_s\dl.amt Einputctrl.psc Epagaarray.psc ol vddive|

Einterpolation‘psc "4 sarpler.psc

Elegend.psc Esimpleac.psc

Emultirun.psc Esimpleac_sldl Jpstc

Hmultirun_sld.psc Esimpleac_sldz.psc

£ | 3|
File name: |vdiv_1_test.psc
Save s lype: | PSCAD Y42 File [*.psc, " psl] | Cancel |

PSCAD W42 File [ pac, ™
PSCAD V41 File pac

NOTE: Some components available in the
PSCAD V4 Master Library are not avail-
able in PSCAD V3 and will be lost upon
conversion. Also, single-line diagrams are
not supported in V3.

Click the Save button to save the project in PSCAD V3 format.

Editing Project Settings
Right-click on the desired project in the Workspace window and
select Project Settings....

ax

-] master (Master Llhrary]
.u\-'dl'\" 1 [S"._I . LY TR o A P |

Set as Ackive

Open
Save
Save As...
Unload

Wiew Map File...
Wiesy Make File, ..
Wiew Compile Log. ..

Global Constants. .. Chrl+G

Impart Runtime Module, ..

Clean Temparary Direckary |, emk) )

@ Projects |/\; Runtime |-— TlLinesiCables |&3 Files I
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Also, you can right-click over a blank area of any project page in
Circuit view and select Project Settings... from the pop-up menu.

Zoam In {+)
Zoom Out (8]
Refresh F5

Add Component 3
Create New Camponent. ..

Compile. ..
Shiw 3

‘Wigw Component Table,

Page Setup. ..
Print Page
Print Preview Page

Help F1

In either case, a dialog window entitled Project Settings will

open. The Project Settings dialog allows for many project-specific
parameter settings to be adjusted. For detailed information on this
dialog, see ‘Project Settings Overview’ in Chapter 7.

Cleaning The Temporary Directory

To delete all temporary Project files (i.e. compilation, make, data, etc.
files), right-click on the Project title in the Workspace window, and
select Clean Temporary Directory (.emt) from the right-click pop-up
menu. See ‘PSCAD Temporary Directories’ in Chapter 4 for more
details.

-] master [Master Library)
i . 5 e
(e v 1 (Single Project Settings. ..
Set as Active
Qpen

Save

Save A,
Unload

Yigw Map Fil, ..
vigws Maks File,.,
Wiews Compile Log, ..

@lobal Constants. .. Chrl+a

Import Runkime Module...

Clean Tempor i)

<
7@ Projects |/ Rurtine |-— TLinesfCablzs |8y Files |
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Unloading A Project

In the Workspace window, select the project that is to be
unloaded. Click the left mouse button on the menu item File in
the Main Menu bar - a drop down menu should appear. With your
mouse pointer, select Unload Project.

Mew 3
Load Project. .. el
Save fckive Project CErl+5
Save Project as...

Unload Pro

Prink Page

Print Preview Page
Print Al

Prink Presview Al
Prink Setup

Recent Files 4

Exit

You can also unload a project by either right clicking on the project
title in the Workspace window and selecting Unload from the pop-
up menu, or by selecting the project in the Workspace window and
pressing Ctrl + U on your keyboard.

P

(- master [Master Library)

_E vdiv_1 [Single Phass taltans Mividarl
Project Settings...

Set as ackive

Open
Save
Save s,

Wiew Map File...
Wiew Make File. ..
‘igw Compile Log...

Global Constants, . Chri+a

Import Runtime Module. ..

< Clean Temporary Directory {.emt)

7% Projects |y, Runtime |- TlLinesiCables | Files |
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COMPONENTS AND MODULES

Selecting Objects
Select an individual object with a simple left-click on the object
itself. Select a group of objects by one of the following methods:

Press and hold the Ctrl key and then separately select (left-
click) all objects to be grouped into one selection.

L

—
=

L

——
1.0 [uF] 170 [uF

Press and hold the left mouse button and then drag the
mouse pointer so that a box outline appears. Encompass
all desired objects to be selected and then release the left
mouse button.

A
1.0 [ohm] 1.0[0%1
0.1 H Fgﬁ
——
1.0 [UF] 170 [UF]

To ungroup any objects, hold the Ctrl key and then select (left-click)
all objects to be ungrouped.

Adding Components To A Project

There are a variety of ways to insert components into a Project
page. Before proceeding, ensure that your project has been opened
and you are viewing the desired Project page in the Circuit window.
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Manual Copy/Paste: Open the Master Library and navigate
to the area containing the desired component. Right-click
on the component and select Copy, or select the component
and press Ctrl + C. Open the project page where you wish
to add the component, right-click over a blank area and
select Paste (or press Ctrl + V).

Right-Click Menu: Right-click over a blank area of the
page and select Add Component. A sub-menu will
appear containing the most commonly used components
from the Master Library. Select a component and it will be

automatically added.

Module Settings. ..
Project Settings...

Paste Chrly
Undao Ch+Z
Zoom In {+)

Zaom Qut -3
Refresh F5

Add Component 3

Create Mew Component. ..

Compile. ..

Shiow

View Signal Table...

View Carmponent Table. ..

Page Setup...
Print Page
Print Preview Page

Help F1

ifire
Eus
Data label

Data merge
Mode label
Junction
Unity
Breakout

Integer Constant
Real Constant

TLine 3
Cable

Library Pop-Up Menu: Press Ctrl + right mouse button
over a blank area of the page to invoke the library pop-
up menu system. Select a component and it will be

automatically added.
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Master Library F HYDCFACTS B
Relays »
CEMF 3
Transformers  #

3 1, Ground Symbol

Faults » 2. Single Phase Yolkage Source Model 1
Breakers ] 3. Current Source
Meters 3 4, Single Phase Yoltage Source Madel 2 k
SequUEnCer 3 5. Three Phase Yoltage Source Model 2
Ckher 3 &, Three Phase Yoltage Source Model 1
I/0_Devices  » 7. Harrnonic Current Injection
Logical 3 8. Three Phase Yoltage Source Model 3
Passive 4
Machines »

e Control and Electrical Palettes: Left-click on any of the
palette buttons and then drag your mouse pointer over the
Circuit window - you should see the object attached to your
pointer. Continue to move the object to where you want it
placed, and then left-click again.

NOTE: The Control and Electrical Palettes
are usually located to the right of the Design
Editor window. If you cannot see them,

select View | Control Palette and/or View |
Electrical Palette from the Main Menu bar.

Adding Multiple Instances of a Component
Multiple Instances of the same component can be added when using
the Control and Electrical Palettes:

Hold down the Ctrl key.

Left-click on the desired component from either the Control

Palette or the Electrical Palette (continue holding Ctrl).

3. Move the mouse pointer over the Circuit canvas and left-click
again to paste the first Instance of the component (continue
holding Ctrl).

4. Move the mouse pointer to a new position and left-click

again to paste a second Instance of the component.

N —

You may continue this process and add as many Instances as de-
sired, provided the Ctrl key remains depressed. To escape from this
function, simply release the Ctrl key at any time.
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Moving Or Dragging An Object

To move an object, place the mouse pointer over the object icon.
Press and hold the left mouse button. Now drag the mouse to move
the component. When you move a component, it will always snap to
the nearest drawing grid, even if the grid dots are not visible.

=G i 0
Iz ! A g @ :
A : ﬂg"_h' : t§ 10 I

1.0

Click the left
. Release the left mouse
mouse button Drag the object
button
and hold
Cut/copy/paste

Objects can be cut, copied and pasted as many times as desired
within the Circuit window: Right-click on the object and select either
Cut or Copy (or select the object and press Ctrl + X or Ctrl + C
respectively). Multiple objects can be cut, copied or pasted simulta-

neously.
. [ . =
— —
= Copy Chrl4+C g

|:| Rotate 3
Bring ko Front
Send ko Back
Wires 3

Copy as Meta-File
Copy as Biktmap
: Print Selection

Print Prewiew Selection

Once cut or copied, you can paste the object by right clicking over a
blank area of the Project page and selecting Paste (or press Ctrl +
V).

Rotate/Mirror/Flip
Once added, single or multiple objects can be rotated, flipped or mir-
rored:

¢ Hotkeys: Select the object and press the R, F or M to
rotate, flip or mirror respectively.
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* Right-Click Menu: Right-click over the object and select
Rotate or Flip. Select the desired option from the resulting
sub-menu.

e Chrl+
Copy ChrlC

Left 90 Degrees  Ctr+L
Right 90 Degress Ctrl+R
180 Degrees

Bring ta Frant

Send ko Back,

Wires 4 Mirror Chrlm
Flin Ctrl+F

Copy as Meka-Fils

Copy as Bitmap

Print Selection
Print Preview Selection

¢ Rotation Bar: Select the object or group of objects and then
press one of the four Rotation Bar buttons.

NOTE: If you cannot see the Rotation Bar,
select View | Rotation Bar from the main
menu bar.

Deleting Objects
Select the object (or objects) and press the Delete key.

Undo And Redo

To undo or redo any object manipulations, such as moves, cuts,
pastes, deletions, etc., select the Undo or Redo button in the Main
Toolbar, or press Ctrl + Z or Ctrl + Y. The undo and redo features
will store most manipulations and changes, however some limitations

will apply.

If this feature does not appear to be working, check the Views sec-
tion of the Workspace Settings dialog to see if Undo-Redo is en-
abled in the Circuit View area.

Connecting Components Together
A connection between components can be made in one of the follow-
ing ways:

*  Overlapping one component external Connection overtop
another.
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External Ovarlay

Connection
Modes

= =
. :
F

F

Not Connected Connected

*  The endpoint of a Wire component can be used to make
contact with an external Connection, or the endpoint another
Wire:

Esternal External
Connection Caonnection
MHodes Modes

: :
v F wire

Companent

Not Connected Connected

* Any point along a Bus component is considered a valid
connection point, to which Wire endpoints and component
external Connections may be connected.

Wire
Mo BLIS
Wire

Invalid Component Connections

It is important to note the difference between an electrical and a data
signal when connecting components together. Wires may be used
interchangeably as data signal paths, or for connecting electrical
nodes. However, it is illegal to connect data signals to/from electri-
cal nodes. For example, the following connection is invalid:

Crata-Type
Connection

llegal
Junction

Electrical
Modes
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Wires are universal in that they assume the signal type of the nodes
they are connected to. If a wire is connected to an electrical node, it
will become an electrical wire, for example.

Transferring Data Into And Out Of Modules

At some point in building a project, you may want to incorporate a
common group of components into a Module (sometimes referred
to as a ‘sub-page’). Modules can be useful in that they simplify the
appearance of the overall circuit design, along with providing a ‘con-
tainer’ in which to keep all components involved in a specific task.

There are two types of signal that may be transferred between
Modules: These are data and electrical types. Transferring signals
between Modules is handled a bit differently depending on the signal

type.

Data Signals

When a project is compiled, PSCAD creates a variety of files de-
scribing the case so that EMTDC can understand it and run the
simulation. One or more of these files are Fortran files (*.f), in which
are declared the dynamics (i.e. data signals) in the case. One
Fortran file will be created for each Module existing in the case
(including the main page — see ‘System Dynamics’ in Chapter 2 of
the EMTDC Manual). Each file is an individual subroutine describing
the contents of the corresponding module. Each subroutine is called
using a standard Fortran CALL statement from its parent Module
Fortran file.

If control signals are passed between Modules, then these signals
will either appear as subroutine arguments (if they are hard wired), or
be transferred to and from global storage if using Radio Links.

Hard Wiring

Hard wiring data signals is the original method introduced in PSCAD
V3 for transferring data signals between modules. This method
involves the following steps:

1. Create a new Module or edit the definition of a Module
to which you want to transfer data. See ‘Creating a New
Component or Module’ or ‘Editing a Component or Module
Definition’ in this chapter for more details.

2. Define an input or output Connection in the Graphic section
(Graphic tab) of the Module. See ‘Connections’ in Chapter 9
for more details.
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3. Return to Circuit View. See ‘Returning to Circuit View’ in
Chapter 9.

4. Add an Import or Export tag component within the Module
Circuit view. Each Import or Export must be named the
same as its corresponding Connection.

EXAMPLE 5-1:

Consider a case Project that consists of a simple phase angle offset
control being input into a Module. The Module definition (i.e. Graphic
view) consists of a single external Connection named ‘in1,” which is
hard wired to the incoming data signal from the control system on the
main page. The input signal ‘in1’ is used as a reference angle to a
firing pulse generator inside the Module (i.e. Circuit view).

Input Data L
Signal L
ol in1
< Mo
H 5 Module T
Angle 13 |

offsat

output
Firing
Pulses

Main Page Circuit Graphic View Circuit View of
View of Module and of Module Module
Controller Definition

A user wants to bring the firing pulse output signal back out to the
main page, and wants hard wire it using an output Connection. The
first step is to define an Export tag and connect it to the firing pulse
output signal. The user names the export signal ‘out’. The final
step is to define an output Connection in the Module definition (i.e.
Graphic view). See ‘Connections’ in Chapter 9 for details on adding
a new output Connection.
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L L S Modde—|

Export
Tag

Added Export tag in Defined Output Connection in Graphic
Circuit View of Module View of Module Definition

The user may now input this new output signal to any other compo-
nent or Wire on the main page.

Input Data
Signal

Mew
5] Mogulz Connection
Angle 3

offset

Main Page Circuit View of Module and Controller with New
Connection

Here are a few important factors to remember when transferring
control signals into and out of Modules:

* Import and Export tags cannot be placed on the project main
page.

*  Only one instance of an Import or Export tag may exist within
the Module for a single Connection. If the signal is required
at more than one location within the page, you can use the
Data Label component.

Wireless Connections

The above control signal transfers can also be accomplished using
Radio Link components. Radio Links offer a ‘wireless’ method of
transferring the signals, without the need for cumbersome imports
and exports on each Module. In fact, Radio Links allow the user to
transfer signals through multiple Module layers.
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EXAMPLE 5-2:

Consider the Project in Example 5-2. A user wants to modify the sys-
tem so that the input signal ‘in1’ is transferred into the Module with a
wireless connection. The input data signal is first disconnected from
the Module and then reconnected to a Radio Link transmitter named
‘in1.” Secondly, the input Connection is removed from the Module
definition (i.e. Graphic view), as it is no longer required. Lastly, the
Import tag is removed and replaced with a Radio Link receiver.

Input Data
Signal

“. 5 . k _49‘.‘, int . . . . . .
Angle . | MOJ%)% S Main)int (e

Orfset

Main Page Circuit Graphic View

View of Controller of Module
with Radio Link Definition
Transmitter with Input
Connection

Removed

M_.

Radio Link
Receiver

L

¢ out

Circuit View of
Module with
New Radio Link
Receiver

Electrical Nodes

When a project is compiled, PSCAD creates a variety of files de-
scribing the case so that EMTDC can understand it and run the
simulation. One or more of these files are Data Files (*.dta), which
describe the construction of electrical network in the case. One
Data file is created for each Module existing in the case (including
the main page — see ‘Network Solution’ in Chapter 2 of the EMTDC

Manual).

If an electrical node needs to be represented within a module, then
PSCAD must be informed of this requirement so that the network of
electric nodes can be properly mapped. The manner in which this is

accomplished is as follows:

1. Create a new Module or edit the definition of a Module
to which you want to transfer data. See ‘Creating a New
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Component or Module’ or ‘Editing a Component or Module
Definition’ in this chapter for more details.

2. Define an electrical Connection in the Graphic section
(Graphic tab) of the Module. See ‘Connections’ in Chapter 9
for more details.

3. Return to Circuit View. See ‘Returning to Circuit View’ in
Chapter 9.

4. Add an External Electrical Node (XNode) component within
the Module Circuit view. Each XNode must be named the
same as its corresponding Connection.

EXAMPLE 5-3:

Consider a simple case, which consists of a single-phase source line
being input into a Module. The Module definition (i.e. Graphic view)
includes a single external Connection named ‘NA,” which is hard
wired to the incoming line from the source on the main page. The
Module canvas (i.e. Circuit view) consists simply of a Resistor com-
ponent connected directly to a Ground component.

INRUL C | HNade
Electrical
Hode
1.0 e

{5 Maduls o . ® AN — |

Main Page Circuit View Graphic Circuit View of Module
of Module and Source View of

Module
Definition

Here are a few important factors to remember when transferring
electrical signals into and out of Modules:

XNodes cannot be placed on the project main page.

Only one instance of an XNode may exist within the Module
for a single Connection.

An XNode cannot be directly grounded. That is, do not
connect a Ground component directly to an XNode. A
ground may be connected directly to the corresponding
electrical Connection however.
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Wire Mode

PSCAD includes a special wire drawing feature called Wire Mode,
which allows the user to quickly draw interconnecting Wires between
components.

To invoke Wire Mode, click the Wire Mode button in the Main Toolbar
or press Ctrl + W on your keyboard. With the Project open in Circuit
view, move the mouse pointer onto the Project page. The mouse
pointer will have turned into a pencil, which indicates you are in Wire
Mode.

To draw a wire, move the cursor to the node where you want the line
to start and left-click. Move the cursor to where you want the line to
end and left-click again to complete the wire. Multi-segment Wires
may be built by continuing to left click at different points.

L

To turn-off Wire Mode, either press the Esc key, press Ctrl + W, or
click the Wire Mode button again.

Editing Module Settings

Right-click on a blank part of the Circuit page and select Module
Settings... These settings are module specific and they will vary for
each individual module in the project.

Project Settings. .. !

Zoom In -+
Zoom St [
Refresh FS

Add Component »
Create Mew Component. ..

Zompile. ..
Show »
Wiew Component Table,..

Page Setup. ..
Print Page
Print Preview Page

Help Fl
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A dialog window entitled ‘Module Settings’ should open, as shown
below:

Module Settings

Displsy Options
[~ Show connection grid

[ Show signal locations
Iv Shiovw virtual control wires

Fortran Code Sequencing

The seduence of the code execution can be assigned using
an automatic ordering slgorithm

v Assign execution sequence numbers aLtomatically

[~ Show SeqUENCE NUMBErS on Circult Schematic

The Module Settings dialog inputs are described in the following sec-
tions.

Display Options
These option are related to the page display.

Show Connection Grid
Select this option to view the major grid points on the module page.

Show Signal Locations

When this option is enabled, PSCAD will use icons placed on data
signal wires and connections so as to allow for easy, graphical dif-
ferentiation between feed-forward and feed back signals. For more
on this, see ‘Component Ordering’ in Chapter 11.

Show Virtual Control Wires

Select this option to ‘virtually’ connect signals on a page that are con-
nected by Data Labels. For more on this, see ‘Virtual Control Wires’
in Chapter 11.

Fortran Code Sequencing

These options are related to the way in which System Dynamics
code is ordered. For more on this option, see ‘Component Ordering’
in Chapter 11.

Assign Execution Sequence Numbers Automatically
Select this option to ensure that a PSCAD smart algorithm will auto-
matically order your control components. This algorithm systemati-
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cally scans all control systems and sub-modules with the Module and
determines the sequence that each component should appear in the
in EMTDC System Dynamics.

This option is by default enabled, and should remain that way unless
the user wants to order these components manually. For more on
this option, see ‘Component Ordering’ in Chapter 11.

Show Sequence Numbers on Circuit Schematic

When this option is enabled, PSCAD will label each Component
and Module in the Project with an auto-generated sequence
number. This sequence number represents the sequential place-
ment of the Component or Module code in the Project Fortran

files. For more on this option, see ‘Component Ordering’ in Chapter
11.

Editing The Page Setup

The Page Setup dialog contains features related specifically to a
particular module canvas. That is, these features can vary for each
individual Module in the project.

Right-click on a blank part of the canvas in Circuit view and select
Page Setup...

Module Settings. ..
Project Settings. ..

Unda Ctr+Z
Zoom In (+)

Zoom Ok (-3
Refresh F&

Add Compaonent 3

Create MNew Component...

Comnpile. ..

Shiow 3
View Signal Table. ..

View Carmponent Table...

Frint Page !

Print Preview Page

Help F1
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A dialog window entitled ‘Page Setup’ should open, as shown below:

Page Setup

Paper Size Orientation

(v A4 (8 5x11) {+ Landscape

O BAZ (11217) " Portrait

O CIAZ (17422)

7 DiAd (22x54) Margins

7 Oversize (3dxd44) [ Showe Margins
Cancel

The Page Setup dialog inputs are described below:

e Paper Size: Select a standard paper size for this Module.

e Orientation: Select the Module page orientation.

* Show Margins: Select this option to show borders of one
paper size smaller than the current size. This is especially
convenient when attempting to reduce the page size of a
canvas containing components and other objects.

NOTE: The Oversize (34x44) paper is
included for compatibility with the PSCAD
V2 large canvas size. However, it can still be
used as a valid paper size.

Editing Component Parameters

To edit the parameters of a component, either left double-click
the component, or right-click on the component and select Edit
Parameters... from the pop-up menu.

10
! e m
Edit Defintion...
View Properties...
cut ek
Copy Chr+C
Rotate Left L
Rotate Right R
Rotate 180
Wirror M
Fiip F
Biring to Front
Send to Back
Input/OutpUE Refersnce 3
Copy as Meta-Fie
Copy 35 Bitmap
Help... Fl
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This will bring up the properties dialog for that particular component
Instance. The figure below shows the first page of the Parameters
dialog for one of the single-phase source models in the PSCAD
Master Library.

[source_1] Single Phase Voltage Source... g]

‘Conﬂguraﬂan j
Source Mame Sourced
Source Impedance Resistive 52

Iz thiz source grounded? ves %

Specified Parameters

*+ Behind the Source Impedance
" Atthe Terminal

Input Methocd
& Internal
" External

]

Source Type
fo A
" Dc

Cancel |

Help |

Dialogs for other components will differ, but all include the same
basic features and most contain multiple pages. At the top of the
dialog is a drop list, which contains a list of all the Parameter dialog
pages. In this example, the first page is entitled ‘Configuration.’ If
only one page exists, then the drop list will be disabled. To move
through or view any other existing pages, left-click the down arrow
on the field as shown below:

|Configuration

Signal Parameters
Feszistance
Impedance RIR-L
Impedance R-L-C
Inductance

Capacitance
hantoring

If there are too many items in the list, you will need to scroll through
the list to see all the form names. To scroll though the list, hold the
left button pressed on the list and drag it up and down. Or press

the up or down arrow on your keyboard when the list is open. If
there are more items in the list that it can display, you will see the list
scrolling.
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Changing Parameter Values

Each page will usually contain an assortment of Input Fields and
Choice Boxes. Depending on the Input Field type, you can make
any changes you desire by either selecting one of the choices given,
or by adjusting data directly.

To change the parameter value in a Text Field, simply click on the
field itself (white background) and type the new value. Some prop-
erty fields will contain a unit (i.e. [MVA], [sec], [m/sec], etc.), dis-
played next to the property value, to indicate the unit used. See Unit
System for more details.

Drop-list type Choice Boxes will have a downward pointing arrow on
the right hand side. Click on that arrow to see the list and then click
on the required item. The Choice Box could have more items than
visible in the list. To scroll through the list, simply use the up or down
arrows on your keyboard when the list is open.

To select a radio button type Choice Box, simply click on the radio
button item.
Iriput Methodd

& Interral
" External

Once you are finished with all of your editing, click on the OK button
to accept the edited values and to exit the dialog. Clicking on the
Cancel button will exit the form and ignore all the changes made.

Editing Definition Properties

Editing definition properties, as opposed to Editing a Component

or Module Definition, refers to two special properties of the defini-
tion that must be accessed separately: The definition Name and

Description.

In the Workspace window, access the Definitions Branch and
right-click on the component definition listed therein, and select
Properties...:

PSCAD User’s Guide



PSCAD

-8 master (Master Libiany)
Case)

[user_comp] My Compo

By o] Subtaon 1| L
@ et Netuork #1 Edit Definition. ..

[3) Inet2] Network #2 elete
[3) [Main]

This brings up the Definition Properties dialog window for editing the
definition Name and Description:

Definition Properties

Mame

USEF _CONMp

Dezcription

| My Componert

The following list describes the functions of the Definition Properties
dialog:

* Name: Enter a name for the definition. This name must
conform to Fortran standards (i.e. it cannot begin with a
number or contain any spaces).

¢ Description: Enter a description of the definition. The
description may include spaces and/or other non-standard
characters.

Viewing/Saving Component Parameters

Component input Parameters and Computations section data can
be viewed and/or saved to text file from within an easy to navi-

gate environment. All component Parameter attributes are listed

in spreadsheet format, including Symbol, Caption, Type, etc. A
Computations tab is also provided, which lists the values of comput-
ed quantities defined in the component Computations section.

Viewing Component Parameters

To view the calculated results from the Computations section of a
particular component Instance or to view the current state of the
component input Parameters, right-click on the component and se-
lect View Parameters/Computations... from the pop-up menu.
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mdlt Parameters, .,
Edit Defirition, ..
Cut Chrl+i
Copy Chrl+C
Rotate Left L
Rotate Right R
Rotate 180
Mirror M
Flip F
Bring to Front
Send bo Back
TnpuUt{OUtpUE Reference 3
Copy as Meta-File
Copy as Bitmap
Help... F1

Column Descriptions
The parameter and computation data is organized into
columns. Each column is described below:

Properties for [master.source3:9] ‘Three Phase Yoltage Source Model 1°

Parameters I Computatians |

Marne ‘ Caption ‘ Type | Uit | Miniraurm ‘ Mazirmunm Data ‘ Walue | ~
kel Source Control: CHOICE a 1)

Es Yolkage Magnitude (L-L, RIMS) REAL kv a 1e+038 13.8 [ky] 13.8

Exph External Phase Input Linik CHOICE a 0

F Base Frequency REAL Hz 0.001 1e+038 60,0 [Hz] 60,0

FO Frequency REAL Ha i 1e+035 0.0 [Hz] 80,0

Ia Mame for Phase A Currentika) TEXT

Parameters Tab

Parameters:

* Name: The Symbol name of the corresponding Parameter
Field.

e Caption: The Caption of the corresponding Parameter
Field.

e Type: The type of Parameter Field (Input, Text, Choice Box).

¢ Unit: The Unit name of the corresponding Parameter
Field. This is the default or Target Unit for the Field.

¢ Minimum: The Minimum of the corresponding Parameter
Field.

¢ Maximum: The Maximum of the corresponding Parameter
Field.

e Data: The actual data as it appears in the Component
Parameters dialog.

* Value: The actual value of the parameter following
manipulation by the Unit System. This is the actual value in
terms of the Target Unit.
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Properties for [master.sourced: 8] ‘Three Phase Voltage Source Model 1

Parameters COMDUtaUOI’VSI

Mame | Expression ‘ Type Yalus -~
o (-H-FF) | (2*E) REAL 0.0418109792926

(D07 D : (HFFEYE) ) REAL 0.0418109792926

St RN 1-RH1 REAL 1. 40342990777
F*Tan(PhilRF*{1-RN1*RNL) REAL -8, 37768345822

SOrE{S)*s * (RH1-1) REAL 0,345527 163495

SartiFFHEF - 44ERG) REAL 5.15037540773

Computations Tab

Iommg

Computations:

* Name: The Symbol name of the corresponding Parameter
Field.

e Expression: The actual PSCAD Script expression in the
Component Definition Computations Segment, which defines
the value of the constant.

* Type: The declared type of the computed constant (i.e.
REAL, INTEGER, LOGICAL).

e Value: The actual value of the computed constant following
pre-compilation.

Formatting Viewed Parameters

Once the Parameters/Computations window has been opened, the
data is open to some simple formatting. Although parameter name
and value cannot be altered from this window, users may adjust the
order in which data appears; this can be useful if the data is to be
saved to a file.

Left-click and hold a listed parameter name in the display
window. Drag the mouse pointer to where you want to place the
parameter and release the mouse button.

M M Wm
W W F
: = Ir = [E
" Te j%ﬁ HA
73eq Z5e ZS%

Tram

Saving Component Parameters to a File

Component Data can be saved to a formatted text file at any

time. Select either the Parameters or Computations tabs depend-
ing on what data is to be written. Press the Save As... button to
bring up the Save As dialog window.
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Save in: ‘ [ noname. emt j 5 B

File: narne:

aranneters Save |
Save as type: |Eomponent Caomputation File [ tat] j Cancel

Enter a name for the file and press the Save button. Once saved,
PSCAD will open the file automatically for viewing.

Changing To Single-Line View

If the component being edited is a three-phase electrical component,
then it is likely there will be a Drop List entitled Graphics Display on
the main properties page.

Graphics Display Single line vie *

Single ling viesw

To toggle the component between single-line and 3-Phase view,
open the component properties dialog and select the desired view
from this field.

Creating A New Component Or Module

New Components or Modules can be created in PSCAD by using the
Component Wizard. The Component Wizard is a graphical tool that
creates a definition ‘shell,” which the user may then use as a basis
for further component or module design.

The following topics describe the simple steps involved when us-
ing the Component Wizard. For more on component design, see
‘Designing Components’ in Chapter 9.

Using the Component Wizard

Before proceeding, ensure that the Project you are working with is
opened in Circuit view. Press the New Component button in the

Main Toobar, or move the mouse pointer over a blank area of any
page, right-click and select Create New Component....
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Maodule Settings...
Project Settings...

Zoam In
Zaoarm ok
Refresh

Add Component

Component. ..

Compile. ..
Shio

Wigw Component Table...

Page Setup...
Print Page
Print Preview Page

Help

Fl

The first page of the Component Wizard should then appear as

shown below:

Step 1

PSCAD Component Wizard----Step 1

Hame
Title (Olptional]

*Line 1

“Line 2

“Line 3

Connections

I Page Module

——

——
—
—

Top

-
Let 0 I:‘ [0 might
-

Eottom

Mext > Cancel Help

£

Step 1 in creating a new component involves entering the following

data:

¢ Name: Enter a name for the Component Definition. This
name must conform to Fortran standards (i.e. it cannot begin
with a number or contain any spaces).
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Title (Optional): If text is detected in any of the three fields
provided in this section, a Text Label containing the text will
be added to the component Graphic.

Connections: If you would like to automatically create any
Connections to your component, enter the number required
in either the Left, Top, Right or Bottom input fields. For
example, entering 2 in the Left field indicates that you

want to auto create to Connections on the left side of the
component Graphic.

Page Module: Select this input if you want this new
component to be a Module (also referred to as a page
component or a sub-page).

NOTE: If a number is added to any of the
Connections fields, then you must define
each Connection in Step 2.

Enter all the parameters that you require according to the above
descriptions. When finished, click the Next > button. If no
Connections were specified above, skip to Step 4.

Step 2

Step 2 in creating a new component involves defining data for any
Connections specified in Step 1.

Connection Name: Enter a name for the Connection. This
name must conform to Fortran standards (i.e. it cannot begin
with a number or contain any spaces).

Display Label: If text is detected in this field, a Text Label
containing this text will be added near the Connection in the
component Graphic, acting as a Connection label.
Connection Type: Select the type of Connection

here. Note that for Input Data type, the Component Wizard
will automatically draw an input arrow graphic for the
Connection.

Node Type: Select the type of electrical Connection

here. This input is only enabled if the Connection Type is
selected as Electrical.

Data Type: Select the type of data Connection here. This
input is only enabled if the Connection Type is selected as
either Input Data or Output Data.
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* Dimension: Select the check box and enter the dimension
of the Connection signal. This input is only used if the signal
is not a scalar (i.e. it is an array or vector).

PSCAD Component Wizard----5tep 2 g|
Left side connections:
[Top to bottam)
Connection Name: Hlof2
* Digplay Label

Cornection Type | Mods Type Data Typs
@ |nput Data ) " Logical
 Dutput Data 5 O Integer
" Electrical c " Real

5
I Dimension
< Back Mest > Cancel Help

Enter all the parameters that you require according to the above
descriptions. This page will be repeated for each Connection
specified in Step 1, starting with the left side of the component
Graphic. The text box at the top of the dialog will indicate what
Connections are currently being defined.

When finished each page, click the Next > button. If Page Module
was not selected in Step 1, skip to Step 4. If a mistake is made,
press the < Back button at any time.

Step 3
Step 3 in creating a new component involves defining the Page
Setup if the Page Module input was selected in Step 1.

¢ Paper Size: Select a standard paper size from the list
provided.

¢ Orientation: Select either Portrait or Landscape page
orientation.
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PSCAD Component Wizard----Step 3 E‘

Paper Size
& A4
B3
T Cm2
T

Orientation

 Landscape
 Fortial

< Back Newt > Cancel \ Help |

When finished, click the Next > button. If a mistake is made, press
the < Back button at any time.

Step 4

Step 4 is simply a confirmation step. Press the Finish button if you
are satisfied that everything is correct. Press the < Back button to
go back to the previous step.

PSCAD Component Wizard-—--Step 4 X

The componert is now ready to be created
Select Firish to create the component
of choose ‘Pres ta review vaur choices

NOTE: The arigin [L shaped red lines) wil be:
the asis of rotation for paur companent

< Back Firish Cancel Help

Creating a Default Module

You can forego the above procedure when creating a simple
Module. Simply press the Create Default Module button in the
PSCAD Main Toolbar.

y L, ox |

|Create a Defaulk Module |
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This creates a simple Module with no external connections to its par-
ent page. To create a Module with Connections, follow the proce-
dure outlined above.

Creating The First Instance of a Definition

In the Workspace window, navigate to the Definitions branch within
the project tree. Either select the desired component Definition from
the list, right-click and select Create Instance as shown below, or
drag and drop the definition directly on the canvas. See ‘Drag and
Drop’ in this chapter for more details.

ax
-8 master [Master Library]
é-ﬂ test [Test Case)
-] -1: [Main]
é-@ Diefinitions
1} [user_comp] M._l,l Compl Properties. ..
[B) [sub1] Substation #1 Edit Definition. .
[B] [net1] Metwork #1
[B] [net2] Metwark #2 Delete Definition
[B) [Main] Copy Definition Cerl4-C
Export As... !
Help F1
< >
i =3 Projects |7y Rurtime [-—- TLinesiCables | Files |
NOTE: Component definitions should be
moved to a Library Project once tested.

Compiling an Individual Module

In the Workspace window, navigate to the Definitions Branch within
the project tree. Select the desired Module from the list, right-click
and select Compile Module.

- mazter [Master Library)
éu test [Test Case)
] -1: [Main]
é@ Diefinitionz
{ot [uzer_comp] My Compaonent
[B7 [subl] Substation #1
[B7 [net1] Network #1
[B] [net2] Metwark #2
[B) [Main] Dielete Definition
Copy Definition Chrl+C

Properties. ..
Edit Definition, .,

]
Create instance
Export s,

‘ EECAET—
@3 Projects |7 Rutime |-— ILinesiCables |&Y Fies |
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Importing/Exporting Definitions

Component Definitions may be imported or exported to and from

different Projects, or between users,

by first saving the Definition as

a special Component Definition (*.cmp) file. A Component Definition
file is simply a text file, which contains the text script defining the
component as it would appear in a Case or Library Project (*.psc

or *.psl) file. Importing and exporting a definition by creating a
Component Definition file is similar to cutting and pasting a chunk of

script directly from/to a Project file.

Import a Definition

In the Project Section of the Workspace, left-click on the [+]
box beside the desired Project name to expand the Project
Tree. Right-click on the Definitions Branch and select Import
Definition(s).... See ‘Definitions Branch’ in Chapter 4 for more

details.

|£|— mazter [Master Library)
= test [Test Case)
(=Y -1 [Main]
é@ Definitions
1o} [user_comp] My Comgp
[B) [subl] Substation #1
[B) net1] Metwark #1
[B) [net2] Metwork #2

[3) [Main]

<

Paste Definition

TImport Definition(s)... K

Copy to Clipboard

Sort by Mame
Sort by Description

S

_% Projects |“y Runtime |— TlinesiCables &Y Fies |

Export a Definition

To export a Definition (or save the Definition to a special Component
Definition (*.cmp) file), left-click on the [+] box beside the Project
name where the Definition is stored to expand the Project

Tree. Expand the Definitions Branch in the same manner. Right-
click on the desired Definition from the list and select Export

As.... See ‘Definitions Branch’ in Chapter 4 for more details.

X

E‘— mazter [Master Library]
=-f test [Test Case]
[ -1: [Main)
é@ Diefinitions
1o} [uzer_comp] My Compor
[3) [subT] Substation #1
[B) [net1] Network #1
[3) [net2] Network #2

[3) [Main]

£

_% Projects |, Runtime [-2-

Propetties. ..
Edit Definition. ..

Delete Definition
Copy Definition  Ckrl+C

Create instance

Help Fi
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Copy As Meta-file Or Bitmap

Bring up the desired area in Circuit view. Select the objects to be
printed (see Selecting Objects in this chapter), right-click and select
Copy as Meta-File or Copy as Bitmap.

cut Chri+x
Copy ot

Rotate v
Biting to Front
Send to Back,

Wires 3

Copy as Meta-File x
Copy as Bitmap

Prink Selection
Print Preview Selection

Then, simply paste the copied selection into a report program of your
choice.

Printing Selected Objects

Bring up the desired area in Circuit view. Select the objects to be
printed (see Selecting Objects in this chapter), right-click and select
Print Selection. A print dialog window should appear - select your
desired printer properties and click OK.

cut Crl+
Copy Chrl+C
Rotate 3
Bting ko Front

Send o Back

Wires 3
Copy as Msta-File

Copy as Bitmap

Prink Preview Selection

To preview the selection before printing, select the objects to be
printed, right-click and select Print Preview Selection.

NOTE: More than one object must be se-
lected to print a selection.

Printing a Module Page
Bring up the desired module in Circuit view. Right-click on a blank
portion of the page and select Print Page, or press the Print button
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in the Main Toolbar. A print dialog window should appear - select
your desired printer properties and click OK.

Module Settings. ..
Froject Settings...

Undo Chl+Z
Zoom In +

Zoom Quk (-1
Refresh F5

Add Component 3
Create Mew Component...

Campile...

Shaw 3

Wiew Component Table. ..

Page Setup...

Print Preview Page

Help F1

To preview before printing, bring up the desired module in Circuit
view. Right-click on a blank portion of the page and select Print
Preview Page.

TUTORIAL: CREATING A NEW PROJECT

Follow the steps outlined in the following sections to create a new
project.

Adding a New Case Project
Press the New button in the PSCAD Main Toolbar.

e EH & % B @

A new Case Project should appear in the Workspace window en-
titted ‘noname.’ Right-click on the Project name and select Project
Settings....
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. -] master [Master Library]

. B weliv_1 [Sir =l | Ao e Tiiidoa
ro;

Set as Ackive

CIpEn
Save
Save As..,
Unload

View Map File...
Wiew Make File..,
View Compile Log...

Global Constants. .. Chrl+3

Imnpark Runtime Madule. .

Clean Temporary Direckory ( emt) )

% Projects [\, Runtime |—- TLines/Cables |€% Files |

NOTE: If the Workspace is not visible, select
View | Workspace in the Main Menu bar.

This action will open the Project Settings dialog. Click the General
tab at the top of the dialog, left-click inside the Description field and
type a description for the case, say, ‘Voltage Divider.’

Project Settings - noname

General l Huntlme] Simulation Dynamlc:sl Mapplng] Fortran] Link. ]

Drescription
|VUIlage Drivicer]

Click the Runtime tab and get familiar with the inputs displayed
therein (see ‘Runtime’ in Chapter 7 for details on parameters).

Project Settings - noname

General HU”L‘%B NSimulat\on] Dynamics} Mapp\ng] Fortlan] Link. }

Time Settings

Duration of mn [gec) ’057
Salution time step [US] ’50—
Channel plat step [u5] ’T

The Project will be automatically set up with a run duration of 0.5
seconds with a 50 ps time step by default (these settings are suf-
ficient for now). Click the OK button. The description you entered
should now appear in the Workspace beside the Project filename.
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~ER

- master (Master Library]
-E noname [Yoltage Divider)

< >

_@ Projects |/ Rurtime |-—- TlLinesiCables | Files |

Saving the Project
To save your newly created Case Project, right-click on the Project
name in the Workspace and select Save from the pop-up menu.

53
-B master [Master Library]
- ol Project Settings. ..
Set as Ackive
Cpen
Save As... g
Unload
Wiew Map File...
Wiew Make File. ..
Wigw Compile Log...
Global Constants... Chrl+ia
Impork Runtime Module. .,
< Clean Temporary Directory {.emt)
@5 Projects |y Rurtime |- Tlinesiables | Fies |
This will open the Save Project As dialog.
Save Project As @gl
Savein |JP5EAD=12 LJ = £F B
Dh\n .énnname.en&
iaemtdc 12 script
|Zyemtde_dba [itemp
[Zyexamples [L)USBDriver
_.;jheln Emaster.ps\
(b
File hame: |vdid pse Save |
Save as ype: |PSEAD W4.2 File [".pse, " psl] j Cancel

Use the buttons at the top of this dialog to navigate to the desired

directory in which you want to save the Project. Type the name

of the file (say ‘vdiv.psc’) in the File name field near the bottom of
the dialog. Make sure that you include the extension “.psc.’” Click
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the Save button to save the changes. The Project name in the
Workspace will turn to black and the new filename should appear.

NOTE: Although we strive to avoid spurious
crashes, you should save your case project
frequently in order to avoid loss of work.

Opening the Project Main Page

To open the main page of your new Case Project, left double-click on
the Project name in the Workspace, or right-click on the name and
select Open.

P

F-[[8 master [Master Library)
T 2 - o e
- veliv_1 [Single Project Settings...

Set as Active =

Save t!

Save As...
Unload

‘Wigw Map File. .
View Make File. ..
WYigw Compile Log...

Global Constants... Cirl+G

Import Runtime Module. ..

£ Clean Temparary Directory {emk) >

_% Projects |y Rurtime |-= TlLines/Cables |&% Files |

In either instance, an empty page should be opened in the Circuit
window of the Design Editor. This is the main page of your new
Project, on which you will draw the circuit.

Opening the Master Library

The first project listed in the Workspace window is always the Master
Library (master.psl). It contains most of the components you will
ever need to build any circuit. All of the components that will be used
to create this new Case Project example are available here.

To open the Master Library, follow the same procedure as outlined in
‘Opening the Project Main Page’ in this chapter. The picture shown
below is the top left corner of the Master Library. Each icon is a
module that opens into another page window, giving access to com-
ponents belonging to that group.
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m{nimimimm
Q] PE |~ |

Passive Gources Transformers Breakers Faults

Tlines Cables Machines Relays HYDCEFACTS

Js
G

¥ [ m| [ | [ m
b e =2

Met-ers . CEMF . Lugica\. \JO_Dévice:é SQqugncér
ol [

—e— —e—

Other Single_Line

Assembling a Voltage Divider Circuit
The voltage divider circuit in this example will use eight different
components as shown below.

3

o Woltrneter
6 to Ground
Ground Resistor
Single-Phase e
A -
Source Madel 1 | g -
Datalabel
e E
Ammeter

NOTE: Initially, it may be a challenge to
navigate through the Master Library and find
these components one by one.

Locating the Single-Phase Source

The first step is to locate the single-phase source model to be used
in your circuit (in Master Library ‘Sources’ Module). There are three
different source models available in the Master Library - we will be
using the Single Phase Voltage Source Model 1 component.
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N EY N E
i i @ B Uses EMTDC_1PHYSRC Source Routine
—‘% = { Compaptible with Source_1 ican )

I 0 = 0 - Can be ldeal (R=0)

= = - Chatter is Eliminated far Inductive Sources
L - Interpolates Internal Source Quantities

i

—

4\ % Uses ESYSES Source Routine
[ [ ({ Compatible with Source? icon )

—P - Data Entry by Impedances or ohms, H ar uF
= o 9 master.zourcel 'Single Phase Volage Source Modsl 1'
— MName: "Sourcel’

Sequence: -1

@?L?

Source 1 Model Within Sources Module in Master Library

Once you find it, add it to your new Case Project main page using
one of the techniques outlined in ‘Adding Components to a Project’
in this chapter. Move the source component to an appropriate place
on the page. Left double-click on the component to bring up the
component Parameters dialog (see ‘Editing Component Parameters’
in this chapter). On the Configuration page, change the Source
Impedance Type Drop List to ‘R’ (for purely resistive).

[source1] Single Phase Yoltage Source M... E

|Contiguration |

Source Name Source!
Source Impedance Type: RRAL -
Source Controk i3

L s
Rated Volts (AC:L-G, RMS) RiL

RRIL
Base Frequency B0 [FE

“oltage Input Time Constant T
Impedtance Dats Format [rrC vass =
Source Typs a0 -
Extarnal Phase Input Unit [Feere =]
Specifisd Parameters
% Behind the Source Impedance

" Atthe Terminal

Ok, Cancel | Helg... |

Also on the Configuration page, change the Rated Volts (AC:L-G,
RMS) input field to from ‘110.00 [kV] to ‘70.71 [kV]. This will give an
internal source voltage of 100 kV peak.
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Save the Project.

Add and Assemble

The next step is to add the remaining components (i.e. Wire,
Resistor, Current Meter, Data Label, Output Channel, and Ground
components). Arrange all components to form the simple voltage
divider shown in the following diagram:

v ||n
Vé_l\id Nload ‘

1.0 [ahrm]

o] oL

Save the Project. See Adding Components to a Project, Selecting
Objects and Moving or Dragging an Object for more details.

Editing the Remaining Component Parameters

Use the properties shown below for the remaining components (see
‘Editing Component Parameters’ in this chapter). Only the proper-
ties to be changed from their default values are mentioned. Use the
resistor with its default properties.

mid

[voltmetergnd] Voltmeter (Line - Ground) g|

o =]

Signal Mame Vmid|
0K | Cancel | Help... |

[ammeter] Current Meter

Signal Mame Iload|
Ok | Cancel | Help.... |
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QE

[pgb] Qutput Channel [ﬁl
Title (for display on plots meters ) Mid Point *oltag
Groug
Display title onicon? Mo -
Scale Factor 10

E]

Unit (for dizplay on meters: pu ks, 0 Ky

[peb] Output Channel E|
Title (for display on plots meters,..) Load Current
Group
Dizplay title on icon’ Ma =
Scale Factor 10

Save the Project.

Plotting Results
In order to view any results from our voltage divider circuit, we must
add a Graph Frame and set it up to display the waveforms. The fol-
lowing sections describe only those aspects of plotting needed in this
exercise. See ‘Preparing Data for Control or Display’ in Chapter 6 for

further reading.

Adding a Graph Frame
Right-click on the Output Channel component called ‘Mid Point

Voltage’ to bring up the pop-up menu. Select Input/Output
Reference | Add Overlay Graph with Signal.

h—
Edit Parameters. ..

Edit Definition, ..

Wiew Propetties. ..

Inputf/Qutput Reference Add as Curve

Copy as Meta-File
Copy as Bitmap

Add as Meter
Add as PolyMeter
Help... Fi Add as PhasorMeter

Add O

Uit (for display on meters: pu ke, .0 Py

etlay Graph with Signal k
Add Poly Graph with Signal
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This should create a new Graph Frame, Overlay Graph and a Curve
simultaneously as shown below:

Main : Graphs -,

= Midl Point Y oltage
100

-100
0.000 0.025 0.050 0075 0100 0125 0150 0175 0.200

4 L3

Right-click on the Graph Frame title bar (top bar on the plot labelled
‘Main : Graphs’) and select Graph Frame Properties... from the
pop-up menu.

Graph Fram:

= Mid Point Voltage
o Cut Frame

Copy Frame
Paste Graph

Add Overlay Graph [Analog) Ins
@m Add Stacked Polygraph (Analog/Digital)

0000 0025 005 Zoom b 75 0200
a4 Preferences 3 »

Send to Back.
Bring to Front

Copy Frame as Meta-Fie
Copy Frame s Bitmap

Synchranize Chanrel Limits to Graphs

Help F1

This should bring up the Graph Frame Properties dialog window. In
the Caption field, change the title to ‘Currents and Voltages.” See
‘Graph Frames’ in Chapter 6 for more details on the options in this
dialog.

Graph Frame Properties @I

Caption

| Currents and Yotages|

Preferences
[ Show Markers [ Showe Grid
[ Show Glyphs [ Show -Intercept
[ Show Ticks [ Show ¥-Intercept

[ Auto-Pan X-Axis |75 %

(a1, | Cancel
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To resize the Graph Frame at any time, left click on the Graph Frame
title bar so that Grips appear. Left-click and hold on a corner Grip
and drag mouse outwards. Resize the Graph Frame to approximate-
ly 5x5 inches.

a ]
Main : Graphs -

= hidl Paint Yolage
100

-100
0.000 0025 0050 0.075 o100 0125 0150 0175 0200

4 3

) ) %

Adding Another Overlay Graph and Curve

Right-click on the Graph Frame title bar and select Add Overlay
Graph (Analog) (or press the Insert key while the mouse pointer is
over the Graph Frame).

CUrTents a0 caph Frame Prapertiss. .,

= Micl Point Yoltage
D Cut Frame

Copy Frame
Paste Graph

¢ Graph (Analog) >
Add Stacked Palygraph {AnalogiDigitaly

-100

0000 0025 0050 0075 Zoorm %
4 Preferences 3

Send to Back
Bring to Front

Copy Frame as Meta-File
Copy Frame as Bitmap

Swnchranize Channel Limits ta Graphs

Help F1

A new Overlay Graph should appear within the Graph Frame directly
below the existing graph (see ‘Graphs’ in Chapter 6 for more).

Currents and Yoltages -

= tid Point %oltage

100
= ]
-100 -
= | oad Current d
1.00 I
- ]
1003

0000 0025 0050 0075 0400 0425 0150 0475 0200

A 3
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200

Add a Curve to this graph to monitor load current: Hold down the
Ctrl key and click and hold the left mouse button while over the
Output Channel with caption ‘Load Current’. Drag the mouse pointer
over the new Graph and release the mouse button. A Curve should
appear in the new Graph.

Curre

= Nidl Paint Y oltage

100 e Mict Poirtt “olta 25
75 IS
504 = _25 4
23 -50 4
= -75 4
§§ 1 100 4
- ] = Load Current
lload Q@ ] By 5. o s
100 3
& 1k
e
B UUE 003
Tih oo o 0000 0025 0050 O
4 A
Select the Drag the Mouse Pointer Release the Mouse
Output Over the New Graph Button
Channel
(Ctrl + left
mouse
hold)

Editing the Graph Properties

To customize an individual Graph title and/or vertical axis label, right
click over top the Graph and select Graph Properties... Edit the
Graph Properties as you see fit (see ‘Graphs’ in Chapter 6 for more).

Currerts and Yottages =

= Mid Poirtt Valtage
100

o~ Cut Graph
Copy Graph
100 Paste Curve
1 o LA EUTe  Copy Data to Clisboard v '
Zoam »
- Prefarsnres 3
Mawe Graph Up
= Move Graph Down
0000 0023 Mowe Graph to Top 5 0200
% Mawe Graph o Botkam =
Copy Frame as Mata-File
Copy Graph as Bitmap
Synchronize Channel Limits to Graph
Help F1
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For example, change the Y-Axis Title input field to show ‘Voltage’ on
the voltage graph, and ‘Current’ on the load current graph. You may
also want to turn on/off Grid Lines and adjust the scaling. The Graph
Frame should appear similar to that shown below once completed.

Currents and Yottages =

= Wicl Pairt '/ otage: 2
100

Woltage

-100

= Load Current
100 ——

Current

-1.00
0000 0025 0050 0075 0100 0125 0450 0175 0200

Kl [

Save the Project.

Running the Project

Before running your new Project, ensure that it is the active project
in the Workspace window (see ‘Setting the Active Project’ in this
chapter). Press the Run button in the Main Toolbar to run the simu-
lation (see ‘Running a Simulation’ in this chapter).

This is the last step, assuming there are no errors. If there are any,
they will be logged in the Output Window. See ‘Common Output
Window Messages’ in Chapter 11 for more details. Your simulated
results should look similar to the following, once the simulation has
completed.

Currents and Voltages
= i Point ‘ollage
50
40
30
20
10

0
10
20
30
-40

0

B

0000 0035 0050 0075 0400 0425 0450 0475 0200

Voltage

el 3

NOTE: It may be necessary to readjust your
X and Y-axes, as well as zoom and time
frame. See ‘Online Plotting and Control’ in
Chapter 6 for more details.
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DRAG AND DROP

The addition of drag and drop functionality to PSCAD V4, greatly im-
proves the efficiency of designing Projects - especially the construc-
tion of online plots and controls. Drag and drop may be performed
directly on the drawing canvas in Circuit view, or items may be
dragged and dropped from the Workspace onto the Circuit canvas.

The drag and drop feature uses mouse pointer icons to indicate
whether or not a dragged object may be placed under the current
mouse position:

. Drop position is valid
. @ Drop position is invalid

Create a Component Instance
Component Instances can be created directly from the correspond-
ing Definition in the Projects Section of the Workspace.

1. Navigate to the Definitions Branch in the Projects Section of
the Workspace.

2. Select and hold the desired component Definition with your
left mouse button.

3. Drag the mouse pointer to a blank area on the Circuit canvas
and release the mouse button to drop.

- X

¥ mazker [b aster Librany)
—-E test (Test Caze)
+42] -1: [Main]

= Definitions k
gjﬂ [uzer_comp] My Component ® ®

[8) [sub1] Substation H1

[] [net] Metwark Sircuit i 1
[B] [net2] Network #2 Canvas

[B] [Main]

< ?

" g Proj.. [7y Runti |— TLin_ |&Y Fies |

Drag and Drop onto Circuit Canvas from Project Section of
Workspace
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Copy a Component Instance
All component Instances appearing on the Circuit canvas may be
copied and pasted using drag and drop.

1.
2.

3.

Hold down the Ctrl key.

Move the mouse pointer over the component Instance to be
copied.

Select and hold with your left mouse button.

Drag the mouse pointer to a blank area of the Circuit canvas
and release the mouse button to paste.

o B B B g

Copying a Component Instance

Adding a Curve to a Graph
A Curve can be added directly to a Graph in one of two ways:

From an Output Channel Instance
From a Runtime Object in the Workspace.

From an Output Channel

1.

Hold down the Ctrl key (use the Shift key if Enable

‘Shift’ key to create controls and curves is enabled in the
Workspace Settings dialog).

Move the mouse pointer over the desired Output Channel
Instance.

Select and hold with your left mouse button.

Drag the mouse pointer to the desired Graph and release
the mouse button to paste.
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. 1 I
1 ]
[ =

5

-1.00
T ——

0.00 020

4

Adding a Curve to a Graph from an Output Channel

From a Runtime Object

1. With the current Project set as active, click the Runtime tab
in the Workspace.

2. Navigate to the corresponding Runtime Obiject for the
desired Output Channel (will be in the Recorders sub-
branch).

3. Select the object and hold with your left mouse button.

4. Drag the mouse pointer to the desired Graph and release
the mouse button to paste.

ax

=-E9 test Runtime
=52 [Main]
it » Controls (9 1.00
p Recorders ® %‘ k
T olts” - [732, 378 S
]
»
»

o

k] "hmps - [792, 450]
=+ Display Devices =
=+ Mamed Signals

=+ O [net2] Metwark #2
+-85 [net1] Network H1 -1.00
£ [sub1] Substation #1 v

B Projects M\, Runti.. [—- Tlines.. €Y Fies |

Adding a Curve to a Graph from a Runtime Object
Adding a Meter to a Control Panel
A Meter can be added directly to a Control Panel in one of two ways:

*  From an Output Channel Instance
*  From a Runtime Object in the Workspace.
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From an Output Channel

1. Hold down the Ctrl key (use the Shift key if Enable
‘Shift’ key to create controls and curves is enabled in the
Workspace Settings dialog).

2. Move the mouse pointer over the desired Output Channel
Instance.

3. Select and hold with your left mouse button.

4. Drag the mouse pointer over the desired Control Panel title
bar and release the mouse button to paste.

Ca.. —

_—

L]
L5
4]

Yolts

Adding a Meter to a Control Panel from an Output Channel

From a Runtime Object

1. With the current Project set as active, click the Runtime tab
in the Workspace.

2. Navigate to the corresponding Runtime Object for the
desired Output Channel (will be in the Recorders sub-
branch).

3. Select the object and hold with your left mouse button.

4. Drag the mouse pointer over the desired Control Panel title
bar and release the mouse button to paste.

X

=I-E3 test Runtime

= Q [H ain]

+-p Conbrals GI ® e

- Recorders ®

-] Walts" - [792, 378] 5

-] “Amps'' - [F92, 450] E \
+—p Dizplap Devices e
+—p Mamed Signals
O [net2] Metwork, #2
G [ret]] Metwork, #1
O [2ub] Substation #1

¥
¥

B Projects A Runti.. |—- Tlines.. | Fies |

Adding a Meter to a Control Panel from a Runtime Object
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Adding a Control Interface to a Control Panel
A Control Interface can be added directly to a Control Panel in one of
two ways:

*  From a controls component Instance (i.e. Slider, Dial, Switch
or Push Button)
* From a Runtime Object in the Workspace.

From a Controls Component

1. Hold down the Ctrl key (use the Shift key if Enable
‘Shift’ key to create controls and curves is enabled in the
Workspace Settings dialog).

2. Move the mouse pointer over the desired controls
component Instance.

3. Select and hold with your left mouse button.

4. Drag the mouse pointer over the desired Control Panel title
bar and release the mouse button to paste.

@i | =

g BT

]

Adding a Control Interface to a Control Panel from a Output
Channel

From a Runtime Object

1. With the current Project set as active, click the Runtime tab
in the Workspace.

2. Navigate to the corresponding Runtime Obiject for the
desired Output Channel (will be in the Controls sub-branch).

3. Select the object and hold with your left mouse button.

4. Drag the mouse pointer over the desired Control Panel title
bar and release the mouse button to paste.
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ax

=-E3 test Runtime
=1 [Main] S e | =
\—) § Controls ® ® I
#-£] “Fing Angle” - [F20, 234]
+{#] "Enable/Dizable’ - [720, 301 1
2] Untitled:" - [126, 414] >y
» Recorders
p Dizplay Devices
» Mamed Signalz
* [net2] Metwark, #2
* [net] Metwark #1
* [sub1] Substation #1

('\e’\e’\+ |- [+

< b2
B3 Proje.. N Runti.. |- TLine... |4 Filez |

Adding a Control Interface to a Control Panel from a Runtime
Object

Move/Copy Meters and Curves Between Graphs/Panels

Once a Curve or Meter Interface has been placed in a Graph or
Control Panel, it may then be copied or moved to any other Graph
or Control Panel present in the Project. In fact, Control/Meters
Interfaces and Curves can be moved/copied within the same Graph
or Control Panel.

» To Copy a Curve/Meter Interface from one Graph/Control
Panel to another, hold down the Ctrl key and then left-click
and hold the object, drag and drop as described above.

* To Move a Curve/Meter Interface from one Graph/Control
Panel to another, left-click and hold the object, drag and drop
as described above.

ACCESSING THE ONLINE HELP SYSTEM

The On-Line Help System Table of Contents (TOC) and Index can be
accessed directly through the Help menu in the Main Menu Bar, as
shown below:
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Index

Keyboard Shortcuts
Component YWizard
Online Plotting
Online Controls
T-Lines and Cables

Suppork Services
What's New
Issue Request,,.

Copyright...

About PSCAD..,

You may also bring up the On-Line Help by simply pressing the F1
key.

Master Library component specific help can be accessed by one of
the following methods:

»  Select the component and then press F1.

* Right-click on the component and select Help from the pop-
up menu.

» Edit the component parameters and click the Help button.

In addition, other various dialog windows in PSCAD will have

a Help button associated with them (usually in the bottom right
corner). Click this Help button to bring-up the On-Line Help system
topic specific to that dialog. See ‘PSCAD On-Line Help System’ in
Chapter 4 for more details on the help system in general.

TOOL TIPS

Tool Tip windows (otherwise known as ‘Flybys’) are a PSCAD feature
especially designed for obtaining circuit information ‘on the fly.” Tool
Tips are available either for providing pop-up help on component
instances, or for monitoring electrical or data quantities during a
simulation.

To monitor an electrical or data signal during a run:

1. Left-click on a blank part of the Circuit canvas (this is to
ensure that the Circuit canvas is the active window).
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2. Move and hold the mouse pointer over the signal Wire where
you want to monitor the data. In a second or two, a Flyby
window should pop-up as shown below:

33 lload
wWrnid

'17)' % WODE: MT_2
[1:01] (Local)
[1:01] (Glaball
Branches: 3
Creatar: voltmetergnd YWrnid
Dimension(s) 1
WT_2(1] -39.3877

L

ol o°l

NOTE: Flyby information cannot be read
unless the Store Feed-Forward Signals
for Viewing parameter in the Dynamics
section of the Project Settings dialog is
disabled. Deselect this option first before
using Flybys.

If the mouse pointer is held over a Wire carrying an electrical sig-
nal, the Flyby will indicate the voltage in kilovolts at that electrical
node. The Flyby shown above indicates that this is EMTDC node
NT_2, which is a scalar quantity (i.e. single-phase node). The value
of the node voltage at the instant this snapshot was taken was
—39.3877 kV.

If the mouse pointer is held over a data (control) signal, the value of
the data itself will be shown in the Flyby.

SEARCHING

If the user wishes to search a project for a signal name, Connection
name, node number, etc., the Find feature in PSCAD can be
used. To bring up the Find dialog window, either:

* Select Edit | Search... from the Main Menu bar

Cut Chrl+
Copy Chrl4ic
Faste Chrl+y
Select Al Chrl+a
Undo Chrl+2
Redo Chrl+

AT

Frint Headers
Print Footers
Frink: Border

‘Warkspace Settings...
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*  Press Ctrl + F on your keyboard, while the Circuit window is
open.
*  Press the Find button in the Main Toolbar.

COMPONENT AND SIGNAL TABLES

The Component Viewer and Signal Tables are available in spread-
sheet viewing format. Each summarize and present data in an
organized and efficient manner. To invoke table viewer, right-click on
a blank part of the PSCAD canvas in Circuit view. Select either View
Component Table... or View Signal Table....

Madule Settings...
Project Settings...

Compile...
Shiow >

Wiew Signal Table.. .
Wigw Component Table. ., k

Page Setup...
Prink Page
Prink Preview Page

Help Fi

Component Table

The Component Table lists all Component Instances currently exist-
ing in the Project. Along with the component name and type, some
other important information is also summarized to help users in
debugging or understanding the Project.

Component Yiewer - [S5_1] g|
Campanents 1
# | Type | Detail ‘ Mame | Seq | Loc |
1 datalabel Data signal label Ia -1 DSOH
z pab Cutput Channel Current 30 DS0VN
3 datalabel Data signal label Ib -1 DSOM

(0] Save as.. ‘ Help... ‘

The columns displayed in this viewer are described below:
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e #: Justa simple list number.

¢ Type: The Component Definition Name, on which the
Instance is based.

* Detail: The Description of the Component Definition.

¢ Name: If the component has an input parameter entitled
‘Name,’ then it's contents will be displayed here. For
example, a voltmeter component will display the name of the
measured signal created.

* Seq: The System Dynamics sequence number of the
component instance. See ‘System Dynamics’ in Chapter 2
of the EMTDC Manual and ‘Component Ordering’ in Chapter
11 of this manual for more.

¢ Loc: The location within the System Dynamics where the
Instance resides. This can be either DSDYN or DSOUT.

This viewer also includes a mechanism by which you may navigate
directly to a Component Instance in the list. Simply right-click on the
row representing the Instance and select Point to....

23 | ammeter | Current Meter o T
24 nodelabel Electrical node label R &0

25 resistar Resistar m -1 "
= R e e e T

Signal Table

The Signal Table summarizes all pertaining to both control and
electrical signals in the Project. Information is given, such as the
EMTDC control signal variable name and from where the signal is
sourced. For electrical signals, node name and index is given.

Signal Viewer - [Main] ®

Control Sinls | Electiioal Signals |
Hame | type | tecalindex | Globalindex | Source [ sinks |~

m DIGITAL 1 1 sl
RT_L ANALOG 1 1 var_switch  'blocking'

1
Tse AL T T Ea ¥ £3
WFde ANALOG 22 22 veltmetergnd  "UFdc" z
IFdc ANALOG 23 23 sourcel det! z
VAFa ANALOG 24 24 voltmeter  WAFS z

i3 Save s Help

Signal Viewer - [Main] X
Control Signals  Elestrical Signals }

Mame | Fags | tocalindex | Globalindex | Creator | Branches | &
GRD 3y 0:00 0:00 aground 26

NT_L R i 107 pin 4

NT_2 R 12 106 pin 4

- ™ o
NT_21 s 1:20 126 gep200 2
nb 1:21 1131 nodeloop 5
Na 122 130 nodeloop s

ok Save as. Help.
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212

The columns displayed in this viewer are described below:
Control Signals:

* Name: EMTDC signal variable name. That is, the name
given to the signal node by the PSCAD compiler for use by
EMTDC.

* Type: The signal type. Can be ANALOG (REAL), DIGITAL
(INTEGER) or LOGICAL.

* Local Index: Alocal (i.e. Module based) index number
given to the signal.

¢ Global Index: A global (i.e. Project based) index number
given to the signal.

e Source: The Component Instance, from which the signal is
created.

e Sinks: The number of points, to which the signal is being
sent.

Electrical Signals:

¢ Name: EMTDC electrical node name. That is, the name
given to the electrical node by the PSCAD compiler for use
by EMTDC.

¢ Flags: Electrical node type: S = Switched, R =
Removable. See ‘Electrical Node Types’ Chapter 9 for more.

* Local Index: Alocal (i.e. Module based) index number
given to the signal. For example, 1:01 -> Subsystem #1,
Node #1.

¢ Global Index: A global (i.e. Project based) index number
given to the signal.

e Creator: The Component Instance, by which the signal is
created.

¢ Branches: The total number of electrical branches attached
to the node.

This viewer also includes a mechanism by which you may navigate
directly to a Control Signal or Electrical Node in the list. Simply right-
click on the row representing the Instance and select Point to....

ANALOG AlphaBeta ABC
waph AMALOG 16 Copy alphaBeta_ABC 12
Whta AMALOG 17 alphaBsta_ABC 12
RT_12 AMALOG 15 15 it 1
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CONTROL SETTINGS

The Control Settings feature was introduced in PSCAD V4, and
provides users with the ability to save the settings of all Dial, Switch
and Slider control components in a Project to a Template. When
the Project is reloaded, these settings can be reset immediately by
selecting the Template. It is possible to store multiple Templates so
that the user can easily switch between one Template to another,
without having to manually reset all the control components.

The Control Settings feature can be accessed through the Runtime
Bar.

ﬁ =Default= -

If you cannot see this tool bar, go to the Main Menu bar and select
View | Runtime Bar.

Storing Settings to a Template

Before storing your control settings to a Template, first ensure that
all Dial, Switch and Slider control components have been set, and
that the current Project is the Active Project. Press the Control Data
Menu for Active Project button to bring up the Control Data Menu
pop-up as shown below:

- [=Detaut= -

Skore Settings bo Current: Template
Store Settings to Mew Template. ..

Synchronize Default settings

Help F1

Select either Store Settings to Current Template or Store Settings
to New Template... depending on what you want to do. If this will be
the first Template you have created for this Project, select the latter.

NOTE: You may store all settings to the
default Template if you wish. Simply ensure
that <Default> appears in the control set-
ting window and select Store Settings to
Current Template. Also, ensure that all
controls possess a distinct name, otherwise
an error message will be posted.
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If creating a new Template, a dialog window will pop-up — enter a
name for the Template.

Template Name g‘

My_Settings|

When finished, press the OK button. Your control settings will now
be stored in this new Template. Whenever you reload the Project, or
want to revert back to these settings, simply left-click the down arrow
on the Template drop list and select the Template.

%Hé My _Settings -

Synchronizing Default Settings

At any time, the Project default control settings may be synchronized
with the current settings. Press the Control Data Menu for Active
Project button to bring up the Control Data Menu pop-up. Select
Synchronize Default Settings.

EEE My _Seftings W

Store Settings to Current Termplate
Store Settings ko Mew Template...

Synchronize Defaulk settings

Duplicate Current Template
Rename Current Template
Delete Current Template

Wiew All Templates

Help F1

Duplicate, Rename or Delete Template

You can duplicate, rename or delete a Template by simply selecting
the corresponding function from the Control Data Menu pop-up as
shown below:

1 My _settings -

Store Settings to Current Template
Stare Settings to Mew Template...

Synchronize Default settings

Duplicate Current Template K
Rename Current Template
Delete Current Template

Wiew Al Templates

Help F1
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Template Settings Viewer

Once at least one Template has been created for a Project, PSCAD
provides a Template Settings Viewer so that users can view and
verify control settings in a visually organized environment. To bring
up the Template Settings Viewer, simply select the corresponding
function from the Control Data Menu pop-up as shown below:

fﬁé My _Settings -
Store Settings o Current Template
Store Sefttings bo Mew Template. ..

Synchronize Default settings

Duplicate Current Template
Rename Current Template
Delete Current Template

Wiew All Ternplates

Help F1

Features and Functions

The Template Settings Viewer window contains a few simple fea-
tures to help view and organize Template settings data. The viewer
consists mainly of three View Selector Tabs, where the settings data
may be viewed by Template, Module or by Control Group.

View Selector

Tabs
iz by Template | iew by Module | View by Gioup |
Controls Template

File Selector st Point to
Control | Walue | Min ‘ Max ‘
wariangle 15.0 0 a0
wariSeriF_K 40,0 =50 50
war_switchiblacking 1.0 0 1
war_switchiblacking2 1.0 0 1

o] |
0K, Save &5... Help.. ‘ IBUﬂUnElar

In the case of View by Template, the Template view may be
switched by using the Template Selector drop list. Under View by
Module and View by Group, this drop list becomes a Module selec-
tor and Group selector respectively.

NOTE: The current Template is marked with
an asterisk (*).

The button bar includes three buttons. The OK button closes the
viewer window. The Save As... button allows the user to save the
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data in the current view to a formatted text file. The Help button of
course invokes the online help.

The Point To... button may be used to have PSCAD point directly
to the control of interest. Simply select the desired control from the
display list and click the button:

W o biociing IV T | |

GLOBAL SUBSTITUTIONS

Substitutions are well defined when used with Component
Definitions. These types of substitutions operate using Component
input parameters as a source, while using the Definition to define the
actions. This means that all components of a certain type will pro-
cess substitutions in the same way. [f substitutions are required on
a per Instance basis however, then this process cannot be used. In
PSCAD versions previous to V4.2, implementations of a Component
Instance based substitution was referred to as a ‘Global Constant,;’
which allowed the user to enter a defined text string. This was then
inserted as a numerical value into an Input Field, but was limited for
many other actions.

This mechanism has been reworked and the concept of a ‘Global
Constant’ has been replaced by a Project based Global Substitution.
A Global Substitution is a raw text string that is represented by a
unique identifier, which can be used within any Component Instance
input parameter. The big difference with the new approach is the
process is completely general, and does not require that a substitu-
tion be of a numerical type. This allows for raw text substitutions
combing both pre-fix and post-fix patterns. The syntax is the same
as used for Component Definition substitutions:

$(<Key>)
The substitution contains an item <Key>, where:

* <Key>: Item key (defined global parameter) that is to be
placed at the substitution point.

As with other substitutions, there is no Context scope since the
context is always that of the Project. This text will be substituted at
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any point within a Component Instance input parameter. The input
parameter containing the Global Substitution will be pre-processed
before it is returned for use within the component. This allows the
input parameter to act exactly as if the user entered that data directly.

To define a Global Substitution, right-click on the desired project in
the Workspace window and select Global Substitutions... or simply
press Ctrl + G on your keyboard.

E master [Master Library] I
i

1 test (Test Case) Project Settings...
Set as Active

Open
Save
Save As...
Unload

views Map Fle...
wiws Make File...
Vi Compile Log. .

Global Substitutions. .

Import Runtime Module. ..

Clean Temporary Direckory (.emk)

7@ Projects |7y Runtime |-— TLinesiCables |€% Fies |

Either of these procedures will bring up the Global Substitutions
dialog window.

Enter the constant directly into the dialog. For example, say a user
wants to define the system frequency globally as 50 Hz, and the
transmission line length globally as 100 km in a project. This would
be entered as follows in the Global Substitutions dialog:

Global Substitutions [test] @
f=500
l=ngth = 100]

The user would then enter ‘f’ or ‘length’ in the appropriate component
input parameter field, according to the syntax given above:
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[xfmr-2w] Single Phase 2 Winding Transf... [%]

[contigurat ~] Transmission Line Configuration
eMEEEN Entered Glokal Entered Global

Transformer v Substitution [Toapma e i Substitution  ——

Base operation frequency %) Steady-State Fraquency | §(lenath)

[P — Zeoment Lencth [1000

Entering f’ in Single-Phase Entering ‘length’ in Transmission
Transformer Parameters Line Configuration Dialog
Dialog

Global Substitutions are saved within the Project file itself, so once
defined, they remain as a Project setting until they are removed from
the Global Substitutions dialog.

UNIT SYSTEM

In past versions of PSCAD, units were entered for display only, and
provided no means to convert or scale component input parameters.
The primary purpose of these units was simply to indicate to users
that a particular input parameter was expected in the displayed unit.
For example, if a default unit for a parameter was set as [kA], then a
value of 10 Amps would need to be entered as 0.01 [KA].

In PSCAD V4, component parameter units will now perform lim-
ited conversion and scaling, depending on the unit entered and the
default (or Target) unit for that particular input parameter. The Unit
System includes base units for time, length, weight and speed (both
translational and rotational), as well as of course electrical units,
such as voltage, current and power.

NOTE: The Units System is not backwards
compatible to PSCAD versions previous to
v4.2. See Backward Compatibility for more.
See http://physics.nist.gov for more details
on the reference standard used to create the
PSCAD units system.

Enabling the Unit System
To enable the Unit System, click the associated check box in the
Dynamics tab of the Project Settings dialog.
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Unit Format

Units are entered exclusively into component Input Fields and may
only be associated with numerical input data. That is, units are inval-
id when using input variables or Global Constants. All entered units
must be enclosed with square brackets [<Unit>], where the brackets
are at least one space from the number. For example:

Souare
Brackets

| Phase Shift 7 [ded] I
| Rotor Area ST [m*m] I

| Machine rated anoular speed 376,99 [radis] I

Space

Examples of Units Entered in Component Input Fields

Base Units

The foundation of the PSCAD Unit System are the base units. Base
units represent all units that are recognized by the Unit System. If a
type of unit does not exist as a base unit, then it will be ignored. This
does not mean however, that the unit cannot be used. It simply
means that the unrecognized unit will be used for display only, and
will hence not modify the quantity. Scaling and conversions cannot
be performed on non-standard base units. Most base units adhere
to the International System of Units (SI).

The following lists the valid (standard) base units recognized by
the Unit System. All symbols are case sensitive and must appear
exactly as shown to maintain validity:
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Name Symbol Conversion Description
Factor
Volt \% Electrical voltage
Ampere A Electrical current
Ohm ohm Electrical resistance
Siemen S Electrical conductance 1
mho mho Electrical conductance 2
Electrical Watt W Electrical power 1
Volt-Amps VA 1 VAV; 1.0 Electrical power 2
Horsepower hp 1hp= Electrical power 3
746.0
Farad F Electrical capacitance
Henry H Electrical inductance
Tesla T Magnetic flux density
Second s Time in seconds 1
Second sec Time in seconds 2
Time Minute min 1min=60s Time in minutes
Hour hr (;6?)[;5 Time in hours
Day day ;6(jlaoy()=s Time in days
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Length

Weight

Rotational

Frequency
(Rotational
Speed)

Other

Metre

Inch

Feet

Yard

Mile

Gram

Pound

Revolutions

Radian

Degree

Cycles per
Second

Cycles per
Second 2

Revolutions
per Minute

Per-Unit

Percent

ft

yd

rev

rad

deg

rev/s

Hz

rpm

pu

%

1in=
0.0254 m

11t=
0.3048 m

1yd=
0.9144 m

1mi=
1609.344 m

1lb=
453.59237
9

1rad =1/2n
rev

1deg =
1/360 rev

1Hz=1
rev/s

1rpm =
1/60 rev/s

1% =0.01
pu

Length in metres

Length in inches

Length in feet

Length in yards

Length in miles

Weight in grams

Weight in pounds

Revolutions (1 [rev] = one
complete revolution)

Angle in radians

Angle in degrees

Revolutions per second

Cycles per second

Rotational speed in revolutions
per minute

Per-unit quantity

Percent quantity
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Exceptions

It is important to note the following units, which were used in previ-
ous versions of PSCAD, are no longer valid base units (i.e. are not
recognized by the Unit System). All Master Library models have
been changed to reflect this:

* ohms and mhos: The ‘s’ has been dropped on both of
these units to maintain consistency with Sl standards.

¢ Degree Symbol °: The degree symbol is no longer valid
and is replaced with deg, as detailed above.

e Per-Unit [p.u.]: Periods are no longer valid in the per-unit
symbol and should be written as pu, as detailed above.

NOTE: Exceptions may be used, but may
not be supported by future versions.

Aliases
Aliases are short forms for writing specific compound units. There
are currently two aliases existing in the Unit System:

e Hz=1rev/s
e rpm=1rev/min

NOTE: Aliases may not be used within
Compound Units.

Prefixes

The Unit System utilizes a limited list of S| prefixes in order to allow
for scaling of Base Units. Prefixes must precede a valid Base Unit,
and may be inserted anywhere within Compound Units.

The following table lists all valid prefixes:

Name Symbol Scale Factor
tera T 10"
giga G 10°

mega M 108
kilo k 10°
milli m 103

micro u 106
nano n 10°
pico p 1072
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Target Units

The Unit System will determine the final conversion or scaling factor
to apply, based on the Target Unit of the Input Field. The Target Unit
is the symbol entered in the Units field (i.e. the default unit) in the
Input Field Property Settings dialog.

NOTE: You can view the set Target Units
of a component by invoking the View
Parameters/Computations dialog.

Target units are not limited to the Base Units alone, and may include
Prefixes by default (i.e. kA): Ininstances such as these, any Prefixes
in the Target Unit will be considered if further scaling is performed
later on. In fact, this is quite common in the Master Library, where
many Target Units are specified in [kA], [kV] or [uF].

EXAMPLE 5-4:

The Master Library component ‘3-Phase 2-Winding Transformer’
contains an input Parameter called ‘Winding 1 Line to Line Voltage,’
whose Target Unit is specified as ‘kV’ in the Units field.

Input Field X

\IIap Symbol Caption WWidth
|1 |inding 1 Line to Line voltag: |15

=
ES

100.0 [MvA]

L#ﬁ/ i: 5 G.E # E*z Detault Units Min Max
| 2300 [k |oooot [1esn3s
T & [T
L 300 2300 [C

| (o128 Cancel | Help |

[o

3-Phase 2-Winding Transformer Input Field Property Settings
(V1)

A user enters data into the ‘Winding 1 Line to Line Voltage’ field

as 0.153 [MV]. Given that the Target Unit contains the Prefix ‘k,’
PSCAD will understand that any quantity entered in this Parameter
field must be converted back to kilovolts (not the Base Unit of volts
[V]). Therefore in this case, the quantity will be multiplied by a scale
factor of 1000 to convert it from 0.153 [MV] back to 153 [kV], before it
is considered for further calculations.
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[xfmr-3p2w] 3 Phase 2 Winding Transformer @

|\u’\11nding “oltages j

Winding 1 Line to Line voltage (RMS) 0153 [MV]|

3-Phase 2-Winding Transformer Parameter Page

Whether or not Target Units include Prefixes is normally of no con-
cern, unless of course a new component is being designed. Provid-
ed that the base of the entered unit matches that of the Target, all
scaling and conversion is performed automatically.

Unit Conversions

The most useful aspect of the Unit System is the ability to convert
one unit to another, be it an Imperial/Metric conversion or simply con-
verting from one form to another, such as radians to degrees.

Converting units from one form to another is relatively straight-
forward. The only rule is that the conversion must take place within
the same Base Unit class; for example, [m] to [ft] (both units measure
length) or [sec] to [hr] (both units measure time). Valid Prefixes my
be included in the conversion as well: For instance, [km] to [mi].

EXAMPLE 5-5:

A user is designing a transmission line tower. The default units for
the tower dimensions are in metres, but the user’s specification
sheets give the dimensions in feet. The Unit System will allow the
user to enter this data directly in feet, without the need to convert to
metres.
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320 -1 T Tl ) N
3210 [Line_Tower_3-Flat] Line Constants 3 Conductor Flat ... E]
C1, W CZQ(CBJ. [Tower Data ~|
: azim Tower Name: 31
1 UU . S— Height of A1l Concuctors (Measured =t Tower) 100 [ft] Emferetd o
i ir ==
b o ndudbreschuiiar Horiz. Spacing Between Phases 21
GFDUHU7W\TESZ 112"H\ghstrength5teel Relative ¥ Postion of Tower Centre on Right of Wy ofm]
0[m
o -
Transmission Line Tower Transmission Line Tower
Component Parameter Page

PSCAD will automatically convert all units entered in feet, back to
metres before the Line Constants Program is called to solve the line.

Compound Units

The Unit System will recognize three types of Arithmetic Operator
within the unit brackets, in order to allow for combining (or com-
pounding) units together. These are:

Arithmetic Description
Operator
* Multiply
/ Divide
A Exponent

When dealing with Compound Units, it is important to note some
simple rules. Failure to follow these rules may result in invalid units
conversion:

* The sequence in which the Arithmetic Operators occur in the
entered unit must match that of the Target Unit.

Entered Target
Correct: [hp*min/MVA]
[MW*s/MVA]
Incorrect: [hp/MVA*min]

*  The total number of Arithmetic Operators in the entered
unit must match that of the Target Unit. That is, you
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cannot substitute an exponent for multiple ‘Divisions’ or
‘Multiplications.’

Entered Target
Correct: [ft*ft]
[m*m]
Incorrect: [ftr2]
Entered Target
Correct: [Ib*ft*s”-2]

[kg*m*s”-2]
Incorrect: [Ib*ft/s*s]

*  All units involved in a Compound Unit must be of an
equivalent class (this is obvious of course!).

Entered Target

Correct: [Ib*ft*s”-2]
[kg*m*s”-2]
Incorrect: [[b*deg*min”-2]

«  Multiple 'Divide' symbols are not allowed - only one 'Divide'
per Compound Unit may exist.

Entered Target

Correct: [ft/min*min]
[m/s*s]

Incorrect: [ft/min/min]

EXAMPLE 5-6:

The Master Library component ‘Wind Turbine’ contains an input
Parameter called ‘Machine rated angular speed,” whose Target Unit
is specified as ‘rad/s’ in the Units field.
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Input Field X
Symbacl Caption Wicth
Wind Turbine
st Machine rated angul 15
e WMOD 2 T!l'pe o | | [achine rated angular speec ’_
% —
Default Urit= Iin Pz
W F
sl I |s7693  |rads le+l3E | 184038
Enablzd YWhen:
Eeta/|\ | J
(ol | Cancel | Help |
Wind Turbine Input Field Properties Dialog

(Wrat)

A user enters data into this Parameter as 60.0 [Hz]. This is a valid
unit in this case as both ‘Hz’ and ‘rad/s’ are essentially the same
type of measure, where 21 [rad/s] = 1 [rev/s] = 1 Hz (see Base Units
above).

[wind_turbine] Wind Turbine

| o

Turkine Rated hiv'a 1.62 [MvA]

Generator Rated ha, 162 [hd4'A]

Wachine rated angular speed E0.0[Hz] Entered
| Here

S e

Wind Turbine Parameter Page

EXAMPLE 5-7:

The Master Library component ‘Wind Turbine’ (described above) also
contains an input Parameter called ‘Air Density,” whose Target Unit is
specified as ‘kg/m”3’ in the Units field.
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Input Field X

Wind Turbine Symbol Caption icth
Wy MOoD 2 TYDE Tm | Ajrden ‘ A density ’?
% |—
W P Defautt Units hdin It
— — [ 1225 [ ko3 [o [1erazs
Enabled When:
| El
Beta |
[s24 | Cancel ‘ Hela |
Wind Turbine Input Field Properties Dialog

(Airden)

A user enters data into this Parameter as the equivalent in Imperial
Units 0.07647 [Ib/ft*3]. The units converter will apply the appropri-
ate scale factors to this number so that the quantity will appear to
EMTDC as it is still in ‘kg/m?3.’

[wind_turbine] Wind Turbine 3
| ]
Turbine Rated My [1B2mva)
Generator Rated Mya [1ezmva;
Machine rated angulst speed W
Fotor Radius W
Fotor Area IW
Ajr density lm | ) E'I;trimd

Wind Turbine Parameter Page

Verifying Unit Conversions

It is generally a good idea to ensure that any unit conversions
performed in a component are verified before proceeding with

the simulation. This can be accomplished easily by using the
Parameters/Computations Viewer. This dialog displays the Target
Unit, the entered data, and the final value following the conversion.

The following diagram shows these three parameters following the
changes made to the ‘Air Density’ input, as outlined in Example 5-7.
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Properties for [master.wind_turbine:1] *"Wind Turbine’ EB[E{EU . Final Value X
ata

Parameters I Enmputatinns]

MName |Captiﬂn | Type | Uit | Minirnurn M ‘ Data ‘ Value ‘ ‘

dirden A density REAL ka/m~3 0 1e+038 007647 [Ibyft~3]  1.22493189421
s 5

Dobew fra oFal e n 1aLnmm 2177 Troiben IF N

Target Unit
Wind Turbine Air Density Parameter

Backward Compatibility

As mentioned above, previous versions of PSCAD (i.e. previous to
V4.2) do not contain a units system. Units are used for display only
and do not affect the input quantities whatsoever. Therefore, if you
intend to save your Project back to an older version, care must be
exercised if you have utilized the Units System.

Make sure the following points are addressed before saving your
Project to a previous version:

* Save the Project Under Another Name: Before making
any changes, save the Project under another name in V4.2
format. For example, ‘<ProjectName>_v42.psc.’

e Convert All Entered Units Back to the Target: All
component input parameters where the entered unit does
not match the Target Unit must be converted so that the
entered unit and Target Unit are the same. The Parameters/
Computations Viewer can be used to help with this.

EMTDC OUTPUT FILES

EMTDC output files are formatted text files, which organize all

data into columnar format. Each column, except the first, which

is ALWAYS time, represents the recorded data from a respective
Output Channel component existing within the project. For example,
if two Output Channel components exist in the project, then three
columns of data will appear in the EMTDC output file. The following
is a segment of text from a typical EMTDC output file:
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Test Case

0.0000000000000
0.170000000000000E-02
0.20000000000000E-02
0.30000000000000E-02
0.40000000000000E-02
0.50000000000000E-02
0.60000000000000E-02
0.70000000000000E-02
0.80000000000000E-02
0.90000000000000E-02
0.170000000000000E-01
0.11000000000000E-01
0.12000000000000E-01
0.13000000000000E-01
0.14000000000000E-01

0.0000000000000
0.0000000000000
0.86727047422974
1.6650619394029
1.9545665157651
2.0221282586499
1.9264422562260
2.3912531836698
2.8769239640036
2.8473253982397
2.3232656122503
1.2446128466462
1.6208317681211
1.6458908605563
4.2422849293514

0.0000000000000
0.0000000000000
0.86727047422974
1.7674567004163
2.2542364437667
2.8373003607589
4.0202957514613
5.5547061594874
6.5791178737352
6.9456914675731
7.1369144410646
7.1669414384869
7.0023750435365
7.1529925186834
9.3453281849245

The project description is written as the first row of text at the top

of the file. The first column of data is always the EMTDC simula-
tion time. The subsequent columns are not labelled - see Column
Identification and the Information File below for more details on this.

EMTDC output files may be used for waveform analysis by a se-
lected post-processing software package. As they are formatted in

a delimited columnar format, they can be easily imported into most
graphing or data analysis programs. EMTDC output files are given
the extension “*.out’ and are stored in the project temporary directory.

Creating Output Files

EMTDC output files are created by choosing Yes in the Save chan-
nels to disk? drop list, in the Runtime section of the Project Settings
dialog.

Save channels to disk? Clutput file:

No | |

Ho Snapshot file: Time
r r

Multiple Output Files

The maximum amount of columns per output file is 11 (including

the time column). Therefore, if more than 10 Output Channel com-
ponents exist in a project, multiple output files will be created. For
example, if your project contains 23 Output Channels, a total of three
output files will be created.

PSCAD User’s Guide




PSCAD

The naming convention for multiple output files is to simply append
a sequential number as a suffix. For example, if the output file is
named ‘abc.out,’” and there are three files as described above, the
output files would be named ‘abc_01.out,” “abc_02.out’ and ‘abc_
03.out.’” This sequential numbering is important when identifying
data columns.

Column Identification and the Information File

As mentioned above, EMTDC output file columns are not labelled. In
order to determine which column is what, an information file (**.inf")

is also created along with the output file(s), that contains cross-refer-
encing information. The information file will be named the same as
the output file primary file name. For example, if the output file name
is ‘abc.out,’ the information file will be named ‘abc.inf.’” Only one
information file is created, even for multiple output files.

A typical information file is shown below for a project containing three
output channels.

PGB(1) Output Desc="Fund - mag” Group="Main” Max=25.0 Min=0.0 Units=""

At the extreme left is the Output Channel number (i.e. PGB(1),
PGB(2), etc.). This number indicates the sequence in which the
Output Channel data is written to an output file. In other words, this
number corresponds to the output file column number. Remember
however, that the first column in the output file is time and is not
counted. Therefore, Output Channel 2 (PGB(2)) will actually be the
third column from the left in the output file. This column can then
be identified using the corresponding Output Channel name (i.e.
‘Desc’). In this case, Output Channel 2 happens to be ‘2nd harm
—mag.’

The Output Channel numbers in the information file will continue

in sequence with the number of Output Channel components in

the project. Thatis, if there are 50 Output Channels in the project,
there will be 50 rows in the information file, numbered up to 50. We
already know however, that a single output file will only hold up to

11 columns of data (including time). For 50 Output Channels then,
PSCAD will create five output files, where the columns are numbered
ignoring the time columns in each file. For example, column five in
the 3rd output file would be Output Channel 34.

PSCAD User’s Guide

PGB(2) Output Desc="2nd harm - mag” Group="Main” Max=25.0 Min=0.0 Units=""

231



Chapter 5: Features and Operations

232

Here is a simple formula to help identify an output file column:
Single Output File:

Output Channel # = Output File Column # - 1
Multiple Output Files:

Output Channel # = Output File Column # - 1 + (10 x Output File #)
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Online Plotting and Control

PSCAD contains a few special Runtime objects designed to give the
user online control of input data, as well as the ability to record and
display output data.

Special objects, such as Graph Frames, Graphs, Curves and a few
types of Meters are used to interactively display EMTDC output data,
both during a run and following completion of a simulation. Control
Interfaces are especially designed to give the user online access to
EMTDC input variables, so that these variables (and hence the simu-
lation results) can be altered during the course of the simulation run.

The plotting and online tools have been reworked in PSCAD V4,

but still maintain a likeness to those found in earlier versions. For
example, data could only be plotted with respect to time in previous
versions of PSCAD. In V4, the XY Plot, PolyMeter and PhasorMeter
tools have been added to allow for both the plotting of one set of
data versus another, as well as various representations in the phasor
domain.

Portions of Curve data, whole Graphs, or even entire Graph Frames
may be copied as a picture, meta-file or comma separated variable
(*.csv) files for placement in documents and reports. Many other
intuitive features not found in earlier versions are also available.

PREPARING DATA FOR CONTROL OR DISPLAY

The PSCAD environment is a graphical user’s interface to the
EMTDC simulation engine. Therefore, in order to control input
variables and/or view simulation data, the user must provide EMTDC
with instruction on which variables to make available for viewing or
control. This process is performed graphically in PSCAD through a
number of special components, sometimes referred to as ‘Runtime
Objects.’

In order to record, display (i.e. plot) or control any data signals within
the PSCAD environment, the signal must be first linked to a Runtime
object. Runtime objects are organized into three main groups:
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e Controls: Slider, Dial, Switch and Push Button

¢ Recorders: Output Channel and RTP/COMTRADE
Recorder

* Display Devices: Control Panel, Graph Frame, XY Plot,
PolyMeter and PhasorMeter

Each Runtime object performs a specific task, and may be used in
combination with others to control and/or display data. For more on
the organization and grouping of Runtime objects, see the section
entitled ‘Runtime’ in Chapter 3.

Channeling Output Data

Channeling output data refers to directing data signals for either on-
line display in a Graph or Meter, or for output to an Output File. This
is accomplished by ‘channeling’ the desired signal into an Output
Channel component. For example, the image below shows how to
channel a signal from a Voltmeter component (named ‘Vmid’), as
well as how to channel an unnamed signal directly (in the PSCAD
Circuit canvas):

Qutput
i e ST Ghannels

Y

20 >

NOTE: Output channel components can-
not be directly connected to an electrical
wire. They may be directly connected to any
data signal, however.

Controlling Input Data

Controlling input data refers to using one of the Controls Runtime
objects (i.e. Slider, Dial, Switch or Push Button) as a source for a
certain data signal. This is accomplished by simply adding a Control
object to the PSCAD Circuit canvas. This signal can be input at any
valid location in the circuit, as shown below:
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Dial controlling
fault type
input

i

. e
- _—
= FALLTS

T

Slider contralling
source voltage
input

NOTE: The Control objects cannot be manu-
ally adjusted (as they appear above) until
they are linked to a Control Interface.

GRAPH FRAMES

A Graph Frame is a special Runtime object used for accommodating
Overlay or Poly Graphs and can be placed anywhere on the canvas

in Circuit view. Once a Graph Frame has been added, you may then
proceed to add as many Graphs to it as you wish.

Graph Frames are used exclusively for plotting Curves versus

time. That is, the Graph Frame horizontal axis is always the EMTDC
simulation time. If you need to a plot a Curve as a function of anoth-
er variable, see the section entitled ‘XY Plots’ in this chapter.

Graphs =

.00 oao 020 030 0.40 050 0.&0 oo 0.0 0.90 1.00

Adding a Graph Frame

Open the project in the Circuit window of the Design Editor. Right-
click on a blank portion of the page and select Add Component

| Graph Frame, or press the Graph Frame button in the Control
Palette bar.
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Nffecmrad il @BERREEE|dSY -
Gtaph Frame

If you cannot see the Control Palette, go to the View menu and en-
sure Control Palette is selected.

Moving and Resizing a Graph Frame

To move a Graph Frame, move the mouse pointer over the title bar
and then left-click and hold. Drag the frame to where it is to be
placed and release the mouse button.

To resize, move the mouse pointer over the title bar and left-click to
select the Graph Frame. Grips should then appear around the outer
edge as shown below.

b Gr;phs
s

0.00 0410 020 030 0.40 0.0 060 0.7 0.80 030 1.00

Move the mouse pointer over one of the grips. Left-click and hold
and then drag then move the pointer to resize.

Cut/Copy Frames
Right-click over the Graph Frame title bar and select Cut Frame or
Copy Frame respectively.

i —
iraph Frame Properties, ..

Copy Frame k

Paste Graph

Add Crverlay Graph (Analog) Ins
Add Stacked Polyaraph (AnalogfDigital)

Zoom 3

Preferences 3

000 040 020 030 040 | SendtoBack o
EBring to Fronk

Copy Frame as Meta-File
Copy Frame as Bitmap

Synchronize Channel Limits to Graphs

Help F1
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Once a Graph Frame has been cut or copied it may then be pasted
into another location in the Project (along with its contents).

Paste Frame
Cut or copy a Graph Frame as described above. Right-click over a
blank area of the Project page in Circuit view and select Paste. A

Graph Frame may be pasted multiple times.

Adjusting Frame Properties
To access the Graph Frame Properties dialog, left double-click the
Graph Frame title bar, or right-click over the title bar and select

Graph Frame Properties....

Graph Frame Properties

Caption

| $(GROUP) - Graphs
Preferences

[ Show Markers
[ Show Glyphs
[ Show Ticks

o]

[~ Show Grid
[ Show Y-Intercept
[ Show ¥-Intercept

[ SuoPan etois 75 %

Cancel |

The properties available in this dialog are as described below:

Caption: Enter a title for the Graph Frame (this text will
appear in the Graph Frame title bar). The default text
may appear a bit cryptic: This syntax is used as a naming
convention for grouping objects in the Workspace. For
more information on this syntax, see ‘Grouping of Runtime

Objects’ in this chapter.

Preferences:

Show Markers: Select this option to show the X and O

Markers on all Graphs in the Graph Frame.

Show Glyphs: Select this option to show Glyph symbols on

all Curves in all Graphs in the Graph Frame.

Show Ticks: Select this option to show Ticks along the Y-

Intercept in all Graphs in the Graph Frame.

Show Grid: Select this option to show the Grid in all Graphs

in the Graph Frame.
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Show Y-Intercept: Select this option to show the Y-Intercept
in all Graphs in the Graph Frame.

Show X-Intercept: Select this option to show the X-
Intercept in all Graphs in the Graph Frame.

Auto-Pan X-Axis: This feature is equivalent to the ‘Follow
End Of Run’ feature available in PSCAD V3. The Auto-

Pan X-Axis feature however, allows the user to adjust the
panning action. The input field directly beside this check box
accepts an input representing the percentage of the currently
viewed Graph window (or aperture). For example, if the total
x-axis view is 0.1 seconds, a 10% Auto-Pan setting will pan
the viewing window every 0.01 seconds.

Adjusting Horizontal Axis Properties

To access the Horizontal Axis Properties dialog, left double-click over
the Graph Frame horizontal axis, or right-click over the horizontal
axis and select Axis Properties....

Axis:

Horizontal Axis Properties

AxiE

Title |

[ Snap Aperture to the Grid Max |ps
|

Iv Dynamic Aperture Adjustment Min  {pno
——

I Enahle Minor Grids Giridd |04

harkers

[ Show Markers X Marker i

™ Lock hiarkers © arker ’7
v Show Detta Reacout [~ 1Deta '7
,Tl Cancel |

NOTE: Adjusting the horizontal axis proper-
ties will affect all Graphs in the Graph Frame.

Title: Enter a title for the x-axis. This text will appear in the
bottom-left corner of the Graph Frame, directly beside the
X-axis.

Snap Aperture to Grid: Select this feature so that when
using Dynamic Aperture Adjustment, the aperture view will
shap to the major grid while scrolling.
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* Dynamic Aperture Adjustment: Select this option to
enable Dynamic Aperture Adjustment (i.e. horizontal scroll).

¢ Enable Minor Grids: When selected, minor grid ticks will
appear on the Graph Frame horizontal axis. Minor grids will
always show the halfway point between major grid points,

and are not labelled.

¢ Max: Sets the maximum time of the viewed range.
¢ Min: Sets the minimum time of the viewed range.
e Grid: Sets the time between the axis major grid
points. Major grid points are labelled on the graph frame

horizontal axis.

Markers:

¢ Show Markers: Select this option to show the X and O

Markers.

¢ Show Delta Readout: Select this option to display the time
difference (i.e. At) between the X and O Markers. When this
option is disabled, the equivalent 1/At value (i.e. frequency in

Hz) will be displayed.
d b Son d 5o
] A002 »
Show Delta

Readout
Selected

m045
Q047
60.00

Ghow Delta Readout
De-Selected
{Display 1/Delta=1f[Hz] )

* X Marker: Enter the position (in seconds) to place X Marker.
e O Marker: Enter the position (in seconds) to place O

Marker.

* 1/Delta: Select this option to enter the frequency (i.e. 1/

Delta) between Markers.

GRAPHS

A Graph is a special Runtime object, which can reside only in-
side a Graph Frame. There are two types of Graphs available in
PSCAD: Overlay and Poly Graphs. A single Graph may hold and
display multiple Curves, where all Curves in a Graph are based on

the same y-axis scale.

The following illustrates a Graph Frame with an Overlay Graph at the

top and a PolyGraph below it.
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Adding Graphs to a Graph Frame

Graph Frames may accommodate single or multiple Graphs. To add
one or more Graphs, right-click on the Graph Frame title bar and
select Add Overlay Graph or Add Poly Graph. You can also add
an Overlay Graph directly by pressing the Ins key on your keyboard
with your mouse pointer over the Graph Frame.

Graphs

1.00

Overlay
s Graph

Graph Order

Once multiple Graphs have been added to a particular Graph Frame,
you may change the order in which they appear. Right-click over the
graph to be moved and select one of the following:

*  Move Graph Up

*  Move Graph Down

*  Move Graph to Top

*  Move Graph to Bottom

Cut/Copy Graphs
Right-click over the Graph to be cut (removed) or copied and select
Cut Graph or Copy Graph respectively.
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Grajhs =

1.00
Graph Properties...

Copy Graph r§

= Paste Curve
Copy Data to Clipboard »

Zoom 3
-1.00

[~ Y —
S g0 o0 020 03 04 oo 1.00

. Move Graph Up 5
Move Graph Down

Move Graph to Top
Move Graph ko Bottam

Copy Frame as Meta-Flle
Copy Graph as Bitmap

Synchronize Channel Linits to Graph

Help Fl

Once a Graph has been cut or copied it may then be pasted into the
same or another Graph Frame.

Paste Graph

Cut or copy a Graph as described above. Right-click on the Graph
Frame title bar and select Paste Graph. A Graph may be pasted
multiple times, where each paste will replicate the entire Graph.

Copy Data to Clipboard

If a simulation has been run and your Graph contains Curve data,
you have the option of copying all or a portion of all Curve data in the
Graph to the clipboard. Right-click over the corresponding Graph
and select Copy Data to Clipboard and then select one of the fol-
lowing from the pop-up menu:

e All: Copies all Curve data available.

* Visible Area: Copies all Curve data visible in the Graph
window.

* Between Markers: Copies only Curve data situated
between Markers. Note that Show Markers must be
selected in the Axis Properties dialog.
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Converter Voltages 5

155 = Rectifier AC Yoltage (L-L) = Rectifier DC Woltage ©

1.00 Graph Properties...
e ut e
Copy Graph
ez Paste Curve
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i Preferences mEEEE
128 Mave Graph Up
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Copy Frame as Msta-File
Copy Graph a5 Bitmap

Synchronize Channel Limits to Graph

Help Fl

The data is copied as ‘Comma Separated Variables’ (*.csv) format
for easy migration into common data analysis software.

Overlay Graphs

Overlay Graphs are the most common and familiar type of online
plotting tool in PSCAD. These Graphs display EMTDC measured
data as a function of time, where multiple Curves may be added (or
overlayed on top of each other) onto a single Graph.

Adjusting Overlay Graph Properties
Left double-click on the desired Overlay Graph, or right-click on the
graph and select Graph Properties....

: Graphs 2
100 G
Cut Graph
Copy Graph
N Paste Curve
Copy Data to Clipboard »
Zoom 3
1.00
Preferences | ——
g2 0oo 010 020 030 0 1.00

Move Graph Up

Move Graph Down
Move Graph ko Top
Mave Graph ko Botkarm

Copy Frame as Meta-File
Copy Graph as Bitmap

Synchronize Channel Limits to Graph

Help Fi

This should bring up the Overlay Graph Properties dialog window as
shown below:

242 PSCAD User’s Guide



PSCAD

Overlay Graph Properties
Frefarences
I™ Invert Colaurs r
[~ Show Glyphs I~ Shew Yntercept
[~ Show Grid IV Shew -Irtercept
[ Show Ticks [~ Shew Cross Hair
Y-Axis
Tt vmax [sn
Grid 10 Ymin |50
‘ontercept |00
[ Manual Scaling Orly
Hoddis
Tt Hmaoe
Hmin
Honitercept

There are various parameters that may be edited through this win-
dow, each of which are described below.

Preferences:

Y-AXxis:

Invert Colours: Select this option to give the Graph a black
background (instead of white or yellow).

Show Glyphs: Select this option to show glyph symbols on
all curves in the Graph.

Show Grid: Select this option to display grid lines for the
x-axis and y-axis major grids.

Show Ticks: Select this option to show major grid tick
marks along the y-axis intercept line.

Auto Curve Colours: Select this option to use automatic
colouring of Curves in the Graph. You cannot change Curve
colour manually when this option is selected.

Show Y-Intercept: Select this option to display the y-
intercept (horizontal) intercept line. The y-intercept line can
be adjusted using the Y-Intercept field described below.
Show X-Intercept: Select this option to display the x-
intercept (vertical) intercept line. The x-intercept is always at
time zero, and cannot be adjusted in Overlay Graphs.

Show Cross Hair: Select this option to invoke the Cross
Hairs Mode.

Title: Enter text for display as the Graph title (located on the
left side of the Graph).
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e Grid: Specifies the y-axis grid interval. To view the y-axis
grid lines, select the option Show Grid described above.

¢ Units: Enter text for display beside the Graph Title. This
text will be appended to the title text and appear within

parentheses.

* Ymin: Specifies the minimum y-axis viewing limit on the
Graph.

* Ymax: Specifies the maximum y-axis viewing limit on the
Graph.

¢ Y-Intercept: Specifies the y-axis location of the y-intercept
line. This line is only visible if Show Y-Intercept is selected
(see above).

¢ Manual Scaling Only: Select this feature to lock the y-axis
limits set in Ymin and Ymax above. The y-axis will remain
locked during any subsequent Zoom operations.

PolyGraphs

PolyGraphs are used specifically to display plotted curves in a
‘stacked’ format. That is, each Curve is contained within its own
viewing space, and are stacked one atop the other. A PolyGraph
may be chosen over a standard Overlay Graph if the user needs to
either view many single-curve plots in a compact space, or to make
use of the Curve Digital Style functions to create a logic transition
diagram:

Logic Transtion Diagram -

. ¢ 1
I A e e

0.0000 0.0020 0.0040 0.0080 0.0080 0.0100

4 ]

Adjusting PolyGraph Properties

Left double-click on the desired PolyGraph, or right-click on the
Graph and select Graph Properties.... This should bring up the
PolyGraph Properties dialog:
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Poly Graph Properties

Preferences

I” Invert Colours I
i [ Show X-Intercept
[ Show Grid v Show Bands

[ Show Cross Halr

H-boiz

Title: Hma

Xmin
H-Irtercept
Ok | cancel |

There are various parameters that may be edited though this win-
dow, each of which are described below.

Preferences:

Invert Colours: Select this option to give the Graph a black
background (instead of white or yellow).

Show Grid: Select this option to display grid lines for the
x-axis and y-axis major grids.

Show Cross Hair: Select this option to invoke the Cross
Hairs Mode.

Auto Curve Colours: Select this option to use automatic
colouring of Curves in the Graph. You cannot change Curve
colour manually when this option is selected.

Show X-Intercept: Select this option to display the x-
intercept (vertical) intercept line. The x-intercept is always at
time zero, and cannot be adjusted in PolyGraphs.

Show Bands: Selecting this option will give a different
background colour between multiple Curves in one Graph,
for easy visual differentiation.

CURVES

A curve is a special Runtime object best described as a graphical
representation of a string of data points, where each point is associ-
ated with a simulation time step. Curves are created by linking to an
Output Channel component, to which a scalar or array set of data
signals have been input. As such, curves can be multi-dimensional;
that is a single Curve may possess many sub-curves or Traces,
where each Trace corresponds to a single array value.
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Single
Curve

3Phase Fault Current
= Phase Currerts 3
L

Multiple
Traces

If the Output Channel input signal is a scalar (i.e. single dimension),
then the Curve will consist of a single Trace. In previous versions of
PSCAD, this was always the case.

NOTE: For more information on accessing
and adjusting individual Trace properties,
see ‘Traces’ in this chapter.

Adding a New Curve to a Graph
Adding a Curve to a Graph can be accomplished a couple of differ-
ent ways:

1. Drag and Drop: Hold down the Ctrl key. Left-click and
hold over the Output Channel component from which you
would like to extract the Curve.. Drag the mouse pointer
over a Graph and release the mouse button. See ‘Drag and
Drop’ in Chapter 5 for more details on this.

2. Input/Output Reference: Right-click on the Output
Channel component from which you would like to extract
the Curve. Select Input/Output Reference | Add as
Curve. Select the desired Graph with a left-click, then right-
click and select Paste Curve.

o 4 k Edit Parameters. ..

a Ed: Definition. ..

Input/Cutput Reference m

EOW = ::tafF\Ie Add as Meter
SRS IRmeR Add as PolyMeter
Help. .. F1 Add as PhasorMeter

Add Ovwerlay Graph with Signal
Add Paly Graph with Signal
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NOTE: If the simulation has been run
already (with this Output Channel inserted),
the corresponding Curve data will be dis-
played immediately in the Graph upon being
pasted.

Curve Legends
Once a Curve has been added to a Graph, the Curve Title will ap-
pear in the Curve Legend.

= Phase A | = Phase B | = Phase © [¥] Curve [
1.50 _— Legends = Phase A
125
1.00
0.3 = Phase C
0.s0
< 025
o = Phase B
-0.25
-0.50
-07s
o000 020 0.40 0.00 1.00
“ 3 “ 3

Curve Order

Once multiple Curves have been added to a particular Graph, you
may change the order in which they appear. Ordering Curves can be
accomplished in one of two ways:

1. Drag and Drop: Left-click and hold over the Curve in the
Curve Legend. Drag the mouse pointer to a new position in
the Curve Legend and release the mouse button. See ‘Drag
and Drop’ in Chapter 5 for more details on this.

2. Right-Click Menu: Right-click over the corresponding
Curve Legend and select one of the following from the pop-
up menu: Move to the Start or Move to the End.

= Phase & = Phase B = Phase ¢ [
ey Channel Settings...
125 Curve Properties...
1.00
a7s Cuk Curve
050 Copy Curve
S 025 Mavigate to Channel """""" ' "" """ "" "
.00 R
035 Capy ¥isible Data to Clipboard . '
g Copy All Data to Cliphoard
0.00 Morve to the End 030 040 050
7 Help F1 5
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Cut/Copy/Paste an Existing Curve

Right-click over the Curve Title in the Curve Legend and select
either Cut Curve or Copy Curve, depending on what you want to
do. Right-click over any Graph and select Paste Curve to add the
copied Curve to the Graph. The Curve should then appear in the
corresponding Curve Legend.

Copy Data to Clipboard

If a simulation has been run and a particular Curve contains data,
you have the option of copying all or a portion of this single Curve
data set to the clipboard. Right-click over the corresponding Curve
name in the Curve Legend and select one of the following from the
pop-up menu:

¢ Copy Visible Data to Clipboard: Copies all Curve data
currently visible in the graph window.

e Copy All Data to Clipboard: Copies all Curve data
available.

The data is copied as ‘Comma Separated Variables’ (*.csv) format
for easy migration into common data analysis software.

Adjusting Curve Properties
Left double-click on the desired Curve in the Curve Legend, or
right-click the curve and select Curve Properties....

= Phaze & T
1.50 Channel Settings. ..

1.25 Curvie Proj s,
1o Cut Curve R
07s

0.so
< 0.25 Havigate to Channel "'

000 R ‘ ‘

Copy Wisible Data ta Clipboard ‘
-0.25

S ™ Phaze C [

Copy Curve

o e L

W

—_—
onoo 030 040 050
Help Fi

This should bring up the Curve Properties dialog window.
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Curve Properties

| Phase &

Style

# Line

Above

Active Trace

[ Dizplay the active trace with a custam style

_omr | e

= Poirtz (" Filled = H

Digital Style

Threshold |05

| High Below | g
oK Cancel |

Active Trace

The following list describes the parameters in this section:

* Display the active trace with a custom style: Select this
option if you wish to change the colour or width of the Active

Trace.

¢ Colour: Press the Colour... button to select a display
colour for the Trace. Press the OK button in the Colour
dialog. This option is enabled only if ‘Display the active trace

with a custom s

tyle’ is selected.

Style

&+ Lin

Digital
Thre:

Aho

Bazic colors:

Hl FET N EE

e
ENEEEEEN
EEEEEEEN
EEEEETE

Cusztom colors:
|
[0

Define Custom Colors 3

Cancel
Ok I Cancel |
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¢ Bold: Select this option if you wish the Trace to appear
bolded. This option is enabled only if ‘Display active trace
with a custom style’ is selected.

Style
The following list describes the parameters in this section:

* Lines: Displays the Curve as a standard line.

¢ Points: Displays the Curve as a series of points according
to the set plot step.

¢ Filled: Fills the area under the Curve (between the curve
and the 0.0 line) with the curve colour.

Digital Style

These options are only considered if the Curve is part of a Poly
Graph. Digital style controls the properties of the Curve Traces when
they are in digital Mode. The following list describes the parameters
in this section:

¢ Threshold: The threshold value at which to change the
display state of the Curve.

* Above / Below: Enter the state for the Curve when value is
above and below the set threshold respectively.

Adjusting Channel Settings

The Output Channel Properties dialog for a particular Curve can be
accessed directly from the Curve Legend pop-up menu. Right-click
the curve and select Channel Settings....

Synchronizing Output Channel Limits with Those of the Graph
Once one or more Curves have been added to an Overlay Graph, all
corresponding Output Channel Min / Max Limits can be set equal to
the Graph y-axis minimum and maximum limits (i.e. synchronized).

To synchronize Output Channel limits with the Graph, right-click
over the Overlay Graph and select Synchronize Channel Limits to
Graph.
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TRACES

Multiple signal Curves can be plotted online as a single entity,
where each ‘sub-curve’ in a multiple signal Curve is referred to as
a Trace. Each Trace in a Curve may be enabled or disabled sepa-
rately (i.e. shown or hidden).

Trace Drop Down Menu

Trace properties and control can be accessed through a special drop
down menu with a single left-click on the Curve title in the Curve
Legend.

140 = Zencing Encl Current%\\

qag{Trace & v B M
1.00
0.80
0E0
0.40

i 020
0.00 -
-0.20
040

= Sercing . | Trace| & ¥ B M
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=2 (04| %

m3 O — |

————

0.oo 10 020 0.0 0.40 0.s0
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Adjusting Trace Properties

Before adjusting any Trace properties, you must first invoke the
Trace Drop Down Menu, as described above. The drop menu con-
sists of four separate columns, which each allow for easy access to
certain Trace properties. These columns are described below:

Trace & % B M
m @ =
L O wWf [ — | M
-3 QW[ —|

e Trace: Indicates the Trace number and corresponding
colour setting. The number corresponds to the array index
number of the multi-signal Curve. To change individual
Trace colour, see ‘Adjusting Curve Properties’ in this chapter.

¢ A: The ‘A stands for ‘Active.” Select the radio button in this
column to select the Active Trace. The Active Trace will be
the default focus when switching to Cross-Hair Mode. Also,
only the properties of the Active Trace may be adjusted: See
‘Adjusting Curve Properties’ in this chapter.

e V: The 'V’ stands for ‘View." Left-click the individual check
boxes in this column to hide/view individual Traces. You can
hide/view all Traces by left-clicking V' itself.

e B: The ‘B’ stands for ‘Bold.” Left-click the individual check
boxes in this column to bold/unbold individual Traces. You
can bold/unbold all Traces by left-clicking ‘B’ itself.

e M: The ‘M’ stands for ‘Mode.” This function is only valid
when using PolyGraphs. Left-click the individual boxes
in this column to change the Trace mode from digital to
analog. When in digital mode, the Trace will be displayed
in a special two-state format, where the state depends on
whether it is above or below a preset Threshold value. For
more details on setting Threshold and other digital properties
see ‘PolyGraphs’ in this chapter.

POLYMETERS

A PolyMeter is a special Runtime object used specifically for moni-
toring a single, multiple-trace Curve. The PolyMeter dynamically
displays the magnitude of each Trace in bar type format (called
Gauges), which results in an overall appearance similar to a spec-
trum analyzer. The power of this device lies in its ability to compress
a large amount of data into a small viewing area, which is particularly
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helpful when viewing harmonic spectrums, such as data output from
the On-Line Frequency Scanner (FFT) component.

Gauges

PAm Output Spectrum Title Bar

Array Index
Scroll Bar 5

[9] 0.0359250442052

The Gauge width is fixed, and so if the PolyMeter is not wide enough
to display all data, a simple horizontal scroll bar is provided. An
Array Index display is included directly under the Gauges for easy
identification.

PolyMeters are special objects that cannot be added directly from
the toolbar. Each PolyMeter is directly linked with a single Curve
from a single Output Channel component.

NOTE: PolyMeters will appear as a blank
container (as shown below) until the Project
is compiled and run.

Pt Output Spectrum -
a5 4

an

Adding a PolyMeter

Right-click on an Output Channel component within Circuit view
of the Design Editor and select Input/Output Reference | Add as
PolyMeter.
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g

| Edit Parameters...
Edit: Definition. ..

iew Properties...

InputfOutput Reference Add as Curve

Copy as Meta-File

Add as Meter

b B
Help... F1 Add as PhasorMeter

Add Cwerlay Graph with Signal
Add Poly Graph with Signal

Right-click on a blank part of the Circuit canvas and select Paste to
insert the PolyMeter.

Moving and Resizing a PolyMeter

To move a PolyMeter, move the mouse pointer over the title bar and
then left-click and hold. Drag the meter to where it is to be placed
and release the mouse button.

To resize, move the mouse pointer over the title bar and left-click
to select the PolyMeter. Grips should then appear around the outer
edge as shown below.

. "
P Output Spectrum % -

05

1
a >
18] 00359250442052

Move the mouse pointer over one of the grips. Left-click and hold
and then drag the pointer to resize.

Cut/Copy PolyMeter
Right-click over the PolyMeter and select Cut or Copy respectively.

P4 Output Spectrum =
05 i
Channel Settings...

Havigate to Channel

o 70]1172] 13 14 16| 18] 17| 18 1a)  Send toBack 782030 31
7 Bring to Front B
[1] 3.23794756425 Copy as Bitmap

Copy as MetaFile
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Once a Polymeter has been cut or copied it may then be pasted to
another location in the Project.

Paste PolyMeter

Cut or copy a PolyMeter as described above. Right-click over a
blank area of the Project page in Circuit view and select Paste. A
Polymeter may be pasted multiple times.

Copy PolyMeter as Meta-File/Bitmap

The entire Polymeter display can be copied to the Windows
Clipboard in either Meta-File (*.wmf) or Bitmap (*.bmp)

format. Right-click over the Polymeter title bar and select Copy
as Bitmap or Copy as MetaFile. Go to your report document and
paste the image.

Navigate to Channel

You can navigate directly to the associated Output Channel compo-
nent by selecting this option. Right-click over the PolyMeter and se-
lect Navigate to Channel. PSCAD will automatically find the Output
Channel and point to it with an arrow.

Adjusting Channel Settings

The y-axis properties of the Polymeter are set in the corresponding
Output Channel Properties dialog. This dialog may be accessed
directly from the Polymeter by right-clicking over the Polymeter title
bar and selecting Channel Settings....

Displaying Specific Data

The magnitude of individual array elements can be displayed in

the status bar at the bottom of the PolyMeter. Simply left-click on a
particular index number in the Array Index, to view the magnitude of
that element.

“M oz s als s 7 s a0 12%14 15| 18] 17| 18] 19|20 | 21| 22| 23 24| 25 | 28| 27 28] 20| 30| =1
a 3

[13] 0.0154343220655

PHASORMETERS

A PhasorMeter is a special Runtime object that can be used to dis-
play up to six, separate phasor quantities. The PhasorMeter displays
phasors in a polar graph, where the magnitude and phase of each
phasor responds dynamically during a simulation run. This device
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is perfect for visually representing phasor quantities, such as output
from the On-Line Frequency Scanner (FFT) component.

iue8ar System Current =

Displ : Phase
ik Angle Input

Selector
Format

o
o

0254055 1955

Magnitude FPhasze
Display Angle
Display

PhasorMeters are special objects that cannot be added directly
from the toolbar. Each PhasorMeter is directly linked with a single
Curve from a single Output Channel component. In the case of
the PhasorMeter, a Curve with at least two Traces (magnitude and
phase angle) is the minimum requirement for the device to work
properly. The following section describes how to prepare data sig-
nals for display in the PhasorMeter.

Preparing Data for Display

A single phasor quantity, as it pertains to the PhasorMeter, is com-
posed of a separate magnitude signal, along with an associated
phase angle signal, which combine to represent a single phasor
quantity in polar format. That is:

e

To display a single phasor quantity, the user must construct an array
data signal of dimension two, using the Data Merge component. The
two data signals will represent the magnitude and phase angle
respectively. To this array signal, an Output Channel is attached as
shown below:

Diata Merge
Component
Magrgtude 1
PhasgAngIe g!
=

.‘F‘hésom
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The PhasorMeter always assumes that the elements of the array are
in the above displayed order. That is, element 1 is the magnitude
and element 2 is the phase angle.

The PhasorMeter allows up to six phasors per display, which corre-
sponds to an array signal of dimension 12. In cases of multiple pha-
sors, the order of each magnitude/phase angle group must appear in
the same order as the first (i.e. magnitude, phase angle, magnitude,
phase angle, etc.) as shown below for a three phasor display:

System Current =
a1
Phasel
Mag2 {

Phasel 2
e
Wag3
Phase3
G5
S
ystern Current

Adding a PhasorMeter

Right-click on an Output Channel component within Circuit view
of the Design Editor and select Input/Output Reference | Add as
PhasorMeter.

G—QJ‘C— Edit Parameters...

la
Edit Definition. ..

0.254053 1955

View Properties. ..

Input{Cutput Reference Add as Curve

Copy as Meta-File
Copy as Bitmap

Add as Meter
Add as PaolyMeter
Help... F1 Add as PhasorMeter

Add Overlay Graph with Signal

Add Poly Graph with Signal

Right-click on a blank part of the Circuit canvas and select Paste to
insert the PhasorMeter.

Moving and Resizing a PhasorMeter

To move a PhasorMeter, move the mouse pointer over the title bar
and then left-click and hold. Drag the meter to where it is to be
placed and release the mouse button.
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To resize, move the mouse pointer over the title bar and left-click to
select the PhasorMeter. Grips should then appear around the outer
edge as shown below.

L] L]
System Current % =

0.0}

i 0234053 = 1955

Move the mouse pointer over one of the grips. Left-click and hold
and then drag the pointer to resize.

Cut/Copy PhasorMeter
Right-click over the PhasorMeter and select Cut or Copy respec-
tively.

System Current -

Channel Settings. ..

Mavigate to Channel

Copy k

Send ko Back
Bring to Fronk

Copy as Bitmap

Il Copy as MetaFile
0254053 1955

Once a PhasorMeter has been cut or copied, it may then be pasted
to another location in the Project.

Paste PhasorMeter

Cut or copy a PhasorMeter as described above. Right-click over a
blank area of the Project page in Circuit view and select Paste. A
PhasorMeter may be pasted multiple times.
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Copy PhasorMeter as Meta-File/Bitmap

The entire PhasorMeter display can be copied to the Windows
Clipboard in either Meta-File (*.wmf) or Bitmap (*.bmp)

format. Right-click over the PhasorMeter title bar and select Copy
as Bitmap or Copy as MetaFile. Go to your report document and
paste the image.

Navigate to Channel

You can navigate directly to the associated Output Channel com-
ponent by selecting this option. Right-click over the PhasorMeter
and select Navigate to Channel. PSCAD will automatically find the
Output Channel and point to it with an arrow.

Adjusting Channel Settings

The polar axis limits of the PhasorMeter are set in the correspond-
ing Output Channel Properties dialog. This dialog may be accessed
directly from the PhasorMeter by right-clicking over the device title
bar and selecting Channel Settings....

Displaying Specific Data

The magnitude and phase angle of individual array elements can be
displayed in the status bar at the bottom of the PhasorMeter. Simply
left-click on the Display Selector over the proper button. The buttons
represent phasors 1 through 6 from left to right.

A
%0.254053 75.51

Adjusting Phase Angle Input Format

The format that the incoming phase angle data is in must be
specified. This is easily accomplished by toggling the ‘D’ or ‘R’ dis-
play in the bottom-right corner of the graph, where:

e D: Degrees
* R: Radians

0254053 llESES
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XY PLOTS

The XY Plot is a special type of Runtime object, which is composed
of both a Graph Frame and a single, specialized Graph window for
the purpose of plotting one Curve versus another. An XY Plot can
accommodate multiple Curves on each of the X and Y-axes, and
includes a Dynamic Zoom and Polar Grid features.

Handy
Curve
Legends
2 Yoltage s surrer -

X Axis Y Axis
= Cyrrent Woltage =

Ty

+3 Cwynamic
Zoom Bar

Graph
Wind o

-150 -
04—+ P 1
-0.40 -0.20 0.oo 0zo 040
Aperture 4 » Width 05 & v
0.000= 0.500s Position 0.000

Aperture
Control Bar

Although the XY Plot is used to plot one signal versus another in
PSCAD, each of these signals is based on the same time scale. ltis
therefore possible to scroll through the data in the time domain. The
XY Plot includes a time domain Aperture Control Bar, located at the
bottom of the plot frame.

Adding an XY Plot

Open the Project in the Circuit window of the Design Editor. Right-
click on a blank portion of the page and select Add Component | XY
Plot, or press the XY Plot button in the Control Palette bar.

N o e @ e A RS | O —
W Plok
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Moving and Resizing an XY Plot Frame

To move an XY Plot, place the mouse pointer over the title bar and
then left-click and hold. Drag the XY Plot frame to where it is to be
placed and release the mouse button.

To resize, place the mouse pointer over the title bar and left-click to
select the XY Plot frame. Grips should then appear around the outer
edge as shown below.

. [ ] n
@ WY Plot % =
X Az W Axis
-
v
a0 -
40 - i
30 -
- 20 - "
18 “x +x B
A0 -
=20 -
=30 -
40 -
S0a 0 R
=50 =30 -10 10 30 a0
Aperture 4 » Wicth aw
Position
= = u

Move the mouse pointer over one of the grips. Left-click and hold
and then drag the pointer to resize.

Cut/Copy XY Plot Frame
Right-click over the XY Plot title bar and select Cut or Copy respec-
tively.

= =
Flok Frame Properties. ..
Copy a
Paste
w
a0 - Send to Back
40 - Bring ko Fraont
a0 - :
20 - Copy Plot Frame as Meta-File
13 2 Copy Plot Frame as Bitmap w U
-10 - Help F1
T
-30 - \;
40 -
S04 — S i ;
-50 -0 10 30 S0
Aperture 4 » Wicith i
Pogition
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Paste XY Plot Frame

Cut or copy an XY Plot, as described above. Right-click over a
blank area of the Project page and select Paste. An XY Plot may be
pasted multiple times.

Copy Data to Clipboard
If a simulation has been run and your XY Plot contains Curve data,
you have the option of copying all or a portion of this data to the

clipboard.
i fzin X% Plat =
K bis W A
= flagh Phases -

Plak Properties...

Paste Curve

NI
W, Paste Curve bo X-Axis
20 Paste Curve ko Y-Axis
1 view &l C i
| e urve pairs
) ) 2 : L
Copy Wisible Data to Clipboard
-1.0- & 5k K
Copy Al Diaka to Clipboard
-20-
Zoorm 3
3.0 - v .
-0.010m 0.000 Preferences » | 0.0GDm
Aperture 4 T

Copy Plat as Meta-File

DTS Copy Plok as Bitmap

Help F1

The data is copied as ‘Comma Separated Variables’ (*.csv) format
for easy migration into common data analysis software.

Two choices are given:

e All Data: Copies all Curve data available.
* Visible Data: Copies all Curve data visible in the XY Plot
Graph window.

Adjusting XY Plot Frame Properties

To access the Plot Frame Properties dialog, left double-click the
plot title bar, or right-click over the title bar and select Plot Frame
Properties....
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Plok Frame Properties, .,

s
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Copy =
Paste
v
il = Send to Back.
40 - Ering ko Front
30 -
20 - Copy Plot Frame as Meta-File
13 T Copy Plak Frame as Bitmap +x L
10 - Help F1
=20 -
=30 -
40 -
-SD = 1 1 1 1 Y 1 1 1 1 1
-50 -30 -10 10 30 a0
Aperure 4 4 Wictth LY

Position

This should bring up the Plot Frame Properties dialog window.

Plot Frame Properties _

Name | B(GROUP): XY Plot

Preferences

[ Show Glyphs v Show Y- lrtercept
[ Show Ticks v Show ¥-Intercept
v Show Grid
hiarkers

[ Showe Markers (=] 00
O harker | 0.0

Ok | Cancel |

There are various parameters that may be edited though this win-
dow, each of which are described below.

¢ Name: Enter a title for the XY Plot (this text will appear in
the Graph Frame title bar). The default text may appear a
bit cryptic: This syntax is used as a naming convention for
grouping objects in the Workspace. For more information
on this syntax, see ‘Grouping of Runtime Objects’ in this
chapter.
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Preferences:

¢ Show Glyphs: Select this option to show glyph symbols on
all curves in the graph.

¢ Show Ticks: Select this option to show major grid tick
marks along the x and y-axis intercept lines.

e Show Grid: Select this option to display grid lines for the
x-axis and y-axis major grids.

¢ Show Y-Intercept: Select this option to display the y-
intercept (horizontal) intercept line. The y-intercept is always
at zero, and cannot be adjusted.

¢ Show X-Intercept: Select this option to display the x-
intercept (vertical) intercept line. The x-intercept is always at
zero, and cannot be adjusted.

Markers:

¢ Show Markers: Select this option to show the X and O
markers.

e X Marker: Enter the position (in seconds) to place X marker.

¢ O Marker: Enter the position (in seconds) to place O
marker.

Adjusting Plot Properties
Left double-click over the plot area (white part), or right-click over the
plot area and select Plot Properties....

@ ¥ Plot -
X Axis Y Axis
e
-
S0 -
40 -
=)
20 - Paste Curve
10 Tx Paste Curve bo K-dxis

13 : Paste Curve to ¥-Axis 1
20 -

a0 Wigw All Curve pairs

gg q Copy Yisible Data to Clipboard
4 - ]
.5-‘0 ' 30 Copy All Data to Clipboard o
Aperture 4 Zoarm b T
Preferences »
Copy Plok as Meta-File
Copy Plot as Bitmap
Help F1

This should bring up the Plot Properties dialog window.
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Plot Properties g

Display Preferences
W Shawe Grid Jis
[~ Show Ticks [ Invert Colours
¥ Show Intercepts [ Snap Aperture to Grid
[ Show Glyphz [ Maintain Azpect Ratio
I Show Crosshair
Trace Style
Primary * Line " Scatter
i+ ek
Aperture Settings (Seconds)
Postion [00 witth [0.0
Ok | Cancel |

There are various parameters that may be edited though this win-
dow, each of which are described below.

Display Preferences:

Show Grid: Select this option to display grid lines for the
x-axis and y-axis major grids.

Show Ticks: Select this option to show major grid tick
marks along the x and y-axis intercept lines.

Show Intercepts: Select this option to display both
intercept lines (horizontal and vertical). The intercepts are
always at zero, and cannot be adjusted.

Show Glyphs: Select this option to show glyph symbols on
all curves in the graph.

Show Cross Hair: Select this option to invoke the Cross
Hairs mode.

Auto Curve Colours: Select this option to use automatic
colouring of curves in the graph. You cannot change curve
colour manually when this option is selected.

Invert Colours: Select this option to give the graph a black
background (instead of white or yellow).

Snap Aperture to Grid: Select this feature so that when
using dynamic aperture adjustment, the aperture view will
snap to the major grid while zooming.
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* Maintain Aspect Ratio: Select this option in order to
maintain the aspect ratio of the plotted curve (in both the x
and y directions) whenever the plot frame is resized. If this
option is disabled, the plotted curve will stretch or compress
according to the actual shape of the plot frame.

Trace Style:

* Primary: Select whether to draw traces as Line or Scatter
view. Scatter view simply adds a single dot for each X-Y
coordinate.

Aperture Settings (seconds):

¢ Position: Enter the starting position in seconds of the
aperture window.
e Width: Enter the width in seconds of the aperture window.

Polar Grid

The default cartesian (XY) grid display can be switched to a polar
grid by simply toggling the XY/Polar display button at the top-left of
the Graph Frame.

T

The polar and XY grids are simply overlayed on top of the plotted
data:

—+ Main : K Plot - @ Refair : X Plot -
¥ Coordinats W Coordinate ¥ Coordinate ¥ Coordinate
-y -y = -y L R4 =

0.0040 -
0.0035 -
0.0030 -
0.0025 -
0.0020 -
0.0015 -
0.0010 -
0.00035 -
0.0000 -
-0.0005 1 1 1 1 1 1 1 |
00140 -00100  -00080  -00020 00020

Apert.. |4 ] Wicth 0.+ ¥ Apert.. 4 ] Wicth 0..)|a| ¥
0.000s 0.500s Position 0.000 0.000s 0.500s Position 0.000
Polar Grid Cartesian Grid
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Dynamic Zoom
See ‘Dynamic Zoom in XY Plots’ in this chapter for more details.

TOOL TIPS IN PLOTS

In order for plotting tools to be useful in the analysis of data, it is
important that quantities be displayed with an adequate amount of
precision. This presents a problem however, as the more preci-
sion that is displayed graphically on the plots, the more space (or
graphical real estate) is used, leaving less space in the plotting
environment. This problem is overcome in PSCAD, through the use
of pop-up tool tips.

By default, the most important quantities involved in plotting are
displayed directly on the Graph Frame. This is especially appar-
ent when viewing Marker data, which is displayed to 4 significant
digits. For most studies, 4 significant digits is not enough to provide
the user with accurate assessments of the data. Tool tips however
will provide the true quantities up to 12 significant digits. Simply
move the mouse pointer over the data displayed.

w0289
o013
A 0401

Min -0.352
Q bz 0.1%8

=
osen 0244
0317

] A0O7E

0347367379787

Existing Tool Tips, such as Cross-Hair and Min/Max curve Tool Tips
are also standardized to 12 significant digits. The following images
show the locations of other Tool Tips in the plotting environment:
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Min/Max Tool Cross-Hair Tool =~ Marker Tool Data Tool Tip
Tip Tip Tip

DYNAMIC APERTURE ADJUSTMENT

The Dynamic Aperture Adjustment feature is available on both the
Graph Frame and the XY Plot Runtime objects and allows the user
to define a fixed time based display window (or aperture), and then
dynamically slide this aperture through the entire time scale. The
aperture size itself can be re-adjusted at any time.

Although the following example uses a Graph Frame, it may be eas-
ily applied to the XY Plot, as well. Run the simulation so that your
Graph displays the Curve data. The following image shows a simu-
lation that has been run for 0.5 s.

= Phase & =Phase B = Phase C

Sending End (k&)

As can be seen from the Graph, the fault occurs around 0.25 s and
lasts for about 0.07 s. The Dynamic Aperture Adjustment feature can
be used to close the viewing window to a smaller time width, so that
the fault waveforms can be more easily studied. To do this, move
your mouse pointer over the horizontal scroll bar at the far right so
that the mouse pointer turns into a double-headed arrow.

4 —h

Click and hold the left mouse button and drag the scroll bar aperture
slowly to the left.

4 — 3
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You should see your graph display dynamically adjusting as you
change the size of the scroll bar aperture. Watching the horizontal
axis display, shrink the aperture to an appropriate size (for the graph
above, about 0.05 s or so).

S8C pooo 0025 0.050

4 = 3

Release the left mouse button and move the pointer over the scroll
bar aperture, click and hold the left mouse button again — the mouse
pointer icon should become a hand. Drag the mouse so as to scroll
across the time frame of the graph.

Fault Currents =

= Phage & = Phaze B = Phaze C
1.50 RRR.

125
1.00
075
050
025
000
035
-0.50
075
Sec 0.250 0.260 0270 0.280 0290

< ) [

Sending End (k&)

If desired, you can shrink the aperture further for even more
detail. An aperture will also be created automatically when you zoom
into a certain data range.

You may also use either the left and right arrow buttons at each

end of the scroll bar, or the arrow keys on your keyboard to scroll
through data: To scroll in small increments, simply left-click the
either arrow, for larger increments hold down the Ctrl key and then
left-click. When using the arrow keys, make sure that the focus is on
the Graph Frame being viewed, as these keys can also function as a
scroll mechanism for the Circuit page.

NOTE: This exercise is for the purpose of
describing Dynamic Aperture Adjustment. A
more efficient way to zoom into this aperture
window is to use Horizontal Zoom.

Adjusting and Controlling the Aperture in XY Plots

As mentioned previously, the user is able to set and control the time
viewing window for the XY Plot. At the bottom of the XY Plot frame,
there is an area devoted solely for the adjustment and control of this
viewing window - otherwise known as the aperture.
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Aperture 4 L3 Width 05 i
Pasition

Cynamic Aperture
Adjustment Bar
Manual Aperture
Adjustment

This area contains two sections: The Dynamic Aperture Adjustment
scroll bar on the left, and the Manual Aperture Adjustment field on
the right. You can increment the aperture width manually by pressing
the up/down arrows to the right of the Manual Aperture Adjustment
field.

Width 0425 o
Posttion  0.000

If the aperture Width is a fraction of the total time scale for the plot,
then the aperture indicator scroll bar will reflect this by showing a
smaller aperture window:

< »
0.000= 0.500=

You may now move the aperture window along the time axis, main-
taining its set width. To do this, move your mouse pointer over the
aperture indicator in the scroll bar and left-click and hold. Your
mouse pointer should become a hand symbol. Move the mouse left
or right along the axis.

Aperture “ L » Width 0425 .
0.000s 0.500s Posttion  0.047

The aperture Position indicator at the bottom-right corner will indi-
cate the starting time of the aperture.

MARKERS

Markers are a special feature included in both Graph Frames and XY
Plots to help users with the analysis of their online data. Specifically,
they are used to delineate the data so as to focus analysis to that
specific range. Depending on Marker position, convenient legend
displays will indicate the difference between the two Markers in both
the x and y directions.
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Markers are used only on the x-axis (time axis) and will appear as
two adjustable tabs. The Marker tabs are labelled as X and O and
the combination of the two set the specified boundaries. Once
Markers are set, analysis can be performed on the data contained
within them.

Markers are used in a slightly different manner between Graph
Frames and XY Plots. Any differences are noted in the sections
below.

Show/Hide Markers
There are a few ways to show or hide Markers:

» Select the desired Graph Frame or XY Plot with a left-click
on the graph display area. Right-click over the graph to
generate a pop-up menu and select Preferences | Show

Markers.
@ “oltage vs. Current i
] W Axis
Flat Properties...
200 Paste Curve
150 ~ Paste Curve ko H-fxis
100 - Paste Curve o Y-Axis
50
0 Wiz All Curve pairs
-50 4 Copy Wisible Data ta Cliphoard
-100 - Copy Al Data to Clipboard
-150 ~
200 4 | Zoom 3
-040 -0
5 Grid Lines ]
Aperture 4 Tick Marks 1

Copy Plot as Meta-File
Copy Plot as Bitmap

hs L
E gts M
Help F1 Show % Inkercept & K
Show ¥ Intercept W
Show Cross Hair - C

* Left double-click the Graph Frame horizontal axis, or right-
click over the horizontal axis and select Axis Properties...
to bring up the Axis Properties dialog. Select the Show
Markers selection box.
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- Current

Axis Properties 0 0340 0360

2 T 5 T iy *
Toogle Marker Lock-Step L

Toogle Frequency/Delta F
Set Marker ' H
Set Marker 'O’ o

Help F1

» Left double-click an Overlay or Poly Graph, or right-click
over the Graph and select Graph Properties... to bring up
the Graph Properties dialog. Select the Show Markers
selection box.

If you are working with a Graph Frame, two tabs should appear along
the horizontal axis. Each marker tab, labelled X and O, correspond

to an x-axis (time) position.
e

—_—_
0240 \J 0280 EESI

If you are working with an XY Plot, an extra display bar will appear at
the bottom of the plot frame as shown below:

s

Aperture [l 3 Width 0.5 o M
0000z 0.500= Position 0.000 < 5
¥ Marker: & w0965 y 45.046 T: 0107 o
O Marker: & 0112 y: -22.408 T: 0.342 |
i
10 0.o0 010 1
Aperture Control Bar Marker Display in

Graph

Graph Frame Marker Legends
Once Markers are enabled (shown) in a Graph Frame, legends will
appear on the right hand side of the frame itself.
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Each Graph in the Graph Frame will have a legend directly to the
right of the Graph. The values displayed are specific to each Graph
and are described as follows:

e X: Displays the y-axis value at the X Marker position for the
Active Trace.

¢ O: Displays the y-axis value at the O marker position for the
Active Trace.

* A: Displays the difference between the above two values.

¢ Min: Displays the minimum value of the Active Trace within
the Marker boundaries.

* Max: Displays the maximum value of the Active Trace within
the Marker boundaries.

The x-axis will also have its own legend where the values displayed
are similar to those described above, but for the x-axis.

XY Plot Marker Legends

Once Markers are enabled (shown) in an XY Plot, a Marker bar will
appear at the bottom of the Plot Frame. As soon as either of these
Markers is moved, marker legends will appear directly to the right of
each:

H Marker: & = 0965 y: 45.045 T: 0107

O Marker: & 0112 v -22.408 T 0.342

The values displayed are described as follows, specific to each
Marker:

¢ x: Displays the Marker x-axis value for the active Trace.
¢ y: Displays the Marker y-axis value for the active Trace.
¢ T Displays the Marker time-axis value for the active Trace.
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Changing the Active Curve

The Markers will only monitor the Active Trace of one Curve at a
time. If multiple Curves exist in an Overlay or Poly Graph, you

can scroll through them by simply pressing the Space Bar on your
keyboard. You may also conveniently select the desired Curve in the
Graph legend.

When using XY Plots, you must select the desired Curve in the graph
legend, as the Space Bar function is not available.

Adjusting Marker Positions
Once Markers are enabled, there are a few ways to adjust the
Marker positions:

* To manually adjust, place the mouse pointer over the marker
tab in either the Graph frame or XY Plot, left-click and hold
and drag it left or right. Release the left mouse button when
the Marker is in the desired position.

I————
0240 % 0260

*  When using Graph Frames, left double-click the Graph
Frame horizontal axis, or right-click over the horizontal axis
and select Axis Properties... to bring up the Axis Properties
dialog. Select the Show Markers selection box and then set
the x-axis values of each Marker directly in the input fields
provided. Note that it is also possible to directly set the
frequency (i.e. 1/Delta) between the two Markers.

Markers

v Shows Markers W Marker | 024526815642
[ Lock Markers O Marker | 027553072625

v Show Dets Readout [ 1Deta ’7

*  When using XY plots, right-click over the plot title bar and
select Plot Frame Properties... to bring up the Plot Frame
Properties dialog. Select the Show Markers selection box
and then set the time-axis values of each marker directly in
the input fields provided.
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hiarkers

[ Show Markers X Marker | 010734463
O Marker | 0.34180730

Toggle Time Difference Frequency/Delta

Once the Markers are enabled, you can conveniently invert the time
axis difference between the two Markers to display corresponding
frequency. Left double-click the Graph Frame horizontal axis, or
right-click over the horizontal axis and select Toggle Frequency/
Delta (or press the F key on your keyboard):

%0248
0200 0220 0.240\4 0280 EEBD s Properties s
. e FraguencyDelta
Toaggle Markers M 2 Display

Toggle Marker Lock-Step L
Toggle Frequency/Delta F

Set Marker W' # k
Set Marker 'O aQ
Help F1

This feature is not available in XY Plots.

Locking/Unlocking Markers

Locking will force the two Markers to maintain a constant distance
between each other when they are moved along the x-axis. Left
double-click the Graph Frame horizontal Axis to bring up the Axis
Properties dialog and select Lock Markers, or right-click over the
horizontal axis and select Toggle Marker Lock-Step (or press the L
key on your keyboard) to lock the Markers. Perform the same opera-
tion again to unlock.

0200 0220 0240 0280 e —
Markers Axls Properties

[ Show Markers HMarker | 0.24326815642 L Toggle Markers il
o Lock Markers 027079025 Toggle Marker Lock-Step L
% O Togqle Frequency/Delta F by
[# Show DettaReadolt [~ 4,pats Set Marker ' "
Set Marker 'O o
Help F1
Axis Properties Dialog Right-Click Menu

Setting Markers
Markers can be set to a certain position on the Graph Frame time
axis as follows:

1. Show the Markers by pressing the M key.
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2. Left-click on the axis at the approximate position where
you wish to place the X Marker. Press the X key on your
keyboard.

3. Repeat this procedure to set the O Marker, except press the
O key.

020 020 g £ 020 R
0.00 0.00 ALY
0.20 020 =

040 040 : 040 :
060 080 . 060 :

g7 o nt%n 0.280 0.220 0& 0260 0260 0220 Ug}u &izsu 0,280
4

4 1

Press the M Key Press the X Key Press the O Key

Instead of pressing the above keys, you can also use the time axis
pop-up menu. Left-click on the Graph Frame time axis at the ap-
proximate position where you wish to place a Marker, then select the
appropriate menu function.

01968
0197
r 40,000

0220 0.240 £ Properties 2340 0360

J Tagale Markers ™
Toagle Marker Lock-Step L
Toggle FrequencyiDelta F

Set Marker '0" 0 K

Help FlL

Using Markers as Bookmarks

If only a fraction of the total Graph Frame time scale is currently be-
ing viewed in a Graph, the Markers may appear outside the viewing
frame when they are first enabled. [f this happens, blue and red
arrow symbols will appear on the time axis indicating the markers are
set off the screen.

0220 0240 0260 0280 0300 0320 0340 0360 #0198
00197
L) 3 A0.000
Indicates X and O
Marker Posistions
are Outside
Aperture

The current viewing window can be moved directly to the position of
either Marker. Simply left-click either the blue or the red arrow (blue
for the X Marker and red for the O Marker). This functionality, along
with setting the Markers, can be used to ‘bookmark’ viewing positions
on the Graph.
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PREFERENCES

Plotting preferences can be adjusted from either the Graph or XY
Plot pop-up menus (depending on which one you are using). Simply
right click over a Graph or XY Plot to bring up the corresponding pop-
up menu. Then, select Preferences.

Graph Propetties...

Cut Graph
Copy Graph
Paste Curve

Copy Data ko Clipboard 3

Zoom 3

Tick Marks 1

Mowe Graph Up

Mowe Graph Down
Mowe Graph to Top
Mowe Graph to Bottom

Curve Glyphs K
Shiaws Markers M
Show ¥ Inkercept W
Show Cross Hair
Copy Frame as Meta-File

Copy Graph as Bitmap

Synchronize Channel Limits ko Graph

Help Fi

The functions available in this menu are described below:

* Grid Lines: Select this preference to toggle grid line display
on the selected graph. You can also use the G keyboard
shortcut.

e Tick Marks: Select this preference to show major grid
tick marks along the y-intercept. You can also use the |
keyboard shortcut.

e Curve Glyphs: Select this preference to show glyphs on
all curves in the graph. You can also use the K keyboard
shortcut.

* Show Markers: Select this preference to show the
markers. You can also use the M keyboard shortcut.

* Show Y Intercept: Select this preference to display the
y-intercept (horizontal) intercept line. The y-intercept line
can be adjusted using the Y-Intercept field in the Graph
Properties dialog. On XY plots, the y-intercept is always
along the x-axis. You can also use the W keyboard
shortcut.

* Show Cross Hair: Select this preference to invoke the
Cross Hairs mode.

Many of the above preferences can be set within the various dialog
windows involved with Graphs and XY Plots.
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ZOOM FEATURES

Once a simulation has been run and EMTDC output data has been
collected, there are several ways to zoom in and out of the data
displayed. The following are some of the more common methods.

General Zoom In and Zoom Out

Select the desired Graph or XY Plot with a left-click on the graph
display area. Right-click over the graph to generate a pop-up menu
and select Zoom | Zoom In or Zoom | Zoom Out.

Sy =
= Phase A& 2

030 Graph Properties. ..
nozo
i 010 Cut Graph
= o.nn opy Graph
5 040 Paste Curve
S 0.0
o 030 Copy Data to Clipboard 3
Zoom Out E
Freferences 3
d MOvBGraBhL Previous P
sl Next N
Mave Graph Down
Mave Graph ko Top # Extents ks
Mave Graph ko Botkom # Limniks E
Zopy Frame as Meta-Fils ¥ Extents ¥
Copy Graph as Bitmap ¥ Limits u
Synchranize Channel Limits ta Graph Resst All Extents R
Reset Al Limiks B
Help F1

As an alternative, you can also use the + or — keyboard shortcuts for
Zoom In or Zoom Out respectively (once the desired graph has been
selected).

Box Zoom

Select the desired Graph or XY Plot with a left-click on the Graph dis-
play area. Click and hold the left mouse button and drag the mouse
pointer to create a boxed region. Release the left mouse button to
zoom to that region.

System =
= Phage & L
0407 ——
030
020
T 040
T oo
5 00
g 020 \\,\/
030
-0.40
0.250 0.260 0270 0280 0290 0,300
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NOTE: You can also zoom along a single
axis by drawing out a narrow box. The zoom
will ignore the narrow side of the box.

Vertical Zoom

Select the desired Graph or XY Plot with a left-click on the Graph
display area. Press Shift + left mouse hold and drag the mouse
pointer in a vertical direction (i.e. up or down along the y-axis) to cre-
ate a vertical zoom region. Release the left mouse button to zoom to
that region.

System o

™ Phase A v
0.40

0.30
oz0

o040 ﬁ /\
al |\ O\
A

-0.20

Current (k&)

-0.30
-0.40

0.240 0.250 0.260 0270 0.280 0.230 0.300

Horizontal Zoom

Select the desired Graph or XY Plot with a left-click on the graph dis-
play area. Press Ctrl + left mouse hold and drag the mouse pointer
in a horizontal direction (i.e. left or right along the x-axis) to create a
horizontal zoom region. Release the left mouse button to zoom to
that region.

System o
= Fhase & L
040 =

030
020
010
000
010 M

Current (kA

-0.20
-0.30
-0.40

0230 0240 0250 0260 0270 0280 0280 0300 030

[] ¥

Zoom Previous/Next

Select the desired Graph or XY Plot with a left-click on the graph
display area. Right-click over the graph to generate a pop-up menu
and select Zoom | Previous or Zoom | Next.
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System =

= Phase A
DA -
030
0z0
040 Cut araph

Graph Properties. ..

= 0.00 Copy Graph
=
@ -010 Paste Curve
5 -0.20
©  am Copy Data to Clipboard »
it Zo Zoom In +
02480 0 Zoom Out e il
Preferences 3
‘
PrEV— L frevos |
TomrnL Mext [
IMowe Graph Down
Mowe Graph to Top A Extents 2
Mavwe Graph o Boktom % Limits E
Copy Frame as Meta-File ¥ Extents ¥
Copy Graph as Bitmap *f Limits u
Synchronize Channel Limits ta Graph Reset all Extents R
Reset AllLimits B
Help F1

As an alternative, you can also use the P or N keyboard shortcuts for
Zoom Previous or Zoom Next respectively (once the desired graph
has been selected).

Zoom Extents

The Zoom Extents feature allows the user to zoom to the extents of
the plotted data. The data ‘extents’ refers to the absolute maximum
and minimum values that exist during the entire simulation run, in
either the X or Y direction.

Select the desired Graph or XY Plot with a left-click on the graph
display area. Right-click over the graph to generate a pop-up menu
and select either Zoom | X Extents or Zoom | Y Extents.

As an alternative, you can also use the X or Y keyboard shortcuts for
Zoom X Extents or Zoom Y Extents respectively (once the desired
graph has been selected).

Zoom Limits

The Zoom Limits feature allows the user to zoom to predefined limits
in either the X or Y direction. The y-axis limits are set based on the
Default Display Limits inputs in the corresponding Output Channels
for the Curves. In the event of multiple Curves, the limits are based
on the largest and smallest Default Display Limits among all relevant
Output Channels. The x-axis limits are based on the desired dura-
tion of the simulation.
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Select the desired Graph or XY Plot with a left-click on the graph
display area. Right-click over the graph to generate a pop-up menu
and select either Zoom | X Limits or Zoom | Y Limits.

As an alternative, you can also use the E or U keyboard shortcuts for
Zoom X Limits or Zoom Y Limits respectively (once the desired graph
has been selected).

Resetting All Extents and Limits

Select the desired graph or XY plot with a left-click on the graph dis-
play area. Right-click over the graph to generate a pop-up menu and
select either Zoom | Reset All Extents or Zoom | Reset All Limits.

As an alternative, you can also use the R or B keyboard shortcuts for
Reset All Extents or Reset All Limits respectively (once the desired
graph has been selected).

Dynamic Zoom in XY Plots

Dynamic zoom is a feature specific to the XY Plots. Left click and
hold with your mouse pointer over the dynamic zoom control bar as
shown below:

@ LY Plot =

o Axis Y Axis

50 - ¥0.1
404 el Zoom
a0 -
20 -
10 -
o £— L 1 L - { ] L e
04
0 -
=30 4
-40 + T ¥0
| R N R S N T T S
-0 a0 -0 10 30 50 200
aperture 4 , Wicth nE

Position

With a left click, your mouse pointer should become an open
hand. Hold down the left mouse button and move the hand down to
zoom in, or up to zoom out.

CROSS HAIR MODE

Once a simulation has been run and output data has been plotted,
you can trace through Curve values using the Cross Hairs. Right-
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click over the Graph or XY Plot to generate a pop-up menu and then
select Preferences | Show Cross Hair. You can also select the
Graph or XY Plot and press the C key on your keyboard.

Once invoked, Cross-Hair Mode will remain on until it is turned
off. While in Cross-Hair Mode, the mouse pointer becomes a ‘cross-
hair’ while over top of the Graph:

_|_

Cross-Hair Mode Indicator

Once Cross Hair Mode is enabled, move the mouse pointer over the
Graph and left-click and hold. Drag the mouse along the Graph. If
multiple Curves exist in the Graph, then you can move the Cross
Hair from Curve to Curve by simply pressing the Space Bar on your
keyboard.

o
1

\Q25135 . 0.538042059568

As shown above, the Curve XY data will be displayed beside the
cross hair. When your left mouse button is released, the Cross Hairs
will disappear, but Cross Hair Mode will remain invoked until you
press the C key again (or select Preferences | Show Cross Hair).

In XY Plots, the Cross Hair will follow the mouse pointer only.

POP-UP TOOL BARS

Pop-up toolbars have been added to Graphs and PolyMeters in
order to provide a quick and easy means for accessing the most
common functions. Pop-up toolbars may be invoked by left-clicking
on the small arrow in the top-right corner of the Graph or PolyMeter
windows:
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1.40 = Currend % Current =
] 0.55 %:\
k3 a3
2 O ) 0 b= ik by
---‘.«.»w|an-\||M-Mlhlimlnﬂ M 1 © p—
060 z -0.55
0oo 040 020 030 0.40 050 > k& [1] -0.09496166364635
‘ v dL
Graph PolyMeter

The pop-up toolbar functions are described as follows:

Graphs:
Button Description
R Zoom In
QL Zoom Out
b Zoom horizontal extents
I Zoom vertical extents
ju| Reset all extents
(3 Previous zoom
(] Next zoom
&+ Toggle Cross-Hair Mode
v Toggle Auto-Pan of X-Axis
db Toggle Markers
PolyMeters:
Button Description
A Toggle index labels
had Toggle scroll view mode

ONLINE CONTROLS AND METERS

Special objects in PSCAD allow the user online access to EMTDC

input variables, so that these variables (and hence the simulation re-
sults) can be altered during the course of the simulation run. These
objects and how to use them are described in the following sections.
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Control Panels

A Control Panel is a special component used for accommodating
Control or Meter Interfaces and can be placed anywhere in a project
page. Once a Control Panel has been added, you may then proceed
to add as many Control or Meter Interfaces to it as you wish.

2 e | =

Adding a Control Panel

Open the Project in the Circuit window of the Design Editor. Right-
click on a blank portion of the page and select Add Component |
Control Panel, or press the Control Panel button in the Control
Palette bar.

S A L= = I e R AR e ) I R

Moving and Resizing a Control Panel

To move a Control Panel, move the mouse pointer over the title bar
and then left-click and hold. Drag the frame to where it is to be
placed and release the mouse button.

To resize, move the mouse pointer over the title bar and left-click
to select it the Control Panel. Grips should then appear around the
outer edge as shown below.

. n
: Controlz -

’ %
Move the mouse pointer over one of the Grips. Left-click and hold

and then drag the pointer to resize.

Cut/Copy Panel
Right-click over the Control Panel title bar and select Cut or Copy
respectively. You can also use the standard Ctrl + X or Ctrl + C.
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1C0. =
Contral Panel Properties. ..

Copy Chrl+C !
Paste Chrl+W
Reset Al

Copy Panel as Meta-File

Copy Panel as Bitmap

Help Fl1

Once a Control Panel has been cut or copied, it may then be pasted
into another location in the Project (along with its contents).

Paste Panel

Cut or copy a Control Panel as described above. Right-click over
a blank area of the project page and select Paste. A Control Panel
may be pasted multiple times.

Adjusting Panel properties

To access the Control Panel Properties dialog, left double-click the
Control Panel title bar, or right-click over the title bar and select
Control Panel Properties....

to.. -

Control Panel Properties, .,

Cuk Chrl+#
Copy Ctr+C
Paste Chrly

Reset Al

Copy Panel as Meta-File
Copy Panel as Bitmap

Help F1

Presently the only adjustable panel property is the Caption:

e Caption: Enter a title for the Control Panel (this text will
appear in the Control Panel title bar). The default text
may appear a bit cryptic: This syntax is used as a naming
convention for grouping objects in the Workspace. For
more information on this syntax, see ‘Grouping of Runtime
Objects’ in this chapter.

Control Interfaces

A Control Interface is just as its name describes: A user interface
object, which allows manual adjustment of an EMTDC data input
variable by the user. A Control Interface must first be linked with
one of the I/O Devices available in the Master Library (i.e. Variable
Real/Integer Input Slider, Two State Switch, Rotary Switch (Dial),
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and Push Button). The Control Interface will then control the output
of the linked control component. For example, the following image
shows a Slider component linked to a control interface in a control

panel.
Contrals - Signal Wariahle

Slider Cartrol heing

—1 Controlled

Slider Interface in - o
Control Fanel - = '|:|'J Daata
—o
0s :
Slider
Compaonent

Adding a Control Interface to a Control Panel
There are two methods to accomplish this:

* Drag and Drop: Hold down the Ctrl key, left-click and hold
the associated control component and drag and release over
the Control Panel. See ‘Drag and Drop’ in Chapter 5 for
more details.

* Right-click on the associated control component and select
Input/Output Reference | Add as Control. Right-click over

LI,

L Edit Parameters...
Edit Definition, ..

Wigw Parameters!Computations. ..

Input/Cutput Reference

Copy as Meta-File Aicil ae Mater

[ Bit
opy as Bitmap Add as PalyMeter

Help. .. F1 Add as PhasorMeter

Add Poly Graph with Signal

Of course, each type of control component will have a different
control interface when added to a control panel. The following figure
shows the available control components and their corresponding
control interfaces:
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Slider Switch Dial Fush Buttan
Contrals -
Slidder Switch Dizl Push Button
! OFF  ON i
= o . 3
—= \ 4
= - )
= 2
m — 1
0.5 u] 1 u]

Control Interface Order

Once multiple Control Interfaces have been added to a particular
Control Panel, you may change the order in which they appear. This
is accomplished either through the Drag and Drop feature, or the
right-click menu:

* Drag and Drop: Left-click and hold over the title bar of
a particular Control Interface and then drag the mouse
pointer over the Control Panel title bar. A downward arrow
will appear between existing interfaces depending on the
position of the mouse pointer. Release the left button to
drop the interface.

Cortrols - it = [ﬁ Controls
Disl Push[%uﬂon e s@ = T Slider Push Btton
N K - OFF  ON i B aF
5 g g E
El & - T 5 Y
! oo N g T E
L] 12 — 0 =] 1 —o
1.00 0 0 g (100 g 05 0
Left-Click and Drag Release Button
Hold

* Right-click over the Control Interface and select Set Control
Order. Choose one of the options given.
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Cortralz -
Channel Settings. ..

Cuk Chrl4+
Copy Chrl+C

~  Mavigate ko Contral
Reset

Set Control Order m
Mowve Right

i Control as Meta-Fil
copy controI as B.te 5-File Lo et
opy Control as Bitmap Right Mast

Help F1

Cut/Copy Control Interface
Right-click over the Control Interface title bar and select Cut or Copy
respectively.

Cortrole  —

Slicker
1 Channel Settings. ..

v Copy ChrHC

Mavigate to Control
Reset

o
=
in

Set Control Crder 3

Copy Control as Meta-File
Copy Control as Bitmap

Help F1

Once a Control Interface has been cut or copied, it may then be
pasted into control panel in the project.

Paste Control Interface

Cut or copy a Control Interface as described above. Right-click over
a Control Panel title bar and select Paste. A Control Interface may
be pasted multiple times.

Navigate to Control

You can navigate directly to the 1/0O Control component as-
sociated with a particular Control Interface, by selecting this
option. Right-click over the Control Interface and select Navigate
to Control. PSCAD will automatically find the Output Channel and
point to it with an arrow.

PSCAD User’s Guide



PSCAD

Controlz =

Channel Settings. ..

Cuk Chrl4i
T Copy Chrl+iC
Mavigate to Contral k %
o
Feset % Diata
Set Control Order 3

Copy Control as Meta-File
Copy Control as Bitmap

Help F1

Select Navigate to Control PSCAD Points to Object

Adjusting Control Interface Properties

Control Interface properties and the corresponding control compo-
nent properties are one and the same. Therefore, you can either
adjust these properties through the control component directly, or
through the Control Interface as follows: Left double-click the Control
Interface title bar, or right-click over the Control Interface title bar and
select Channel Settings....

Controls =

Channel Settings. ..

Cut Chrl+s
Copy Chrl+C

~  Mavigate to Control
Reset

Set Control Order 2

Copy Control as Meta-File
Copy Control as Bitmap

Help F1

Using the Control Interfaces

Once a particular Control Interface has been added to a Control
Panel, the user may operate manually, either before or during a
simulation run. Of course, each Control Interface (and control com-
ponent) will perform a different operation on its corresponding output
signal.

Switch and Push Button Components:

To operate either the Switch or Push Button components, simply left-
click over top of the Control Interface itself. For example, each time
the Switch Interface is clicked, it will toggle the corresponding Switch
component between its two output states.
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The image below shows a plot of a Switch component output, where
the user has changed its state (i.e. turned it on and off) during a 1.0
second simulation run.

Contral - Graphs -

Fault = [nternal Fault 2
OFF 0N 1.00 —

0.60

ﬁ 0.60

0.40

020
0.00

Qutput

1

ke

Infernal Fault

Dial Component:

To operate the Dial component, left-click and hold on the slider
control knob and move the knob up or down. As the control knob

is moved, the Dial interface will indicate graphically, which of the
multiple states is currently being output from the corresponding Dial
component.

The image below shows a plot of a Dial component output, where
the user has changed its state during a 1.0 second simulation run.

Contral - Graphs -

Type = Fault Type B
5 1.00
0.80
0.60
0.40
0.20
0.00

= R L et

Cutput

0.4

T

000 040 nz0 030 040 0.0
Fault Type

Slider Component:

The Slider component is operated in the same manner as the Dial
interface described above. The only difference is that the Slider out-
put does not operate in discrete states, but provides a continuously
variable output.

The image below shows a plot of a Slider component output, where
the user has varied its output during a 1.0 second simulation run.
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It is important to note that the Slider component will output exactly
what is shown on the Slider interface. The Slider interface has a
maximum precision of 6 significant digits. If more precision is re-
quired, you can add successive Slider outputs together, each han-
dling different data ranges. Once you have fine-tuned the Slider
output, you can replace it with a Real Constant component, which is
capable of higher precision.

The Slider interface also allows you to enter an exact value (up to 6
significant digits) directly into its display window. Simply left double-
click on the display window and then enter the data. Press the
Enter button to exit and save the entered data, or press Esc to exit
without saving changes.

Contral = Contral =
Crcler Oroler
il =l
E . : s
IE - IE -
—o0 =@
0460317 0.450317| I
Walue : 0460317
Min ;0.0
bax
Unitz: 1.0

Meters

A meter is similar to a Graph in that it is used for displaying an
EMTDC output signal and is linked to a corresponding Output
Channel. Instead of displaying the signal as a Curve (as a graph
would), the signal is used to operate a realistic meter display, with a
pointer position proportional to the signal magnitude. For example,
the following image shows an Output Channel component linked to a
meter in a control panel.
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Controls =

Signal Yariable Output Channel
being Metered o
T p . eter in
o [l 4 A Caontrol Panel
Data
0 5
Output hahl
Channel
Camponent

Meters can exist only within a control panel.

Like a Control Interface, Meter Interfaces display a maximum of 6
significant digits. However, twelve significant digits can be viewed
via the Tool Tip.

Cortrals =
Output Channe!

437028
Walue : 437028465732
Fin 0.0
Max
Uitz : 5.0

Adding a Meter to a Control Panel
There are a couple of methods to accomplish this:

* Drag and Drop: Hold down the Ctrl key, left-click and
hold the associated Output Channel component and drag
and release over the Control Panel. See ‘Drag and Drop’ in
Chapter 5 for more details.

¢ Right-click on the associated Output Channel component
and select Input/Output Reference | Add as Meter. Right-
click on the desired control panel title bar and select Paste.

o O
Data Edit Parameters. ..

Edit Definition. ..

Wiew ParametersfComputations. ..

Input/Output Reference Add as Curve

Copy as Meta-File

Copy as Bitmap Add as PolyMeter [s

Help... FL Add as PhasorMeter

Add Overlay Graph with Signal
Add Poly Graph with Signal
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Meter Order

Once multiple Meter Interfaces have been added to a particular
Control Panel, you may change the order in which they appear. This
is accomplished either through the Drag and Drop feature, or the
right-click menu:

* Drag and Drop: Left-click and hold over the title bar
of a particular Meter Interface and then drag the mouse
pointer over the Control Panel title bar. A downward arrow
will appear between existing interfaces depending on the
position of the mouse pointer. Release the left button to
drop the interface.

it = &Y contros & (Camivelts
Switch Orcler [}s Cutput Channel I§‘&er Switch Orsier B G %’“E’ g
50 \ 10 \ 5 a /\ 50 / &0 \ 10 \ 5| o /\ 50 \ 50
0 1 437028 437028 o 1 437028 1 4
Left-Click and Drag Release Button
Hold

* Right-click over the Meter Interface and select Set Control
Order. Choose one of the options given.

Controls =

iy Channel Settings. ..

F 'y ',\ Cut Chrls
Copy Chrl+C
o 4|0

MNavigate ko Channel/Contral

05

Set Control Order M
Move Right

st Control as Meta-Fil
CDFI)‘l chtI’DI as BtE a-Flie Left Most
opy Control as Bitmap Right Most

Help F1

Cut/Copy Meter
Right-click over the meter title bar and select Cut or Copy respec-
tively.

Cortrals =

Meter
Channel Settings...

Copy ChrHC !

Mavigate to ChannelContral

o

Set Contral Order 3

Caopy Conkral as Meta-File
Copy Control as Bitmap

Help F1
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Once a Meter has been cut or copied, it may then be pasted into any
control panel in the project.

Paste Meter

Cut or copy a Meter as described above. Right-click over a Control
Panel title bar and select Paste. A Meter may be pasted multiple
times.

Navigate to Channel/Control

You can navigate directly to the Output Channel or I/O Control
component associated with a particular Meter Interface, by selecting
this option. Right-click over the Meter Interface and select Navigate
to Channel/Control. PSCAD will automatically find the Output
Channel or 1/0O Control component and point to it with an arrow.

Contralz —
Channel Settings. ..

Cut Chrl
Copy ChrlH-C

MNavigate to ChannelfContral %D

o
ata

Set Caonkrol Order 4

Copy Contral as Meta-File
Copy Contral as Bitmap

Help F1

Select Navigate to Channel/Control PSCAD Points to
Object

Adjusting Meter Properties

Meter properties and the corresponding Output Channel proper-

ties are one and the same. Therefore, you can either adjust these
properties through the Output Channel directly, or through the meter
as follows: Left double-click the Meter title bar, or right-click over the
title bar and select Channel Settings....

GROUPING OF RUNTIME OBJECTS

It is possible to organize both Control (i.e. Slider, Dial, Switch or
Push Button) and Output Channel Runtime objects according to a
Group Name. Once Group Names have been specified, objects may
be viewed according to their Group Name in the Workspace Runtime
Section.
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= test Runtime
Main

Project Setkings...

¢ Enable/Dizable Open

- Fiiing Cortrel Save
Save as..
Wigw Modules

Wiew Radio Links

Sort by Mame

B Projfcts £y Runtime |- TlinesiCables |44 Files |

Grouped Runtime Objects may be Accessed in View Groups Mode

Creating a Runtime Object Group

Creating a Runtime Group is straightforward. All that is required is
that a Group Name be added to the object input Parameter called
Group. The image below shows the Group parameter in the Slider
parameters dialog.

[war] Variable Input Slider @

Title (for display in panel and meter) | Firng Angle
Enter Group
Grouy v
e i P Firing Carttrol|
Display title on icon? o =
Maximum Yalue 10
Minimum % alug 00
Initial ' 2lue o0s
Urits (&g ka, k¥, pu)
Data callaction (Thumb contral) T
OK Cancel ‘ Help... |

For example, consider the following Project page, where the user
wishes to group existing Control objects according to function:

Firing Contral : Main Panel -

Firing Angle EnablzDisable

=0 oFF  oON H. alfha
2 \ Group Mame:
- Firing Contral

: (5
05 i} enable

Monitoring : htain Panel =

Wolts Amps o
- d olts

ey N Group Name:
Monitaring

lpm
Mzl Ml Id mps

Both the ‘Firing Angle’ Slider and ‘Enable/Disable’ Switch controls
are grouped under the name Firing Control, whereas the two
Output Channels ‘Volts’ and ‘Amps’ are grouped under the name
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Monitoring. These objects are automatically organized by PSCAD
for viewing in the Workspace Runtime Section.

=-E7 test Runtime
#— Enable/Dizable
[=]— Firing Contral
[#{#] "Enshle/Disable" - [720, 306]
[-[2] "Fiing Angle” - [720, 234]
—|—¢ Moritaring
1 "hmps - (792, 450)
-] alks” - [F32, 378

< >

23 Projects  ; Runtime |- TlinesiCables |y Files |

Runtime Section in View Groups Mode

Viewing Runtime Object Groups

Runtime Objects may be viewed according to Group Name in the
Runtime section of the Workspace (in View Groups Mode). For more
details, see ‘The Runtime Section: Groups View’ in Chapter 4.

Displaying Group Name on Graph Frames and Control Panels
The Group Name of any Control or Meter Interface in a Control
Panel, or any Curve in a Graph can be automatically displayed
through the use of a special syntax in the title bar:

$(GROUP)

Wherever this character string is encountered within either a Graph
Frame or a Control Panel Caption input, PSCAD will substitute the
Group Name(s). If the Control Panel or Graph Frame contains ob-
jects with different Group Names, these names will be substituted as
a comma separated list.

EXAMPLE 6-1:

A user wants to display the Group Name of all Interfaces within a
Control Panel. The default Caption parameter in the Control Panel
Properties dialog is $(GROUP) : Controls. Two interfaces are

then inserted into the Control Panel, one called ‘Firing Angle’ Group
Name ‘Firing Control,” and the other named ‘Volts’ with Group Name
‘Monitoring.” The resulting Caption will appear as illustrated below:
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Control Panel Properties

Fiting Cortrol Monitoring : Controls -

Caption Firing Angle Yolts
|$[GROUP] Cortrols =1
L e Y
= bl IS 2
o
Cancel 0.5 Maf)
Control Panel Properties Control Panel with Objects

from Two Different Groups

FRAME/PANEL MINIMIZATION

All Graph Frames, Control Panels, Polymeters and XY Plot Frames
can be minimized in order to reduce clutter and save space when
viewing data. This feature is similar to the PSCAD V3 feature ‘Iconify
Plot,” however additional functionality has been added to make the
minimization process more intuitive.

Minimizing a Frame/Panel is accomplished simply by clicking the
Minimize button in the top right-hand corner:

System

Minimize

- 1y System E)

The Frame/Panel can then be restored by clicking the Restore but-
ton in the right-hand corner:

A% System Syatem &=

Festore

e

0.00 0.20 0.40
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Icons appear at the left of the minimized objects so that the different
types of the Frame/Panels can be identified. A summary of these
icons is given below:

« |7 Graph Frame
- [5] Control Panel
« [l polyMeter

+ 4 PhasorMeter

o & XY Plot

Frames/Panels may also be minimized directly from the
Workspace. See ‘Runtime Objects’ in Chapter 4 for more details.

Moving and Organizing Minimized Frames/Panels

Once a Frame/Panel has been minimized, the minimized object can
be moved in a similar fashion as a restored Frame/Panel. Simply
left-click and hold the minimized object and drag it to wherever it
needs to be placed on the canvas.

The power in using minimized Frame/Panels for organization is that
PSCAD remembers the last position of the object before it is mini-
mized/restored. Therefore, it is possible to ‘stack’ the minimized
objects to optimize space, yet when any of the objects are restored,
they will appear in the same position as they were before being
minimized. The reverse is true, as well.

DISPLAYING PLOTS AND CONTROLS IN REPORTS

Any plotting or control object (i.e. Graph Frames, Graphs, XY Plots,
Control Panels, Meters, etc.) may be copied to the Windows clip-
board for inclusion in reports or other documents. Options are pro-
vided to store the objects as either a picture in bitmap format (*.bmp),
or Windows Meta-File format (*.wmf). Note that meta-file format is
limited to the current screen size. Use bitmaps for larger graphs.

Setting Panel Style

You can change the panel style of all Graph Frames, XY Plots and
Control Panels in the Workspace Settings dialog, before including
them in reports. To access the Workspace Settings dialog, go to
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Edit | Workspace Settings... in the Main Menu bar. See ‘Views’ in
Chapter 3 for more details.

Copy as Meta-File or Bitmap

Right-click over the plotting or control object and select Copy <ob-
ject> as Meta-File or Copy <object> as Bitmap from the pop-up
menu. Depending on the object selected, the <object> part of the
command will be replaced by the object type.

You may then go directly to a report document and paste the image,
while it is still in the Windows clipboard.
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Chapter 7:

Project Settings

Project Settings Overview

Most features and settings related directly to the control of the
actual simulation in PSCAD are contained in the Project Settings
dialog. Important parameters, such as total simulation time and time
step, are included here along with more advanced, Project specific
PSCAD and EMTDC features and processes.

This dialog can be accessed through a right-click on the project title
itself (either a case or a library) in the Workspace window, and se-
lecting Project Settings... from the pop-up menu.

-8 master (Master Library) I
li}u test [Test Caze]

Set as Active

Open
Save
Save fs...
Unlaad

View Map File...
Yiew Make File. ..
Yiew Compile Log. ..

Global Constants, .. Chrl+G

Impart Runtime Madule, ..

Clean Temporary Directory {,emt)

_@ Projects |y, Rurtime |- TlLinesiCables [&% Fies |

The features and parameters available in the Project Settings dialog
control window are divided into seven specific areas:

* General

* Runtime

e Network

*  Dynamics
*  Mapping

* Fortran

* Link

PSCAD User’s Guide

301



302

Chapter 7: Project Settings

As mentioned above, there are a number of more advanced features
available for the enhancement of speed, accuracy and efficiency

of simulations performed in PSCAD. The Project Settings dialog
gives the user access and control of most of these features. Many
users need not concern themselves with these and should leave
most Project Settings to their default. However, there may be some
instances where more advanced users would wish to disable and en-
able some processes at their discretion.

NOTE: The Project Settings window for a
Library Project contains only a few of the
parameters that appear for a Case Project,
as simulations cannot be performed on a
Library Project.

GENERAL

The properties contained within the General section of the Project
Settings dialog control window are related to Project naming and ver-
sion tracking. These are explained in detail in the sections below.

Project Settings - test

General ]Hunt\mel Netwnrkl Dynamics] Mapping] Fnrtran] Link. I

Description

This field allows for the entry of a single-line description of the
Project. This description will be displayed beside the Project file-
name in the Workspace Viewer. Do not use quotes (“) and apostro-
phes (‘) in this field.

[rescription
|Test Caze

File Path

File Path displays the path and filename information for the

Project. This field is for display only and cannot be changed through
the Project Settings dialog.

File Path:
‘C.\B ackUpitest psc
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Persist As
Persist As displays the Project filename. This field is for display only
and cannot be changed through the Project Settings dialog.

Persist As
|lest.psc

Revision Tracking
These settings display particular information regarding the Project
revision history.

Fievizion Tracking

File: Yergion

420

Firzt Created Authar
Wwed Mar 30 16:10:29 2005 johrn
Last Modified Author
“whed kar 30 16:10:40 2005 johirn

File Version
This is the PSCAD version used to create the project.

First Created
This is the date and time at which the project was first created.

Last Modified
This is the date and time at which the project was last modified.

Author
This is the name (userid) of the person who created and/or modified
the project.

RUNTIME

The properties contained within the Runtime section of the Project
Settings dialog control window are the most commonly accessed
project parameters. These are explained in detail in the sections
below.

Project Settings - test

General  Runtime l Network] [wnamics Mapping] Fortran] Link, 1
I
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Time Settings
These settings are very important and are used quite often in every
day simulation studies.

Time Seftings

Druration of run [zec) 'DE—
Solution time step [LS] '50—
Channel plot step [uS] 'T

Duration of Run (sec)

This is the total length of the simulation run, entered in seconds. If
you start from time zero, this is the finish time of the run. If you start
from a snapshot file (pre-initialized state), this is the length of run
from the snapshot time.

Solution Time Step (us)

This is the EMTDC simulation time step, entered in

microseconds. The default is 50 ps, which is an optimum step for
most practical circuits. However, users should make sure that the
time step selected is suitable for their simulation. This input sets the
value of the EMTDC internal variable DELT.

Channel Plot Step (us)

This is the time interval at which EMTDC sends data to PSCAD for
plotting, as well as writing data to Output Files. It is always a mul-
tiple of the EMTDC simulation time step. Usually a 250 us plot step
provides a reasonable resolution and speed.

Lower sampling intervals (higher sampling rate) can consider-

ably slow down the simulation speed due to an excessive transfer
of data from EMTDC to PSCAD (without adding much to the plot
resolution). Users can experiment with this number for a given
Project. If the sampling interval is too large, the waveforms may ap-
pear ‘choppy.’ If you are debugging the case, it is a good practice to
plot every point in the simulation; that is, plot sampling time is equal
to EMTDC simulation time step.

A trap that even the most experienced engineers can readily fall into
is the setting of plot step too broad with respect to the level and peri-
od of noise in the signal. If a signal is periodic at a frequency similar
to the plot step interval, the perceived output may be quite different

to the actual signal. As a basic rule, if you are puzzled by the results
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observed from a plotted simulation output, run the case with the plot
step equal to the EMTDC time step and compare the results.

NOTE: The plot step can be modified during
a run (or after starting from a snapshot). You
can change the value from the Project
Settings dialog or from the Settings bar.

Start-up Method
There are two ways to start a simulation in PSCAD: The standard
method (i.e. from time = 0.0 seconds) and from a Snapshot File.

Startup method: Input file:

|Standard j | ‘ ‘

Standard Output file:

From snapshot file S —

Standard

The standard method to start an EMTDC case is to simply start from
an un-initialized state (i.e. from time t = 0.0). This is how simulations
are started most of the time.

From Snapshot File

There may be instances when you would like to start your simula-
tion from a pre-initialized state. Although initial conditions are not
yet available as direct entry into certain components, it is possible in
PSCAD to run a case to a steady state and then to take a snapshot
at a certain instant during the run. All relevant network data will be
saved to a snapshot file, from which you may start your case already
pre-initialized.

An input field is included directly beside this field called Input

File. Enter a name for the snapshot file to be used here. See the
section entitled ‘Starting from a Snapshot’ in Chapter 5 of this manu-
al for more details on how to create and start from a snapshot file.

NOTE: When you start from a Snapshot
File, make sure that you have not altered the
circuit from which the snapshot was taken,
otherwise an error may occur.
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Save Channels to Disk?

You can save all Output Channels in your project to a file for post
processing. Output files are saved in standard ASCII format and all
data is stored in columnar format in steps of time according to the set
plot step.

An input field is included directly beside this field called Output
File. Enter a name for the Output File here.

o =] |
Shapzhat file: Time
l

Yes I

Save channels to digk? Output filex ‘ ‘

Timed Snapshot
There are two ways to utilize a snapshot file: Single and incremental
snapshots.

An input field is included directly beside this field called Snapshot
File. Enter a name for the snapshot file to be created here. Another
input field is included called Time. Enter the time in seconds at
which the snapshot is to be taken.

Timed shapshot(s): Shapshot file: Time

[ore < | |

Hone Output file: #runs
Single, [ance anly] | |

Incremertal, same file
Incremental, many files

Single (Once Only)
A single snapshot will be taken at the time specified in the Time field.

Incremental (Same File)

An incremental snapshot in the same file will take the first snapshot
at the specified time and subsequent snapshots at equal intervals
equal to this time. The snapshot file will be over-written every time to
save disk space and you will end-up with only one file from the last
interval.

Incremental (Many Files)

If you would like to save all Snapshot Files, select this option. You
can save up to 99 distinct snapshots. If the number of files exceeds
99, the names will be reused starting from the beginning.
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The file naming convention is:
base_name_##.snp

You are required to provide only the ‘base_name’ (in the Snapshot
File field). The extension will be added automatically.

Multiple Run

There are currently two different methods for performing multiple
runs in PSCAD - this is the simpler and most basic of the two. This
method is used in conjunction with the Current Run Number and
Total Number of Multiple Runs components, which are available in
the PSCAD Master Library.

fultiple rur: Olutput file: # ng
[ors < |

None

Enabled starting from snapshot.

EXAMPLE 7-1:

Consider the simple comparator below. The Multiple Run parameter
is enabled from the Project Settings dialog and set to 10 runs.

Carmpar-
atar

In this case, the comparator output is set to go low (0) when input A
is less than or equal to 1.0 (i.e. the last two runs).

An additional input field is included directly beside this field called
Output File. Enter a name for the Multiple Run Output File to be
created here. Another input field is included called # runs. Enter the
total number of runs here (this value is used to set the Total Number
of Multiple Runs component).
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NOTE: The other multiple run method in-
volves the Multiple Run component, which is
available in the PSCAD Master Library. DO
NOT enable this multiple run feature when
using the Multiple Run component.

Miscellaneous
The remaining Runtime parameters are outlined below:

Iv Remove time offzet when starting from snapshat.
™ Send only the output channels that are in use.
I Start simulation ranually to allow use of integrated debugger.

Iv Enable component graphics state animation.

Remove Time Offset When Starting From a Snapshot

This parameter is used in correlation with starting the simulation
from a snapshot file. Enabling this parameter will force the initial
start time on all plots to display a 0.0 start time - regardless of what
time the snapshot was taken. If disabled, the initial start time will be
displayed the time at which the snapshot file was created.

EXAMPLE 7-2:

A user runs a case project to steady state, and then takes a snhap-
shot at 0.5 seconds. The user then re-starts the simulation from the
snhapshot file created, and sets the Duration of Run to 0.05 s.

If Initial Start Time Always Zero is enabled, the simulation run will
be displayed from 0.0 to 0.05 seconds. If disabled, from 0.5 to 0.55
seconds.

It is important to note here that this option changes displayed start
time only. That is, if you are controlling breakers or faults for ex-
ample, you must use the actual time. In Example 6-2 above, if the
user wanted to open a breaker 0.01 seconds after starting from the
snapshot, the breaker logic must indicate 0.51 seconds (not 0.01
seconds).
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Send Only the Output Channels That are In Use

Selecting this option will essentially turn off all Output Channels that

are not being plotted in Graphs, or monitored in Meters.

Enabling

this option has the potential to greatly reduce the amount of storage
for the simulation, as well as a slight simulation speed improvement.

NOTE: Unused Output Channel data will
still be written to EMTDC output files if Save
Channels to Disk? is selected.

Start Simulation Manually to Allow Use of an Integrated

Debugger

This option allows you to start a PSCAD run that can be connected
with a manually started EMTDC case. See the section entitled ‘Using
an Integrated Debugger’ in Chapter 11 of this manual for more de-

tails.

Enable Component Graphics State Animation

This option will enable/disable Active Graphics in PSCAD compo-
nents. Since the Active Graphics algorithm is processor intensive,
disabling it will help speed up those cases that contain a lot of ani-

mation.

NETWORK

The properties contained within the Network section of the Project
Settings dialog control window are related to the EMTDC Electric
Network Solution and diagnostics. These are explained in detail in

the sections below.

Project Settings - test

General] Runtime  Metwark ] Dynamics] Mapping] Fortran] Lirk ]

Process Communication
The input parameters involved here are outlined below.
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Process Communication

Speed will be optimized if the simulation iz allmwed to run ahead of
the channel collection by a number of plot steps.

v Allaw simulation to run ahead at most 100 [stepsz)
[ Use idle time palling if network, is large. [200+ nodes)

Allow Simulation to Run Ahead at Most

This parameter controls the maximum amount of time (in time steps),
by which EMTDC is allowed to run ahead of the PSCAD display. Ad-
justing this parameter can have the following implications:

1. If the run-ahead time is too small, PSCAD will hold EMTDC
back and the overall simulation speed will be reduced.

2. Ifthe run-ahead time is too large, interactive control actions
(such as resetting a slider value or pushing a button) are
potentially conveyed to EMTDC with a maximum delay equal
to this margin.

Run-ahead time is something users can optimize based on the case
and has no implication on the accuracy of simulation. The default
value of 100 steps is a good compromise.

Use Idle Time Polling if Network is Large (200+ Nodes)

To ensure a fast response in the data communication between
PSCAD and EMTDC, the simulation of smaller systems is continu-
ously polled, providing maximum performance. On larger networks
however, the simulation can run significantly slower and it is not
necessary to poll the simulation continuously. To free up proces-
sor cycles (and to allow other applications to run more smoothly),
this control allows the polling to only occur during periods when the
application is not busy, referred to as ‘idle time.” If this option is set,
larger networks will use this method instead, reducing the processor
loading from PSCAD.

Network Solution Accuracy
The following input parameters can affect solution speed.

Metwork Solution Accuracy

[v Interpolate switching events to the precise timne.
[¥ Use ideal branches for resistances under 00005  [ohms)
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Interpolate Switching Events to the Precise Time

To account for inter time step switching of switching devices (i.e.
those components whose electrical properties change during a run),
the EMTDC Electric Network Solution uses an interpolation algo-
rithm in order solve at the exact switching instant. This is the default
behaviour of EMTDC and is essential for the accurate simulation of
frequently switching devices, such as FACTS models.

Use Ideal Branches for Resistances Under
The Ideal Branch algorithm allows for zero resistances and true infi-
nite bus voltage sources in EMTDC.

With this option enabled, you can create an infinite bus by ei-

ther entering a value less than the threshold (set in the threshold
field directly to the right of this check box) or 0.0 Q for the source
resistance. Similarly, for a zero resistance branch, enter a value less
than the threshold or 0.0 Q for the ON resistance of a diode, close
resistance of a breaker, etc.

The default threshold value is preset to 0.0005 Q. As this algorithm
involves extra computations and so a non-zero value greater than
this threshold is recommended, unless ideal like results are para-
mount.

Numerical Chatter Suppression
The following input parameters are related to the detection and re-
moval of numerical oscillations called chatter.

Murnerical Chatter Supression

Faszt network, disturbances can result in numencal ozcillation. These
can be suppreszed in the zolution,

Iv Detect chatter that exceeds the threshold 0.001 [p.u]
Iv Suppress effects when detected.

Detect Chatter that Exceeds the Threshold

Chatter is a numerical oscillation phenomenon inherent to the trap-
ezoidal integration method used in EMTDC, and is usually caused
by sudden network disturbances (either voltage or current). EMTDC
continuously looks for chatter and removes it, if required.
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An input field is included directly beside this option. Enter a thresh-
old value for chatter detection, below which chatter will be ignored
(the default is 0.001 p.u.).

Suppress Effects When Detected
When chatter is detected, a chatter suppression procedure is in-
voked if this option is enabled.

Diagnostic Information

The following input parameters are important during the debugging
process of your simulation project and are recommended for more
advanced users.

Diagnnstic Infarmation
I” Echo network and storage dimensions
I Echo runtime parameters and options

I Echoinput data while reading data files

Echo Network and Storage Dimensions
Prints network and storage array dimensions into the Output window
for debugging purposes.

Echo Runtime Parameters and Options
Prints runtime options into the Output window for debugging pur-
poses.

Echo Input Data While Reading Data Files
Prints all the data read from the Data File and Map File into the
Output Window for debugging purposes.

DYNAMICS

The properties contained within the Dynamics section of the Project
Settings dialog control window are related to the EMTDC System
Dynamics. These are explained in detail in the sections below.

Project Settings - test

General] Huntime] Metwork  Dynarics l Mapping] Fortran] Link. ]
I
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Signal Storage
The input parameters involved here are outlined below.

Signal Storage

Signals must be stored to be viewed with tooltipz, howewver they
require additonal proceszsing and memory.

v Store feed forward signals for viewing,

Store Feed Forward Signals for Viewing

When this control is enabled, all declared data signal variables (be
they feed-forward or feed-back signals), will be transferred to and
from their designated EMTDC storage array each time step. If

this control is disabled, only those declared variables that must be
transferred to storage (such as feed-back signals) are considered; all
other variables are deemed temporary and are discarded at the end
of each time step.

NOTE: Itis important to note that the Tool
Tip (flyby) feature in PSCAD extracts the
value of the signal being monitored from
storage. Therefore, if the Store Feed
Forward Signals for Viewing control is dis-
abled, all feed-forward signal values will
not appear in the Tool Tips!

In smaller projects, this toggling control will have very little effect on
the simulation speed. As Projects become larger and contain many
control signals, this feature may help to speed things up.

EXAMPLE 7-3:

In the simple control system shown below, there will be a total of four,
type REAL variables declared in the project Fortran file when this
Project is compiled; In1, error, Out and In2. Three are feed-forward
variables (indicated by the O symbol), and one is a feedback variable
(indicated by the X symbol).

PSCAD User’s Guide

313



Chapter 7: Project Settings

Brror " : Qut

Int
10 % TJ:\

Feedback Sianal
Fath

NOTE: Users can display these symbols

at any time by enabling the Show Signal
Locations parameter in the Module Settings
dialog. For a more detailed description

of these symbols, see the section entitled
‘Show Signal Locations’ in Chapter 11 of this
manual.

If Store Feed Forward Signals for Viewing is enabled, all four vari-
ables will be written to storage every time step as indicated in the
following excerpt from the Project Fortran file:

SUBROUTINE DSDyn ()

In2 = STOF (ISTOF + 1)
Inl = STOF (ISTOF + 2)
error = STOF (ISTOF + 3)
Out = STOF (ISTOF + 4)

STOF (ISTOF + 1) = In2
STOF (ISTOF + 2) = Inl
STOF (ISTOF + 3) = error
STOF (ISTOF + 4) = Out

If Store Feed Forward Signals for Viewing is disabled, all four vari-
ables will be written to storage every time step as indicated in the
following excerpt from the Project Fortran file:
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Signal Flow
The input parameters involved here are outlined below.

Signal Flow

Controls signals alwayz flow from a source connection to a sink
connection. Thiz flow can be attached to wires,

| Compute and display Aow pathways on control wires.

Compute and Display Flow Pathways on Control Wires

Select this option to show signal flow direction on control Wires (i.e.
Wires carrying REAL, INTEGER or LOGICAL data types). See the
section entitled ‘Control Signal Flow Indicators’ in Chapter 11 of this
manual for more details on this.

Buses
The input parameters involved here are outlined below.

Buzes

Buzes represent a special electrcal node in the netwark. These
options allow for zpecific handling at conpile tine.

[ Treat multiple buses with matching names as the same bus.

Treat Multiple Buses with Matching Names as the Same Bus
Select this option to treat multiple buses with the same name as the
same bus. That is, graphically separated bus points with the same
name will represent the same EMTDC node points in the electrical
grid. See the Bus component for more.
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Unit System
The input parameters involved here are illustrated below:

Urit System

Unitz specified in parameter fields can be scanned and compared
with target unitz to produce a conversion Factor.

v Erable unit corversion and apply o parameter values.

Enable Unit Conversion and Apply to Parameter Values
Select this option to enable the Unit System.

NOTE: Enabling the Unit System may cause compilation failures in
previously created Case Projects. This is normally due to input pa-
rameter units in existing components that are not recognized by the
Unit System compiler. If compilation failure does indeed occur:

1. Consult the Output Window for error messages: Point to
the error source by Locating the Problem Source (see the
section entitled ‘Output Window’ in Chapter 4).

2. View the parameters of the component (see the section
entitled ‘Viewing/Saving Component Parameters’ in Chapter
5).

3. Scan through the Value column and look for a #NaN (Not
a Number) symbol. This usually indicates that the entered
unit does not match the Target Unit defined for this input
parameter.

This parameter is enabled by default in new Case Projects created in
PSCAD V4.2+. ltis disabled by default in existing cases.

MAPPING

The properties contained within the Mapping section of the Project
Settings dialog control window are related to the EMTDC Network
Solution conductance matrix optimization. These are explained in
detail in the sections below.

Project Settings - test

General] Huntime] Network] Dynarics  Mapping l Fortran] Lirik ]
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Network Splitting
The input parameters involved here are outlined below.

Metwork 5 plitting

Metwaorks can be zplit along T-Line boundarnies to improve both
zpeed and uze lesz memaorny.

[v Split decoupled nebwarks into separate matrices.
[v Combine izolated non-switching local nebwarks,

Split Decoupled Networks into Separate Matrices

Matrix solution methods can be intensive, requiring a large amount
of computing power, especially if frequently switching branches are
involved. If this option is enabled, larger networks will be reduced
into smaller sub-networks (see the section entitled ‘Subsystems in
Electric Networks’ in the EMTDC manual for more details on setting
up subsystems).

Once the main electric network has been split into subsystems, each
subsystem can then be solved independently. Say for example,

a large FACTS device (with many frequently switched branches)

is located within its own subsystem, but part of a much larger
network. By splitting the main network into subsystems, only the
local subsystem, housing the FACTS device, need be resolved when
a switching event occurs. The speed benefits here can be tremen-
dous.

In PSCAD V3, a well-known shortcoming of the subsystem splitting
algorithm was that the main project page could not contain any elec-
trical nodes. In PSCAD V4, this problem has been resolved.

Combine Isolated Non-Switching Local Networks

This feature is available only if Split Decoupled Networks into
Separate Matrices is enabled. When this control is enabled, all
subsystems that do not contain switching devices are lumped
together. This process can substantially lower the memory usage by
EMTDC when storing electric network data.

Matrix Optimizations
The input parameters involved here are outlined below.
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M atrix O ptirizations

M atrix zolution will run faster and/or uze less memorny by optimizing
the order in which elements are placed.

[v Optimize node ordering to speed up solution.
[ Move switching elements to speed up salution.

Optimize Node Ordering to Speed Up Solution

Optimize Node Ordering is a PSCAD based algorithm, which re-
numbers nodes in the EMTDC Electric Network conductance matrix,
so as to optimize solution speed. The electric network conduc-
tance matrix is optimized using a Tinney algorithm to exploit matrix
sparsity. For more information on matrix optimization, please see
References [7], [8], [9] and [10].

Move Switching Devices to Speed Up Solution

Frequently switching branches are identified and re-ordered, so as to
optimize conductance matrix re-triangularization following a change
in branch conductance (a switch). The switch-ordering algorithm
splits nodes into two types:

1. Nodes not attached to switching elements or nodes that
have switching elements connected, but do not switch
frequently (i.e. breakers and faults).

2. Nodes that have switching elements connected that switch
frequently (i.e. thyristor, GTO, IGBT, diode, arrester, Variable
RLC, etc.).

NOTE: Electrical Connections in user-de-
fined components are set as node type 2 by
changing the electrical Connection type to
‘Switched.’

The switch-ordering algorithm moves the frequently switched nodes
(i.e. type 2) to the bottom of the conductance matrix. The benefits to
EMTDC solution speed are proportional to the number of nodes and
the number of switching branches in a given electric network. For
more information on matrix optimization, please see References [7],
[8], [9] and [10].
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FORTRAN

The parameters contained within the Fortran section of the Project

Settings dialog are used for the control of Fortran compiler based er-
ror and warning messages. Also, any additional Fortran source files
required for the compilation of the project are indicated here, as well.

Project Settings - test

General] Huntime] Network] Dynamics | Mapping  Fortran lLink 1

Additional Source (.f) Files

This input field allows you to link one or more external source code
files, so as to include the contained code during compilation of the
associated project. An external source code file could contain one or
more subroutines, which are called from within the Fortran segment
of a user component, for example.

Files may be referenced in this field either by an absolute, or relative
path specification. For example, a file referenced with an absolute
path may appear as follows:

Additional Source [f] files
|C:'\temp\test.f

If only the filename is entered, PSCAD will assume that the source
file is located in the same directory as the project file itself, and will
append this path to the filename. You may also use standard direc-
tory navigational features when working with relative paths. For ex-
ample, if a source file called ‘test.f’ is located in the directory directly
above the project file, then the file entry would appear as follows:

Additional Source [ f] filez
|..'\test.f

When entering multiple source files, each entry must be separated
either by a blank space, a comma or a semicolon:
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Additional Source [Lf] filez
|test'| [ test2 F, test3F

This input field will only accept the following source file types:

*  Fortran: *f, *.f90, *.for
« C:*c

In PSCAD V3, linking to external files was accomplished through the
use of a File Reference component - this method is still valid.

Runtime Debugging
The input parameters involved here are outlined below.

Runtime Debugging
[ Enable addition of runtime debugging infarmation.

Enable Addition of Runtime Debugging Information

This option will add some additional information to the build, so as to
allow for the effective use of the Fortran debugger. If you have se-
lected this option, you should also select all of the Checks available
in the Fortran section.

When a program crashes on a PC, the operating system brings up a
dialog asking if you would like to debug the case. If you select yes
and if you had this option selected, the Fortran debugger can load
the source file and point to the line of code that is causing the crash.

Checks
The input parameters involved here are outlined below.

Checks

[v &rray & Sting Bounds Iv Argument Mismatch
[v Floating Point Underflow [ Uncalled Routines
[v Integer Owerflow I Uninitialized Wariables
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Array & String Bounds

With this option selected, the program will stop if you are accessing
an invalid array index. For example, if the array X is declared to be
of dimension 10, and you have a line of source code that has X(J). If
‘J” ever goes greater than 10, the program will stop with a proper
message. If this option is de-selected, the program will continue
execution and may eventually crash, adding difficulty to tracing the
cause.

This option should be used when testing your new models. It will
slow down the simulation and the speed penalty will vary from
machine to machine - you can disable this option if speed is a
concern. Please read the Fortran compiler documentation you are
using for more details.

Floating Point Underflow

This option is useful for debugging but has a speed penalty that is
again architecture dependent. Please read the Fortran compiler
documentation for more details.

Integer Overflow

This option is useful for debugging but has a speed penalty that is
again architecture dependent. Please read the Fortran compiler
documentation for more details.

Argument Mismatch

The Fortran compiler issues a warning if the argument type (REAL,
INTEGER, etc.) of the CALL statement does not match with the sub-
routine statement (this is applicable to functions, as well).

Do not ignore this warning as it may have the potential to create
unpredictable and hard to trace results.

Uncalled Routines
The Fortran compiler issues a warning if a routine is not called in the
program.

Uninitialized Variables

A warning is issued if a variable is used before it is assigned a
value. Normally, the cause of this is a typographical mistake in the
source code.
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LINK

The parameters contained within the Links section of the Project
Settings dialog are used for the linking of pre-compiled library (in-
cluding MATLAB related) and object files.

Project Settings - test

General] Fluntime] Network] Dynamicsl Mapping] Fortran  Link l

Additional Library (.lib) and Object (.obj) Files

This input field allows you to indicate extra Fortran object (*.obj)

or library (*.lib) files, which must be linked to the project before
compilation. Object and library files would normally be used if you
have a lot of custom models associated with user-written subrou-
tines, where it would be more efficient to create a library or object file
rather than maintain a collection of Fortran files.

Additional Library (.lic) and Object [.obi] files ‘ ‘

Object and library files provide a way to avoid the compilation

of user-written subroutines every time they are used in different
projects. They are also useful for sharing custom models with oth-
ers, where you do not want to share the source code itself.

User Library Path Method

In PSCAD V4, a new compiler specific directory convention has been
added for the purpose of specifying compiler specific object and
library files. Now, object and library files can be compiled with one or
more different Fortran compilers, and then placed in a correspond-
ing sub-directory of the specified User Library Path directory. Then,
the user may freely switch between compilers without the need to
re-specify the files.

The user must manually add these sub-directories to the directory
specified by the User Library Path input in the Workspace dialog (go
to Edit | Workspace Settings... in the Main Menu). Each sub-di-
rectory represents a specific Fortran compiler, and the same library
or object file (compiled by the corresponding compiler) may be
placed. Since there are three types of Fortran compilers that may be
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used with PSCAD, there can be up to three sub-directories specified,
which must be named as follows:

+ gnu (EGCS/GNU Fortran 77 compiler)
+ df5 (Digital Fortran 90 compiler)
+ ¢f6 (Compaqg Fortran 90 compiler)

For example, if a user specifies ‘C:\my_libs’ as the User Library
Path, and intends to use either the EGCS/GNU Fortran 77 compiler
or the Compagq Fortran 90 compiler, then two sub-directories should
be added to ‘my_libs,” as shown below:

[=1-i==) Lacal Disk {C:)
= ey _libs
-] ofa
E _| anu

Any library or object files required should be created with both com-
pilers, and then added to the corresponding sub-directory.

If only the filename is entered, PSCAD will assume that the library or
object file is located in the specified sub-directory in the User Library
Path directory. For example, if a user specifies ‘C:\my_libs’ as the
User Library Path and is using the Compaq Fortran 90 compiler,
entering ‘test.obj,” as shown below, would indicate to PSCAD that the
specified file is located at C:\my_libs\cf6\test.obj.

Additional Library [.lib] and Object [ obij) files
|lesl.nbi

Absolute Path Method

Files may also be referenced by either an absolute, or relative path
specification. If this method is chosen, then the directory specified
in the User Library Path directory will be overridden. For example, a
file referenced with an absolute path may appear as follows:

Additional Library [.lib] and Object [.obij) files
|"C:\temp\test.0bi"
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NOTE: Although it is not a necessity,

the absolute path should appear within
quotes. This will ensure that if any spaces
exist in a path directory or the filename itself,
it will be parsed properly.

Entering Multiple Files

When entering multiple files into this field, they must be separated
with a space, a comma or a semicolon. Both User Library Path and
absolute path methods may be used simultaneously.

Additional Library [ib] and Object [.obyj) files ‘ ‘

|mndel.obi, cuztom b, "C:utemphtest. ob”

Matlab
The input parameters involved here are outlined below.

I atlab

[ Lirk this simulation with the curently installed M atlab ibranies.

Link This Simulation with the Currently Installed Matlab Librar-
ies

Select this option if you intend to utilize the MATLAB®/Simulink®
interface with this project. Note that this option is disabled unless
you have specified a MATLAB® version in the Workspace Settings
dialog.
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Tranmission Lines and Cables

Overhead transmission line and underground cable corridors (or
right-of-ways) are represented in PSCAD in two main parts: By
defining the configuration of the transmission corridor itself, where
the definition can include either the admittance/impedance data or
the conductor and insulation properties, ground impedance data, and
geometric position of all conductors within the corridor. This defini-
tion is then interfaced to the rest of the electrical system through
electrical interface components (one at each end). If the transmis-
sion line is set up in Direct Connection mode, the Interface compo-
nents are not required.

Transmission systems of very short length (i.e. less than 15 km for

a 50 us time step) can also be represented using an equivalent PI
Section. This is accomplished by either using the Pl Section compo-
nent in the Master Library, where only the admittance and impedance
data of the line segment is required, or by using the Pl Section equiv-
alent component creator in the Additional Options component. PI
Sections are essentially a network of passive elements, and hence
do not represent propagation delay.

NOTE: A 15 km line length to a 50 ys time
step is derived assuming that waves propa-
gate through the line at the speed of light. In
general however, wave propagation speed is
less than the speed of light.

Using the data provided by the cross-sectional definition of the cor-
ridor, the transmission lines and cables are modeled using one of
three distributed (travelling wave) models:

* Bergeron
*  Frequency Dependent (Mode)
*  Frequency Dependent (Phase)

The most accurate of these is the Frequency Dependent (Phase)
model, which represents all frequency dependent effects of a trans-
mission line, and should be used whenever in doubt. When using
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the Bergeron model, impedance/admittance data can also be en-
tered directly to define the transmission corridor.

For all of these Frequency Dependent models, detailed conductor
information (i.e. line geometry, conductor radius) must be given.

CONSTRUCTING OVERHEAD LINES

There are two basic ways to construct an overhead line in

PSCAD. The first is the original method (referred to as the Remote
Ends method), which involves a Transmission Line Configuration
component with two Overhead Line Interface components, repre-
senting the sending and receiving ends of the line. The purpose of
the Interface components is to connect the transmission line to the
greater electric network. This style of line is illustrated below:

Owerhead Line Interface Components
(electrical connections to nest of netwark)

1 ) 1

o, = Py

i) = i)
} Segment1

Segment? Segmentl

Transmission Line
Configuration Componert
[zontains transmission
sagment definition)

An Overhead Transmission Line (Remote Ends Method)

The second and more recently introduced method is to use the
Direct Connection method, where the interfaces and the corridor
properties are housed within a single component. This method how-
ever, can only be used for 1-phase, 3-phase or 6-phase single-line
systems, where the maximum number of conductors is 6.
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~\u

Segmenti

Transmizzion Ling
Configuration Component
[zontaing transmission
=segment definition and
electrical irterfaces)

An Overhead Transmission Line (Direct Connection Method)

Building an Overhead Line (/w Remote Ends)

Add one Transmission Line Configuration component and two
Overhead Line Interface components to the page. The most
straightforward method is to use the Electrical Palette. See Adding
Components to a Project for details.

— e 4 Lo 4 S LR L S

T-Line Configuration

Next, edit the properties of the configuration component and ensure
that Termination Style | Remote Ends is selected.

Transmission Line Configuration

T

Sed m ————
" o Steacly-State Frequency 600
Edit Definition. ...

Segment Lenoth 100.0

Cuk Chrl+% Humber of Conductors O
Copy Chrl+C Termination Style [prectcommecton ¥

Remaote Ends

O I Cance\| Help ‘

Edit the Properties of Set Termination Style to
the Transmission Line Remote Ends
Configuration component

The Transmission Line Configuration component and two
Overhead Line Interface components are interlinked through input
parameters. Ensure that the following steps are taken:

1. Segment Name: Ensure that the Segment Name inputs in
both the Transmission Line Configuration component and
two Overhead Line Interface components are identical.
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2. Number of Conductors: Ensure that the number of
conductors in both the Transmission Line Configuration
component and two Overhead Line Interface components
are identical.

When finished, you should have something similar to that shown
below on your project page:

1 1
P =1 .
H ) R

} Segment1
Segment Segment

=

A 3-Conductor Overhead Transmission Line
(Remote Ends Method)

NOTE: These components do not need to
be in proximity to one another. As long as
they are connected by name, each compo-
nent can be located anywhere in the Project,
including different Modules.

Building an Overhead Line (Direct Connection Style)

Add one Transmission Line Configuration component to the
page. The most straightforward method is to use the Electrical
Palette. See ‘Adding Components to a Project’ in Chapter 5 for
details.

i i (e L I - S I~ -I.-l\iﬁ g

T-Line Configuration

Next, edit the properties of the configuration component and ensure
that Termination Style | Direct Connection is selected.
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Transmission Line/Cable Configuration

] . Segmert Mame | TLine
Seg? M Steady-State Frequency |EU 0
Edit Defintian. .. Sty |100 i
Cut Chrl+ humber of Conductors | 3
Copy Chri+C Termination Style |pirect connection |

ok I Cance\| Help |

Edit the Properties of the Set Termination Style to
Transmission Line Configuration Direct Connection
component

When finished, you should have something similar to that shown
below on your project page:

T
Segment]

An Overhead Transmission Line (Remote Ends Method)

NOTE: The Transmission Line Configuration
component is sizable (very similar to a Wire
component) and may assume a variety of
shapes and sizes.

Editing the Line Main Parameters

The main properties of the overhead line may be adjusted directly
within the Transmission Line Configuration component. Simply right-
click over the component and select Edit Properties....

T Transmission Line Configuration @

s@m
- T Steady-State Freguency B0.0
Edit Definition. .,

Segment Length foon
Cut Crl Mumber of Conductors E
Copy Chrl4C Termination Style [Drect Comnection =]

Segment Cross-Section Exiit...

oK Cancel | Help |

Edit the Properties of
the Transmission Line
Configuration component

Transmission Line
Configuration Component
Properties Dialog
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The properties given in this dialog are common to all elements of
the transmission line. For information on these parameters, see
Transmission Line Configuration. To edit parameters specific to tow-
ers, conductors and ground, select the Edit... button. See ‘Editing
an Overhead Line Segment Cross-Section’ in this chapter for details.

CONSTRUCTING UNDERGROUND CABLE SYSTEMS

Unlike overhead lines, the Direct Connection method cannot be
used with cable systems. This leaves just the Remote Ends meth-
od, which involves a Cable Configuration component with two Cable
Interface components, representing the sending and receiving ends
of the cable. The purpose of the Interface components is to provide
connection of the cable to the greater electric network. An under-
ground cable system is illustrated below:

Cable Interface components
ielectrical connections to
rest of network)

geament S 1
=l
c
QE Segment @
- m— i —=

Cable Configuration
Component
(containg transmizsion
segment definftion)

Building an Underground Cable System

Add one Cable Configuration component and two Cable Interface
components to the page. The most straightforward method is to
use the Electrical Palette. See ‘Adding Components to a Project’ in
Chapter 5 for details.

— e g LMo |5 LRSS

Zable Configuration
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The Cable Configuration component and two Cable Interface com-
ponents are interlinked through input parameters. Ensure that the
following steps are taken:

1.

Segment Name: Ensure that the Segment Name inputs

in both the Cable Configuration component and two Cable
Interface components are identical.

Number of Cables: The Number of Cables parameter in the
Cable Interface components specifies how many individual
cables there are in the system. Each of these cables
however, could contain different numbers of conducting
layers, and so the total number of conductors is arbitrary
(this is why the Number of Conductors parameter is
disabled in the Cable Configuration component). The user is
required to specify the number of conducting layers for each
cable in the Cable Interface components. This data must
match what is defined within the Cable Segment Cross-
Section.

[cable_interface] Cable Interface (1 of 2)

CaRiET | =
?1

Hame (Same & Configuration) [Camet

Cj@ Humber of Cables 3 -
2

Cable 1 Electrical Connections: Cond & Sheat «
C3 Cable 2 Elecirical Connections [cona @ snest =]
jej %] This cable has one

Cable 3 Electrical Connections C,shth & 4rm = additional conducting

layer

Cable 4 Electrical Connections

Cable Interface Specifying Cable Set-up in Cable Interface

Component Parameters Dialog

NOTE: These components do not need to
be in proximity to one another. As long as
they are connected by name, each compo-
nent can be located anywhere in the Project,
including different Modules.

Editing the Cable Main Parameters

The main properties of the cable may be adjusted directly within the
Cable Configuration component. Simply right-click over the compo-
nent and select Edit Properties....
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o =1 Cable Configuration E

E:. = Segmert Name | Segment?

Seqr
Edit Definition. .. Segment Length | 1000

Mumber of Concuctars |

Cut Chrl+i
Copy Ctrl+c Termination Style | J
[o].4 Cancel | Help J
Edit the Properties of the Cable Cable Configuration
Configuration component Component Properties

Dialog

The properties given in this dialog are common to all elements

of the cable. For information on these parameters, see Cable
Configuration. To edit parameters specific to towers, conductors
and ground, select the Edit... button. See ‘Editing a Cable Segment
Cross-Section’ in this chapter for details.

THE T-LINE/CABLE PROPERTIES EDITOR

The T-Line/Cable Properties Editor is a graphical users interface
designed especially for defining transmission line and cable system
corridors. When invoked, this editor will appear overtop of the cur-
rent Design Editor window, and includes its own tab sections for easy
viewing of transmission system related files.

-~
T S Frequency Dependent (Phase) Model Options
Traz Te hiepokton: oy
gt g ek e Fiiting S@rteg Freque o o5
Came Fittng Erd Freqeeicy | 0ES
Sy Shak frequency [H): 500 Markn um Cockr of Fithg B1 vSage: 20
Barkntn ek ot F b tor Prep. Fiae: 20
Lerg haf Ure pon]: 1000 Mahn i Fitig Erior o vouge: 0.2
Mk tn FHfivc) Ereon b Prep. Fuac.: 02
Huniier afCerue ks 3
G2
by
1o
« c3
R
: 1o
JJI[“ Tome 11345
: Condichorschikar
H Gronn_alizs: 1 HEST 1anske |
' opl
. e
G ronnd Fes btk 1000 fhm m] Z
Relathe Groteel Pemeablil: 10 [Uats] G
Earth Petns Fomila: & aaktical S ination A
< >
L Editor Input | constarts |[E] Loy |E output |
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The main section is entitled Editor, and is usually the default section
view when the editor is invoked. The four remaining sections are for
viewing transmission system related files, after the project has been
built.

The T-Line/Cable Properties Editor can be accessed through either
the Transmission Line or Cable Configuration components. See
Editing a Transmission Line Configuration or Editing a Cable System
Configuration for more on invoking this editor.

Editing a Transmission Line Segment Cross-Section

To invoke the T-Line / Cable Properties Editor, right-click over the
Transmission Line Configuration component (without selecting it) and
select Edit Definition, as shown below:

=
T
Sean Edit Propertiss, ..
Cut Chrl+i
Copy ChrlC

Alternatively, right-click over the Transmission Line Configuration
component and select Edit Properties.... The editor can then be ac-
cessed from within the Configuration dialog window by pressing the
Edit... button, as shown below:

Seg?T Segment Neme Segmenti
Edit Defirition. .. ————" [ D—
Cut Chrl+s Mumber of Conductors 3
Copy Chrl4Z Termination Style Remots Ends -
Segment Cross-Section
oK | Cancel | Help |
Edit the Properties of Press the Edit Button

the Transmission Line
Configuration component
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In either case, the T-Line/Cable Configuration Editor will then open
overtop of the Design Editor. As shown below, the default view is the
Editor section, where the transmission line is graphically defined.

CEK

T T e Frequency Dependent (Phase) Model Options

TraslTine e pokton oy
e FItg Sy Fregeis: o3

Came FMHG Endl Frageacy §0Es
Rk i Sk 1ot F RN Bor vSge: 20
Marknun ek 1of F g B Prop. Fuc.: 20
Bzcmam F e Erion b esnge: 02
Rz Fthg Erortr Prep. Fric.: 02

£
I Editor Input |BEY Constarts | Log | output |

Grond Fes iy 1000 Bhm'm
Felathe Grond Pe meadlifts 1.0 k]
Earth Fetars Fomala: aabtcal Approain ation

By default, the Editor section will contain three graphical objects:

Line Model General Data: Located in the top-left corner,
this object simply displays what has been entered into the
corresponding Transmission Line Configuration dialog. This
object is for display only and cannot be edited from the T-
Line/Cable Configuration Editor.

Frequency Dependent (Phase) Model Options: This
component represents the transmission line model being
used, and by default is the Frequency Dependent (Phase)
model component. The properties of this component may
be edited by either a left double-click on the component

(or right-click and select Properties...) to bring up the
corresponding dialog window.

Entry of Ground Data: This component (called the Ground
Plane), usually located near the bottom of the Editor window,
represents the transmission line ground return path. The
properties of this component may be edited by either a left
double-click on the component (or right-click and select
Properties...) to bring up the corresponding dialog window.

A fourth object required is the definition of the transmission line
itself. This definition can be a geometrical cross-section of the
Transmission Line Tower Component (or towers), or can be a Manual
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Entry of Admittance/Impedance Data (Bergeron model only). In
either case, this is left for the user to add manually.

o L Jell [ v
" &
8 G1 ®G2 : 10
10 --end 02 15 T o
: , 10 ; 6 : @ .
: 5 G 4 5
‘g v wlg L S— - v
: 10 : 10
3-0 Tower: 3HS 3-0 Tower: 3L12
i Conductors: chukar . Conductars: chukar
Ground_Wires: 172"HighStrengthSteel Ground_Wires: 172"HighStrengthSteel
: 0 E 0
o - a -

Transmission Line Tower Components

Adding a Tower Component

Overhead Line Tower components can be added to the T-Line/Cable
Configuration Editor in one of two ways. The most straightforward
method is to use the right-click pop-up menu: In the Editor section of
the T-Line/Cable Configuration Editor, move the mouse pointer over
a blank area of the window. Right-click and select Add Tower. A
sub-menu will appear containing a list of all transmission line tower
components available in the Master Library. Select a tower and it will

be automatically added.

Add Tower

Additional Options

Sticky note

Annokation

Paste Chrl+
nda Chel+2
Redo Chrl+y
Refresh F&

Solve Constants
View Detailed Cutput. ..

Help F1

Page Settings. ..
Print

1.Line Constants 1 Conduckar Tower

2.Line Constants 2 Conduckor Flat Tower
onduckor Delta Tower

4 Line Constants 3 Conduckor Flat Tower k

5.Line Constants & Cond Concentric Tower

6.Line Constants & Cond Offset Tower

7.Line Constants & Cond Delta Tower

8.Line Constanks Manual Enkry of XY Positions

2.Line Constants & Cond Flat Tower

10,Line Conskants & Cond Yertical Tower

11.LinejCable Constants Manual Data Entry

12.Line Conskants 12 Conductor Yertical Tower
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You can also copy and paste tower components directly from the
Master Library. Open the Master Library in Circuit view and then
open the ‘Tlines’ module on the main page. Select an Overhead
Line Tower (at the bottom of the page), right-click on the component
and select Copy (or press Ctrl + C). Open the Editor section of the
T-Line/Cable Configuration Editor, right-click over a blank area and
select Paste (or press Ctrl + V).

When finished, you should have something similar to that shown
below in the Editor section of the T-Line/Cable Configuration Editor:

-
e R R e s Frequency Dependent (Fhase) Madel Options
Trawe ! Tine e polation: oy
Wame o Lire: TLire Cane Fitig St Freog s o3
une Fitheg Exd Freqeensys | 0B
Cleady Shak Frequency [Hz): 600 Mahmam ek 1ot F It for v
Rauim wm ik 1ot PRt B Prop. F
Lerg Fowt Lire (k. 100 01 Bacimum Ftig Error o vSge: 02
RMacmam Fritg Erorfor Prop, Fac,; 02
Mumber of Corduckns | 6
3:3 Tower: 3HS
H Corhcomchikar
1 Gromi Wies: 12 HR St it |
! a
3 -
Gronel Res BT 100.0 fhm ]
& Fe lathe G ronad Pemeablity 1.0 L]
Earth Retany Fonnlla:.-‘.nkﬂcal.ﬂ_a)mlnaﬂol %
v
< >
-5 Editor Input | Y Constarts |E] Log | Output |

NOTE: The graphical location of the tower
component does not affect the results. How-
ever, the tower (or towers) should be posi-
tioned to allow for ease in readability. That
is, directly on top of the Ground Plane.

Multiple towers may be added to a single configuration. Just remem-
ber to ensure that the conductors are numbered properly within each
of the tower components, and that the X positions of the new towers
in the corridor are adjusted. Also, any conductors added by the ad-
ditional towers must be reflected in the corresponding Transmission
Line Interface components (if in Remote Ends mode).
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Editing Tower Properties

Tower properties can be edited through the corresponding tower
properties dialog window. Right-click over the Overhead Line Tower
(without selecting it) and select Properties... to access this dialog.

Editing a Cable Segment Cross-Section

To invoke the T-Line / Cable Properties Editor, right-click over the
Cable Configuration component (without selecting it) and select Edit
Definition, as shown below:

=
T

Segn Edit Properties. ..

Cuk Chrl+2
Copy Chrl+C

Alternatively, right-click over the Cable Configuration component and
select Edit Properties.... The editor can then be accessed from
within the Configuration dialog window by pressing the Edit... button,
as shown below:

Cable Configuration E]
iz
Edit Definition. .. Steady-State Fraquency EO.0
Segment Length 1000
Cut Chrl+2

Mumber of Conductars

CDDV Chrle Termination Style ’—_|
Segment Cross-Section
oK ‘ Cancel ‘ Help ‘
Edit the Properties of the Press the Edit Button
Cable Configuration
component

In either case, the T-Line/Cable Configuration Editor will then open
overtop of the Design Editor. As shown below, the default view is the
Editor section, where the cable system is graphically defined.
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Lise Model General Data

Frequency Dependent (Phase) Model Options

Trae | Thie e poltcon: o
Cane Fittg Sharthg Freouenss o3

Cane Fitig End Frecency: 065
Mk win ok 1ot F It tor vSge: 20
Mahnwn <ok Fof F ity or Prop. Frac.: 20
Maxknam FitHeg Erordbr voage: 02
Kanknun FRttag Ener o Prop. Foc: 02

4

L Editor Input | B Constarts |E] Log | Outout |

Gronnd Res BTN 1000 Bhimm]
Fe bt Grondd Pemne sl 1.0 U]
Earth Fetars Formala: 2eaktical ."‘HJIU(III-mI

By default, the Editor section will contain three graphical objects:

Line Model General Data: Located in the top-left corner,
this object simply displays what has been entered into the
corresponding Cable Configuration dialog. This object is
for display only and cannot be edited from the T-Line/Cable
Configuration Editor.

Frequency Dependent (Phase) Model Options: This
component represents the transmission line model being
used, and by default is the Frequency Dependent (Phase)
model component. The properties of this component may
be edited by either a left double-click on the component

(or right-click and select Properties...) to bring up the
corresponding dialog window.

Entry of Ground Data: This component, usually located
near the bottom of the Editor window, represents the
transmission line ground return path. The properties of this
component may be edited by either a left double-click on the
component (or right-click and select Properties...) to bring
up the corresponding dialog window.

A fourth object required is the definition of the cable itself. This
definition is a geometrical cross-section of the cable called a Cable
Cross-Section. The user must add this manually.
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Cable Cross-Section Component

Adding a Cable Cross-Section Component

Cable Cross-Section components can be added to the T-Line/Cable
Configuration Editor in one of two ways. The most straightforward
method is to use the right-click pop-up menu: In the Editor sec-
tion of the Editor, move the mouse pointer over a blank area of the
window. Right-click and select Add Cable. A sub-menu will appear
containing a list of all cross-section components available in the
Master Library. Select a cross-section and it will be automatically
added.

Additional Optians

Sticky noke
Annatation

Paste ChrlHy
Unda Chi+Z
Redo Chrly
Refresh FS
Solve Constants

View Detailed Qutput, .,

Help F1

Page Settings...
Print
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You can also copy and paste cable cross-section components
directly from the Master Library. Open the Master Library in Circuit
view and then open the ‘Cables’ module on the main page. Select a
cross-section component (at the bottom of the page), right-click on
the component and select Copy (or press Ctrl + C). Open the Editor
section of the T-Line/Cable Configuration Editor, right-click over a
blank area and select Paste (or press Ctrl + V).

When finished, you should have something similar to that shown
below in the Editor section of the T-Line/Cable Configuration Editor:

S R e Frequency Dependent (Phase) Madel Options

Trawe | T Wk polaton: oy
Wame of Ure :S=gmeni| Cane Fithg Starthg Frege =
e Fitieg End Freg
Crrcker ot FItig tor vS
Rarknam C ok ot Fiting r Prop. Fuac.
il Lt el ol Macknam Fiflig Eror for vSge: 02 4]
Macmum Fithg Enorfr Prop. Fric. 02 [5]

Skady Shak Frequency [H2]: 510 Makn

Mumbier of Corducions | 3

Gronwdl Fes ety 100.0 phmm]
- Felate Groned Pemeablitg: 1.0 [alg]
4/ Earth Fetir Fomula: Saaltical Appronination A

£ | >
| % Editor Input |3 Constants | Log | Output |

NOTE: The location of the Cable Cross-
Section component does not affect the
results. However, the cross-section (or
cross-sections) should be positioned to allow
for ease in readability. That is, directly below
the Ground Plane.

Multiple cables may be added to a single configuration. Just remem-
ber to ensure that the conductors are numbered properly within each
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of the cross-section components, and that the X positions of the new
cross-sections in the corridor are adjusted. Also, any conductors
added by the additional cross-sections must be reflected in the cor-
responding Cable Interface components.

Editing Cross-Section Properties

Cable cross-section properties can be edited through the corre-
sponding cross-section properties dialog window. Right-click over
the cross-section component (without selecting it) and select Edit
Parameters... to access this dialog.

Selecting the Proper Line Model

There are three types of distributed (i.e. travelling wave) transmis-
sion models that may be selected to represent your transmission
corridor: The Bergeron model, the Frequency-Dependent (Mode)
model, and the Frequency-Dependent (Phase) model. These mod-
els exist as components in the Master Library, and each include ad-
justable properties. The requirements for your study will determine
which of the three models is suitable.

Bergeron Model Options

Travel Time Interpolation: ©n
Reflectionless Line e Infinite Length): Mo

Frequency Dependent (Phase) Model Options

Travel Time Interpolation:

Curee Fitting Starting Frequency:

Curve Fitting End Frequency:

Maximurm Order of Fitting for YSurge:
Maximum Qrder of Fitting for Prop. Func.:
Maximurm Fitting Error for YSurge:
Maximum Fitting Error for Prop. Func.:

on

0.5 [Ha]
1.0EE [Hal
20

20

2 [%]

2 [%]

Frequency Dependent (Mode) Model Options

Travel Time Interpolation:

Curve Fitting Starting Frequency:

Curve Fitting End Freguency:

Maximurm Order of Fitting for Z5urge:
Maximum Qrder of Fitting for Prop. Func.:
Maximurmn Fitting Error for Z5urge:
Maximum Fitting Errar for Prop. Func.:

on
0.5 [Ha]
1.0E6 [Hz]
20

20

2 [%)]

2 [%)]
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The Bergeron Model

The Bergeron model represents the L and C elements of a Pl sec-
tion in a distributed manner (not using lumped parameters like PI
sections). It is accurate at the specified frequency and is suitable for
studies where the specified frequency load-flow is most important
(e.g. relay studies).

When using the Bergeron model, it is not always necessary to use a
tower component to represent a transmission line. If you are model-
ing a three-phase system, then you can enter the line data, in admit-
tance or impedance format, directly by substituting the Manual Entry
of Y, Z component.

Manual Entry of ¥ ,Z

+ve Sequence R: B861e-7 [puim]
+ve Sequence XL 851e-6 [puim]
+ve Seguence XC: 57186 [putn)
0 Sequence R. .7175e-6 [puim]
0 Sequence XL .251e-5 [puim]
0 Sequence XC: 793eb [pu*m]

This component can be added just as you were adding a tower
component. Keep in mind that this component substitutes for the
tower component, and you still need the Bergeron model present in
your transmission line configuration.

The Frequency-Dependent (Mode) Model

The Frequency-Dependent (Mode) model represents the frequency
dependence of all parameters (not just at the specified frequency

as in the Bergeron model). This model uses modal techniques to
solve the line constants and assumes a constant transformation. It is
therefore only accurate for systems of ideally transposed conductors
(or two conductor horizontal configurations) or single conductors.

The Frequency-Dependent (Phase) Model

The Frequency-Dependent (Phase) model also represents the
frequency dependence of all parameters as in the ‘Mode’ model
above. However, the Frequency Dependent (Phase) model circum-
vents the constant transformation problem by direct formulation in
the phase domain. It is therefore accurate for all transmission con-
figurations, including unbalanced line geometry.
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The Frequency-Dependent (Phase) model should always be the
model of choice, unless another model is chosen for a specific
reason. This model is the most advanced and accurate time domain
line model in the world!

Adding a Line Model

Line model components can be added to the T-Line/Cable
Configuration Editor in one of two ways. The most straightforward
method is to use the right-click pop-up menu: In the Editor sec-

tion of the Editor, move the mouse pointer over a blank area of the
window. Right-click and select Choose Model. A sub-menu will ap-
pear containing a list of all model components available in the Master
Library. Select a model and it will be automatically added.

1 Frequency Dependent (Made) Model
2 Frequency Dependent (Phase) Madel

3.Bergeran Model k

Sticky note
Annotation

Paste Chry
Undo Chr+Z
Redo Chry

Refresh FS

Solve Constants
views Detailed Cukput, .,

Help F1

Page Settings. ..
Print:

NOTE: The line configuration cannot contain
more than one model component. This menu
item will be disabled if a model already exists
in the Editor.

You can also copy and paste model components directly from the
Master Library. Open the Master Library in Circuit view and then
open either the ‘TLines’ module or the ‘Cables’ module on the main
page. Select a line model component (middle of the page), right-
click on the component and select Copy (or press Ctrl + C). Open
the Editor section of the T-Line/Cable Configuration Editor, right-click
over a blank area and select Paste (or press Ctrl + V).

Editing Line Model Parameters

Line model properties can be edited through the corresponding
model properties dialog window. Right-click over the line model
component (without selecting it) and select Edit Parameters... to
access this dialog.
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LINE CONSTANTS FILES

Whenever a project containing a transmission line or a cable system
is compiled (or the line constants are solved manually), text files
involved in the calculation of the line constants are created. PSCAD
uses information extracted from the various components involved
with the transmission system, and constructs a line constants in-
put (*.tli) file. This file is then used as input by the T-Line/Cable
Constants program - a separate executable supplied with your
PSCAD software.

Depending on the transmission system (i.e. overhead line or un-
derground cable) and the actual line model used, the T-Line/Cable
Constants program creates up to three main output files. These are:

+ Constants File (*.tlo/*.clo)
* Log File (*.log)
*  OQutput File (*.out)

These files are located in the project temporary (*.emt) directory
and can may be viewed directly from within the The T-Line/Cable
Properties Editor.

Solving the T-Line/Cable Constants Manually
To manually solve a specific transmission line or cable segment in
your project, first open the The T-Line/Cable Properties Editor.

Right-click over a blank area of the Editor page and select Solve
Constants.

Add Tower 3
Additional Options

Sticky note
Annaotation

Paste Chrl+y
Unda Chr+Z
Redo Chrly
Refresh F5

So ol
Wiew Detailed Oubput, ..
Help F1

Page Sethings. ..
Prink
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Viewing Line Constants Files

There are a few files involved with the T-Line/Cable Constants
program. These are the Input, Constants, Log and Output files. To
view any of these files, first execute the T-Line/Cable Constants
program. Then, simply click the corresponding tab in the T-Line
Properties Editor tab bar, located near the bottom of the Design
Editor window.

"L Editor Input |[E=Y Constarts | Log | output |

The tab window viewers specified in this bar correspond as follows:

e Editor: T-Line (or Cable) Properties Editor
e Input: Input (*.tli/*.cli) File

¢ Constants: Constants (*.tlo/*.clo) File

e Log: Log (*.log) File

¢ Output: Output (*.out) File

Input (*.tli/*.cli) File

The line constants input file is automatically constructed by PSCAD
when the project is compiled, or when the line constants are solved
manually (see Solving the T-Line/Cable Constants Manually).

This file, which has extension *.ili, is used as an input file to the
T-Line/Cable Constants program, which loop reads through the file,
controlled by key statements. It is for this reason that the Input file
cannot be manually adjusted. All quantities specified in this file be-
come global variables within the T-Line/Cable Constants program.

The file is pieced together using information taken from:

1. Configuration Component: Depending on whether you are
modeling a transmission line or a cable corridor, the first part
of this file is composed of parameters taken directly from the
Transmission Line or Cable Configuration component, as
shown below for a transmission line:

Line Summary:
{
Line Name = FLAT230
Line Length = 100.0
Steady State Frequency = 60.0
Number of Conductors = 3
)
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2. Tower or Cross Section Component: Important
parameters, such as conductor data and ground data,
dimensions, etc. are extracted from the Model-Data
segments of whatever t-line tower or cable cross-section
components exist in the T-Line/Cable Configuration
Editor. These are placed in the input file as well and
represent the bulk of the file:

Line Constants Tower:
{
Name = H-Frame-3H4
Circuit =1
{
Transposed = 0
Conductors = 3
Conductor Phase Information = 1 2 3
Radius = 0.0203454
DCResistance = 0.03206
ShuntConductance = 1.0e-011
Pl = -10.0 30.0
P2 = 0.0 30.0
P3 = 10.0 30.0
Sag = 10.0
Sub-ConductorsPerBundle = 2
{
BundleSpacing = 0.4572
}
}
GroundWires = 2
{
Eliminate Ground Wires = 1
Radius = 0.0055245
DCResistance = 2.8645

Pl = -5.0 35.0
P2 = 5.0 35.0
Sag = 10.0

}

}

Line Constants Ground Data:
{
GroundResistivity = 100.0
GroundPermeability = 1.0
EarthImpedanceFormula = 0
)
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3. Model Component. Some important information will appear
in the input file from whatever model is being used. In this
case, it is the Frequency Dependent (Phase) model:

Frequency Dep. (Phase) Model Options:
{
Interpolate Travel Times = 1
Infinite Line Length = 0
Curve Fitting Start Frequency = 0.5
Curve Fitting End Frequency = 1000000.0
Maximum # of Poles for Surge Admittance Fit = 20
Maximum # of Poles for Attenuation Constant Fit = 20
Maximum Fitting Error (%) for Surge Admittance = 0.2
Maximum Fitting Error (%) for Attenuation Constant =
Weighting Factor 1 = 100.0
Weighting Factor 2 = 1000.0
Weighting Factor 3 = 1.0
Write Detailed Output Files = 0
1

2.0

Constants (*.tlo/*.clo) File

The constants file is a T-Line/Cable Constants program output file,
which is used as an input file for EMTDC. This file contains all the
information necessary for EMTDC to represent the transmission
system in the time domain, and is for the most part, of no concern to
the user.

Log (*.log) File
The log file is a collection of messages sequentially output by the T-
Line/Cable Constants program while it runs it's course.

This is an important file when initially debugging and tuning a trans-
mission line or cable segment. It is recommended that the user scan
through this file to ensure that no problems occurred while the line
constants were being solved.

Output File

Output files are created by the T-Line/Cable Constants program and
are used to display important transmission system data in a conve-
nient format for the user. This can include impedance and admit-
tance matrix information, sequence data and travel times.

The format of the output file will change slightly depending on the
model used. See the Additional Options component for details on
formatting data in this file.
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Phase Data

The phase data section displays relevant line parameters at a spe-
cific frequency, where all quantities are in the phase domain. The
term ‘phase domain’ refers to quantities that have not been trans-
formed into the modal domain. Phase data represents the ‘real life’
characteristics of the line.

Series Impedance Matrix (Z):

This data represents the system series impedance matrix Z per-unit
length (Q/m). The diagonal terms represent the self impedances of
each conductor, whereas the off-diagonals are the mutual impedanc-
es between the respective conductors. The dimension of the matrix
depends on the final number of equivalent conductors/ground wires
in the system N:

Ly Ly Zin
g i z

7|7 ?2 2 [Q,n’m]
Tt Zuz v Zaw

Series Impedance Matrix

All elements in this matrix are complex and are given in Cartesian
format:

H..J,Xr'j% er =Hrj +_|'er

The positions of elements in this matrix are dependent on the man-
ner in which the conductors/ground wires have been numbered. The
type of ideal transposition that has been selected will also affect this
matrix.

Shunt Admittance Matrix (Y):

This data represents the system shunt admittance matrix Y per-unit
length (S/m). The diagonal terms represent the self admittances of
each conductor, whereas the off-diagonals are the mutual admittanc-
es between the respective conductors. The dimension of the matrix
depends on the final number of equivalent conductors/ground wires
in the system N:
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Shunt Admittance Matrix

All elements in this matrix are complex and are given in Cartesian
format:

G 85— Vg =Gy +] 8

The positions of elements in this matrix are dependent on the man-
ner in which the conductors/ground wires have been numbered. The
type of ideal transposition that has been selected will also affect this
matrix.

Long-Line Corrected Series Impedance Matrix (ZLL):

This data represents the long-line corrected, series impedance
matrix Z (Q). This matrix is the impedance of the entire line length,
where all quantities have been passed through a correction algorithm
to account for the electrical effects of long line distances.

The long-line corrected quantities have a specific use: They should
be used whenever a single Pl-section equivalent is being derived
to represent the entire line length at a specific frequency. This data
should not be used to define time domain traveling wave models.

Long-Line Corrected Shunt Admittance Matrix (YLL):

This data represents the long-line corrected, shunt admittance matrix
Y (S). This matrix is the admittance of the entire line length, where
all quantities have been passed through a correction algorithm to ac-
count for the electrical effects of long line distances.

The long-line corrected quantities have a specific use: They should
be used whenever a single Pl-section equivalent is being derived
to represent the entire line length at a specific frequency. This data
should not be used to define time domain traveling wave models.

Sequence Data
The sequence data section displays relevant line parameters at a
specific frequency, where all quantities are sequence quantities. The

PSCAD User’s Guide 349




Chapter 8:

Transmission Lines and Cables

350

sequence data is calculated directly, through the use of a sequence
transform matrix T:

Pl

243

59 2
b L LI S ]
2 -0+ j5 1= 43

Transformation Matrix

Sequence Impedance Matrix (Zsq):

This data represents the system sequence impedance matrix qu
per-unit length (Q/m). Z_ is derived directly from the series imped-
ance matrix Z and the sequence transform matrix T (both described
above) as follows:

e A

If all 3-phase circuits in the Z matrix are ideally transposed, then the
sequence impedance matrix qu will be a diagonal matrix, where
the diagonal terms are the equivalent zero, positive and negative
sequence components.

For a single 3-phase, ideally transposed circuit, the sequence imped-
ance matrix appears as follows:

Zo
Z,=|0
0

Sequence Impedance Matrix (Single, Balanced 3-Phase Circuit)

S Y
Moo o

In the case of two, ideally transposed 3-phase circuits, the sequence
impedance matrix will appear as shown below:

Foe 0O 0 Z4 O
0z, 0 0 @
]

, .| ° 6i iy =0
LU O N T
8 8 0 g iEis
0 0 0 ] 0 7

o
[
o
[
Q

Sequence Impedance Matrix (Two, Balanced 3-Phase Circuits)
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Where,
Tl Zero sequence impedance of the nth circuit [Q/m]
Pl Positive sequence impedance of the nth circuit [Q/m]
Flas Negative sequence impedance of the nth circuit [Q/m]
i Zero sequence mutual impedance [Q/m]

Sequence data, of course, only makes sense when 3-phase circuits
are considered. The format of this matrix depends heavily on the
manner in which the individual circuits in the system are transposed
(if at all). For example, if a double-circuit line is transposed so that
all six conductors are included in the transposition, a sequence ma-
trix will not be provided.

The positions of elements in this matrix are dependent on the man-
ner in which the conductors/ground wires have been numbered. The
type of ideal transposition that has been selected will also affect this
matrix.

Sequence Admittance Matrix (Ysq):

This data represents the system sequence admittance matrix Y
per-unit length (S/m). qu is derived directly from the shunt admit-
tance matrix Y and the sequence transform matrix T (both described
above) as follows:

—i
¥ =R T

The same concepts described for the sequence impedance matrix
qu, apply to qu.

Load Flow RXB Formatted Data

This data is simply the data given in the Sequence Data section, but
reformatted for easy reading. The following diagram shows from
where the data is taken:
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Fern Sequence
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Sequence Admittance and Sequence Impedance Matrices
(Two, Balanced 3-Phase Circuits)

DETAILED OUTPUT VIEWER

The Detailed Output Viewer utility provides a visual environment for
the plotting of detailed output data from the PSCAD Line Constants
Program (LCP). Detailed output refers line constants internal quanti-
ties plotted with respect to frequency, and hence is only available

for the Frequency Dependent (Phase) and Frequency Dependent
(Mode) models.

The Detailed Output Viewer allows for viewing of complete matri-
ces and vectors, so that any element of any output matrix can be
plotted. Some of the data available for plotting is as follows:

»  Series Impedance

*  Shunt Admittance

» Eigenvectors/Eigenvalues
»  Curve Fitting Output

The plotting tools used in the environment are based on the same
used in PSCAD, including features, such as Markers, Zoom and
Cross-Hairs. Data may be written to file or copied to the clipboard
just as it can be in the PSCAD Online Plotting Tools.
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The detailed output data files are written as columnar formatted
ASCII text files, which are placed to the Project Temporary Directory
when the line constants are solved.

Creating Detailed Output

Before any detailed output can be viewed, the transmission line

or cable system must be solved by either using the Frequency
Dependent (Phase) or Frequency Dependent (Mode) model. Note
that in either case, the input parameter Output Detailed Output
Files? must be selected as Yes before the constants are solved.

Outpt Detailed Output Files?
" Mo

r:ve&

For more on solving the constants, see Solving the T-Line/Cable
Constants Manually.

Invoking the Detailed Output Viewer

The Detailed Output Viewer can be opened from within The T-Line/
Cable Properties Editor only. Once in the Editor, right-click on a
blank part of the Editor canvas and select View Detailed Output...
from the menu.

Add Tower 3

Additional Opkions

Sticky noke

Annaotation

Undo Chrl+2
Redo Chrl+y
Refresh FS

Solve Constants

Yiew Detalled Cutput,,.

Help F1

Page Settings...
Prink

Note that either the Frequency Dependent (Phase) or Frequency
Dependent (Mode) model must be present in the Editor. Detailed
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output is not available for the Bergeron model, as this model solves
at only one frequency. See the Output (*.out) File for more on view-
ing Bergeron model output.

The Viewer Environment
The following sections provide q quick overview of the main parts of
the Detailed Output Viewer utility.

Spreadsheet Data Viewer

The Detailed Output viewer main page is essentially a navigatable,
spreadsheet-like viewer, which is opened as a separate window
within the PSCAD environment when the viewer in invoked.

¥ LCP Detailed Output Viewer - [FLATZ230]

lngif) | f [Hz] ) (1,2} (1,3) A
-0.30103000 0.50000000 0,99772927 0.12185723E-03 0.12185723E-03
-0,23801970 0.578069583 0,99765168 0.14642391E-03 0.14642391E-03
-0,17500940 0.66832945 0,99756832 0.17624187E-03 0.17624187E-03
-0,11199310 0772658219 0,99747952 0,21225230E-03 0,21225230E-03
-0,45985736E-01 0,89332853 0,99738659 0,25562709E-03 0,25562709E-03
0.14021504E-01 1.0328125 0,99729034 0,30746900E-03 0,30746900E-03
0.77031504E-01 1.1940755 0.99719104 0,36911083E-03 0,36911083E-03
0.14004210 1,3805151 0,99703994 0.44196427E-03 0.44196427E-03
0,20305240 1.5960717 0,99593501 0.52755001E-03 0.52755001E-03
0. 26606270 1.8452818 0,99638620 0.62750091E-03 0.62750091E-03
0,32907300 2.1334035 0,99678541 0.74357109E-03 0.74357109E-03
0,39205330 2.4665124 0,996683633 0.87765408E-03 0.587765405E-03
0.45509360 2.8516328 0,99658935 0.10318137E-02 0.10318137E-02
0.51510390 3.2968355 0,99549449 0,12083299E-02 0,12083299E-02
N.5A111420 3.A11AANG N.99A4M 19 M. 14N97539F-N= M. 14N97599F-N A7
< >
E—“iq <FLAT230> - Detailed Output |

Each column in the spreadsheet represents an individual quantity
(usually a single matrix of vector element) and each row of data rep-
resents a calculation at a particular frequency.

Column Organization
Depending on the output parameter being viewed, the data may exist
as either matrix or array, or whether curve fitting results are included.

Matrix:

bgfd | fmred | o¢n1y | emey | cn3y | ¢ziy | (2 ete...

Matrix parameters, such as the Series Impedance matrix (Z), are
listed in order from left-to-right and top-to-bottom. The column head-
ers are labelled in (row,column) format.
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Array:

log(F} | foreg | ocry | ey | oty | ete...

Array quantities are simply listed in order.

Calculated/Fitted Quantities:

logf} | e | o¢ae | ¢ | gee | e | gz | (3¥etc...

When curve fitting results are included, the calculated and fitted
quantities are staggered, as indicated by the ‘C’ and ‘F’ respectively.

Switching between Spreadsheets

Only one parameter may be viewed at a time in spreadsheet

form. To switch to another available parameter, click on the param-
eter selection drop list in the Detailed Output Toolbar:

i 2nul.

Phasze Attenu. Constant Magnitudes
Phaze Attenu. Constant Phase Angles
Phasze Char. Adm. Matriz Magnitudes

Shunt &chm. Matrix % Magnitudes
Shurt Adm. Matriz Y Phase Angles
Y Z Eigenvalue Magnitudes

% Z Eigenvalue Phase Angles

Y £ Eigenvector Matrix Magniudes
' Z Eigenvector hatrix Phase Angles

Copying Data Rows

One or more rows of data may be copied to the Windows
clipboard. Simply click on a single row, or hold down the Ctrl key
and select multiple rows. Right-click on the selection and select

Copy.

logtf) f [He] | (1,13 | i
0.50000000

104

1. 1 0
0.14004210 13305181 0,99703994
0, 1,55

[ p————a 0 ]
051810390 3.296885§ 0.99649449

noEerrraon 2 et rsena noAnsantin
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Detailed Output Toolbar
The Detailed Output Viewer is accompanied by its own toolbar:

e = | |F‘hase Afteru, Conzstart Magnitudes j 7

The individual toolbar buttons are listed below with a short descrip-

tion:
Button Description
] View only curves from presently viewed
spreadsheet
ez View all curves at once
T X-axis settings (i.e. plot vs. frequency or
log(f))

Prase attenu. Constant ~|  Drop list to select data viewed in spreadsheet

T Access help

Curve Viewer

The Curve Viewer is a simple utility used for viewing the line con-
stants detailed output data graphically. The utility uses the same
online plotting facilities that are provided in the main PSCAD en-
vironment, tailored to this specific use. There are two Curve View
utilities: View Single Graph and View All Graphs.

NOTE: For detailed information on using
these plotting tools, see Online Plotting.

Invoking the Curve Viewer
To invoke the Curve Viewers, press either the View Single Graph or
View All Graphs button in the Detailed Output toolbar:

Wi All
Graphs

I~ = v |Phase Attenu. Constant Magnitudes j ®

YWiew Single
Graph
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This will bring up the Curve Viewer as a floating window, as shown
below for the Single Graph Viewer:

¥ View Single Curve - [TLine1] =15

- -7 -3 b

Series Impedance Matrix Z Phase Angle
2

loa(ty oo 10 20 30 40 50 60

When viewing matrix quantities like the Series Impedance (Z) above,
only the diagonal elements of the matrix are initially enabled. This is
mainly to reduce the number of possible Traces.

Element Identification

The Curve Viewer makes use of the multi-trace Curve feature avail-
able in the PSCAD online plotting tools, in order to allow plotting of
2-dimensional parameters, such as matrices. For example, if plot-
ting a 3x3 matrix, such as the Y or Z matrix magnitudes, the matrix
elements are organized according to Curve and Trace, where each
multi-trace Curve represents an entire matrix column, and the re-
spective Traces represent the elements of that column.

Matriz Matriz Matrix
Colurnn 1 Colurn 2 Colurn 3

- -2 -3
Trace | & | % [B | M

- ® || —

-3 Q| X|—

Raws in =5 o=

Calumn 1
A 3x3 Matrix

In the diagram above, the column 1 Curve has been expanded

to reveal the three Traces representing the 3-elements of the
column. That is, elements (1,1), (2,1) and (3,1). For more on multi-
trace Curves, see Curves and Traces.
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Array items, such as the eigenvalue array, are organized such that
all elements are included within a single Curve. For example, the
magnitudes of a 3-element array would appear as follows:

= hiag,
Trace & % B |
- Q|| —

-3 O
All Array 7

Elements -8 ||©

A 3-Element Array
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Chapter 9:

Designing Components

One of the features that makes PSCAD such a powerful simulation
tool is its allowance for the design of custom models. Users can de-
velop models from the very simple, to the very complex, limited only
by their skills and knowledge of the subject.

In order for a custom model to be included in either the System
Dynamics or the Electric Network Solution in EMTDC, the model
must first be added as a component in PSCAD. Components act as
a graphical representation of models, allowing the user to supply in-
put parameters, perform pre-calculations on input data, and change
the component appearance.

This topic discusses the various features and tools available to the
user for the design of custom components in PSCAD. The informa-
tion here is closely linked with the following topic entitled PSCAD
Script. It is suggested that you become familiar with both chapters
before proceeding with your component design.

The last section of this topic includes a tutorial called Creating a New
Component, which goes through many of the features described
below.

NOTE: See ‘Creating a New Component or
Module’ in Chapter 5 for details on creat-
ing a new component or module, using the
Component Wizard.

THE DESIGN EDITOR

In PSCAD V2, user components were designed and edited by way
of a text file. In PSCAD V3, component design was accomplished
by using a utility entitled the Component Workshop (or CWS). The
Component Workshop was invoked by editing the Component
Definition and contained different sections for the design of graph-
ics, dialog windows and code sections. In PSCAD V4, components
are designed in a very similar fashion to V3, but without the use of

PSCAD User’s Guide

359



360

Chapter 9: Designing Components

the Component Workshop as a separate utility. Now, the user can
conveniently edit Component Definitions directly within the Design
Editor.

The Design Editor includes a tab bar at the bottom of its win-
dow, which includes tabs for the convenient access of information
pertinent to the project at hand. Three of the tabs represent the
three main sections of the Component Definition, and will become
enabled when the user decides to edit a particular Component
Definition. These are:

»  Graphic
e Parameters
»  Script

EDITING A COMPONENT OR MODULE DEFINITION

To edit the definition of any component or module (i.e. enable

the relevant tabs), right-click over the component and select Edit
Definition... from the pop-up menu. As an alternative, press Ctrl +
double left click, while the mouse pointer is over the component.

Edit Parameters...

View Properties, .,

Cut Chrl+i
Copy Chrl+C
Rotate Left L
Fotate Right R
Rotate 150

Mirror M

Flip F:

Eting b Fronk
Send to Back

Input/Output Reference 3

Copy as Meta-Fils
Copy as Bitmap

Help... F1
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NOTE: You cannot edit the definition of
Master Library components, unless you
rename the ‘master.psl’ file.

RETURNING TO CIRCUIT VIEW

To exit any section of the Component Definition, click the Return to

Circuit View button in the toolbar corresponding to that

section. For

example, use the Graphic Palette while in the Graphic section. While
in the Graphic section only, pressing the Backspace key will also

exit back to Circuit view.

Elms&a~ 1o ~ AN M- [ozpt]~|[—]~

THE GRAPHIC SECTION

| Transparert | -

The component graphic is important as it represents your model

visually to you and other users in PSCAD. The Graphic
tion is the design environment, in which component Gra

sec-
phic

Objects, Text Labels and Connections can be added, removed and
manipulated. Also, the general appearance and functionality of the

component can be altered according to specified conditi
ments.

onal state-

The Graphic canvas is always the default window to open upon
entering the Component Definition for editing. If you are not sure
where you are in the Design Editor, simply look at the horizontal tab
bar at the bottom of the Design Editor window for clarification. If the
Graphic section is enabled, then the tab bar should appear as below:

T Circu :|:|: Graphic |=] Parameters |_'—J Script |

Navigating and Zooming

There are many navigational features available to help you efficiently

navigate about the Graphic canvas.
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Scroll Bars

Standard vertical and horizontal scroll bars are available in all Design
Editor windows. These are located at the right-most and bottom-
most edges of the open window respectively.

e

Arrow Keys
You can use the arrow buttons on your keyboard to scroll both hori-
zontally and vertically while in the Graphics section.

Panning (Dynamic Scroll) Mode

The panning or dynamic scroll feature allows you to scroll through
the Graphic section in a fluid motion. You can invoke panning mode
by one of the following methods:

* On a blank portion of the page, press the Ctrl and Shift
keys, then click and hold the left mouse button (Ctrl + Shift
+ left mouse hold). Moving the mouse will then allow
panning through the page.

* Press the Pan button in the Main Toolbar to invoke panning
mode. To indicate that you are in panning mode, the mouse
pointer will change into a hand shape, as shown to the
right. Press Esc to cancel Pan Mode.

Zooming
Zoom features are available when working in the Graphic
section. There are a few different methods for zooming available:

*  From the Main Menu, select View | Zoom. You then
have a choice to select either In, Out or a specified zoom
percentage.

¢ From the Main Toolbar, select either the Zoom In or Zoom
Out buttons, or select a percentage zoom directly from the
Zoom In/Out drop down list.

* Right-click on a blank part of the page and select Zoom In or
Zoom Out.
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Set Lavers

Garaphic Filkers 3
Mew &raphic 3
Paste Chrl+y

Zoom Cuk (-} g

Reload Graphics

Page Size 4
Prinkt Page
Prink Presview Page

Graphic Objects
There are several types of graphic objects available to help design a
visually appealing component. These include:

o VaArc

« Y2Arc

+  Ellipse O — [
* Line

* Rectangle

Object properties, such as colour, fill and size can be changed to
suit the component graphical needs. A good graphical design can
enhance user understanding of the purpose of the component and
what its primary function is.

Adding Graphic Objects
To add a graphic object to your component definition, the most
straightforward method is to use the Graphic Palette:

%Y SN0 N AN M- [0z -/ [—] - [Tansparen ] ~
ew Rectangle
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Another method is to use the right-click menu: Move the mouse
pointer over a blank area of the Graphic window. Right-click and
select New Graphic.

Set Lavers
Lavers 3
araphic Filkers 3
Mew Graphic 114 Arc
112 Arc
Conneckion
Ellipse
Paste Chrl+y ;
Ling
Undao ChkrHZ
Text !
Zoom In (+)
Zoom Ok (-1

Reload araphics

FPage Size 4
Frink Page
Prink Preview Page

Depending on the object selected, a new object should appear at-
tached to your mouse pointer. With your mouse, move the object to
the desired location within the Design Window and left-click to place
the object.

Rotate, Flip, Mirror and Resize Graphic Objects

Graphic objects can be rotated, flipped, mirrored or resized once
they have been placed in the Graphic window. To resize, left-click on
the object so that Grips appear.

Place the mouse pointer over a selected Grip, press and hold the left
mouse button, and move the mouse. Note that the corner Grips will
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allow resizing in both directions, while the mid-point grips will only
allow movement in either the horizontal or vertical directions.

Rotate, flip or mirror can be accomplished in one of three ways. The
first is to use the speed buttons on the Rotation Bar.

A £

If you cannot see this toolbar, go to the Main Menu bar and select
View | Rotation Bar. Select the object with a left-click of your
mouse. Then, click one of the four buttons shown above.

You can also use the right-click pop-up menus: Right-click over the
object and select Rotate. Choose one of the options given.

Properties., .,

Cut Chrl+

Copy Chrl+C

Rotate Left 90 Degrees  Chrl+L k
Bring to Front Right 90 Degrees Chrl+R
Send to Back 1580 Deqgrees

Copy as Meta-File Mirror Chrl+M
Copy as Bitmap Flip Chrl+F

Print Selection
Prink Prewiew Seleckion

Help F1

As an alternative to the right-click menu and toolbar, you can also

use keyboard shortcuts Ctrl + r, Ctrl + f and Ctrl + m (or simply r,
f and m) for rotate, flip and mirror respectively. Make sure that the
mouse pointer is over top of the object before using these keys. If
you select the object first, then the object will rotate, flip and mirror
centred on the object itself.

Changing Graphic Object Properties

Graphic Object properties (except the Arc) can be adjusted through
the Format Graphic Object dialog window. To change the object
properties, either left double-click or right-click over the object and
select Properties....
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X

Format Graphic Object

Line Box & Ellipse

Color Fill ITransparerrt| -

-v

0.2 pt -

Wizight

Style

“igiblility Condition;

— -

Cannection

|true

]

j |<nochange> j

Cancel |

Help

As shown above, graphical features, such as styles and colours, can
be adjusted.

Line:

» Colour: Select the down arrow to bring up the colour
palette shown below. Left-click on a colour button to change
the colour of the object line. If the object is a Rectangle
or Ellipse, this will change the border colour. If By Node
Type is selected, the type of node to which the object is
associated with will determine the line colour. See the
Connection input below for more details.

HEEN
HEEEN
N N EN
BN

*  Weight: Select the down arrow to bring up the line weight
palette shown below. Left-click on a weight button to change
the weight or thickness of the object line. If the objectis a
Rectangle or Ellipse, this will change the border weight. If
By Node Type is selected, the type of node to which the
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object is associated with will determine the line weight. See

the Connection input below for more details.

0.2 pt

0.4 pt

0E pt
0.5 pt e——
1.0 ot —
1.2 pt E———
1.4 pt E——

By ModeTyvpe

Style: Select the down arrow to bring up the line style
palette shown below. Left-click on a style button to change
the style of the object line. If the object is a Rectangle or
Ellipse, this will change the border style. If By Node Type is
selected, the type of node to which the object is associated
with will determine the line style. See the Connection input
below for more details.

Box & Ellipse:

By Mode Type

Fill: Select the down arrow to bring up the fill palette shown
below. With the mouse pointer over either the Solid Fill or

BDiagonal buttons, left click the down arrow to bring up the
respective sub-palettes shown below. This input is disabled

for Line objects!
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HEENEN
Transparent 7z = —_—
TLLIE EEE S
clcill - Foreground: Backoround:
|
EDiagonal [/ E —_— LTI
Fill Palette Solid Fill Sub- BDiagonal Sub-Palette

Palette
Other:

« Visibility Condition: Enter a conditional statement to
determine under what input conditions the object is to be
visible. See ‘Conditional Statements, Layers & Filters’ in this
chapter for more details.

* Connection: Enter the name of a Connection to which
this object is to be associated. This input is used to
associate graphical properties, such as colour, thickness
and style, with a particular type of Connection, to which it is
connected. For example, if the node indicated in this field
happens to be a single-line, electrical node (i.e. dimension of
3), then the line weight will become greater when the project
is compiled. This method is used extensively in the Master
Library models.

In addition to the Format Graphic Object dialog, you can change the
line/border colour, weight and style, as well as fill properties directly
from the Graphic Palette. First, select the object with a left-click
(Grips appear). Then adjust any of the above properties by using the
appropriate buttons.

- ||| 02pt |« |—| =| | Tranzparert | «

Changing Arc Object Properties

The Arc is a special type of graphical object. Arc object properties
can be adjusted through the Format Arc dialog window. To change
the Arc properties: Right-click over the Arc object (without selecting
it) and select Properties....
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Format Arc @
Line: Angle (cow rotation]
coour | - Start angle 380
weight [ oz pt - Swweep length | -180
Style !_ | =
Wiziblility Condtion: Caonnection
[true = ne |
(a4 | Cancel | Help |

As shown above, graphical features, such as styles and colours, can
be adjusted.

Line:

Colour: Select the down arrow to bring up the colour palette
shown below. Left-click on a Colour button to change the
colour of the arc line. If By Node Type is selected, the type
of node to which the arc is associated with will determine the
line colour. See the Connection input below for more details.

HEEN
HE NN
mE § N

NN A

NOTE: For convenience, there is a quarter
arc and half arc available in the Graphic
Palette and the right-click menu.

Weight: Select the down arrow to bring up the line weight
palette shown below. Left-click on a weight button to change
the weight or thickness of the arc line. If By Node Type is
selected, the type of node to which the arc is associated with
will determine the line weight. See the Connection input
below for more details.
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0.2 pt

0.4 pt
0 pt
05 ot e—
10 ot —
1.2 pt
1.4 pt E————

By ModeType

+ Style: Select the down arrow to bring up the line style
palette shown below. Left-click on a style button to change
the style of the arc line. If By Node Type is selected,
the type of node to which the arc is associated with will
determine the line style. See the Connection input below for
more details.

By Mode Type

Angle (ccw rotation):

+ Start Angle: Enter the angle in degrees at which the arc
has its starting point. This angle is based on a standard,
four-quadrant system.

+ Sweep Length: Enter the angular distance through which
the arc is to sweep. Sweep distance is always in the
counter-clockwise direction.

Other:

* Visibility Connection: Enter a conditional statement
to determine under what input conditions the arc is to be
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visible. See ‘Conditional Statements, Layers & Filters’ in this
chapter for more details.

+ Connection: Enter the name of a Connection to which
this arc is to be associated. This input is used to associate
graphical properties, such as colour, thickness and
style, with a particular type of Connection, to which it is
connected. For example, if the node indicated in this field
happens to be a single-line, electrical node (i.e. dimension
of 3), then the arc line weight will become greater when the
project is compiled. This method is used extensively in the
Master Library models.

In addition to the Format Arc Object dialog, you can change the
line/border colour, weight and style from the Graphic Palette. First,
select the arc with a left-click (Grips appear). Then adjust any of the
above properties by using the appropriate buttons.

- * ||02pt| = |——| = | Transparernt | =

Cut, Copy, Paste and Delete Objects
You can cut, copy or paste any graphic object by using one of three
methods:

» Select on the object with a left mouse click so that Grips
appear. Click the Cut or Copy buttons from the Main
Toolbar. Click the Paste button Main Toolbar to paste.

* Right-click on the object and select Cut or Copy from the
pop-up menu. Right-click over a blank area of the Graphic
window and select Paste from the pop-up menu.

» Select on the object with a left mouse click so that Grips
appear. Press Ctrl + x or Ctrl + ¢ to cut or copy the object
respectively. Press Ctrl + v to paste.

Text Labels

Text can be displayed on component graphics by using a Text Label
object. Text labels can be one line of text only, and the user may
select alignment and size.

Adding Text Labels
To add a Text Label object to your component definition, the most
straightforward method is to use the Graphic Palette:
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&N 007 2 ALN (I -||[02p] ~||[==] ~|[Trensprent | ||| & ¥ B B & M| &
Mew Text Label

Simply left-click the New Text Label button on the toolbar, drag

the label to where you want it placed and left-click again. Another
method is to use the right-click menu: Move the mouse pointer over
a blank area of the Graphic window. Right-click and select New
Graphic | Text.

Sek Lavers
Lavers 3
iaraphic Filkers 3

Mew Graphic 114 Arc

112 Arc
Connection
Ellipse
Paste Chrl4y i
Undo Chrl+Z
Rectangle

Zoom In {+1 !

Zoom Ok ]
Feload Graphics

Page Size 3
Prink Page
Print Preview Page

A Text Label should appear attached to your mouse pointer. With
your mouse, move the label to the desired location within the Graphic
window and left-click to place the object.

Rotate, Flip or Mirror Text Labels

Text labels can be rotated, flipped or mirrored once they have been
placed in the Graphic window. This can be accomplished in one of
three ways: The first is to use the speed buttons on the Rotation
Bar:

F e N =

If you cannot see this toolbar, go to the Main Menu bar and select
View | Rotation Bar. Select the object with a left-click of your
mouse. Then, click one of the four buttons shown above.
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You can also use the right-click menus: Select the label with a left-
click of your mouse. Right-click over the selected object and select
Rotate. Choose one of the options given.

FProperties...

Cut Chrli

Copy Chrl4+C

Rotate Left 90 Degrees  Chrl+L k
EBring ko Front Right 90 Degrees Chrl+R
Send ko Back 180 Degrees

Copy as Meta-File Mirrar Chrl+M
Copy as Bitmap Flip Chrl+F

Frink Selection
Print Preview Selection

Help F1

As an alternative to the right-click menu and toolbar, you can

also use keyboard shortcuts r, f and m for rotate, flip and mirror
respectively. Make sure that the mouse pointer is over top of the
label before using these keys. If you select the label first, then the
label will rotate, flip and mirror centred on the label itself.

Changing Text Label Properties

Text label properties can be adjusted through the Format Text Label
dialog window. To change the Text Label properties, either left dou-
ble-click or right-click over the Text Label and select Properties....

Format Text Label g|
Text
|$Name
Size Aligrmert
&+ Small " Lett
7 Medium * Certre
(" Large " Right

igiblility Condition:

| true j
QK | Cancel | Help |

As shown above, text features, such as size and style, can be ad-
justed.
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+ Text: Enter the text you wish to appear on the label.

+ Size: Select Small, Medium or Large sizes for your text.

« Alignment: Select Left, Centre or Right justification for your
text.

+ Visibility Condition: Enter a conditional statement to
determine under what input conditions the object is to be
visible. See ‘Conditional Statements, Layers & Filters’ in this
chapter for more details.

Cut, Copy, Paste and Delete Labels
You can cut, copy or paste a Text Label by using one of three meth-
ods:

» Select on the Label with a left mouse click. Click the Cut or
Copy buttons from the Main Toolbar. Click the Paste button
Main Toolbar to paste.

* Right-click on the Label and select Cut or Copy from the
pop-up menu. Right-click over a blank area of the Graphic
window and select Paste from the pop-up menu.

» Select on the Text Label with a left mouse click so that Grips
appear. Press Ctrl + x or Ctrl + ¢ to cut or copy the label
respectively. Press Ctrl + v to paste.

Linking a Text Label to an Input Field

It is possible to link a Text Label text to a specific input parameter
within the same definition. Once linked, the Text Label can be used
to graphically display the parameter value (and unit). For example,
you can display the MVA rating of a transformer model according to
what is entered in its ‘Rated MVA' input field.

Linking is accomplished by simply entering the ‘Symbol’ name of an
associated input parameter into the text label, preceded by either a
percent (%) or a dollar ($) symbol. If the $ prefix is used, just the val-
ue of the linked input field will be displayed. If the % prefix is used,
both the value and the specified unit will be displayed. The following
example illustrates how to link to an input field. See ‘The Parameters
Section’ in this chapter for more details on parameter fields.

EXAMPLE 9-1:

A user wants to display the value of an Input Field with Symbol name
‘timec,” which represents the component time constant. The user
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adds a Text Label to the component graphic and adds the following
to the Text input field in the Format Text Label dialog window:

Format Text Label @
Text
| %tlmec:|
Size Aligriment
s : : t' * Small " Leit
.In%. 9bti _.OU s " medium (* Centre
" Large " Right
“igiblility Condition:
|true j
Ok | Zance| | Help |

Component Graphic section Text Label Property Settings

If the ‘timec’ input field has a value of say 10.0 [s], then the resulting
display on the Circuit canvas would be similar to:

o0

NOTE: If the % prefix above is replaced by
the $ prefix, the units will not be displayed.

Connections

Connections are used to provide an interface to or from your compo-
nent and the external system (as drawn on the Circuit canvas). They
provide a means to either read data from, or output data to the
external system each simulation time step. These nodes play an
essential part in the construction of circuits in PSCAD, and are the
graphical signal communication avenue between models.

Adding Connections
To add a Connection object to your component definition, the most
straightforward method is to use the Graphic Palette:
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|v |Transparent -

%ﬂ@\DOKﬁA.N[\-v [ozpt] =]

Mew Connection

Simply left-click the New Connection button on the toolbar, drag the
connection to where you want it placed and left-click again. Another
method is to use the right-click menu: Move the mouse pointer over
a blank area of the Graphic window. Right-click and select New
Graphic | Connection.

ek Layers

Layers 3
Graphic Filkers »
Iew Graphic 114 Arc
112 Arc
Ellipse E
Paste Chrl+ )
Line
Undao Chrl4+2
Rectangle
Text
Zoom In (+)
Zoom Ouk (-3
Reload Graphics
Page Size 3
Prink Page

Prink Presview Page

NOTE: You may notice that Connections are
always snapped to the Graphic canvas draw-
ing grid. This is to ensure that when other
components are connected to yours, their
respective connection points will overlap.

A Connection should appear attached to your mouse pointer. With
your mouse, move the node to the desired location within the
Graphic window and left-click to place the object.

Changing Connection Properties

Connection properties can be adjusted through the Format
Connection dialog window. To change the Connection
properties: Either left double-click or right-click over the
Connection and select Properties....
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Format Connection

Symbal |11

Connection Type
" Input Data

" Output Data

" Electrical

Dimensian | 1

MNode Type
-

-

Activate connection vwhen the:
followving expression is true:

Data Type
" Logical
" Integer

s Resl

Itrue

=]

Cancel

Help

As shown above, Connection features, such as name and type, can

be adjusted.

Symbol: Enter a name for the Connection. Note that this
name must be compatible with standard Fortran naming
conventions (i.e. it must begin with a non-numeric character,
do not include spaces, etc.).

Dimension: If this Connection is to carry a signal that

is defined as a standard Fortran array, then this is the
dimension of the array signal. For example, if Connection
‘N1’ is to be defined as REAL N1(3), then this field should be
specified as 3. You may also substitute the Symbol Name
of an integer Input Field or Choice Box in this field. The
connection will assume a dimension equal to this value upon
compilation.

Connection Type: Select Input Data, Output Data or
Electrical Node. If this connection is to be part of the
EMTDC System Dynamics (i.e. a control signal), then you
must either choose Input or Output Data (an input data
signal is that which is coming into or being accepted by your
component). Only select Electrical Node if this connection is
to be part of an electrical circuit.

Node Type: Select Fixed, Removable, Switched or
Ground. This parameter is only enabled if the Connection
Type is an Electrical Node (see the following Electrical Node
Types section).

Data Type: Select Integer or Real. This input defines

the type of data signal that will be passing through this
connection and is based on the standard Fortran INTEGER
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or REAL declarations. It is only enabled if Connection Type
is Input or Output Data.

Activate connection when the following expression is
true: Enter a conditional statement to determine under
what input conditions the connection is to be enabled. See
‘Conditional Statements, Layers & Filters’ in this chapter for
more details.

Cut, Copy, Paste and Delete Connections
You can cut, copy or paste a Connection by using one of three meth-

Select on the Connection with a left mouse click. Click the
Cut or Copy buttons from the Main Toolbar. Click the Paste
button Main Toolbar to paste.

Right-click on the Connection and select Cut or Copy from
the pop-up menu. Right-click over a blank area of the
Graphic window and select Paste from the pop-up menu.
Select on the Connection with a left mouse click so that
Grips appear. Press Ctrl + x or Ctrl + ¢ to cut or copy the
label respectively. Press Ctrl + v to paste.

Electrical Node Types
When the connection is selected as an electrical node, there are
four electrical node types available to the user. These are described

Fixed: A fixed node is the most common type of electrical
node and should be the default chosen when in doubt. It
represents a simple electrical node.

Removable: Aremovable node is that which may be
‘removed’ by PSCAD, if it is to be part of a collapsible
branch. For example, a branch with separate series RLC
elements can be collapsed by PSCAD into an equivalent,
single element impedance branch (Z) (effectively removing
two extra nodes). Select Removabile if you would like to
take advantage of this feature.

Switched: If your node is to be part of a frequently switching
branch, that is a branch whose equivalent conductance is
changing many times during a simulation (thyristor, GTO,
etc.), then this option should be chosen. Switched nodes
are included in the Optimal Node Ordering algorithm, which
makes matrix decomposition more efficient, and thereby
speeds up the simulation.
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* Ground: Select this option if your node is to be a ground
node.

Undo and Redo

To undo or redo any changes in the Graphics section, select the
Undo or Redo buttons in the Main Toolbar, press Ctrl + z or Ctrl +
y, or right-click over a blank part of the Graphics window and select
Undo or Redo.

Set Lavers
Layers »
Graphic Filkers 3
Mew Graphic 3
Paste Chrl+y
Redo Chrl+y lg
Zoom In {+)
Zoorm Ouk (-1

Reload Graphics

Page Size ]
Print Page
Print Preview Page

Saving and Reloading Graphics

Any changes made to your component graphics should be saved
regularly. To save changes, simply exit the component definition (i.e.
go back to the Circuit window). To do this:

1. Either left double-click the project name in the Workspace
window, or click the Return to Circuit View button in the
Graphic Palette.

RISNO00 /7 N AN Il -||[o2e] -||[=—] -/ | [Transperer] ~
Return o Circuit Wiew

2. Save the Project by right-clicking on the project name in the
Workspace and select Save.
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If desired, you can at any time reload the graphics from the time at
which they were last saved, by pressing the Reload Graphics but-
ton.

| || [Transparent | +

mmﬂ@\DOKﬁA.N - ozt~ ||

Reload Graphics

Another method is to use the right-click menu: Move the mouse
pointer over a blank area of the Graphics window. Right-click and
select Reload Graphics.

Set Layers
Layers 3
Graphic Filkers k
Tew Graphic 4
Paste Chrl+y
Undo Chrl4+Z2
Zoom In (+)
Zoom Dut (-}
Page Size 4
Print Page

Print Preview Page

Caution should be exercised with this function, as once the graphics
are reloaded, all changes will be lost!

Adjusting Graphic Page Size

In order to accommodate very large component graphics (usually
imported from PSCAD V2 or V3), an option to change the Graphic
canvas size is given. Move the mouse pointer over a blank area of
the Graphic window. Right-click and select Page Size.
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Set Layers
Lavers 3

Graphic Filters 3
Mew Graphic 3
Paste Chrly
Unda Chrl+Z
Zoam In (+)

Zoom Cuk (-1

Reload Graphics

Page Size m
Print Page Larger

Print Preview Page

The default canvas size is Smaller.

THE PARAMETERS SECTION

The Parameters section is used to design the primary interface
between the component and the user. This is accomplished through
the use of programmable dialog windows know as Categories, where
users may input everything from model parameters to model condi-
tions and appearance. Category windows are the only sections ac-
cessible to users once the component design is completed.

If you are not sure where you are in the Design Editor, simply look at
the horizontal tab bar below for an indication. If the Parameters sec-
tion is not enabled, click on the ‘Parameters’ tab as shown below:

| J'”_, Circuit |@ Graphic Parameters Ezl Script |@ Faortran |@ Dats |

Categories

Within the Parameters section, Categories are ordered similar to
pages in a book. You may include several pages, each containing
inputs pertaining to a similar function, or you may place all inputs in a
single Category page. There are three different types of input fields
that may be added to Category pages. These include:

« Text Field
* Input Field
¢ Choice Box
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Adding a New Category
To add a new Category page to your Component Definition, the most
straightforward method is to use the Parameters Bar:

YT = an re\@ﬂ|camiguraﬁun j %‘)E‘E L
MNew Category

Left click the New Category button. Another method is to use

the right-click menu: Move the mouse pointer over a blank area
(white part) of the Parameters window. Right-click and select New
Category.

Properties...
Cutling Controls

Wi 4

Crder g

Find 3ymbol Zhrl+F

Reload Dialog
Presiew. ..

Help F1

In either case, the Category Properties dialog should appear.

Category Properties

Matme
| Uil

Enabled When

| E
Ok | Cancel | Help J

Select a descriptive name for the Category page in the Name
field. If desired, you can add a conditional statement in the Enabled
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When input. Click the OK button. A new Category page should then
appear within the Parameters section viewing window.

You can edit the parameters of the Category Properties dialog at any
time. See ‘Changing Category Properties’ below for more details.

Viewing Categories

As mentioned above, categories are organized similar to pages in a
book. Once you have added more than one category, there may be
a need to navigate through these pages. The most straightforward
method is to use the Parameters Bar. Simply left-click the down ar-
row on the View Category drop list as shown below:

Another method is to use the right-click menu: Move the
mouse pointer over a blank area (white part) of the Parameters
window. Right-click and select View Category.

Properties. ..
Outline Controls

Mew Category [Draka 1 g

Order 3 Daka 2
w Data 3

Find Svmbol Ckrl+F

Reload Dialog

Prewigian,,

Help F1
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Ordering Categories

Once you have added more than one category, there may be a need
to re-order the sequence of the category pages. The most straight-
forward method is to use the Parameters Bar. Simply left-click either
the Move Category Up or the Move Category Down buttons. To
move a certain Category directly to the top or bottom of the list,
select either the Move Category To Top or the Move Category To
Bottom buttons.

I L

Another method is to use the right-click menu: Move the

mouse pointer over a blank area (white part) of the Parameters
window. Right-click and select Order. Choose one of the given op-
tions from the sub-menu.

Properties...
Outline Controls

Wi 3

Mew Cakegory

Mave Dowr

Find Symbol Chrl4F
NS ymhs i Move ko Top

Reload Dialog Miove ko Boktom
Pressigw. .

Help F1

Previewing Categories

For convenience, a preview function exists so that look and feel
of the category pages can be viewed, as they would appear to
someone using the component - without leaving the Component
Definition. The most straightforward method is to use the
Parameters Bar. Simply left click Preview Dialog button.

Another method is to use the right-click menu: Move the
mouse pointer over a blank area (white part) of the Parameters
window. Right-click and select Preview....
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Properties...
Outline Controls

Wiew L4
Mew Cabegory
Ordey 4

Find Syrbol Chrl+F

Reload Dialog
Help F1

Changing Category Properties

Category properties can be adjusted through the Category
Properties dialog window. The most straightforward method is to
use the Parameters Bar. Simply left click Category Properties
button.

g i ,&‘;‘ﬁ:{:B abl rel B = ‘Configuraﬁon j -‘J%E uﬂ@
Category Properties

Another method is to use the right-click menu: Move the
mouse pointer over a blank area (white part) of the Parameters
window. Right-click and select Properties....

Cutline Contrals !

Wigw 4
Mew Categary
Crder b

Find Symbaol Chrl+F

Feload Dialag
Prewiew, .,

Help F1

PSCAD User’s Guide

385



386

Chapter 9: Designing Components

Either of these operations should bring up the Category Properties
dialog:

Category Properties

Mame
| Untitiext

Enahled When

| = |
Ok | Cancel | Help |

+ Name: Enter a descriptive name for display on the Category
page.

+ Enabled When: Enter a conditional statement to determine
under what input conditions the Category page is to be
enabled. If a Category is disabled, the user will still be able
to view the contents, but all input fields will be disabled. See
‘Conditional Statements, Layers & Filters’ in this chapter for
more details.

Duplicating a Category

The ability to duplicate a Category (including all of it's contents) is es-
sential when designing components. A direct duplication will ensure
that all Input Fields, Text Fields and Choice Boxes are aligned in the
same manner as the copied Category. This saves time in designing
the Category layout. The most straightforward method to duplicate a
Category is to use the Parameters Bar.

BLT‘],;,‘.?.ZEI abl r8|@ﬂ‘Conf\guraﬁon ﬂ .ﬁﬁ‘a D&I:_r.
Duplicate Category

Left click the Duplicate Category button. A new Category named
‘<CategoryName_1>’ will appear at the bottom of the View Category
drop list.

Deleting a Category

To delete a particular Category page, you must first ensure that
you are in the Parameters section of the Design Editor and have
the Segment open in the Script window. The most straightforward
method is to use the Parameters Bar.
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[Elleh 9 8 T & abl rel B] =3 | |configuration j-w@%uﬂﬂa
Delete Category

Left click the Delete Category button.

Text Field

Text fields are used primarily to add descriptive comments as input,
or to define signals to be used as internal output variables within the
component. See Internal Output Variables for more details.

Adding Text Fields
To add a Text Field to your component definition, the most straight-
forward method is to use the Parameters Bar:

Elleh 9 8T = qh}lrel@ﬂkonﬂguraﬂon R E R WO g
Mews Text Field

Left click the New Text Field button - a Text Field should appear
within the Category page. Another method is to use the right-click
menu: Move the mouse pointer over a blank area of the Category
page. Right-click and select New Control | Text Field.

Properties. ..

Mew Caontrol m
Input Field

hoice Box (Drop style)

Choice Box (Radio style)
Paste Chrl+Yy

Help F1

The new Text Field should appear somewhere within the Category
page.

Moving and Resizing Text Fields
To move the new Text Field, left-click over top of the field to select it
(Grips appear).

‘noname I I
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The Text Field can now be moved in one of two ways:

1.

2.

Click again and hold down the left mouse button. Move
your mouse around.

Use the arrow keys on your keyboard. Press and hold an
arrow key to move the field in large increments. Tap the
arrow key to move the field in small increments.

To resize the new Text Field, left-click over top of the field to select it
(Grips appear). Select a Grip, hold down the left button and move in
an outwards direction.

Changing Text Field Properties

Text Field properties can be adjusted through the Format Text Label
dialog window. To change the Text Field properties, right-click over
the Text Field and select Properties....

Text Field Properties
Symbaol Caption Width
|noname |noname 10

Options
[ Show Symbol
v Show Caption
Defautt
Enabled When:
‘ |
Ok | Cancel ‘ Help |

As shown above, features, such as caption and width, can be ad-

justed.

Symbol: Enter a name for the Text Field. Note that this
name must be compatible with standard Fortran naming
conventions (i.e. it must begin with a non-numeric character,
do not include spaces, etc.).

Caption: Enter text to describe the Text Field. What is
entered here will be displayed in the Category page directly
to the left of the Text Field box.

Width: Select the character width of the Text Field box itself
(i.e. white box).

Default: Use this field to add text, which will show up as
default text in the Text Field box.
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+ Enabled When: Enter a conditional statement to determine
under what input conditions the Text Field is to be
enabled. See ‘Conditional Statements, Layers & Filters’ in
this chapter for more details.

Options:

+ Show Symbol: Select this to display the contents of
Symbol directly to the left of the Text Field box.

+ Show Caption: Select this to display the contents of
Caption directly to the left of the Text Field box.

Cut, Copy, Paste and Delete Text Fields
You can cut, copy or paste a Text Field by using one of three meth-
ods:

+ Select on the Text Field with a left mouse click so that
Grips appear. Click the Cut or Copy buttons from the Main
Toolbar. Click the Paste button Main Toolbar to paste.

* Right-click on the Text Field and select Cut or Copy from the
pop-up menu. Right-click over a blank area of the Category
page and select Paste from the pop-up menu.

+ Select on the Text Field with a left mouse click so that Grips
appear. Press Ctrl + x or Ctrl + ¢ to cut or copy the label
respectively. Press Ctrl + v to paste.

Input Field

Input Fields allow the user to add numerical input to the

component. They can also be used (instead of an external input
connection) to import a defined signal from elsewhere in the system
directly as an online input to the component (i.e. for signal feedback).

Adding Input Fields
To add an Input Field to your component definition, the most straight-
forward method is to use the Parameters Bar:

#2982 £ = ah|rﬁ£@ﬁ|€unfiguraﬁun j.wwa (L

Mew Inpuk Field

Left click the New Input Field button - an Input Field should appear
within the Category page. Another method is to use the right-click
menu: Move the mouse pointer over a blank area of the Category
page. Right-click and select New Control | Input Field.
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Propetties, .,

Mew Contral Text Field

hoice Box (Drop style) !

hoice Box (Radio skyvle)

Paste ChrlH
Undo Ctrl+2Z
Redo Chrl+y
Help Fl

The new Input Field should appear somewhere within the Category
page.

Moving and Resizing Input Fields
To move the new Input Field, left-click over top of the field to select it
(Grips appear).

‘nonarme I
. L3

The Input Field can now be moved in one of two ways:

1. Click again and hold down the left mouse button. Move
your mouse around.

2. Use the arrow keys on your keyboard. Press and hold an
arrow key to move the field in large increments. Tap the
arrow key to move the field in small increments.

To resize the new Input Field, left-click over top of the field to select it
(Grips appear). Select a Grip, hold down the left button and move in
an outwards direction.

Changing Input Field Properties

Input Field properties can be adjusted through the Format Input
Field dialog window. To change the Input Field properties, right-click
over the Input Field and select Properties....
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Input Field
Syl Caption Wickth
| noname | noname |1—D

Data Type Options

< I Show Symbal

" Integer v Show Caption

i Real [ Allowy Signal Mames
Default Units hdin b
[ |1e-038 | 1e+038
Enabled when:

0K | Cancel | Help |

As shown above, features, such as name and width, can be adjust-
ed.

* Symbol: Enter a name for the Input Field. Note that this
name must be compatible with standard Fortran naming
conventions (i.e. it must begin with a non-numeric character,
do not include spaces, etc.).

» Caption: Enter text to describe the Input Field. What is
entered here will be displayed in the Category page directly
to the left of the Input Field box.

*  Width: Select the character width of the Input Field box
itself (i.e. white box).

+ Data Type: Select Integer or Real. This input defines the
type of input variable and is based on the standard Fortran
INTEGER or REAL declarations.

+ Default: Use this field to add a value, which will show up as
the default value in the Input Field box. Assume that a user
who is not familiar with this component might simply accept
your default value for lack of a better value. So, do your best
to enter an appropriate value.

* Units: Add a unit (if any) to represent the Target Unit related
to this Field. See ‘Unit System’ in Chapter 5 for more details.

¢ Min/Max: Enter the maximum and minimum value
limits. If you are unsure of what these limits should be, or
limits are not required, simply enter -1e-038 and 1e+038
respectively. If a user enters a value outside this range,
PSCAD will provide a warning in the Output Window.

+ Enabled When: Enter a conditional statement to determine
under what input conditions the Input Field is to be
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enabled. See ‘Conditional Statements, Layers & Filters’ in
this chapter for more details.

Options:

Show Symbol: Select this to display the contents of
Symbol directly to the left of the Input Field box.

Show Caption: Select this to display the contents of
Caption directly to the left of the Input Field box.

Allow Variables: If this option is selected, then this input will
accept non-numerical user input. This option is used when
the Input Field is to be controlled by an externally defined
signal (either constant or variable). See Allowing Signal
Names for more details.

Cut, Copy, Paste and Delete Input Fields
You can cut, copy or paste a Input Field by using one of three meth-

ods:

Select on the Input Field with a left mouse click so that
Grips appear. Click the Cut or Copy buttons from the Main
Toolbar. Click the Paste button Main Toolbar to paste.
Right-click on the Input Field and select Cut or Copy from
the pop-up menu. Right-click over a blank area of the
Category page and select Paste from the pop-up menu.
Select on the Input Field with a left mouse click so that Grips
appear. Press Ctrl + x or Ctrl + ¢ to cut or copy the label
respectively. Press Ctrl + v to paste.

Allowing Signal Names

The allowance of variable signals can be a useful feature for reduc-
ing the amount of external connections in the component graphic, as
well as adding flexibility to the component input parameters.

By selecting the Allow Signal Names feature, the Input Field will
accept either numerical or non-numerical user input. In other words,
you can either enter a numerical constant value, or you can enter
the symbol name of a signal that has been defined elsewhere in the
project. In this way, Input Fields can be used in the same manner as
external connections.
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EXAMPLE 9-2:

A user needs to use an instantaneous measured voltage, from a
remote location in the system, as feedback to a user-defined source
component. The first step is to ensure that the measured voltage
signal is actually defined somewhere in the system. That s, it is be-
ing generated by a Voltmeter component similar to that shown below:

i
VA

The second step is to define an Input Field that will accept the
measured signal ‘Va’ as input: In the Parameters section of the
Component Definition, add a new Input Field on an existing category
page. Change the properties of the Input Field as follows:

Input Field X
Symbol Caption Width
| Ya | Meazured Yoltage Feedback |10
Data Type Options

e [ Show Symbal

" Integer v Show Caption

(+ Real v &llowe Signal Mames
Defaut Units i Max
[10 [ |1e-036 | 1esn3s
Enabled Yyhen:
| &l

Ok | Cancel ‘ Help |

Note that the Allow Variables option has
been selected.

The Allow Variables option should remain de-selected if the particu-
lar Input Field is intended to be a constant value only.

Choice Box
Choice Boxes are used to allow the user to set conditions according
to a selected choice. Choice Boxes can be included in a category

PSCAD User’s Guide

393



Chapter 9: Designing Components

394

page as either a Drop Style, or Radio Style. In each case, the
choice selected will possess an associated integer number, for use
internally for conditional statements.

Adding Choice Boxes
To add a Choice Box to your component definition, the most straight-
forward method is to use the Parameters Bar:

2 9 83 | abl el {S |Configuration CaRER WO

MNews Choice Box (Radio skyle)

Left click the New Choice Box (Radio Style) or the New Choice
Box (Drop Style) buttons - a new Drop List or set of Radio Buttons
should appear within the Category page. Another method is to use
the right-click menu: Move the mouse pointer over a blank area of
the Category page. Right-click and select New Control | Choice
Box (Radio Style) or New Control | Choice Box (Drop Style).

Properties. ..

Mews Control Text Field
Input Field

Choice Box (Drop style) k
hoice Box (Radio style)

Paste Chrl+y

Help F1

The new Choice Box should appear somewhere within the Category
page.

Moving and Resizing Choice Boxes
To move the new Choice Box, left-click over top of the field to select
it (Grips appear).

noname |unns »\I\g vE

The Choice Box can now be moved in one of two ways:

1. Click again and hold down the left mouse button. Move
your mouse around.
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2. Use the arrow keys on your keyboard. Press and hold an
arrow key to move the box in large increments. Tap the
arrow key to move the box in small increments.

To resize the new Choice Box, left-click over top of the field to select
it (Grips appear). Select a Grip, hold down the left button and move
in an outwards direction.

Changing Choice Box Properties

Choice Box properties can be adjusted through the Choice Box
Properties dialog window. To change the Choice Box properties,
right-click over the Choice Box and select Properties....

Choice Box Properties
Symibal Caption Width
| Nanams | noname 15
Choices Style
O=uinitz ¢ Drop List

" Radio Buttons
Options

[ Show Symbol

pup | ol | up | on v Show Caption
—
Defautt | |0

Enahled 'when:

| |
[e24 Cancel | Help |

As shown above, features, such as caption and width, can be ad-
justed.

* Symbol: Enter a name for the Choice Box. Note that this
name must be compatible with standard Fortran naming
conventions (i.e. it must begin with a non-numeric character,
do not include spaces, etc.).

+ Caption: Enter text to describe the Choice Box. What is
entered here will be displayed in the Category page directly
to the left of the Choice Box.

*  Width: Select the character width of the Choice Box drop
list itself (i.e. white box /w arrow).

+ Choices: Configure the choice list as described in Adding
Choices to a Choice Box below.
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+ Style: Select Drop List or Radio Buttons to toggle
between Drop Style and Radio Style.

+ Enabled When: Enter a conditional statement to determine
under what input conditions the Choice Box is to be
enabled. See ‘Conditional Statements, Layers & Filters’ in
this chapter for more details.

Options:

+ Show Symbol: Select this to display the contents of
Symbol directly to the left of the Choice Box.

+ Show Caption: Select this to display the contents of
Caption directly to the left of the Choice Box.

Cut, Copy, Paste and Delete Choice Boxes
You can cut, copy or paste a Choice Box by using one of three meth-
ods:

» Select on the Choice Box with a left mouse click so that
Grips appear. Click the Cut or Copy buttons from the Main
Toolbar. Click the Paste button Main Toolbar to paste.

* Right-click on the Choice Box and select Cut or Copy from
the pop-up menu. Right-click over a blank area of the
Category page and select Paste from the pop-up menu.

» Select on the Choice Box with a left mouse click so that
Grips appear. Press Ctrl + x or Ctrl + ¢ to cut or copy the
label respectively. Press Ctrl + v to paste.

Adding Choices to a Choice Box

The choice input area can be broken down into three main

parts: Choice editing field, the choice list and the control

buttons. When a new Choice Box is created, one choice is added by
default.

Choices

O=units

Dup | Del | Up | Dn

Default 1]
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To add more choices to the list, click the Dup button.

Choices

m Del | Up | Dn
Drefault 0

To edit the contents of a choice: Left-click on the choice name within
the list to select it, or use the Up or Dn buttons to scroll up or down
the choice list respectively. The contents of the selected choice will
appear in the choice-editing field at the top. Left-click within the edit
field so that a flashing cursor appears, and then edit the contents.

Choices

| 1=Secand Cho

Note that when adding choices to the Choice Box, the most impor-
tant thing to remember is that a unique number must be assigned to
each entry in the choice list. This is accomplished by simply adding
a prefix to each entry in the form of:

<Assigned Number>=

It is this assigned number that will be associated with the Symbol
name of this Choice Box.
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You can set the choice that will appear as the default selection,
as follows: Left-click on a choice name within the list to select it,
or use the Up or Dn buttons to scroll up or down the choice list
respectively. Once selected, left-click the Default button — the as-
sociated integer will appear in the field directly to the right of the
Default button.

To delete a choice in the choice list, left-click on a choice name within
the list to select it, or use the Up or Dn buttons to scroll up or down
the choice list respectively. Left-click the Del button.

Field Alignment

It is important to ensure that the Fields placed within a Category
page are neat and tidy. There are two functions in the Parameters
toolbar to help you organize all Fields both horizontally and
vertically. These are:

e B Make Same Width

- I Space Evenly

Make Same Width

This function makes all fields in a Category the same width. First
define all Fields within the Category (see Text Field, Input Field,
and/or Choice Box). Press the Make Same Width button on the
Parameters toolbar:

mﬂ#ﬁz%\ahlrd@ﬂg

A dialog will appear asking to enter the width in pixels for all fields:

Edit Category Controls

Make all cortrals the same width | 0]

Ok I Cancel |

Enter the width and press OK.
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Space Evenly

This function spaces all fields in a Category evenly in the vertical
direction. First define all Fields within the Category (see Text Field,
Input Field, and/or Choice Box). Press the Space Evenly button on
the Parameters toolbar:

| g&v"r‘h:q\E abl rel ] = E
Space Evenly

Undo and Redo

To undo or redo any changes in the Parameters section, select the
Undo or Redo buttons in the Main Toolbar, press Ctrl + Z or Ctrl
+Y, or right-click over a blank part of the Parameters window and
select Undo or Redo.

Properties, .,

Mew Control 4
Paste Chrly
Redo CtrI+\"[§
Help F1

Find Symbol

The Parameters section includes a search feature for finding param-
eter Symbol Names in all Category pages that exist. To invoke this
feature, the most straightforward method is to use the Parameters
Bar.

55 yﬁ T =0 abl rel F1 = ‘Tower and Conductor Data j
Find Symbol

Left click the Find Symbol button. Another method is to use

the right-click menu: Move the mouse pointer over a blank area
(white part) of the Parameters window. Right-click and select Find
Symbol.
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Properties...
Dutline Contrals

Wiew 4
Meww Category
Order k

Reload Dialog
Presview, .,

ndo Chrl+Z
Redo Chrl+y

Help F1

In either case, the Find Symbol dialog should appear.

Find Symbol
Find what: ||
oK | Cance| |

Enter the Symbol Name of the Text Field, Input Field, or Choice Box
you are looking for (do not enter the Caption or any other text) and
click OK. If the Symbol Name exists in any of the Category pages,
you will be automatically brought to that Category, and the corre-
sponding field will appear selected (i.e. with Grips).

Saving and Reloading Parameters

Any changes made in the Parameters section should be saved
regularly. To save changes, simply exit the component definition (i.e.
go back to the Circuit window). To do this:

1. Either left double-click the project name in the Workspace
window, or click the Return to Circuit View button in the
Parameters Bar:

CE}\J BT = ablorel 1 |Autnma1icVDItageCordrnl j i B E R O By Oy

Return to Circuit Yiew

2. Save the Project by right-clicking on the project name in the
Workspace and select Save.
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If desired, you can at any time reload the graphics from the time at
which they were last saved, by pressing the Reload Dialog button.

@ ¢ N ,;,",';‘ :{: B3 | abl rel [F] =3 ‘Autnmaﬁc\fnltagecuntrnl ﬂ . w E' a [} & Q

Feeload Dialog

Another method is to use the right-click menu: Move the
mouse pointer over a blank area (white part) of the Parameters
window. Right-click and select Reload Dialog.

Properties...
Outlire Conkrols

Wiew 4
Mews Cakegory
Order »

Find Symbol Chrl+F

Presview. ., !

Help Fi1

Caution should be exercised with this function, as once the dialogs
are reloaded, all changes will be lost.

CONDITIONAL STATEMENTS, LAYERS AND FILTERS

All objects and fields associated with either the Graphic or the
Parameters sections will possess an input field labelled either
Enabled When or Visibility Condition. Within these fields, the user
may add statements to either enable or disable the object, or make
the object visible or invisible according to logical conditions.

Conditional Statements

The primary purpose of conditional statements is to either enable or
disable an object (such as an Input Field), or to make an object vis-
ible or invisible (such as a Graphic Object). Conditional statements
can be entered as input parameters in either a Graphic Object, a
Category or an Input Field properties dialog.
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The user can construct conditional statements by using both
Arithmetic and Logical Operators, where the condition values them-
selves are always based on the value of a Choice Box. This feature
adds another dimension to the component design, as through con-
ditional statements the operation and appearance of the component
can be controlled by the user.

EXAMPLE 9-3:

A component designer wants to change the appearance of a compo-
nent according to user-selected input. The component graphic is to
be either an ellipse or a rectangle, depending on a Choice Box with
Symbol Name Type. The Choice Box specifies two choices: Ellipse,
which is given the value ‘0, and Rectangle, which is given the value
o

In the component Parameters section, the designer adds a single

Choice Box:
Choice Box Properties g|
Symbol Caption Wicth
| Type | Type [15
Choices Style
[o=Elipse (" Drop List
(' Radio Buttons
1=Rectange
Type
* Ellipse Ogtions
[ Show Symbal
" Rectange el s W Shaw Caption
Drefait i}
Enabled When:
| 2
[s3 | Cancel | Help |
Choice Box Displayed Choice Box Property Settings

on Category Page

In the component Graphic section, the designer draws a simple el-
lipse and a simple rectangle:
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In the properties dialog for the Graphic Objects, the following condi-
tional statements are added to the respective Visibility Condition

input fields:
Format Graphic Object @| Format Graphic Object g]

Line Box & Elipse Line Box & Elipse
coior | N - Fil  [Transparert| = coor [ - Fil  [Transparert| +
wpt [_ozn_ I T
Style |~ Style |+

Wigiblility Condition: Connection Wiaiblility Conclition: Connection

[Type==0 = | [Type==1 =] =

Okt Cancel ‘ Help | ok Cancel | Help |

Ellipse Property Settings Rectangle Property Settings

Now, if a user selects ‘Ellipse’ in the Choice Box, only the ellipse will
appear in the component graphic. If ‘Rectangle’ is chosen, only the
rectangle will appear.

Conditional statements are not limited to a single logical truth. It

is possible to use several logical conditions in one statement. For
example, say there was another Choice Box added to the compo-
nent of EXAMPLE 9-3 with Symbol Name Type2. Now assume that
in order for the ellipse to be visible on the component graphic, it is
required that Type2 have a value of ‘3’ (in addition to Type having a
value of ‘0’). Then the following conditional statement would need to
appear in Visibility Condition input field of the ellipse object proper-
ties dialog:

(Type == 0) && (Type2 == 3)
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The above states: If Type equals 0 and Type2 equals 3, then make
the ellipse visible.

Arithmetic Operators may also be included in conditional
statements. For example, the following statement is also valid:

(Type + Type2 == 3)

The above states: If the sum of Type and Type2 equals 3, then
make the ellipse visible.

NOTE: Care must be exercised when using
the divide (/) function, as a ‘divide by zero’
error can occur.

Layers

As component graphics become larger and more complicated, the
graphical working environment can become quite unruly - especially
when many conditional statements are used.

Fortunately, there is a way to avoid the potential clutter by utilizing
the graphical Layers available in the Graphic section. Layers are
based solely on conditional statements, in that whenever a con-
ditional statement is entered into an object or field, a new layer is
created. Any other Graphic Object, which utilizes an identical condi-
tional statement, will also be included in that particular Layer.

NOTE: Be sure when adding conditional
statements that the statements themselves
are identical in format, as well as logical
truth. If the statements vary slightly in
format, a separate layer will be created,
even though the statements may indicate the
same thing.

Viewing Layers

By default, only the layers visible on the graphic of a particular
component instance will be initially visible in the Graphic window
when the Design Editor is invoked (i.e. the component definition is
edited). Although a component definition may have several in-
stances, only the layers present on the instance used to access the
definition will be visible by default.
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To adjust the layer visibility, move the mouse pointer over a blank
area of the Graphic window. Right-click and select Layers. The
resulting sub-menu will list all of the available layers (or conditional
statements) that currently exist in the component graphics.

Set Layers

Show all
Graphic Filers > (Tap!=0)&iew==1)

Ml Graphic pr—
(Tap!=0)&Wiew==2)
(Tap!=0)

Paste Chrl+Y v Tap!=0
Cul=0.0
Cul==0.0

Zoom In (+]

Zoom Sk (-]

Reload Graphics

Page Size 3
Prink Page
Prink Preview Page

Simply select or de-select each layer to make visible or invis-

ible respectively. You can also select Show All to make all layers
visible. There is also a button on the Graphic Palette, which will
allow you to toggle between showing and hiding all Layers called
Show/Hide All Layers.

i %\ O A N -~ (020t~ [—]|~ [Transparert | =
ShowiHide All Lavers

Setting Layers

Instead of turning layers on and off through the right-click menu
(which can become cumbersome as the number of layers increases),
you can set and test the visible layers by using the Set Layers
feature. This feature provides a fully functional preview of the pa-
rameter dialogs as they would be seen by a user. Simply set all the
Choice Boxes to the desired settings and click the OK button - the
graphical layers pertaining to that setting will become visible in the
Graphic window.

To set the layers graphically, the most straightforward method is to
use the Graphic Palette.
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HEAESNOO0 7 AN/ - |02t - [—] | |[Transparent | »
el Layers

Left click the Set Layers button. Another method is to use the right-
click menu: Move the mouse pointer over a blank area (white part)
of the Graphic window. Right-click and select Set Layers.

Layers g

Graphic Filkers 4
Mew Graphic 3
Paste Chrl+Y
Zoom In [+
Zoom Cuk -1

Reload Graphics

Page Size 3
Print Page
Prink Preview Page

NOTE: The setting of layers is also available
in the Parameters section to test enable/dis-
able conditions of parameter fields.

Graphic Filters

In addition to the Layers, you can also use the Graphic Filter func-
tion to help alleviate graphical clutter. Graphic Filters allow the user
to view objects based on the Graphic Object type (i.e. Connections,
Text Labels, etc.).

To adjust the Graphic Filters, the most straightforward method is to
use the Graphic Filter Bar.

G OA N B
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Another method is to use the right-click menu: Move the mouse
pointer over a blank area (white part) of the Graphic window. Right-
click and select Graphic Filters.

Set Layers
Lawvers [ 2
Graphic Filkers Show All
Cannections
Mew Graphic 3
Lines &
Rectangles
Paste ChrlY v Ellipses
Arcs
Zoom In [+)
Zoorn Ot (-1

Reload Graphics

Page Size 4
Print Page
Print Preview Page

THE SCRIPT SECTION

Contained within the Script section is the heart of the Component
Definition, where the fundamental purpose of the component is
defined.

This section is used primarily for lower level code entry and consists
of a variety of Segments, each performing a specific function. Not all
Segments need to be utilized in every component, but the most com-
monly used Segments are Fortran, Computations and Branch, and
these are included by default in every new Component Definition.

The Segments that your component definition will require depend
on what function your component is to perform. Are pre-calcula-
tions required? Is it an electrical component? Is there Fortran code
involved? The following sections describe each available Segment
in detail.

Segments
Within the Script section, Segments are ordered similar to pages in
a book. Segments are essentially simple text editors, where data,
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script and other code is added to perform a specific task. Segments
may be added or deleted, but must follow a strict naming convention.

Managing Segments

The Segment Manager allows users to add or remove Segments
within the same dialog. To invoke the Segment Manager, the most
straightforward method is to use the Script Bar:

2| # G [ModslDats -] =

A

Segment Manager

Simply left-click the Segment Manager button on the toolbar. An-
other method is to use the right-click menu: Move the mouse pointer
over a blank area of the Segment page. Right-click and select
Segment Manager.

Refresh FS

Find Chrl+F
SearchfReplace  Ctrl+H

Segment Manager

Undo Chrl+2
Redo Chrl+Y
Print

Help Fi

The Segment Manager dialog will appear as shown below:

Segment Manager. gj

Model-Data Fartran
Checks Computations
Comments Add -» Branch
DS0YM

DsouT

FlyBy 4

Help

M atris-Fill

Transformers

Apply | Cancel
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The left-side lists the available Segments, while the right-side lists
the Segments already in the component definition. To add or remove
Segments to or from the definition, simply select the Add-> or <-
Remove buttons. Once satisfied with the selection, click the Apply
button. If you chose to remove any existing Segments, a dialog will
appear asking you to confirm the removal. Press the Cancel button
to cancel the operation.

NOTE: Deleted Segments will be lost if
removed, as removal cannot be undone!

Viewing Segments

As mentioned above, categories are organized similar to pages in a
book. Once you have added more than one Segment, there may be
a need to navigate through them. The most straightforward method
is to use the Script Bar.

B 25 »

Left click the down arrow on the View Segment drop list.

Segment Types

There are several Segment types available, each existing for a
specific purpose, but only required if that specific function is needed
as part of the component design. Most of the time, a component will
only need to make use of two or three of these Segments.

Although this section does provide an assortment of simple ex-
amples, there is a huge wealth of examples in the PSCAD Master
Library itself. Simply edit any Master Library definition (right-click on
the component and select Edit Definition...) to study it's contents.

Computations

The Computations Segment is an environment provided for the pre-
processing of component input data. Although component param-
eter input may be in the most convenient form for the user, it may
not be so convenient for the component code itself. For example,
the component routine may require the system frequency in radians
per second, but the input data field may ask the user for the same
quantity in Hertz.
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The Computations Segment is the first Segment considered by the
compiler when the Script section is compiled. Due to this fact, any
quantities defined here may be substituted elsewhere in any of the
other Segments. This Segment allows both mathematical and logical
expression evaluation.

NOTE: All script processed within the
Computations Segment is done so before
any Fortran code is constructed for EMTDC,
and only considered once. Therefore,
quantities defined here are static for the
remainder of the simulation.

A typical Computations Segment entry must have the following stan-
dard format:

<DataType> <Name> = <Expression>
Where,

+ <DataType> may be either a REAL or INTEGER type
value. If omitted, it is assumed to be REAL.

« <Name> is the name of the constant.

+ <Expression> is a mathematical or logical expression
containing only constant parameters.

EXAMPLE 9-4:

A designer wants to convert an input parameter with Symbol Name
‘Vset’ in kV, to a per-unit value called ‘SetPU,’ before it is used in
component Fortran code. An additional input parameter with Symbol
Name ‘Vbase’ in kV has also been defined for the system voltage
base.
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Input Field

Symbal

Caption Wyicith

[ waet

Data Type
£

‘ System Yoltage 15
Options

I Show Symbal

Enablzd When:

7 Irteger v Show Caption

(¥ Real [ &llow Signal Mames
Default Units Iliny [LEES
|2300 kv [-1e+008  [1e+n06

X

OK | Cancel ‘ Help

Input Field Property Settings

(‘Vset)

Input Field X

-

Symbial Caption Wicth
| Whaze | Base Yoltage 148
Drata Type Options

[~ Show Symbol

Enahled Wihen:

" Integer v Show Caption

i Real [T Allow Signal Mames
Defautt Uritz hin (=54
| 2300 kv [-1e+006 [ 1e+008

oK | Cancel | Help ‘

Input Field Property Settings

(‘Vbase’)

The Computations Segment could then contain something similar to
the following:

REAL SetPU = Vset / Vbase

NOTE: The use of the Substitution Prefix
Operator ($) in this Segment is illegal.

In the above example, the designer has defined a new REAL con-
stant entitled ‘SetPU.” This constant may now be used in any other
Segment in the Script section, both in equations and/or in logical
expressions.

Branch

The Branch Segment is an environment provided for the input of
electric branch information (if it exists), for insertion into the EMTDC
Electric Network Conductance Matrix: It is essentially an input
portal for control of the EMTDC Equivalent Conductance (GEQ)
Interface. Branch design is accomplished by specifying the type and
size of passive elements (i.e. lumped R, L and/or C), and to which
electrical Connections they fall between.
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A single Branch statement represents a single electrical branch, to
which is associated an impedance Z = R + jX, where Z is derived
from a combination of series-connected, lumped R, L and/or C
values. The Branch Segment may also be used to define switching
branches and those that contain an ideal voltage source (i.e. infinite
bus).

A typical Branch Segment entry must have the following standard
format:

[<Branchname> =1 $<TO> $<FROM> [<Keyword>] [$]<R> [$][<L>] [$][<C>]
Where,

* <TO> and <FROM> are the Symbol names of the electrical
Connections (nodes) defined in the Graphic section.

+ <R>is the resistance value of the branch [Q].

+ <L>is the inductance of the branch (optional) [H].

* <C>is the capacitance of the branch (optional) [uF].

» <Branchname> = may be used to give the branch a
name, which can be used to refer to the branch (instead
of its nodes) in other sections. Note that many EMTDC
subroutines require the branch name as an argument.

+ <Keyword> can be either 'SOURCE' or 'BREAKER' and is
explained in the following sections.

« $is the Substitution Prefix Operator ($).

NOTE: If a branch does not contain all three
types of elements, simply substitute 0.0 for
the value of the element that is not present.

EXAMPLE 9-5:

A designer wants to define a component, which represents an RC
series branch, connected in parallel with a purely inductive branch,
between electrical Connections (nodes) ‘N1’ and ‘N2.” These two
Connections have already been defined in the Graphic section of the
Component Definition.
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N1 M2
L ’ =

Component Graphic with Electrical Connections ‘N1’ and ‘N2’

The actual values of the ‘R’ and ‘C’ elements are to be entered
though Input Fields (with Symbol names ‘R’ and ‘C’ respectively) in
the Parameters section of the component. The inductance value
is not accessible to the user and is given a static value of 0.001 H
directly.

[re_branch] RC Branch EJ
#

R Resistance 1.0 [ohm]
C Capactiznce 0.1 [uF]

0K | Cancel | Help... |

Component Parameters Dialog

The Branch Segment could then contain the following two state-
ments:

SN1 SN2 SR 0.0 SC
SN1 SN2 0.0 0.001 0.0

These statements are equivalent to the following schematic:

1 R Co M2

0.001

The designer then decides to refer to the branches by Branch Name
in other sections of the Component Definition. To achieve this, the
names ‘BRN1’ and ‘BRN2’ are defined. The designer modifies the
above Branch statements as follows:
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BRN1 = $N1 $N2 SR 0.0 SC
BRN2 = SN1 $N2 0.0 0.001 0.0

NOTE: If ‘BRN1 and ‘BRN2’ are used in
other Segments, they must be preceded by
the Substitution Prefix Operator ($).

The branch may also contain an inherent ideal source in series with
the passive elements. The Branch Segment syntax allows you to in-
dicate to PSCAD that there is a voltage source in a particular branch
as follows:

[<Branchname> =] $<TO> $<FROM> SOURCE [$]<R> [$][<L>] [$][<C>]

Now that PSCAD knows that there is a source in this branch, control
of the source (i.e. magnitude, etc.) is then up to the user. One way
this can be accomplished is by defining the EMTDC Internal Variable
EBR every time step, directly in the model code itself.

NOTE: For more examples on this, edit the
definition of the Voltage Source Model 2 in
the PSCAD Master Library.

EXAMPLE 9-6:

A designer adds a resistive branch containing an ideal voltage
source to the component in EXAMPLE 9-5, which is to be connected
between node ‘N1’ and a ground electrical Connection ‘GND.” The
source possesses a source resistance ‘RS,’ which can be entered as
an input parameter.

The Branch Segment could then contain something similar to the
following:

BRNS = SGND SN1 SOURCE SRS 0.0 0.0
BRN1 = SN1 SN2 SR 0.0 sC
BRN2 = SN1 SN2 0.0 0.001 0.0
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These statements are a schematic equivalent to:

Rsg M1 R M2

{5~ A —|
L

The Branch Segment syntax also allows you to indicate to PSCAD

that a particular branch is a switching branch:

[<Branchname> =] <TO> <FROM> BREAKER <lInitial_Value>

Where,

» <Initial_Value> is the initial resistance of the switch [Q]. This
value is used for initialization purposes and does not affect
the simulation. A good default value to use is 1.0.

Fortran

The Fortran Segment is where any Fortran code, defining what the
component is to model, is placed. Code entered in this Segment
should either be in the form of standard formatted Fortran 77, or
PSCAD Script (or a combination of these two). Fortran 90 format is
not recommended here, as some incompatibility problems can occur
during compilation (line breaks for example). It is also possible to
define a function, or call an external subroutine from this Segment.

Although Fortran Segment code should be in Fortran 77 format,
PSCAD will convert it to a form that is compatible with both Fortran
77 and 90 formats when the project is compiled. Code existing in
external source files (i.e. subroutines or functions) should be com-
patible with both Fortran 77 and Fortran 90 however. This will avoid
compatibility problems between the various Fortran compilers avail-
able for use with PSCAD. When using formatted Fortran in the
Fortran Segment, it is important to note that all lines of code should

be preceded by six spaces.
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EXAMPLE 9-7:

The following code is a simple example of how standard Fortran
would appear in the Fortran Segment. This code defines an instan-
taneous voltage source magnitude VT, according to the value of an
input parameter Type. If Type = 0, then the magnitude is calculated
using the standard equation for a sinusoidal source with phase shift:

vit) = Voo

wsin(2af ot + g

If Type = 1, then the source magnitude is a constant given by
VDC. FREQ and PHI are also input parameters defined in the
Parameters section of the Component Definition. TWO_Pl is an
EMTDC Internal Constant.

! Calculation of an AC or DC voltage source magnitude
i

123456 Remember to precede code by at least six spaces!
i

IF ( $TYPE .EQ. 0 ) THEN
|

! AC source
i

SVT = SVPEAK*SIN( TWO PI*SFREQ*TIME + SPHI )
ELSE

! DC source

SVT = $VDC
ENDIF

This same code could also be written as a combination of standard
Fortran and PSCAD Script as follows:
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I Calculation of an AC or DC voltage source magnitude
|
#IF $Type ==
!
! AC source
!

SVT = SVPEAK*SIN( TWO PI*SFREQ*TIME + S$PHI )
#ELSE
!
! DC source
!

$VT = $VDC

#ENDIF

Note that the above two examples have been simplified

slightly. Generally speaking, the value for 2af -t function should
never be allowed to simply grow larger and larger as the simula-
tion progresses. It should be reset to zero whenever 2af -t = 2z is
reached.

There are pros and cons to adding standard Fortran code directly
into the Fortran Segment, as opposed to calling a subroutine or func-
tion. Here are some key points to consider:

+ AllEMTDC Internal Variables may be utilized, without the
need to declare them or add files, when coding in the Fortran
Segment.

+  PSCAD Script may only be utilized when coding in the
Fortran Segment.

* All code placed in the Fortran Segment will be added directly
to the module Fortran file (<module>.f), when the project is
compiled. If there is a large amount of code and/or there are
many instances of this component in the project, the Fortran
file can become huge and difficult to debug. In such cases,
it would be wise to create a function or subroutine, which
could then be called from the Fortran Segment. Also, if
standard Fortran line numbers are used in your code, these
same numbers may appear multiple times in the Fortran file
(<module>.f), causing compiler errors.

PSCAD User’s Guide

417



Chapter 9: Designing Components

418

The Fortran Segment is a ‘smart’ Segment, in that code placed here
will be intelligently placed in the EMTDC System Dynamics, in order
to avoid problems with time step delays. In other words, PSCAD will
choose to place the code in either the DSDYN or DSOUT subrou-
tines, according to what variables are being defined in the code, and
what this component is connected to in the project.

DSDYN

This Segment is identical to the Fortran Segment, except that
all code will be forced into the DSDYN subroutine in the EMTDC
System Dynamics.

bsouTt

This Segment is identical to the Fortran section, except that all code
will be forced into the DSOUT subroutine in the EMTDC System
Dynamics.

Checks

The Checks Segment is used to ensure that data entered into the
component input parameters by the user is reasonable. If a spe-
cific condition is true, then a given warning or error message can be
made to appear in the Output Window when the case is compiled.

A typical Checks Segment entry would have the following standard
format:

<MESSAGE TYPE> <Message> : <Expression>

« <MESSAGE TYPE> is the first word in the message line and
must be chosen as either WARNING or ERROR depending
on how severe the problem is. If chosen as a warning, the
message will appear as a warning in the Output Window. If
specified as an error, then the simulation will be stopped until
the condition is rectified.

+ <Message> is the diagnostic message that is printed if an
error or warning is produced. This message should be
descriptive enough for another user to determine what the
problem is, and where it is coming from.

+ <Expression> is the test used to determine if an error or
warning message should be generated. This expression
is based on negative logic, which means the message is
generated only if the expression evaluates to False.
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EXAMPLE 9-8:

A designer’s component contains an input for frequency with Symbol
Name F. The designer wants to ensure that only a value greater
than zero is entered.

The Checks Segment should then contain the following:

ERROR System frequency must be greater than zero : F > 0.0

Both Logical and Arithmetic Operators may be used in the
expression. For example:

WARNING RI1 R2 must be greater than 100 : R1 > 100*R2

Remember that negative logic is used in the above examples!

Help

The Help Segment is useful when the user wants to provide an ex-
ternal HTML based help file for a particular component. For example
if the user has created an HTML document entitled ‘help.html’ for a
particular component, then all that is required is that the name and
extension be added to the Help Segment as shown below:

help.html

Then, when a user right-clicks on the component in the Circuit win-
dow and selects Help from the pop-up menu, the external document
indicated will open.

In order to reduce confusion when linking components to help
documents, the path to the Library Project (*.psl) file in which

the Component Definition is located, will be appended to the
filename. Therefore, the external help file must always be located
in the same directory as the parent Library Project.

Comments
Add your comments / reminders / notes about the design of this com-
ponent here. Do not use this Segment as a means of providing help
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to users. This Segment is ignored by PSCAD and is accessible only
when you are editing the definition.

FlyBy

The FlyBy Segment provides an avenue to allow the designer

to incorporate the PSCAD FlyBy help feature to a Component
Definition. FlyBy windows can help to provide users with a quick
description of the model itself, or even individual Connections on the
component.

The FlyBy section syntax is straightforward:
<Descriptive text for the component>

: <Connection_Symbol_Name>
<Descriptive text for the connection>

EXAMPLE 9-9:

A designer wants to add FlyBy help to the component below:

' User | C
g.| Component

In addition to a general description of the component, the designer
wants to provide a FlyBy for each of the input Connections A and B.

The FlyBy section should then contain the following:

This 1s my User Component
A

This is input A

:B

This is input B

If the mouse pointer is now moved over the component in normal
Circuit view, the following FlyBy windows will appear:
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Uset c
g .| Component

Tesi_Case.s
Thisis my User Component

Il
% Uszer |9
g.| Component |

Test_Case.s
Cannection [A]
A

This iz input A

iy

User C
g .| Component

%

Test_Case.s
Connection [B]
B

This is input B

Transformers

The Transformers Segment is used both to define data for any exist-
ing mutual impedance matrices, as well as to provide dimension-
ing information to EMTDC regarding transformers and windings. A
single component may contain multiple mutual impedance matrices.

The user must include transformer information in three main parts:

Number of transformers (matrices): This is accomplished
through the use of a #TRANSFORMERS directive. See
Chapter 10 for more details on this directive.

Number of Windings: This number will define the
dimension of each matrix. If this number is given as a
positive value, then PSCAD will assume that the matrix is in
non-inverted format, and therefore the matrix data must be
entered directly. If the number is negative, it signifies that
this transformer is ‘ideal’ (i.e. contains only inductance) and
PSCAD will assume that the matrix is already inverted. The
matrix data must therefore be entered accordingly.

Matrix Data: The matrix data is entered here, depending on
whether the transformer is ‘ideal’ or not.
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According to the above description, a basic Transformers Segment
would appear as follows (for a classical type transformer) in general
format:

#TRANSFORMERS <Number_of Transformers>
<Prefix><Number_of_Windings> /

<Node_1><Node_2> <R_11><L_11>/

<Node_2> <Node_3> <R_12><L_12> <R_22><L_22>/

NOTE: The Transformers Segment format
is different when defining a UMEC type
transformer. For more information on the
UMEC format, see the UMEC transformer
component definitions in the Master Library,
or contact PSCAD Support Services
(support@pscad.com).

<Prefix> is not mandatory, but is required to indicate an ‘ideal’ trans-
former matrix (i.e. already inverted). Also, resistance values (i.e.
<R_xx> are not required if the transformer is ‘ideal.’

Note that only the diagonal and the data below the diagonal need to
be entered. The matrix is assumed to be symmetrical.

EXAMPLE 9-10:

A user wants to create a non-ideal single-phase, two-winding
transformer. The component Graphics, Parameters and other Script
Segments, has already been included. The component electrical
Connections have been set-up as shown below in the Graphic sec-
tion.

The winding self and mutual resistance and inductance parameters
have been defined and given Symbol Names ‘R11,” ‘L11,” ‘R12;
‘L12, ‘R22" and ‘L22.
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The Transformers Segment should then appear similar to the follow-

ing:

#TRANSFORMERS 1
!

2/

$Al $B1 $R11 $L11 /
$A2 $B2 $R12 $L12 $R22 $L22 /

When designing a component with more than one transformer, you
can use a special syntax (called simply 888 syntax) so that, if all the
matrix elements are identical, you can avoid entering the repetitive
data. This is especially useful if the mutual impedance matrices are

very large and numerous.

EXAMPLE 9-11:

In the example above, the user wants to modify the component, so
that it contains two identical single-phase transformers within it. The
component electrical Connections have been set up, as shown be-

low in the Graphic section.

A1 A2

B1 #1§ g #2 B2

A3 A4
#1!) #2

B3 3 B4

The Transformers Segment should then appear similar to the follow-

ing:
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#TRANSFORMERS 2

!

2/

$A1 SB1 SR11 $L11 /

$SA2 SB2 $R12 $L12 SR22 S$L22 /
!

888 /

!

$SA3 $B3 /

$p4 $B4 /

Model-Data

The Model-Data Segment is used as a way to bring input data into a
user-defined subroutine, without having to declare an argument for
each bit of data. There is no specific format for text in this Segment,
as this format depends on READ statement within the users code.

When the project is compiled, PSCAD will include all text within
this Segment in the corresponding Data File, under the headings
DATADSD or DATADSO. If the subroutine is called from DSDYN,
the Model-Data contents will appear in the DATADSD section, and
DATADSO otherwise.

In order to read this information, a standard Fortran READ statement
must be added to the user-defined subroutine as follows:

! Add include file to define IUNIT
I

INCLUDE ‘fnames.h’

READ (IUNIT, *)

Matrix-Fill

When a Project is initially compiled, PSCAD will construct a tem-
porary logical matrix for the purpose of indicating how the electri-
cal system is connected (i.e. how nodes and branches are put
together). The Optimize Node Ordering algorithm in PSCAD then
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uses this information to optimize node placement in the actual sys-
tem conductance matrix. However, only electrical nodes and branch-
es, defined within the Branch Segments of each component present
in the system, are considered.

Any internal node connections defined in Segments other than
Branch will not be included in this matrix. Therefore, the logical ma-
trix may have missing information, thereby reducing the effectiveness
of the Optimize Node Ordering algorithm. The Matrix-Fill Segment
can be used to ‘help’ this algorithm by providing the omitted connec-
tion information for any internal component nodes.

The general format for a Matrix-Fill Segment statement would appear
as follows:

<Node_1> <Node_2> <Node_3> <Node_4> ...

Where <Node_#> is the Symbol Name of the Connection involved
with Matrix-Fill. All Connections in a single statement are assumed
as connected to each other.

EXAMPLE 9-12:

A user creates a single-phase electrical circuit in PSCAD, which
includes a classical transformer component connected as follows:

L 2 aan—3
;1%?#2 10
[k ME
f ;i

1
— W
1.0
=

As can be seen above, there are six electrical nodes in this system,
and therefore the system matrix will have dimension 6 x 6. Internal
connections internal to the transformer component cannot be de-
termined initially by PSCAD, and so when a logical matrix for the
Optimize Node Ordering algorithm is created, the transformer ap-
pears as a ‘black box’ as shown below:
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M1 M2 N3 M4
A R
1.0 1.0
5

.
;‘i ;%

The logical matrix for the Optimize Node Ordering algorithm would
appear as follows, where X indicates a known connection:

[T T = T =T -

X
X
0
0
0
0

=R =R = =]
== S = =]
[T T R T
Moo oo oo o

The matrix above does not contain all of the connection information
required, however. We know through the Transformers Segment
in the transformer component, that nodes N2, N3, N5 and N6 are
all part of a mutual impedance matrix and are hence all connected
together as shown below:

M1 W2 N3 M4

ME

ol
—\WA—ez
oL

By adding in Matrix-Fill information, we can tell PSCAD to add con-
nection information to the matrix so it will appear as follows, where
‘+” indicates a connection added by Matrix-Fill:

¥ X 00 00
XX + 0 + +
o+ X X + +
00 X X 00
o+ + 0 X o+
0+ + 0 + X
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If the four electrical Connections on the transformer were given as
follows in the Graphic section of the Component Definition,

Al A2

B1#1 §#2 B2

then the Matrix-Fill Segment should appear as:

SAT $SB1 SA2 SB2

Note that in the above example, it assumed that all connections
between the four nodes involved are possible. If, however, only con-
nections as shown below are needed,

M1 M2 N3 M4
——— AN

1.0 1.0
I
|

o

5

then the Matrix-Fill Segment should appear as:

SAT $B2
SA2 $B1

T-Lines

The T-Lines Segment is used to specify any electrical Connections,
defined in the component Graphic section, to be used as send-

ing or receiving end electrical Connections for a Transmission Line
or Cable. The T-Lines Segment is rarely needed in component
design. The general format of a T-Lines Segment statement is given
below:

<Subsystem_#> <Cond_1> <Cond_2> <Cond_3> ...

<Cond_#> signifies that any Connection Symbol Name that is en-
tered in this position will be the sending or receiving end Connection
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for that particular conductor number in the T-Line or Cable proper-
ties.

This Segment is used only within the Transmission Line and Cable
Interface components in the Master Library.

Undo and Redo

To undo or redo any changes in the Script section, select the Undo
or Redo buttons in the Main Toolbar, press Ctrl + Z or Ctrl + Y, or
right-click over a blank part of the Parameters window and select
Undo or Redo.

Refresh F5

Find Ckrl+F
SearchfReplace  Chkrl+H

Searment Manager

Paste Chrl+y
Unda Chel+2
Redo el
Print

Help F1

Syntax Colouring

In order to make Script section code easier to understand, syntax co-
louring is used similar to code viewed in popular developer software
programs. Most PSCAD Script commands will appear in blue, while
all commented code will appear in green, for example:
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#LOCAL INTEGER M ACTV
#IF IcTyp==1
#LOCAL REAL RVD1 1
#LOCAL REAL RVD1 2
CALL E_CPFSYNC ($P0Z, $Q0Z, $VT, SPheta, $Vbase,RVDl_1,RVDl 2)
#ENDIF
! Synchronous machine model
STORI (NSTORI) = NINT (STOR(NEXC+294))

Syntax colouring can be disabled in the Workspace Settings dialog
under the Views tab.

INTERNAL OUTPUT VARIABLES

An Internal Output Variable is internal component data, which

has been made available as a signal to be plotted or monitored in
PSCAD. Before any internal quantities are made available however,
they must be defined within the component Fortran Segment using
an #OUTPUT directive.

Internal data used as output can either come from an internal com-
ponent variable, from an EMTDC Storage Array, or as a measured
branch current or voltage from EMTDC.

Outputting EMTDC Measured Voltages and Currents

There are a couple of substitution operators that can be used with
#OUTPUT directives to extract measured quantities directly from
electrical system nodes and branches. These are described below.

CBR

CBR is a special substitution operator that will output the current
measured in a specified branch. A special syntax is used for this
- see the example below:

EXAMPLE 9-13:

A user wants to measure the current in a branch called ‘BRN.” A Text
Field has been added to the component Parameters section with
Symbol Name ‘la.’

The following should then appear in the Fortran segment:
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#OUTPUT REAL Ia {SCBR:BRN}

Note that ‘BRN’ is not preceded by a $ Prefix Operator.

vDC

VDC is a special substitution operator that will take the voltage differ-
ence between two different electrical nodes. A special syntax is used
for this - see the example below:

EXAMPLE 9-14:

A user wants to measure the voltage difference between two
Connections defined within a user component, called ‘N1’ and ‘N2.’
A Text Field has been added to the component Parameters section
with Symbol Name ‘Vdiff.’

The following should then appear in the Fortran Segment:

#OUTPUT REAL Vdiff {$VDC:N1:N2}

Note that ‘N1’ and ‘N2’ are not preceded by a $ Prefix Operator.

ADDING A REFERENCE TO A SOURCE FILE

In PSCAD, you may call a subroutine or function defined in an exter-
nal source file (i.e. *.f, *.f90, *.for or *.c file) from within the Fortran,
DSDYN or DSOUT sections of your component definition. In order to
have this code included when the project is compiled and built, you
must ensure a reference to this file is provided. This can be done in
one of two ways:

1. Add a reference from the Project Settings dialog: Right-
click over a blank area of your project page in Circuit view
and select Project Settings.... In the Fortran section, add
a reference to the file in the Additional Source Files input
field. See ‘Additional Source (.f) Files’ in this chapter for
more details.
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2. Add a File Reference component: Right-click over a blank
area of your project page in Circuit view and select Add
Component | File Reference. Open the File Reference and
select the source file.

INTERFACING TO C CODE

In PSCAD, you may interface to C language source code in the form
of a subroutine or function. As C code cannot be used directly within
component definition Fortran, DSDYN or DSOUT Segments, it must
be provided in the form of an external source (*.c) file or object file.

There are subtle differences between how C source code is handled
between the EGCS/GNU Fortran 77 compiler and the Fortran 90
compilers compatible with PSCAD. The method for each is de-
scribed in the following sections.

NOTE: Before running the case, the user
must ensure that the *.c (and *.f) file(s) be
referenced in the Additional Source Files
input field. Alternatively, object files (*.obj)
or a library file (*.lib) (made from the source
files) should be referenced in the Additional
Library (*.lib) and Object (*.obj) Files input
field.

For more details on interfacing to C source code, see the example
projects in the ...\examples\C _interface directory within your installa-
tion directory.

Using the GNU Compiler

The most straightforward method to utilizing source code written in C
is to use the EGCS/GNU Fortran 77 compiler. This is simply due to
the fact that this program converts Fortran code to C anyway before
creating the executable. Providing C source code then makes rela-
tively little difference from the prospective of the GNU compiler.

C subroutines and functions can be called directly from within the
Fortran, DSDYN, or DSOUT segments of a component definition,
just as you would do it for Fortran. The following examples illustrate
this for calling both a C subroutine and a C function.
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EXAMPLE 9-15:

A user has written the following simple subroutine in C, and wants to
call this source code from a user-defined component:

* User C Source Code *
void test csub__ (int* arg, int* res)
{
*res = 6* (*arqg);

}

A standard call statement can be made from within the Fortran,
DSDYN or DSOUT segments of the component definition.

CALL TEST CSUB($IN, SOUT)

Where $IN and $OUT are input and output Connections on the com-
ponent respectively.

EXAMPLE 9-16:

A user has written the following simple function in C, and wants to
use this source code in a user-defined component:

* User C Source Code *
int test cfun_ (int *arg)
{
return 2* (*arg);

}

The function must be declared before it is used within the
component. Then, the function is used as it normally would in
Fortran in the Fortran, DSDYN or DSOUT segments of the compo-
nent definition.
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#FUNCTION INTEGER TEST CFUN
SOUT = TEST CFUN (SIN)

Where $IN and $OUT are input and output Connections on the com-
ponent respectively.

Using a Fortran 90 Compiler
When using either the Digital Fortran or Compagq Fortran 90 compil-
ers, some extra steps are involved in interfacing with C source code.

An auxiliary Fortran subroutine must be provided for the purpose

of constructing an interface (or ‘wrapper’) to the C code. It is this
Fortran subroutine that is called from the Fortran, DSDYN or DSOUT
segments of your user-defined component.

The following examples illustrate how to call a C subroutine when
using the Fortran 90 compilers.

EXAMPLE 9-17:

A user has written the following simple subroutine in C, placed it into
a Cfile (*.c).

* User C Source Code *
void test csub (int* arg, int* res)
{
*res = 6*(*arqg);

}

The user then defines an interface subroutine in a Fortran (*.f)
source file as follows:
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SUBROUTINE AUX CSUB (in, out)
INTEGER in, out

! Fortran 90 interface to a C procedure

INTERFACE
SUBROUTINE TEST CSUB (in, out)
!DECS ATTRIBUTES C :: TEST CSUB
!DECS ATTRIBUTES REFERENCE :: in
!DECS ATTRIBUTES REFERENCE :: out

! in, out are passed by REFERENCE
INTEGER in, out
END SUBROUTINE
END INTERFACE

! Call the C procedure

CALL TEST CSUB(in, out)
END

A standard call statement is then added to the Fortran segment of
the user component definition:

CALL AUX CSUB(SIN, SOUT)

Where $IN and $OUT are input and output Connections on the com-
ponent respectively.

TUTORIAL: CREATING A NEW COMPONENT

Open PSCAD, create a new Case Project, save the Project under a
unique name, edit the Project Settings and add a Description.
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o =y 0= -k &4 B o Project Settings - tutorial

Save ackive projeck - T -
Tmaster (Master Library] [ masTer [MTasTer ey General ] Funtime | Simulation | Dyn.
T 1
-FA noname - noname o
&3 Diescription
I |Create a Mew Component hutarial

@3 Projets |1y Rurtine |— TLr @ Projests |0y Rurtime [— TL File Path:

|C:\BackUptutorial psc

Create a New Case Save the Project Edit the Project
Project (‘noname’) Under a Unique Description in the
Name Project Settings
(ex. ‘tutorial.psc’) Dialog

Create a new component by using the Component Wizard.

#

Mew Component

AN S

Invoke the Component Wizard

Adding Graphics

Edit the Component Definition and in the Graphic section, draw the
following diagram (minus the sticky notes); where $R is a Text Label,
and NA and NB are Connections.

Ellipse
Lines

connection - NA CD : NB

$R Arcs

Text Label

See ‘The Graphic Section’ in this chapter for more details on drawing
objects available.

NOTE: Make sure the graphics are of a rea-
sonable size in relation to other components
in the Master Library.

Configure the properties of the Connections so that they are fixed
electrical nodes. Also, configure the Text Label to display ‘$R’:
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Format Connection X Format Text Label g|

Symbol [ He, Dimension | 1 s
Connection Type Made Type Data Type | IR

" Input Data & Fixed o]

© Oupu Data  Removable r Size Alignmert

& Electrical " Swiched c * small O Lett

L8 " Ground O Medium v Centre

7 Large " Right

Activate connection when the igiklility Condition:

Tollowing expression is trug; |true j
[true =l

=14 Cancel ‘ Help ‘ (8124 | Cancel ‘ Help |

Connection Property Settings Text Label Property Settings
(‘NA) (‘$R’)

Save your component changes by Returning to Circuit View. Save
the Project.

Adding a User Interface
Edit the Component Definition and in the Parameters section,

add a new Category page. Give the new Category a name (say
‘Configuration’).

Category Properties

Mame:

ClawEREaE i
New Categary | =
(oo oma | o |
Add New Category in Give Category a Name

Parameters Section

Add Input Fields to the Category with the following

Captions: ‘Voltage Magnitude (RMS),” ‘Frequency, ‘Ramp Up Time’
and ‘Resistance.” These are to have Units set to kV, Hz, sec and
ohm respectively. Give each field a short, but descriptive Symbol
Name (say ‘Vrms,” f;” ‘tr’ and ‘R’ respectively) and provide a reason-
able Default value (see the image below), as well as Min and Max
settings.
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Input Field E| Input Field @
Symbol Caption Wickth Symboal Caption hickth
| 1 | Frequency 15 | R | Resistance 15

Data Type Options Data Type Options

) [ Show Symbol £ I Show Symbal

O Integer W Shaowy Caption " Integer [ Shovw Caption

(* Real [ Allow Signal Names f* Real [ &llow Signal Mames
Detautt Unitz Min Mt Default Units in [LEYS
[600 Hz [Me38 | 1e+038 [10 ohm  [{e038  |1e+038
Enabled When: Enabled When:
| = | 5|

oK | Cancel | Help | oK Cancel | Help |

Input Field Properties
(‘Frequency’)

Input Field Properties
(‘Resistance’)

Add a Choice Box to the Category with the Caption ‘Is This Source
Grounded?.” Give it an appropriate Symbol Name (say ‘gnd’) and
then add two Choices: ‘1=Yes’ and ‘0=No.” Decide on whether to
use Radio Buttons or a Drop List format.

Choice Box Properties Fg|
Symbal Caption Wilckh
| and | Iz Thiz Source Grounded? ’?
Chaoices Style
s " Drop List
0=Ng (+ Raclio Buttons

Options
[ Show Symbol

pup | pel | Up 5 ¥ Show Caption
Default a
Enablzd When:
| &
(o128 | Cancel I Help |

Choice Box Properties (‘Is This Source Grounded?’)

Arrange the fields in a neat manner and once completed, your
new Category page should look something like the following (when
viewed in The Parameters Section):
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“altage Magnitude (RMS) |1_u i

- -qls This Source Grounded?—- -
| E e |
LT ves

Save your component changes by Returning to Circuit View. Save
the Project.

Adding Conditional Statements to the Graphic Objects

In order to make our component more convenient to use, we should
give the user the option to ground the source at one end. This will
be the primary purpose of the ‘Is This Source Grounded?’ Choice
Box. Using the condition of this field (i.e. Yes or No), we can alter
both the appearance and the electrical properties of the component.

Edit the Component Definition and in the Graphic section, modify the
component graphics as shown in the diagram below, where G is a
Connection configured as an electrical ground node.

Symbol |G Dimension |1
Connection Type Mode Type Data Type
 Input Cata " Fixed o

Additional 7 Output Data " Removable £s

nnnnnnnnnn
& Electrical 7 Switched 7

NA G NB I - + Ground
$R Mew Lines
Activate connection when the
faollowveing expression is true:
‘true j
Ok | Cancel | Help |
Modified Component Connection Property Settings (‘G’)
Graphics

In the Visible When field of all the newly added Lines, add
Conditional Statements so that they will become Visible/Invisible
according to the setting specified in the ‘Is This Source Grounded?’
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Choice Box. That is, when ‘Is This Source Grounded?’ is set to Yes,
the ground symbol graphics above should be visible.

Format Graphic Object

Ling

=

Box & Elipse

Wisiblility Conclition:

Connection

|gnd==1|

N
o]

j |<no change= j

Cancel | Help |

Editing Conditional Statement in Line Objects

In the Activate Connection when the Following Expression is
True field of Connections G and NB, add conditional statements so
that they become Enabled or Disabled according to the setting speci-
fied in the ‘Is This Source Grounded?’ Choice Box. That is, when

‘Is This Source Grounded?’ is set to Yes, Connection G should be
enabled and Connection NB should be disabled (and vice-versa):

Format Connection

| i imm 4

Format Connection

X

Activate connection when the
following expression is true

‘gnd::ﬂ

oK Cancel |

Help

Activate connection when the
following expression is true

[ gnd =0

QK

Cancel |

Help

El

Editing Conditional Statement
in Connection ‘NB’

Editing Conditional Statement in
Connection ‘G’

You may be wondering at this point about the placement of the
Connections G and NB in the Graphic section diagram above. When
placing your Connections within your component graphic, it is impor-
tant to consider where the most intuitive position for the Connection
is. Thatis, it would be best to have the Connection NB at the end of
the Line Object, as this would be an obvious connection point.

Save your component changes by Returning to Circuit View. Save
the Project.

Pre-Processing User Input
Edit the Component Definition and in the Script section, navigate to

the Computations Segment.
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¥ H.ﬂ; Fuartran . '?g

In the Computations Segment text window, add lines of Script to con-
vert your ‘Voltage Magnitude (RMS) (Vrms) input from RMS to peak
kV and to convert your ‘Frequency’ (f) input from Hz to peak radians
per second. Your Computations Segment should appear similar to
the following:

1| REAL VWp = EQRT(Z.0)*Vrns
Z| REAL £ _rad = Z.0%pi*f

This Computations Script declares two new REAL variables called
Vp and f_rad. As the Computations Segment is considered by the
compiler before any other code Segments (i.e. Fortran), these new
variables can be used anywhere in subsequent code procedures.

The EMTDC Subroutine that we will be using to define the volt-

age source requires these values in the format defined above. You
could, of course, simply let the user enter these values in kV peak
and rad/s directly. Then, the need for the Computations Segment will
be removed, but this format may not be the most convenient to those
using the component. As the designer, this is up to you.

Save your component changes by Returning to Circuit View. Save
the Project.

Defining the Electrical Branch
Edit the Component Definition and in the Script section, navigate to
the Branch Segment.

ol IS |C0mputations j '?E
Fortran
Computations
In the Branch Segment text Window, add statements that define
the electrical properties of the component for use by EMTDC. This
branch is to be purely resistive with resistance R, as defined by the

Input Field ‘Resistance.” Also, Conditional Statements are added so
that the branch will be defined between NA and NB or NA and G,
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depending on the condition of the ‘Is this source grounded?’ Choice
Box. Your Branch Segment should then look similar to the following:

1] #IF ogmd == 1
z ML $C (R 0.0 0.0
3| #ELSE

4 $HAL $NE  $R 0.0 0.0
5| §ENDIF

The above defines a source resistance value to the branch where we
will place the source. Of course, the branch itself will be defined ac-
cording to whether the user has grounded the source directly or not.

Save your component changes by Returning to Circuit View. Save
the Project.

Adding Code to Define the Source

Instead of writing our own code to define the voltage source, we can
use an existing EMTDC Subroutine to do it for us. Then we simply
need to ensure that all of the subroutine arguments are defined in
the component, and then call the subroutine. The subroutine we will
use is called EMTDC_1PVSRC, which represents an ideal voltage
source and is the same subroutine used in the Single-Phase Voltage
Source Model 2 in the PSCAD Master Library.

Edit the Component Definition and in the Script section, navigate to
the Fortran Segment.

Add a subroutine declaration statement at the top of the Fortran
Segment text window, using the #SUBROUTINE Directive. Make
sure to include the exact name of the subroutine along with a brief
description. Add a Fortran CALL statement to call the EMTDC sub-
routine EMTDC_1PVSRC (be sure to include all of the required argu-
ments in the call statement). Finally, add a #STORAGE Directive to
ensure the proper storage allocations for the routine. This informa-
tion is detailed in Ideal Voltage Source (1-Phase).

When complete, your Fortran Segment should look similar to the fol-
lowing:
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| #SUBROUTINE EMTILC_1PVSRC Single Phase Source
Z| #ETOPAGE LOGICAL:1 REALL:S8 INTEGER:&
5[ !
CALL EMTIDC_1PVSRCI($E55 $BIN,.ftr, l,5Vp, $£f rad 0.0}

Note that the storage allocation is necessary only when using a
Fortran 90 compiler, and provides memory allocation information
for Dynamic Dimensioning in EMTDC. It is a good idea to always
include #STORAGE statements however, to maintain component
compatibility with all compilers.

Save your component changes by Returning to Circuit View. Save
the Project.

Setting the Branch Source

According to the given subsystem number (SS) and branch number
(BRN), PSCAD can determine where in the electric network to place
the source. We have not yet defined this in our Branch Segment
however, so we will go back and do that now by first applying a name
(i.e. ‘BRN’) to our defined branch. Also, so that PSCAD knows to
enable the internal source in this branch, we must add the ‘SOURCE
syntax as follows:

1] #IF gnd == 1

EEN = $NA $G SOURCE $B 0.0 0.0
3| #ELEE
4 EEN = $NA 3NE S0URCE $B 0.0 0.0
c| #ENDIF

For more information on branch naming and the SOURCE syntax,
see Branch Segment.

Save your component changes by Returning to Circuit View. Save
the Project.

Sanity Checks

It is always a good idea to apply sanity checks to the users input,
so as to avoid erroneous results. This is accomplished by using the
Checks Segment.

Edit the Component Definition and in the Script section, add a new
Checks Segment by using the Segment Manager. Add a statement
to the Checks Segment text window, which will give an error when
the entered source resistance (i.e. R) is less than or equal to 1. Note
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that you must use negative logic in this section, and so this state-
ment should appear as follows:

| 1| ERROR Source Besistance must be greater than seroc @ B = 0.0

Save your component changes by Returning to Circuit View. Save
the Project.

Testing Your New Component

At this point it would be a good idea to check if your component will
actually run, and if it does, whether the results are correct. Below
are what the results should be if the source model was connected to
the indicated circuit, and if the source is set to:

+ Voltage Magnitude (RMS) = 0.7071 kV
*  Frequency = 60 Hz

«  Ramp-Up Time =0.02 s

» Source Resistance = 1.0 Q

s Load Current

o =
a Load Voltage

'||__@ﬂ;‘£f i 7T \/W’\—h'

Ea  1.0[ahrr]

The results are as shown below:
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Tutorial Results

CTAAANANN
P MAVAVAVAVAYAN
TANNNANN
SEMAVAYAVAVAY

-0.50 -
0000 0010 0020 0030 0040 0030 0080 0070 0030 0030 0100

4 L3

Save the Project.

Adding Internal Output Variables

It is possible to monitor quantities internal to the component, for dis-
play on plots and meters. One way to accomplish this is by setting
up an Internal Output Variable. In this tutorial, we will set up internal
variables to monitor source voltage and branch current.

Edit the Component Definition and in the Parameters section, add
two Text Fields: One with Symbol Name ‘Isource’ and Caption
‘Source Current.” The other with Symbol Name ‘Vsource’ and
Caption ‘Source Terminal Voltage.’

Text Field Properties Text Field Properties

Symmbol Caption Wictth Symbol Caption Wicth
| lsource | Source Current ’? ‘ VEnurce | Source Termingl Yoltage ’?
Text Field Properties Text Field Properties
(‘Isource’) (‘Vsource’)

Arrange the fields in a neat manner and once completed, your
Category page should look something like the following:
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Woltage Magnitude (RMS) |1_D i

Save your component changes by Returning to Circuit View. Save
the Project.

Edit the Component Definition and navigate to the Fortran

Segment. With an #OUTPUT Directive statement, extract the current
in this source branch (i.e. from branch ‘BRN’), using the CBR Internal
Variable. Your Fortran Segment should look similar to the following:

1| gSUBROUTINE EMTDC 1PWSREC Single Phase Source

Z| #STORLGE LOGICAL:1 REAL:&8 INTEGER:&

3!

4 CALL EMTDC_1PVSRC(§E8,#BRN,.ftr, 1, 3Vp, ¢£f_rad, 0.0)
gl

&

| #O0UTPUT RELL Iscurce {$CEL:BIN}

The #OUTPUT statement above will define a variable ‘Isource’ and
output to it the current flowing in branch ‘BRN.’

Extract the node voltage from Connection NA to Connection G

or NB with another #0UTPUT Directive statement and using the
VDC Internal Variable. Remember that we have added Conditional
Statements that allow users to directly connect the source branch to
ground. So, the branch voltage measurement will depend on which
Connections are enabled. We can then choose a branch statement
according to the ‘Is this source grounded?’ Choice Box.

Your Fortran Segment should then look similar to the following:
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FEUEROUTINE EMTDC 1PVERC ZSingle Phase Zource

Z| §STODAGE LOGICAL:1 REAL:2 INTEGER:&

8 !

1 CALL EMTDC_1PWERC ($32, #BRN, $tr, 1 #Vp, £ _rad,0.0)
=
&| #0UTDUT REAL Isource {§CER:BREN}

U #IF gmd == 1

9| # OUTPUT REAL Wsource {$fVDC:NA:G}
9| 4ELEE

10l # OUTPUT REAL Wsource {$fVDC:NA:NE}
11| END'IF

Any Text Field with a Symbol Name identical to those defined above
(i.e. ‘Isource’ and ‘Vsource’), will act as Internal Output Variable
ports for the component. Any variable name entered into either

the ‘Source Current’ or ‘Source Terminal Voltage’ Text Fields in the
Parameters section will create signals which, when connected to an
Output Channel, can be plotted.

Save your component changes by Returning to Circuit View. Save
the Project.

Running Your Component

Keeping the test circuit used in the Testing Your New Component
section, remove the ammeter and voltmeter from the circuit. Replace
these two signals by entering Vs’ and ‘Is’ into the Internal Output
Variable Text Fields that were created in the component Category
page.

s Toad Current

. -
a Load Voltage

‘Is'and 'Ea’ are
sourced from
within component
1.0
=5 A

1.0 [ohm]

Run the case again. You should see identical results as before in
Testing Your New Component.
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PSCAD Script was originally introduced back in PSCAD V2, primarily
to provide a more flexible, compiler independent work environment
for the programming of custom components. It is recommended that
Script be used whenever possible to ensure that component defini-
tions are not effected by the compiler.

Script is given the highest priority by the PSCAD pre-compiler. That
is, Script is considered first before all other code, and is hence used
by the pre-compiler for expression evaluation, substitutions and

to generate formatted Fortran code for the Fortran File or Electric
Network Data for the Data File. By using the available Script
Directives, Script Operators, and other features available, the ap-
pearance, structure and functionality of a component can be manipu-
lated before the greater project compilation is performed.

This chapter is closely linked with Chapter 9 - Designing
Components. It is recommended that you read both topics before
attempting to design your own component. The following sections
describe the available PSCAD Script functions, and provide exam-
ples on how each can be used.

NOTE: If the need arises, subroutines or
functions (written in Fortran or C) can be
called directly, using standard Fortran call
statements. Any standard Fortran code en-
tered directly must be preceded by six empty
spaces, according to formatted Fortran
standards. See the section entitled ‘Fortran
Guidelines for EMTDC’ in the EMTDC
Manual for more details on coding rules.

SUBSTITUTIONS

Substitutions are a fundamental element of component design that
can appear in all parts of a Component Definition. Substitutions
provide a means to communicate information between Definition
sections, bring a dynamic aspect to component graphics, and help in
formatting code and Comments. The substitution operators available
in PSCAD are as listed below:
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«  Value Substitution Prefix: $
» Data Substitution Prefix: %
* Braces: {}

*  Comment Operator: !

$ Value Substitution Prefix Operator

The $ Value Substitution Prefix Operator (or simply ‘$’) is the most
important of the substitution operators, and is used quite heavily in
component design. The $ operator is normally appended to a char-
acter string, where the string may represent a numerical value, or
even other text, that has been defined at some previous point in the
evaluation process. Regardless of what the character string repre-
sents, its value will be substituted in place of the string, whenever a $
symbol prefixed to it.

There are numerous ways in which the $ operator may be

utilized. For example, the actual data value entered by a user into
an Input Field may be substituted into a Fortran statement by prefix-
ing $ to the Symbol of the field.

y — = 1| 1

Input Field & z OUT = 2.0*PI*$freqg

Symbol Caption Width 3|

[re [ Freauency [ \alue of 'freq
S will b
Hame substituted

Input Field Properties Dialog Substituting Field Value into a
Fortran Statement

NOTE: The value substituted is the value in
terms of the default unit specified in the Input
Field properties dialog. If the actual entered
value is entered in another unit, then this
value will be processed first, before substitu-
tion takes place. See the Unit System for
more details on units.

Another example is the substitution of a one variable name by
another. In this case, a Connection defined in the component
Graphic is used in a Fortran statement preceded by a $ prefix. This
ensures that the Connection Symbol name will be substituted with a
pre-defined EMTDC variable name, compatible with the rest of the
Fortran file for the Module where the Component Instance resides.

PSCAD User’s Guide



PSCAD

1] 1
‘DataOut ’_‘ ! tDatalut = Z.0*PI*E0.0

Connection name
will be substituted

Connection Symbol b BWTOC wariable
name ‘Datalut’
defining 3 REAL nams
data connection
Component Graphic Containing Substituting Connection
a Connection Name into a Fortran
Statement

In an effort to standardize the substitution syntax, the parser has
been extended (beginning in PSCAD V4.2) to include a more formal
way of handling substitutions from other contexts. This comes from
the need to pull information from outside the Component Instance
framework. By inserting delimiting symbols directly following the $
operator, text handling can be easily controlled. The standard syntax
is as follows:

$(<Context>:<Key>)

The substitution contains both a <Context> and item <Key> sepa-
rated by a Scope Operator and delimited by round brackets, where:

¢ <Context>: The context that is to be used to scope the item
Key. See below for a list of valid Context names.

* <Key>: ltem key (actual substitution) that is to be placed at
substitution point. See below for a list of valid Key names.

The $ Value Substitution Prefix Operator may be used in Text Labels
within the Graphic Section, as well as the Fortran, DSDYN, DSOUT,
Branch, Model-Data, Matrix-Fill, Transformers, or T-Lines segments
of the Script Section. In addition to this, the $ operator may also be
used to substitute Global Constants and various Keys under their
respective Contexts.

‘$’ may only precede variable names defined as one of the follow-
ing:

* A Connection Symbol name
* An Input Field, Text Field, or Choice Box Symbol name

PSCAD User’s Guide

249



Chapter 10: PSCAD Script

450

* Any variable defined in the Computations Segment
* A Global Constant (within input parameters only)
*+ AKeyname

NOTE: If a new variable needs to be de-
fined directly within your Fortran code, you
must define it as a local variable. See the
‘#LOCAL Directive’ section in this chapter for
more details.

Valid Context and Key Names
The following table lists all valid context names that may be used in
place of <Context> and <Key> as described above:

Context Name  Description Available Keys
(case
sensitive)

An empty context key is
<none> automatically context of the
Component Instance.

Context is that of

Defn the Definition of the Name, Desc,
Path
Component Instance.
Context is that of the Name, Desc,
Project Project that contains the Version, Author,
Component Instance. Path

Context is that of the cur-
Session rent running session of the Name, Version
application (PSCAD).

Context is that of the oper- Name, Version,

System ating system. User

Local Context Short Form

When using substitutions within the Context of the Component
Instance, there is no need to include the <Context> identifier and
it hence may be excluded along with the Scope Operator. In such
cases, the syntax is:

$(<Key>) or simply $<Key>
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This syntax is backwardly compatible with PSCAD version previous
to V4.2 and the simple un-delimited form is still the one that is used
in most cases (although both forms are now legal). The delimited
version has special properties in that it can be used to format identi-
fiers or other fields where there is an alphanumeric post-fix. This is
a new capability and by design, if the character immediately follow-
ing the $ operator is the same, then that character is copied directly
to the stream without processing. This allows for ‘$’ insertions, for
example, to insert a dollar-sign character, use $$.

Substituting Component Constants into Script

One form of possible substitution is that of pre-processed constants
into component Fortran code. Here, the actual numerical value of
the constant (i.e. Connection, Input Parameter or any variable de-
fined in the Computations Segment) will be directly substituted upon
compilation by PSCAD. Substitutions may also be performed within
Commented Script, in case the user would like to display certain pre-
defined values in the compiled Fortran files for the Project.

EXAMPLE 10-1:

A user component utilizes an external Fortran function, which re-
quires an angle input argument in degrees to convert to radians. The
data input in this case is a Connection, defined in the Graphic
Section of the component definition, and has a Symbol Name

‘in.” The function output ‘out’ is defined as an output Connection in

the Graphic Section.
in% : . | jout

Component Graphic Section View

By using the $ Variable Substitution Prefix Operator, the Fortran vari-
ables used by EMTDC to represent the Connections ‘in’ and ‘out’ can
be inserted directly into Fortran code. The function call would appear
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similar to the following in either the Fortran, DSDYN or DSOUT seg-

ments:

[ 1] #FUNCTION REAL PH_CON Phase Angle Converter
2] !
3 Fout = PH COMifin)
4] !
5| ! When this Script is cowmpiled by PSCAD, Fin will be substituted
&| ! by whatewer EMIDC decides to name the data node to which 'in' is
7! commected {ex. RT_l). fout will substituted by whatewer EMTDC
2] | decides to name the data node to which 'out' is comnected
gl ! fex. RT_2).

1af !

Fortran Segment Code

NOTE: See the #FUNCTION Directive for
more details on declaring Fortran functions.

EXAMPLE 10-2:

A user-defined component definition called ‘my_new_comp’ has
been programmed to display the contents of certain key Input Fields,
along with the definition name, within Comments provided in the
component Fortran segment, namely: Frequency with Symbol ‘freq,’
value 60.0 and units in Hz, and Voltage with Symbol ‘volts,” value
120.0 and units in kV. Note that both ‘freq’ and ‘volts’ are local vari-
ables and so the Local Context short form is used.

Symbol Caption Wicith Symbol Caption Width
[ treq | Frequency 15 | vaits | Valtage 15
Data Type Options Data Type Options

A I Shaw Symhol .l [~ Show Symbal

7 Integer ¥ Shaw Caption T Integer ¥ Show Caption

* Real [ Allow Signal Mames &~ Real [ Alaw Signal Names
Defautt Units Min M Default Units: Mfiry e
|600 He [o.01 184038 [1z00 [ | e+036  |1e+038
Enabled Vhen: Enahled When:

Ok Cancel | Help | oK Cancel | Help ‘

Input Field Property Settings Input Field Property Settings
(freq’) (‘volts’)
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When the component is evaluated, the Symbol names (‘freq’ and
‘volts’) are declared as variables internal to the component, and are
given the value entered in their respective fields. In this case, freq
= 60.0 and volts = 120.0. The user is now free to insert these vari-
ables elsewhere within the component code by using the $ Variable
Substitution Prefix Operator.

Something similar to the following comments could appear in either
the Fortran, DSDYN, or DSOUT segments:

1| ! User-Defined Component: §(Defn:Name) 1| ! User-Defined Component: Ly_new comp

z| ! zl !

3 ! Fregquency: ffreq Hz, Volvage: fvolos kW 3 ! Fregquemcy: £0.0 Hz, Voltage: 120.0 kV
4f 1

gt !

Fortran Segment Code PSCAD Fortran File Code
following Compilation

This feature is excellent for ensuring the Project Fortran File code is
always properly commented.

NOTE: The value substituted is the value

in terms of the default unit specified in the
Input Field properties dialog. If the actual
entered value is entered in another unit,
then this value will be processed first, before
substitution takes place. See ‘Unit System’
in Chapter 5 for more details on units.

Substituting Component Constants into Text Labels
Pre-processed constants can be substituted directly into Text Labels
in the Graphic Section using the $ Variable Substitution Prefix
Operator. This is a convenient feature, as it allows users to change
text appearance on the component graphic according to input pa-
rameters.

EXAMPLE 10-3:

A user has created a single-phase, two-winding transformer com-
ponent and wishes to display both the primary and secondary wind-
ing voltage ratings directly on the component graphic. The primary
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voltage rating input parameter ‘Vprim'’ is entered as 25.0 [kV] and the
secondary input ‘Vsec' is set at 4.0 [kV] as shown below:

Winding #1 wvoltage (RMS) 250 kY]
winding #2 vattage (RMS) 4.0 [kv]

In the component Graphic Section, the user adds two new Text
Labels (positioned accordingly) and enters ‘$Vprim’ and ‘$Vsec’
in the Text field of the two Text Label Properties dialogs as shown
below:

Format Text Label @
$Vprim $vsec |T:jprim
N 53 Format Text Label g]
Text
|$Vsec
Component Graphic Text Label Property Settings

When the component is now viewed in Circuit view, values of the
input parameters ‘Vprim’ and ‘Vsec’ should appear directly on the
component graphic. For this example,

260 40

i

This feature is an excellent method of displaying key component
parameters directly in the circuit. See ‘Text Labels’ in Chapter 9 for
more details on adding and editing Text Labels.

% Data Substitution Prefix Operator

The % Data Substitution Prefix Operator (or simply ‘%’) can be used
to make a simple text substitution into Fortran Comments, as well

as into Text Label objects. Data substitution is very similar to the $
Value Substitution Prefix Operator, except that it substitutes the exact
contents of an input parameter as text, before it is processed.
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The ‘%’ operator may be used in Text Labels within the Graphic
Section, as well as within Commented code in the Fortran, DSDYN,
DSOUT, Branch, Model-Data, Matrix-Fill, Transformers, or T-Lines
segments of the Script Section.

‘%’ should only precede variable names defined as Input
Parameters. Bracket delimitors (i.e. %(...) ) may be used when post-
fix formatting is required.

Substituting Text into Commented Script

One form of substitution is that of text into component Fortran
Comments. Unlike the $ Value Substitution Prefix Operator, the en-
tire, unprocessed contents of an input parameter (including the units)
will be directly substituted upon component evaluation.

EXAMPLE 10-4:

Consider Example 10-2 above, but replace the $ Value Substitution
Prefix Operator with the % Data Substitution Prefix Operator. The
following comments could then appear in either the Fortran, DSDYN
or DSOUT segments:

1| | User-Defined Component: # (Defn:Name) 1l ! User-Defined Component: Ly_new_comp
Z| ! | !
3| | Fregqueney: jfreq Hz, Voltage: fvolts kY [ 1 Fregqueney: €0.0 Hz, Voltage: 120.0 kV
4| ! 4] !
Fortran Segment Code PSCAD Fortran File Code

following Compilation

Substituting Text into Text Labels

Input parameter text can be substituted directly into Text Labels

in the Graphic Section using the % Data Substitution Prefix
Operator. This is a convenient feature, as it allows users to change
text appearing on the component graphic.

EXAMPLE 10-5:

Consider Example 10-4 above, but replace the ‘$’ operator with the
% Data Substitution Prefix Operator in the new Text Labels. When
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the component is now viewed in Circuit view, values of the input pa-
rameters ‘Vprim’ and ‘Vsec’ should appear on the component graphic
as follows:

250K 400K

i

{} Braces

Braces can be used to perform mathematical, logical and formatting
operations before other Script is considered by the compiler. Braces
can appear all over the component Definition. There are two main
forms in which Braces may be used: Anonymous Expression
Substitution and Block Processing. The Brace syntax is as follows:

[$]{<Expression>}
Where:

e $: Optional. The $ Value Substitution Prefix Operator is
not required in some instances, such as in most Block
Processing operations. The important thing to remember
is that the $ Operator should be included if some sort of
operation is to be performed within the Braces before the
contents are substituted.

* <Expression>: Can be a mathematical expression, or
simply a block of text.

It is important to note that mathematical and logical operations within
Braces are performed prior to the insertion of code into the EMTDC
System Dynamics (or the electrical system Data File). Subsequently,
these operations cannot involve variables — only constants (such as
constant input parameters, local constants, or constants defined in
the Computations segment).

Although simple examples are provided here, you can find more
examples by looking at the Definitions of Master Library components.
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Anonymous Expression Substitution

EXAMPLE 10-6:

The following example shows how expression braces can be used
within Text Labels to perform a mathematical operation on substi-
tuted values from the $ Variable Substitution Prefix Operator. Say
that two input variables are entered as ‘A1 =2.0’and ‘A2 = 3.0.” The
user wants to display a value based on these values directly on the
component graphic as follows:

Text Label = A1*A2 =6.0

The following could then be entered into the Text Label Properties
dialog:

Format Text Label

Text
[ {a1eaz]
Size Alignimenit
&+ Small " Left
7 Medium * Centre
" Large " Right
“iziblility Condition:
|true j
[s]4 | Cancel Help |

Block Processing

EXAMPLE 10-7:

A user has modified the Fortran function PH_CON in Example 10-1
to include phase angle conversion in both directions (i.e. degrees to
radians and radians to degrees). In the component Parameters sec-
tion, a Choice Box with Symbol ‘Ptype’ is designed with two options
as shown below:

PSCAD User’s Guide




Chapter 10: PSCAD Script

458

Choice Box Properties &—|
Symibol Caption Wicith
| Ptype | Input In? 15
Choices Style
1=Radianz + Drop List
O=Degress " Radio Buttons
Options

[ Showe Symbol

oup | pel [ ue | on Iv Showe Caption
Default 0

Enahled When:

| |
814 | Cancel | Help |

Choice Box Property Settings (‘Ptype’)

The function PH_CON is modified to include a second argument to
indicate the type of conversion required, based on the numerical
value of ‘Ptype.” The additional argument is a character string, where
‘D2R’ indicates degrees to radians conversion and ‘R2D’ radians to
degrees. Braces are used in formatting the Fortran code, along with
a #CASE Conditional Directive and ~ Line Continuation Operator:

HFUNCTION REAL PH CON Fregquency Converter
!

1
=
2 Fout = PH_CON(fin,~ RT_z = F_COM(RT_1,'DZER')
1
&)

W

!
HCASE Flype {~'DER')} {«~'RZD'1}
!

Fortran Segment Code PSCAD Fortran File Code
following Compilation
(if ‘Ptype’ = 0)

‘RT_1"and ‘RT_2’ are variable substitutions given by EMTDC. Their
names may vary.

! Comment Indicator
The exclamation point ‘' is used throughout the component definition
segments to indicate that a particular line of code is a comment. All
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lines of script, which is preceded by ‘I,” will be written as standard
Fortran comments in the project Fortran or Data Files.

NOTE: Commented code that is written
to the data file, requires that the Comment
Indicator be in the first column from the left.

EXAMPLE 10-8:

Comments should be used to describe the user’s code, as well as to
provide spacers and section breaks in order to enhance the readabil-
ity of the user’s code. The ‘' comment indicator may be used every-
where except the Branch segment.

The following example illustrates the use of comments in the Fortran
or DSDYN segments in a user component definition:

' MY FIRST PSCAD SCRIPT
|

I
! Storage:
I

#STORAGE REAL:1
!

! Main body of script:
I

NOTE: See the #STORAGE Directive for
more details.

SCRIPT DIRECTIVES

Script directives are used to facilitate the creation of Fortran

code. Each directive type has a specific purpose, as explained in the
following sections. Script directives always begin with a pound ‘#
symbol prefix. Spaces before and after the ‘# symbol are allowed for
flexibility in code structure.
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#STORAGE

This directive was first introduced with PSCAD V3 in order to provide
custom component compatibility with the Fortran 90 dynamic dimen-
sioning feature, also introduced in V3. Its purpose is to specify what
type and how many storage elements should be dynamically allo-
cated for a specific component.

The #STORAGE directive is closely related to the EMTDC STORX
internal variables. That is, if EMTDC STORX variables are used

in component code, they must be specified here to ensure that the
component storage is properly dimensioned by PSCAD.

The #STORAGE directive is used only in the Fortran, DSDYN or
DSOUT segments, and should appear as follows:

#STORAGE <TYPE>:<Number>

<TYPE> can be one of four types of STORX variable. These are
REAL, INTEGER, LOGICAL and COMPLEX. <Number> is the
amount of elements to be stored.

NOTE: If using a Fortran 90 compiler, the
#STORAGE directive must be included for
dynamic memory allocation.

EXAMPLE 10-9:

A user’s custom component code specifies that 10 REAL, 4
INTEGER and 1 LOGICAL variable are to be stored each time

step. The user wants to ensure that storage is dynamically allocated
by PSCAD.

The storage statement should appear as follows, in either the
Fortran, DSDYN or DSOUT segments:

#STORAGE REAL:10 INTEGER:4 LOGICAL:1

The actual #STORAGE statement can appear anywhere in script, but
should be placed near the top.
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All three variable types above do not need to appear in the
#STORAGE statement if they are not needed. For example, if only
REAL variables need to be stored, only the REAL type needs to be
specified.

#LOCAL

This directive is used to define any local variables that are not classi-
fied as pre-defined. That is, any variables introduced within the code
that do not require the pre-defined variable prefix ‘$.’

The #LOCAL directive is used only in the Fortran, DSDYN or DSOUT
segments, and should appear as follows:

#LOCAL <TYPE> <Name> <Array_Size>

<TYPE> can be either REAL, INTEGER, or LOGICAL. <Name> is
the given name for the local variable. <Array_Size> is an optional
integer that defines the size of the array. If the variable has only a
single dimension, then leave <Array_Size> blank.

NOTE: Care should be exercised when
using #LOCAL. Make sure to give your vari-
able a unique name, so as to avoid the same
name being used in different variable types.

EXAMPLE 10-10:

A user’s custom component requires two local variables for use as
subroutine arguments. According to a conditional statement based
on a pre-defined variable ‘A,” a local INTEGER variable ‘MY_X’ and a
local REAL array ‘Error’ are defined before the subroutine is called.

The local variable definitions should then appear as follows in the
Fortran, DSDYN or DSOUT segments:
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#LOCAL INTEGER MY X
#LOCAL REAL Error 2
!

#IF A > 1

MY X = 1

Error(l) = 0.2
#ELSE

MY X = 0

Error(2) = 0.8
#ENDIF

!
CALL SUB1 (MY X, Error)

NOTE: A > 1is alogical expression. See
Expression Evaluation for more details.

#FUNCTION

This directive is used to declare the existence of a function, and the
argument type it returns. #FUNCTION is mandatory if a function is
called within the component definition.

The #FUNCTION directive is used only in the Fortran, DSDYN or
DSOUT segments, and should appear as follows:

#FUNCTION <TYPE> <Name> <Description>

<TYPE> can be either REAL, INTEGER, or LOGICAL. <Name> is
the given name of the function. <Description> will be included as a
comment line near the beginning of the EMTDC Fortran File.

EXAMPLE 10-11:

The Hard Limiter component in the PSCAD Master Library utilizes a
REAL function called ‘LIMIT’ to determine the output signal to be sent
to an external connection ‘O,” according to pre-defined inputs ‘LL,
‘UL, and ‘1.’
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The following code appears in the Fortran segment of the Hard
Limiter component definition:

#FUNCTION REAL LIMIT Hard Limiter
!

SO = LIMIT($LL, S$UL, S$I)

#SUBROUTINE

This directive is used to provide a description for a subroutine that is
being called from the component. #SUBROUTINE is used simply for
cosmetic purposes, and is not mandatory (although its use is recom-
mended anyway).

The #SUBROUTINE directive is used only in the Fortran, DSDYN or
DSOUT segments, and should appear as follows:

#SUBROUTINE <Name> <Description>

<Name> is the given name for the subroutine. <Description> will
be included as a comment line near the beginning of the EMTDC
Fortran File.

EXAMPLE 10-12:

A user includes a call to a subroutine, named ‘SUB1,” within the com-
ponent code. It is suggested that a description be added for clarity.

The following code should appear in the Fortran, DSDYN or DSOUT
segment of the component:

#SUBROUTINE SUB1 User Subroutine
1

CALL SUBL1 ($X, SY, $7)
!

Where X', 'Y’ and ‘Z’ are pre-defined variables.
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#OUTPUT

This directive was first introduced in PSCAD V3 and was added to
provide a method of extracting certain quantities for the purpose of
monitoring, plotting, or for use externally by other components.

#OUTPUT performs two tasks: It first defines a variable according to
a given name, and then gives it a value according to an expression.

The #OUTPUT directive is used only in the Fortran, DSDYN or
DSOUT segments, and should appear as follows:

#OUTPUT <TYPE> <Name> <Array_Size> {<Expression>}

<TYPE> can be either REAL, INTEGER, or LOGICAL. <Name> is
the given name for the variable. <Array_Size> is an optional integer,
which defines the size of the array. If the variable has only a single
dimension, then leave <Array_Size> blank. <Expression> can be

a mathematical expression, a storage location, or simply a defined
variable.

EXAMPLE 10-13:

The manner in which the value of the named output variable may be
defined, can appear in many different ways. The following list shows
some of the possibilities:

! Defines a REAL variable ‘freqg’ and substitutes
! the value of a pre-defined variable ‘Fout.’

|

#OUTPUT REAL freq {S$Fout}

|

! Defines an INTEGER variable ‘Xon’ and assigns
! it the value of a storage location.

|

#OUTPUT INTEGER Xon {STORI (NSTORI+1) }

|

Defines a REAL variable ‘POut’ and assigns
it the value of a given mathematical
expression.

|
|
|
!
#OUTPUT REAL POut {$V*ST}
|
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#TRANSFORMERS

This directive should be included whenever mutually coupled coils
are to be represented in a model. Examples of Master Library mod-
els that use this directive are (of course) the transformers and the PI

Section components.

#TRANSFORMERS has two primary purposes:

1. Provides a method to sequentially number all models that
contain mutually coupled coils for the purpose of dynamic
dimensioning (when using a Fortran 90 compiler).

2. The same number provides addressing information

for the monitoring of mutually coupled winding

currents. Transformer winding currents are measured using
the EMTDC CDCTR(M,N) matrix. CDCTR(M,N) is the
current through the Mth winding of the Nth transformer.

The #TRANSFORMERS directive is used only in the Transformers

segment, and should appear as follows:

#TRANSFORMERS <Number>

<Number> indicates the total number of transformers within the

component.

NOTE: Assigning #TRANSFORMERS
correctly is important even if you are not
using the dynamic version of EMTDC, as the
information for monitoring winding currents is
still needed.

EXAMPLE 10-14:

The 3-Phase, 2-Winding classical transformer component, located
in the Transformers section of the Master Library, consists of three,

1-Phase transformers.

The directive would appear as follows in the Transformers segment:
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#TRANSFORMERS 3

#WINDINGS

This directive was first introduced in PSCAD V4.0.2, in order to
remove a fixed limitation on the number of coupled coils in a trans-
former, which was previously set to 10.

#WINDINGS can be used to assign the number of coupled windings
in a transformer. PSCAD will look for the highest number associated
with all existing #WINDINGS directives and then assigns that num-
ber (as the maximum number of windings) to the Map (.map) file.

The #WINDINGS directive is used only in the Transformers segment,
and should appear as follows:

#WINDINGS <Number>

<Number> indicates the maximum number of coupled windings
within that specific component.

EXAMPLE 10-15:

The 3-Phase, 2-Winding classical transformer component, located
in the Transformers section of the Master Library, consists of three,
1-Phase transformers.

The directive would appear as follows in the Transformers segment:

#WINDINGS 2

#IF, #ELSEIF, #ELSE, #ENDIF DIRECTIVES

#IF, #ELSEIF, #ELSE, #ENDIF directives are a special type of script
directive that provide one way for the user to alter the component
definition, according to component input parameters, before compila-
tion.
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These directives can be used to change the electrical configuration,
or act as standard Fortran IF-THEN-ELSE keywords in the EMTDC
System Dynamics (i.e. DSDYN and DSOUT). Similar to normal
script directives, #IF, #ELSEIF, #ELSE, #ENDIF directives always
begin with a ‘# prefix.

#IF, #ELSEIF, #ELSE, #ENDIF directives can be used in all seg-
ments and should appear as follows:

#IF <Logic>
...Application_Code...
#ELSEIF <Logic>
#IF <Logic>
...Application_Code...
#ELSE
...Application_Code...
#ENDIF
#ELSE <Logic>
...Application_Code...
#ENDIF

If just a simple IF-THEN condition is required, the following shortcut
using expression braces may be used:

#IF <Logic> {<Expression>}

<Logic> is a logical expression using logical
operators. <Expression> can be a variable definition.

EXAMPLE 10-16:

A user needs to change the output of a signal generator model,
according to whether a sine or cosine output is required. The com-
ponent definition provides an input parameter choice box in the
Parameters section, called ‘Type.’ If this parameter is 1, then the
output is sinusoidal (if O then co-sinusoidal).

The following code should appear in the Fortran, DSDYN or DSOUT
segments of the component:
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|
! Signal Generator
|

#IF Type ==

SOUT = SIN(TWO PI*SF)
#ELSE

SOUT = COS (TWO PI*SF)
#ENDIF

where ‘F’ is a pre-defined variable and ‘OUT’ is an output Connection
in the Graphic section.

NOTE: ‘Type == 1'is a logical
expression. See the section entitled
‘Expression Evaluation’ in this chapter for
more details.

Using Expression Braces, the above example could also be written
as:

|

! Signal Generator

|

#IF Type ==
|

#IF Type
|

SIN (TWO PI*SF)}
COS (TWO PI*SF)}

SOUT
SOUT

EXAMPLE 10-17:

A user has created an electrical component that can either be a sim-
ple resistor, inductor or capacitor. The component definition provides
an input parameter choice box in the Parameters section, called
‘Type.” This parameter can either be 1, 2 or 3 to represent a resistor,
inductor or capacitor respectively. Three other input text boxes also
exist (called ‘R’, ‘L’ and ‘C’) in order to specify the respective values
of these elements.

The following code should appear in the Branch segment of the
component:
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#IF Type ==

SN1 SN2 SR 0.0 0.0
#ELSEIF Type==

SN1 SN2 0.0 SL 0.0
#ELSE

SN1 SN2 0.0 0.0 scC
#ENDIF

where ‘N1’ an ‘N2’ are electrical Connections in the Graphic section.

Using Expression Braces, the above example could also be written
as:

!
#IF Type == 1 {SN1 SN2

SR 0.0 0.0}
#IF Type == 2 {$N1 SN2 0.0 SL 0.0}
#IF Type == 3 {$N1 SN2 0.0 0.0 SC}

~ LINE CONTINUATION OPERATOR

Occasionally, it may be desirable to split a segment line over multiple
lines. This is particularly useful when a line is very long, or if a vari-
able in a central portion of the line may vary according to conditional
statements.

Line continuations are used in PSCAD Script mostly for clarity. That
is, PSCAD will automatically break segment lines that exceed the
formatted Fortran standard of 72 columns anyway, and so the user
does not normally need to worry about this. However, to ensure that
code is easily readable to everyone, line continuations should be
used.

The line continuation operator is used as follows: A line ending in the
‘~" symbol will be joined with the next line if it starts with a ‘~’ symbol,
as well. This processing is performed after conditional statements
have been interpreted and is used in formatting the text for output
into the Fortran or data files.

The line continuation operator can appear anywhere on the segment
line, and it can be used with the #CASE Conditional Directive.
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EXAMPLE 10-18:

In Example 10-16, conditional statement directives were used in
order to determine the output of a signal generator model. As a
simple illustration of how line continuations can be used, the code in
Example 10-16 has been re-written below:

|

! Signal Generator
|

SOUT = ~

#IF Type==
~SIN~
#ELSE
~COS~

#ENDIF

~ (TWO_PI*SF)

|

If Type is “2,” after conditional statement processing and line con-
tinuation, the PSCAD Script would appear as follows, before being
transformed into formatted Fortran:

! Signal Generator
!

SOUT = COS (TWO PI*SF)

#CASE CONDITIONAL DIRECTIVE

The #CASE conditional directive is essentially a short-form nota-
tion method to be used instead of #IF, #ELSEIF, #ELSE, #ENDIF
directives. It is used in conjunction with the Line Continuation
Operator method to provide a space saving alternative, especially
when a great number of #IF, #ELSEIF, #ELSE, #ENDIF Directives
are required.

The #CASE directive can be used in all segments, and should ap-
pear as follows:
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#CASE <Expression> {<Clause_0>} {<Clause_1>} ...

<Expression> must return an integer from 0 to n, and can either be a
mathematical expression or simply a defined variable. <Clause n>
represents what is to occur given the value of the expression, and
where in the sequence of clauses it resides. For example, the
results of <Clause_0> will occur if <Expression> is equal to 0. If
<Expression> is equal to 1, <Clause_ 1> will occur, etc.

EXAMPLE 10-19:

Once again referring to Examples 10-16, a simple illustration of
how the #CASE directive can be used instead of the #IF, #ELSEIF,
#ELSE, #ENDIF directives.

|
! Signal Generator
|
SOUT = ~
#CASE Type {~COS~} {~SIN~}

~ (TWO_PI*$F)
|

Note that ‘Type’ can be either 0 or 1.

EXAMPLE 10-20:

The following illustrates how the #CASE directive is used in the
Transformers segment of the 3-Phase, 2-Winding classical trans-
former component, located in the Master Library.

Here, ‘YD1’ and ‘Lead’ are both input parameters. ‘YD1’ can be
either 0 or 1 and ‘Lead’ is either 1 or 2. Multiplying of these two inte-
gers can resultin 0, 1 or 2, and this information is used to determine
which clause to select:

#CASE YDl*Lead {$Al $Gl~} {SAl $Bl~} {$Al $Cl~}
|
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EXPRESSION EVALUATION

In addition to various arithmetic and logical operators, PSCAD pos-
sesses the ability to perform a limited set of mathematical functions.

Mathematical expression evaluation is used mostly in the
Computations segment, while Arithmetic and logical operators are
used throughout the entire component definition.

Mathematical Functions
Mathematical computations can be performed on input parameters,
input signals, or on results of other computations.

The table below lists all of the available mathematical functions:

Function

Description

SIN(x)
COS(x)
TAN(x)
ASIN(x)
ACOS(x)
ATAN(x)
SINH(x)
COSH(x)
TANH(x)
LOG(x)
EXP(x)
LOG10(x)
SQRT(x)
ABS(x)
REAL(x)
IMAG(x)
NORM(x)
CEIL(x)
FLOOR(x)

Sine function

Cosine function

Tangent function

Inverse sine function

Inverse cosine function

Inverse tangent function

Hyperbolic sine function

Hyperbolic cosine function
Hyperbolic tangent function

Natural logarithm

Exponential

Base 10 logarithm

Square root

Absolute value

Real part of complex number
Imaginary part of complex number
Norm of complex number (x? + y?)
Rounds fraction to next upper integer
Rounds fraction to next lower integer
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ROUND(x)

INT(x)

FRAC(x)

RAND(x)
P2RX(m,0)
P2RY(m,0)
R2PM(x,y)
R2PA(x,y)

Adds 0.5 to a REAL value and then performs an
INT function (i.e. ROUND(X) = INT(X+0.5)). Do
not use with negative numbers

Removes fractional part of REAL value (right side
of decimal)

Removes integer part of REAL value (left side of
decimal)

Random value between 0 and x
Polar to rectangular conversion (6 in degrees)
Polar to rectangular conversion (6 in degrees)
Rectangular to polar conversion

Rectangular to polar conversion

Arithmetic Operators

Listed below are the arithmetic operators available in PSCAD. These
operators are used to perform mathematical calculations primarily in
the Computations, Fortran, DSDYN and DSOUT segments.

Function

Description

+

*

/
%

*%

\

Add

Subtract

Multiply

Divide

Remainder

Raise to power
Parallel (xy) / (x +y)

Logical Operators

Listed below are the logical operators available in PSCAD. Logical
expressions are primarily used in conjunction with #IF, #ELSEIF,
#ELSE, #ENDIF Directives and the Ternary Operator. They are also
used in the Checks segment.

NOTE: Logical expressions will return a
value of 1 if true, and a value of 0 if false.
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Function Description

== Equal to

1= Not equal to

< Less than

> Greater than

<= Less than or equal to
>= Greater than or equal to
| OR

&& AND

EXAMPLE 10-21:

Logical Operators can appear in many different areas. The following
examples illustrate the various ways these operators can be used:

|

! ...with #IF, #ELSEIF, #ELSE, #ENDIF Directives
|
#IF F >= 60.0

Fout = 60.0

#ENDIF

|

! ...with a Ternary Operator in the Computations
! segment

|
REAL L = X == 0.0 2 Y*2.0 : Y/3

|

! ...in the Checks segment

|

ERROR Value too small : R > 0.001
|

See the Ternary Operator below for more details

Ternary Operator
The ternary operator is yet another short form method of-
fered in PSCAD Script for representing an IF-ELSE-ENDIF type
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expression. It allows the user to define a variable, according to
certain conditions, in a single line.

The ternary operator is used only in the Computations segment, and
should appear as follows:

<Logic> ? <Value_if True>: <Value_if False>
<Logic> is a logical expression using logical operators. <Value_if

True> and <Value_if False> can either be a single constant, or a
mathematical expression.

NOTE: Care must be taken when designing
components with ternary operators: Ensure
that variables used within the ternary expres-
sion will not be disabled under otherwise
valid conditions. In other words, unrelated
logic may disable one or more of the vari-
ables used within the ternary expression,
which may render the ternary result invalid.
Input variables are enabled/disabled by
way of Conditional Statements, Layers and
Filters.

EXAMPLE 10-22:

A user wants to define a REAL variable ‘X’ in the Computations
segment of a component definition. The value of ‘X’ is to be equal to
1.0 if an input parameter ‘N’ is 2 or 3, or defined by a mathematical
expression otherwise.

The following code should appear in the Computations segment of
the component definition:

REAL X = (N==2 || N==3) ? 1.0 : SQRT(2)*V

where V'’ is a pre-defined constant.
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EXAMPLE 10-23:

A user wants to define a REAL variable ‘“Torq’ in the Computations
segment of a component definition. The value of “Torq’ is defined by
a mathematical expression, where one element of this expression
varies according to a condition. This can be accomplished by using
the ternary operator as follows:

REAL Torg = (X > 1 2?2 0.0 : Tm) + Te*100

where ‘X, ‘Tm’ and ‘Te’ are pre-defined constants.
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Chapter 11:
Debugging and Finalizing

Ironing out the bugs in a Project can be the most challenging part of
the design process. No matter how carefully a system is construct-
ed, there are almost always a few errors or warnings issued when
the Project is compiled and run. This chapter describes the reasons
for some of the most common errors and warnings, along with how
to deal with them.

Debugging a Project can become even more difficult when user-
written code is present. PSCAD does not include a debugging
mechanism for user code, and so an integrated debugger must be
used. Some methods of accomplishing this are described in this
chapter.

In finalizing a Project, the user may want to protect (i.e. pre-com-
pile) source code when supplying projects and components to other
users. A section is included in this chapter, which describes how to
pre-build any source code into a library (*.lib) file. These files can
then be provided along with the Project without running the risk of
giving away the secrets of your hard work.

COMPILING PROJECTS

PSCAD does not include a full time error messaging system, and
so in order to view any warnings or errors, you must first Compile
and Build your Project. As a matter of fact, it is always a good
idea to compile your project first, before actually running the
simulation. This is especially true for the first run.

See ‘Compiling and Building a Project’ and/or ‘Compiling an
Individual Module’ in Chapter 5 for more on this.

COMMON OUTPUT WINDOW MESSAGES

There are a large number of possible error and warning mes-
sages that can be generated and displayed in the Output
Window. Messages can come from PSCAD, EMTDC or individual
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components. Most of these messages however, will never occur if a
project is judiciously constructed in the first place.

The following descriptions outline the most common occurring mes-
sages.

Warning: Suspicious isolated node detected

This warning is issued if PSCAD detects an open electrical circuit
connection on a component - usually caused by an electrical node
that is not connected to anything.

The suggested method to deal with this warning is to connect a
large resistance (approximately 1 MQ) to ground at the node. This
will ensure numerical stability and will not have a great affect on the
simulation results.

Parser: Suspicious substitution of empty key ‘<name>’

This warning is issued if PSCAD detects an empty text input field
in a component instance. This warning most commonly occurs
when forgetting to name a source or transformer instance, or when
a component input parameter field called Fortran Comment is left
blank. <name> is the name of the text input field.

Signal ‘<name>’ type conversion may lose accuracy

This warning is issued if PSCAD detects a REAL signal being sent
to an input expecting an INTEGER. PSCAD will automatically
convert the REAL signal value to the nearest integer, hence the
warning. <name> is the name of the signal.

Signal ‘<name>’ source contention -> ‘<source_1>’ and
‘<source_2>’

This error is issued if PSCAD detects a signal of the same name
being generated from more than one source. This error is most
commonly caused when component instances with defined internal
output variables are copied, hence duplicating the internal output
variable. <name> is the name of the signal. <source_1> and
<source_2> are the devices generating the signal.

Signal ‘<name>’ dimension mismatch -> <dim_1> != <dim_1>
This error is issued if PSCAD detects that a signal of dimension
<dim_1> is being sent to an input expecting a signal of dimension
<dim_2>. This error commonly occurs with the Power Electronic
Switch components, which expect a 2-dimensional input gate signal
when set for interpolation. <name> is the name of the signal.
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Signal ‘<name>’ size mismatch at connection ‘<con>’

This error usually accompanies the previous error

message. <name> is the name of the signal, and <con> is the
name of the connection to which the signal is being input.

Array ‘<Name>’ cannot be typecasted

This error is issued if PSCAD detects an array signal type

mismatch. For example, if a data signal array was defined as type
INTEGER and the user attempted to tap off a single element with

the Data Signal Array Tap component set to type REAL (or vice-
versa). Or, if an array of type REAL is input into a component, where
the external input Connection in question is defined as an INTEGER
array.

Invalid breakout connection to ground at ‘<Node>.” Node array
elements cannot be individually grounded.

This error is related to the use of the Breakout component: Ground
components cannot be directly connected to Breakout

terminals. The Breakout is designed specifically for mapping mul-
tiple connections on the scalar side to a single array. Since Ground
nodes cannot be mapped, the compiler will issue this warning. The
suggested work around is to use a Current Meter as a series ele-
ment between the Breakout terminal and ground.

<Node> is the name of the Breakout reference node connected to
ground.

Short in breakout at ‘<Node>.” Node array elements must be
uniquely defined.

This error is related to the use of the Breakout component: The
nodes on the 3-phase side of this component are not actual electri-
cal nodes, but references that will assume the node number to which
they are connected. This error is posted if these reference nodes
are shorted (i.e. electrically connected together). Each node on the
3-phase side of the Breakout component must be unique.

<Node> is the name of the Breakout connection which is shorted.

Branch imbalance between breakouts at ‘<Node>.” Node array
elements cannot be shared between signals.

This error is related to the use of the Breakout component: The
nodes on the 3-phase side of this component are not actual electri-
cal nodes, but references that will assume the node number to which
they are connected. A special condition that cannot be referenced is

PSCAD User’s Guide 479




480

Chapter 11: Debugging and Finalizing

referred to as an ‘unbalanced’ condition, where the imbalance refers
to electrical nodes, not actual impedance. The basic rule to remem-
ber here is that all branches on the 3-phase side must include at
least one series impedance.

<Node> is the name of the Breakout connection which is shorted.

FIND FEATURE

If the user wishes to search a project for a Data Label, Connection,
node number, etc., the Find feature in PSCAD can be used. To bring
up the Find dialog window, simply select Edit | Search... from the
Main Menu bar, press the Find button in the Main Toolbar or press
Ctrl + F on your keyboard, while in Circuit view. Any of the above
operations will open the Find dialog.

Finel hat | j Find it now
S |A" j Cancel

Subzystem # Mode #
ubzystem ade Hel

r r

v Almodules | Whole word | Match case

il

The various input parameters for this dialog are described below.

Find What

Enter the character string that you would like to search for. Be sure
to check the selection boxes at the bottom of the dialog to modify
your search options. If All Pages is selected, then Find will search
the entire project, as opposed to just the current page. If Whole
Word is selected, then Find will only look for the Find What string
as a whole word, as opposed to part of a word. If Match Case is
selected, then the search will be case sensitive.

Note that if you are performing a Node Number search, this input is
disabled.

Search
It is possible to narrow a search to just a certain type of object in the
project.
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Cables
Contral Panel Devices
GraphsiCurves/Flots
Import/Exports

Mode Labels

Output Channels
Transmizzion Lines

Data Labels

Component KNames

Moce Mumber

Componert Sequence Mumber

Node Numbers is a special type of search, where you can look
directly for an electrical node, by node and subsystem number, as
opposed to a character string. Some additional selections and fields
become enabled if this option is selected: Enter the subsystem
number for the node in the Subsystem # input field. Enter the node
number in the Node # input field.

Viewing Search Results

Search results can be viewed in the Search section of the Output
window. The Search section will automatically open upon invoking
the Find feature. Any instance matching the search criteria will ap-
pear in a list form as shown below:

=+ 2 Matches Found in ‘simpleac_sld!  ( Searching for 'la' ..)
I—« simpleac_sid1 Main 55 _1 datalabel : Data Signal Mame = 1a
+ zimpleac_sldl Main S5_1 xfmr-3p2w 0 Mame for Phase & Current (+in k&) =la

< >

Oy Buid | & Runtime 0} Search

Each entry in the list will have a description including the location of
the object plus the object type. Simply left double-click on a particu-
lar list entry and PSCAD will automatically point to the source with an
arrow icon in Circuit view.

VIEWING BUILD AND DATA FILES

Whenever a project is compiled and built, several files involved in
this process are created and stored in the temporary (*.emt) directory
associated with the project. Some of these files, such as Fortran,
Data and Make files can be useful in debugging projects.
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Most of these are simple text files, which can be opened manually by
using a simple text editor program. However, some of these files can
be viewed directly from within PSCAD.

Fortran and Data Files
These files can be viewed by simply clicking the Fortran or Data tabs at the
bottom of the Design Editor window (following compilation of course).

These files are module specific, hence their corresponding tabs in the
Design Editor. Note that these files are automatically generated by
PSCAD. Any editing will be overwritten following the next compilation.

Map and Make Files

Map and Make files involve the entire project, and are therefore not included
in the Design Editor tab bar. To view either of these files, right-click on the
project title in the Workspace window and select either View Map File... or
View Make File....

E-B master [Master Library] I
é}u test [Test Case)
Project Settings. ..

Set as Active

Open
Save
Save As...
Unload

Wiew Make File. .. E!

Wiew Compile Log...

Global Constants... Chrl+G

Import Runtime Module. .

I B Projests |y Runtin  Clsan Tempaorary Directory (.emk)

This will invoke a separate file viewer window, which will temporarily
replace the Design Editor window. This viewer has its own tab bar,
which allows you to switch between files quickly.

i Map File Make File |[E=] LogFie |

Note that these files are automatically generated by PSCAD. Any
editing will be overwritten following the next compilation. The Log file
is a simple file created by the compiler to log the compilation pro-
cess.
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COMPONENT ORDERING

PSCAD V4 now includes a smart algorithm, which will auto-
matically sequence (order) all components in the EMTDC System
Dynamics. This is done to ensure that variables are calculated in the
proper sequence, and that single time step delays are minimized.

The ordering method in PSCAD V3 was simple: The components
were ordered from left to right and from top to bottom of where they
appeared in the project page. In PSCAD V4, the algorithm iteratively
scans the entire project and then assigns sequence numbers to all
existing blocks. Input constants are moved to the top of the se-
quence, whereas outputs are moved to the bottom.

This function should be left on by default at all times, however there
may be instances where it is desirable to turn it off and manually
order the components during the debugging process. This may be
the case if you wish to manually control the feedback points. Alter-
natively, a feedback can be introduced by inserting a Feedback Loop
Selector component in the signal path.

NOTE: Component ordering functions are
performed by PSCAD on a per Module
basis. By default, the Assign Execution
Sequence Numbers Automatically
option is enabled in all new and existing
Modules. This option may be disabled by
the user in selected Modules, and yet still
maintain automatic ordering in others.

Component Ordering features may be accessed through the Module
Settings Dialog. See ‘Editing Module Settings’ in Chapter 5 for more
details.

Showing Sequence Numbers

Before manually ordering any components, you must first compile
the case and then ensure that the Show Sequence Numbers

on Circuit Schematic setting is enabled in the Module Settings
dialog: To bring-up the Module Settings dialog, right-click on a blank
part of the Circuit page and select Module Settings...

Module Settings... k
Project Settings. ..
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Once this option is enabled, each component instance in your project
should have numbers overlaid on top of their graphic, similar to that
shown below:

(S 20 ] TJ; 40

SeyUencE =
MNurmhers 2

There are two possible locations within the EMTDC System
Dynamics (i.e. DSDYN or DSOUT) where the code for a particu-

lar component can reside. As a result, the sequence numbers are
colour coded so that the user can graphically determine where code
is. These colours are listed below:

Colour Legend:

e Aqua: Indicates that the component code appears in
sequence within DSDYN for that Module.

¢ Olive: Indicates that the component code appears in
sequence within DSOUT for that Module.

Manually Setting Sequence Numbers

To manually set sequence numbers, first ensure that the Show
Sequence Numbers on Circuit Schematic option is enabled

(as described above), and that the Assign Execution Sequence
Numbers Automatically option is disabled in the Module Settings
dialog.

NOTE: You should first compile the

case with Assign Execution Sequence
Numbers Automatically enabled so as to
setup a preliminary code structure before
manually adjusting.

Right-click on the component and select Set Sequence from the
pop-up menu.
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Edit Definition. ..

30 Edit Parameters. ..

Wiew Parameters/Computations. . .

Cut Chrl+i
Copy Chrl+iC
Rotate Left L
Rotate Right R
Rotate 150

Mirror I

Flip F

EBring to Front
Send ko Back

Set Sequence Mumber ...

Inputfoutput Reference 3

Copy as Meta-File
Copy as Bitmap

Help. .. F1

This will bring up the Sequence Number dialog.

Sequence Number. g|

Enter the desired sequence number and click the OK button. Repeat
this process for the remaining components and modules.

SHOW SIGNAL LOCATIONS

Another feature that is helpful when ordering components is the
Show Signal Locations option in the Module Settings dialog. When
this option is enabled, PSCAD will use icons placed on connections
and wire termination points to allow for easy, graphical determina-
tion of where time step delays are present. In addition, icon colour is
used to represent the signal type.

f“\
|
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The icons used are listed below with explanations:

« ' Feed-Forward Connection: This symbol indicates that
the signal passing through the connection point is classified
as a feed-forward signal. This means that the value of the
signal is always defined within the present time step.

« ¥ Feedback Signal: This symbol indicates that the signal
passing through the connection point is classified as a
feedback signal. This means that the value of the signal
was defined in the previous time step t - At. Due to this fact,
feedback signals must be written to, and then extracted from
storage each time step.

+ [lFeed Fixed: This symbol indicates that the signal
passing through the connection point is classified as
a feed fixed signal. Feed fixed signals are similar to
feedback signals, in that their value is always extracted
from storage. The difference is that their values are usually
defined by an online control, such as a slider or switch.

Colour Legend:

e Green: Indicates a signal of type REAL

* Blue: Indicates a signal of type INTEGER

* Magenta: Indicates a signal of type LOGICAL
* Grey: Indicates an electrical signal

CONTROL SIGNAL FLOW INDICATORS

Control signal flow indicators can be used to help visualize the flow
of control signals (i.e. from source to sink) following compilation of
the Project. The indicators will appear on Wire components that are
part of a control signal path. The signal flow indicators appear as
arrowheads directly on the Wire.

2

To enable this feature, go to Edit | Workspace Settings... in
the PSCAD Main Toolbar to bring up the Workspace Settings
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dialog. Click the Views tab and select Show control signal flow on
wires.

NOTE: The indicators are orientated by
default according to the Wire component
direction (i.e. towards the End Point of the
Wire), not the actual control signal flow. If

a flow indicator appears reversed, simply
Reverse the Vertexes of the Wire. You must
compile the case first before you can view
the flow indicators.

The indicator colour will appear according to the legend below:

¢ Green: Indicates a signal of type REAL

¢ Blue: Indicates a signal of type INTEGER

¢ Magenta: Indicates a signal of type LOGICAL
e Grey: Indicates an electrical signal

VIRTUAL CONTROL WIRES

Virtual control wires can be used to provide a visual ‘virtual connec-
tion’ between two or more Data Labels of the same name within a
specific Module. Virtual control wires appear as a dashed line, which
runs directly between corresponding Data Labels as shown below:

= ol
Reals---.. Lawical_x

& .»’JJF ‘-‘-_‘-“\"\-{_}_ -
Integer’_ﬁrn.,\_ﬂ Feal_x —
al_}{ Integer =

To enable this feature, right-click on a blank part of the Module can-
vas and select Module Settings... to bring up the Module Settings
dialog. Select the Show Virtual Control Wires option. See ‘Editing
Module Settings’ in Chapter 5 for more details on the other options in
this dialog.

NOTE: The dashed connections are

purely visual, that is you cannot use them

as physical connections for data sources or
sinks. You must compile the case first before
you can view the control wires.
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The colour of the virtual control wire indicates indicates the data type
of the Data Labels it is connecting. The colour legend is provided
below:

* Green: Indicates a signal of type REAL
e Blue: Indicates a signal of type INTEGER
* Magenta: Indicates a signal of type LOGICAL

USING AN INTEGRATED DEBUGGER

If you are using Digital Fortran 5 or the Compagq Visual Fortran 6
compiler, then it is possible to use either of these programs as an
integrated debugger. The following sections describe how to preset
relevant Project Settings, as well as step-by-step instructions on how
to link EMTDC with your chosen debugging program.

Project Options to Preset

There are a few project settings that must be preset before attempt-
ing to use an integrated debugger - all of which are set in the Project
Settings dialog. This dialog can be accessed through a right-click on
the project title itself (either a case or a library) in the Workspace win-
dow, and selecting Project Settings... from the pop-up menu.

-8 master [Master Library) I
I
-] test [Test Case
g et B Froicct settings
Set as Adkive
Open
Save
Save fs...
nload
Vigw Map File...
Wiew Make File. ..

Wiews Compile Log...

alobal Constants... Ctrl+a

Impart Runtire Madule. .

Clean Temporary Directory {.emk)

Bm Projects |y, Runtime |—- TlLinesiCables |&Y Files |

In the Runtime section of the dialog, enable the Start simulation
manually to allow use of integrated debugger option. Enabling
this option allows EMTDC to be started manually.
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v Remove time offset when starting from snapshiot.
™ Send only the output channels that are in use.
W%Stalt simulation manually to allow use of intearated debuager.

Next, navigate to the Fortran section of the Project Settings dialog
and enable the Enable addition of runtime debugging informa-
tion option in the Runtime Debugging area.

Runtime Debuagaing
W%Enable addition of runtime debugging information.

Ensure that any user source files are referenced in the Additional
Source (.f) files field, as well. If you fail to do this, your source files
will not be included when the project is compiled, and you will not be
able to debug your code.

Linking to the Debugger

The following procedure outlines how to set-up an integrated debug-
ging session for your case project. Note that the following steps are
described using the Compagq Visual Fortran 6 compiler. If you are
using Digital Fortran 5, the steps are very similar.

1. Ensure that the project settings described above in Project
Options to Preset are enabled. Run the simulation (press
the Run button in the Main Toolbar). A pop-up message
should appear as follows:

EMTDC Simulation Startup E

“fes' - Auto start {no debug),
Mo’ - Manual start {invoke from debugger),

Yes i) | Cancel |

Select the No button to continue with debugging.

On the Status Bar (at the bottom of the PSCAD Work
Environment) you should see a command line indicated. If
you cannot see the Status Bar, select View | Status Bar
from the Main Menu. The general format of this command is
as follows:

wn

Command: <project_name> -v4 |localhost ##H#H#
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Jot down the four-digit number at the end of the command line so as
to not forget it (you will need it soon).

4.

Open Compaq Visual Fortran and select File | Open from
the Main Menu. Change the Files of Type drop list to
‘Executable Files.” Navigate to the temporary directory
(*.emt) associated with your project file (located in the same
directory), select the executable file (*.exe) for your project
and then click the Open button. For example, if your project
is entitled ‘test.psc,’ then you would select ‘test.exe’ from the
‘test.emt’ directory as shown below:

Open Workspace

Loak in: |_; test.emt j & £ B~

File: narme: |

Files of type: |Exec:utable Files [.exe] ﬂ Cancel |

While still in Compagq Visual Fortran, select Project |
Settings... to bring up the Project Settings dialog. Click the
Debug tab and in the Program Arguments field, enter the
following:

-v4 localhost ##H

Note that the four-digit number (#####) must be the same as that in
Step 3. Click the OK button.

6. While still in Compagq Visual Fortran, open the appropriate

Fortran source file (*.f) by selecting File | Open from the
Main Menu. Change the Files of Type drop list to ‘Fortran
Files’ and then navigate to the required Fortran file.

Insert a breakpoint at the appropriate place in the source
code and press the Go button.

Please note that it is assumed that the user is familiar with the de-
bugging software and can continue from here. Also, Steps 1 through
7 must be followed for subsequent runs.
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Once debugging is complete and the code is clean, make sure that
all debugging options outlined in the ‘Project Options to Preset’ sec-
tion are disabled. Failure to do so may affect simulation speed.

CREATING LIBRARY (*.LIB) AND OBJECT (*.0OBJ)
FILES

There are occasions where user-written source code may contain
trade secrets, or simply represent a large corporate investment in
development time. In instances such as this, it may be in the user’s
best interest to secure this code before it is distributed, especially
when models are to be sold or used by clients or partners in joint
ventures. Source code can be easily protected by providing it to cli-
ents in a pre-compiled (i.e. binary) format. Any source files linked to
a PSCAD project are by default compiled into separate object files,
by whichever Fortran compiler is being used. PSCAD also provides
a utility to efficiently incorporate multiple object files into a single,
compiled library file.

Source files are linked to a Project by one of two methods:

1. Using the File Reference component.
2. The Additional Source (.f) Files field in the Project Setting
dialog.

Object (*.obj) Files

Normally, when a source file is linked to a PSCAD project, the
Fortran compiler used to compile the project will automatically create
a compiled object (*.obj or *.0) file for each linked source file. This
file is placed in the project Temporary Directory. The user may
choose to supply clients with these compiled object files, rather

than the source code. This is fine if only one or two source files are
involved. Large projects however, can contain many source file links,
and supplying an object file for each source file can quickly become
cumbersome. One way to circumvent this problem is to merge all
source routines into a single file. This process can also be tedious,
and may create problems in the on-going development of the source
code.

Library (*.lib) Files

A more efficient means for merging many source files together is to
combine all the individual object files into a single compiled library
(*.lib) file. PSCAD provides an easy avenue to create a compiled
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library file for any Library Project (*.psl) file, provided that links to the
source files are set within the Library Project. In Library Projects,
this may be accomplished through the use of File Reference compo-
nents.

Creating a Library (*.1ib) File

The first thing to consider before creating a library file is the Fortran
compiler. Each Fortran compiler will create compiled files, which
may or may not be compatible for use with other compilers. In other
words, it is important to know what type of Fortran compiler the cli-
ent is using, so that the files provided are compatible. Most PSCAD
users will create an equivalent file for each supported Fortran
compiler. These files can then be placed in the appropriate directo-
ries as described in Additional Library (*.lib) and Object (*.obj) Files.

Step 1:

Create a new Library Project as described in the section ‘Creating
a New Project’ in Chapter 5, and then link each source file to be
included in the compiled library using File Reference components.

OR

Edit an existing Library Project by ensuring that all source files to
be included in the compiled library are linked using File Reference
components.

¥ PSCAD Professional - [my_library: Main]

Ed Fle Edit view Buld Window Help

D & & B oo B S - o E g

(- master [Master Library] @
T

Fe- my_library My b odels]
My SourceFile] @

@ My SourceFiles.c

< > MySourceFile2 f

" B Proje... [Py Rurtime |- TLine... | €Y Fies |

Step 2:

Right-click on the Library name in the Workspace and select Create
Compiled Library (*.lib):
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- X

-8 master [Master Library]

-E my_library (bu Models)
Project Settings...

Set as Ackive

COpen
Save
Save as...
Unload

Import Runkime Module, .

Clean Temporary Directory §.emt)

Create Compiled Library (*.lib)

< ¥
B3 Projects |7y, Runtine |-— TlLinesiCables |¢% Fies |

When the Create Compiled Library (*.lib) function is invoked,
PSCAD will create a Temporary Directory for the Library Project
located in the same directory as the Library Project (*.psl) file called
<Library Project Name>.emt. In it will be placed the compiled
library file (*.lib), plus an individual object file (*.obj) for each linked
source file.

PSCAD User’s Guide

493






PSCAD

Chapter 12:

MATLAB®/Simulink®

PSCAD provides users with the ability to interface and utilize the
functionality of MATLAB commands and toolboxes (including all
graphical commands) through a special interface. This is achieved
by calling a special subroutine from within a standard component in
PSCAD.

Components that interface to MATLAB/Simulink are not offered as
part of the Master Library, and must be specially developed for this
purpose. In other words, if a specific MATLAB/Simulink component
is required, the user must design his or her own to do the job. Once
designed however, this component will be treated as a normal com-
ponent in PSCAD, and may be used interactively with other compo-
nents in a particular project.

There are two important things to remember before attempting to
interface with MATLAB from PSCAD:

1. The MATLAB Interface is only compatible with the dynamic
version of EMTDC. That is, it will not function when using
the free EGCS/GNU Fortran 77 Compiler.

2. MATLAB must be installed on your computer in order to use
the MATLAB interface.

3. PSCAD can be interfaced with both MATLAB versions 5 and
6 library files.

MATLAB INTERFACE SUBROUTINE

PSCAD interfaces to MATLAB through a single Fortran sub-
routine called MLAB_INT. This routine is included in the main
EMTDC library and may therefore be called from any user-defined
component. This routine performs the following functions:

* Launches MATLAB engine using MATLAB Fortran API
'engOpen’ commands.

» Changes the working directory to where MATLAB "*.m" files
are located.
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* Accesses EMTDC variables from the PSCAD STORF and
STORI arrays.

» Converts Fortran variables to C-style pointers and allocates/
de-allocates memory locations.

+ Uses the MATLAB Fortran API to pass the variables/pointers
to the MATLAB engine so they can subsequently be
accessed from ".m' files.

*  Gets MATLAB output variables using MATLAB Fortran API
and places them into the STORF and STORI arrays.

Arguments

SUBROUTINE MLAB INT (MPATH, MFILE, INPUTS, OUTPUTS)

Inputs
Argument Type Description
MPATH CHARACTER  Character string of MATLAB
“*.m’ file path
MFILE CHARACTER  Name of module within *.m’
file (the .m extension should
not be added)
INPUTS CHARACTER Format string for all input
variables.
Outputs
Argument Type Description

OUTPUTS CHARACTER  Format string for all output
variables

The formatting for the INPUTS and OUTPUTS variables should be

as follows:
o R for REAL type
o |for INTEGER type
e R(dimension) or I(dimension) for array variables
e Ensure that a space is placed between variables

In PSCAD V4, INPUTS and OUTPUTS variables can be empty
strings, in which case the ".m' file will run without arguments. This
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is helpful in initializing the MATLAB environment and designing a
component that runs MATLAB “*.m’ files and Simulink “*.mdl’ files
simultaneously.

EXAMPLE 12-1:

A MATLAB module is called by [D] = TEST(A,B,C), where TEST

is a module in a MATLAB file ‘TEST.m,’ that is located in CATEMP
MLAB_FILES. The input ‘A’ is a REAL variable, ‘B’ is a REAL array
of dimension 31 and ‘C’is an INTEGER. The output ‘D’ is a REAL
array of dimension 10.

The MATLAB interface subroutine call would then appear as follows:

CALL MLAB INT (“C:\TEMP\MLAB FILES”, “TEST”, “R R(31)
I”, \\R(lo)/l)

EXAMPLE 12-2:

A MATLAB file entitled ‘TEST.m’ is located in CATEMP\ MLAB _
FILES. It consists of MATLAB commands that may take a snapshot
of MATLAB results, or initialize the environment (such as setting
global variables or changing directory, etc.).

The MATLAB interface subroutine call would then appear as follows:

CALL MLAB INT (“C:\TEMP\MLAB FILES”, “TEST”, “”, “”)

SIMULINK INTERFACE SUBROUTINE

PSCAD interfaces to Simulink through a single Fortran subrou-
tine called ‘SIMULINK_INT.” This routine is included in the main
EMTDC library and may therefore be called from any user-defined
component. This routine performs the following functions:
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* Launches MATLAB through Fortran API functions the same
as the MATLAB Interface Subroutine.

* Changes the working directory to where the Simulink ".mdl'
files are located.

* Accesses EMTDC variables from the PSCAD STORF and
STORI arrays.

+ Uses the MATLAB Fortran API to pass the variables/pointers
to the MATLAB engine so they can subsequently be
accessed from ".mdl' files.

» Sets the simulation data, specified by the Workspace 1/O
pane of the Simulation Parameters dialog box, and runs the
Simulink module using the MATLAB command 'set_param.'

*  Synchronizes Simulink to PSCAD. That is, PSCAD
proceeds only after the Simulink module simulation is
completed each time step, which ensures that the correct
results from Simulink are passed to PSCAD.

*  Gets Simulink output variables and places them into the
EMTDC STORF arrays. This is done in two steps, first
the MATLAB command ‘get_param’ is employed to get the
variable name of Simulink outputs from the Workspace 1/0
pane in the Simulation Parameters dialog box, then MATLAB
Fortran API is utilized to exact and place them into EMTDC
STOREF arrays.

Arguments

SUBROUTINE SIMULINK INT (MPATH, MFILE INPUTS)

Inputs

Argument Type Description

MPATH CHARACTER Character string of MATLAB
“*.md! file path

MFILE CHARACTER Name of module within “*.mdl’
file (the *.mdl extension
should not be added)

INPUTS CHARACTER Format string for all input

variables.

The formatting for the INPUTS variable is the same as that in
the MATLAB interface subroutine. Note that the OUTPUT of the
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SIMULINK interface is automatically handled inside the subroutine
and is always put into the corresponding EMTDC STORF array.

EXAMPLE 12-3:

A Simulink module called ‘TEST.mdl,” has external inputs A, B and
C and is located in CATEMP\SIMULINK_FILES. The input ‘A’is a
REAL variable, ‘B’ is a REAL array of dimension 31 and ‘C’ is an
INTEGER.

The Simulink interface subroutine call would then appear as follows:

CALL SIMULINK INT (“C:\TEMP\SIMULINK FILES”, “TEST”, “R
R(31) 1I7)

DESIGNING A MATLAB COMPONENT

Designing a MATLAB component involves two simple steps:

1. Create a new component
2. Write a MATLAB file (.m) to perform the required modeling.

Component Design

Any number of signals or parameters can be passed to or from a
MATLAB component. The Fortran code inserted into the Fortran
segment of the component definition should perform four tasks:

1. Input variables for the MATLAB function should be
transferred to STORF and/or STORI arrays.

2. The MLAB_INT subroutine must be called with arguments
for the MATLAB module and path name, input format string
and output format string (more information to follow).

3. Output variables should be transferred from STORF and/or
STORI arrays into the PSCAD component output connection
nodes.

4. Increment the NSTORF and/or NSTORI index pointers by
the total number of variables used.
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EXAMPLE 12-4:

Consider a simple example for a PSCAD component, which has 2
REAL input connection nodes (A and B), and a single REAL output
connection node (C).

M ATLAB [
B .| Component

The following code should then appear in the Fortran segment of the
component definition:

#STORAGE REAL:3
STORF (NSTORF) = S$A
STORF (NSTORF+1) = $B

CALL MLAB _INT(“$Path”, “SName”, “R R”, “R”)

$C = STORF (NSTORF+2)
NSTORF = NSTORF + 3

The component definition will need to define at least two input fields
in a Parameters section category page. In this case for example,
$Path is a text field symbol name expecting the pathname to where
the *.m files are located. $Name is also a text field symbol name
expecting the name of the MATLAB module. For example, if the
MATLAB function is called ‘TEST1,’ contained within a file called

‘TEST1.m,’ then the $Name parameter should then be entered as
‘TEST1.

Matlab Module Narme | TESTY

Fath of .m Files | CAmatiabvmfiles

More complex input and output arguments can also be used. If an
array signal is used, the input or output format string arguments
should contain the type and dimension. For example, a REAL array
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of dimension 31 would appear as R(31), or an INTEGER array of
dimension 10 as I(10). Each variable should be separated by one
or more spaces, and the order of variables should be identical to the
order expected in the MATLAB function.

A good mechanism in Fortran to transfer array variables into or out of
the EMTDC STORF or STORI arrays is the DO/ENDDO loop.

EXAMPLE 12-5:

Here is an example illustrating a MATLAB component, which has a
single REAL input connection array of dimension 31, and a single
output connection of dimension 2.

The following code should then appear in the Fortran segment of the
component definition:

#STORAGE REAL:33
#LOCAL INTEGER I CNT
!
! First Input Array (REAL(31))
!
DO I CNT = 1,31,1
STORF (NSTORF+I CNT-1) = S$SINPUT(I _ CNT)
ENDDO

CALL MLAB INT(“$Path”,”$Name”,”R(31)",”"R(2)")
! First Output Array (REAL(2))
DO I CNT=1,2,1
$OUTPUT(147CNT) = STORF(NSTORF+31+I47CNT—1)
ENDDO

! Increment STORF pointer

NSTORF = NSTORF + 33

Note that when the output variables are extracted from the STORF
array, the offset 31 must be added, as 31 input variables were al-
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ready used to put the INPUT variables into the STORF array. In the
entire routine, 33 STORF locations were used (31 inputs, 2 outputs).

DESIGNING A MATLAB/SIMULINK COMPONENT

The design steps and principles used in creating a MATLAB/
Simulink component, are similar to that explained in the preceding
section. Here, an example is provided to illustrate how to design a
component that utilizes both the MATLAB and the Simulink interface.

EXAMPLE 12-6:

The figure below illustrates a MATLAB/Simulink component in
PSCAD. The input to the component is an array of four variables,
named ‘TIME’, ‘Freq’, ‘Phase’, and ‘Mag’. The output from the com-
ponent is an array of six variables as labelled.

Fraq

T Gga O‘gh Go?t.
o Matlab 2.4 4./ B

o, e - Simulink ——
‘| Interface N ‘} 5\
G?S Glh G?r

The following code appears in the Fortran segment of the component
definition:

#STORAGE REAL:12
#LOCAL INTEGER I CNT, M _CNT

! PSCAD MATLAB INTERFACE
! MODULE: Matlab Interface with Simulink
i

I _CNT
M _ CNT

1
0

Call *.m files in order to initialize the
environment...

IF (TIMEZERO) THEN
#IF “SmNamel” != %7
CALL MLAB _INT(“$Path”, “SmNamel”, “”, “”)
#ENDIF
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#IF “S$mName2” != 2“7

CALL MLABilNT(“$Path","$mName2","" ;s N
#ENDIF

ENDIF
!
! TIME info to run either *.m or *.mdl module
i

#IF ($SOPTSEC == 0 )

STORF (NSTORF) = TIME
STORF (NSTORF + 1) = DELT
M CNT = 2

#ELSE
STORF (NSTORF) = TIME
M CNT = 1

#ENDIF

1
! Transfer inputs to EMTDC STORF array
|

DO I _CNT = 1, $#DIM(sig _1in)
STORF (NSTORF + M _CNT + I CNT-1) = $sig in(I _ CNT)
END DO
M _CNT = M _CNT + I _ CNT - 1
!
! CALL PSCAD MATLAB INTERFACE
1

#IF $OPTSEC ==

CALL MLAB _INT(“$Path”,”$mfile”,”R(6)”,”R($#DIM(sig
out))”)
#ELSE

CALL SIMULINK _INT(“$Path”,”$simfile”,”R(5)")
#ENDIF

!
! Transfer MATLAB output variables
!
I _CNT =1
DO WHILE (I CNT .LE. $#DIM(sig out))
$sig out(I CNT) = STORF(NSTORF + M _CNT + I CNT

I _CNT = I _ CNT + 1
END DO

! Update storage array

NSTORF = NSTORF + M _CNT + I _CNT - 1

Various Parameters category pages within the component definition
define the variables used in the above code. This category page
would appear similar to that shown below:
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s LA Nl |
~Interface Chaice
& m-file

" Simulinkile

Entarthe mefile name
Enter the Sirmulink filename fwithout rmdl)
Enterhe MATLAB path (~.m ar =.mdl) files

Entar the namea of the first m-file
Enter thir name of the second m-1le

Ok | Cancel | Help |

Each of the input fields above defines a variable (preceded by a $
symbol) in the component code.

INTERFACING NOTES

The MATLAB engine performs operations very slowly, compared with
the same equivalent operation hard-coded directly into a PSCAD
component. The MATLAB source code is interpreted each time it is
called, allowing users to dynamically edit the *“.m’ file in the middle of
a run and see its effect immediately. This inter-activity is also pos-
sible in PSCAD through the use of on-line sliders, switches, dials and
buttons. Any combination of the two methods can be used simulta-
neously.

Alternative Simulink Interface

There is an alternative way to invoke a Simulink module. Instead of
calling the ‘SIMULINK_INT’ subroutine, users may call ‘MLAB_INT’
subroutine to invoke an “*.m’ file, which uses the MATLAB com-
mand ‘sim’ to handle the Simulink module. However, the use of
‘SIMULINK_INT” is highly recommended due to the synchronization
mechanism between MATLAB and PSCAD implemented within this
subroutine. This is especially true for Simulink modules that run
longer than the time step defined inside EMTDC.
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Simulation Speed

To try and speed up the MATLAB solution, it is often a good idea to
try and use a larger time step when invoking MATLAB components
(wherever possible or practical). An enable/disable switch can also
be implemented, so as to allow PSCAD to operate at close to full
speed.

EXAMPLE 12-7:

The figure below illustrates one way to speed up your PSCAD/
MATLAB simulation. Here, an impulse train is applied to an addi-
tional enable/disable input to control how often the MATLAB solution
engine is invoked.

nATLAB [
g.| Component

w_

The Impulse Train frequency can be varied for optimal speed/accu-
racy considerations.

. Enable

Conversion to C

It should also be possible to convert ““.m’ source code directly to ‘C’
code using the MATLAB ‘C’ compiler, and then directly compile and
link the ‘C’ source code into the EMTDC executable. This has not
been tested thoroughly, but no obvious technical reasons exist as to
why it should not. With this ‘hard-compiled’ approach, you lose the
ability to edit the MATLAB ““.m’ interpreted file during simulations.
The ‘hard-compiled’ approach also may not work with any MATLAB
graphical functions.

A good compromise can be reached by first using MATLAB compo-
nents to develop and test algorithms, but in the end to optimize the
speed of the final design by hard-coding the algorithms in Fortran or
C (either manually or using the MATLAB ‘C’ compiler). The final hard-
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coded algorithms are linked directly with the EMTDC solution engine
and are very fast (as they can be optimized using modern compilers).

Plotting Enhancements

The MATLAB graphics functions are a very powerful addition to the
PSCAD plots and graphical interface. Three-dimensional plots, active
graphics and rotating images are possible and integrate seamlessly
with the PSCAD graphical libraries.

ENABLING AND USING THE INTERFACE

In order to make use of the MATLAB/Simulink interface, you must
first enable it in the project you are working with. This is accom-
plished by selecting the option Use MATLAB Interface in the Fortran
section of the Project Settings dialog.

Also, you must ensure that your MATLAB/Simulink Workspace op-
tions are properly set. These are adjusted in the Fortran section of
the Workspace dialog.

Note that you may find discontinuations when starting from a snap-
shot file if you use complex models in MATLAB/Simulink. If this is
the case, it can be prevented by adding extra code in the *.m or
*.mdl file and the component definition calling the interface.
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Migrating from Older Versions

During the development of PSCAD V4, compatibility with older
versions (especially with V3) was a primary concern. As a re-

sult, migrating PSCAD V3 projects into V4 is quite simple and
straightforward. Although not much has changed with the PSCAD
V2 migration process, an important new feature is that V2 users may
now load transfer files (*.dfx) directly into PSCAD V4. This elimi-
nates the need for extra steps in migrating user components and
libraries - these definitions can simply be included in the V2 transfer
file.

This chapter discusses topics in migrating PSCAD related projects
from older versions. For more information on migrating user-defined
code and other EMTDC related issues, see Converting V2 Fortran
Files in EMTDC Manual chapter entitled V2 Conversion Issues.

CONVERTING PSCAD V2 PROJECTS

PSCAD V2 projects can be directly migrated into PSCAD V4 without
too much difficulty. This, of course, mainly depends on the complex-
ity of the V2 project, the components used and the condition of any
user-written code involved. Unlike V2, PSCAD V4 stores all informa-
tion pertaining to a project in a single portable project file (either a
case project (*.psc) or a library project (*.psl) file).

Some V2 files cannot be directly imported into PSCAD V4. The fol-
lowing is a list of which file types can and cannot be migrated:

Can be migrated:

*  Draft circuit files (*.dft and *.dfx)

*  Runtime batch files (*.rtb)

»  Draft component definitions (for example in xdraft_lib)
+ EMTDC Fortran source code

» Line constants solved data (*.tlb or tlines files)

NOTE: If you have EMTDC source code
written in C, then you must upgrade this code
manually.
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Cannot be migrated:

+ Cable files (*.cbl)
*  Multiplot or Uniplot batch files

The following topics describe the procedures involved when import-
ing PSCAD V2 circuits, components and associated files into PSCAD
V4.

User-Written EMTDC Source Code

Fortran source code written specifically for use with EMTDC in
PSCAD V2 must be filtered before it can be used in PSCAD V4. For
more information on importing user-written Fortran source code, see
Converting V2 Fortran Files.

Conversion Issues

The following sections describe a general overview and background
of some important conversion issues. Please review these sections
first before attempting to upgrade to PSCAD V4.

V2 Control Type Components

All control type components (i.e. components whose code appears
in the EMTDC System Dynamics only) should be upgradable. One
important fact to consider, however, is that using the EMTDC internal
variable for time step (i.e. DELT) in the Computations portion of a
component definition is no longer allowed in PSCAD V4.

V2 Electrical Interface Components

There have been many changes made to EMTDC since V2, mostly
associated with electrical signals and their interface to user-writ-

ten components. It is possible that these types of components may
cause some compatibility problems when upgrading to V4. For
instance, electrical branches in EMTDC were originally referenced
using a branch TO and FROM node convention. This tended to
cause problems with parallel branches (as they have identical con-
nection nodes), and resulted in numerous workarounds to avoid the
problem. One example was the output of the calculated current in
faults, breakers, thyristors, diodes, GTOs, arresters, etc. - all of these
had a single time step delay. This was because all parallel switching
branches were combined into a single branch for solution in the main
program. One side effect was that the current had to be output as an
argument of the DSDYN subroutine call, and could not be placed in
DSOUT.
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In PSCAD V4, the above problem is circumvented, as each branch
is given a unique branch number and the current in each branch is
referenced directly in DSOUT. This system of referencing electrical
branches directly (by a branch number instead of by node numbers)
results in some obsolete function calls. These include all switching
routines, as well as any electrical interface array names.

V2 Component Libraries

Since V2, PSCAD has allowed users to create their own compo-
nents to represent custom models. In V2, this was accomplished by
editing a text file, where graphical information, parameter form data,
and Data/Fortran output code were entered. Each component was
contained within its own file, which resided in either the user’s library
(~/PSCAD/xdraft_lib), or in a Group Library (only two libraries were
allowed).

Those who received a project from other users always experienced
difficulties in maintaining these components and great confusion (as
to what the most recent version of the component was) generally
resulted. If two or more components by the same name were kept,
then the PSCAD V2 Draft program would search first in the user’s
xdraft_lib directory, then in the Group directory (if one has been
specified), and then finally in the Master library. This allowed users
to overwrite the functionality of Master Library components, often
with confusing or inconsistent results.

In PSCAD V4, the Design Editor is used to graphically manipulate
custom components. Component definitions are stored within a
single library project file (*.psl), where any number of library projects
can be loaded in the Workspace simultaneously. Users who wish to
transfer custom components to other users need only to supply the
library project containing the components.

When PSCAD V4 loads a project, it knows not only the name of the
component, but that it came from a library project. This allows users
to copy a component definition from any other library, customize

it, and then place it in their own library. Whenever either of these
components is used, PSCAD will keep track of which library each is
from. PSCAD V4 also allows components to be kept directly in case
projects (*.psc), so that a temporary component can be developed
for a specific case, without having to clog up a library with the test
code.
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Component Definitions

If a required component definition cannot be found when a V2 draft
project is loaded into PSCAD V4 (i.e. the definition is not included

in any loaded V4 library project or the specific V2 draft project), the
draft project will still load successfully. However, any component
instances based on the missing definition will be displayed with a
‘placeholder’ component. To rectify this situation, ensure that a V4
library project already containing the required component definition is
loaded before the draft project, or that draft project itself was saved
in V2 as a transfer file (*.dfx).

The PSCAD V4 Master library is automatically loaded when PSCAD
V4 is started. It contains many new components, in addition to all
PSCAD V2 components from the following libraries:

+ PSCAD V2 Master library
+ PSCAD V2 PEMISC library
+ PSCAD V2 Machines library

Note that it is important to always use unique names for user-defined
component definitions. This will avoid unwanted interactions be-
tween user and Master Library component definitions.

Importing V2 Draft and Runtime Batch Files

Most PSCAD V2 draft projects can be directly imported into PSCAD
V4. Projects containing more complex circuits however, may require
some manual adjustments. This section describes procedures for
importing PSCAD V2 draft files (*.dft or .dfx) and runtime batch files
(*.rtb) into PSCAD V4.

Before attempting to import your PSCAD V2 projects, please ensure
the following:

* All obsolete PSCAD V2 components are replaced with the
latest versions from the most current V2 Master Library.

+ Al PSCAD V2 files associated with the draft project itself
(i.e. *.rtb, *.tlb, and tline_out) must be located in the same
directory as the draft file before the draft file is imported into
PSCAD V4.
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NOTE: PSCAD V4 will initially allow the
import of only a single runtime batch (*.rtb)
file, associated with a specific V2 draft (*.dft
or *.dfx) file. This *.rtb file must have the
identical filename as the draft file being
imported. For more information on import-
ing any remaining Runtime batch files, see
Importing Additional Runtime Batch Files
below.

If the draft project contains custom written components

(i.e. from user or group libraries), then ensure that the draft
file has been saved as transfer (i.e. *.dfx file) in PSCAD

V2. Otherwise, see Importing V2 User Libraries or Importing
Individual V2 Components in this chapter for more details.

NOTE: If a V2 draft project containing unde-
fined components is loaded into PSCAD V4,
all undefined components will be substituted
with a temporary ‘placeholder’ component.

Please follow these steps to avoid problems:

1.

To load a V2 draft file, start PSCAD V4 and select File |
Load Project... from the Main Menu bar. The Load Project
dialog window should appear.

Near the bottom of the Load Project dialog, change the Files
of Type drop list to PSCAD V2 Case (*.dft, *.dfx), so as

to view PSCAD draft files only. If you do not have a direct
network connection from your PC to your UNIX system, then
you must first copy (or ftp) the files to your PC from UNIX.

NOTE: Your V2 files may still be in UNIX
format. In order to successfully import the file
to PSCAD V4, you must ensure that all files
are in DOS format. This can be accomplished
by using the ‘unix2dos’ UNIX utility, or FTP in
ASCII mode.
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Load Project E]@

Lok in: |_? examples ﬂ L] ef B~
.u‘_:lactivejilters \ind_machines [Relay_Cases \)transfarmers
()¢ _Interface [Clightring Crtp [)bukarial
(_2ydr_machines [_Imatlah [Z)skateom [Cywind_farm
\[)diesel_engine [LZ)optirnum_run (L) 5ubSyneRes

| b _cigre [)PowerElectronics  [)sve

b _wsc () Power CQuality )sync_machines

< &
File name: | Open

Files of lype: |FS CAD W2 Case [* dit, “dx] j Cancel ‘

PSCAD Files [ psc, *.psl]
&)

3. Nauvigate to the directory containing your V2 project files,
select the V2 draft file to be loaded, and then press the
Open button.

Load Project @@

Look in: | (3 PSCAD v2 ~| e & ef E-

File name: |syne_cond.dit Open |
Files of type: ‘F’SEAD W2 Case [*.dit, “dfx] j Cancel

4. Check for warning or error messages in the Output
window. See Common Warning Messages below for
details. Rename and save the new PSCAD V4 case
project in V4 format (right-click on the project name in the
Workspace window and select Save As...).

ax
—E master (M aster Library)

T

'ﬂ spnc_cond Project Settings...

Set as Active

open
Save

Unload [s

Wigw Map File. ..
View Make File, .,
View Compile Log...

Global Constants.., Chri+G

Import Runtime Module, ..

Clean Temporary Directory (. emt)

_@ Projects |f; Rurtime [£% Fies | ]
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Common Warning and Error Messages

There are some common warnings and error messages that may
appear in the Output window following the migration of a V2 draft
file. Some of these are described below:

Warnings:

* Unresolved keyword 'xxxxx": This warning indicates that
data in a PSCAD V2 component was stored, but is not
required in the PSCAD V4 component. This often occurs in
components, which can be used in both EMTDC and RTDS,
where some of the data is not required for EMTDC runs.

+  Component aliased from 'xxx' to 'yyy": This warning indicates
that a component has been renamed in PSCAD V4, but the
data from the old V2 component has been converted.

Errors:

*  Component Definition 'xxx' not resolved: This means that
a custom component was used in PSCAD V2, but was not
available in any of the library projects loaded in the PSCAD
V4 Workspace. If you have previously converted your
PSCAD V2 libraries into PSCAD V4 library projects, then
simply ensure that the libraries are loaded in PSCAD V4 first
before converting the PSCAD V2 draft project. If you have
not yet converted PSCAD V2 libraries into PSCAD V4 library
projects, then follow the procedure outlined in Importing V2
User Libraries. You can also go back to PSCAD V2 and
save your draft project as transfer (i.e. *.dfx file), so as to
incorporate any custom components into it before importing
to V4.

Importing Additional Runtime Batch Files

As mentioned above, only a single runtime batch (*.rtb) file will be
initially imported along with a PSCAD V2 draft (*.dft or *.dfx) file. If
more than one runtime batch file exists in a specific V2 draft project,
then the remaining *.rtb files can be imported separately. This is ac-
complished as follows:

Once steps 1 to 4 above have been completed (i.e. the draft file has
been successfully imported into PSCAD V4), right-click on the case
filename in the Workspace and select Import Runtime Module....
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-8 master (M aster Library]

-ﬂ sync_cond
Project Settings. ..
Set as Active

Open
Save
Save fs...
Unload

Wiews Map File. ..
Wiew Make File..
Wiew Compile Log...

Global Constants. .. Chrl+G

Import Runtime Module. ..

= Clean Temporary Directory (emt) =
By Projects | rnomepamg e

This will bring up the Import Runtime Module dialog window. Se-
lect the *.rtb file you wish to import and click the Open button.

Import Runtime Module

Look in. | 3 PSCAD 2 -]« @ e E-

File name: |systemon|y.rtb
Files of type: | PSCAD Runtime Batch File [*tb] | Cancel

A new Module containing the contents of the Runtime batch file
should appear near the top-left corner of your case project main
page, similar to that shown below. Simply left double-click the
Module to enter.

RunTime

systemonly.rib

Importing V2 User Libraries

The PSCAD V2 Draft program used a library (*.lib) file as a palette
(appears on the right-hand side of the V2 Draft program canvas) for
the actual component library.
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To transfer this palette into PSCAD V4:

1. Open PSCAD V2 on your UNIX terminal and run the Draft
program. Press the LIBRARY button in the main menu and
select LOAD | USER.

[ COMPILE | [ ADOUT | PSCAD Version 2.00
[ view | EPCSYSSA | Cireit Layout Module
LOAD | MASTER |

GROUP
SAVE AR ..

COMPONENT
HELP

NOTE: Make sure that any of the compo-
nents included in your PSCAD User Library
file have a unique component definition
name. Otherwise these components may be
overwritten by other component definitions.

2. Select the desired user library file from the Load User Library
dialog and then press the PROCEED button.

3. Copy the desired component instances from the user library
palette over to the Draft canvas. From the FILE menu,
select SAVE AS... | TRANSFER to save the Draft project as
a transfer file (i.e. as a *.dfx file). This will ensure that the
component definitions are included within the V2 draft file.

[ quiT  |[  1coN | HELP ]
M| SUBSYSTEM | PRINT |
LOAD >
SAVE AS ... QUICK
CLEAR
PARAMETERS
SEQUENCER
HELP

4. Transfer this V2 project file to a location where it can be
accessed from your Windows PC. If you do not have
a direct network connection from your PC to your UNIX

system, then you must copy (or ftp) the files to your PC from
UNIX.
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5. Follow Steps 1 to 4 in Importing V2 Draft and Runtime Batch
Files to load the V2 draft project into PSCAD V4.

6. Inthe PSCAD V4 Workspace, right-click on the project
filename and select Save As... from the pop-up menu.

- master Master Library]

L]
-3 my_v2_calt

Project Settings...

Set as Active

Open
Save

Unload Q

view Map File...
View Make File, .
Views Compile Log.

<

7. Rename the case project to a library project in the File
Name field of the Save Project As dialog window. Press the
Save button.

You now have converted your V2 user library to a PSCAD V4 library
project!

Importing Individual V2 Components

It is possible to import individual PSCAD V2 component definition
files, directly into a PSCAD V4 library project. Once this is accom-
plished, an instance of the definition may be created and displayed
within the library.

Please follow these steps to avoid problems:

1. Create a new library project in PSCAD V4 (or open an
existing library). To create a new library, select File | New |
Library. A new library called ‘noname’ should appear in the
Workspace window.

= [8 master [Master Library)
- [ noname

_% Projects |‘\; Runtime |&% Fies |

2. Expand the new library project tree by clicking on the ‘+’
symbol beside its name. Right-click on the Definitions
branch, and select Import Definition(s)....
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.x
- master [Master Library]
é‘-ﬂ naname
-1: [Main]
E-@ Definitions
L@ [t ain]
Paste Definiti

Impo it
Caopy to Clipboard

Sort by Name
Sart by Descripkion

_@ Projects |/ rwrume ey ries

3. In the Import Definition(s) dialog window, change the Files
of Type drop list to ‘All Files.’

Import Definition(s)

Lookin: | (3 PSCAD 2 =l S E
Filename: | Tpen
Files of type: |24/ Definition files [~ cmp) | Cancel |

4. Navigate to the directory where you have stored your
PSCAD V2 component definition files (‘~/PSCAD/xdraft_lib’
for example). If you do not have a direct network connection
from your PC to your UNIX system, then you must first copy
(or ftp) the files to your PC from UNIX.

Import Definition{s) @El

Lookin: | £ st lin -l e B E-
By e

(== oy _upfe

File name: [my_machine Open
Files of type: [l iles (version 2](°7) | Canel

NOTE: Do not select any PSCAD V2 macro
files (*.g), library files (*.lib), or any file begin-
ning with a ‘period.’
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Select one or more files, and then click on the Open
button. The new definition(s) should appear within the
Definitions branch in the Workspace window.

Check for warning or error messages in the Output

window. [f you receive an error message similar to “Macro
file ‘xxx.g’ not found,” you need to move all associated V2
macro files (*.g) from the ‘~/PSCAD/script’ directory on your
UNIX system to the same directory from where you are
importing your V2 definition files. Unload the new library and
start over from Step #1.

Expand the Definitions branch in the Workspace window
by clicking on the ‘+’ symbol beside its name. Select a
definition, right-click and select Create Instance from the
pop-up menu.

[ master Master Librarg)
=63 noname

Help Fi

T By Projects [, Rurtime [y Fies |

Open the library project main page in Circuit view. Right-
click on the page and select Paste from the pop-up

menu. A new graphical instance of the component should
appear. You can also use Drag and Drop to perform steps 7
and 8.

Right click on the ‘noname’ library in the Workspace window
and select Save As... to rename and save the library project.

- master (Master Library]
eo-£3 noname
Project Settings.

ek as Active

Open
Save

Unload !

Views Map Fle.
view Make Fie
View Compie Log. .

Global Constants. . et

Inuport Runtime Module.

Ty Projects | Cleon Temporary Drectory (ient)
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Manual Revisions to the New PSCAD V4 Project

Open the new PSCAD V4 project in Circuit view (left double-click

on the project name in the Workspace window) and you should see
a parent (top-level) module that did not exist in your PSCAD V2
project. This module will contain other modules representing each
page that existed in your original V2 draft project. A separate module
will also be included, which contains all information from the associ-
ated runtime batch (*.rtb) file.

Depending on whether or not there were any associated import or
export connections in the original V2 draft project, each module may
now possess external input and output connections on their respec-
tive graphics. Each of these connections corresponds to an import
or export connection in PSCAD V2. PSCAD V4 uses this input/out-
put information to order modules in such a way as to minimize any
feedback paths in signals.

Too Many External Connections

If the parent module is visually unreadable due to too many external
connection graphics on the module, then this is probably because
the original V2 Draft page had an excessive number of import or ex-
ports (i.e. > 100). The auto-routing of these connections in PSCAD
V4 becomes too complex in such situations, but the connections are
still functionally correct. Too simplify matters, you can go back to the
PSCAD V2 Draft circuit, and manually collapse related import and
export signals into arrays. Then go through the import procedure
again. This will reduce the number of connections in the parent mod-
ule and help to keep things organized.

Import/Export Tags with Array Variables

Each module may also require editing if you used any import or
export tags with array variables in the original PSCAD V2 draft
project. The old import and export components did not contain any
information regarding the dimension or type of variable (all import/ex-
ports were performed with REAL numbers).

PSCAD V4 now allows import/exports to be performed with the origi-
nal variable type, thus avoiding needless (and potentially incorrect)
data conversions. The user must manually enter the import/export
variable type and dimension information into the modules (there will
be at least two modules that must be edited - one for the import and
one for the export).
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If you already know which signals are affected (i.e. imported or ex-
ported signals using arrays, or of a type other than REAL), then you
must edit the definition of the module in PSCAD V4 to identify the
signal types.

1. Open the definition of the module: Right-click over the
module and select Edit Definition....

2. In Graphic view (appears by default), double-click on the
Connection, having the incorrect type or dimension, to bring
up the Format Connection dialog.

Format Connection

Symbal |11 Dimension |1
Connection Typs Nods Type Data Type

= & ¢ Logical

&+ Input Data 5 " Integer

¢ Output Data &, & Real

£ Electrical &

'

Activate connection when the

follawing expression is true

| true |

oK Cancsl | Hel ‘

3. Modify the Data Type and Dimension. Press the OK button
to save changes and then go back to Circuit view. Note that
the Connection Type will be ‘Input Data’ if the signal in the
original PSCAD V2 project was being imported, and will be
‘Output Data’ if the original signal was being exported.

4. Repeat steps 1- 3 for any other existing connections for this
signal.

To find out if there are any more connection errors for a particular
module, compile the module manually (i.e. right-click on the module
and select Compile Module). This will force PSCAD to generate the
data and Fortran files for this module alone, and any error or warning
messages should appear in the Output window.

Examples of such errors are:
¢ Signal 'ABC' dimension mismatch at signal 'XYZ': This

indicates a dimension mismatch between two connected
signals.
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* Signal 'DEF' type mismatch at signal 'UVW': This
indicates a data type mismatch between two connected
signals.

Runtime Module

The Runtime module represents the contents of the V2 runtime
batch file. This module may require some ‘house cleaning’ and
re-organization (i.e. re-size graph frames, etc.). Control panels are
used to contain sliders, dials, switches and meters. Grouped compo-
nents in the PSCAD V2 Runtime program are now added merely as
additional modules.

Migrating V2 Cable Systems

PSCAD V2 cable migration into V4 is not supported. Any cable
systems in your V2 project (i.e. defined in *.clb files) must be re-
constructed from scratch once the project is migrated into PSCAD
V4. See the chapter entitled Transmission Lines and Cables in this
manual for more details.

Migrating V2 Transmission Line Systems

There are fundamental differences in how transmission line systems
are represented between PSCAD Versions 2 and 4. In V4, trans-
mission line systems are interfaced to the rest of the electric circuit
through special interface components. The properties of the actual
transmission corridor are defined within a special properties compo-
nent (i.e. tower geometry, conductor properties, etc.).

When a PSCAD V2 draft project containing transmission line sys-
tems is migrated into V4, the above described transmission system
is not automatically constructed. Instead, the transmission line sys-
tem is inserted into the V4 project using special V2 alias components
called V2 Style T-Line Connection. The transmission system proper-
ties remain based on the transmission line batch (*.tlb) file created by
V2.

Although this substitution will provide correct results when the simu-
lation is run, it may prove cumbersome if the transmission system
properties need to be changed (must edit the *.tlb file), or if the
project file is transferred to other users (must move the *.tlb file with
it). Itis therefore recommended that V2 style transmission systems
be eventually converted to V4 format.

Although this process must be performed manually, it is
straightforward. Simply replace the V2 Style T-Line Connection
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components with an equivalent V4 transmission line interface
component. The transmission line properties can then be read
directly from the V2 transmission line batch file, and inserted into a
properly constructed transmission line corridor. See the chapter en-
titted Transmission Lines and Cables in this manual for more details.

CONVERTING PSCAD V3 PROJECTS

Loading PSCAD V3 projects into PSCAD V4 is fairly straightforward,
and for the most part will be accomplished without incident. Simply
load the V3 case or library project exactly as you would a V4 project.

Conversion Issues

As is normal when software is updated, there are changes made to
existing features, which may or may not affect your case. There are
a few important issues to be aware of before starting to use your V3
projects in PSCAD V4. These are described in the following sec-
tions.

System Dynamics Component Ordering

Components used in the EMTDC System Dynamics (i.e. CSMF
components, modules, etc.) are automatically ordered in V4 with a
sophisticated new sequencing algorithm. In PSCAD V3, these types
of components were ordered using a simpler method.

This important feature should be considered when initially verify-
ing your V3 project results in PSCAD V4. The new sequencing
algorithm may adjust the order in which components appear in the
Fortran code. Depending on where the components within the
EMTDC System Dynamics (i.e. DSDYN or DSOUT) are, a single
time step delay may be added or removed in comparison with V3
results.

If this does indeed occur in your case, PSCAD V4 allows you to man-
ually adjust the component sequence. Please see the Component
Ordering section in the chapter entitied Debugging and Finalizing for
more details.

Additional Libraries and Object Files

In PSCAD V3, additional library and object file paths, entered in the
Additonal .obj and .lib Files field in the Project Settings dialog,
were relative to the respective temporary (*.emt) directory for the
project. In PSCAD V4, these paths are now relative to the User
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Library Path (set in the Workspace Settings dialog window), or can
be entered directly as absolute paths.

These paths must be changed accordingly in your V4 projects. Open
the respective Project Settings dialog for the project (right-click on
the project filename in the Workspace and select Project Settings...)
and select the Fortran tab. Modify the paths in the Additional Fortran
Library (*.lib) and Object (*.obj) Files input field. For example, a V3
reference is shown below:

Additional .obj and lib files
| rrry_libdlibraryt lib

would appear as follows in PSCAD V4

Additional Library [.lib] and Object [.obij] files
frye_library i

Flyby Windows

A new feature was added to PSCAD V4, which optimizes variable
storage between time steps during a simulation. Unfortunately, when
this optimization algorithm is enabled, it also disables Flyby window
functionality. To enable Flyby windows while debugging your project,
the optimize storage feature must be turned off.

Right-click on the project filename in the Workspace window and
select Project Settings.... Click the Dynamics tab and select the op-
tion called Store Feed-Forward Signals for Viewing.

Node Loop Component Output Format

The output format of the Node Loop component was altered to
reflect changes made to the subsystem splitting algorithm in PSCAD
V4. This becomes important if your PSCAD V3 user components uti-
lize the Node Loop for input. If this is the case, then you must alter
your components before running any V4 projects.

In PSCAD V3, the subsystem global variable (SS) always re-

tained the same value within the same circuit module. In PSCAD
V4, the components on a single circuit can reside in different
subsystems. As such, a new Loop prefix has been added to tell the
compiler to use the subsystem number of the Node Loop component
when processing.
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V3 format (single subsystem):

$SS, $Loop:NA, $Loop:NB, $Loop:NC

V4 format (multi-subsystem):

$Loop:SS, $Loop:NA, $Loop:NB, $Loop:NC

MATLAB Libraries and Interface

Project and Workspace settings should be adjusted slightly when mi-
grating V3 projects that used the MATLAB interface. Please perform
the following adjustments:

1.

Open the respective Project Settings dialog for the project
(right-click on the project filename in the Workspace

window and select Project Settings...) and select the Link
tab. Delete all of the MATLAB installation library paths in
the Additional Library (*.lib) and Object (*.obj) Files

input field. Ensure that the Link this Simulation with the
Currently Installed Matlab Libraries check box is selected.

Project Settings - test

General] Fiunl\mel Network] Dpnamlcsl Mapping | Forran  Link 1

Additional Library [lib] and Object [.abi) fles

Matlab

I¥ Link this simulation with the curmently installed Matlab librarizs.

Open the Workspace Settings dialog by selecting Edit |
Workspace Settings... and click the Matlab tab. In the
Interface Settings area, select the Installed Version and
Library Path to the MATLAB installation libraries.

Workspace Settings

Projects | Wiews | Furtime | Forran  Matlab 1 License |

Interface Settings

Installed Yersion
‘\u’elsion B ﬂ
Library Fath

w -
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