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V

ABSTRACT

ATP (Alternative Transiente Program) has beern used as a case study to show the de\ elopment of 

strategies for witing usable and maintainable software in the High Voltage field. This was done 

by developing a graphical user isiterface (GUI) for ATP as a pre-processor to the program. The 

GUI was developed using modern software quality principles, as well as modem usability and 

maintainability trends including the use of object-oriented programming and design. The 

implementation of the GUI was performed by first writing the documentation for the program 

including the User Requirements Specifications, the User Reference Manual, and the Technical 

Reference Manual, and then coding the actual GUI, The implementation is shown to be successful 

in that the program is verv usable, easily maintainable, and adheres co internationally accepted 

standards for software. It is shown that the techniques used for this design can easily be used for 

other High Voltage software which suffers from setbacks similar to those of ATP.
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1 INTRODUCTION

i . l  Problem Statement

The High Voltage ficid has become largely dependant on software applications as many 

simulations and calculations have become too tedious to do by hand. As a result of this, many new 

High Voltage and Power vSystems software applications are now in use on a daily basis. Many 

High Voltage software applications suffer from a number of setbacks, that often cost users time 

and money, which can be eliminated or improved using modern software principles. One such 

application is the Alternative Transients Program (ATP). ATP is a very widely used computer 

prog; 'im written in Fortran, which is capable of simulating transient conditions and phenomena 

in power machinery and distribution networks. ATP can solve any network consisting of 

interconnections of resistances, inductances, capacitances, single and multiphase n circuits, 

distributed (or lumped) parameter lines, and certain other elements (Dommel 1986).

ATP was developed in the 1960's, and at the time made use of data cards to input information. 

The present version of ATP makes use of very strict format data files to input data (see Appendix 

D - ATP Case Studies). This type of user interface is extremely time consuming to use and to 

learn, as well as being very user-unfriendly (Orbach 1995b). Although the Bonneville Power 

Administration (distributors of ATP) are at present supplying a graphical user interface for ATP, 

this interface suffers from numerous setbacks, and has not beau widely accepted by ATP users 

worldwide (Orbach 1995). Many other High Voltage software applications such as PSSE and 

ERACvS also have poor interfaces.

MSjc, Pissartation___________________________________ Introductio ’
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1.2 Aim

A graphical user interface (GUI) for ATP has been developed as part of the author’s MSc (Eng) 

Elec degree. The GUI was developed with an emphasis on maintainability and usability whilst 

maintaining ISO 9001 Software Quality Principles. The strategies used for the development of the 

GUI were noted, and tb implementation was evaluated. The aim of this thesis is to show the 

importance of software in the High Voltage and Power systems fields, and the need for the use 

of software engineering principles in the development of this software. The thesis also presents 

the background to the development t!ie GUI as well as the various stages involved in the design 

of the GUI including the literature survey, the factors influencing design decisions, and the 

implementation of the design. These are then analyzed with respect to applying similar principle 

to make other High Voltage software applications more usable and maintainable.

1.3 Overview of the Thesis

Chapters 2 to 7 cover the background information to the final development process and 

implementation.

Chapter 2 discusses the need for maintainability and usabilHy in High Voltage software with 

particular reference to ATP and ERACS,

Chapter 3 covers tlie methods used and the standards available for modern softwa-e to ensure that 

soiVvvare is usable and maintainable.

Chapter 4 describes ATP, what it is and how it works at present, as well as the setbacks it suffers 

at present.
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Chapter 5 analyses the present GUI for ATP describing its advantages and disadvantages, ard 

justifying the need for a new GUI for ATP.

Chzqater 6  introduces the concepts of object-oriented programming ai:d design (OOP and OOD).

Chapter 7 describes the event driven and object based structure of Visual Basic, and justifies the 

use of this rapid application development tool in this project.

Chapter 8  introduces the reader to the interface being designed, and the requirements for ATP for 

Windows at the outset of the project.

Chz^ter 9 describes the object-oriented design of tiie Data Card module of the interface including 

a detailed analysis of this design.

Chapter 10 details the design of the interface module of the progra m.

Chapter 11 describes the actual implementation of the GUI, v̂ ĥile chapter 12 involves an 

assessment of the implemsntation of the interface.

Chapter 13 describes improvements v,̂ hich can be made to the GUI for ATP, and chapter 14 

details the general strategies which were used to develop the GUI for ATP, that can be used to 

improve other High Voltage software applications such as ERACS.

Chapter 15 concludes the thesis.
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2 THE NEED FOR USABILITY AND MAIN­

TAINABILITY IN HIGH VOLTAGE SOFTWARE

2.1 Introduction

Denny stated that Electric power systems are growing in size and becoming increasingly complex 

in function. Because of these advances, more advanced computer applications will be required to 

monitor, control, and analyze the vast electrical power systems which future supplies will demand. 

Operators will have to contend witli new' unctrtainties, and decision making will increasingly have 

to depend on computer analysis and simulation (Denny 1988). This has been proved to be true. 

Howev*,r, much of the software which is written in the Hi^h Voltage and Power Systems fields 

is never useJ, or used at a high monetary cost ard time penalty to the user. This is due to the lack 

of usability and maintainability of this software (Orbach 1995b).

It is now widely recognized in the computiT industry that usability of programs is one of the i '*ost 

important issues of software in the 90's 1991). Maintainability of software is also seen as

a very importf.n;; aspect of modern sofrware. It is therefore these two factors which should be 

considered w'hen designing modern software, and particularly when tl<isigning graphical user 

interfaces, since it is the user interface of the program which determines ii» usability (Orbach 

1995). The following chapter includes the following:

•  A description of the importance of software in the High Voltage and Power 

Systems fields.

•  liie  definition of the concepts of usability and maintainability, and

•  a description of modern graphical user interfaces.

it is then shown that some High Voltage applications which are stili very widely used do not
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adhere to either modern usability or mudern maintainability standards.

2.2 The Importance of Software in the High Voltage and Power Systems 

i ields

Software is one of tiie mos* important aspects of modern power engineering design. A testimony 

to this fact is that ti’e IEEE (Institute of Electrical and Electronic Engineers) has devoted a 

moiithl> publication entirely to the issuv *5 »,errounding software in the Power Engineering field 

(IEEE Compuier Applications in Power). A gotd exi Aq of the importance of software in the 

Power Engineering field today is that to ke?!> up with the more stringent design requirements that 

the industry demands, designers of electri are turning to computer aided design (Salon

1990). Distribution Systems also make ex> ware: For example, automatic circuit

reclosers were developed to reduce circui' « .‘.crease the reliability of distribution

systems. Tlie settings of these circuit recloseri : ’'t. ■ to provide ideal behaviour. The

variability in settings, combined with the multiple rec>«3 t**> 'venis, must be considered when 

coordinating tiie recloser w'it’- source-side and/or lead-side fusi.'*: anti reclosers. An expert system 

built into a coordination program can help distribution engineers establish a functional protection 

system, and numerous such software systems are used today (Witte et al 1992).

Software is used for simulating effects in power systems (de Mello et al 1992), as well as for load 

management (Scott Davis 1990), Finite Element Analysis of electrical machinery (Salon 1990), 

assessing transient stability of nower systems (Raliimi et al 1991), optimizing Energy ^danagement 

Systems (Lee Smith 1989), and many other applications.

Although this is the case, many Power Engineering software f nplications stili suffer from 

numerous setbacks, of which the most important is the lack of a graphical user interface, or the 

existence of a very poor interface. This makes much of this software time consuming to use and
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to learn. After a graphical user interface was developed for the Generator Artificial Intelligence 

Diagnostics System (GenAID) in 1990, Gray wrote that the graphical user interlace represents a 

significant improvement over existing technology (Gray ana King 1991). lliis has been the cd&t 

in almost all attempts to develop user interfaces for Power Engineering software.

MSc Dissertation________ Tlie-.li[e£d„£Qr..-lla3bility... and Maintainabili.ty.

2.3 iModern GUIs

Modern Graphical User Interfaces (GUIs) aciiiere to the IBM CUA (Common User Access) 

guideline (which defines user interface components that should be consistent within and across 

applications (Lacob 1993)), while Windows applications generally adhere to the Microsoft 

Application Resign Guide. The IBM Common User Ac( j  a set of selected software interfaces, 

conventions, and protocols that serves as a common framework for application development (IBM 

1987). It focuses on two fundamental aspects of usability (IBM 1987):

•  Users can develop a conceptual model of the interface - In order to reinforce the 

users’ conceptual model of the user interface a number of techniques including 

using metaphors, or analogies, to connect otherwise unrelated concepts, and having 

consistency amongst different areas of the interface, are used.

•  Users can be in control of tlie dialog, and should be whenever possible - Users 

should be allowed to switch from one activity to another, change their minds, and 

stop activities they no longer want to continue.

The main purpose ot the Microsoft Application Design Guide is to provide visual and functional 

consistency within and across Windows based applications (Lacob 1993). The Guide replaces 

IBM’s CUA Guidebook that until 1992 served as Microsoft’s design standard (Sherer 1992).
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2,4 Usability

Usability is the extent to which an end user is ubie tcr carry out required tasks using the systen; 

successfully and without difficulty (Ravden 1989). Eason defines usability as ‘an attempt to study 

the qualit>' of human-computer interaction’ (Eason 1991). A product whhh is not usable costs 

companies time and money in extra training costs, using costs and maintenance costs.

MSc Disserbatian.________fox' Usabilit;y .and-Maintainability

2.5 Maintainability

Another very important aspect of modern software including GUIs, is the maintainability of the 

softwait. Any successful software v, ill eventually enter a prolonged and costly maintenance phase, 

which win involve the GUI in almost every case. Any modification to a software product after its 

first installation to correct fauite, to improve performance or other attributes, or to adapt the 

product to a changing environment can be coiisidered as software maintenance (Lacob 1993),

Lehman states that a program that is used in a real-world environment necessarily must change 

or become less and less useful in that environment (Lehman 1980). As an evolving program 

changes, its structure becomes more complex unless active efforts are made to iivoid this 

phenomenon (Boocn 1994). During maintenance of software, developers will be asked to make 

continual improvements to an existing system; these maintainers are often a different group of 

people tnan the original developers.
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2.6 Some Examples of High Vokage Software

2.6.1 A IP

The Alternative Transients Program (ATP - also known as EMTP) is a power systems transient 

analysis program, which can predict variables of interest within electric power networks as 

functions of time, typically toliowing some disairbance such as the switching of a circuit breaker,
n

or a fauk (Leuven EMTP Center, 1992).

ATP is vety widely used by power distributors, universities and research institutions, as well as 

iiKiustry. However, ATP suffers from a number of setbacks which could potentially be improved. 

; TTte most important problem with ATP, is its user interface. This interface is based on inputting 

dau  cards / data files in DOS text form. It is very tedious to use, and is extremely outdated. A 

typii>-i EMTP/ATP data file can be seen in the following example:

In order to simulate the circuit seen ixt figure 1 (lightning striking a resistor):

M.SC Dissertation________,.lha...N££d.. for Usability .and. Maintai7iabiliJ:Ly

\
\

\
\

\

Figure 1 ~ Simple ATP Circuit. Simulation 

The following data case is requiied:

15/06/95 Tamir Orbach page



BEGIN NEW DATA CASE 

C HeUo

$OI»EN, UN!T=4 eLE=c:\tutLpl4 FORM= FORMATTED 

2.E-7 l.E-4 

1 1 3  7

OOA 10.0 3

BLANK card ending branch cards 

BLANK card ending switch cards 

15A -1 3.2E4 -2.E6 -1.E7 

BLANK card ending source cards 

1

Bl .ANK card ending plot cards

BEGIN xNEW DATA CASE
j!

BLANK card ending session

As can be seen from this interface example, ATP has a user interface which is not very usable, 

and is time coasuming to use and to learn. ATP does not include any of the properties described 

in the IBM CUA guideline as essentia! for a usable program (see section 3.2). It is extremely 

difficult to use, as well as being very time consuming to learn. ATP was written in FORTRAN, 

and is hence very difficult to maintain. ATP is described in greater detail in chapter 4 - ATP.

I'̂ Sc Dissertation________ Thg-Maaci.for,

2,6.2 ERACS

ERA technology, a UK based company, has developed a suite of software programs, collectively 

known as ERACS, which allows the user to design and analyze electrical power system networks
!

under steady state and transient operating conditions (ERA Technologies 1994). ERACS includes 

three full program features:

15/06/95 Tamir Orbach page



•  Ix>adflow analysis

•  Short Circuit analysis, and

•  Transient Stability analysis

ERACS is a menu driven program which runs in a mouse driven environment. It allows the user 

to place elements on the screen by selecting the element from the add menu, and then using the 

mouse to position it {see figure 2 - The ERACS main scfeen). Although ERACS is more user- 

friendly than many odier such app!ications on the market, there are still a number of flaws which 

can be attributed to it;

•  ERACS is a DOS based program, which does not have an interface that conforms 

to IBM CUA standards in all respects.

•  This means that ERACi\ has an interface which is not consistent with modern 

graphical user interfaces, v;hich are usually ba.sed on a graphical platform such as 

MS Windows, Apple MAC, or SUNOS - Open Windows..

MSc Dissertation________ itia. Meed £or .Usability and Maintainability

I'
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Figure 2 - The ERACS Main Screen 

2.7 Chapter Summary

Software is becoming an increasingly important aspect of the High Voltage and Power Systems 

fields. However, many software applications in these fields suffer from numerous setbacks 

including the lack of usability and maintainability of these applications. Usability and 

maintainability are two of the most important aspects of modern software design. Usability 

determines the ease of use of a product and can often determine the success or failure of a
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software product which is commerciaiiy sold. Maintainability is a measure of the ability to change 

a software product after it has been compieted by adding to it, or simply changing existing 

programming functions. Maintainability is directly proportional to the cost of developing anJ 

maintaining a product since a product which is not easily maintainable costs more to maintain and 

to use in the long run than one which is easily maintainabb, A number of H%h Voltage and 

Power Systems software applications were [ .̂resented, and it was shown that these products are 

neither usable nor maintainable. This has probably resulted in a great waste of both time and 

money. In the light of the discussion contained in this chapter, it is clear that it is important to 

analyze H%h Voltage software more closely, to determine methods for solving the problems 

associated with this softwaie. To aid in the development of strategies for making High Voltage 

software tms^ usable and maintainable, it was decided to write a graphical user interface for ATP 

as a pre-processor to ATP. In order to aid the development of this GUI, it was necessary to 

analyze ATP in detail, as well as analyzing the factors which make software usable and 

maintaif^le.
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3 DESIGNING SOFTWARE FOR USABILITY AND 

MAINTAINABILITY

3.1 Introduction

'̂ rhe significant use of software in the High Voltage field has made it crucial that this software is 

developed to be as usable and maintainable as possible. Because of this, it is essential to analyze 

the processes involved in designing software for usability and maintainability. Ihe  following 

ciiairtcr describes the different aspects of designing software for usability and maintainability 

including:

•  implementing usability according to existing guidelines,

•  designing software for maintainability, and

•  using software quality principles to ensure that the software is maintainable.

3.2 Implementing Usability According to the IBM CUA and Microsoft 

Application Design Guide

There is no doubt that graphical user interfaces are becoming increasingly popular v/ith users and 

a number of surveys have pointed to the superiority of such interfaces over command based 

interfaces with regard to such qualities as consistency, ease of use, and reduced learning curve 

(Urlocker 1990). This indicates that the first step to makfng softv/are usable, is to design a 

graphical user interlace for the software. As mentioned previously, whe standard guideline for 

interface design is the IBM CUA.

Lacob identifies a number of criteria as being important for adhering to the IBM CUA usability 

guideline (Lacob 1993), including;

MSc Dissertation______ Designing.-.far.-UaabiXity .and MaintainabiliLy.
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•  Visual clarity - This refers to the clear ’■''playing of information on the screen, 

n \king the screen appear uncluttered, and enabling the users to find required 

informatJon quickly and easily.

•  Consistency - This refers to keeping consistency amongst different screens in the 

application, thus allowing the user to feel comfortable with any screen onr« the 

user has used one or two of tlie available screens. Consistency can greatly increase 

speed of learning, and significantly reduce the likelihood of errors (it is the key to 

the effectiveness of the Microsoft Windows platform).

•  Informative feedback - This indicates that the users should be given clear and 

informative feedback on where they are in the system, what actions they have 

taken, whether these actions have been successful, and what actions they should 

take next.

® Explicitness - The way in which the system works should be very clear to the user.

» This makes the interface ‘transparent’ to the user, and allows the user to develop

a clear and accurate mental representation of the interface.

•  Appropriate functionality - The interface must include functionality which the users 

feel they require in order to carry out the tasks at hand.

•  Flexibuity and control - The system should be as flexible as possible to ensure that 

any user feels comfortable usmg the system, and feels in control of the system.

•  Error prevention and correction - The system should be designed to minimize the 

possibility of user error, with built-in error handling for those errors which do 

occur. U'jers should be able to check their inputs and correct them if necessary

} before the inputs ^re processed.

» U.cer guidance and support - Easily accessible, and informative h?lp should be 

available for the user hi any point or situation in the system (e.g. Winuows On-line 

Help).

, lliese criteria can be used both as a guideline for developing usable software, and as a method of

^  testing whether or not software is indeed usable.

MSc. Dissertation______ Oaalaaing t or.. Usability .aud MajjitLainability

15/06/95 Tarair Orbach page 14



liaac... Dis-sertatigji._____De s ignxn2L£oii--Us ab i  li.fcy:..-aM...

•  Visual clarity - This refers to the dear displaying of information on the screen, 

making the screen appear uncluttered, and enabling the users to find required 

information quickly and easily.

•  Consistency - 'Fhis refers to keeping consistency amongst different screens in the 

application, thus allowing the user to feel nmforrable with any screen once the 

user has used one or tw'o of the available screens. Consistency can greatly increase 

speed of learning, and significantly reduce the likelihood of errors (it is the key to 

the effectiveness of the Microsoft Windows platform).

•  Infoi .lative feedback - This indicates that the users should be given clear and 

informative feedback on where they are in the system, what actions they have 

taken, whether these actions have beer successful, and what actions they should 

take next.

•  Explicitness - The way in which the system works should be very clear to the user. 

This makes the interface ‘transparent’ to the user, and allows the user to develop 

a < ar and accurate mental representation of the interface.

•  Appropriate functionality - The interface must include functionality which the users 

feel they require in order to carry out the taiks at hand.

•  Flexibility and control - The system should be as flexible as possible to ensure that 

any user feels comfortable using the system, and feels in control of the system,

•  Error prevention and correction - The system should be designed to minimize the 

possibility of user error, with built-in error handling for those errors which do 

occur. Users should be able to check their inputs and correct them if necessary 

before the inputs are processed.

r  User guidance and support - Easily accessible, and informative help should be 

available for the user at any point or situation in the system (e.g. Windows On-line 

Help), 
j

i i
These criteria can be used both as a guideline for developing usable software, and as a method of 

testing whether or not software is indeed usable.
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3.3 Designing for Maintainability

Any changes to the final product constitute maintenance. Maintenance is an integral part of the 

life cycle of software, and thus it is imperative that the design snould as far as possible take 

further enhancement into account, it has been claimed that software in general, developed using 

Qjject-oriented Design is easier to char.ge and hence more easily maintained than structured code 

(I^cob 1993). The most important factor to be taken into account, from the design perspective, 

when designing software for maintainability, is to attempt where possible to use Object-oriented 

Design and programming. However, an object-oriented program would still be difficult to 

maintain if the design of the program is not properly docuntcnted.

MSc Dissertation______ Designing £or Usability.an.ti.Haint:.ainafai.Iil:,y

3,4 Using Software Quality Principles

Walker defines software quality assurance as a planned and systematic pattern of all actions 

necessary to provide adequate confidence that the software conforms to established technical 

requirements (Walker 1993). One of the most important of these technical requirements is 

maintainability. To ensure completion of a software project, and to ensure maintainability of the 

product, a software product should always start with a .set of formal requirement and specification 

documents including the following essential documents (Walker 1993):

•  The User Requirements Specification

•  The Dser Reference Manual

•  The Technical Reference Manual

•  The Product Test Plan and Specification
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3.4.1 The User Requirements Specification

The User Requirements Specification is used to clearly and unambiguously specify the 

requirements of the project from the customer’s standpoint, and wii! normally involve repeated 

discussion and clarification of details with the customer. If a clear and systematic technique is ne t 

used, there is a danger of a great deal of time being wasted fjid little real progress being made 

(Walker 1993).

MSc Dissertation______ Dasigaljag.£or.n.s3b il.i .ty..„a]ad..,Maintai nabi l ity

3.4.2 The User Reference Manual

The User Reference Manual is the instruction guide for using a program. The advaiitage of 

producing a User Manual at this early stage in the life cycle of the software is that it prov'ldes a 

means of double checking the system requirements (Walker 1993). Also, any subsequent changes 

to the design can be made to the User Manual as opposed to the actual code, saving the designer 

time and money.

3.4.3 The Technical Reference Manual

The principle use of the Technical Reference Manual is to successively refine the design down to 

its lowest logical level whilst ensuring that it remains wholly consistent with the system 

specifications (see User Requirements Specification and User Reference Manual). The overall 

system design will need to be reviewed in terms of completeness, consistency, necessity 

feasibility, and correctness in much the same way as the system requirements. It is also important 

that the system is designed to consist of well defined logical and physical moduliss to maximize 

testability during this and subsequent phases. Each module interface must be well defined at all 

levels (Walker 1993).
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3.4.4 The Produd Test Plan and Specification

'ilie Product Test Specification must contain a basic set of test cases to clarify and determine the 

measurability of each requirement. Acceptance criteria need to be decided upon and accompanied 

by details of input data and expected results. The Product Test Plan must include details of what 

is to be tested, and expected results and acceptance criteria (Walker 1993).

3.5 Chapter Summary

\

Tl« increasing trend towards solving complex High Voltage and Power Systems problems using 

software makes tlie software in this area a very important aspect of the High Voltage field in 

general. Because of this, it is essential that software in this field is as usable and maintainable as 

possible. To design software for usability, it is essential to adhere to design strategies which 

ensure that the software has visual clarity, consistency, informative feedback, explicitness, 

appropriate functionality, flexibility and control, error prevention and correction, and user 

guidance and support. To design software for maintainability, the design should be kept as close 

as possible to Object-oriented design and the product should be well designed including 

docunsenting the User Requirements .Specification, the User Reference ^'^anual, the Technical 

Reference Manual, and the Product st Specification and Plan prior to beginning the coding. 

Since the required task is to write a graphit:al user interface for ATP, it is essential to analyze 

A1T before the design of the GUI begi»s.
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ATF

4.1 Introduction

A FP is a computer program writien in Fortran in the 1960s, which is capable of simulating 

transient conditions and phenomena in power machinery and distribution networks (Dommel 

1986). The following chapter includes descriptions of:

•  what ATP can simulate and solve,

•  the algorithms used in ATP and how ATP works, and

•  the data card interface of ATP.

4.2 What ATP can simulate

ATP can simulate the following machines and elements;

linear, uncoupled lumped elements such as 

resistances,

capacitances and inductances, 

linear, coupled lumped elements including

multi-phase nominal 7t circuits, 

overhead transmission liaes and underground cables, 

transformers,

simple voltage and current sources,

dynamic rotating machineiy including the three-phase synchronous machine, 

the universal rnachiiie, 

switches and diodes, and 

surge arresters and protective gaps.
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as well as;

•  Resistances with user-defined V-f characteristics,

•  t^e-dependant resistances,

•  saturating inductances, and

•  hysteresis and residual flux in inductances

(Etommel 1986).

Arwiher option which is offered is Traiisient analysis of control systems (TAGS). TAGS offers 

the ability to simulate Fortran relationship elements, controller topology elements, and a number 

of special control devires such as the relay controlled switch, tlie level-triggered switch, the simple 

differentiator, and the controlled integrator.

Ms-c DissertatiQa------------------------------------------------------------------

4.3 /. Ij? Works

ATP simulations work on the basis of node voltages. To keep the explanations in this section 

brief, oniy single-phase network elements will be considered. In a simple circuit such as the circuit 

in figure 3 below, if the voltages and currents have already been computed at time instances 0 , 

6 t, 26t, etc., up to t-6 t, and then the solution must be found at instant t, a set of simple equations 

//" can be used to solve the nodal voltages and currents as follows:

At any time t, using KCL (Kirchoffc Current Law),

...........(1)

Where ii2(t) is the branch current betv/een nodes 1 and 2 etc.
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Figura 3 - Simple Network Around Node 1

Nodte vdtages are used as state variables in ATP. It is therefore necessary to express the branch 

currents as functions of the node voltages, For resistances, this is done using the equation:

Pnr tlse branch with the inductive t- iuponent, the equation solved is:

d l
v=L-

d t

v/ith a central difference equation (or Trapezoidal Rule equivalent):

l [ v { f c ) + v { t - 5 t > ] = - A [ i ( t ) - i ( t - 5 t ) ,
2  6 t

(2 )
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In the case of the circuit in figure 3, this equation can be written as;

= iv^it) -v^it)]-^hist^^it-5t) ..... (3a)
2 L

with

hist3^3(t~5t>=i„(t-5t) +{-|^fv^(t-5t) - v ^ { t - 5 t )  ] ..... (3b)
2 £r

Similarly for the branch 1-4, the equation for the capacitive component can be derived as:

ii^{t) = { 2 ~ )  [v^(l)-v^(t)l+iiisfc,^(t-5t) -----(4a)

with histi4(t - St) again known from the preceding time steps:

hist^^(t-5t)--=-i„(t-5t)-(2~) [v^(t-5t)--v^(t-5t) 3 ...... (4b)

For the transmission line between nodes 1 and 5, it can be shown that:

ii^{t) = (l)F^(t) +i3ist^,(t-T) .... (5a)

where

h i s t ^ ^ ( t ~ T ) ="(“-) [v-gCt-T) ] -ij5(t-T) .... (5b)

Msc Dissertation-------------------------------------------------- M!£
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where:

X =  (line length/wave velocity)

Pis can be s ^ n  from the above equations, using values of i and v from previous time steps, and 

usiftg eqimtwoki ( 1 ), the network can be solved.

Tot any type of network with n nodes, a system of n such equations can be formed,

{Gj rv(t)l = [i(t)3 - [hist], .(6 a)

Wfiicre

[G] =  n*n symmetric nodal conductance ,

[v(t)l= vector of n node voltages,

[i(t)]= vector of n current sources, and 

lhist]= vector of n known "history" terms.

Usually, some nodes have known voltages either because they have voltage sources connected to 

them, or becaiKe the nodes are connected to ground. If this is the case, equation (6 ) is partitioned 

into a set A of nodes with unknown voltages, and a set B, of nodes with known voltages. The 

unknown voltages are then found by solving the equation:
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[GaJKCO] = tU{t)l - fh isy  - rGABJfvB(t)] ....... (6 b)

for [Va(0 ].

Originally, the ATP was written for cases starting from zero initial conditions, making terms like 

bisii3 , hist,4 and hist^ in the previous equations equal io zero. This is not the case however, in ac 

steady state initial conditions, where simulations are started from power frequency. Although it

& pass.tole to read in such ac ste^y state initial conditions, this is very troublesome, and a routine 

which wwKS c:’t these conditions was incorporated into ATP. Using node equations again, where 

in tbiC equation:

^12 Il4 +  IlS ~  ....... (^)

the currents I are complex phasor quantities lll.e*®, it can be shown that again, for any type of 

iwtwork with n nodes, a system of n equations can be formed with:

m m  = fl], ......(8)

where

[Y] =  symmetric nodal admittance matrix, with complex elements,

[V] =  vector of n node voltages (complex phasor values), and 

[I] -  vector of n current sources (complex phasor values).
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Again, e/>"''tion 8  is separated into a set A of nodes with unknown voltages, and a set B of nodes\ /
with known voltages. The unknown voltages are then found by solving the equation:

[YaaKVa] = [Ia] - [Yab1[Vb].

(Dommei 1986)

4.4 The ATP data card interface

ATP works on the basis of ASCII 6zi& files. Each 80 coIUinn line in the user's data file is known 

as a data card. The totality of data cards in the user data file defining the simulation is known as 

a data case. The data cards fall into four 'classes':

® Power system data cards,

•  ATP control cards ($-cards),

•  ATP setup cards (request cards), and

•  Comment cards

The data cards have to be placed in a definite sequential order according ti' class:

First in the sequence are the initializing cards,

second the Power system branch cards. These declare

•  linfjar and non-linear power system branches

•  transmission lines and cables

•  transformers
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Third are the Powei system switch cards. These declare;

•  circuit breakers (switches)

•  diodes 

. •  SCR's

Fourth in the sequence are Power system source m d s. These declars:

•  voltage sources

•  current sources

•  rotating machinery

Fifth in the sequence are Initial condition cards (optional). These declare the initial conditions, 

overriding the default initial conditions (zero).

Sixth are the Output variable request cards. These are used to either specify the variables 

individually, c  to request the voltages of al! Ae nudes.

Seventh in the sequence are the User-defined source cards (optional). These are used to define a 

source point by point, one data card per time-step with multiple user-defined sources 

accommodated on the s?me data card (a termination card is used to indicate that this part of the 

sequence is over).

Eighth and last in the sequence are tlie Plotter directive cards. These simply specify whether a plot 

is required, and the output to whicl? this plot should be written. (Van Colier 1993)

The output file from ATP is in a form known a’ 4, which is a form of data file. Clearly this 

form of user interface is very time consuming to learn well as to use. For more detail on ATP 

data cards, see Appendix E - ATP Case Studies.

15/06/95 Tamir Orbach page 25



M 2, jon. .̂ 3 :e

4 Chapter Summary

AT P performs simulations by solving node current and voltages using the Trapezoidal rule. ATP 

has a data card interface whic’a involves writing data cards or lines, and pLcing them in a strict 

sequential order. The oi-*?';file from ATP is in a format known as pl4, which is a DOS icxt 

format. Since A IT w;is .. iiteii in the late i /60s, a number of attempts have been made to write 

inttjrfaces for ATP. The latest interface for AT F i fled ATPDRAW, and is at present shipped 

with ATP.
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The Previous GUI for ATP

5 THE PRESENT GUI FOR ATP (ATPDRAW)

5.1 Introduction
1/

The user interface cuireutiy supplied by the Boiiiieville Power Administration or BPA (distributors 

of ATP) is a GUI (called ATPDR4(lW), which runs on the MS DOS platform. The interface is a pre­

processor to ATP, and as such runs totally separately from ATP. ATPDRAW works on the General 

Interface Generating System or G?GS (Hoidalen 1992). GIGS is developed by the DSL (Center 

for computer aided learning) at the university of Trondheim in Norway, where ATPDRAW was 

developed. GIGS consists of a resident graphical driver and a library of routines to be us^d for 

this platform. A user-created applicaiioji can be run on the GiGS platform. GIGS handles the 

mot.se cursor, performs pop-up menus and supports a large run-time library of graphical routines 

which can be used by the application. Although this system is far better than the standard version 

of ATP, it is lacking in many resnects which has led to this interface not being widely accepted 

as a replacement for the pressnt ATP interface. The following chapter defails:

•  the design of ATPDRAW,

•  the usability of ATPDRAW,

•  the advantages of ATPDRAW over ATP, and

•  the disadvantages of ATPDRAW.

5.2 I  he Design of ATPDRAW

I'he design and implementation of ATPDRAW were based entirely on the so-called 'structured 

approach' (Hoidalen 1992). It was initially written in Turbo Pascal 5.5 and later converted to Turbo 

Pascal 7.0, both versions being written in the procedural paradigm, making it less maintainable 

than an equivalent GUI written in the object oriented paradigm (Orbach 1993),
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Stnjctured programmmg and design involves breaking a program up into functions, which are 

separate from the appiicatiou'S data. This means that if the data is changed, the fimction code must 

also be changed. Every instance of the data being passed to a fimction wthin the program requires 

changing of the fimction coile every time the data is changed. Adding fiinctionality to a structured 

program would involve imderstanding the entire program architecture (and details of the entire 

program), to ensure that all variables are taken into account. In structured programming, a common 

occuirence is that pieces of data flow unchanged or unwanted through ils ‘ majority of the modules 

they pass through (Jarasa 1984). Object-oriented programming (f)OP) and design (OOD), on the 

oilier hand, Involves tlie encapsulation of both data and fimctions into entities called objects (Booch 

1994). This means that if a variable name is changed, only the object in wluch this variable is defined 

must be ciianged. Adding fim ctions does not reqxiire an understanding of the entire program, only of 

, ̂  a single object. Clearly the fact that ATPDRAW is based entirely on a procedural paradigffi design

is a disadvantage in terras of its maintaf ability.

Msc Dissertation___________________________ ,.Tll£.P.,£jeyious..SIZ.L-tor-ATK

5.3 The ATPDRA W Interfax -

ATPDRAW is a menu driven, DOS based interface wliich allows the user to select an element from 

a list of different element types, and then to place it on the circuit at any position. ATPDRAW 

conforms to some of the IBM CUA standards while it does not conform to others (see Chapter 2.3);

/(■
•  Visual clarity - Although most of the information available to the user is 

uncluttered, there are numerous situations in which circuit elements appear 

extremely cluttered on the screen, without the option of changing this (a good 

example of this is when a three phase transmission line is connected to three 

separate simple RLC branches). Another impOi'tant area where this field is lacking 

is that the entries required to describe each element are written in abbreviated 

fC'tmat, which makes ATPDRAW very difficult to use by anyone who is 

unaccustomed to ATP itself. Clearly this is a very serious flaw in ATPDRAW.
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» Consistency - ATPORAW is consistent in it’s screen Ijv/out within itself.

•  Informative feedback - In the area of informative fed^bgck, ATPDRAW is lacking 

in many respects. No information is given to the user at any time. For users who 

are unaccustomed to ATPDRAW, this lack of feedback could be very time 

consuming to overcome.

•  Explicitness - ATPDRAW does not have a very Ci'ear and explicit methodology. 

At first glance it is not clear how to use ATPDR/.W, and the user would be 

required to study the user manual in detail. Much of this lack of explicitness is due 

to the use of the GIGS platform, which is not a standard platform known by many 

people.

•  Appropriate functionality - There is much functionality which is missing from 

ATPDRAV/, and it’s general functional flexibility is very low.

•  Flexibility and control - ATPDRAW is extremely inflexible, and it is not possible 

to change any aspect of the interface to make it more conifo:':aole for specific 

people to use,

•  Error prevention and correction - Error trapping in ATPDRAW is not sufficleist, 

with many serious errors such as crashes occurring during the running of 

ATPDRAW. However, users are able to check their inputs and correct them if 

necessary before the inputs are processed.

•  User guidance and support - ATPDRAW has absolutely no On-line help. This is

3  critical part of modern interfaces, which is aii extnmiely important aspect of 

making a program usable.

If the same interface was written for the Windows platform, many of these problems would 

automatically be solved, however it would still be necessary to add features such as on-line help.

Mag-D.isfiei:.ta.t4 Qi]______________________________ Ik e  Previ.Q^s....gUL-£Qi:....M:£
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The Previous GUI for ATP.

5.4 The Advantages of ATPDRAW over ATP

Since ATPDRAW is a graphical user interface, it has many advantages over the standard data card 

/ data file ATP interface:

•  In ATPDRAW, to describe an element, it is required to click on that element. Tliis 

predaces a screen relating to that specific element which allows the user to enter the 

relevant details in any order, and in any foim This is a very significant advantage over 

the element details entty in ATP itself since in that case the same details would be in 

a ^ecific pomt of a specific line in the data file. However, the use of abbreviations to 

label the entries in these screens means that a user must be accustomed to using ATP 

itself in order to know what each entry means, or to have the user reference manual 

of ATPDRAW available at every step of the simulation setup.

•  Other advantages of ATPDRAW over ATP include the fact that ATPDRAW is 

graphical, and because of this, a circuit need not be drawn on paper separately to the 

simulation itself!

•  Also, ATPDRAW allows for automatic node naming, which is a very useful feature.

•  Other features of ATPDRAW are that it is interactive, menu driven, and works in a 

mouse driven enviromnent (Hoidalen 1992).

5.5 The Disadvantages of ATPDRAW

As has beer ^hown, ATPDRAW has a significant number of disadvantages which make it less 

appealing to the average ATP user. The disadvantages of ATPDRAW include the following:

•  Tlie fact that the ATPDRAW software was designed in a structured way makes it less 

maintainable than an equivalent GUI written in the object-oriented paradigm,

•  In an important High Vo’ * e software application such as ATP, new fiinctions are often 

added to the application as research progresses. The poor maintainabihty of an interface
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means that it wi!i be difficult aiid very time consuming to add the operation of these fiinctions 

to the GUI (miless the original coder of the program is available to do this). Also if any 

problems are encountered with the GUI, it would be difficult to correct these problems.

« i^.lthough /VTPDRAW is a great improvement on ATP itself it is in many cases not very 

flsxible in fimctionality. A good example of thic is that it comes with only 12 printer drivers, 

and if the user wishes to use any printer other than f  so r'ecLisd, he/she has to write tl;.dr 

own printer driver Another example of this is that it rot allow for inte« ’̂>n • . 'th 

CAD package or database type files. This means that if a circuit was initi?'  ̂̂  . .1 a C AD 

package and now requires an ATP simulation, it would have to be redrawn in the GUI.

•  Also, It does not have any on-line Help, and it does not have any feedback messages to help 

the user during the running of ATPDRAW.

The user's ability to leam an interface is cmdal to its acceptance (Hge et al 1992). Since ATPDRAW 

is graphical, it is relatively easy' to use. It is however, still time consuming to leam how to use soich 

a GUI, since it dees not operate in a very common standardized maimer (such as programs which run 

on the Microsoft Windows platform) Regular users of ATP who are already accustomed lo using 

the data file interface would therefore have to leam how to use tliis Glfl, and this could be time 

consuming. Since most software users are accustomed to the MS Windows plattbmi, an equivalent 

Windows GUI would not suffer fi-om the same setback.

Msi^-llLssaiztMciQii___ _____________ _____________ The. Pi.£Yious ,gOI..£o£-A I£

5,6 Chapter Summary

The interfece winch is presenrly supplied with ATP is called ATPDRAW. ATPDRAW has several 

advantages over the standard ATP interface, including that it is menu driven and v/orks in a mouse 

driven en ironment, and most importantly that it is graphical. However, ATPDRAW suffers from 

several setbacks with respect to its usability, many of which are very serious. These include the 

lack of proper feedback to the user, the use of abbreviations for labels describing element detail 

entries, the lack of on-line Help, and the inflexibility of ATPDRAW, Als(\ ATPDRAW was
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designed entirely usifig the procedural or ‘structured’ paradigm, making it less maintainable than 

the equivalent object-oriented interface. To ensure that the proposed GUI for ATP is more 

maintainable tlian ATPDR,\W, it was found necessary to analyze the concepts of object-oriented 

programming and object-oriented design in more detail.

Mac-Piasert.atlQQ________________________Jhe.PreyJ.Qua-,GUI - for .„AT,£
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6 OBJECT ORIENTED PROGRAMMING AND DESIGN

6.1 Introduction

Object-oriented programming is a method of implementation in which programs are organized as 

cooperative coliections of objects, each of which represents an instance of some class, and whose 

classes are all members of a hierarchy of classes united via inheritance relationships (Booch 1994 

and Orbach 1995).

Object-oriented programming uses objects, not algorithms, as its fundamental logical building 

blocks.

Object-oriented design is a method of design encompassing the process of object-oriented 

decomposition and a notation for depicdng both logic. 5 and physical as well as static and dynamic 

models of the system under design (Booch 1994), The following chapter introduces the basic 

concepts of object-oriented programming and design, as well as Booch class structure diagrams.

6.2 Object Oriented Programming Concepts

6.2.1 Abstraction

Tilt essential characteristics of an object that distinguish it from all other kinds of objects and thus 

provide crisply-defined conceptual boundaries relative to the perspective Ox ihe viewer; the process 

of focusing upon the essential characteristics of an object. Abstraction is one of the fundamental 

elements of the object model (Booch 1994).
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6.2.2 Classes

A class is a set of objects that share a common structure and a common behaviour. The terms class 

and type are usually (but not always) interchangeable; a class is a slightly different concept than 

type, ii. that it emphasizes the classification of structure and behaviour (Booch 1994).

E.g.. Pascal

VAR A, B, C ; REAL

In this example, REAL can be said to be a class, and A, B, and C objects of type REAL. The 

object oriented approach extends this concept so that the user can define classes. For e.g..

trianglel, triangle2, triangleS : TRIANGLES

A class is a black box which can give information about itself. The procedures and techniques 

which the class uses to get this info are totally hidden from other classes (or users).

6.2.3 Inheritam'e

Tliis is a relationship among classes, wherein one class shares the structure or behaviour defined 

in one (single inheritance) or more (multiple inheritance) other classes. Inheritance defines an "is- 

a" or "type of" hierarchy among classes in which a subclass inherits from one or more generalized 

superclasses; a subclass typically specializes its superclasses by augmenting or redefining existing 

structure and behaviour (Booch 1994).

MSc Dissertation____________ Qb.isc.t...Orient;ed, Progratiming. and .Pesign
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Figure 4 - Inheritance

In Figure.4 above, Triangle, Rectangle and Polygon are all of type Geometric, Geometric is a type 

of DispIayed_Objects. Similarly Character and Block are both of type Text, and Text again is of 

type Displayed_Objects. This means that tlie Triangle, Rectangle and Polygon classes all inherit 

the Geometric class, which along with the Text class inherits the Displayed_Objects class.

Although it is possible for a class to have more than one 'parent' (only inherits properties of one 

class), this will usually create problems. Because of this, a class usually only has one parent.

6.2.4 Polymorphisiii

V,

This is a concept in type theory, according to which a name (such as a variable declaration) may 

denote objects of many different classes that are related by some common superclass; thus, any 

object denoted by this name is able to respond to some common set of operations in different ways 

(Booch 1994).
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E.g..

A:=B+C

V* If A, B and C are REAL, then ' +  ' impliess Floating Poiiit addition.

•  If A, B and C are INTEGER, then ' +  ' implies integer addition.

•  If A, B and C are STRING, then ' +  ' implies Concatenation.

This means that the ' +  ' symbol is polymorphic, ie. it can mean different things in different cases. 

In Object-oriented programming a method can be defined such that it 53 polymorphic.

MSc Dissertation____________ Qfaĵ îiL.I2riaatfid-PrQgrammip,s and..Dj£LSlgn

6.2.5 Message Passing

All approaches to software design are based on some 'computational metaphor'. Most 

programmers will be familiar with the 'Procedure Calling' metaphor. In the Object-oriented 

approach, we usually (but not always) use the 'Message Passing' metaphor. Instead of calling 

procedures, we send messages to objects and ask the objects to give the required output. 

(Dwolatzky 1994)

E.g.. Menu_Show_yourself (blue, white) could be asking a menu to show itself with a blue 

foreground and a white background, whereas in procedural programming this would be done with 

a procedure: Show_Menu.
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6.2.6 Late Binding

Late or dynamic binding, denotes the association of a name (sucit as a variable declaration) with 

a class; dynamic/late binding is a binding in which the name/c!ass association is not made until 

the object designated by the name is created at execution time (Booch 1994).

6.3 Booch Diagrams and Class Structure Design

Grady Booch develc^>ed a gt^hical system whereby one can draw the class structure of a project. 

A class diagram is used to show tlie existence of classes and their relationships in the logical view 

of a system. A single class diagram represents a view of the class structure of a system. The two 

essential elements of a class diagram are classes and their basic relationships. (Booch 1994)

MSc Dissertation __________ Qbjegj; Oriented PrQggamming and Design

6.3.1 Classes

/ Figure 5 below shows the icon which is used to represent <; class in a class diagram. Its shape is

that of a cloud. Each class is requked to have a unique name (especially when using programming 

languages such as C +  +  or Smalltalk).

Class Name

figure 5 - Clast* Icon Representation
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6.3.2 Class Relationships

Classes rarely stand alone; instead they collaborate with other classes in a variety of ways. For 

the purpose of this thesis, it is only essential to cover three of these coHaborations. These are 

'inheritance', ‘has', and ‘uses’. The symbols used for these three collaborations can be seen in 

figure 6 below. In the figure. Class A ‘Has’ or contains Class D, Class A ‘Uses’ Class C, and 

Class B inherits the methods and properties of class A.

Class A

Inheritance

\
- - / 

; Class B

/ ■ "
'9 ' •
- - Us“s 

Cliisg C

\ /
Has

ClassD

Fi<jvtre 6 - Class Relationships in 
Booch Diagrams

To explain how these relationships work, it is best to use an example. The example discussed can 

be seer in figure 7 on the following page. It involves a very simple interface for the Internet 

News, and its basic ciass structure.
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F ig u re  7 - Internet News Reader Boccli Class Diagram 

From figure 7, it can be seen that the class hierarchy is as follows:

The main class is the Intetfave class. This class confains or 'has' the Conference List Window 

class, ihe Conference Window class, the Article Display Window class, the Setup Mem  class, and 

the Read Menu class.

vSince the classes Conference List Window, Conference Window, and Article Display Window are 

all types of Windows, they ah inherit the class Window. Similarly, the classes Setup Menu, and 

Read Menu are both Menus, and both inherit the Menu class.
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The class Conference List Window, coiiiains the class Conference List. The class Conference 

Window, contains all the Conference classes, which are also contained by the Conference List 

class. The class Article Display Window contains the class Articles, and the class Conference 

contains i!. olass Thread, which contains the class Articles.

This hieiarchy can be explained as follows:

The user of program deals with the interface only. This means that only the class Interface 

really deals with the outside world.

If a conference (or group) list is needed, the interface will call the class Conference List Window 

to show itself. The Conference List Window will in turn call on the Conference List class to show 

itself within the Conference List Window class. The Conference List then calls all of the 

Conference classes within the Conference List class to announce themselves. This will giA'e the 

user a list of all the conferences or groups available in the News package. If the user then pages 

through the list, each time there is a change, the Interface class calls the Conference List Window 

class again, and tliis in turn gets tlie Conference List to remove whatever conferences are no longer 

meant to be on the list, and to add the relevant conferences on to the list. The rest of the hierarchy 

of the .sjritem works in n similar fashion.

6.4 The Advantages of Using OOD/OOP

4

V.

In comparing the stiuctured (f»r 'procedural') paradigm to the object-oriented paradigm, (VVilde 

et al 1993) state that object-orient) methods provide better data abstraction and better inforr tion 

hiding, allowing for concurrency more readily, and respond better ti) changes in the real worlJ. 

Wilde et al also describe the goal of object-orientation as being to make change easier, stating that 

objects in the program match objects in the real world more closely, so real world changes should
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be easier to map to program modifications. This is cleany the most important aspect of tiie object- 

oriented paradigixi since one of the largest problems with modern software is the lack of 

maintainability. However (Booch 1994) states that both the object-oriented, and the structured 

paradigm are important, each having its own particular advantages over the other.

Another advantage of using OOP and OOD is that graphical environments have an inherent 

complexity that makes them good candidates for the benefits of OOP (Urlocker 1990). This 

complexity alsd translates dira:tly to the need for high maintainability of GUIs, which is provided 

by the object-oriented paradigm. As a result, OOP has caught on widely on platforms such as the 

Mac, Microsoft Windows, and tne NeXT machine.

6.5 Object-oriented Tools

/ r

The range of object-oriented tools on the market is very large. There are object-oriented 

environments, obj t-oriented applications, object-oriented databases, architectures and user- 

interfaces. Then of course tliere are object-oriented programming lan^^uages, from the conservative 

Ada, to the radical Smalltalk, with C +  +  , Objective C, and Object Pascal somewhere in between 

(Cox 1990), Another recently released product which could soon become very popular is 

Borland’s Delphi programming enviionment. Delphi combines the best features of the object- 

oriented Turbo Pascal for Windows language with a top-notch graphical development environmem 

that resembles - then goes beyond ~ VisuaJ Basic (see chapter 7) (Powell 1995).

I f'
I/' C + + is by far the most pop tlar object-oriented programming language available, with the 

number of users doubling eveiy 7.5 to 9 months (Cline 1995).

I
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6.6 Chapter Su??^Biary

Object oriented programming makes use of a number of new concepts to change the perspective 

of programming from the procedural paradigm to the object-oriented paradigm . The concepts used 

are abstraction, classes, inheritance, polymorphism, message passing and late binding. Booch 

class structure diagrams are used to represent class structures using inheritance and contains lines, 

and cloudr, or blocks to represent classes. Object-oriented programming has several advantages 

over ‘structured’ or procedural programming, including the better maintainabiliT.y of large object- 

oriented programs than the equivalent ‘structured’ programs. The most popular object-oriented 

programming tool is C4- + , and had the program been written in an entirely object-oriented 

language, it woud have been in CM + due to the platform porting capabilities of this language.
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7 USING VISUAL BASIC TO WRITE OBJECT-BASED 

AND EVENT DRIVEN SOFTWARE

7.1 Introduction

A fairly recent tool to emerge as a popular and extremely powerful product is Visual Basic 3.0, 

Visual Basic is an interface design tool which is primarily used to write front ends for accessing 

Unix and DOS based databases in a user-friendly environment. One other use of Visual Basic 

however is to create applications that fully exploit the graphical user interface (Microsoft 1993). 

The following chapter includes descriptions of:

•  The Visual Basic programming system, Visual Basic controls, and forms,

•  the object-based nature of Visual Basic,

•  a comparison of the maintainability of Visual Basic software and C + +  software, and

•  a comparison of the usability of Visual Basic and C +  + .

7.2 Visual Basiic

Visual Basic is a programming system which can be used to build complete applications for the 

Windows environment. In Visual Basic, the layout of an application’s user interface is designed 

with t< set of a'teractive graphical tools, such as dialog editc?rs. The interactive tools used in Visual 

Basic are kiwnv'; us Coiitrols. By selecting the cc'ntrDls such as text boxes, check boxes, and 

command buUnns, the user can build a complete user interface interactively (Microsoft 1993). 

'fl.ese controls will be described briefly it’ the following section. The first step to creating a Visual 

Basic application is to creatc the iiilerface: the forns, the conliob, and »ither objects the user will 

sec m i l  HSi- niiknvi'd bv soinng the propeii!: s asid wriiisH.! Visual Basic code based on

V : cat'll cofitfol to Hi.itc the ititerfece ac*ivc. A Visual Basic fonn is any screen
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which is designed using Visual Basic.

Using Visual.Basij;i

7.3 M Basic Controls

llie Visual Basic Toolbox contains the tools which are used to draw controls on the application’s 

forms. Some of the controls available with the Professional Edition of Visual Basic 3.0 are as seen 

in figure 8 below:

€

Pointer 

L&bel 
Frame 

Check Box  

Combo Box  

Horizontal Scroll Bar 

Timer
E»irectory List Box  

Shape 

Image

Common. Dialog Contiol 
3D Check B ox

3D option button

3D panel

Figure 8 - Visual Basic

Line

n

Picture B o x  

Text Box

Command Button 
Option Button 

List Box
Vertical Scroll Bar 

Drive List Box  

File List B ox

Data Control

Picture Clip 
3D Frame

3D command button 

3D group push button
Controls

Forms and Controls nuke up the entire visual construction of Visual Easic programs.
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7.4 Object Based and Event Driven Progi^amming with Visual Basic

The general structure of a Visual Basic form can be seen in i!ie following Booch diagram which 

represents the frmATP form (the main screen of ATP For Wii’dows - see Chapter 10).

_ _ S '—
Pirture C'Miaal)i'CoianaidIJultooM| I In«têCof*fo! f j L»W„Contrnl

Figure 9 -■ Booch Diagx'arji of a 
Visual Baoic Form

As can be seen in the above Booch diagram (figure 9), The frmATP te' ^ntains the controls 

required for the screen (see section 10.2). Each control including the frmATP control, inherits the 

events and properties of the general control of its type. An example of this is that the 

cmdSuCircuitPanel control, which is an array of 3d command buttons, inherits the properties of 

the general control called CommandButton3d, Ti.ij' inheritance includes inheriting events such as 

the Click event which occurs every time a user clicks on this command button, and the DragDrop 

event which occurs every time something which is being dragged, is dropped onto the command 

button. This means that if the programmer would like something to occur every time the user of 

the program clicks on the command button xvith the mousf., this event is already automatically 

available to the programmer, and he/sh<̂  simnly has to fill in what should happen at every instance 

of this event. Tliis functionality is equivalent to overriding an existing inherited method in C+ +  .

Similiirly, the properties of the command button such as the background colour, height, top, etc.,
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are automatically assigned to this control because of the inheritance of the general 

CommandButtonSd control, and these can be specified for each 3d command button placed in the 

form. The list of these properties can be seen in figure 10 below.

C
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P r ' i i j p e r t r e S  ; R
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Figure 10 - The Pi"operties 
Inherited Ly the cmd3dCircuitPanel 
Control
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The inlieritance shown iii figure 10 occurs in every screen or form throughout the Visual Basic 

module o f  ATP for Windows, and is clearly a very useful feature o f  Visual Basic which makes it 

extremely ea^' to maintain.

7.5 Comparing Visual Basic Maintainability to C + + Maintainability

Although Visual Basic is object based , and is easy to maintain, it has several disadvantages in the 

area of maintainability when compared to object-oriented languages such as C + -f ,  The most 

important disadvantage o f Visual Basic is that although each ‘visual’ control in Visual Basic 

inherits properties, events and methods from the general control o f  the same type, once code is 

written to a specific control, this code can no longer be inherited by other controls which are 

similar in behaviour, and the code for th  ̂new controls has to be r<;written. Also, if code is written 

in ‘modules’ (which are used for code not directly related to one specific control), this code is by 

definition structured, (although it is still possible to make it easily maintainable). An example of 

this can be seen when comparing the FormSimpleRLClnitialize method in the Simple RLC Branch 

form of ATP for Windows, to the FormDistributedRLCInitialize method of the Distributed RLC 

Branch /  Single Transmission Line Conductor form of ATP for Windows. The Simple RLC 

Branch form or screen is as follows:
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Figure 11 - The Simple RLC Branch Element Details Screen

The singie transmission line conductor form is as follows:
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Figure 12 - The Single Transmission Line Condu :ttor Element 
Details Screen

This form is clearly very similar to the form for the Simple RLC branch, and comparing the code 

to initialize the two forms, it is clear that inheritance would be advantageous in this case.

7.5.1 The FormSimpleRLCInitialize Code

i The code used to initialize this form places the required options in the combo boxes on the 

Element Details screen, and checks whether or not the element being pointed to is a new element

15/06/95 Tamir Orbach page 49

tsmamm ■jmLi



MSaJBisaertation

or an existing element. If the element is an element which has previously been defined, this 

method places the existing information into the relevant text boxes in the Element Details screen.:

‘Place stems in comlw boxes 
fnnSimpleRLCxmbOutpuiType.Addlteni ( 'None") 
fnnSitnpIeRl,C.cmbGuiputType.AddItera ("Branch Cunent") 
frmSimpleRLC.cmbOuipuiType.Addltem ("Branch Voliage")
IrmSimpieRI^C.cmbOutputType.Addkem ("Branch Voltage & Current") 
frniSimpIeRLC.crabOutputType.Addltem ("Inst net power flow into branch")

‘Check if elemeat is a new element 
Dim NewEiemcnt As Integer 
SimpltRLCNumber — i 
NewElement = True
Sim pleRLCCount =  SinipleRLCCc ni -f 1

If SimpleRLCCount = Q Then
If frmATP.imgGrid(picGrIdlndex).Tag -  -1 Then 

NewElement = True 
Else

SimpleRLCNumber = 0 
NewElement = False 

End If 
End If

If SimplttRLCCoura > 0 Then
If frmATP.imgGrid(picGridIndex).Tag = -1 Then 

NewElement = True 
Else

SirapleRLCNumber = frmATP.!ragGrid(picGndIndex).lag 
NewElement = False 
SimpleRLCCount = SimpleRLCCount -1 

End If 
End If

‘If element is not new, then place existing values into form/scr sen
If NewElement =  False Then

frmSimpleRLC.txtLeftNodeName.Text -= RLCs(SimpleRLC)'lumbcr).LeflNodeName 
frmSimpleRLC.txtRiglitNodeNaiUe.Text = RLCs(SimpleRLCNumber).RightNodeName 
fniiSimpli>RLC.txtNode3Name.Text = RLCs(SimpleRLCNuinbei).Node3Name 
frmSLmpleRLC.txtNode4Name.Text = RLCs(SimpleRLCNumber;'.Node4Name 
fnnSinipleRLC.lxtResistance.Text = RLCs(SimpleRLCNumber).Resistance 
irmSjhpleRLC.txtCapacitance.Text = RLCs(SimplePXCNumber).Capacitance 
frmSimplcRLC.txilnductance.Text == RLCs(SimpleRLCNumber).Inductance 
frmSimpleRLC.ombOutputType.Listlndex = RLCs(SimpleRLCNumber).OutputType 
fmiSirapleRLC.cmdOK.Enabled ~ True 

Else

frmSLmpisRLC.cmbOutpulType.Listlndex = 0 
fnnSimpl,eRLC.cmdOK.EHabIed = False 
SimpleRLCNumber -  SimpleRLCCount 
fnnATP.iingGrid(picGridl3d3x).Tag -- SiiiipIcRLtNunifwr 

End If
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7.5.2 The ForniDistributedRLClnitiaMze Code

'! he code used to initialize this form places the required options in the combo boxes on the 

Element Details screen, and checks whether or not the element being pointed to is a new element 

or an existing element. If the element Is an element which has previously been defined, this 

method places the existing information into the relevant text boxes in the Element Details screen:

•Add items to combo boxes
fmiDistributedRLC.cmbModalParametersType.Addltem ("0") 
frmDislributedRLC.cmbModalParametersType.Addltein ("1") 
frmDistributedRLC.cmbModalParametersType.Additem ("2") 
fnnDisiributedRLC.cmbModalParametefsType.Listlndex = 0

‘Cheek if element i$ new 
Dim WevvElement Au Integer 
DistRLCNumber = -1 
NcwElcment = Tme 
DistRLCCount = DistRLCCounl + 1

If DiaiRLCCount = 0 Then
If frmATf‘.imgGrid(picGridIndex).Tag = -1 Then 

NewF.lement = True 
Else

DistRLCNumber = 0 
NewEIement = False 

End If 
End If

If DistRLCCount > OThen
If frmATP.imgGrid(picGridIndex).Tag = -1 Then 

NewEIement = True 
Else

DistRl.CNumber = frmATP.iingGrid{picGridIodex).Tag 
NewEIement “  False 
DistRLCCount = DistRLCCount -1 

End If 
End If

‘If element ss not new then place existipg values int<* form I screen 
If NewEIement = False Then 

Dim EmptyRcFt As Integer
InTiDistributedRLC.txtLeftNodeName.Text — DRLCs03istRLCNumber).LeftNodeName 
fnnDistribiStedRLC.t,i.tRightNodeHame.Text = DRLCs(DistnLCN'umber).RightNodeName 
frmDistributedRLC.txtPhaseNuiaber.Tcxt = DRLCs(DisiRLCNumber).PhaseNvmiher

If Not DRLCs(DistRLCNumber).Nc'de3Name = "O" Then 
EmptyRest = True 

Else
EmptyRest = False 

End If
If Not DRLCs(DistRLCNiimber).Node4Name = "0" Then 

EmptyRest ~ True 
Else

%
S.

i

.(

I

%
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EmptyRest False |
Endlf I

S
If Em ptyRest -  False T h en  i

frmDistributedRLC.txtM['J<laIResistaw.e.Text =  D R LCs(D istRLCNutnber),M odalResistance |
fiinD islributedR L C .atM odaiC apacitancs.T ext =  DRLC3(DistRLCNup>’"r}.McKla!Capacitance I
frm D istributedR LC .ixtM ixlalinductance.Text =  DRLCs(DistRLCNum! >Modal5nductance i
fnnDistributcdRLC.txtL ineD isitanee.Tcxt =  DRL* (D iatR LC N ujnber).l .tieDislancc 1

fmiDistributedRIX.cmbModalParametersType.Listlndex = DRI..Cs(DistRLCNumbcr).ModulPararoetcrs'fype I
fnnDistribuiedRLC.cmdOK.Rnablsd = True ?

5nnOistribuic4lRLC.txtNode3Name.Tcxt = DRLCs(DistRLCNuniber).Node3Name I
frmDisiribsi««lRLC.txtNodc4Naine.Text = DRLCs(DistRLCNumber).Node i aine ?
frmDistributedRLC.lblModalResistance.Enabled = False j
frmDistributedRLC.txtModalResistaoce.Enablcd = False f
frniDi&tributedRLC.lblModalCapacitance.Enabled = False 
fraiDistributedRLC.txtModalCapac'Uncc.Enabled = False 
frmDislributcdRLC.lblModallnductaace.Enabled = False 
rnnDistributedRLC.txtModallnductancc.Enabled *= False 
frmDistribmedRLC.lblLineDistance.Enabled = False 
fnnDistributeiiSRLC.txtLineDistance.Enabled = False 

End If

MiiiLJDijs.aer£iatî _________ ___________________ Using Visual.B̂ jsig

Else
frraDistributedRLC.crndOK.Enabled = False 
DistRLCNumber »  DistRLCCount 
frniATP ungGrid(picGridIndex).Tag -  DistRLCNumber 

End If

This is clearly very similar to the code used for the simple RLC form.

7.5.3 Initiaiizinfj; the Two Forms Using C+ +

iiven a situation in which the same tw«̂  forms were designed and written in C +  +  , the code for 

initi:>l!/!ng the two forms would only be written once, and then inlierited in the other case. This 

f  would save time and programming lines, and make it easier to change anything related to both of

the initialize methods. With both the SimpleRLC class and the DistributedRLC class capable of 

calling tliese metliods. This would b‘.; the ideal way o f performing this task if C + +  were as easy 

to use as Visual Basic.
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7.6 Comparing Visual Basic Usability to C + + Usability

Writing applications for Windows using Borland C + +  4.5, is a lengthy and difficult task. It is 

done using a class library called the Object Windows Library or OWL, which is distributed with 

Borland C +  +  4.5, Where in Visual Basic, a control is placed for every el.ement in the screen, 

the equivalent process in C + +  is far more lengthy, and requires mors code manipulation. 

Duntemann claims that C + +  projects often take 10 to 30 times longer to complete than Viiuai 

Basic prqi 'Jts (Duntemann 1995). Our own experiences have also shown that using Visual Basic 

for frcnt ends of Windows applications (its main purpose), is far easier than using C + +  for the 

same task (Orbach 1995b). For this reason, although C + +  applications are more easily 

maintained than Visual Basic applications when it c.:>mcs to the code, it is still less time consuming 

to code and to maintain Visual Basic front ends than the equivalent C + +  front; ds. Any code 

which is not directly linked to the interface, such as code which solves num.erically intensive 

algorithms, will be more maintainaole if written in C +  +  or another object-oriented language, 

than if it v/ere written in Visual Basic,

M£c.,Dis.ser,tati.Qn------------ ---------------- U&iag Visual Basic

7.7 Chapter SMinmary

Visual Basic is a visually oriented programming system which can be used to build front ends very 

quickly and efficiently. Although Visual Basic applications are easy to maintain, this 

maintainability is due to its ease of use, and object based nature for prograu  ̂ ;ig and designing 

front ends, and this maintainability does not stretch over to code which is not directly related to 

the front end of an application.
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8 AW  FOR WINDOWS

8.1 Introduction

As has been shown, software is a very important aspect o f the High Voltage and Power vSystenis 

fields, and the two most important aspects of modern software are maintainability and usability. 

I ’o satisfy the usability requirements, it was decided to write the proposed graphical I'ser interface 

for ATP in the Windows domain. Due to this platform selecdon, this GUI has been named ATP 

for Windows. The following chapter describes:

•  the requirements for ATP for Windows including

•  ensuring usability in ATP for Windows,

•  ensuring maintainability in ATP for Winc’ows, and

•  the implications o f the requirements on the final design and implementation.

Msc D i s s e r t a t i o n ________________________________for Windows

8.2 Requirements for ATP for Windows

A graphical user interface is required for the Fortran based ATP. The interface must be capable 

of converting standard circuit diagrams along with the corresponding circuit information into the 

required input data files, and must also be capable o f reading the output data files, and converting 

these files to graphical and numerical data within the interface. The most important general 

requirements for ATP for Windows are as follows:

•  It must perform on the Microsoft Windows (3.1 or later) platform,

•  It must be as usable and flexible as possible.

•  It mast be as maintainable as possible.

•  It must be capable of interfacing with as many external CAD packages (such as Intergraph 

Microstation) as possible.
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To ensure that the final product meets all the requirements, the formal requirements for ATP for 

Windows were written during the first stage o f the project. These requirements were formalised 

in a document titled the User Requirements Specification (see Appendix A - The User 

Requirements Specification). The User Requiremenf? Specification is a list of the formal 

requirements, and does not include such items as usability and maintainability.

Msc Dissertation___________________________________ AIE-f.03: WindaaLa

8.2.1 Ensuring Usability

To ensure that ATP for Windows is as usable as possible, it is necessary to satisfy all of the 

usability standards described in chapter 2 (see section 2.3):

Visual clarity - ATP for Windows must have the standard CUA layout which is used in 

Windows applications.

•  Consistency - Consistency is the key to the effectiveness o f the Microsoft Windows 

platform. One of the reasons for the choicr lie Windows platforms for the GUI is to 

ensure consistency o f ATP for Windows with other applications as well as witiiin itself. 

The consistency of each screen in ATP for Windows with other screens in ATP for 

Windows should be ensured by designing the interface carefully, and completing the 

design on paper before any o f the coding is performed, as well as by conforming to the 

IBM CUA and the Microsoft Application Design Guide for each and every screen.

•  Informative feedback - Informative feedback must be ensured by adding a message bar to 

the interface. I ’he message bar should guide the user by giving the user the next step 

possible as well as by describing the different options as the user traverses over these 

toolbar options with the mouse. Screen specific On-line Help should be available for the 

user at any stage of the program to aid in the required feedback.

•  Explicitncss - For ATP for Windows, it is necessary to ensure that the system is similar 

in many respects to other Windows applications.

•  Appropriate functionality - To ensure appropriate functionality, the User Reference Manual
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must be thoroughly re viewed by a number o f potential users before the actual coding 

begins.

•  Flexibility and control - To ensure flexibility o f the system, the user must be given the 

option to change the layout o f the system settings as far as possible.

•  Error prevention and correction - The system must be designed to minimize the possibility 

of user error, with built-in error handling for those errors which do occur. Users should 

be able to cl'.eck their inputs and correct them if necessary before the inputs are processed.

•  User guidance and support - To ensure proper user guidance and suppon, easily accessible, 

jmd informative on-line help should be available for the user at any point or situation in 

the system.

8.2 .2  Efisurijo^ Miuntainability

To ensure maintainability of the program, a number o f steps are required:

•  Tlie GUI should be written in an object-oriented or othei-wise maintainable language where 

possible.

»  The GUI should be designed carefully before the actual coding begins and the design 

process should ensure that maintainability is emphasized.

8.3 Implications of the Requirements

To satisfy the requirements mentioned above, the GUI was implemented using Software 

Engineering Quality Principles (see Chapter 11) on 'he Windows platform. The GUI was written 

m Visual Basic due to the ease of use o f Visual Basic, and the subsequent ease o f maintainability 

o f the program. A separate entirely object oriented unit which writes the data files required by 

ATP, was designed for comparison purposes.
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8.4 Chapter Summary

To ensure the usability and maintainability o f ATP for Windows, ATP for Windows must be 

written for the Windows platform using Visual Basic. The requirements for the interface are 

detailed in a fcMrmalised User Requirements Specifications document (see Appendix A - the User 

Requirements Specification). TTie actual designs achieved using these requirements as a basis can 

be seen in the chapters following this one.

Msc Dissertation--- ----------- --------------- M ’P for.Windows
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9 THE OBJECT ORIENTED DESIGN OF THE BATA 

CARD UNIT

9.1 Introducdon

One o f tiiie deagns considered for ATP for Windows is an entirely object-oriented design (for a more 

detailed desorption, see Appendtc D - The Object-Oriented Design o f  the Data Card Uuit). TTie 

reasons for tliis include the ease o f  maintabing object-oriented software. Although the final deagn 

o f  ATP for Windows is object-based as opposed to object-oriented, if  C++ had been used to vvrite 

ATP for Wndows, it is very likely that the follo wing design would have been used. The design was 

completed as a coieparison to the Visual Basic deagn used, as well as a prospective design for fiiti r̂e 

versons o f ATP for Windows if  these versions are developed in an entirely object-orientea language 

such as C++ (or Delphi),

ATP for W îndows is a pre-processor to ATP, and must thus convert grapuical infonuation received 

fropi the user, to the data cards /  data iSies needed to run ATP simulations. Ilie  unit which was 

designed usmg object oriented design would be the back end o f the interface since it reads the circuit 

information stored in the MS Access tables, and converts this information to the required ATP data 

files. This section describes this imit including;

An indication o f the general structure used for the object-oriented design o f the Data Card 

unit, as well as tlte stnicture that would be used for a complete object-oriented design o f the 

entire program

•  An ejq)lanation o f the use ofiuheritance in this unit, and the advantages o f using inheritance.

•  A  detailed description o f two classes lo w in g  how the use o f  object-oriented programming 

and inheritance saves lines o f  code as well as programming time.
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9.2 Using The Structure (,f AIT Data Cai ds to Seiect Objects

ATP data cards all have a fairly similar structure to each otiier, but different types o f  cards such at 

Branch cards or Source cards, have a fixed structure within their own card type (See Appendix E - 

ATP Case Studies). TTiis means that the data cards can be split up into definite types, which can then 

be used as classes in the object-oriented approach to the design o f the interface.

ll iis  approach has led to the high level design seen in figure 13 and figure 14.

A T P _ B 6 tn p _ C a rd

Data_Case

Data__Card 1

P o W 6 r_S y» tem _  ) 
D » ta _ C a rd  j ATP Contjrol Card

F ig u r e  13 - The B ooch  C la s s  D iagram  f o r  t h e  D a ta _ C a se  C la s s
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\n figure 13 and figure 14, it can be seen that the Data base class contains the Data Card classes 

iPmw_System_Data_Card, ATP Setup Card, mA ATP Control Card). Each type o f card inherits 

the general properties o f  the Data Card class, the Branch card class inherits the 

Power Systerti Data Card class (and hence automatically also inherits the Data Card class 

properties and methods), and each type o f  Branch card inherits the properties o f the Branch Card 

class. This means tBat using inheritance, one can write the RLCJBram;h class by using the general 

existing properties and methods o f  the Branch J2ard  class, and adding whatever member functions 

/ methods are aecei^ssry.

Similarly, if  at a later stage anyone widies to add an element which is a branch card, he/siie can do 

this, without knowing the internal workings o f  the rest o f the program, by simply adding whatever

TACS

Pt>w«r_Sy«tem 
Data Card

- Vx

I J

1PioKer_Dir Card f
____J

B rm ci Card Switch Card

\
---"w--,

1  ̂ I /  Ou^ut Var
I Source Card RequesT_Ca?d

A

.-...A
RLC Branch Expoii_SgArr

\A „_______________ I

Xmisiion Line

Pj6cewise_SgArr Xformer

New Elemeat

Figure 14 - The Power_System_Data_Card Booch Class Diagram
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I:

member functions are required. In the same way, anyone can add any type o f ATP element, such as 

source and iswitch, to the i^iterface without understanding the rest o f  the program details, using 

inlieritance. This is shown m more detail in the next section.

This use o f  inheritance is one o f  the properties o f  object-oriented programmhig and design which 

makes OOP programs extremely maintainable. (For a more detailed description o f this unit, see 

Appendix D - Tlie Object-Oriented Design o f the Data Card Unit).

9.3 Object-oriented Design in ATP for Windows

Using the structure described above, a good example o f the advantages o f this design format can 

be seen in the Power SystemJDatajCard class, and its inherited classes (set figure 14).

As can be seen in figure 14, the classes which inherit the properties and methods of the 

PowerJSystemJDatajCard class include the BranchjCard class, the TACS_Element class, the 

SwitchjCard class, the Source Card class, the OutputJ/a. _  lequest_Card, and the 

Plotter_pirectiv€_Card class. The descriptions o f these classes are as follows (see Appendix D - 

The Object-Oriented Data Card Unit):

Class Name Desorption

Branch_Card This class inherits the methods and dalt members of the 

Fower_System_Data_Card class. It contains functionality 

to write all details which are specific to ATP Branch 

cards and are not available in the 

Power_System_ Data_Card class (see L<ist o f Methods).
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SwitchCard

\\

This class contains functionality to write all details which 

are specifc to ATP vSwitch cards and are not available in 

the Power_System_Data_Card class (see List of 

Methods).

Source_Card This class contains functionality to write all details which 

are specific to ATP Source cards and a’' liot available in 

the Power_System_Data_Card class (̂ see List of 

Methods).

Ou^at_Var_Request_Card This class contains functionality to write all details which 

airs specific to ATP Output Variable Request cards and 

are not available in the Power_System_Data_Card class 

(see List o f Methods).

For th purpose of this example, it is only necessary to describe the Power_System_Data_Card 

class, aiid the Branch_Card class in detail (for more details see Appendix D - The Objixt-Oriented 

Data Card Unit).

9.3.1 The PowsrSystemDataCard class

The Power_System_Data_Card class contains functionality which must be general to all the 

different classes which inherit this class. This means that the functionality included in this class 

is required by all of the inherited classes, but it need not be re-written in these classes. The 

methods used in the PowerJSystem_Data_Card class are as follows:
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Description

void Power_System_Data_Card() Constructor

— Power_System_Data_Card() Destructor

void WriteLeftNodeName(char 

=^Nodel)

This method is used to write the left /  top node 

names of all circuit elements to the correct position 

in the data card.

void WriteRightNodeName(char 

*Node2)

This method is v' êa to v'rite the right /  bottom node 

names of all circuit elements to the correct position 

in the data card

void WriteNode3Name(char 

*Node3)

I'his method is used to write the left /  top node 

names of an element which shares all of the 

properties o f the present element, if such an element 

exists, to the correct position in the data card.

void WriteNode4Name(char 

=<‘Node4)

This method is r.sed to write the right /  botrom node 

names o f an element which sh?’-es all o f the 

properties o f the present element, if such an element 

exists, to the correct position in the data card.

int IsSimila*-ElementUsedO This method can be called from any <■ - class to 

check whether or not the presep^ .‘iAing written 

uses the properties o f a similar element.

■ 4
■*i

L

All of the above methods are also required by the BranckjCard, but thk class has access to these 

via the inheritance relationship. This means that although every branch card has a field for the left 

node name, a field for the right node name, and a field for Node 3, and Node 4, these fields can 

be entered by calling the existing PowerjSystemJDatajCard functionality although it is not 

actually presei^t in the Branch_Cardclass.
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9.3.2 The Branch Card Class

The BranchjCard class involves functionality to write two o f the fields available in ATP. These 

are the ITYPE field, which is used by ATP £o describe each element using a two letter code, and 

the P variable, which determines what ouQ>uts are reqi'ired for this particular branch. Since these 

two fields are not relevant to the other classes which inherit the PowerJSystem_Data_Card class, 

it is necessary to write these methods in the Branch Card class only (although ail of the classes 

which inherit the BranchjCard class again have accesr. to these methods - see Appendix D - The 

Object-Oriented Data Card Unit).

<

Method Name I)es<rripftioii

void Branch_Card() Constructor

~Branch_Card() Destructor

void DeleteElementQ This method is called to delete a branch card and all 

of it's propertio.,.

\'oid Writeltype(int Itype) This method is used tt write the Itype variable which 

every branch card needs to identify it.

void WriteP(int P) This method is used to write the variable P (Column 

80) to the data card. The variable P is a tlag for 

specifying what outputs are req n’red from this 

branch. See User Manual for wha‘ each number 

stands for.

i
li

From tlie above descriptions, it is clear that the decision to use the actual card types as objects in 

the object-oriented design of this unit wm a logical decision since card types are hierarchically 

broken up into different types. The comi’;:iison clearly shows the advantages of using object- 

oriented programming for this unit.
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9.4 Chapter Summary

In order to ani.!7 ze the use o f object-oriented design in t!ie implementation of ATP for Windows, 

an object-oriented unit which converts circuit inforinaiion from MS Ac ss databases to the 

required ATP format was designed. ATP data cards have a similar structure to each other, whilst 

different card groups have similarities within their group, This structure allows for the defin. 'on 

of data cards within ATP as classes or objects in ATP for Windows. This has simplified the design 

o f the Data Card unit somewhat, and allowed for a logical selection of classes in the object- 

oriented design of this unit. ITiis unit was not used due to the relative ease of use of Visual Basic 

for implementing graphical user interfaces when compared to C +  +  and other object-oriented 

languages. The module which was used for the implementation of ATP for Windows was designed 

us, ig object-oriemed principles, but was implemented in Visual Basic which is an object-based 

programming system.

15/06/95 Tamir Orbach page 65



MsG-ni.ss.arLaLlQn___ Tne Object-iaasad.Daa3.gn of the

10 THE OBPCT-BASED DESIGN OF ATP FOR 

WINDOWS

10.1 introduction

This sec^ n  describes t! <tesign o f the ATP for Windows program as it was implemented. Since 

,.f. Visual Basic is a ‘visual’ language, each screen in the interface is implemented using the form

controi in Visual Basic. Differenf controls such as label controls, text box controls, combo box 

controls, and a>mmand buttons a.c used in each of the screens as required. The chapter includes 

descriptions of:

•  {he structure o f the ATP for Windows forms,

•  tiie deagn o f  ATP for Windows modules, and

•  saving the circuit information in MS Access databases.

10.2 The Structure of ATP for Windows Forms

Mk [
w-

i

Tlie structure o f  ATP for Windows is identical to the structure o f  standard Visual Basic forms (see 

section 7.4). The design o f  ATP for Windows is such that the typical circuit element in A'FP foi 

windows is represented by an icon on the screen, and has a coixesponding Element Details screen 

which is shown when the user clicks on the elexnent using the right mouse button. The Element 

Details Screen for the Transmission Line element can be seen in figure 15.
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f Tj^

HEtP
Nominal-Pi Model I S
m

Tfan«£Bi«tkM Ufi
Bttvary R«j)9r
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Figure 15 - The Transmission Line Element Details Screen 

Each element also has a module (also k iiom  as a BAS iile) associated with it.

10.3 The Design of ATP for Windows Modules

Visual Basic modules or BAS files are sections o f code which are not directly tied to forms or 

other Visual Basic controls. ATP for Windows modules are generally associated with the Element
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Details screen o f the corresponding dement as mentioned above. The main module in ATP for 

Windows is the ATP_Modulc, or ATP.BAS file. This module is used to perform such general 

tasks as scrolling, redrawing elements on the screen when an existing simulation is opened etc. 

The relationship between the general Element Details form (or screen) and it’s corresponding 

module file can be seen in the follov/ing Boocli diagram {figure 16), which depicts the relationship 

between the Transmission Line e!ement and it’s corresponding module. Note also that every 

circuit element is connected directly to the main screen (frmATP), and the main ATP for 

Windows module (ATP.BAS).

Msc Dissertation The Object-based Design of the Interface Module

uiaTraasmissioiiLine
Q

MATP

I ATP Module
Transinision_Lme_ \ P'' 

Module

Figure 16 - Booch Diagram Showing Relationship Between 
Eletr.ent Details ForttiS and Corresponding Modules and 
Forms

As can be seen in the above figure, the Transmission Line’s form, frmTransmissionLine, ‘uses’ 

the Transmission__Line__ModuIe, and both the frmATP form and the ATP_Module also use this 

class or module. Each module contains functions (known as Subs or Functions) which are called
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from the corresponding Element Details screens or from methods /  functions in the ATP_Modu!e 

to perform certain tasks. Since the functionality for most elements is very similar, looking at just 

one elemer*t will show the design principles which were used for this unit. All circuit information 

is saved in MS Access type database files.

MS.C D i s s e r t a t j j p D ______Ilie ..jQ b .3 ^ t “,basefii, D e s i g n  q £ .t h e  I n t e r f a c e  M o d u le

10.3.1 The Traasmission_lJne_Module (TRNSLINE.BAS)

The Transmission lin e  element is a standard transmission line which can be modelled in three 

way*!, including the Nominal-Pi the Equivalent-Pi model, and the JMARTI modal

parameters model. Tvte screen for the T?/ansn<?,ssiOi ine element can be seen m figure 15. The 

functionality is such that the user must all of the details describing tiie element in the reltvant 

text entry boxes. To enter tbp detail; se transmission line conductors, the user must

click the command buttons corr>. . conductor required. This produces the

Transmission Conductor Element Detau?' " . ,%ure 17 below.
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I
Figure 17 - The Transmission Conductor Element Details Screen

:o.
'M
■A

The module which contains the code used for this element is similar in almost all respects to other 

circuit elements available in ATP for Windows, The methods oi functions used in the 

Transmission Line Module are as follows;

I
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Method Namft Bescxiption

FormJMartiInitialize() This method i’j used to initialize the Jmarti form 

whenever this form is called from withm the 

frmTransmissionLine form (ie. When the modal 

parameter model of a tiansmission line is selected, 

and then the user clicks on the JMARTf command 

button). If the Jmarti details for this particular 

transmission line element have been previously 

entered by the user, these values are placed in the 

relevant text box or combo box.

Eg.

If NewEIement = False

frmlMarti.txtDiagonalizationPrequency.Text «= 

TransmisS:Onl.ines(i).DiagonalizalionFreqaency

Else

End If
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Method Naate

FormTransmissionConductorlniti 

aiize ( )

D«scHptlon
This method is used to initialize the 

frmTransmi^sionConductor form wheiiver it is 

loaded from the frmTransmissionLine form. The 

method checks what number of conductor is being 

loaded, changes the caption o f the form accordingly, 

and places the values for the particular conductor in 

the relevant text boxes and combo boxes if the 

conductor has been previously defined.

Eg.

If NewElement = False
frmTransmissioiiLine.utLineLengtli.Text

TransmissionLines(i).LineLengt]i

Else

End If
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FormTransmissionLineinitialize

( )

This method is used to initialize the 

frmTransmissionLine form whenever it is loaded. 

The method checks whether the element is a new 

element. If it is a previously defined element, the 

stored values for this element are placed in the 

relevant text boxes and combo boxes.

Eg.

If NewElemfctil -  False

frmTransmissionCoaductor.txtLeftNcdeName.Text

Trai«missioniini’,s(i).LeftN(KleName

Else

End If
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■v̂

r:

i

JmartiOK ( )

TransmissionConductorOK ( )

TransmissionLineOK ( )

This methcxl is called when the user has clicked on 

the OK button in the frmJmarti form to indicate that 

he/she is finished entering the Jmarti details. The 

method then stores the information in memory by 

allocating the text in each o f the screen text box:«s 

and the screen combo boxes to the corres»̂  iding 

variable in the TransmissionLine(lOO) array (see 

following section describing the Transmission Line 

data members). Eg.

Trans!nissionLine(i).Dia£-3nali2ationFrequenoy -  

frm JMarti .txtDiagonalizationPrequency .Text

This method is called when the user has clicked on 

the OK button in the frmTransmissionConductor 

form to indicate that he/she is finished entering the 

conductor details for that particular conductor. The 

method then stores this information in memory by 

allocating the text in each o f the screen text boxes 

and combo boxes to the corresponding variable as 

described above.

This method is called when the user has clicked on 

the OK button in the frmTransmissionLine form to 

indicate that he/she is finished entering all of the 

transmission line details for that particular 

transmission line element. The method then stores 

this information in memory as described above.
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■'"W

r c

TrammisskMiLineOpenCircuii ( )

TransmissionLineSaveCircuit 

(Position As String, i As Integer)

This method is used to retrieve information of all the 

transmission line elements in a particular simulation, 

from disk (if this it'formation has been previously 

saved to disk). The method opens the table 

corresponding to the transmission line element in the 

Microsoft Access database in which the circuit has 

been stored using the TransmissionLineSaveCircuit 

meth’Kl (see next method).

Eg.
Table = Circuit.OpenTable (■‘Transmission Line”) 

TraRsmissionLines(i).DiagonalizationFrequency = 

CctTable![DiagonalizationFrequency]

Table.MoveNext

This method is used to save the transmission line 

details to disk. This is done by opening the table 

corresponding to the transmission line elements in 

the Microsoft Access database which is currently 

open (opened in the File Save command), and then 

saving the details o f each transmission line element 

to this table (including position in the circuit).

Eg.
Table = Circuit.OpenTable(‘'Transmission Line”) 

CctTablelfDiagonaiization Frequency] = 

TransmissionLiiies(i).DiagonalizationFrequency

Table.MoveNext

■•(I ,1 

i
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TransmissionLineWriteCircuit 

(Position As String, i As Integer)

TransmissionLineWritel.ineConst 

ants (Position As String, i As 

Integer)

<1

This method is used to write the transmission line 

details to the main ATP data case (ie. The actual 

data file). This is done by opening the data file in 

append mode (ie. A mode which allows you to add 

details to the file), and then writing the stored details 

of each transmission line to this data file.

Eg.

open FileName For Append As fhandle

Print #fliandle, “00"; Spc(6 - LcftNodeNameLength);

TrammissionLines(i).Li;ftN3deName(j); Spc(6)........

This method js used to write the Line Constants 

support program details to the Line Constants data 

file. This is done by opening a new Line Constants 

data file, and then writing the required details to this 

file. (LINE CONSTANTS is an add on /  support 

program which uses the ATP data file format, and is 

used to calculate the current transformation matrices 

required by the main ATP data file).

Eg.
open FileName For Output As fhandle

Print #fhandle, “00"; Spc(6 - LeftNodeNamcLength);

TransmissionLines(i) LeftNodeName(j); Spo(6)........
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Metfaoa Maine .'f

T ransmissionLindWriteNodeN?im 

es (Number As Integer)

This method is used by the ATP.BAS (main module) 

to indicate in the : Simulation screen, those 

(transmission line) nodes for which the user has 

requested some form of output such as branch 

voltage or branch current.

Eg.

frmSetupSimulation.lstAvailableNodes.Addltetn

(TraasmissionLines(Nuinber).ConductorPightNodeName(0))

Many of the metliods which are used in this module are very similar to the equivalent methods in 

other elements. Although not every element has a support program associated with it, tlie 

TransmissionLineWriteLineConstants ( )  method is similar to the methods used in elements which 

do have support programs associated with them such as the surge arrestor (ZnOFitter suppoit 

program).

The Transmission Line Module data members or variables are as follows:
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Mesnber / Coast Name
Type. TransmtssionLineType 

ElemeDtName Ai Jtring 

LiueLengtb As String 

GroundP ntivi'.y As Siring 
CalcuIaiionFrequency As String 

TransraissionLineModel As integer 

ContiniiousGroundWircs As Integer 

SegmeniedGroundvVims As Integer 

i^raUelCommsCct As Integer 

LineUntransposed As Integer 

DiagonalizationFrequency As String 

SceadySt&teFrequenoy As String 

LowestFrequency As String 

NuaiberOfDeoades As String 

PointsPcrDecade As String 

ConauctorLcftNodeName(7) As String 

ConductorRightNodcName(7) As String 

ConductorPhaseNumber(7) As String 

ConductcrSkinRatio(7) As String 

ConductorRcsistance(7) As String 

ConductorDiametcr(7) As Siring 

HorizontalSeparatioa(V) < is String 

TowcrHeight(7) As String 

MidspanHeight(7) As Siring 

EiiuivakntPiType As Jntcg>!r 

LiueCoastantsName As String 

IncSudeFileName As String 

End Tyjie

Deijcriptioiit

This type defines the stored variables of the 

Transmission Line Element (see 

TransmissionLines(lOO)). The LeftNodeNaine and 

RightNodeName variables are similar to those 

availabled in each element. The rest o f the entries 

are specific to the transmission line element. These 

entries are placed in the TransmissionLineType 

because each transmission line C'ement has these 

characteristics, and each Transmiss' >nLine(100) 

element is then capable of storing these 

characteristics.

Eg.

TransmissionLiitcs(i).LeftNixieName

frmTiansraissionConductor.txtLeftNoileName.Text

Transmission! JneNumber As 

integer

This variable is used to store the number of 

transmission line elements which have been cr ated 

in the present simulation. It is then used in the 

procedure which determines whethe r or not an 

element is a new element.
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lONascriptlon

TransmissionLines(lOO) As 

T ransrn issionLineType

This array is the defining array of the transmission 

line type (see above). It is an array of transmission 

line elements. Each element of this array includes 

values for many or n of the variables listed in the 

T’ype definition for the TransmissionLineType shown 

above.

NewElement As Integer This varigble is an integer variable used by the 

FormTransmissionLinelnitialize method to 

distinguish between an existing element, and one 

which has previ* îisly been created. It is declared 

(locally) in every ATP element, and used by that 

element’s initialize method.

NewJMarti As Integer This variable is used by the FormJMartilnitialize 

method to determine whether the Jmarti de^iils have 

been previously defined or not.

NewConductor(7) As Integer This variable array is used by the 

FormTransmissionConductorlnitialize method to 

determine whether each o f the 8  conductors’ 

conductor details liave been previously defined or 

not.

Other modules in ATP for Windows have similar methods to perform the required tasks (for a 

more details description of the entire design, see Appendix C - The Technical Reference Manual).

«

As can be seen in the above description, altliough Visual Basic is not an object-oriented language, 

the design sliould still be easily maintainable. This is true because of the following:

•  Stmctured pro» r̂amming and design involves breaking a program up into fluictions, which are
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separate from the application's data (Orbach In the case o f ATP for Windows, the 

design of the available modules is object-based, and the module functions are only called 

one* the object or circuit element conesponding to the relevant module, has been created, 

which is also true for object-oriented programming.

•  The variables or data members used for a module are all kept defined within the same 

particular module, and no two circuit element modules will pass each other information 

(global variables are kept to s  minimum although some are necessary, but only get used 

in the ATP.BAS module, and a maximum of one circuit element module each). This is an 

advantage because it overcomes the main problem with structured programming, which 

is that in many cases, pieces of data flow unchanged or unwanted through the majority 

of the modules they pass through (Jamsa 1984).

•  The only passing o f information occurs between the main ATP.BAS module, and each 

circuit element module.

•  Most of the circuit elements have extremely similar modules and the methods within these 

modules are similar in each element to other element’s methods.

This becomes clearer when looking at the steps required to add an element to ATP for Windows. 

Since different elements within ATP for Windows code never call functions other than those 

within their own modules, if a new element is added, the programmer will have to do the 

following:

•  Create a new module for the new element.

•  Create a new form for the element.

•  Write the relevant code in the new element’s module, and

•  write the calls for the new functionality in the ATP.BAS module.

No other coding will be necessary. (For a more detailed description o f adding an element to ATP 

for Windows, see Appendix G -- Adding an Element to ATP For Windows to Assess the 

Maintainability of the Program). This means that the programmer will only have to understand 

the functionality involved in creating the new element, and not the rest o f the program. The above

Msc Dissertation The Ob-iect-based Design of the Interface.,MQduI.e
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mentioned property, is one of the reasons that object-oriented programs are easily maintainable, 

and using this aspect o f object-oriented programming in the Visual Basic design of ATP for 

Windows, ensures that the program is almost as maintainabis as the equivalent, entirely object- 

oriented program would have been.

The entire design o f ATP for Windows can be seen in tlie Technical Reference Manual for ATP 

for Windows (See Appendix C - The ATP for Windows Technical Reference Maniial).

10.4 Using MS Access Databases to Store Circuit Information

Saving the circuit information to disk from the Visual Basic front end to ATP for Windows, is 

performed by writing the information to an MS Access database which contains one table for each 

type of ATP for Windows element available. Each table has the fields relevant to its corresponding 

circuit element details. Tiie use of a database to store the circuit information has many advnnnges 

including the following:

•  Tlie circuit information can easily be accessed by the Data Card unit (see chapter 10 - the 

object-oriented design of the Data Card unit)

•  only one function in the Data Card unit must be called from the Interface unit. This 

function simply passes tlie Data Card unit the file name of the database in which the circuit 

information is stored (whereas using records would have meant that one function is 

required per variable whii:h needs to be written to the ATP data file).

•  Importing files into ATP for Windows from other CAD packages involved writing code 

in the actual CAD packages v/hich stores circuit information in MS Access tables (which 

is a very common format).

•  The circuit information can be browsed in a convenient database format.

•  Small changes to the circuit can be made by simply opening the database or by running 

ATP for Windows.

•  Existing ATP files can easily be converted into the MS Access database format.

MSvj Dissertation The Obiect-based Design of tlie„lnterfaGe...MQdul-e
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•  Circuits cafi be created entirely in MS Access, and then opened in ATP for Windows, or 

simply ;;dssed to the Data Card unit which would then run the simulation normally.

10.5 Chapter Summary

The design of ATP for Windov/s is based around each circuit element as a separate object having 

a corresponding Element Details screen, as well as a corresponding module or BAS file. The 

functionality o f the Element Details forms is similar to that o f the standard Visual Basic form, 

while the fimctionality of the modules involves functions to initialize the forms involved, to save 

the details of the element to memory, and to open the details o f the element from the MS Access 

database file involved. The functions are written so that all function calls to circuit element 

modules aie made either from within the specific modules themselves, or from the ATP.BAS 

module. This ensures that the modules are easy to maintain (although an entirely object-oriented 

unit would still be easier to maintain than one which is not entirely object-oriented such as this 

unit). ITie circuit information is stored in MS Access databases, which is a convenient format that 

allows for easy manipulation o f the information.
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11 THE IMPLEMENTATION OF THE INTERFACE

11.1 Introduction

As was previously mentioned, ATP for Windows was written using Microsoft Visual Basic 3.0. 

In order to develop a successful GUI, it was decided that recent Software Engineering quality 

principles be used for the project. The following chapter describes the implementation of ATP for 

Windows including:

•  the use o f software quality principles for the design o f ATP for Windows

•  the User Requirements Specification,

•  the User Reference Manual,

•  the Technical Reference Manual,

•  the Product test Specifications and Plan,

•  the use of Visual Basic as opposed to C + +  for the GUI, and

•  the final product acheived.

112 Using Software Quality Principics

Receiit developments in the Software Engineering field have shown that it is very important to 

design a large software program very thoroughly before the actual coding or im pk; lontation of 

the program begins (Orbach 1995). ^^ost importantly, it is crucial to complete the documentation 

which was traditionally written onl]/ after the coding, before the coding stage begins. Using the 

above mentioned methodology, thi3  implementation of a software product should involve the 

following stages:

•  Documenting the User Requirements Specification, the User Reference Manual, the Technical 

Reference Manual, and the Product Test Specification and Plan.
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•  Coding o f the GUI.

•  Testing of the GUI.

•  Final revision o f documentation.

To ensuie thaj \T P  for Windows is as maintainable as possible, and that the implementation 

process is as quick as possible, the above mentioned stages were completed in that order.

Msc Dissertation______________ The Implementation of the Interface

11.3 The ATP for Windows User Requirements Specifications

The User Requirements Specification for ATP for Windows was completed In June J 994 .(See 

Appendix A - The ATP for Windows User Requirements Specification).While the system 

specificatioas were being established, careful attention was given to what was required from the 

system, and a very basic design as well as a selection o f techniques and tools to be considered 

were documented, ft was found that it was difficult to define the specifications clearly before the 

actual program was designed for the User Reference Manual. The first detailed design of ATP for 

Windows was described in the User Reference Manual, and this played a large role in the 

definition o f the final product. 'Iliis product definition is usually associated primarily with the User 

Requirements Specification.

11.4 The ATP for Windows User Reference Manual

Tlie User Reference Manual for ATP for Windows was completed in November 1994 (see 

Appendix B - The ATP for Windows User Reference Manual). It is a highly detailed document 

which involved detailed design of every aspect o f the interface and included research into modern 

user interface trends, and human-computer interaction. The User Reference Manual was updated 

twice before the actual coding began, proving that there was indeed a time saving in writing the
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User Manual before beginning the coding (since updating the code twice would have been far 

more time consuming).
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11.5 The ATF for Windows TechnicaJ Reference Manual

The ATP for Windows Technical Reference Manual was completed in January 1995 (see 

Appendix C - The ATP for Windows Technical Reference Manual). It involves a detailed 

description o f the well defined logical and physical design of ATP for Windows, as required. The 

design is. shown down to as low a level as required. The design involved was described in chapter 

1 0  o f this thesis.

11,6 The ATP for Windows Product Test Specifications and Plan

Although it is customary in many cases to produce a Product Test Specification and Plan, this is 

only usually done if tlis product is being developed by a team of software developers. Since in this 

case ATP for Windows was developed only by the author of this thesis, it was decided in the case 

ot ATP for Windows, to release the first version as a ‘beta’ version instead o f writing the Product 

Test Specifications and Plan. This means that the users of the finst version are aware that extensive 

testing has not been performed, and are willing to report faults that they find in exchange for 

getting the program free of charge. The reason for this choice of testing procedure is that the size 

of ATP for Windows, implies that extensive testing, and the documentation o f the required tests 

would take up more time than the value of such testing. Since testing o f some form is essential, 

the option o f ‘beta’ testing was selected. Rudimentary testing will however be performed before 

the product is shipped to ensure that there are not an unaccep'vable number o f errors present in the 

initial release of ATP for Windows.
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11.7 Using Visual Basic as Opposed to C + + to Implement ATP for Windows

Both Visuai Basic and C + +  were considered as potential tools for the implementation of ATP 

for Windows. It was shown that the object-oriented design for the Data Card unit of ATP for 

Windows (see chapter 9) would be easily maintainable. However, as was explained in section 7.6, 

projects developed using Visual Basic have been found to take up to thirty times less than the 

equivalent C + +  programs due to the ease of use o f Visual Basic (Duntemann 1995). Because of 

this, it was dxided that the GUI be developed using Visual Basic itistead of C + + .  The definition 

of maintainability o f a program must include the ease o f use o f the tool with which the program 

was implemented since this also has a large influence on the time taken to maintain a program . 

Because o f this, it is felt that the final program is more maintainable than thfc equivalent GUI 

written in C +  +  .

Msc Dissertation______________ The Implement at ion of.iJie Int.erf.acLe

11.8 ATP for Windows: The Final Product

The tnial product is a graphical user interface on the MS Windows platform, which is as flexibic; 

as possible, easily maintainable, and adheres to the principles o f the IBM CUA, and Microsoft 

Application Design Guide, making it very usable. Although not every element in ATP is available 

for simulation in ATP for Windows at this stage, due to the nature o f the design, further elements 

can easily be added at a later stage, and this is in the pipeline for future work. The general format 

of ATP for Windows can be seen \n figure 18 (whereas the general format o f ATPDRAW, the 

previous GUI for ATP can be seen in figure 19 ahead).
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As can be seen in figure 18, ATP for Windows is mouse driven. To select an element, the user 

must click on the element from the Circuit Element Panel on the left hand side o f the screen, and 

drag the element onto ihe circuit region. To describe the element, the user must click on the right

' «

Figure 18 - The ATP For Windows Main Screen
mouse button while the mouse pointer is pointing to the required element. This will produce an 

Element Details screen which is specific to that particular element. ATP for Windows is as 

flexible as possible, with the user being capable of selecting an element either using the C'ircuit
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Element Panel, or the menu, as v/ell as being able to change the circuit icons appearing on the 

Circuit Element Panel and having other such options which allow for flexibility (see Appendix B - 

the User Reference Manual). One feature which also makes ATP for Windows easy to use is the 

extensive use of informative feedback. Each ATP for Windows screen has a message bar which 

gives the user information regarding the particular situation involved.

11.9 Chapter Summary

The implementation of ATP for Windows involved writing the User Requirements Specification, 

the User Reference Manual, and the Technical Reference Manual, and then coding the program. 

These stages were followed to ensure compliance with recent Software Engineering Quality 

principles. The impiementation was successful, and the final product was assessed using the 

criteria of usability and maintainability which were described in previous chapters in this thesis.
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12 ASSESSMENT OF THE IMPLE^IENT'ATION

12.1 Introduction

ATP for Windows is a user-friendly GUI for ATP, which is a pre-processor to ATP, and converts 

graphical and numerical information received from the user, to the data cards /  data files required 

to run ATP. As was described in previous chapters, ATP for Windows is a menu driven GUI 

which runs in a mouse driven environiiient with the goal of the design being to make ATP for 

Windows as usable, flexible, and maintainable as possible. The following chapter describes the 

steps taken to assess the success o f the implementation o f ATP for Windows including:

•  assessing the usability achieved using the IBM CUA guideline,

•  assessing the maintainability achieved, and

•  comparing ATP for Windows to ATPDRAW.

Msc Dissertation___________________Assessment p£, the iTnpIementation

12.2 Assessing the Usability Achieved

As can be seen from the implementation (see Appendix B ~ The User Reference Manual), the goal 

of usability for the interface has been achieved to a very large degree. In order to properly asses 

the usability of ATP for Windows, it is necessary to analyse the usability standards defined in 

section 2,3:

•  Visual clarity - ATP for Windows has the standard CUA layout which is used in Windows 

applications.

•  Consistency - The consistency o f each screen in ATP for Windows with other screens in 

ATP for Windows was ensured by designing the interface carefully, and completing the 

design on paper before any of the coding was performed, as well as by conforming to the 

IBM CUA and the Microsoft Application Design Guide for each and every screen.
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Analyzing the different screens in ATP for Windows (such as the different Element Details 

screens), it is deai" tliat there is consistency amoiJgst these screens (see Appendix B - The 

ATP lor Windows User Reference Manual).

•  Informative feedback - Informative feedback is ensured by having a message bar which 

informs the user what element is presently being pointed to, and often informs the user of 

the steps tlie user is required to take. EaJi Element Details screen has its own message bar 

which gives the user information regarding the entries in that screen. Also, the user is 

often asked for confirmation before making any changes which might result in loss of 

information. Context sensitive on-line help is available to the user at any stage o f running 

the program, while general ATP for Windows help is also available at any time.

•  Explicitness - ATP for Windows has many similarities in structure to Windows CAD 

packages, and is extremely similar to other Windows packages in menu layout anu 

structure, as well as general operation.

•  Appropriate functionality - To ensure appropriate functionality, the User Reference Manual 

was thoroughly reviewed by a number o f potential users before the actual coding began, 

and „dveral changes were made to ine system due to thic review.

•  Flexibility and control - To ensure flexibility o f the system, the user is given the option 

to change the layout of the system settings including changing the elements which appear 

in the Ciicuit Element Panel, removing or adding the grid, selecting an element using the 

menus etc Appendix B - The ATP for Windows User Reference Manual).

•  En-or pre.er.aon and correction - ATP for Windows includes error checking and trapping 

in ever} screen and has error handling for every error which is not related to ATP itself 

(as opposed to ATP for Windows).

•  User guidance and support - To ensure proper user guidance and support, easily accessible, 

and informative on-line help is available for the user at any point or situation in the 

system. The help available is context se- ve if the user presses the ‘F I ' key at the point 

where help is required, and general help if the user selects the Help menu or the Help 

toolbar button.
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As can be seen in the above analysis, ATP for Windows satisfies all of the defined criteria for 

usability, It can therefore be concluded that the implementation o f ATP for Windows has been 

successful with respect to usability and flexibility.

12.J the Maintainability Actiieved

When considering the maintainability . ATP t*>r Windows, it is important to liote that the 

immediate disadvantage o f ATP for Windows is the fact that Visual Basi; is an object-based 

language, and not entirely object-oriented. However, Visual Basic is a ve»-v easy ianguagt; to learn 

and to use, and maintaining the program has been found to be very easy
/

Adumg functionality to the interface is a simple task whi(’h involves the follow iiig step;

i i : , -

•  overriding existing events and properties in the Visual Basic module.

Adding actual elements to the interface involves the following steps;

•  Designing new fonris in the Visual Basic module. These forms are not connected in any 

way to the rest of the program so that the maintainer need not understand the rest of the 

program.

•  Creating a new module for the element.

•  Writing a module for this element which includes the appropriate functionality.

•  Adding calls for the element to the ATP.BAS module.

An example o f adding an element to ATP for Windows is shown in Appendix G - Adding An 

Element to ATP for Windows. This is a step by step description o f what was required to add the 

double exponential function (which is now available in ATP for Windows) to the program.
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12.4 Comparing ATP for Windows to ATPDRAW

In comparing ATP tor Windows to ATPDRAW, is essential to compare the factors in software 

which are considered crucia'i to the success of the software, ie. usability and maintainability, since 

the success of ATP for Windows in the actual ‘market place’ will not be ascertained until it is 

distributed extensively. It has been shown in section 4.3 of chapter 4, that ATPDRAW is not vciy 

usable (according to the definitions of usability), and also not easily maintainable due to the use 

of structured Pascal 5.0 for the programming of ATPDRAW (see section 4.2). It is easy to see 

that ATP for Windows is a more user-friendiy program than ATPDRAW when looking at the 

main screens of the two programs: The main screen o f ATP for Windows can be seen in flsure 

18 in section 118.  The main screen for ATPDRAW can be seen m figure 19 below.

I;
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As can be seen fro?r/i Uie compai ison o f the two screens, ATF for Windows rn^es more use of 

graphics as oppose^) to text, has a clearer screen, and offers on-line Help among other features 

v/hich are not availz^le in ATPDRAW. For a ftirther comparison, see Appendix F - A Case Study 

using ATP, ATPDRAW and ATP for Windows.

U’jtfr ie<l

□

I T T

Figure 19 - The Main Screen of ATPDRAW
r I -* ■‘5
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12.5 Chapter Summary

ATP for Windows is as required, a usabie and maintainable product which adheres to the IBM 

CUA, and maintainability standards. Comparing ATP for Windows to ATPDRAW, it is clear that 

ATP for Windows is a huge improvement over ATPDRAW and ATP itself in the fields of 

maintainability and usability. Although ATP for Windows could potentially be improved in the 

maintainability field if there was a tool which could combine the object-oriented nature of C + +  , 

and the ease o f use o f Visual Basic, Al'P for Windows is considered to be a successful product 

which presents strategies that can be used on many other High Voltage and Power Systems 

software applications to improve their interfaces as well as to improve the programs in general

Msc Dissertation___________________&as£a.smeQt-ia£-XJba inqplementatiQn
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13 POYiiiNmAL IMPROVEMENTS TO ATP FOR 

WINDOWS AND ATP

13.1 Introduction

Although ATP for Windows is very usable, and easy to maintain, since the development of ATP 

for Windows began, a new product has been launched on the market, which could markedly 

improve the maintainability of ATP for Windows. This product is known as the Delphi 

programming system. Hie following chapter details the improvements which could potentially be 

made to ATP for Windows if Delphi was used to code the program as well as other potential 

improvements wli^ch could be made in future work on ATP. The chapter focuses on;

•  making AT^ for Windows more maintainable,

•  using Delphi to implement ATP for Windows, and

•  other potential improvements v/hich could be made to ATP.

13.2 Making the Interface More Maintainable

As was previously mentioned, the only problem with the maintainability of ATP for Windows 

is that ATP for Windows was written using Visual Basic, which is not an entirely object-oriented 

language. Although Visual Basic is easy to learn, this is still a disadvantage which could be 

overcome given the right tool.

13.3 Using Delphi to implement the GUI

/

In March 1995, Borland launched a new Pascal based compiler and programming system called
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Delphi. This system combines the object-oriented nature of Obje^l Pascal (and C + + ) ,  and the 

‘visual’ programming, event driven nature o f Visual Basic. Since Borland Delphi combines the 

useful features of both C + +  and Visual Basic, it would have been advantageous to implement 

ATP for Windows using only Delphi, and the existir.g object ot iented design o f the Dam Card unit 

cc'uld be used for that part of the interface. The only disadvantage o f Delphi is that it is entirely 

platform sensitive (it can only run on the MS Windows platform). This means that if JvTP for 

Windows was written for a Unbc machine oi the ^ianii ^osh at a later stage., the code would 

have to be rewritten from scratch. This would not be th 3  if the obje > . - i.ta Card unit 

designed for the purpose o f this project were implemented as it s* .ids, using C++ code, but 

it would be the case for ATP for Windows as it stands, since Visual Basic is also entirely platform 

sensitive (to the MS Windows platform, although it can run on Windows NT c : many machines 

including the DEC Alpha). Since the modern versions of ATP only work on the DOS platform, 

the possibility of rewriting ATP for Windows for a Unix platform is low unless ATP is rewritten 

for the Unix platform, or ATP for Windows is run on a Unix platform while the file which ATP 

for Windows produces is transferred to the DOS platform, and run separately.

13,4 Other Potential Improvements to ATP

\

One o f the most useful potential improvements to ATP itself, is to convert the code of ATP to 

C +  +  code. Since C + +  is not platform sensitive, this would mean that ATP could be run from 

a DOS based machine, a Unix based machine, or an Apple Macintosh based machine without 

requiring much of the code to be changed in each transfer. Although this is true for ATP itself, 

this is not true for ATP for Windows since most Unix machines have their own graphical 

operating system similar to MS Windows, which is not compatible with the code written for the 

MS Windows platform. In the case o f ATP for Windows, it can be said that one advantage of 

having designed the Data Card module using object-oriented design, Is that if this module was 

implemented, it could be ported acr-î ds platforms if necessary, and only the actual Interface
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module would have to be rewritten cn the new platform. Since most visual or graphical platforms 

are very similar in structure, the specifications used to write ATP for Windows could be used to 

write the new interface unit, with the User Reference Manual as the guideline to this interface.

13,5 Chapter Summary

One disadvantage of the implementation of ATP for Windows is that the program was written 

using Visual Basic, which is not entirely object-oriented. A potential solution for this problem has 

recently been introduced with the launch of Borland’s Delphi programming system. Delphi has 

the object-oriented advantages o f C +  +  as well as the ease o f use and event driven nature of 

Visual Basic. This means that ATP for Windows could potentially be Implemented using Delphi 

alone, and utilizing the object-oriented design of the Data Card unit. A potential improvement of 

ATP itself would be to rewrite ATP using C + +  This would allow for the use of ATP on a 

number of platforms including DOS, Unix, and the Apple Macintosh. Since Unix, machines have 

faster processors than their DOS counterparts, this could speed up the running time of ATP 

simulations significantly. ATP for Windows would have to be rewritten for the new platform if 

ATP was ported to a platform other than DOS, but it could be rewritten using the same 

specifications as set out in the User Requirements Specification and the User Reference Manual 

of ATP for Windows, and the object-oriented Data Card unit which was designed could remain 

almost unchanged.
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14 BMPOCATIONS FOR FUTURE WORK

14.1 Introduction

The main goal of writing a user interface for ATP, was to define strategies for designing useful 

interfaces for software in high voltage applications. This includes High Voltage applications other 

than ATP, such as ERACS. Tlie following chapter describes tlie strategies which were successfully 

used to develop ATP for Windows, and can also be used to improve other High Voltage and 

Power Systems applications. The chapter focuses on:

•  the general strategies used for ATP for Windows, and

•  strategies which could be used on other High Voltage and Power Systems applications.

14.2 General Strategies Used

it is now an accepted fact that software has led to profound and dramatic changes in the power 

system operations and the high voltage field (Denny 1988). Since most High Voltage software is 

written by High Voltage engineers as opposed to software engineers, High Voltage software is 

often neither usable, nor maintainable, and in many cases is hacked together in the minimum 

amount of time possible. This trend can waste an enormous amount o f time. The fact that many 

High Voltage applications perform the same functions as each other is a sign in itself that users 

felt a need to rewrite software which already existed because that software was either difficult to 

use, or difficult to maintain. It is essential therefore that High Voltage engineers study some 

aspects o f software engineering, to avoid these situations.
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14.2.1 Ensuring Usability

As discussed in previous chapters, one of the most important factors of modern software, is 

usability. Graphical user interfaces have been used successfully to ensure usability in modern 

software, although an interface is not necessarily usable just because it is graphical. Many other 

usability criteria must considered when designing modern software, and it is essential that high 

voltage software follow the usability trend to save users time, money, and frustration. The most 

important factor when considering usability is to use an interface which is commonly used for 

other applications such as Microsoft Windows, and adheres to guidelines such as the IBM CUA 

and the Microsoft Application Design Guide.

14.2.2 Ensuring Maintainability

In the High Voltage field, new developments can often lead to the need for large changes in 

s’mulation software such as ATP. This indicates that it is more critical in the High Voltage field 

thari in many others, that software be as maintainable as possible. Since most changes to software 

also involve changes to the interface, it is ciuciaJ that interfaces to High Voltage software are very 

easily maintainable. The use o f object-oriented or object-based design, and the use of software 

engineering quality principles in high voltage software is essential.

14.3 Strategies Which Can be Used in Othei High Voltage Applications

14.3.1 Improving ERACS

As was mentioned in section 2.5.2, although ERACS is a program which is relatively easy to use, 

users would still require many hours to learn how to use this program. ERACS could be improved
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if it was written for a gr;iphical platform such as MS Windows or IBM OS/2. ITie disadvantage 

of these operating systems is that they decrease the speed o f the actual running o f programs due 

to the massive memory requirements of such graphical systems. However, with powerful 

computers becoming more and more accessible to the general public, the benefits of a consistent 

graphical platform, as well as the almost automatic adherence o f such software to usability 

guidelines, tiie advantages of using such a platform for ERACS and other Power Systems or High 

Voltage software would out-v/ay the time losses involved.

14.4 Chapter Summary

Since High Voltage software is more often prone to the need for changes than most other 

software, it is critical that High Voltage engineers adhere to several softv/are engineering 

principles when designing High Voltage software. These principles include ensuring that the 

software is usable and adheres to accepted software standards such as the IBM CUA and the 

Microsoft Application Design Guide, and ensuring diat the software is as maintainable as possible 

to avoid the unnecessary rewriting of software which often occurs because o f difficulty in 

maintaining a software product.
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15 CONCLUSION

Software is one of the most important aspects of the High Voltage and Power Syste?ns fields 

today. However, it has been shown that many High Voltage and Power Systems software 

applications are designed without regard for modern software stra‘̂ gies. The most important 

software strategies which are not taken into account are ensuring usaoiilty and maintainability of 

the software.

V

)

To determine strategies for developing usable and maintainable interfaces in High Voltage 

software, ATP (the Alternative Transients Program) was used as an isxampie of High Voltage 

software which has a poor interface, and a graphical user interface (GUI) for ATP as a pre­

processor to the program, was proposed. ATP is a power systems transient analysis package which 

is used to simulate transiei;. conditions such as lightning and switching conditions in distribution 

networks and machines. ATP was written in Fortran (in the late ‘60s), and makes use of a data 

file interface. This makes it very difficult to use the program, and very time consuming to learn 

how to use it. Although a user interface has been developed for ATP before (called ATPDRAW), 

ihis interface suffers from a number o f setbacks including that it does not conform to softv/are 

usability standards, and it is difficult to maintain.

The factors which make an interface usable and maintainable were studied, and it was found that 

it is important to adhere to software usability guidelines such as the IBM CUA, and the Microsoft 

Application Design Guide to ensure usability. It was also found that it is necessary to use object- 

oriented or object-based software design as well as thorough design and documentation of the 

software before the coding is begun, to ensure that the software is maintainable. The analysis of 

modern usability standards led to the proposition that the interface be developed for the Windows 

platform, which in itself ensures that a number of the factors tliat make a program usable are taken 

into account.
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Also, sofhirare tools were analyzed to determine the bes* tool ti> use for the implementation of the 

GUI for ATP, and it was determined that Visual Basic should be used for the implementation of 

this GUI, while the MS Acoess database (within the Visual Basic code) should be used to store 

circuit inftnnatiCM). Visual Basic is an object-based and event driven programming systen which 

is extremely easy to lise for interface programming. Although it was fo!>nd that programs 

deveiq)«i%iTig object-oriented design and programming are usually more easily maintainable 

tfian stnx:tiaed prc^rtms, programs written in Visual Basic were found to be easy to maintain if 

they involve the visual part o f interface. For comparison purposes, as well as for potential 

futtire tise, s  oiiit whkh converts circuit information from the MS Access format to the ATP data 

file format was designed for an entirely object-oriented system such as C + + .  This design wss 

found to be easily maintainable in theory.

Ute GUI for ATP, which is called ATP for Windows, was designed using the techniques which 

ensure that it is both very usable, arid easily maintainable. To satisfy modern software quality 

trends, ATP for W iiJows was designed thoroughly before the coding began. This involved 

documentation including the User Requirements Specification, the User Reference Manual, and 

the Technio^l Reference Manual.

If'' A'fP for WiiKlows was assessed, and was found to be very easy to use, and easily maintainable, 

in comparing ATP for Windows to ATPDRAW, it was found that ATP for Windows is much 

easier to use, and more easily maintainable. The limitations o f  ATP for Windows, iue that it was 

written using a software tool which is not entirely object-oriented. Also, ATP for Windows is 

slov/ in operation unless it is run on a computer with a large bank of RAM (which is a setback that 

all MS Windows programs suffer from).
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Tlie strategies used to design ATP for Windows were prqjosed as general strategies for improving 

interfaces of other High Voltage applic;!.tions. It was recognized that software is one of the most 

important aspects of High Voltage and power systems calculations. Due to the progress of research 

in the High Voltage field, changes are often required in High Voltage software applications, 

making the need for die ease o f maintainability in these applications very high. Also, it was noted 

that making High Voltage applications more usable, will save High Voltage engineers time and 

money.
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1 Problem statement

1.1 What problem is the product meant to solve?

The problem is a graphical user interface for the High Voltage Analysis package 

Alternative Transient Analysis Package. The interface must have the following 

properties:

i) It must perform on ' • ' M3 Windows platform.

ii) It must be simple and it must conform to the IBM Common User 

Access standards.

2 Eflviromnent

2.1 Cost

2.1.1 What is the limit of expenditures to be used to create the product? (i.e. Rands 

and/or engineering hours).

Approximately two man-years has been set aside for the completion of this project.

2.1.2 What is the limit of expenditures to be used to maintain the product? (i.e. Rands 

and/or engineerin,}; hours per unit time use).

R 0-00 per year for modifications/upgrades.

. 9 2.1.3 What other resources are available for the product development? (i.e. 

facilities/personnel and quantitative or qualitative limits).
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2.1.3.1 Projcct supervisors: Dr. I, Jandrell and Dr. B. Dwolatzky

2.1.3.2 The University of the Witwatersrand Library.

2.1.3.3 Borland C+ + version 4.0.

2.1.4 What other resources are available for maintenance use during ttie product 

service life? (i.e. facilities/personnel and quantitative or qualitative iimitsi.

None.

2.1.5 What methods of progress measurement does the customer require to track the 

development task? (e.g. status reports, progress reports).

2.1.5.1 MSc. project proposal.

2.1.5.2 Interim reports handed in periodically.

2.1.6 What are the miJestones that shall be met? (i.e. schedules, deliveries).

2.1.6.1 User Reference Manual - 01/12/94

2.1.6.2 Technical Reference Manual - 01/02/95

2.1.6.2 Final Product - 01/07/95

&
2.2 Hardware/Software

2.2.1 What comnuters shall the product run on? (e.g. makes, models, particular 

installatioas).

80486 PC and a minimum of 8Mb RAM.
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2.2.2 What peripherals are required to interface with the product? (e.g. terminals, 

hardcopy devices, tape drives, disk; drives, dispiays, etc. Specify makes and models).

i) A mouse or other pointing device, 

il) Super VGA display.

iii) Printers and plotters with drivers for use with Window's 3.1 may optionally 

be used.

2.2.3 What unique interfaces does the product need to access? (e.g. cockpit hardware, 

microcomputer, test benches etc. Specify makes and models).

i) The EMTP/ATP Fortran Data Card Interface.

ii) Microsoft Access 2.0 Database.

2.2.4 On what operating system shall the product run? (i.e operating system ID, 

revision level).

MS Windows 31. (or better).

2.2.5 With what other external (foreign to this product) software products shall this 

product interfaced (e.g. routines, libraries, product names, manufacturers, suppliers, 

revision levels, etc.)

Microsoft Windows 3.L , Microsoft Access 2.0

2.2.6 What are the siye restrictions for the finished product? (e.g. bytes of code, text, 

embedded data etc.)

There is no size restriction at this point.
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2.2.7 How transportable shall the product be? (i.e. range of hardware, softwai« 

enviromnents under which the product will run).

The product will be able to run under any operating system that supports Windows

3.1. This includes OS/2 version 2.1 and Windows NT. The product will not run 

under Windows 3.0.

2.3 Required Design Restrictions

2.3.1 What are the language restrictions for the product? (e.g. language names, 

versions; or maximum nmnber of languages, etc.)

None at this stage.

2.3.2 To what standards shall the product conform? (e.g., docimient titles, sources, 

revision levels, etc.)

IS09001 software quality standards.

2.4 Customers

2.4.1 Who is commissioning the product? (e.g. identify signatures of authority etc.)

Dr. I. Jandrell, University of the Witwatersrand, Johannesburg.

1 1  

i i

2.4.2 Who is to accept delivesry? (e.g. identify signatures of authority etc.)

As for 2.4.1.
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2.4.3 What is the profile of the typical end user? (e.g. years of experience in some 

specified job, years of schooling etc.)

Typically the product will be used by an electrical engineer who is simulating 

transmission networks at a power utility.

2.4.4 What are the hmnan factors criteria and how shall the success of the product in 

meeting the criteria be determined? (e.g. non-direct paths, non-standard user- 

interface, etc.)

The user interface is to conform to the IBM Common TJser Access and the 

Microsoft Applications Design Guide specifications.

2.5 Performance factors

2.5.1 What human support is required to operate the product? (e.g. Identify any 

runtime operations which the user or support personnel shall physically carry out in 

order to achieve any speci^ed r^ults etc )

None.

2.5.2 What periods of time shall the product be available for operation? (e.g. hours 

per day, weekly schedule, etc.)

Continuous.

16/06/95 Tamir Orbach Page 113
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2.5.3 Wh it criteria must the product meet regarding reliability of operation?

The product should be able to perform a small simulation from within the Windows 

platform, and lafger simulations from the DOS platform.

2.6 Operational considerations

2.6.1 What methods shall be used to deliver the product? (e.g. data storage or 

transfer medium)

High density stiffy disks. (3.5 inch).

2.6.2 What are the restrictions on the installation of the product? Hovt̂  easy shaU the 

product be to install? (e.g. classes of users, numbers of usei^, access limitations etc.)

There are no access limitations.

2.6.3 To what degree shall the operation of the product be successfully restricted to 

authorize 1 users only? (e.g. clasvses of users, numbers of users, access limitations etc.)

,.
\

There are no access limitations.

2.6.4 How shall the product integrity be ensured? (e.g. data recovery, source code 

recovery, etc.)

A backup floppy/stiffy containing source code and executable files vill be supplied 

with the product. Another floppy containing the source for all the documentation 

supplied with the program will also be supplied.
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2.7 Maintainability

W hat support of the product after turnover to the customer is required? (e.g. 

training support, computer personnel, etc.)

User Reference Manual, Technical Reference Manual, Product Test Specification.

2.'7.2 Where might the requirements for the product expand in the future? (i.e. 

percentage chance of change).

2.7.1.1 New modules may be added to the ATP package, which would 

require the updating of the interface to allow for the use of these 

modules within the interface.

1.1.1.1 Improved interfacing capabilities may be introduced; this implies the 

incoiporation of new import and export diita formats.

2.7.2.S The interface may be change to make it more compatible to MS

Windows 4.0 (Chicago) if this version of Windows is vastly different 

from version 3.1.

2.S Product Acceptance

2.8.1 Who is responsible for accepting the product?

Dr, I. J^ndrell.

2.8.2 W^hat test, or tests, must be applied to a^tshlish acceptability?

Beta 'T’csting
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2.8.3 W hat is the sample data to be supplied for acceptance testing?

Beta Testing data tie. ->ctndo!n)

3 Inputs

3.1 Wliat i^re the input media? {e.g. touch screen, keyboard, tape etc.)

.“K-'

/ Normal QWERTY keyboard, mouse, floppy disk drive, stiffy disk drive or hard 

drive.

3.2 W hat is the form at of the input?

See User Reference Manual.

3.3 W hat are the input items?

See User Reference Manual.

3.4 W hat are the characteristics of each input item? (e.g. units, data type, sampling 

late etc.)

See User Reference Manual.
li
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3.5 F o r each item what is the acceptable level of accuracy (tolerance)?

See User Reference ..ianual.

Msc-Di asematian--------------------------------- ------------------Appandix,..A

3i.6 For each numeric item, how many significant digits are required?

See User Reference Manual.

3.7 Whiit are the descriptions and range tor each item? (e.g. month of the year, file 

spec> etc.)

See User Reference Manual.

4 Process

4.1 Function

4.1.1 W nat processes is the product to perform?

4.1.1.1 The conversion of Windows graphics input to ATP data files.

4.1.1.2 The conversion of Intergraph Microstation graphics files to DBase 111

type fnes.

4.1.1.3 The conversion of Dbase III type files to ATP data files.

4.1.1.4 The conversion of ATP output files to written and graphical data on 

the Windows platform.
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4,1.2 What are the algorithms?

None.

4,1.3 What are the associations between functions and processes?

See User Reference Manual, Technical Reference Manual,

4.1.4 What are the modes of operation? (e.g. interactive, batch etc.)

4.1.4.1 I ’or the entry of a p-oblem geometry by the user the application will 

function interactively.

4.1.4.2 During the solution of a problem, the applicatir will follow this 

sequence:

4.1.4.2.1 The writing of the ATP data files

4.1.4.2.2 The running of the ATP simulation using the data files 

in 4.1.4.2.1

4.1.4.2.3 The reading of the output data files from text files 

written b ' ATP

4.1.4.2.4 The writing of the output graphically on the Windows 

platform within t';:. interface

4.1.5 W'hat options *ire available prior to startup? (e.g. switches, job parameters, etc.)

See User Reference Manual,

4.1.6 What options are available during runtime? (e.g. selection of I/O, job
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parameters, etc.)

See User Reference Manual.

4.1,7 How does the product use all the input data?

See User Reference Manual.

4.1.8 How does the product defiae all output data?

See User Reference Manual.

Ap.p.eniii2iL„A

4.'!1 Tkniii;*

4,2.1 W hat are the constraints on resiponse time? (e.g. acknowledge time, results time;, 

etc.)

In all situations v/here the response time exceeds 0.5s, the cursor turns into an 

hourglass icon indicating that the program is busy.

4.2.2 W hat are the constraints on iteration rate? (e.g. frames per second)

None.

4.2.3 W hat is the latency required? (e.g. data transmission in multi-processing)

Not applicable.
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4.2.4 W hat are the CPU usage constraints for each process?

4.2.4.1 During interactive prcx:essing (i.e ., entry of problem geometry) nou- 

preemptive multitasking will take place therefore CPU usage will be 

partial.

4.2.4.2 During running of ATP, non-preemptive multitasking will take place 

therefore CPU usage will be partial.

4.2.5 W hat are the CPU usage coastramts for the product?

There are no CPU usage constraints for the |>roduct as a whole.

4.3 E rro r Handling

4.3.1 W hat defines an error^ (internal, user induced^ system induced, disaster 

recovery, i?tc.)

See \'Jser Reference Manual.

4.3.2 How is eac.h erro r communicated*^ (e.g. setting e r ’or llagj>, sending message to 

user, etc.)

See User Referc.nce Manual.

4.3.3 How does the product handle e rro r condition? (e.g. program  abort, require new 

input, restore original environiMent, etc.)

See User Reference Manual.
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5 Output

5.1 W hat are t l , t  /latput media? (e.g. touch scrcen, keyboard, tape, etc.)

Screen, printer, plotter, disk.

5.2 W hat is the format of the output? (e.g. record layout, etc.)

See User Reference Manual, Technical Reference Manual.

Ms g Dissertanioi?______________________________________ App,ecdix...A

5.3 Wh«t are the output items? 

See User Reference Manual.

5.4 W hat are the characteristics of each output item? (e.g. units, data type, sampiing 

rate, etc.)

See User Reference Manual, Technical Reference Manual.

5.5 Wb*jst is the acceptable level accuracy? (e.g. tolerance)

Not Applicable.

5.6 For each numeric item, how many significant digits are required?

See User Reference Manual, Techniciii Reference Manual.
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5.7 W hat are the descriptions and range for each data item? (e.g. month of the year, 

file spec, etc.)

See User Reference Manual, Technical Reference Manual.

Ma.c...L)issertatiQn_________________ __________________.acBfLQdiX-A

5.8 W hat are the expected values of output for a given set of inputs?

See User Reference Manual, Technical Reference Manual, Product Test 

Specification.

6 Documentation

6.1 Requirementfi

6.1.1 W hat documents have been referenced in the requirements docmnent?

6.1.1.1 MSc Preliminary Report.

6.1.1.2 User Reference Manual.

6.1.1.3 Technical Reference Manual.

6.1.2 W hat additional documents are recommended for the development of the 

product?

6.1.2.1 Literature survey on how ATP works

6.1.2.2 Manuals associated with the relevant programming tools.
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6.1.3 W hat are the defliiitions of all the acronyms aad technical terms?

Refer to the User Reference Manual, Technicai Refeierce V^anuai.

6.1.4 W hat technicat or legal adtnorizations are required to develop the product?

None.

6.1.5 Who has created and revised the requirements document and what are the dates 

of creation and revision?

Tamir Orbach

Date of creation: 6 June 1993.

Date of revision: N/A,

6.2 Support

6.2.1 W hat type of support documentation shall the developer provide v?ith the 

product?

6.2.1.1 User Reference Manual.

6.2.1.2 Technical Reference Manual.

6.2.1.3 Product Test Specification.
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6.2.2 To whxt standards shall the support docomentacion for the product ccnform?

1S09001
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APPENDIX B - THE ATP FOR WINDOWS USER 

REFERENCE MANUAL

MSC.Dissertat ion______________________________________Appendix B

SEE VOLUME 1 OF SEPARATE VOLUMES
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APPENDIX C - THE ATP FOR WINDOWS TECHNICAL 

REFERENCE MANUAL

Msc Dlssa.rta!:iQn____________________________________ ftppendix—C

SEE VOLUME 2 OF SEPARATE VOLUMES
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M£g-JQi.saer La t  ion______________________________________^pejidix ..C

APPENDIX D - THE OBJECT-ORIENTED DATA CARD 

UNIT

SEE VOLUME 3 OF SEPARATE VOLUMES
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APPENDIX E - ATP CASE STUDIES

1. Pfobtem; Lightning strikes a resistor as shown below. Determine the waveforms of the voltage 

at the top of the resistor and of the current through the resistor. Also determine the total energy 

dissipated in the resistor.

Assume that the lightning current waveform car* je  approximated as 

i(t) =

Solution;

Every ATP data case begins with the following lines 

BEGIN NEW DATA CASE

$OPEN , UNIT=4 FILE^a:tutl.pI4 FORM= UNFORMATTED 

(w'here a:tutl.pl4 is the filename selected by the user to which the pl4 (ATP output data file) is 

written),
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This is followed by the floating-point miscellaneous data card

This card comprises six variables which niusi be placed between specific columns in the line, and 

must be right justified in the line. These are;

•  DELTAT (Columns 1-8) - The simulation time step in floating point format, in seconds.

•  TMAX (9-16) - Required duration of simulation in floating point format, in seconds.

•  XOPT (i7-24) - This is a flag Ibr indicating the form of inductance input - whether 

inductance in linear branches is to bfr specified in mH (be XOPT is set to 0.0) or in Ohms - 

inductive reactance (if XOPT is set to 50.0 then the inductive reactance is for a frequency 

ofSOHz).

•  COPT (25-32) - same 2 s above ba* indicates tlie form of capacitance input - whether 

capacitance in linear branches is to be £,i:2cifled in juF (if COPT' is set ><) 0.0) or in jumhos - 

capacitive susceptance (if COPT is s<n to 50.0 then the cap?icitive susceptance is for a 

frequency of 50Hz)

« EPSILN (33-40) - near zero tolenince that is used to test for singularity of the real 

coefficient matrix within the time step Icop. A blank field or zero value will result in the 

default value being used (LE-8).

•  TOLMAT (41-48) - near zero tolerance that is used to test singularity of the complex 

admittance matrix [Y] of the steady state, phasor solution. A blank field or zero value vnll 

result in the value of EPSILN being used.

:.:x

Next comes the integer miscellaneous data card. This card comprises ten entries placed in eight 

column fields:

•  lOUT (1-8) - Defines the frequency of output relative to the simulation time step,

•  IPLOT (9-16) - Defines the frequency of saving simulation values for later plotting.

•  IDOUBL (24) - This is a flag for controlling the output of a table showing network 

connectivity.

•  KSSOUT (32) - This b  h flag for controlling the printout of the steady-state phasor 

solution. There are three basic types of outputs: branch flows, switch flows, and nodal 

injections. These can be controlled by the KSSOUT value as follows:
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2 -  

3--

0 -• no steady state solution printout

1 - print the complete steady state solution: branch flows, switch fiovAS a <d source

injections

print switch flows and source injections, but not branch flows, 

print branch flows requested by column 80 f l a*on the branch cards, switch flows, 

and source injections.

MAXOU1(40) - This is a flag for controlling the printout of extrema at the completion of 

the 'jirauiation. A 0 wil! suppress such output whereas a 1 will request it,

IPUN (47-48) ■ This is a flag for controlling the presence of an extra following card to 

manipulate the printout frequency. A -1 indicates an extra card v/hile a blank or 0 indicates 

no card.

MEMSAV (56) - This is a flag for controlling the dumping of ATP memory onto disk at 

tlie end of te simulation for subsequent use with the START AGAIN request. Enter a 1 if 

such a memory is required, or a 0 if it is not.

ICAT (64) - This is a flag for the generation of a plot file. A 0 will supress the generatioii 

of a plot ile, while a 1 will generate te plot /ile but ignore any batch mode plot cards that 

may be present, and a 2 will generate a plot file and honour and batch mode plot cards that 

may be present.

NHNERG (65-72) ~ A flag which is used to indicate the number of iterations r uired 

when performing Moiite Carlo analysis using a switch with a systeniattically increasing 

closing time. Usually left blank.

These are then followed by the branch cards. The branch card for a resistor is the Simple RLC 

branch. This card includes the following entries:

•  ITYPE (1-2) - This is a code which is specific to each type of element. In the case of a 

simple RLC branch, the code is “00".

•  NODEl(3-8) and NODE2(9-14) - These are the node names of the two terminating nodes 

of the RLC branch. If tlie nods2 name is left blank it is assumed to be connected to earth.

•  NODF3(15-20) and NODE4(21-26) - These are the ode names of any reference RLC

15/06/95 Tamir Orbach page 130



Msg D.,iss.ert;at.i,Qa_______________________ _______________ Apjgfinsila;_.E

branch v/hose properties this branch will have.

•  (27-32) - The resistance specified in floating point format in ohms.

•  L (33-38) - The inductance specified in floating point format in mH or in Ohms 

(depending on the specification of XOPT in the floating poin* miscellaneous card).

•  C (39-44) - The capacitance specified in floating point format in fiF or /xmhos (depending 

or. the specification of COPT in \he floating poinr miscellaneous card).

•  P (80) - This is a flag for specifying what outputs are required from this branch. Ths

ptioi‘'s are

0 - none

1 - branch current

2 - branci* voltage

3 ~ branch current and voltage

4 - instantaneous power into branch and net energy flow into branch

Next a blank card ending the branch cards;

BLANK card ending branch cards 

then a blank card ending the switch cards (in this case there are no switch cards, the but the blank 

card is still needed.

BI.ANK card ending switch cards

This is followed by the source cards. The source card for a double exponential function includes 

the following entries:

•  ITYPE (1-2) - Same as previous ITYPE, but “ 15" in this case

•  NODE (3-8) - name of the node to which the source is connected (thp source is placed 

between this node and local ground).

•  IV (9-10) - This is a flag to specify whether the source is a current source or a voltage 

source. A 0 indicates a voltage source, while a -1 indicated a current .source.]

•  A (11-20), B(2I-30), C (31-40) - These are the defining variables of the equation, ie.

f(t) -  AIe«‘ - e«]
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•  TSTART - The delay before the source is activated, in floating point format, in seconds.

•  TSTOP - The time at which the source is terminated - source value is pufled to zero, in 

floating point format, in seconds.

Tl'.e source cards are then followed by a Blank card ending the source cards:

BLANK card ending source cards 

wiiich is then followed by the following:

BLANK card ending output request cards 

BF.GIN BEW DATA CASE 

BLANK card ending session

All of the above entries will cause an error if they are entered in an incorrect format.

Using these entries, the required data file for this example is «s follows:

C C:\VB\ATPW1N\TUT1 .DAT 

BEGIN NEW DATA CASE

SOPEN, UNIT=4 FILE=c;TDTl.pii4 FORM=UNFORMATrED 

2.E-7 l.E-4 0 0

1 1 0 3 0 1

OOA 10. 3

BLANK Card ending branch cards 

BLANK Card ending switch cards 

ISA -1 3.2E4 -2.E6 -1.E7 

BIANK Card ending source cards 

1

BLANK Card ending piot cards 

BEGLN NEW DATA CASE 

BIjANK Card Ending Session

Msr: Dissertation_________________ ______________________ App.sndix.E
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2. Pmhlemr A 50kW delta-connected load with a power factor of 0.9 lagging is connected to the 

1 IkV generator below. Determine the waveforms of the line and phase currents.

RA

-f/A 0__ J------1____

YA

- C \ ) — c r r j —

RB

YB
A / r

BA

8981 V J0.2Q

X \.., N ,X /

BB

50000 =  SVph„Jpi«.,e COS0 

=  3 (1 1 0 0 0 )^ 0 .9

therefore Iphase =  1.68 A

and Z =-- (11000/1.68) =  6548Q

and R =  6548 * 0.9 =  5893Q

and X -  6548 * sin(arccos(0.9)) =  2863Q

Gi'lution:
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This requires the following data case:

C C:\VB\ATPW1N\TUT2.DAT 

BEGIN NEW DATA CASE

SOPEN, UN11=4 l^E = c;T lIT 2 .p l4  FORM =lINf’CRMATTED

.001 .2 10.0 0

1 1 0 3 0 1 0

OORA RB 0,2 1

OCRB YB 1

GOYA YB RA RB 1

OORB BB RB YB „ 1

OCBB YB RB ‘Y 3 .1- ■ 1

OOBA BB RA 1

BLANK C ard  endin)* b ra n c h ; i f

BLANK C ard ending switch cards

14RA d 8981. 50.0 0.0 0 4 .  0.

14YA 0 8981. 50.0 120.0 0 4 . a

i4BA 0 8981. 50.0 240. 0 -1. 0.

BLANK C ^rd ending source cards 

BLANK C ard e/iding plot cards 

BEGIN NEW  BATA CASE 

BLANK Card f’nding Session

All examples seen above taken from (Van Coller 1993).
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APPENDIX F - A COMPARISON OF ATPDRAW AND ATP 

FOR WINDOWS

In order to compare ATPDRAW and ATP for Windows, it is necesi?ary to look at some of the 

typical input scresns which these two programs make use of. Since both of these interfaces are 

grz^hical, they make use of the principle of dragging and dropping circuit e. ments to draw the 

circuit, ai?d then clicking on the right mouse button to obtain an input screen for the data related 

to the particular e’ement which the user is pointing to. A good example of an input screen is the 

Element Details screen of the Sinusoidal Source / Sin Function. The screen for this entry in 

ATPDRAW is as follows:

As can be seen in tliis screen, the input labels are all abbreviated. The use of abbreviations for all 

the entries is one of the factors which make ATP itself difficult to use, and most of the 

abbreviations used in ATPDRAW correspond to those used in ATP itself. The equivalent screen 

in ATP for Windows is as follows:
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Element Jftetaffs SinysQldafFiinctiOft

Hode Maine:

Start I-me 1st 

$!;<«> TifrteCiji 

AmpSttKte

$ir»usoid Fftsqtwcj* fie]-

Fttesft Artflte ̂  Tjme Si#: 

Ty(te;

AA

1E3

50

Phase Angle

30|

Voltage Souice

m

CANCe.

HEtP I

i i i

a  neigie^e valus hectt»»% ^  tHft «nusdid bekiq weed la q e tte iH ’o  tmti#
i i i i  
— :

rhe entries in ATP Ibr Windows are clear, and the message bar at the bottom of the screen gives 

the user any other necessary information. Another example which show tlje difference between 

these two Interfaces is the ZiiO exponentially modelled surge arrestor input screen. The screen for 

this element in ATPDRAW is as follows:

i m  -  iH p y i

V

. . . .  .

■ H k

WPWwWffWWWWWWWPW*.

a n M i  i f & tB - ', : : .v .-..  ...
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riie corresponding screen in ATP for Windows can be seen in the figure below:

ExponeWialSyrgeAfreSlor Element dfelallsiusiri^

Afiestw Details:

K(5d«

Huffifefl# irfE>98(TOf4ttî S<fe3mâ  4?teanhes n&. Q

Huor dwonga^omalfe s^Bwt#s^efq&?n; 

fiefetence Vofta^ data poi«{ jcaftig ̂

HMS i6f(M8nee«r t̂3f CV]t

Tjipe: Branch (Tuneiit

1E-8

Gli
15

Mote

20

AA 0K 1

|AB ,.,

I
...... ..................... .......... -  1

HEy» f ̂ ' ■*;

i » i

(Si*̂  af#ei<Sedl

/fJso knowR as H6KF, ©rrtet in I'cKeiiat *1 w8i Ihfe &f titgnet^

Again, ATP for Windows has clear labels, and a message bar at the bottom of the screen which 

informs the user information specific to each entry as the user traverses over these emries with the 

mouse.

Other typical screens in ATPDRAW include the Save screen, which can be seen in the figure
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below:

C : V  a iG S \H K H S I f f iB S C |B \» ,C I B

The corresponding screen in ATP for Windows can be seen in the figure below:

Fife Name:

M S

v' Save A

D.irectortes:
c:\vb

& c:V 1
e&vb n
Q] alpwin
On bitmaps
GDcdk

i i l^ h c 11
Cl] icons H

Save File as Type: Driver.
atp files (*.atp) I f W  c: ms-dos._6 i i

□  R,ead Only

It is clear from the above comparison that ATP for Windows is more user-friendly than 

ATPDRAW.
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APPENDIX G ■ ADDING AN ELExMENT TO ATP FOR 

WBS1DOWS TO ASSESS THE MAINTAINABILITY OF TIIE 

PROGRAM

To show the steps which are required when adding a new element to ATP for Windows, the 

Double Exponential Function will be used.

Adding an element to ATP for Windows involves the following steps;

•  Drawing the icon on an icon drawing program such as Iconworks (which is a sample 

program shipped with Visual Basic 3.0). The icons used in ATP for Window are *.ico 

files. The icon for the Double Exponential Function is can be seen in figure G-1 below,

•  Placing a new 3d command button in the circuit panel (using the existing array of 3d 

command buttons - ie. copy and existing button, and paste it into the circuit panel),

» Setting the ‘Picture’ pr&pertj-’ and the ‘Dragicon’ property of the new 3d command button 

to the file name of the icon drawn for the new element.

•  Setting the 3d command button’s ‘Dragmode’ property to Automatic. This allows the icon 

to automatically drag when the user clicks on the 3d command button associat'd with this 

element.

&1SC DissertatiQQ_____ _________________________ _—__— Appendix.G
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Exponential Function Icon
•  Design a new form (select New Form from the toolbox), placing the necessary command 

buttons including OK, CANCEL, and HELP on the screen. Place labels for each entry 

relating to a double exponential function in ATP on the form. Then place a text box or a 

combo box next to f/ich label (depending on whether an entry is required, or the variable 

IS a flag, and name the text box using the prefix txt (the combo boxes with the prefix 

cmb), and then the name of the text box’s corresponding variable. Create a message bar 

by placing two 3d panels on top of each other, and then a label control on top of the 2nd 

panel. Name the label IblMessage, Change the ‘mouseover’ events of each label and text
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box / combo box on the screen so that the caption of the IblMessage label changes to 

whatever is relevant to that entry when the user traverses the mouse over the entry. The 

final screen is as follows:

V,

Screen
•  Using the Data Manager of Visual Basic, create a new table in the circuit.mdb database 

included with ATP for Windows, Name the table ‘Double Exponential Function’, and add 

fields to the table for every entry required by ATP for the double exponential function.

® In the ATP.BAS module (the main module), create a new Global Const called 

DOUBLEEXPONENTIALFUNCTION, and set it’s value to the ‘Index’ property of the 

corresponding 3d command button, ie.

Global Const DOUBLEEXPONFUNCTION -  12
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•  Create a global integer variable in the ATP.BAS module called ElementNam^omi

Global DoubieExponentiaiFunstioaCount As integer

•  In the ATP.BAS module, go to the InitializeAllVariables method, and put in a line which 

initializes ?he DoubleExponentialFunctionCount variable to -1 (As soon as a Double 

Exponential Function element is created, this variable is incremented to 0 etc.)

•  In the ATP.BA.S module, go to the 9 methods called DrawCircuit, DrawTopCircuit, 

DrawBottomCircuit, etc. and place a Case statement to draw the element in the particular 

screen required:
Case DOUBLEEXPONFUNCTION

frmBottomlmagcs .iragGridTemp(j).Picture -  

frmATP,cmd3dCircuitPanel(DOUBLEEXPONFUNCTION).DragIcon

•  In the ATP.BAS module, go to the OpenCircuit method. Add a call for the 

DoubleExponentialFuiiction. ie.
DoubleExpouentialFunctionOpenCircuit

•  In the ATP.BAS module, go to the SaveCircuit method. Place a CASE statement in each 

For loop as follows
CasefmiATP.cmd3dCircuitPanenDOUBLEEXPONENTIALFUNCTION).Dragicon 

DoubleExpoiiFunct’onSaveCircuit “Main”, i

The positioi! you place in the “Main’’ secticfp depends on which For loop this statement 

is in. For eg., the LeftTop part of the circuit area has its own For loop, which will have 

the statement as follows:
CasefrmATP.crad3dCircuiiPancl(DOUBLEEXPONENTIALFUNCTION).Dragicoii 

DoubleExpoiil'unctioiiSaveCircuit “LeftTop”, i

•  In the ATP.BAS module, go to the V/riteNodeNames method, and add a Case statement 

to call the double exponential function’s Wri'^eModeNames method (see later):

CasefnnATP.cmd3dCircuitPand{DOUBLEEKPONENTIALFUNCTION).Dragicon 

DoubleExpFsmcWriteNodeNames i

•  Create a new module. Define an ElementName}i\xvcih&r: integer variable, and define a type 

called the DoubleExponentialFunctionType and include all the variables required for a 

double exponential by ATP, and then define an array of approximately 100 elements of 

this type:

Dim DblExpFncNuinber As Integer 
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Type DoubleExpFiv.;
NodoName As String 
StarlTimc As String 
StopTime As String 
A As String 
B A i String 
C As S:ring
FunctionTypc As Integer 

End Typt
Dim DblExpFncs(lOO) As DoubkExpFr.c

This type is used to save all the elements details in the array of double exponential 

functions. The DblExpFuncNumber variable is used to keep track of how many double 

exponential functions are available in the circuit, as well as to access the information of 

the correct element at different points of the simulation.

•  W rite a method which initializes "he form you have created. This method must check 

whether or not the element is a new element. This is done as follows:
Sub FonnDblExpFimel'iitialize

'This method checks if the double exponential function is a 
'new clement. If it is net a new element, the text box 
'for this element is filled in with whatever was in the 
'element before. Also, if it is a new element, the 
'black box count element is incremented.

frmDoubleExponentialFunction.embDouWeExponentialType.Addltem ("Voltage Source") 
irmDoubleExponentialFunction.cmbDoubleExpoi'entialType.Addltem ("Current Source") 
frmDoubleExponenrialFunctian.cmbDoubleE.vponentialType.Listludex =  0

Dim NewElement As Integer 
DbirixpFncNumber -  -1 
NewEIement =  True
DblExpFticCount =  DblExpFncCoutit +  1

IfDWExpFne(:oum =  OThen
If fniiATP.imgGrid(picGridIndex).Tag -  -1 'ITien 

NewEIement ~  Tnie 
Else

DWExpt'ixNtunber -  0 
NewEiement ~  False 

End If 
End If

IfDWExpFneCount >  OThen
If fmi.ATP.is .gGnd(picGridIndex).Tag -  -1 Then 

NewEiement =  True
Else

DblExpFiicNiimber «  fnnATP.imgGrid(incGridIndex).Tag 
NewEL'ineiit “  False 
DblExpFncCount "■ DblExpFncCoutit - 1

End If 
End If

If NewEiement ~  False Then
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frmDoubleExponentialFunetion.cmdOK.Enablcd =  True
frmDoublcRxponentialFunction.txtNotleNarae.Text DblExpFncs(DblExpF<icNuniber).No«i'.Wanie 
fnnDoubleExponentialFunction.txtSutrtTime.TRXt -  DblE.\pFncs(DblExpFncNumber).SlartTimc 
ImiDoubleExponentialF’unction.txtStopTitnc.Text =  DbIExpFncs(DblExpFncNumber).St«pTinie 
IrmDoubleExponentialFunction.txtA.Tcxt DblExpFncs(Db!ExpFncNumber).A 
fnnDoublcExponcntialFunition.txtB.Text =  DblExpFncs{DblExpFncNumber).B 
fmiDoulileExponcntialFunction.tx'.lTcxt -  DblExpFncs(DblExpFncNiunbcr).C 

InnDoubleExponcniialFunction.cmbDoubieExponentialType.Listliidex =  
DblExpFncs(Db!ExpFncNumb(:r).FunctionT 
Else

fnnDoublcExpouentialFunctiou.cuidOK.Eiiafaled =  False 
DblExpFncNutnber =  DblExpFncCount 
lVmATP.imgGrid(pi>;Gridlndexj.Tag =  DblExpFncNumber 

End If
End Sub
Write a method which saves the values on the Double Exponential Function screen when 

the user clicks on OK:

Sub DblExpFuneOK
DblExpFncs(DbiEy.pFncNuniber). Nodcf' ■ ic =  frmDoubleExponentialFunction.txtNodeName.Text 
DbIExpFiics(DblExpFncNumber).StartTi.i. =  fnnDoublcExponeutialFunction.txtSuirtTime.Texi 
DbIExpFncs(DblExpFncNumber) .StopTiine =  frraDoublcExponentialFunction.txtStopTime.Text 
DblExpFncs{DblExpFncNuml)cr).A =  fntiDaUbleExponentialFunction.txtA.Text 
DblExpFncs(DblExpFucNumber).B =  frmDoublcExponentialFuuction.txtB.Texi: 
DblExpFncs(DWExpFncNumbcr).C =  frmDoublcExporentialFunction.txtC.Text 
DbIExpFncs(DblExpFncNumbcr).Function! ypc — 
fnnDoubleExponentialFunetion.sinibDoubleExponendiilType.Listlndex 

Unload frmDoubleExponentialFunction
End jub
Write a method which saves the values of an element to disk (to the MS Access table);
Sub DoubleExpFuiicSaveCircuit (Position As String, i Aff Integer)

Dim Number As Integer 
Dim BBTable As Tabic 
'̂ eieci: Case Position 
Case "Mitin"

Number -  frmATP.imgGrid(i).Tag 
Case "Top"

Number =• fnnTopImages.lragGridTenipO.Tag 
Case "Bottom"

Number =  fnnBottomIniages.iragGridTeinp(i).Tag 
Case "Lef,"

Nwuber =  frmLeftImages.imgGridTcmp(i).Tag 
Case "Right"

Number =- fnnRightImagcs.iragGridTemp(i).Tag 
Case "LeftTop"

Number =  fniiLeftTopImages.ijngGridTen>p(i).Tag 
Case "LeftBottom"

Number =  frmLeftBottomImages.imgGridTemp(i).Tag 
Case "RightTop"

Number =  frmRightTopImages.imgGridTemp(i).Tag 
Case "RiglitBottom"

Number =  fmiRightBottoniImages.imgGridTemp(i).Tag 
End Select

Set BBTable -  Circuit.OpenTable("Double Exponential Function")
BBTable.AddNew
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BBTablellndex -  i
Select Case Position
Case "Main"

BBTablelPosition ~ "Main" 1
Case "Top" 1

BBTablelPosition = "Top'' 1
Case "Bottom"

BBTablelPosiiiou = "Bottom"
Case ''Leff %

BBTabli;tT’''sition -■ "Left"
Case "Right"

BBTablft’.Position = "Right" 1
Case "IxftTop" 1

BBTsblelPosition ~ "l,eftTop" 1
Case "LeftBotiom" ft

BBTaDle’Position = "LeftBottora"
Case "RightTop"

BBTablelPosition ~ "RightTop"
Case "RightBottom"

BBTablelPosition ~ "RightBottom"
End Select
If Not Number =  -1 Then

Else 

End 5‘

BBTable![No(l« Name] =  DblKxpFnos(Numbef).NodeName 
BBTahlellStdit Time] =  DblExpFncs(Numbe?).StartTinie 
BBTable![Stop Time] =  DhlExpFncs(NuraberistopTiHie 
BBTablelA -  DbIExpPncs(Number).A 
BBTablelB =  Db!BxpFncs(Number).B 
BBTabkiC -  DblExpFncs(Number),C 
BBTabli*!lFimction Type] =  Db!ExpFncs(Namber).FunttionType 
BBTableiExists '= 1

BBrablclExists =  0

BBTable.llpdate
Fiul Sub

» Write a method which retrieves this information from the database;

Sub DblExpFncOpenCircuit 0
Dim CctTable As Table 
Dim LoopEnd As Inlegcr 
Dim Exists As Integer 
Dim Indtx As Integer 
Dim Number As Integer

I
Set CctTabli) "  Circ(iit.OpenTable("Double Exponential Functi.m")
It Not CctTable.EOF llten  
CctTable.MoveFirst 
Do

If CctTable’Exists -  0 Tii&n 
I Exists -- False

Elself CctTablelExists 1 Then 
' < Exists =  True

End If
LoopEnd False 

V If Exists =  Tnie Tlien
DblHxpFncCotmt -  DblExpFncCount +  1

15/06/95 Tamir Orbach pasfs 145

ii



Number =  DblHxpFncCount
Else

Numter =  -1
End If
Index =  CciTabie.'Tndex 
Select Cast; CciTableiPo.sition 

Case "Main"
DrawEavev’Piclme l,\dex, DOUBLEEXPONFIINCTION 
frmATP.imgGrid(In(lex).Tag =  Number 

Case "Letr
DrawSavedLeftPlctUi Index, F/OUBLEEXPONFUNCTION 
fnnLeftImages.imgGridi>ir4Hlndex).Tag =  Number 

Case "Right"
DrawSavedRightPicturc Index, DOlJBLliEXPONFUNCTION 
frmRightlmage.s.irngGridTemp(Index).Tag -  Number 

Case "Top"
Drav/SavcdTopPicture Index, DOUBLEEXPONFUNCTION 
frmTopImagex.imgGr!dTe*np{Index).Tag =  Number 

Case "Bottom"
DrawSavedBottcmPicture Index, DOUBLEEXPONFUNCTION 
frmBottom!mages.imgGridTemp(Index).Tag =  Number 

Case "leftBottom"
DrawSavcdLeftBottomPicture Index, DOUBLEEXPONFUNCTION 
frmLen:BottomImages.imgGridTemp(Index).Tag =  Number 

Case "RightBottora"
DrawSavedRightBottomPicture Index, DOUBLEEXPONFUNCTION 
lnnRiglUBottoniImages.imgGridTe!np(IndttX).Tag =  Number 

Case "LeftTop"
DrawSavedLeftTopPicture Index, DOUBLEEXPONFUNCTION 
frmLe)tTopImages.iingGridTemp(lndex).Tag =  Number 

Case "RigluTop"
DrawSavedRightTopPicture Index, DOUBLEEXPONFUNCTION 
frmRightTop!mages.imgGridTemp(Index).Tag == Number 

Case Else
MsgBox "Error, the position has not been saved"
Exit Sub

End Select

If Exists -  True Then
DblExpFncs(DblExpFnsCcmnt).NodcName =  CctTable![Node Name] 
DblExpFncs(DblExpFneCount).StartTime = CetTable! [.Start Time] 
DblExpFncs(DblExpFncCount).StopTime =■ CctTable![Stop Time] 
DWExpFncs(Db!ExpFncCi'unt).A -  CctTablelA 
DblExpFncs(DblExpFncCount).B =  CctTableiB 
DblExpFncs(DMExpFncCount).C CctTabklC 
DblExpFncs(DblExoFncCount).T-unctionType =  CctTaWeilFunetion Type]

End If

CctTable.MovcNext 
IfCctTable.EOFThen

LoopEnd =  True 
End If

' Loop Until LoopEnd == T'ue
^ End If

 ̂ End Sub

•  Write a method which writes the circuit to the data card:

M.S.C.Piss.ertation_______________ ________________________Appendix G
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Sub DblExpFncWriloCircuit (Position As String, i As Integer)

Dim FileNaine As String 
Dim Number As Integer 

’ Dim tliandle As integer

Selcct Case Position 
Case "Mailt"

Nmnber = frmATP.iragGrid(i).Tag 
Case "Top"

Number -  frmTopImages.imgGridTemp(i).Tag 
Case “Bottom"

Number -  frmBottomImages.iragGridTcfflp(i).Tag 
Case "Left"

Number == frmLettlmages.imgC5ridTemp(i).Tag 
Case "Right”

Number ~  fimRightIraages.imgGridTemp(i).Tag 
Case "LeftTop"

Number =  frmLcftTopImages.imgGridTemp(i).Tag 
Case "LeftBottom’’

Number «  frmLeftBottomImages.imgGridTernp(i).Tag 
Case "RightTop"

Numiwr =  frmRightTopImages.imgGridTcmp(i).Tag 
Case "RightBottom"

Number =  frraRightBottom!mages.imgGridTemp(i).Tag 
End Select

Dim NodeNameLengih As Integer 
Dim StartTimeLength As Integer 
Dim StopTimeLength As Integer 
Dim ALength As Integer 
Dim BLength As Integer 
Dim CLength As Integer 
Dim FunctioiiTypeLength As Integer

If Not Number -  -1 Then
If DblExpFncs(Number). anctionType -- 1 'fhen M

DblExpFncs(Nuraber),FiraotionType =  -1 S
End If I
r b ’.ExpFnus(Number).iii '.Time =  ConvertSiiing(DblExpFncs(Number).Staiime.) 1
DblExpFnc.s(Number).t>: pTime ConvertString(DblExpFncs(Niimber).St'ip'i’inie) i
DblExpFncs(Numbcr).A ~  Convc:rtString(DblExpFncs(Number).A) f
DblExpFiics(Ntmiber).B -  CouvertStringpblExpFncs(Number).B) :  ̂
DbIExpFiius(Number).C =  Ci»nvertString(DblExpFncs(Number).C)

NodcNameLength =  Len(DblExpFncs(Numbei).NodeName)
StanTimeLength Lcn(DblExpFncs(Nimibcr).StartTime) |
Stoi)TimeLength =  Lcn(DbIExpFncs(Numbi;r).StopTime) |
Alcngth •" Len(DblExpFncs(Number).A) |
Bleiigth == I.en(Db!ExpFncs(Number).B) 3
Clength -  Len(DblExpFncs(Numbcr).C) |
FunctionTypeLength =- Len(DbIExpFncs(Number).FunctjonType) |

fliandle =  FreeFile |
Open ActiveDataFileNaine For App' ud As lliandle 1
'Print #fliandle, |
Print tflhandle, "15" +  DbIExpFnc!.(Numter).NodeName; Spc(6 - NodeNameLengih +  2 - FunctionTypeLength); | 

DWExpFncs(Nimib'‘r),FunctionTyp'^: Spc(9 - ALength); DbIExpFncs(Nun;iber).A: Spc(10 - Blength);
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DblExpFncs(Number).B; Spc(10 - CLength); DblExpFncs(Number).C; Spc(39 StartTimeLength); 
DblExpFnc3(N«rabet)..StartTinie; Spc{10 - StopTimf'Length); Dbl£xpFncs(Number).StopTime 
Close #fhandle ' Close fiie.

End If
If DblExpFncs(Number).FunctionType =  - i  Then 

DblExpFacs(Number).FunctionType =  1 
End If

End Sub
•  Write a method which writes the node names used by this element to the Setup Simulation 

screen:
Sub DblExpPncWriteNodeNamcs (Number As Integer)

frmSetiipSimulation.lstAvailableNodes.Addltem (DblExpFncs{Number).NodcName)
End Sub

Mâ LJDî mztiaJLigj]____ _____________________ ___________ appmidiiLii
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1 INTRODUCTION

1.1 Background

T. ORBACH____________

A lP  or the Alternative Transients Program is a computer program written in Fortran, which 
is capable of simulating transient conditions and phenomena in power machinery and 
distribution networks ATP can solve any network consisting of interconnections of 
resistances, inductarr«s, capacitances, single and multiphase 7i circuits, distributed (or lumped) 
parameter lines, and certain other elements (Dommel 1986:1-1).

A 'lP was develqwd in the 1960's, and at the time made use of data cards tt> input information. 
The present vm ion of ATP mixes use of data files to input data. ATP fo r Windows is a pre­
processor to ATP which allows the user to enter data graphically and numerically on the 
Windows platform, using a menu driven, and object-oriented graphical interface.

1.2 Features

1.2.1 CAD Input interface

ITie primary feature of ATP for Windows is that it has a CAD (Computer Aided Drawing) 
style, user-friendly gri^liical interface which allows the user to define transient analysis 
problems quickly and e;iasily. The interface menu driven and adheres to the IBM CUA 
(Common User Access) the Microsoft Application Design Guide and the general Windows 
environment.
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1.2.2 Compatibiiky witfc other CAD packages

ATP for Windows has the potential to interface with any CAD package which is capable of 
converting graphical inpot and numerical information to Microsoft Access files. This means 
tliat any circuit gcometri which has been drawn in Intergraph can be used di'ectly in ATP for 
Windttws without tlie user having to redraw the circuit if the mdl code is written in Intergraph 
to eiiable the storage of circuit iutbrmation in MS Access tables.

1.2.3 G raphical Solution Visualisation

ATP for Windows is capable of displaying tlie ATP outpui graphically and/or numerically.

1.2.4 Limitations

ATP for Windows requires Microsoft DOS 5.0 (or better) and Microsoft Windows 3.1 (or 
better) in order to run, ATP for Windows can also be run on operating systems which art 
compatible with MS Windows 3. such as OS/2 l . l ,  Windows NT, Windows 4.0 ((!^hicago) 
etc.

ATP for Windows will not have all of the ATP elements available for use initially, 'rhese are 
planned for future work in ATP for Windows. Some functions listed in this I'ser Reference 
Manual may not be available ai •; tims of first issue of ATP for Windows.
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1.3 Hardware Mequirements

1.3.1 Processor Type

ATP for Windows requires the use of an 80486 processor with a minimum of 4Mb of RAM 
(although it is recommended that you use 8Mb of RAM). For large problems, 4Mb of RAM 
on a 486 DX may not be sufficient, and it is recommended that if large simulations are 
anticipated at the time of purchasing of the hardware, a Pentium processor with a minimum 
of 8Mb RAM is purchased.

1.3.2 H ard  Disk Space

At least 2 Megabytes of hard disk space is required for the executable code of the ATP for 
Windows pre-processor, although this does not include the space required for the ATP 
program itself, or the space required for MS Windows.

1.3.3 Display

ATP fo r Windows requires at least a Super VGA display card and conesponding monitor 
since colours are used extensively in the interface.

1.3.4 Mouse

A mouse or trackball is required to use ATP for Windows. The mouse used must be 
compatible with Windows 3.1, and it is recommended that a high resolution mouse (800 dpi 
or greater) be used.

1.3.5 Printers

All printers which are supported by Windows 3.1 are supported by ATP for Windows.

1.3.6 Operating System

ATP for Windows runs under the Windows 3.1 (or better) platform as well as under the MS 
DOS 5 .0  (or better) platform. Earlier versions of DOS should work if they support MS 
Windows 3.1, and operating systems which support Windows 3.1, such as OS/2 2.1 and 
Windows NT can also be used.

S.TPWIN
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1.4 Getting Started

1.4.1 InitaUation

•  Ixiad MS Windows.
•  From Windows select the File- Run option, and run a:\setup.exe
•  This will automatically create a sub-directory called ATPWIN, and install the 

pre-processor / interface

T. ORBACH... ............. IiLtSffidtogfciiaa__________________AIEftlll

1.5 User Interface Terminology

ATP for Windows makes use of the standard Windows 3.1 interface, and it is assumed that 
the user is familiar with Windows and typical Graphical User Interface functions. The meaning 
of terms specific to Windows such as icon or dialogue box can be found in the Windows 3.1 
User Manual.

1.6 Application Window

The ATP for Windows main window, which shows the menu layout, can be seen in Figure
1.1. This window is divided into the following sections:

1.6.1 M ain Menu

ITie main menu provides access to all the functions offered by ATP for Windows Functions 
that are used often can also be accessed by the Control Panel / Toolbar (see Section 1,6.2). 
The entire menu layout showing all sub-menus can be seen in Appendix A - The ATP Menu 
Layout.

1.6.2 i  he Control Pane! / Toolbar

The Control Panel / Toolbar is a panel of speed buttons which allow the user to perform any 
function without accessing that function on the memi. The user has the option of not seeing 
the control panel at all (View - Show /  Hide Control Panel). Each button is a graphical 
representation of the function which it performs.

Revision Number: 2.0
ATPWIN Revision Date; 16 Jtme 1995 page 1-4
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1.6.3 The Circuit Region

This region contains the main problem definition and solution display area. All circuits are 
drawn In this area, and numerical as well as graphical solutions are displayed in this area. A 
drawing grid is displayed during the input of circuits for simulation.

1,6.4 The Circuit Element Panel

The Circuit Element Panel is a panel of speed buttons a tool bar) which allow n*; use? to

Rle Edit View Qun Help M#m Mmlu Control Pac«l /  toolbarm

Figure 1.1 - The Application Window
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select a circuit element which the user would like to place in the circuit. Each button is a 
graphical representation of the circuit element it represents, and a description of each element 
is given on the Message Bar as the user traverses over the element with the mouse. To draw 
a circuit, click on the element you require using the left mouse button. Then drag the element 
icon IX) the required grid position on the visible circuit region, and release the mouse button. 
This will drop the element in the visible circuit region. To see a description of the element 
details correspoiiaing to this element, click on the element with the right mouse button once 
the element is in the actual visible circuit region (see Chapter 7).

1.6.5 The Mini-Circuit Map

The Mini-Circuit Map is used to indicate where in the entire circuit region, circuit elements 
exist in the present simulation. Since only a small pan of the screen is actually visible at one 
time, the mini circuit map indicates where any circuit elements exist with respect to the current 
position. The current position is always the Center of the Mini-Circuit Map. To show that 
circuit elements exist in different sections of the circuit region, a cross appears in the mini-map 
area corresponding to all the areas in which circuit elements exist.

ATPWIN
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2 FILE

2.1 Introduction

The File option provides a pull down menu of commands related to file operations. These 
include:

•  Commands to create a new simulation (by opening a problem definition file), 
qpen an existing simulation, and save an existing simulation {problem definition
file)-

•  A command to print the current output graph or problem circuit.
•  A command to exit ATP for Windows.

The File sub-menu is shown in Figure 2.1.

2.2 How To Use It

fry

To bring down the file menu options, select File from the main menu wiih the mouse, or tj'pe 
^ A L T > -F .

2.3 Remarks

Files containing the particulars of a problem are termed ATP files, 'jnd have an extension 
ATP. The geometry of a problem as well as the properties of every element in the circuit are 
stored in an ATP file, which is an MS Access compatible database file.

The solution of a problem is stored in a file of the same name as the problem definition file, 
but with the extension OUT, This file is the output file from ATP, and it is not changed for 
the purpose of the ATP for Windows pre-processor. The user does not have access to the 
OUT files from within ATP for Windows, but the information in these files can be displayed 
numerically or graphically within ATP for Windows. The information in the ,ATP files is 
converted to ATP data files with the extension DAT when the command is given to start the 
simulation, and the user, again, does not have access to the input data file from within the 
ATP for Windows pre-processor.

ATPWIN
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2.4 N e w

2.4.1 Function

The New command creatts a new .ATP file and replaces the current problem.

2.4.2 How To Use It

Select the New command from the File sub-menu.

■

j

: .. .
‘

2.4.3 R an ark s

If any changes to the current problem have not been saved, the user will be queried as to 
whether or not die problem should be saved before a new problem is created. If the answer is 
YES and the current problem has not been named yet, a Save As dialogue box will appear, 
prompting the user for a name (see section 2.7 - Save As).

ATPWIN
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Figure 2.1 ~ The File Sub-menu

2.5 Open

2.5.1 Function

The Open command loads an existing .ATP (ATP for Windows) file from disk.

2.5.2 How To Use It

Select the Open command from the File sub-menu. An Open File dialogue box will appear (see

ATPWIN
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Figure 2.2) prompting the user for the name of the file to open. Ail the files in the current 
directory with the extension ATP will be shown. Typing a directory followed by the * .a^  
extension will list all the atp files in that directory. The default directory is 
C:\ATPWIN\FILES\*.atp.

File Name OksctCNries:

c:WbWpwm

□  Read flnJy

li*t Fite# of lype:

atp files {*.alpl B l  c: m$-dos_6

Figmre 2 .2  -  The Open. File Dialogue Box

2.5.3 Remarks

If any changes to the current problem have not been saved, the user wili be queried as to 
whether or not the problem should be saved before a new problem is created. If the answer is 
YES and the current problem has not been named yet, a Save As dialogue box will appear, 
prompting the user for a name. Once the problem has been loaded, the corresponding circuit 
will be shown in the Circuit Region of the main window.

2.6 Save

2.6.1 Function

The Save function allows the user to save to disk the problem which is currently open.

ATPWIN
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2. 5.2 How To Use It

Select the Save menu option from the File sub-menu. This will produce the Save screen (see 
figure 2.3)

File Name: girecloiies:
c:\vb\a*pwin

□  Eead O i#

Savs File a* lype: Driver.
alp file* ['.alpj I S  c; m«-dos_.6

Figure 2.3 - The Save File Dialogue Box

2.6.3 Remarks

If the current problem is a new problem which has not been previously saved, a Save As 
dialogue box will be qpened, allowing the user to name the problem before saving it. Note that 
the chosen file name does not have to have the extension ATP (See section 2.7- Save As,k

2.6.4 E rro r Messages

There are three possible errors which can occur when saving a problem definition:

•  Invalid filename: If the filename entered in the filename edit control of the 
Save dialogue box is invalid, a beep is sounded , and the Save dialogue box 
is returned to. The invalid filename is highlighted.

•  I/O Error; This error is caused by a general write error which is often due to 
die disk drive not being ciosed. When this error occurs, the user is given the 
choice of cancelling or retrying the operation.

•  Insufficient Disk Space; If there is insufficient disk space to save the file, a 
message is displayed, and the operation is aborted.

ATPWIN
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2,7 Save As

2 7.1 Function

The Save As command allows the user to save the problem currently in the work area to be 
saved under a name other than that already allocated to this problem.

2.7.2 How To Use It

Select the Save As option from the File sub-menu. The Save dialogue box will be displayed 
(see figure 2.3 - The Save File Dialogue Box) allowing the entering of a new tile name.

2.7.3 Remarks

Once the user has selected a new name for the problem file, tlie old name is replaced, and the 
problem can then only be accessed by it’s new name. If the name selected corresponds to the 
name of an existing file, the user is queried as to whether or not this file should be 
overwritten. If the NO option is selected, the operation is aborted.

2.7.4 E rro r Messages

There are three possible errors which can occur when saving a problem definition:

•  Invalid nicname: If the filename entered in the filename edit control of the
As dialogue box is invalid, a beep is sounded , and the Save As dialogue 

box is returned to. The invalid filename is highlighted,
•  I/O  Error: ITiis error is caused by a general write error v/hich is often due to 

the disk drive not be*ng closed. When this error occurs, the user is given the 
choice of cancelling or retrying the operation.
Insufficient Disk ipace: If there is insufficient disk space to save the file, a 
message is displayed, and the operation is aborted.

ATPWIN
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2.8 Import

2.8.1 Function

The Import command allows tiles in the Drawing Interchange format (DXF) lO be read, t*nd 
converted to the internal data file format used by ATP. This conmiand is not available at this 
stage.

2 J .2  B o w l’o U s e lt

Select the Import option from the File sub-menu. The Import dialogue box will be displayed 
(see figure 2.5 - The Import Dialogue Box). If an invalid file is selected, an error will occur 
informing the user that this has happened.

Fib N.aiiie:
“tpi

iiinpoft fiie» (*.tpS)

^irectoiier
c:\vb\tnlpwin

Li«t Files of Xvpe;

icons
□  Head Only

SB c: ms'.-dos_G

Figure 2 . 4  -  The Import Dialogue Box

To import a file, select the file name and fiie type, and then se'ect the OK button.

2.8.3 Remavks

V ' '

Since not all of the information required can be described in the presently available CAD 
package.^, it inay be necessary for the user to add some i ffmation to the circuit parameters 
once the circuit has been converted from DXF format to the ATP data file format. The extent

ATPWIN
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of the information required depends on the number of attributes of the problem described in 
the CAD package used.

2.8.4 Limitatioas

I ’he DXF import facility is not currently available

2.9 Print

2.9.1 Function

The Print ojmmand allows the user to selcct the current printer required, as well rs to set up 
parameters for the curreiit printer or plotter, and then sends the contents of the l :irt  ̂ Region 
to the currently selected hardcopy device. It is also possible to print output from a simulation.

2.9.2 How To Use It

Seia^i die Print option from die File sub-menu, The Print dialogue box, wiU be displayed (see 
figure 2.6 - The Print Screen). To Abort the printing process, select the Abort button within 
the Print dialogue box.

Printei: Deiault Pirinteir (HP LaserJet IliP  on 
LPT1.D0S;j

" Print Range

<s>il
O Seleclion

O Page*
&om; fo

f*riiil SLuality: |High

□  Print to File

£opiet:

D  CoRate luopj<;«

Figftire 2.6 - The Print Screen

To print a circuit, select tlie name o f the circuit and the nun\ber of copie^’, and then seleci the

ATPWIN
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OK  button.

2.9.3 Reniarlis

The changes made tc the printer setup are not permanent, and only apply to the inj;tance of 
A lP  for Windows, llie  printer setup does not get saved with the current problem definition.

2.9.4 Limitations

Only printers which support graphics can be used. Line printers or daisy-wheel printers are not 
supported.

2.9.5 E rro r Messages

The following errors can occur when the Print command is invoked:

^ No Primary Hardcopy Deviofj. This error occurs if a hardcCpy device has not 
been registered with Windows. Install the necessary device driver using the 
Windows Control Panel,

o GrapMcs Not Supported. If die printer being used does not support graphics, 
an error message is displayed and the operation is aborted.

2.10 Exit

2.10.1 Functioi'

The Exit command exits ATP for Windows.

2.10.2 How To Use It

Select the Exit option from the File sub-menu. If the most recent changes to the problem have 
not been saved, the user is queried as to whether or not this should be done.

ATPWIN
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2.10.3 Remarks

Windows Profile Files (files with the INI extension) are used to store configuration 
information for Windows appHcatioas.

ATPWIN
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3 EDIT
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3,1 Introduction

The Edfi menu option pulls down the commands related to object editing:

•  Co»nmands to cut, copy and paste objects in the current problem definition,
•  Commands to select and unselect all objects in the current problem definition.

I ’he Edit sub-menu can be seen in figure 3,1

3.2 How To Use It

To bring down the edit menu optioa^. select Edit from the main menu with the mouse, or type 
< A L T > -E .

3.3 Remarks

In order to edit the characteristics of objects (circuit elements or others), the objects need to 
be selected. This is done using the by holding the left mouse button down and at the same 
time, pressing the <  SHIFT >  key while moving across the required element(s).

3.4 Cut

3.4.1 Function

The Cut function is used to copy selected objects to the clipboard and delete them from the 
circuit W'hile keeping them in the clipboard for future use.

c* 3.4.2 How I'o Ifse It

1 'iisure that all the objects you would like to cut have been selected using the Blodc 
coiinjv.ind or ushig tlie mouse and the shift button (see section 3.7). Select the Cut option 
Ih-.iM ;1h‘ Edit sub mi-nu oy using the mouse or pressing <  ALT> -C, or seleci the Cut 
tuulbai . ‘ii'ion from i(uControl Panel /  Toolbar (scissors).

Revj.iaioi,: .Number: 2 .0
Revision Datej 16 Jane 1995 page 3-1
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3 .4 .i  RsmarftBi

When an object is selected from the Circuit Region, the object as wel! as it's characteristics 
(which have been entered using the Element Details Menu - See section 7) are stored in the 
clipboard {this is not the case with the Copy command).

-  -■ — - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - —

Figtire 3.1 - Th« Edit Stib-menu

[
ii

3.4.4 E rro r Messages

The following errors may occur when attempting to Cut objects:
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•  Insufficient Memory. If Windows is low on memory, there may not be 
enough memory to carry out the operation. In this case an appropriate 
message is displayed.

3.5 Copy

3.5.1 Function

T ilt Copy command allows selected objects to be copied to the clipboard while leaving the 
selected objects completely inf t  in the Circuit Region.

3.5.2 How To Use »

Ensure that all the objects you would like to copy have been selected using the Block 
command or using the mouse and the shift button (see section 3.7). Select the Copy option 
from the Edit sub-menu by using the mouse or pressing <  A L T > -0 , or select the Copy 
toolbar option from the Control Panel / Toolbar.

3.5.3 Remarks

When an object is selected trom the Circuit Region, the object only is stored in the 
clipboard (and not the element details of this object - although this is planned fô " future 
versions of ATP for Windows),

3.S.4 E rro r Messages

The following errors may occur when attempting to copy objects:

•  Insufficient Memory. If Windows is low on memory, there may uui bi; 
enough memory to carry out the operation. In this caste an appropriate 
message is displayed.

3.6 Paste

3,6.1 Function

The Paste command allows objects which have previously been stored on the clipboard to

ATPWIN
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be pasted anywhere in the Circuit Region and into the current problem.

3.6.2 How To Use It

Select the point in tlie current problem C’ircuit Region where you would like to paste the 
object. This can be done by double clicking the mouse when the mouse pointer is in the 
required place. The particular position which you have selected will be highlighted. To 
unselect this, click once anywhere in the circuit region, or double click on the same spot 
again.

Now select the Paste option from the Edit sub-menu. If no valid ATP for Windows 
objects are present in the clipboard, the Paste menu option will be unavailable.

3.6.3 Remarks

Objects that were cut or copied to the clipboard from otticr applications can not be pasted 
in Ae ATP Circuit Region.

3.7 Block

3.7.1 Function

'ITie Block function is used to select one or more objects from the Circuit Region.

3.7.2 How To Use It

Keep the <  SHIFT>  button selected, click on the mouse at the left top corner of the 
section you would like to block, and drag the mouse down and to the right while keeping 
the mouse button as well as the <  SHIFT >  key pressed down. To stop blocking, release 
the <  SHIFT >  key and the mouse button The selection will be highlighted. Once all the 
objects you would like to select have been selected, choose the Edit option you require. To 
unselect an object, select the Unselect All option from the Edit menu, or click on a blank 
a\.ia of the screen with the left mouse button.

3.7.3 Remarks

The Block command is ro t available in menu form and woriwS only using the mouse.

ATPWIN
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3.8 Select AU

3.8.1 Function

This can be used to select all the objects in the (visible) Circuit Re. non at once. This may 
be useful if the complete visible circuit is to be stored on the clipboard or moved.

3.8.2 How To Use It

€
m:'

-,V

Once the Selea AU function has been selected, the complete circuit in the Circuit Region 
will be highlighted by a black doited frame. Using the mouse, move accross the circuit 
region by scrd iir^ , and'paste the circuit wherever you would like to paste it by moving the 
mouse pointer to the position on which you would like to have the upper left corner of the 
circuit ^  it sttmdi, double clicking on the left burton, and selecting the Edit - Paste option. 
A circuit can not be pasted over an existing elenient, or if any part of the circuit will not 
fall into ^  ifMMe circuit region.

3.8.3 EesQtArks

Ons» the Select All function has been chosen, it can be cancelled by either using the 
Unselect All command or by clicking on a blank area of the screen.

3.9 Unselect All

3.9.1 Functivii

This is used to unselect all of the objects which have been selected by either the Select AU 
command or the Block (using the mouse) commands.

3,9.2 How To Use It

Choose the Unselect All option from the Edit sub-menu.

ATPWIN
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3.10 BlackBox Circuit

3.10.1 Function

The BlackBox Circuit option is used to modularise a section of the circuit into one black 
box element. This function will be available in ATP for Windows ver 1,5 (should be 
available by December 1995). This function will also allow the user to place the new Black 
Box into the Circvit Panel, and draw an icon for it.

3.11 Unblaekbox Circuit

;
'’'i

3.11.1 Fuiurtion

'ITio Unblaekbox Circuit option is used to expand a circuit which has been mc-dularised 
usiiig=ifte BlackBox Circuit function.

ATPWIN
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4 VIEW

4.1 Introduction

The View menu, option pulls down the commands related to the viewing of the screei

•  Commands to show and hide the speed button Control Panel / Toolbar.
•  Commands to edit the Circuit Panel, and 
« commands to rotate a circuit element.

The View sub-menu can be seen in figure 4.1.

Figure 4.1 - The View Sub-menu
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4.1 Introduction

The View menu option pulls down the commands related to the viewing of the screen:

•  Commands to siiow and hide the speed button Control Panel / Toolbar.
•  Commands to edit the Circuit Panel, and
•  commands to rotate a circuit element.

The View sub-menu can be seen in figure 4.1.
•'--w

Shov/|Hide 'Cdnttbl Panel

i l i i

Edit Circuit Panel..

^Show/HldeGrid

Eotste Element

ii

a i i i i

n

Figure 4.1 - The View Sub-menu
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4.2 How To Use It

To bring down the View menu options, select View from the main meni| with the mouse, or 
type < A L T > -V . I

4.3 Show/Hide Control Panel

4.3.1 Function

The Show/Hide Control Panel option is used to show or take off the t iontrol panel on top of 
the screen in ATP fo r Windows. The Control P"":! contains speed tiittons which perform 
any frinction available in the pull down menu.

4.3.2 How To Use It

Select the Show Control Panel option from the View sub-menu usinfj the mouse or the 
arrows and the < ^N T E R > key or type < A 1 T > -S .

4.3.3 Remarks

The Show Control Panel function is used to show the Contro’ Pan«!l as well as to remove it 
from the screen.

4.4 Edit Circuit Panel

4.4.1 Funcdon

'Fhe Edit Circuit Panel option is used to edit the Circuit Pane! spee*! buttons by adding or 
removing circuit elements which are not needed by the user for moi t  simulations.

4.4.2 How To Use It

Once the Edit Circuit Panel option is selected from the F/av sub-me fiu, the Edit Circuit 
Panel screen will appear Csee iigui +,3). This screen ct'”tains a menu of the Circuit Panel 
settings already selected. It has a default setting which is automatical ly used if this choice is 
not changed.

ATPWIN
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Figure 4.2 - Edit Circu"t Panel Screen

/

To create a new sr.tting, sfilecl the Create Setting option from the Edit Circuit Panel. 
screen. This will ask the i,ser to name the new setting, and then automatically pull 
down a list on the left hand side of the screen which contains all the elements that 
have been entered into the pn^-processor as well as all the standard elements in 
ATP.
•  To edit an existing option other than the ATP default setting, first select the 

setting from the Existing Panel vSettings list, and then select the Edit Setting 
option from the Edit Circuit Panel screen. To select an elemeat which you 
would like to put in the Circuit Element Panel, click on the element from the 
Existing Elements List, and drag it to the Selected Panel Elements h^,t. The 
elements selected for this setting will appear on the Selected Paae! Elements 
list as well as the corresponding icon appearing in the actual Circuit Element 
Panel. To delete an element from a setting, click on the element in the Select 
Panel Elements list, and drag it to the Garbage Bin on the left of the screen, 
or click on the element and select the Delete Element option.

•  Once a Circuit Panel setting has been edited or created, it can be selected by
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moving the mouse pointer to this setting in the Panel Settings list, and then 
clicking on it and choosing the Select option from the menu on the right of 
the screen.

•  To delete an existing setting, follow the in ructions for selecting a setting 
but select the Delete option from the menu on the right of the screen.

To exit from the Edit Circuit Panel screen click on the OK" button and to cancel the 
operation at any point, click on the Cancel button.

4.5 Show / Hide Grid

4.5.1

The Show /  Hide Grid q)tion is iised to show or hide the Circuit Region Grid.

4.5.2 How To Use It

Select the Show / Hide Grid option from the View menu by clicking on it, or type 
< A L T >  - G, or select the grid button from the Control Panel /  Toolbar.

4.5.3 Remarks 

None.

4.6 Rotate Element

4.6.1 Fuiiction

The Rotate Element function is used to rotate a Simple RLC branch or a 1 ibuted RLC 
branch 90 degrees. This allows for the drawing of these elements vertically as well as 
horizontally. This function does not operate on other elements since it is not necessary for 
other elements.

i l l

4.6.2 How To Use It

Once an element has been dropped in the circuit, it can be rotated immediately by selecting 
the Rotate Element option from the View menu or by clicking on the Rotate option in the

ATPWIN
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Toolbar (see Message Bar wlien traversing over toolbar options).

4.^.3 Remarks

None
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5_____________________________ RUN

5.1 Introduction

The Run menu option puils down the commands related to the running of the simulation 
through the pre-processor;

® Commands to view any elements from the Element Libraries o f ATP for 
Windows and commands to select any general element from these libraries.

•  Commands to set up and run the simulation.
•  Commands to read the results graphically (not available yet).

The Run sub-menu can be seen in figure 5.1.

5.2 How To Use It

To bring dowi! the Run menu options, select Run from the main menu with the mouse, or 
type < A L T > -R .

k

5.3 Remarks

Due to the numerous possibilities available in a siii.uiation in ATP, tlie setup simulanon 
function raust be coiapleicd before a simulation can be performed. Many of the entries in 
the setup simulation screen however will have default settings if they are not numerical 
entries,

5.4 Select Element 

I 5.4.1 Function
]

4̂  The Select Element option can be used to view or select any element available in ATP for
WindoMfS, ai?d to place this element in the Circuit Region. This function is an alternative to 
using the Circuit Element Panel since it's functionality is the same.

Revision Number; 2.0
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Figure ?.>.! - The Rua Siib-aimu

5.4.2 How To Use rt

Select the Select Element option from the Run menu by clickmg on it with the left mouse 
button or using the arrows, or by typing <  ALT>-E. 'J’his will produce the Element 
LJbrary List Screen (sec figure 5.2).
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Fiflfore S.2 - The Select Element Screen

To select a  particular library, click on library in the Element Libraries list, and select the 

OK button on the right hand side of the screen. Note: Although the transformer, switch, 

TAGS elements, TAGS sources and transmission lines have libraries, these are only for 

viewing purposes, and the particular type of element in these particular libraries can only 

be selected ia the Element Details screen of this element.

5.4.2.1 The Simple Sources and Functions Library

Selecting th'j Simple Sources and Functions Library will produce the Simple Sources and 

Functions Library Screen (see figure 5.3).
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Figure 5.3 - The Hiiaple Sources & Ftmctions Library Lis-

To :^lect an element click on the required element, and then click on the CREATE button 
on the right hand side the screen. This will exit from this screen, and produce an icon 
representing the required element. Move this icon using the mouse to the required position 
in the Circuit Region. To obtain on-line Help at any time select the HELP button.

S.4.2.2 The Impedance Elements & Surge Arresters Library

Selecting the Impedance Elements and Surge Arrestors Library will produce the Impedance 
Elenents and Surge Arresters Library Screen (see figure 5.4).
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Figure B.4 - Tbe iis^edance Eles&euts & Surge Arrestors 
Library

To select an element click on the radio button corresponding to the required element, and 
then click on the CREATE button on the right hand side of the screen. This will exit from 
this screen, and produce an icon representing the required element. Move this icon using 
the mouse to the required position in the Circuit Region. To obtain on-line Help at any time 
select the HELP button.

S.4.2.3 The Switches and Diodes & SCRs Library

Selecting the Switches and Diodes & .SCRs Library will produce the Switches and Diodes 
& SCRs Library Screen (see figure 5.5).
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Figure 5.5 - Tha Switclxea and Diodes & SCRs Library

To select an element click on the required element, and then click on the CREATE button 
on the right ha d  side of the screen. T1 will exit from this screen, and produce an icon 
representing the required element. Move this icon using the mouse to the required position 
in the Circuit Region. Note that selecting a switch requJref the selection of the general 
Switch Element option, and the particular type of switch will be chosen in the Element 
Details screen corresponding to this element. To obtain on-line Help at any time select the 
HELP button.
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S.4.2.4 I lje  Transform er l ib ra ry

Selecting the Transformer Library will produce the TransfornT?r Libraiy Screen (see figure 
5.6).

Figure 5.6 - The Traxisformer Library Screen

To select an element click on the required element, and then click on the CREATE button 
on the right hand side of the screen. This will exit from this screen, and produce an icon 
representing the required element. Note that selecting a transformer requires the selection 
o f the general Transformer Element option, and the particular type of transformer will be 
chosen in the Element Details screen corresponding to this element. Move this icon using 
the mouse to the required position in the Circuit Region. To obtain on-line Help at any time 
select the HELP button.

S.4.2.5 The TACS Element Library

Selecting the TACS Element Library will produce the TACS Element Library Screen (see 
figure 5.7).
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Figure 5.7 - Tlie TAGS Element Library Screen

To select an element click on the required element, and then click on the CREATE button 
on the right hand side of the screen. This will exit from this screen, and produce an icon 
repr€ ;iiting the required element. Note that selecting a TACS Element required the 
selection of the general TACS Element option, and the particular type of TACS Element 
will be chosen in the Element Detaib  screen corresponding to this element. Move this icon 
using the mouse to the required position in the Circuit Region. To obtain on-line Hel;; at 
any time select the iELP button.

5.4,2.6 The TACS Source L ibraiy

Selecting the TACS Source Library will produce the TACS Source Library Screen (see 
figure 5,8).
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Figua« 5.8 - Tbe TAGS Sources liibrary Screen
To select an element click on the required element, and then click on the CREATE button 
on the right hand side of the screen. This will exit from this screen, and produce an icon 
representing the required element. Note that selecting a TAGS Source requires the 
selection of the general TACS Source qption, and the particular type of TAG’S Source will 
be chosen in the Element Details screen corresponding to this element. Move this icon 
using the mouse to the required position in the Circuit Region. To obtain on-line Help at 
any titne select the HELP button.

S.4.2.7 The Transmission Line Library

Selecting the Transmission Line Library will produce the Transmission lin e  Library Screen 
(see figure 5.9).
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Flgixre 5.9 - The Transmission X.ine Library Scx&tm

To select an element click on the required element^ nd then click on the CREATE button 
on the right haM side of tlie screen. This will exit fram this screen, and produce an icot? 
representing the required element. Note that selecting a transmission line requires the 
selection of die general Transmission Line option, and the particular type of transmission 
line wili be chosen in the Element Details screen corresponding to this element. Move this 
icon using the mouse to the required position in the Circuit Region. To obtain on-line Help 
at any time select the HELP button.

5.5 Setup Simulation

5.5.1 Function

The Setup Simulation option is used to enter the general information required for every 
simulation performed on ATP such as frequency of simulation and time steps required. The 
entries required correspond to the entries of the cards in ATP which are not specifically 
associated with a branch card, switch card, source card etc. The information which is 
usually placed in the Variable Output - "st card is entered here for example. Before the 
Run Simulation function can be used, the Setup Simulation option ha'̂  to be completed.
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5.5.2 How To Use It

Select the Setup Simulation option from the Run sub-menu. Once this has been selected, tl’ie 
SetUj, Simulation screen will appear (see figure 5.10).

letiif) Sifiiiilation
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______________ ___
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Figure 5.10 - The Setup Simulation Screen
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This screen allows the user to enter or modify the following fields:

•  Simulation time step ~ This is the time step required between each 
simulation of the circuit/network.

•  Duration of Simulation - This is the total duration required for the 
simulation.

•  lOUT - This defines the frequency of output, relative to the simulation time 
step (a 3 in this field will request that the values for every third simulation 
time step be printed). A 0 will be treated as a 1.

•  IPLOT - This defines the frequency of saving simulation values for later 
plotting (a 3 will in this field will request that the value of every third 
simulation time step be saved). Again, a 0 is treated as a 1.

•  NENEI - Leave blank unless required by element (see section 7,3.13.5)
•  Frequency of Simulation - This defines the frequency of the simulation.
•  Inductance Input (D/mH) radio button- This is a flag to Indicate whether 

the inductance in linear branches is to be specified in mH or in Q. If the 
inductance is to be specified in Q, the user will be asked to enter the 
frequency of the simulation.

•  Capacitance input (D//*F) radio button - This is a flag to indicate whether 
the capacitance in linear branches is to be specified in }iF or in /itQhos 
(capacitive susceptance). If the capacitance is to be specified in juOhos, the 
user will be asked to enter the frequency of the simulation.

•  Network Connectivity(Y/N) radio button - This is a flag for controlling 
the output of a table showing netw'ork connectivity. The options available in 
this field are to suppress the output or to produce the output.

•  Steady State Solution Type radio button - This is a flag for controlling the 
printout of the steady state phasor solution. There are three basic ty. cs of 
outputs: blanch flows, switch flows, and nodal injections. Theses can be 
controlled by the choice of this field. The default choice is no steady state 
solution.

•  Printout Extrem a (Y/N)? radio button - This is a flag for controlling the 
printout of extrema in •he simulation. The delault state is to suppress this 
output.

•  M anipulate printout freq? radio button - If the printout frequency is non- 
standard (ie. the time increment is not constant), selcct yes in this option. 
This will open a dialogue box which requires the entry of each time step at 
which a printout is required. NOT AVAILABLE YET.

•  Output voltage of all nodes radio button - This is used to specify tliat the 
voltage output required includes every node in the circuit/network.

•  Output Voltage of Specified Nodes - This input is used to specify which of 
the nod' ' voltages are required. Selecting this option will open the

Revision Number: 2.0
ATPWIN Revision Date; 16 June 1995 page 5-12



V '

Available Nodes, and the Selected Nodes lists. The available nodes will list 
all of the nodes presently being used in the circuit. To move an available 
node to the Selected Nodes list, drag the node from the Available Nodes list, 
and drop it into the Selected Nodes list.

During running of the simulation, move the mouse over specific entries in this screen for 
more information about the entries. To modify any of these settings/values, select the 
setting/value you wish to modify, and then modify it using the keyboard. To select an 
existing setup, select the Open button on the right of ihe screen. This will produce a screen 
similar to the Open option in the File sub-menu. To save a setup, select the Save button. 
This will produce a Save screen similar to the Save screen in the File sub-menu. TTie Setup 
simulation setting files have the extension ssf (setup simulation files). To obtain on-line 
Help, select the HELP button at any time.

T. ORBACg______________________ BMa_.______________________hSSSlSl

5.5.3 Remarks

It is important to note that the Run Simulation option will remain grayed out (unusable) 
until the Setup Simulation option has been completed.

5.6 Run Simulation

5.6.1 Function

The Run Simulation function is used to call up ATP from within Windows, and run the 
sinmlation presently in the Circuit Region.

5.6.2 How To Use It

Select the Run Simulation option from the Run sub-menu. This will begin the simulation 
process. Before the simulation is run, a screen similar to the Save As screen will appear 
asking the user to select a file name for the data file which ATP for Windows will create. 
Once the simulation is complete, clicking on the Read Ouiput option will run PCPLOT, 
which allows the user to read the output. ATP for Windows will have its own output reader 
from version 1.5. A recommended Windows output reader until then is Electrotek’s TOP 
(available free to universities through EPRI and the EMTP Users Group).
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5.6.3 E rrors
!l

If the fields in the Simulation Setup option have not been completed, the Run Simulation 
option will not be available to the user. If there is not enough virtual memory to run the 
simulation, exit ATP for windows, and run ATP using the data file created by ATP for 
Windows. Once this haii been done. Errors that occur after running ATP are most likely to 
be ATP enors, and consulting the EMTP Users Group should clear up the problem.

5.7 Read Output

5.7.1 Function

The Read OuQJut function is used to portray the results of the simulation either numerically 
or graphically. This function is not available yet.

5.7.2 How To Use It

Once a simulation has been performed, select the Read Output option fi'om the Run sub­
menu. This will automatically call the Read Output screen (see figure 5.3). To view the 
voltages or currenti of a simulation select the variables from the Select Variables list and 
then select to view these results either graphically or numerically. Once the type of viewing 
has been selected, select the OK option. You will then be asked to name the gr Aph/li:t 
before viewing it. This grgph-list will automatically be saved for later printing use. To 
print a graph, select the pn option and select the relevant graph/list from the list of files 
given. To compare to varitjiles, select each variable, and then select the Compare Graphs 
option. This will plot each variable vs time on the same screen.

T . ORBAOg ___ :___________________ R u n _______________________ ATgQ03.
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Figure 5.3 - m  

5.7.3 SLemarks

'r/4put Screen

ITie Read Output option will c  br 
currently in the CircuH Region prem i ss rj

lie user if the circuit/network which is 
; simulated using ATP for Windows.
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6 HELP

6.1 Introduction

The Help menu option pulls down the commands related to the on-line help available to the 
user ot ATP for Windows:

•  Commands to set up die Help Index and Name Search functions.
» Commands to setup the on-line Tutorial.

The Help sub-menu can be seen in figure 6.1.

3L._QBMC1__________________________ H elp___________________ _______ &3CEM1

6.2 How To Use It

To bring down the Help menu options, select Help from the main menu with the mouse, or 
type < A L T > -H .

6.3 Remarks

Those functions that are not as yet in the on-line Help should be available in this User 
Reference Manual.

6.4 Help Contents

6.4.1 Function

The Help Contents is a list of all the functions available in ATP for Windows. It allows 
the user to move through the list and select an entry for which the user needs help.

6.4.2 How To Use It

Select the Help Contents from the Help sub-menu. Ones this has been selected, a list of all 
the functions available in ATP for Windows will appear (see figure 6.2). To move through 
the list, use the vertical scroll bar on the right hand side of the screen or use the arrows on 
the keyboard. To select an entry, click on that entry with the mouse, or press <  ENTER > 
when the cursor is on that entry, and then select the GOTO button. To move to a previous 
screen select the PREVIOUS button.
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Figxure 6.1 ~ The Help Stub-menu
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Figure 6.2 - The Help Conteats Screen

6.5 Name Search

6.5.1 Function

Name Search h used to obtain help on a function or topic by naming this topic.

i i

6.5.2 How To Use It

Select the Name Search function from the Help sub-menu. In the Name Search screen, type 
in the name of the function/topic you would like to get help on. Once the first letters of any 
function or topic available are typed, that topic will appear in the function list (see Figure

ATPWIN
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7.3 below). As soon as the topic or function which you would like help on appears in the 
list, click on the GOTO button.

Tjffie a word, oi select one fcom Ihe fixt. 
Th«n choose Show Toihcs.

Coffinands

General
KEYS
muftitaskbg

Select a  iopic, then choose Go To.

Figure 6.3 - The Name Search Screen,

6.5.3 Bemarks

If the topic you are looking for does not appear once, you have typed out the full name of 
the topic/function, it is either not yet available or available under a different name.

6.6 Tutorial

6.6.1 Function

The Tutorial is available to help the user get well acquainted with ATP for Windows. It is 
a step by step instruction manual involving problem definition as well as complete 
simulation of a number of problems.
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6.6.2 How To Use It

Select the Tutorial option from the Help sub-menu. Once this has been selected, select 
either the tutorial help option, or the required tutorial question from the Tutorial list. The 
help option will explain the function o f the on-line Tutorial, while selecting a tutorial 
question will provide a step by step tutorial through the selected problem. Note; this 
function is not available yet.

6.6.3  Renuu-ks

Once all the prd>iert5 in tlie tutorial have been completed, the user should be fairly 
proficient in ATP for Windows.
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7 ELEMENT DETAILS

^rhe E!em&.3t Details q)tion pulls down the commands related to the circuit element 
description:

•  Commands to enter the numerical details of the circuit element as well as the 
names of the nodes touching the element.

The Element Details function is used to enter the numerical details of the relevant circuit 
element. For this reason, the content of the Element Details screen differs for each and 
every type o f element. The structure of the screen however is similar in most cases. If the 
relevant circuit element is a resif tor, the resistance of the resistor as well as the names of 
the two iK)des touching this resistor will be entered in this screen. If the relevant element is 
a voltage or current source, the type of source, as well as the equation governing this 
source must be entered in the Element Details screen. Every screen has standard user- 
defined entriijs as well as default value entries. Default value entries are entries for which 
ATP for Windows has allocated an automatic default choice. These entries are generally 
combo box entries.

7.1 How To Use It

To get to the Element Details screen o f an element, click on that element with the right 
mouse button.

7.2 Sources

7.2.1 The Step Function

The step function starts at zero and reaches its final amplitude in one simulation time step, 
and maintains this value. To select the step function, follow the instructions given in 7. i . 
Once the Element Details menu has been selected for this type of source, the Step 
Function Details Screen will appear (see figure 7.1).
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Figure 7.1 - The Step Fuziction lleraent Details Screen

The user is required to complete every entry in the screen. These entries are tlie following:

Node Name - The name of the node to wiiich the source is attached (the 
source is placed between this node and the local ground).
Start Time - The delay before the source is activated in seconds.

Stop Time - The time at which the sourci; is terminated - source value is 
returned to zero, in seconds. If left blank the source will continue 
indefinitely.
Amplitudle - The final amplitude in volts or amps.
Step Function Type Combo Box - Select one of these entries to choose 
between a voltage or current source.

Once all the entries in this screen have been completed, select the OK button to exit the 
screen. To cancel the description of the element, select the CANCEL button at any time. To 
obtain on-line Help, select the HELP button at any time.
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7.2.2 The Ramp Function

The ramp function starts at zero and reaches its f ’al amplitude in t seconds (specified by 
the user), and then maintains this value. To select the ramp function, follow the 
instructions given in 7.1. Once the Element Details menu has been selected for this type of 
source, the Ramp Function Details Screen will appear (set figure 7.2).

Figure 7.2 - Irne Raa^ Function Element Details Screen

The user is required to complete every entry in the screen. These entries are the following:

•  Node Name - The name of the ncde to which the source is attached (the 
source is placed between this nodv and the local ground).

•  Start Time - The delay before the sou'’ce is activated in seconds.
•  Stop Time - The time at which the s^ource is terminated - source value is 

returned to zero, in seconds. If left blank the source will continue 
indefinitely.

»  Amplitude - The final amplitude in volts or amps.
•  Final Value Time - The time at which the ramp reaches it's final value.
•  Ramp Function Type Combo Box - Select one of these entries to choose 

between a voltage or current source.
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Once all the entries in this screen have been completed, select the OK button to exit the 
screen. To cancel the description of the element, select the CANCEL button at any time. To 
obtain on-line Help, select the HELP button at a time.

7.2.3 The Dual-slope Ramp Function

I'he dual-slope ramp function starts at zero and reaches it's peak amplitude in to seconds 
(specified by the user), and then rarnps down past some value (tail-value - again specified 
by the user) at instant to. To select the dual-slope ramp function, follow the instructions 
gr n in 7,1. Once the Element Details menu has been selected for this type of source, the 
Dual-slope Ramp Function Details Screen will appear figure 7.3).

Figure 7.3 - The Dual Slope Function Element Details
Screen
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The user is required to complete every entry in the s /een. These entries are the following:

•  Node Name - The name of the node to which the source is attached (the 
source is placed between this node and the local ground).

•  S tart Time - The delay before the source is activated in seconds.
® Stop Time - The time at which the source is terminated - source value is 

returned lo zero, in seconds, if left blank the source will continue 
indefinitely.

•  Amplitude - The peak amplitude in volts or amps.
•  Peak Value Time - Time at which the ramp reaches it's peak value.
•  TaU Value - Tlie particulai value on function tail in volts or amps.
•  Tail Value Time - The time at which the ramp reaches it's final value.
•  DHal-sIope Ram p Function Type Combo Box - Select one of these entries 

to choose between a voltage or current source.

Once all the entries in this screen have been completed, select the OK button to exit the 
screen. To cancel the description o f the eleme select the CANCEL button at any time. To 
obtain on-line Help, select the HELP button at any time.

7.2.4 The Double Exponential Function

This func, n is described by the equation:

f(t) =  Afe»' - e«] (7.1)

To select the double exponential function, follow the insiructions given in 7.1. Once the 
Element Details menu has been selected for this type of source, the Double Exponential 
Function Details Screen will appear (see figure 7.4).
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Figure 7.4 - T3ie Dotible Exponential Function Element Details 
Screen

The user is required to complete every entry in the screen. These entries arc the following:

Node Name - The name of the node to v/hich the source is attached (the 
source is placed between this node and the local ground).
S tart Time - The delay before the source is activated in seconds.
Stop Time - The time at which the source is terminated - source value is 
returned to zero, in seconds. If left blank the source will continue 
indefinitely.
A " See equation 7, i above.
B - See equation 7.1 above.
C - See equation 7.1 above.
Step Function Type Combo Box - Select Oiie of these entries to choose 
between a voltage or current source.
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Oacc all the entries in this screen have been completed, select, the OK button to exit the 
screen. To cancel the description of the element, select the CANCEL button at any time. To 
obtain on-line Help, select the HELP button at any time.

7.2.5 The Sinusoidal Source

The sinusoidal source is a standard sinusoidal current or voltage source. To select the 
sinusoidal function, fellow the instructions given in 7.1. Once the Element Details menu 
has been selected for this tjjpe of source, the Sinusoidal Function Details Screen will appear 
(see figure 7.5).

Figure V.5 - The Sinusoidal Function Element Details Screen
I he user is required to complete every entry in the screen. These entries are the following:

« Node Name - The name of the node to v'hich the source is attached (the 
source is placed between this node and the local ground).

•  S tart Time - The delay before the source is activated in seconds.

ATPWIN
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•  Stop Time - The time at which the source is terminated - source value is 
returned to zero, in seconds. If left blank the source will continue 
indefinitely.

•  Amplitude - This is the peak value of the sinusoid in volts or amps.
® Frequency - This is the frequency of the sinusoid in Hz.
•  Initial Pbiase Angle and Time Shift combo box - One of these two buttons 

must be selected. The selection will determine whether the initial condition 
of the sinusoid is given in phase angle, or time shift.

•  Initial Phaise Angle/Time Shift - The initial position of the sinusoid in 
degrees or seconds depending on which radio button was selected (see 
previous entry).

•  Double Exponential Function Type Combo Box - Select one of these 
entries to choose between a voltage or current source.

Once all the entries in this screen have been completed, select the OK button to exit the 
screen. To cancel the description of the element, select the CANCEL button at any time. To 
obtain on-line Help, select the HELP button at any time.

T . )KBACH_______________ Ci r c u i t  E lfiaaagat -lfegui_______________________ M2LQDL1

7,2.6 The User Defined Voltage or Current Source

The User-defined source is defined point by point with a value for each simulation time 
step. To select the user-defined source, follow the instructions given in 7.1. Once the 
Element Details menu has been selected for this type of source, the User-defined 
Voltage/Current Source Details Screen will appear (see figure 7.6).
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Figure 7.6 - The User Defined Source Element Details 
Screen

The user is required to complete every entry in the screen. These entries are the following:

•  Node Name - The name of the node to which the source is attached (the 
source is placed between this node and the ktcal grounds

•  S tart Time - The delay before the source is activated in seconds.
•  Step Time - The time at which the source is terminated - source value is 

returned to zero, in seconds. If left blank thes source will continue 
indefinitely.

•  Number of Time Steps - The number of time steps for which the source 
will be defined.

•  Time Step Values - This button will produce the screen whit y allow the 
user to enter the time step values of the user-defined source (sto figure 7.3).

•  Source Type combo box - Select whether the source is a voltage or current 
source.

To enter the time step values, for each time step, enter the time in seconds, followed by a 
comma, and then the voltage / current in Volts or Amps. To enter the next time step, press 
enter, and type in the next step.

Once all the entries in both of these screens have been completed, select the OK button to 
exit each screen. To cancel the description of the element, select the CANCEL button at any
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time. To obtain on-iine Help, select the HELP button at any time. For information on the 
TACS source, see chapter 9.

7,3 Branch Card Type Elements

7.3.1 The Simple RLC Branch

Tiiis type of branch allows the modelling of a series connection of resistance, inductance 
and capacitance (not all the elements need be present). To select the simple RLC branch, 
follow the instructions given in 7.1. Once the Elment Details manu has been selected for 
this type of element, the Simple RLC Branch Details Screen will appear (see figure 7.7).

Figure 7.6 - The Single RLC Branch Element Details Screen
The user is required to complete every entry in the screen. These entries are the following:

•  Left Node N am e» The name of the node to the left of the RLC branch (If 
this node is earth, leave the name blank).
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Right Node Name - The name of the node to the right of the RLC branch (if 
this node is earth, leave the name blank).
Node3 Name - The name of the left node of an Identical RLC branch (if one 
exists, entering the node names allows the user to ignore the rest of the 
entries for this branch since they are the same as the oUier branch described) 
Node4 Name - The name of the right node of an identical RLC branch (if 
one exists, entering the node names allows the user to ignore the rest of the 
entries for this branch since they are the same as the other branch described) 
R  - The resistance (if any) specified in Q,
L - The inductance (if any) specified in either mH or Q, depending on which 
radio button is selected (see L and C radio buttons below),
C - The capacitance (if any) specified in either ixF or jumhos depending on 
which radio button is selected (see L and C radio buttons below).
L and C (mh or Q, and ixF or ^Q) combo boxes - One of the two units must 
be selected for each of the Capacitance and Inductance.
O utput Type Combo Box - Flag for specifying which type of ou^ut if any 
is required from die following: None, branch current, branch voltage 
(between terminal nodes), branch current and branch voltage, and 
instantaneous power into branch and net energy flow into branch.

Once all the enti-ies in this screen have been comp><*ted, select the OK button to exit the 
screen. To cancel tlie description of the element, select the CANCEL button at any time. To 
obtain on-line Help, select the HELP button at any time.

7.3,2 Distributed Param eter RLC Braacli / Single Transmission Line Conductor

This type of brancu allows the modelling of a distributed line in terms of it's modal 
distributed parameters. To select the distributed parameter RLC branch, follow the 
instructions given in 7.1. Once the Element Details menu has been selected for this type of 
element, the Distributed Parameter RLC Branch Details Screen will appear (see figure 7.8).

.  »■ 
" it '
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Figure 7.8 - The Single Transmission Line Conductor 
Element Details Screen

The user is required to complete every entry in the screen. These entries are the following;

Left Node Name - The name of the node to the left of the RLC branch (If 
this node is earth, leave the name blank).
Right Node Name- The name of the node to the i ight of the RLC branch (if 
this node is earth, lea^'c the name blank).
Node3 Name - The name of the left node of an identical RLC branch (if one 
exists, entering the node names allows the user to ignore the rest of the 
entries for th»s branch since they are the same as the other branch described) 
Node4 Name - The name of the right node of an identical RLC branch (if 
one exists, entering the node names allows the user to ignore the rest of the 
entries for this branch since they are the same as the other branch described)
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•  R - R is the m t al distributed resistance (if any) specified in Q/km.

•  L - This entry has one of a number of possibilities depending on which radio 
button was selected for the type of modal parameters specified. If type 1 is 
selected:

•  L iG. the modal distributed inductance (if any) specified in either 
mH/km or Q/km, depending on which radio button is selected (see L 
and C radio buttons below).

If type 2 is selected:
•  L is the modal surge impedance of the line in Q.

If type 3 is selected: «
« L is the modal surge impedance of the line in Q.

•  C - This entry has one of a number of possibilities depending on which radio 
button was selected for the type of modal parameters specified. If type 1 is 
selected:

•  C is the modal distributed capacitance (if any) specified in either 
jLtF/km or jwmhos/km (f ..pending on which choice is selected (see L 
and C combo boxes below).

If type 2 is selected:
•  C is the modal propagation velocity in km/sec.

If type 3 is selected:
•  C is the modal travel time in sec (must exceed the simulation time 
step (see Setup Simulation).

•  Line Distifiice - The length of tlie line in km. Must be entered as a negati’̂ e 
number to signal an untraasposed line.

•  Type of Modal Param eters combo box - Flag for specifying which type of 
modal parameters is required from type 1, 2, or 3.

Once all the entries in this screen have been completed, select the OK button to exit the 
screen. To cancel the description of the element, select thu CANCEL button at any time. To 
obtain on-line Help, select the HELP button at any time.

T. O R B A C H __________ ClrgMit.KlgBant Meaa______________ — ATE.Oijl

7.3.3 The Piecewise-Iinear model Surge Arrester

The method used by ATP for the solution of circuits containing piecewise-linear models 
precludes it's use where the waveform is not well behaved (eg. where a non-linear resistor 
is connected in parallel with a linear inductor - the voltage across the linear inductor is 
proportional to the rate of change of the inductor current which can be discontinuous).

V.
Revision Nuinber; 2.0

ATPWIN Revisiou Date; 16 June 1995 page 7-13



If we consider a non-linear resistive element with a series spark gap

T. ORBACH_____________Circuit Element Mgnu________________ AIEfifii

The parameters of this branch include:

•  The branch voltage at which breakdown of the spai’c gap occurs (zero if no 
spark gap actually present)

•  the v-i characteristic of the non-linear resistive element
•  the arc extinguishing behaviour of the spark gap (extinguishing at a current 

zero, or (optionally) if the branch voltage (voltage across both the arc and 
the resistive element) drops below some specified value)

To select the Piecewise-linear model surge arrester, follow the instructions given in 7.1. 
Once the Element Details menu has been selected for this type of element, the Piecewise- 
linear Spark Gap Details Screen will appear (see figure 7.9).

m
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Figure 7.3 - The Piecewise-linear Surge Arrester Element 
Details Screen

The user is required to complete every entry in the screen. These entries are the following:

•  Left Nodf, Name - The name of the node to the left of the Surge Arrestor (If 
this node is earth, leave the name blank).

•  Right Node Name- The name of the node to the right of Surge Arrestor (if 
this node is earth, leave the name blank).

•  Nodes Name ~ The name of the left node of an identical surge arrestor (if 
one exists, entering the node names allows the user to ignore the rest o f the 
entries for this branch since they are the same as the other branch described)
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Node4 Name - The name of the right node of an identical surge arrestor (if 
one exists, entering the node names allows the user to ignr- me rest of the 
entries for this branch since they are the same as the other branch described) 
Flashover Voltage - Voltage at which breakdown of the spark gap occurs in 
volts.
Extinguishing Time - The easiest time after flashover that the arc can 
extinguish at a current zero in seconds.
Conduction Segment - Segment of the piecewise-linear v-i characteristic at 
which conduction begins afitei flashover.
Threshold Voltage - The threshold value of branch voltage for arc 
extinction, in volts. If no threshold value exists, then leave blank.
Output Type combo box - Flag for specifying which type of output if any is 
required from the following: None, branch current, branch voltage (between 
terminal nodes), branch current and branch voltage, and instantaneous powF- 
intc branch and net energy flow into branch.
C urrent Voitage Characteristics - This command button opens a screen 
which allows for the input o f l(k) and v(k) (see figure 7.10) - the k ’th point 
on the v-i characteristic in amps and volts of the ZnO arrestor.

Once all the entries in this screen as well as in the Current Voltage Characteristics screen, 
have been completed, select the OK b*r,ton to exit the screen. To cancel the description of 
the element, select the CANCEL buf .a n  any time. To obtain on-line Help, select the 
HELP button at any time.
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Fispce 7.10 - The Current Voltage Characteristics Screen
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7.3.4 The Expeiiential Model Surge Arrestor

The exponentially modelled v-i characteristic is as follows:

with defining function

i =  MULT [(V)/(VREF)TRXPON (7.2)

A Zinc-Oxide (ZnO) surge arrestor can be modelled using contiguous exponential v-i 
characteristic segments. To select the exponentially modelled surge arrestor, follow the 
instructions given in 7. L Once the Element Details menu has been selected for this type of 
element, the exponentially modelled Spark Gap Details Screen will appear (see figure
7.11).
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Figure 7.11 - The Exponentially Modelled Surge Arrestor
The user is required to complete every entry in the screen. These entries are the following:

•  Left Node Name - The name of the node to the left of the Surge Arrestor (If 
this node is earth, leave the name blank).

•  Right Node Name- The name of the nods to the right of Surge Arrestor (if 
this node is earth, leave the name blank).

•  Node3 Name - The name of the left node of an identical surge arrestor (if 
one exists, entering the node names allows the user to ignore the rest of the 
entries for this branch since they are the '.ame as the other branch described)

•  Node4 Name - The name of the right node of an identical surge arrestor (if 
one exists, entering the node names allowr, the user to ignore the rest of the 
entries for this branch since they are the same as the other branch described)
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•  Flashover V o lt^e  - Normalised voltage at which breakdown of the spark 
gap'occurs in volts. For a gapless arrestor, enter any negative number such 
as -1.0.

•  VREF - The value of VREF in the defining function see equation 7.2 above.
•  Number of Segments - The number of segments of the piecewise-1 inear 

spark gap.
•  Output Type combo box - Flag for specifying which type of output if any 

is required from the following: None, branch current, branch voltage 
(between terminal nodes), branch current and branch voltage, and 
instentaneous power into branch and net energy flow into branch.

•  More button - Selecting this button calls the ARRDAT form. This function 
calculates the MULT-EXPON values of ZnO surge arrestors (see figure
7.12). This is the only option offered in ATP for Windows (ie. you must use 
ARRDAT for the exponentially modelled surge arrestor.

Once all the entries in this screen as well as in the More screen, have been completed, 
select the OK button to exit the screen. I ’o cancel the description of the element, select the 
CANCEI. button at any time. To obtain on-line Help, select the HELP button at any time.
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Figure 7.12 - The ARRDAT Element Details Screen

\

ARRDAT is an ATP support program which fits exponential curves to a set of v-i data 
points. The fitting is peribrmed in the log-log plane using a least-squares algorithm. There 
are two options for the number of exponential segments:

•  ARRDAT automatically chooses the number of segments and the boundaries 
of the segments according to a user specifies maximum permissible relative 
error

•  user specifies both the number of segments and the boundaries of the 
segments.

The user is required to complete every entry in the screen. These entries are the following;
•  RMS rating of reference arrestor - This is the RMS voltage rating of the 

desired arrestor.
C urrent Scaling Factor - This is the current scaling factor (if the desired 
arrestor has a different number of columns compared with the reference 
arrestor), in floating point format, in Amps..

•  Voltage Scaling Factor - Any additional voltage scalmg factor, in floating 
point format, in volts (usually enter 1.0).

•  Lowest C urrent - The lowest current associated with the first segment of 
the arrestor characteristic - cannot be zero since the log of 0 is not defined, 
in floating po’r.+ format, in amps. Set to a small value such as 0.001.
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Once al! the entries in this screen have been completed, select the OK button to exit the 
screen. To cancel the description of the element, select the CANCEL button at any time. To 
obtain on-line Help, select the HELP button at any time.

7.3.5 Transform ers

ATP allows the modelling of multi-winding singi phasi‘ transformers which may exhibit 
non-linearity in their flux versus magnetizing current ’'r'’cfer:stics.
The equivalent circuit is

icl

F

The magnetisation branch L„,^, is assumed to be linear during steady state initialisation (t 
<  0) and is specified as a single point on the flux versus magnetisation current 
characteristic. Symmetry is assumed to apply for the first and third quadrants.

The magnetisation branch, L„,g, during the sim.ulation (t >  0) is specified as a piecewise
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linear flux versus magnetisation current characteristic where the characteristic is assumed to 
pass through the origin. Symmetry is assumed to apply for die first and third quadrants.

The first segment of the piecewise linear characteristic (t >  0) must have the same slope as 
that for the linear characteristic used for steady state initialisation (t <  0). The phase 
angles of the source voltages may have to be adjusted to avoid a sudden jump to the second 
segment at t =  0  (all fluxes must have values within the first segment o f the piecewise 
linear characteristic immediately prior to t =  0 ).

If a three phase transformer were constructed from the single phase transformers then the 
previous model would be used. However the more common situation is where the three 
phase transfor mer is consiructed on a single core. While the windings are independent for 
positive and negative sequence mmfs and hence can be analysed as three independent 
singlie*phase transformers; where there is a zero sequence mmf, the associated core 
reluctance is a function of the core type.

To select an ATP transformer, follow the instructions given in 7.1, Once the Element 
Details menu has been selected for this type of element, the Transformer Details Screen 
will appear depending on which element you selected (ie. single phase or three phase - see 
figures 7.13 avd 7.15).
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Figure 7.13 - The Single Phase Tretasfomer Element Details Screen

To create a new single phase transformer, the following steps aie required:
•  Fill in the transformer details of the following:

■ Ref Name - The reference name of an identical transformer (name entered 
in the Transformer Name field of that transformer) whose parameters are to 
be duplicated for this transformer.
■ ISTDY - The current comf? ment of point on linear characteristic of the 
flux versus magnetising current characteristic to be used in the steady state 
initialisation, in amperes.
■ YS'FDY - The flux component of point on linear characteristic of the flux 
versus magnetising current chai.*. .eristic to be used in the steady state 
initialisation, in webers.
■ Transform er Name - The transformer name (mast be unique). This must
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be no more than 6  alpha-numeric characters.
■ Core Loss - The core loss expressed as a linear resistance in parallel with 
the mj^netisation inductance in Q. The default value is «>.

•  Output Type combo boxes - Flag for specifying which type of output if any 
is requffed firom the following; None, branch current, branch voltage 
(between terminal nodes), branch current and branch voltage, and 
instentaneous power into branch and net energy flow into branch

•  Left F̂ ode Name - This is the left node name of the winding on the left hand 
side of the transformer (the right node is earthed).

•  Right Node Name - This is the right node name of the winding on the right 
band side of the transformer (the left node is eardied).

•  Winding Resistance (Left) - this is the resistance of the left hand side 
winding in ohms.

•  Winding Resistance (Fight) - this is the resistance of the right hand side 
winding in ohms.

•  Leaic^e Inductance (Left) - this is the leakage inductance of the left hand 
side winding in mH.

•  Leakage Inductance (Right) - this is the leakage inductance of the right 
hand side winding in mH.

•  Current Flux Characteristics command button - this command button calls 
the current flux characteristics screen, which allows the user to enter the 
current flux characteristic of this transformer point by point (see figure 7.14)

Clicking on the Cancel option at any time, cancels this operation, while clicking on OK 
saves all the changes made to this element, and exits from the Circuit Element Menu. To 
obtain on-line Help, select the Help hulion at any time.

The current flux characteristics screen is as follows;

c 'J
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Figwr« 7.14 - the Current Flux Characteristics Screen

The user is required to enter every current-flux characteristic in the Current Characteristic 
a i^  Flux Characteristic text boxes, and then click on the Next button to move to the next 
entry. When all the entries have been completed, click on OK.

7,3.6 The Three Phase Transformer

For the shell type transformer, the zero sequence mmfs see the same reluctance as the 
positive and negative sequence mmfs. This meaas that it can be modelled as three 
independent single phase transformers (see 7.3.15). The entries for the transformer are 
assumed to be the same for every phase of the transformer. The zero sequence mmfs for a 
Core-type transformer see a much larger reluctance as the zero-sequ?r<ce flux must return 
outside the core. This transformer can therefore be modelled as three single phase 
transformers, but with a different reluctance of the zero-sequence flux path. This means 
that if the core-type transformer is selected, the zero-sequence flux path entry will be 
available whereas with the shell-type, this entry will be greyed out. The screen for the three 
phase transformer is as follows:

m
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Figrure 7.15 - The Haree Phase Transformer Element Details Screen

> 0

The user is required to complete every entry in the screen. These entries are the following:
•  Ref Name - The reference name of an identical transformer (name entered 

in the Transformer Name field of that transformer) whose parameters are to 
be duplicated for this transformer.

•  ISTDY - The current component of point on linear characteristic of the flux 
versus magnetising current characteristic to be used in the steady state 
initialisation, in amperes,

•  TSTDY - The flux component of point on linear characteristic of the fiux 
versus magnetising current characteristic to be used in the steady state 
initialisation, in webers.

•  Traasfonner Name - The transformer name (must be unique). This must be
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no more than 6  alpha-numeric characters.
Core Loss - The core loss expressed as a litiear resistance in parallel with 
the magnetisajon inductance in Q. The default value is «>.
Reluctance of zero-sequence flux path - (only valid for the core type 
transformer) - self explanatory (see explanation of at beginning of three 
phase transformer section,
6 utput Type combo boxes ■ This is a flag to indicate which type of output 
is required from the primary windings. The options are none, and primary 
current.
Left Winding (A - C} command buttons - these command buttons will 
produce the winding details screen for each of these windings figure 
7.16). the left side is generally used as the primary side, however this is not 
essential.
Current-Flux characteristics command button - this command button calls 
the current flux characteristics screen (see figure 7.14)

Once all the entries in this screen have been completed, select the OK button to exit the 
screen. To cancel the description of the element, select the CANCEL button at any time. To 
dstain On-line help, select the HELP button at any time.
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Figure 7.16 - The Win*ing Elem^fc Details Screen

•  Left Node Name - The name of the left node of the relevant winding of the 
transfoimer.

•  Right Node Name - The name of the right node of the relevant winding of 
the transformer

•  Winding Resistance - The Winding resistance of the (n)th winding of the 
transfo'^mer in Q.

•  Leakage Inductance(n) - The winding leakage inductance of winding (n) cf 
the transformer in mH or Q (see Setup Gimulation - Inductance units).

•  Number of tum s(n) - The number ;f turns of winding (n)
•  Output Required - this is used to indicate if any output is required from 

this particular winding.

7.3.7 Bl^^ck Box Element

ATP for Windows allows for the use of a Black Box elenent. This elem .̂ jit places an 
$Include file in the data case, that includes elements which have already been previously 
designed for ATP. To select Black Box element, drag and drop the Black Box element 
from the Circuit Element Panel. Right click on this element, and select the Element Details 
menu option. This will produce the screen as seen m figure 7.17.
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................................ ........ .......:
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Figure 7.17 - The Black Box Element Details Screen
To open an existing A T P  data f ile , seli’XJt the 0/*£iV button. ThivS will produce a standard 
File Open screen, and allow the user to select a text / data file. Once this file h?is been 
selected, click on the OK button to c' ntinue. This will automatically cause the selected 
ATP file to be siKiuded in the simulation. For on-line Help, select the HELP button at any 
time.

7.4 Switch Card Elements

7.4.1 Switches

#

Invariably transient waveforms are influenced by the instant in the cycle at which the 
switch (or switches) operate. To select any switch, select the switch icon from the Circuit 
Element Panel, place it in the Circuit Region, and right click on the element. Selectin'^ the 
Element Detn.ils option »vill prod’v̂ e the Switch Elemeni: Det;iils screen (see figure 7 .1.
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Figure 7.18 - The Switch Element Details Screen

To create a new switch element, the tbllowing steps are required:
•  Now name the nodes to the left and right of the element by clicking on the 

space provided for the names of these nodes, and editing the default names 
automatically assigned by ATP for Windows, or the names previously given 
to these nodes if this editing is necessary. If one or both of these nodes have 
been named in the description of a touching element, there is no need to 
rename them.

•  lect the type of switch required from the Element Type ’*)t by clicking on 
the combo box corresponding to the required type. The types available are:
•  Definite instant - switch opi.;ration (standard switch)
•  Random instant - switch operation ->  closing only
•  idom instant * switch of ..ration ->  opening only

ATPWIN
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•  Slave Closing Switch
•  Slave Opening Switch
•  Systematically increasing instant of operation - >  closing switch
•  Constant Delay Slave Switch

1
k

•  ITiere are a number of flag options which must be selected in this screen 
either before or after creating a switch. All of these are used for specific 
switches, and need not be filled in for every switch. The default values are 
automatically used if none of the combo boxes are selected. These are the 
following (see Type of Element and setup flags box):
•  Listing of Switch Operating Times/No Listing of Switch 

Operating Times - This is a flag for controlling the listing of switch 
operating times. Selecting the Lisiing of Switch Operating Times

' option will list these while selecting the No Listing of Switch
Operating Times (default) will suppress this listing.

« ITEST - This is a tlag for controlling the global offset times for 
random switches. The options are:
■ Include global offset time for all switches (default).
■ No global offset time
■ Include global offset time only for closing switches
■ Include global offset time only for opening switches,

•  Distribution Type - This is a flag for controlling the distribution for 
the random switch operating times. The options are Gaussian 
(default) and uniform,

•  IMAX " This is a flag for controlling the listing of deterministic 
extrf ma for each energisation. The options are no listing (default) 
and listing.

•  KSTOUT - This is a flag for controlling the printout of additioiial 
time step data for each energisation. The options are no additional 
listing (default) or additional listing,

•  ITEST2 - This is a flag for controlling whether systematically 
decreasing switch times T are to be the median or minimum times 
(systematic and const delay slave switches). The options are mean 
(default) or minimum.

•  Now click on the Create button on the right of the screen. This will 
automatically open the Modify/Create Switch screen corresponding to the 
type of switch chosen.

It the element already exists, and you want to change some of the parameters of the 
element, select the Modify option. This will open the Modify/Create Switch screen 
corresponding to the type of switch chosen.
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Clicking t vi, the Canczl option at any time, cancels this operation, while clicking on OK 
saves all the changes made to this element, and exits from the Circuit Element Menu. To 
obtain Ofj-Hne Help, seler* trie Help t)Utton at any time.

The Standard Switch (Definite instant - switch operation)

To select the standard switch, follow the instructions given in 7.4.1 Once the Element 
Details menu has been selected for this type of switch, the Standard Switch Details Screen 
will appear (see figure 7.19)
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Figure 7.19 - The Standard Switch Element Details Screen 
The user is required to complete every entry in the screen. These entries are the following:

•  C-Iose Time - The switch closing time in seconds. Entering -1.0 requests that 
the switch be closed during the initial establishment of steady state 
conditions.

•  Open Time - The start of attempted switch opening in seconds. Entering 0,0 
(or blank) requests the switch to open at the start of the simulation (must 
have been previously closed by setting the Close Time to -1.0).

•  C urrent Threshold - The current threshold corresponding to the switch 
actually opening in amperes.

•  Output Type combo boxes - Flag for specifying which type of output if any 
is required from the following; None, branch current, branch voltage 
(between terminal nodes), branch current and branch voltage, and 
instantaneous power into branch and net energy flow into branch.

1 b  sim uiaic are eTUinction at current zero (or below some threshold value) the switch
actually

•  when the current crosses zero after Open Time
•  when current drops below som e threshold value (specified by the Current 

! hresliold variable i after the Open I ’ime

? sUviousl v t!\c cuvrcoi waveform alter opening tim<- would be determined by the external 
. rmii behav iour
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Once ail the entries in this screen, have beer completed, select the button to exit the 
screen. To cancel the description of the element, select the CANCEL button at any time. Tb 
obtain on-line Help, select the HELP button at any time.

7.4.1.2 Closing Switch (Randiom Instant - switch operation ->  closing only)

A commonly occur ng situation is where a mechanical circuit breaker opens or closes 
without ~^f?arc for the position within the voltage cycle (for Monte Carlo analysis we repeat 
the simC.,lion a large number of times with a spread of switch operating instants to gei a 
representative spread o f switch operating instants to get a representative spread of switching 
surge amplitudes).

First we give particular switch a random jitter abou! its own average closing time and then 
we give all switches a common (global) random offset.

To select the closing sv/iitch, follow the instructions given in 7.3.13. Once the Element 
Details meau has been selected for this type of switch, the Closing Switch Details Screen 
will appear (sec figure 7.20).
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|:V

Figure 7.20 - The Closing Switch Elaaent Details Screen
The user is required to comphite every entry in the screen. These entries are the following:

the switch in seconds.
' the jitter in the switch closing

•  Ave Close Time - The average closinp 
® Jitte r Deviatioia - The standard deviaf

time in seconds.
•  Output Type CDn.^o boxes - Flag for specifying which type of output if any 

is required from the following; None, branch current, branch voltage 
(between terminal nodes), branch current and branch voltage, and 
instantaneous power into branch and net energy flow into branch.

Once all the entries in this screen have been completed, select the OK button to exit the 
screen. To cancel the description of the element, select the CANCEL button at any time. To 
obtain on-line. Help, select the HELP button at any time.

The random jitter about the average closing time can have a Gaussian or uniform 
distribution. The choice of Gaussian or uniform distribution can be made via the variable 
Distribution Type in the main Switch Element Details Screen.

7.4.1.3 Opening Switch (Random instant - switch operation ->  opening only)

ATPWIN
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To select the opening switch, follow the instructions given in 7,3.13. Once the Element

Figure 7.21 - The Opening Switch Element Details Screen
Details menu has been selected for this type of switch, the Opening Switch Details Screen 
will appear (see figure 7,21). The user is required to complete every entry in the screen. 
These entries are the following:

•  Ave Open Time - The average opening time of the switch in seconds.
•  J itte r Deviation - The standard deviation of the jitter in the switch opening 

time in seconds.
•  C urrent Threshold - The current threshold correspondhig to the sv/itch 

actually opening, in seconds,
•  O utput Type combo boxes - Flag for specifying which type of output if any 

is required from the foHowing: None, branch current, branch voltage 
(between terminal nodes), branch current and branch voltage, and 
’nstantaneous power into branch and net energy flow into branch.

Once all the entries in this screen have been completed, select the OK button to exit the 
screen. To cancel the description of the element, select the CANCEL button at any time. To 
obtain on-line Help, select the HELP button at any time.

7.4.1.4 The Slave Closing Switch
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When multiple switches are involved a Gaussian or uniform delay characteristic can be 
modelled between the operating instants of slave switches and the operating instants of 
master switches (can be used for modelling circuit breakers having closing resistors).

The actual closing instant of a slave switch can be delayed with respect to die actual closing 
iastant of a master switch according to the relationship

TCLOSE(«uve) =  TCLOSE(^,^,, +  TDELAY

:vi

The mean and standard deviation of T’DELA’V, and the fact that a switch is a slave of 
another switch (master switch) is indicated by having a separate slave switch for this 
purpose.

To select the slave closmg switch, follow the instructions given in 7.3.13. Once ihe 
Element Details menu has been selected for this type of switch, the Slave Closing Switch 
Details Screen will appear (see figure 7.22).

i * 
i|
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Figure 7.22 - The Slave Closing Switch Elen;eiit Details Screen 
The user is required to complete every entry in the screen. These entries are the following:

•  Ave Delay Time - The average delay in closing of this slave switch with 
respect to the master switch, in seconds. Tlie average time delay can be 
negative, but the resultant actual operating time may never be negative.

•  Standard Deviation of Delay - This is the standard deviation of the delay in 
closing this slave switch with respect to the master switch in floating point 
format, in seconds.

•  M aster Left Node Name - The name of the left node of the master switch.
•  M aster Right Node Name - The name of the right node of the master 

switch.
•  Output Type combo boxes - Flag for specifying which type of output if any 

is required from the following: None, branch current, branch voltage 
(between terminal nodes), branch current and branch voltage, and 
instantaneous power into branch and net energy flow into branch.

Once ail the entries in this screen have been completed, select the OK  button to exit the 
screen. To cancel the description of the element, select the CANCEL button at any time. To 
obti'in on-line Help, select the HELP button at any time.
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7.4.1.5 The Slave Opemng Switch

 ̂ •
I'

This is the same as the slave closing switch, except that it opens instead of closing. The 
element details screen for this element can be seen in figure 23 below.

Elemenf.Detaits' Switch ' ;

Figure 7 .2 3  - The Slave Opening Switch Element Details Screen 
The user is required to complete every entry in the screen. These entries are the following:

•  Ave Delay Time - The average delay in closing of this slave switch with 
respect to the master switch, in seconds. The average time delay can be 
negative, but the resultant actual operating time may nev'jr be negative.

•  Standard Deviation of Delay - This is the standard deviation of the delay in 
closing this slave switch with respect to the master switch in floating point 
format, in seconds.

•  M aster Left Node Name - The name of the left node of the master switch.
•  Master Right Node Name - The name of the right node of the master 

switch.
•  C urrent Threshold - This is the current threshold corresponding to the 

switch actually opening, in floating point format in amperes.
•  Output Type combo boxes - Flag for specifying which type of output if any 

is required from the foliov,ing: None, branch current, branch voltage 
(between terminal nodes), branch current and branch voltage, and

ATPWIN
Revision Number: 2.0

Revision Date: 16 June 1995 page 7-40

25



X, ORS&Ca Circuit Blemeat JfeauL jism U k

instantaneous power into branch and net energy flow into branch.
Once all the entries in this screen have been completed, select the OK button to exit the 
screen. To cancel the description of the element, select the CANCEL button at any time. To 
obtain on-line Help, select lii.e HELP button at any time.

7.4.1.6 Systematically increasing instant of operation ->  closing switch

To investigate the effect of the instant of closure during the cycle, the switch operating time 
can be systematically increased by a constant value over a particular interval. See figure 
7.24 below

0 ‘

II
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Circuit Eleaient Menu

Figure 7.24 - The Systeanatically Closing Switch Element Details 
Screen

The user is required to complete every entry in the screen. These entries are the foilowing:

•  Mean Closing Time - This is the mean closing time (1TEST2 =  mean), or | 
the initial closing time (ITEST2 = minimum), in floating point format, in j 
seconds (ITEST2 is an entry in the general Switch Element screen). |

•  Time Increraent(s) - This is the time increment for the systematic increase 
of closing time in floating point format, in seconds.

•  Nmnfoer O f Incremfcv-ts - the number of increments in floating point 
format. !

•  Output Type combo boxes - Flag for specifying which type of output if any
is required from the following: None, branch current, branch voltage S
(between terminal nodes), branch current and branch voltage, and i
instantaneous power inio branch and net energy flow into branch.

Once all the entries in this screen have been completed, select the OK button to exit the 
screen. To cancel the description of the element, select the CANCEL button at any time. To 
obtain on-line Help, select the HELP button at any time.

•  "T'

ir' ’air'{C r

7.4.1.7 The Constant Delay Slave Switch

I  m
Where multiple switches are involved, a constant delay can be modelled between the 
closing instants of switches and the closing instarits of master switches. This can be used

ATPWIN
Rex’ll s ion Number: 2.0

Revision Date: 16 June 1335 page 7-42



3L.J2BB&$aL X ii B leaent Ifea u .

for model‘ing circuit breakers having closing resistors.

TCLOSE(„,v.) == TCLOSE(^,«er> +  CONST 

The Element Details screen for this elemp'^t is as seen iu ure 7.25 below.
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Figure 7.2S - The Constant Delay Slave Switch. Elemet , Details 
Screen

The user is required to complete every entry in the screen. These entries (ire the following:

•  Constant Delay - This is the constant delay in closing of this switch with 
respect to the master switch in seconds (can be a'jgative).

® M aster Switch Left Node Name - This is the name of the left node of the 
master switch.

•  M'^ster Switch R ight Node Name - This is the name of the right node of 
the master switch.

•  Output Tj'pe combo boxes - Flag for specifying which type of output if any 
is required from the following: None, branch current, branch voltage 
(between terminal nodes), branch current and branch voltage, and 
instantaneous power into branch and net energy flow into branch.

Once all the entries in this scrcen have been completed, select the OK i jn  to exit the 
screen. To cancel the description of the element, select the CANCEL button at any time. To 
obtain on -line Help, sclect the HELP button at any time.

7.4.1.8 The Diode/SCR Element

The ATP diode starts to conduct when the forward voltage exceeds the value VIG (forward 
threshold voltage), and stops conducting when the forward curient drops below the valuij 
IHOLD (holding current). THE ATP SCR (Silicon Controlled Rectifier) starts to condu(;t
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when the forward voltage exceeds the value VIG, and when the TAGS gate signal GRID 
becomes greater than zero (see Chapter 8  - using TAGS elements), and stops conducting 
when the forward current drops below the value IHOLD. If the ATP SGR is forward 
biased again before the expiry of the recovery time (Recovery Time entry), following 
commutation, then it conducts again regardless of the value of the gate signal, GRID.

To select an ATP diode or SCR, follow the instructions given in section 7 .1 . This will 
produce the Element Details screen for this element (see figure 7.26).

T. QRBACH____________ Cirg'aAt KlfmafBnt Menu________________ M M I H
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Figure 7.26 - The Diode / SCR E^jaaent Details Screen
The user is required to complete every entry in the screen. These entries are the following:

•  Left Node Name - The name of the left node of the SCR or diode branch.
•  Node6  Name - The name of the right node of the SCR or diode branch.
•  VIG - The forward threshold voltage specified in volts. The default value is 

0.0.
•  IHOLD - The holding current specified in amperes. Default value is 0.0.
•  Recovery Time - The recovery time specified in seconds. The default value 

is 0 . 0

•  GRID - The TACS name of the gate signal for an SCR (see Chapter 7 Using 
TACS Elements). Leave blank for diode.

•  Output Type combo boxes - Flag for specifying which type of output if any 
is required from the following: None, branch current, branch voltage 
(between terminal nodes), branch current and branch voltage, and 
instantaneous power into branch and net energy flow into branch.

Once all the entries in this screen have been completed, select the OK button to exit the
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screen. To cancel the description of the element, select the CANCEL button at any time. To 
obtain on-line Help, select the HELP button at any time.
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8 USING TACS (TRANSIENT ANALYSIS OF CONTROL 
SYSTEMS) ELEMENTS

One of the functions offered by A’i’P, is the use of Control System parameters in High 
Voltage transient simulations. The TACS module attached to ATP allows the user to;

•  express parameter relationships using FORTRAN statements
•  express parameter relationships using controller blocks
•  express parameter relativtnships using miscellaneous special devices, and
•  create TACS controlled components such as resistors and inductors

FORTRAN statements, controller blocks and special devices can be readily interconnected. 

All TACS controlled elements can be selected from the Circuit Element Panel.

T. ORBACH_________ TJsinxy TAGS Blements________ ________ M1EIU21

8.1 How To Use It

Select the icon marked TACS with a resistor underneath the TACS writing, from the 
Circuit Element Menu, and place the element anywhere in the circuit presently in the 
Circuit Region, or select the Select Element option from the Run sub-menu, select the TACS 
Element Library, and then select TACS Element and move it to the required spot in the 
Circuit Region (see section 5.4 - Select jEIement), Once this has been done, right clicking 
on the TACS element, will produce the normal Circuit Element Menu associated with any 
circuit element in ATP for Windows. The Element Details option of a TACS element will 
automatically produce the TACS Element Details screen, but t’w user will be given the 
option of selecting the type of TACS element required (FORTRAN relationship, Contioller 
block, or special device), (see figure 8.1 - The TACS Element Details Screen). To select 
the type of TACS element required, click on the combo box corresponding to the required 
type.
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Figure 8.1 - The TAGS Element Details Screen

To create a new TAGS element, the following steps are required:

'•* name the element by clicking on the name space provided, and editing tlie 
name automatically given to the TACS Element by ATP for Windows.

•  now name the nofies to the left and i ight of the element by clicking on the 
space provided for the names of these nodes, and editing the default names 
automatically assigned by ATP for Windows, or the names previously given 
to these nodes if this editing is necessary. If one or both of these nodes have 
been named in the description of a touching element, there is no need to 
rename them.

•  Select the type of TACS element required as described above.
•  Now click on the Create button on the right of the screen. This will 

automatically open the Modify/Create TACS element screen corresponding 
to the type of TACS element chosen (see figures 8.2 - 8.5).

If the element already exists, and you want to change some of the parameters of t.'’e 
element, select the Modify option. This will open the Modify/Create TACS element screen 
corresponding to the type of TACS element chosen (see figures 8.2 - 8.12).

Clicking on the Cancel option at any time, cancels this operation, while clicking on OK 
saves all the changes made to this element, and exits from the Circuit Element Menu. To 
obtain on-line Help, select the Help button at any time.

ATPWIN
Revision Number: 2.0

Revision Date: 16 June 1995 page 8-2



X, QRMCB. PgiEty TAGS Elements. ATE.QM

8.2 Creating a FORTRAN relationship TACS element

8.2.1 Function

Creating a FORTRAN relationship TACS element allows the user to use elements such as 
time varying resistora, and other elements which aid in the modelling of situations that can 
not be simulated directly using ATP for Windows.

8.2.2 How J O Use It

Follow the instructions for creating a new TACS sleraent in section 8.1, and select the 
FORTRAN relationship combo box in the TACS Element Details Screen. This will produce 
'he FORTRAN TACS element screen (see figure 8.2).

Figure 8.2 - The FORTRAN Kelationsliip TACS Element Details Screen
To describe the TACS element using FORTRAN statements, simply type the FORTRAN 
statement required in the FORTRAN relationships box. To use a FORTRAN command, 
type it out, or select it from the list of FORTRAN commands on the right hand side of the 
screen, and then select the Insert option, or double click on the required command, or drag 
the command from the list into the Fortran Relationships list,

NB, All arguments for trigonometric functions must be given in RADIANS, and all 
answers to inverse trigonometric functions will be in RADIANS.
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The following is a list of all the FORTRAN functions available, and an explanation of their 
meanings:

•algebraic operators: /, **
•logical operators: .AND., .OR., .NOT.
•relational operators; .EQ. - equal to,

.NE. - not equal to,

.LT. - [ess than,

.LE. - less than or equal to,

.GT. - greater than,

.GE. - greater than or equal to.
•ordinary functions: SIN (argunnent in radians)

COS (argument in radians)
TAN (argument in radians)
COT (argument in radians)
SINH (argument in radians)
COSH (argument in radians)
TANH (argument in radians)
ASIN (argument) with answer in radians 
ACOS (argument) with answer in radians 
ATAN (argument) with aaswer in radians 
EXP (argument)
LOG (argument)
LOGIO (argument)
SQRT (argument) - square root 
ABS (argument) - absolute value

•  special functions: I’RUNC (argument) gives the integer part
MINUS (argument) inverts the sign 
INVERS (argument) inverts the argument 
RAD (argument) converts from deg to rad 
DEG (argument) converts from rad to deg 
SIGN (argument) gives -1 (if <  0) or I (if >  =0) 
NOT (argument) gives 0 (> 0 ) or +1 (<  =0)
SEQ6  (argument) == INT(modulo -6 (arg))
RAN (argument) assigns a random number to the 
argument

Valid arguments are TAGS parameter names, numeric constants (integer or real), and other 
FORTRAN functions.

The name of an argument in FORTRAN statements may not be longer than 6  alpha­
numeric characters, may not include any of the following characters:

T. ORBACH__________ _ gging TACS....BAja(iBata----------- ----- MEfiill

Revision Number; 2.C
ATPWIN Revision Date; 16 Jiine 1995 page 8-4



a . ORBACB. Uainq TACS SleBients.. jy so Q i

+  and the SPACE character,
and output parameters may not start with a numeric character. 
An example of a valid FORTRAN statement is:

ANGLE DEG(ATAN(CNTRL PJAS2)) +  36.2

A number of special parameters are available for use in FORTRAN statements. ITiese are;

•  TIMEX - simulation time, in seconds (=  0 during the initial establishment 
of steady state conditions).

 ̂ ISTEP - simulation time step number, 
w DELTAT - simulation step size, in seconds.
* FREQHZ - power system frequency (of first sinusoidal source specified in 

EMTP data case), in Hz.
OMEGAR - 2it * FREQHZ, in radians.
ZERO - 0.0.
MINUSl - -1.0 
PLUSi - +1.0
INFNTY - + «  (very large number that still fits computer system)
PI - 71
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§ 3  Creating a TAGS element which uses control topologies

8.3.1 Function

Creating a TACS element v/hich uses control topologies allows the user to use feedback 
control and transfer function blocks for a single ATP element.

8.3.2 How To Use It

A controller topology generally has a form such as the simple example below:

+/-U1 
+AU2 \

+^LJ3 — 4

+/-U4
+/-U5

K
No +  NjS+N2S^+... 

Dfl +  DjS +  D2S’ + .
X(S)

The features of the controller are:
•  feedback
•  traasfer function blocks (where the transfer function is expressed in terms of 

the Laplace variable, s, which i i  lurn can be related back to a differential 
equation expressing fhe relationship between the single input parameter of 
the block, and single output parameter)

Controllers can be reduced to the following fundamental building block:

ATPWIN
Revision Number: 2.0

Revision Date: 16 Jime 1995 page 8-6



T nwTtAmr________________TTniTiq TftCfl Blnaff^^r*---------------------- ——------A IE Q ^

S )-----  G(s)

with the following transfer function:

M+N,s+N^s^ + .  .  .
X ( S )  --------- [ ± U ^ ± U ^ ± U ^ ± y y :U ^ - i  (8.1)

Dp+2?jS+D^S‘' + .  .  .

The input parameters, U „, can include;
•  ATP node voltages
•  ATP voltage and current sources
•  ATP switch currents
•  ATP switch statuses (open or closed)
•  Ta CS internal waveform generators (sources)
•  output parameters from other FORTRAN statements, controller blocks or 

special devices

The output parameter, X(s), can be:
•  a TACS-controlIed ATP component
•  the Input parameter of another FORTRAN statement, controller block or 

special device
V

Input and output parameters must have names with a maximum 6 ,. * ?’;>iianumeiic 
characters.

To create a TACS element which usei controller topologies, follow the instructions for 
creating a new TAOS element in section 8 .1, and select the Controller Topology combo 
box in the TACS Element Details Screen. This will produce the Controller topology TACS 
Element Screen (see figure 8,3).
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ATPWIN Revision Date; 16 June 1995 page 8-7



aL_QEBMSL Psino TAGS El«aaanta- .MSSiQX

Figure
Screen

8.3 - The Controller Topology Element Detail;''

The user is required to complete every entry in the Elemerit Controlier defiils box. These 
entries are the following;

•  The O rder of the Highest Power of s in the Denom - Tlie order of the 
highest power of s in the denomi’' *:or (the order o f the numerator must be 
less than or equal to the order of the denominator).

•  Output Param eter Name - The name of the output parameter (no more than 
6  alphanumeric characters).

•  K - The gain of the controller.
•  Input Parameters command button - This command button will open the 

Input Parameters Screen, which allows the user to enter the input parameters 
(U1-U5), and the numerators and denominators (N0-N7, and D0-D7) see 
figure 8.4 below.

Once all tlie entries in this screen have been completed, select the OK button to exit the 
screen. To cancel the description of the element, select the CANCEL button at any time. To 
obtain on-line Help, select the HELP button at any time.

ATPWIN
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Figure 8.4 - The Controller Topology Element Input Parameters 
Screen

The user is required to enter those entries which are relevant to this controller topology 
element:

•  No “ N7  - The numerators coefficients in the transfer function (see equation
8 . 1  above).

® Do - D7  - The denominator coefficients in the transfer function (see equation
8 . 1  above).

•  Input Parameters U1-U5 and + /-  - The names of i'ae input parameters (1- 
5), and the polarity of these parameters (no more nsan 6  alphanumeric 
characters for the name). If no name is specified, it is assumed that the input

ATPWIN
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Joes not exist. If no sign is specified for the input, the default sign is + .

8.4 Creating a TAGS element which is a special device

8.4.1 Function

There are 16 special devices which can be created using TACS elements in ATP, these are:

The frequency sensor 
I'he reiay-operated switch 
The level-triggeied switch 
The trap >rt d?iay 
The pulse transport delay 
The digitizer
Point-by-point user-defined non-linearity
The multi-operation time-sequenced switch
The controlled integrator
The simple derivative
The input-IF component
The signal selector
The sample and track
Instantaneous min/max
Min/max tracking
The accumulator and counter

ATP for Windows only offers the use of the Relay-operat*id switch, the Level-trigf red 
svdtch, the controlled inter ator, and the simple differentiator, although the other elements 
will be added to A IT  for Windows at a later stage.

8.4.2 How To Use It

To create a special device, follow the instructions of section 8.1, and select the combo box 
marked Special Devices. This will produce the Special Devices Screen (see figure <j.5)

ATPWTN
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Figure 8.5 - The TACS Special Device Element Details 
Screen

To select one of the special devices scroll through the list of special devices, and select the 
combo box corresponding to the reqaired special device. Once this has been done, select 
the Oif button. To cancel the operation at any time (and return to the main screen), select 
the CANCEL button, and for on-line Help select tlie HELP button at any time.

8.4.3 The Relay-operated Switch

A normally open switch closes when tlie absolute value of the DRiVING SIGN AL equals 
or exceeds the sum of the NAMED THRESHOLD and the FIXED THRESHOLD.

A normally closed switch opens when the absolute value of the DRIVING signal is less 
than the sum of the NAMED THRESHOLD and the FIXED THRESHOLD.

The output is 0.0 if the switch is open (for more details see block diagram on the actual 
Relay Operated Switch Element Details Screen. Selecting the Relny operated switch will 
produce the Relay Operated Switch screen (see figure 8.5).

ATPWIN
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Figure 8.6 - The Relay Operated Switch Element Details Screen

The user is required to coirplcte every entry in the Element Details box. These entries are 
the foUowing:

•  Output Param eter Name - The name of the output parameter (iio more than 
6  alphanumeric characters).

»  K - The gain (default is 1.0)
•  FIXED THRESHOLD - The fixed threshold ot the switch.
•  Statement Type combo boxes ~ The type of statement - determmes how this 

TAGS statement fits in with other TAGS statements. The options here are;
■ 'Input' supplemental element - The inputs of 'input' supplemental 
elements can only be TAGS sources or the outputs of other 'input' 
supplemental elements. The outputs of 'input' supplemental elements can be 
connected to the inputs of controller blocks or any type of supplemental 
element.
■ 'Output' supplemental elements - The inputs of 'output' supplemental 
elements can be the outputs of controller blocks, or the o'ltputs of any 
supplemental element. The outputs of 'outpat' supplemental elements can bs! 
connected to the inputs of other 'output' supplemental elements or interfaced

ATPWIN
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to ATP.
■ 'Inside' supplemental elements - these are left-over of the above two 
groups, they are used for example between two controller blocks.
Operating Mode of the switch - select the combo box corresponding to ‘he 
correct mode:
■ Switch normally open
■ Switch normally closed
■ Switch normally open, but closed i’uring the initial establishment of steady 
state conditions
*  Switch normally closed, and closed during the initial establishment of 
Steady state conditipjis.
N'AMED THRESHOLD Name - This is the name of the TACS parameter 
which will suopb' the NAMED THRESHOLD level (optional).
DRIVES'G Siv’l^A:L Name - This is the name of the TACS parameter that 
will supply the ysluer of th RIVING SIGNAL level.
Input P aram etm  command button - this opens the Input Parameters screen 
relating to the " e  >er' ted switch (allows for the entry of U1-U5' see 
figure 8.7 be

Once all the entries in this , 
screen. To cancel the descriptic^- i  ̂
obtain on-litie Help, ,«elect the

■Mleted, select the button to exit the 
select the CANCEL button at any time. To 

time.
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Figure 8.7 - The Input Parameters 
Screen

The user is required to fill in the relevant entries in this screen:
•  Input parameters 1-5 and + /- - The names of input parameters (1-5) (no 

more than 6  alphaniimeric characters for the name), and the polarity of these 
inputs. If no name is specified, it is assumed that the input does not exist. If 
no sign is specified for the input, the default sign is + .

8.4.4 The Level-triggered Switch

A normally open switch closes when the actual value of the DRIVING SIGNAL equals or 
exceeds the sum of the NAMED THRESHOLD and the FIXED THRESHOLD.

A normally closed switch opens when the actual value of the DRIVING signal is less than 
the sum of the NAMED THRESHOLD and the FIXED THRESHOLD.

The output is 0,0 if the switch is open (for more detriils see the block diagram on the actual 
Level Triggered Switch Element Details Screen, Selecting the I^vei-triggered switch will 
produce the I^vel-triggered SwUch scre^,n (see figure 8 .8 ).
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Figure 8.8 - The Level Triggered Switch Element Details Screen

The user is required to complete every entry in the Element Details box. These entries are 
the following:

•  Output Param eter Name The name of the output parameter {no more than 
6  alphanumeric characters),

•  K - The gain (default is 1.0)
•  FIXED THRESHOLD - The fixed threshold of the switch.
•  Statement Type combo boxes - The type of statement - determines how this 

TAGS statement fits in with other TAGS statemenls. The options here are:
■ 'Input' supplemental element - The inputs of 'input' supplemental 
elements can only be TAGS sources or the outputs of other input' 
supplemental elements. The outputs of 'input' supplemental elements can be 
connected to the inputs of controller blocks or any type of supplemental 
element.
■ 'Output' supplemental elements - The inputs of 'output' supplemental 
elements can be the outputs of controller blocks, or the outputs of any 
supplemental element. The ouiputs of 'output' supplemental elements can be 
connected to the inputs of other 'output' supplemental elements or interfaced

ATPWIN
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to ATP.
■ 'Inside' supplemental elements ~ these are left-over of the above two 
groups, they are used for example between two controller blocks.

•  Operating Mode of the s witch - select the combo box corresponding to the 
correct mode:
■ Switch normally open
■ Switch normally clc ed
■ Switch normally open, but closed during the initial establishment of steady 
state condifions
■ Switch normally closed, and closed during the initial establishment of 
steady state, conditions.

•  NAMED I ’lIRESHOLD Name - This is the name of the TACS parameter 
which will supply the NAMED THRESHOLD level (optional).

•  DRIVING SIGNAL Name -- This is the name of the TACS parameter that 
will supply the valuer of the DRIVING SIGNAL level.

•  Input Pattimeters command button - this will open the Input Parameters 
screen (see figure 8.7), which will allow the user to enter the following:

•  Input parsumetere 1-5 and + /-  - The names of input parameters (1-5) (no 
mors than 6 alphanumeric characters for the name), and the polarity of these 
inputs. If no name is specified, it is assumed that the input does not exist. If 
no sign is specified for the input, the default sign is 4-.

Once all the entries in this screen have been completed, select the OK button to exit the 
screen. To cancel the description o f the element, select the CiNCEL button at any time. To 
obtain on-line Help select the HELP button at any time.

T. flRBACH__________ Using TACS Eleaaenta--------------- —  ATP..QQ1

8.4.5 The Controlled Integrator

Tlie integration is performed (starting with the value supplied by the RESET parameter) 
w'hen the value supplied by the CONTROL parameter is greater than 0,0 (or no 
CONTROL parameter is specified).

OUTPUT(T) =  OUTPUT(t - At) U dt (8.1)

If the value supplied by the CONTROL parameter is less than or equal to 0.0 then the 
output is equal to the value supplied of the RESET parameter (or 0.0 if no RESET 
parameter is specified) (for more information see block diagram on the actual Controlled 
Integrator Element Details Screen). Selecting the controlled Integrator provides the 
Controlled Integrator screen (see figure 8.9) ,
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Figure 8.9 - Tiie Controlled Integrator Element Details Screen
The user is required to airaplete every entry in the Element Details box. These entries are 
the following;

«' Output Param eter Name - The name of the output parameter (no more than 
6  alphanumeric characters).

•  K - The gain (default is 1.0)
•  Stateiiient Type combo boxes - The type of statement - determines how this 

TAGS statement fits in with other TAGS statements. The options here are:
■ 'Input' supplemental element - The inputs of 'input' supplemental 
elements can only be TAGS sources or the outputs of other 'input' 
supplemental elements. The outputs of Mnput' supplemental elements can be 
connected to the inputs of controller blocks or any type of supplemental 
element.
■ 'Output' supplemental elements - The inputs of 'output' supplemental 
elements can be the outputs of controller blocks, or the outputs of any 
supplemental element. The outputs of 'output' supplemental elements can be 
connected to the inputs of other 'output' supplemental elements or interfaced 
to ATP.
■ 'Inside' supplemental elements - these are left-over of the above two

ATPWIN
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groups, they are used for example between two controller blocks.

•  Do and D, - The values of the denominators Dq and D,.
•  CONTROL VALUE Name - This is the name of the TAGS parameter that 

will supply the CONTROL value (or leave blank).
•  RESEl’ Name - This is the name of tiie TACS parameter that will supply 

the RESET value (or leave blank),
•  Input Parameters command button - This opens the Input Parameters 

screen (see figure 8.7) which allows the user to enter the following:
•  Input parameters 1-5 and + /-  - ITie names of input parameters (1-5) (no 

more than 6  alphanumeric characters for the name), and 'te polarity o f these 
inputs. If no name is specified, it is assumed that the input does not exist. If 
no sign is specified for the input, the default sign is + .

Once all the entries in this screen have been completed, select the OK button to exit the 
screen. To cancel the description of the element, select the CANCEL button at any time. To 
obtain on-line Help, select die HELP button at any time.

8.4.6 The Simple Differentiator

OUTPUT =  GAIN*[U(t) - U(t - At)‘j / [At] (8.2)

For niore details see the block diagram on the actual Simple Differentiator Element Details 
Screen below. Selecting the simple differentiator provides the Simple Differentiator screen 
(see figure 8 . 1 0 ).
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Figure 8.10 - The Single Differentiator Element Details Screen

The user is required to complete every entry in the Element Details box. These entries are 
the following:

•  Output Parameter Name - The name of the output parameter (no more than 
6  alphanumeric characters).

•  K - The gain (default is 1.0)
•  Statement Type combo boxes - The type of statement - determines how this 

TACS statement fits in with other TACS statements. The options here are:
» 'Input' supplemental element - The inputs of 'input' supplemental 
elements can only be TACS sources or the outputs of other 'input' 
supplemental elements. The outputs of 'input' supplemental elements can be 
connected to the inputs of controller blocks or any type of supplemental 
element.
■ 'Output' supplemental elements - The inputs of 'output' supplemental 
elements can be the outputs of controller blocks, or the outputs of any 
supplemental element. The outputs of 'output' supplemental elements can be 
connected to the inputs of other 'output' supplemental elements or interfaced 
to ATP.
■ 'Inside' supplemental elements - these are left-over of the above two 
groups, they are used for example between two controller blocks.

•  Input Parameter command button - This command button opens the Input

ATPWIN
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Parameters screen (see figure 8.7) and allows the user to enter the following 
details:

•  Input parameters 1-5 and + /-  - The names of input parameters (1-5) (no 
more than 6  alphanumeric characters for the name), and the polarity of these 
inputs. If no name is specified, it is assumed that the input does not exist. If 
no sign is specified for the input, the default sign is + .

Once all the entries in this screen have been completed, select the OK button to exit the 
screen. To cancel the descriptior of the element, select the CANCEL button at any time. To 
obtain on-line Help, select the HELP button at any time.

8,5 Creating a TACl controlled component 

8*5.1 Function

There are 2 components (other than voltage and current sources - see Chapter 9) that can be 
specifically modelled using available TACS functions:

•  TAGS controlled re:iistors
•  TAGS controlled ATP switches

8.5.2 How To Use It o
To create a TAGS controlled component, follow the instructions for creating a new TAGS 
element in section 8.1, and select the TACS controlled component combo box in the TACS 
Element Details Screen. This will produce the TACS Controlled Component Screen (see 
figure 8 . 1 1 ).

#

F f e m e fit p  eta iI s TAGS G bntroll ed Comp o n ft n t

]TACS Controlled Remittor

mm

i i i t i

Figure 8.11 - The TACS Controlled Component Screen
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To select one of the TACS controlled components, choose the combo box corresponding to 
the required component. Once this has been done, select the OK button on the right of the 
screen. To cancel the operation at any time (and return to the main screen), select the 
CANCEL button, and for on-line Help, select tiif .1ELP button at any time.

8.5.3 The TACS controlled resistor

The TACS controlled resistor allows the user to use a resistor who’s value is determined by 
a I ’ACS parameter outside of the resistor's description. Once this component is selected, 
the TACS Controlled Ftsistor Screen will appear (see figure 8.12).

Figure 8.12 - The TACS Coatrolled Resistor Screen

The user is required tc enter the name of the TACS j.iirameter which will supply the value 
of the I ’ACS controlled resistor. Note that if this TACS parameter does not appear in any 
of the other TACS eiements descriptions during run-time, an error will occur. For on-line 
Help, select the HELP button at any time.

8.5.4 The TACS controMed switch

The logic of a switch is

CONTRL <  =  0 
CONTRL >  =  0

switch open 
switch closed

Once this component is selected, the TACS Controlled Switch Screen will appear (see

ATPWIN
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figure 8.13).

PARA
None

Figure . 13 - The TACS Controlled Switch Screen

\

e

The user is required to enter tlie name of the TACS parameter which will control the switch 
(note that if this TACS parameter does not appear in any of the other TACS elements 
descriptions, an error will occur), 'fhe user is also required to select which type (if any) of 
output is required from this switch (see section 8.3.13.1 - The Standard Switch). This is 
done by selecting the combo box corresponding to the required output. For on-line Help, 
select the HELP button at any time.
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9 USING TACS (TRANSIEIsn’ ANALYSIS OF CONTROL 
SYSTEMS) SOURCES ANiĴ  WAVEFORMS

Another possible use of TACS is for voltage and current sources. Using the ATP built in 
TACS functionality, it is possible to define:

DC levels or single pulses 
Sinusoidal waveform generators 
Repetitive pulses 
Repetitive ramps
TACS controlled ATP voltage and current sources 

TACS CO .trolled sources or waveforms can be selected from the Circuit Element Panel.

T . ORBACH_______Ha incy TAGS Wa%̂ ef orfflg and SQurgaa-------- AIEMl

9.1 How To Use It

Sciect the icon marked TACS with a waveform underneath the TACS writing, from the 
Circuit Element Menu, and place the element anywhere in the circuit presently in the 
Circuit Region or select the Select Element option from the Run menu, then select the TACS 
Sources Library, select the TACS Source and move it to the required spot in the Circuit 
Regioi, iee section 5.4 - Select Element). Once this has been done, rijh t clicking on the 
TACS element, will produce the normal Circuit Elemc:U Menu associated with any circuit 
element in ATP for Windows. The Element Details option of a TACS element wih 
automatically produce the Element Details screen, but the user will be given the option of 
selecting the type of TACS source or waveform required (see figure 9,1 - The TACS 
SourceAVaveform Details Screen). To select the type of TACS source or waveform 
required, click on the combo box corresponding to the required type.

Revision Number: 2.0
ATFWIN Revision Date; 16 Ĵ wie 1995 page 9-1
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Figure 9.1 - The TAGS Source / Waveform Details Screen

To create a new TAGS element, tlie following steps are required:

•  name the source by clicking on the name space provided, and editing the 
name automatically given to the TAGS source by ATP fo r Windows.

•  Name the node touching the source. 'Hie source will then be connected 
between this node and the local ground. If the source is a TACS generator 
which is not connected to the circuit, but has an output used in the circuit, 
leave the name box empty.

•  Select the type of TACS source required as described above.
•  Now click on the Create button on the right of the screen. This will 

automatically open the Modify/Create TACS source screen corresponding to 
the type of TACS source chosen (see figures 9.2 - 9,5).

If the source already exists, and you want to change some of the parameters of the source, 
select the Modify option. This will open the Modify/Create TACS source screen 
corresponding to the type of TACS source chosen (see figures 9.2 - 9.6).

Clicking on the Cancel option at any time, cancels this operation, while clicking on CK 
saves all the changes made to this source, and exits from the Circuit Element Menu. To 
obtain on -line Help, select the HELP button at any time.

i, #
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9.2 Creating a DC level or single pulse

9.2.1 Function

This allows the user lo create a DC level starting at a selected time and stopping at a 
selected time.

9.2.2 How To Use It

To create a DC level or single pulse, tbllow the instructions for creating a new TAGS 
source in section 5.1, and select the DC Level or Single Pulse combo box in the TACS 
Source Details Screen. This will produce the DC level screen (see figure 9.2).
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Figure 9.2 - The DV Level / Single Pulse Screen

The user is required to complete every entry in the Element Details box. ’rhese entries are 
the following:

•  Output Name - The name assigned to the output of this waveform 
generator.

•  DC Level Amplitude - 'T’he amplitude of the DC level or single pulse in 
volts.

® Start Time - Delay before source is activated in seconds. The source value 
will be zero during this delay.

•  Stop Time Time at which the source is terminated - source is returned to 
zero, in seconds. If left blank, the source will continue indefinitely.

Once all the entries in this wrcen have been completed, select the OK button to exit the 
screen. To cancel the descr' tuon of the element, select the CANCEL button at any time. To 
obtain on-line Help, select • e HEJP button at any time.

9.3 Creating a Sinusoidal Waveform Generator

9.3.1 Function

This allows the user to create a sinusoidal source starting at a selected tniic and stopping at 
a selected time, with an initial phase angle and a selected amplitude.
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9.3.2 How To Use It

To create a sinusoidal source, follow the instructions for creating a new TAGS source in 
section 9.1, and select the Sinusoidal Source comix) box in the TAGS Source Details 
Screen, This will produce the Sinusoidal Source screen (see figure 9.3).
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Figure 9.3 - The Sinusoidal Waveform Generator Fleiaent 
Details Screen

The user is required to complete every entry in the Element Details box. These entries are 
the following:

o Output Name - The name assigned to the output of this waveform 
generator.

•  Sinusoidal Amplitude - The amplitude of the sinusoid in volts.
•  Sinusoid Frequency - The frequency of the source in Hz,
«■ Initial Phase Angie - The initial phase angle of the source in degrees.
•  S ta it Time - Delay before source is activated in seconds. The source value 

will be zero during this delay.
•  Stop Time - Time at which the source is terminated - source is returned to 

zero, in seconds. If left blank, the source will continue indefinitely.

Once all the entries in this screen have been completed, select the OK button to exit the 
screen. To cancel the description of the element, sijlect the CANCEL button at any time. To 
obtain cn-line Help, select the HELP button at any time.

9.4 Creating a Repetitive Pulse

9.4.1 Function

ATPWIN
Revision Number: 2.0

Revision Date: 16 June 1995 page 9-6



This allows the user to create a repetitive pulse starting at a selected time aiid stopping at a 
selected time, with a selected ajnplitude and period as well as pulse width.

T. ORBACH_______g a i m  JEftCS_mY8£0CTa. m ________

9.4.2 How To Use It

To create a repetitive pulse, follow the instructions for creating a new TAGS source in 
section 9.1. and select the Repetitive Pulse combo box in the TAGS Source Details Screen. 
This will produce the Repetitive Pulse screen (see figure 9.4).

i \
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Figure 9.4 - The Repetitive Pulse Element Details 
Screen

The user is required to complete every entry in the Element Details box. These entries are 
the following:

•  Output Name - The name assigned to the output of this waveform 
generator.

•  Pulse Ampiitude - The amplitude of the repetitive pulse in volts.
•  Period - The period of the pulses in seconds.
•  Pulse Width ~ The pulse width in seconds.
•  Start Time - Delay before source is activated in seconds. The source value 

will be zero during this delay.
•  Stop Time - Time at which the source is terminated - source is returned to 

zero, in seconds. If left blank, the source will continue indefinitely.

Once all the entries in this screen have been completed, select the OK button to exit the 
screen. To cancel the description of the element, select the CANCEL button at any time. To 
obtain on-line Help, select the HELP button at any time.

I:

\ J

9.5 Creating a Repetitive Ramp

9.5.1 Fiuinction

This allows the user to create a repetitive ramp starting at a selected time and stopping at a
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selected time, with a se1ecii;d peak amplitude and period,

9.5.2 How To Use It

To create a repetitive ramp, follow the instructions for creating a new TAGS source in 
section 9.1, and select the Repetitive Ramp combo box in the TAGS Source Details Screen. 
This will produce the Repetitive Ramp screen (see figure 9.5).
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Figure 9.5 - “he Repetitive Raa^ Element Details 
Screen

The user is required to complete every entry in the Element Details box. These entries are 
the following:

•  Output Name - The name assigned to the output of this waveform 
generator.

•  Peak Amplitude - The peak amplitude of the repetitive ramp in volts.
® Period - The period of the ramps in seconds.
•  Start Time - Delay before source is activated in seconds. The source value 

will be zero during this delay.
•  Stop Time - Time at which the source is terminated - source is returned to 

zero, in seconds. If left blank, the source will continue indefinitely.

Once all the entries in this screen have been completed, select the OK button to exit the 
screen. To cancel the description of the element, select the CANCEL button at any time. To 
obtain on-line Help, select the HELP button at any time.

9.6 Creating a TAGS controlled voltage or current source

9.6.1 Function

This allows the user to create voltage or current source with an amplitude which is directly 
supplied by a TAGS parameter.
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\6 .2  How To Use It

To create a TACS controlied voltage or current source, foliow the instmctions for creating 
a new TACS source in section 9.1, and select the TACS Controlled Voltage or Current 
Source combo box in the TACS Source Details Screen. This will produce the TACS 
Controlled Source screen (see figure 9.6).

T. QRBACH_______tiaiag TAGS Waveforata and sources________ ATPQQl

Revision Number: 2.0
ATPWIN Revision Data: 16 Juno 1995 page 9-11



T. QRBACB.. Using TACS Waveforms and Sources AIMQl

Figrure 9.6 - The TACS Controlled Source Element 
Details Screen

m

The user is required to complete every entry in the Element Details box. These entries are 
the following:

TACS Param eter *'!aaie - The name of the TACS parameter which 
determines the amplitude of the source.
Start Time - Delay before source is activated in seconds. The source value 
will be zero during this delay.
Stop Time - Time at which the source is terminated - source is returned to 
zero, in seconds. If left blank, the source will continue indefinitely. 
Voltage Source Combo box - Select this combo box if the source is a 
voltage source.
C m rent Source Combo box - Select this combo box if the source is a 
current source.

Once all the entries in this screen have been completed, select the OK button to exit the 
screen. To cancel the description of the element, select the CANCEL button at any time. To 
obtain on-line Help, select the HELP button at any time.

! #
1
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10 MODELLINf i TRANSMISSION LINES ON ATP FOR 
WINDOWS

Another .uptioii in ATP for Windows is to model transn^ission lines using any of the 
following models:

•  the NOMINAL-PI model of a short transmission line
•  I'QUIVALENT-PI model for a transmission line of any length, awl
•  i . J M A R T l  modal parameters model for transmission lines

T. QRBACH Modelling Traasc iaaion Lines on ATPWIH______

10.1 How To Use It

Select the pylon icon from the Circuit Element Menu, and place the ele* nt anywhere in 
the circuit in the Circuit Region or select the Select Element option from th Run sub- Riciru. 
the select the Transmissvn Lines Library, and select the 7'ranstnimon Lines Elemem and 
r ,'V' 't to the required spot in the Circuit Region (See section 5.4 - Select Element). Once 
thfS U.OS been done, right clicking on the pylon element, will produce the /lormai Circuit 
Ele. rent Menu associated with any circuit element in ATP for Windows. The Element 
Details option of a pylon element will automatically produce the Element DetaUs scrt :n, 
but the user will be given the option of entering the dimensions of the pylon, and the 
transmission line associated with this pylon. Every transmission line stage in the circuit is 
represented by op? pylon who's details are entered in the Element Details screen for the 
py'on element (see figure 10.1 - the Element Details screen for the pylon element). Note 
that the user is required to select one of three combo boxes to signify which type of model 
is required.

o
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