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SCOPE

This User Guide provides information on how to install, configure and use the Omniflex
ISaGraf Application Workbench.

This manual provides general IEC61131-3 programming assistance for all features of the
Omniflex 1SaGraf Application Workbench Version 3.46.1 as relevant for all Omniflex
IEC61131-3 programmable products.

This manual is companion to the Omniflex IsaGraf Language Reference.

This manual does not cover specific programming information relevant to the specific
products. This information is available in the specific User Manuals for these products.

This manual covers the following product:

Model

Description

CC030B

Omniflex ISaGraf Application Workbench Version 3.46.1

Introduction

The Omniflex IsaGraf Application Workbench is development software that runs under
Microsoft Windows for developing application programs using the IEC61131-3 standard
programming languages.
These programs can be run on a range of Omniflex products. Consult your Omniflex
distributor for a list of available products.

For program development, the Application Workbench provides powerful and intuitive
Windows based graphical and textual editors with drag-and-drop, and cut-and-paste to

enhance ease of use.

The Application Workbench offers the following features:
Project Management

I/0 Definition

Modular Programming

Simulation

Real-time on-line debugging

Document Generation

Remote Programming over any Conet network

Simultaneous Target Register Viewing and Editing using “DITview”
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1. Getting Started

This chapter covers the installation and setup of the Omniflex “ISaGRAF” Application Workbench.
It also includes a short step-by-step example of an IEC61131-3 application, giving the user a brief
outline of the product’s main features providing a jump start to the use of the Omniflex ISaGRAF
Application Workbench.

1.1 Introduction to IEC61131-3 Programming

1.1.1 The IEC61131 Standard

The IEC61131 standard was created in the 1990’s in recognition of the need for some
form of standardisation in PLC programming languages.

The IEC61131 standard is divided into a number of parts:

Part 1 General information Definition of basic terminology and concepts.

Part 2 Equipment requirements and tests Electronic and mechanical construction and
verification tests. - published 1992

Part 3 Programmable languages PLC software structure, languages and program execution.
Part 4 User guidelines Guidance on selection, installation, maintenance of PLCs.

Part 5 Messaging service specification Software facilities to communicate with other devices
using communications based on MAP Manufacturing Messaging Services.

Part 6 Communications via fieldbus Software facilities of PLC communications using IEC
fieldbus

Part 7 Fuzzy control programming Software facilities, including standard function blocks for
handling fuzzy logic within PLCs - published 1997

Part 8 Guidelines for the implementation of languages for programmable controllers Application
and implementation guidelines for the IEC61131-3 languages.

The part applicable to PLC programming is IEC61131-3. The Omniflex 1SaGraf
Application Workbench conforms to this IEC standard for programming languages.

1.1.2 The IEC61131-3 Programming Languages
The IEC61131-3 standard defines 5 programming languages:

Sequential Flow Chart (SFC)

A graphical language for depicting sequential behaviour of a control system. It is
used for defining control sequences that are time- and event-driven.

Sequential Function Chart (SFC), the core language of the IEC 61131-3 standard,
divides the process cycle into a number of well-defined steps, separated by
transitions. The other languages are used to describe the actions performed within
the steps and the logical conditions for the transitions. Parallel processes can
easily be described using SFC.

Function Block Diagram (FBD)

A graphical language for depicting signal and data flows through function blocks -
re-usable software elements. FBD is very useful for expressing the interconnection
of control system algorithms and logic.

Ladder Diagram (LD)
A graphical language that is based on the relay ladder logic - a technique
commonly used to program current generation PLCs. However, the IEC Ladder
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Diagram language also allows the connection of user defined function blocks and
functions and so can be used in a hierarchical design.

Structured Text (ST)

A high level textual language that encourages structured programming. It has a
language structure (syntax) that strongly resembles PASCAL and supports a wide
range of standard functions and operators.

This language is primarily used to implement complex procedures that cannot be
easily expressed with graphical languages (e.g. IF/ THEN / ELSE, FOR,
WHILE...).

Instruction List (IL)
A low level 'assembler like' textual language that is based on similar instruction list
languages found in a wide range of today's PLCs.

The Application Workbench supports all 5 of these IEC61131-3 languages as well as
a sixth language called “Flow Chart”.

Flow Chart (FC)

Recognizing that virtually every engineer graduating from college today has
programmed in Flow Chart, the Workbench fully supports graphical Flow Chart
programming. The Flow Chart is an easy to read decision diagram where actions
are organized in a graphic flow. Binary decisions are used to control the flow. The
Flow Chart Editor has full support for connectors and sub-programs. Actions and
tests can be programmed in LD, ST or IL.

1.2 The Omniflex ISaGraf Application Workbench

1.2.1 Hardware and software requirements

The 1SaGRAF Workbench can be installed on any computer running the following
Microsoft operating systems:

Windows 98
Windows ME
Windows NT
Windows 2000
Windows XP

1.2.2 Software Components supplied

The Omniflex 1SaGraf Application Workbench is supplied on CD with the following
software components:

1.

IsaGraf Programmer’s Workbench

2. Conet Communications Server
3. DITview Configuration Utility

1.2.3 Installing the ISaGraf Application Workbench
To install ISaGRAF, the following steps must be performed:

Insert the ISaGRAF CD-ROM into the appropriate drive
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e From the Program Manager or the Start menu, run "SETUP.EXE" on the root
folder of the CD-ROM, or "A\\INSTALL.EXE" in the case of floppy disks.

e Follow the on-line instructions to complete the installation. It is recommended that
the 1ISaGRAF Workbench be installed in a new directory to avoid confusing files
with files from other ISaGRAF versions.

The installation process will ask whether the following components are required:
e |ISaGRAF executable programs

e On line information and help files

e [SaGRAF standard libraries

e |1SaGRAF sample applications

e Conet Personal Server

e DITview Configuration Utility.

It is recommended that when installing ISaGRAF for the first time all components be
included. Further components can, however, be added at a later date by re-installing
the 1ISaGRAF Workbench.

The default name for the 1SaGRAF main directory is "ISAWIN". Refer to the
"ISaGRAF directories" section in the "Advanced techniques" chapter for more about
ISaGRAF disk architecture.

These are the Items that will be installed into the Start Menu in the ISaGraf Folder:

Projects: Project management

Libraries: Library management

Book: On-line information about ISaGRAF
Diagnosis: Diagnosis tool for end user

Read Me: Information about the ISaGRAF new version
Report: Standard Bug report form

In case you encounter a problem, use the standard bug report form. Open it, fill the
items requested and use the File/Save As menu command to save it with a given file
name. Then send this file to CJ International, using Fax or e-mail.

1.2.4 The protection key

A hardware key protects the ISaGRAF software against illegal copies. However, most
functions of the ISaGRAF workbench are still available when the key is not inserted.
The protection key also defines the option of the ISaGRAF Workbench, and defines
the maximum size of developed applications. When the key is not inserted or not
properly connected, some of the ISaGRAF Workbench functions will not run. This is
NORMAL behaviour. To ensure that the key is properly connected, select the
"About..." choice of the "Help" menu in any ISaGRAF window. The available option of
the ISaGRAF workbench is displayed.

The key can be connected to any parallel port on the computer. If the machine has
more than one parallel port, it is preferred to connect the key and the printer to
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different ports. For some PC/printer configurations, the key may not be recognised
when its output is connected to an "off-line" printer. In this case, disconnect the

printer, or start it in the "on-line" state, and restart the ISaGRAF Workbench.

Note that no key is needed for the ISaGRAF-32 Workbench.
Important for Windows NT/Windows 2000/Windows XP users:

On these systems, the Sentinel/Rainbow Driver has to be installed in order for the
protection key to be seen. A separate diskette is provided.

1.3 Using on-line information

On-line information is installed with the ISaGRAF workbench, for the following topics:

e |ISaGRAF languages reference

e Complete user's guide (for any ISaGRAF tool)
e Technical note for elements in the libraries

From any ISaGRAF window, select the choices of the "Help" menu to display online
information.

1.4 Setting up the Application Workbench

The following settings in the workbench must be set prior to use:
1.4.1 PC-PLC Link Parameters
Select “IsaGraf Projects” from the Start menu.
Start a new Project or open an existing Project.
Select “Link Setup” on the “Debug” menu.
Select all parameters as shown below. For remote programming over slow links,

1.

2.
3.
4

Target Slave Humber:

Communication port:

Control

Time out [seconds]:

Hetries:

the Time out value may need to be increased if timeouts occur:

PC-PLC link parameters m

] | | 0K |
| Conet Server ﬂl Cancel |

Setup |
5 |

i |

Select “Setup” and then choose the desired Conet Port for communicating with the
P3 CPU. Programming can be performed over Conet/s (through a serial port on
the computer), Conet/c(through a Conet/c Interface Card if installed on the
computer and Conet/e(through an Ethernet port if installed on the computer).
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x]

. CServer Setup

Part Murber

|1 - Conet/s on COM2 |

T arget Addrezs Type

" MoAddress set

{» Local CPU

" Metwork [/F Module in [/0 Slot
" Local Metwark [0 [using Offzet)
" Direct/Global Metwork. [0

IP &ddress
I Address — [192168.0.10

k. | Ear‘u:el|

An IP Address is only required if communicating using Conet/e over Ethernet.
6.
1.4.2 1/0O Slot and Channel Numbering

Ensure that the Slot Numbering starts from 0, and the Channel Numbering starts from
1

To set the Slot and channel numbering proceed as follows:

Open your Project

Open the “I/O Connection” Window from the “Project” menu.
Select “Numbering” from the “Options” menu in this window
Check that your settings match the following:

Numbering E

First number for |

0K |

Slots:
Cancel |

Channels:

L

1.4.3 Compiler Options

Ensure that the following compiler options are selected in your Application Workbench
in accordance with the requirements of the target product. See the target product
specific User Manual for further information.
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To select the compiler options proceed as follows:

1. Select “IsaGraf Projects” from the Start menu.

2. Start a new Project or open an existing Project.

3. Start a new Program or open an existing program in the project (any language).
4. Select “Compiler options” from the “Options” menu

Compiler options E

Targets:

Select |

ISAGEM: TIC code for Motorola
> |1SAB6M: TIC code for Intel |
CC86M: C source code [¥3.04) -

Unselect

v Uze embedded SFC engine Upload... |

Optimizer:

[ Run two oplimizer passes

[ Ewaluate consztant expressions Default |
[ Suppress unused labels
[ Dptimize variable copying
[ Dptimize expressions

[ Suppress unused code

[ Dptimize arithmetic operations (1] 4 |
[ Dptimize boolean operations
[ Build binary decizion diagrams [EDD=z) Cancel |

Select the desired options according to the specific product being programmed.
See the target product User Manual for more details.

1.5 A sample application

This chapter explains, step by step, all the basic operations required to make, design,
generate and test a short but complete multi-language application.

Below are the complete specifications of this application, mixing LD and SFC languages:

Boolean variables:
IX0_1,1X0_2 input variables for process command
RunCmd internal "run/stop” command
QX1 1 output variable: status of the process
Program Command: Cyclic begin section - LD language
(Evaluates the internal "run/stop” command)
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(77

111 X1 2 QX2_1
] |

| | Ty |
I 1 | 1 I 1

Program RunStop:

Sequential section - SFC language
(Controls the process)

1

TRUE;

| 2 H(' Wait: no special action *) ‘
RunCmd,;

|_31’_|Qx1_1; ‘
NOT(RunCmd);

<)
N
2

BEGIN:

k!

Running the ISaGRAF workbench

To run the ISaGRAF Workbench, run the "Projects" command, in the
"ISaGRAF" group, from the Start menu of Windows.

Creating the project

Create the project (called "RunStop") using the "New" command of the "File"
menu or the New button. In the open dialog box:

Enter project name: "RunStop"
Select I/1O configuration: "Sim_Boo"
Press the "OK" button.

The project has now been created.
Opening the project

The programs of the project are defined by opening the ISaGRAF program
management window. Use the "Open"” command of the Project management
window, or double click the mouse on the name of the project, or use the Edit
button.

Creating the programs

The Program Management window is now open and empty (no programs
defined).

The first program is created using the "New" command of the "File" menu or
the "New" button. In the open dialog box:
Enter the name of the

program: "Command".
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Select the "Quick LD" language.
Select the "Beginning of cycle" section.
Press the "OK" button to create the program.

The same operation must be repeated for the second program:
Use the "New" command of the "File" menu, or the "New" button. In the open

dialog box:
Enter the name of the program: "RunStop".
Select the "SFC" language.
Select the "Sequential” section.
Press the "OK" button to create the program.
The programs are now created. They appear in the Program Management
window.
E Declaring the variables

Before entering the programs, the internal variable to be used in the
programming must be declared. This is done using the "Dictionary” command
on the "File" menu, or using the Dictionary button.

I/O variables are automatically declared when the project is created.

|ﬂ The dictionary window is now opened. From the "File" menu, select "Other",
then "Global variables" and then "Booleans".

This selects the "Global" boolean dictionary.

Press the “Global” button and select the “Boolean” Tab to achieve the same
result.

The "New" command of the "Edit" menu is used to create new Boolean
variables.

You can also use the “Insert objects” button.

In the open dialog box, enter the description of the internal variable:
name: RunCmd
comment: Run/Stop command: internal
attribute: Select the "Internal” attribute

Press the "Store" button: the variable is created.

Press the "Cancel" button to exit the dialog box.

Finally, exit the dictionary editor and save the modifications entered:

Menu "File" - Command "Exit". Click on "YES" to save modifications.
Editing the Quick LD program

To start editing the "Command" LD program, double click on its name in the

Program Management window or use the Edit button.

M=) The ISaGRAF Quick LD Editor window is now open.
To increase the working area, resize the window to use the full screen size.

F2 F3 Press F2 and F3 key:
(" 7

"
i

Enter Associate variables to the LD symbols:
Move the cursor using the keyboard arrows.
Place the cursor on each symbol and press Enter key. The variable section
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dialog box is opened.

For the first contact, type in the variable selection box: 1X1_1 then Enter.
For the second contact, type in the variable selection box: 1X1_2 then Enter.
For the coll, type in the variable selection box: RunCmd then Enter.

The program is now complete. Here is the result:

("

1711 |71_2 QX211
1 1

| | | =

Exit from the editor, and save the modifications entered:
Menu "File" — Command "Exit". Click on "YES" to save modifications.

Editing the SFC program
To start editing the "RunStop"” SFC program, double click on its name in the
Program Management window or use the Edit button.

M[=)3] The SFC Editor window is now open.
To increase the working area, resize the window to use the full screen size.

,L The initial step already exists and is selected. Press the "Down" keyboard
arrow to select the empty cell after the initial step (0,1).

F4 F3 Press F4 then F3 to insert a step and a transition.

F4 F3 Press F4 then F3 to insert one more step and transition.

F4 F5 Press F4 then F5 to insert another transition and a jump to a step and select
GS2 as the destination of the jump.

& The chart is now complete. Press the "Zoom In" button in the toolbar to
increase size of cells and give space to display level 2 instructions. Here is the
chart:

1L
1
2 H
e
3 H
3
2
Enter To enter the programming of transition "2", select it using the keyboard arrows

and press "Enter" key. The Level 2 programming window is open. Enter level 2
programming for transition 2:

RunCmd;
"TAB Press "Control + Tab" keys to move focus back to the SFC chart, move
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AF4

selection on step 3, and press "Enter” key to edit its level 2 text:
QX1 _1;
And do the same to enter text of transition 3:
Not (RunCmd);
Press "Control + F4" keys to close the level 2 window.

The SFC program is now complete. Exit from the editor with Menu "File" and
Command "Exit", and save the modifications entered clicking on "YES".

Building the application code

Use the "Make" menu and command "Make Application” from the Program
Management window to build the application code or the button in the Toolbar.

When the code generation is complete, a dialog box appears, which asks you
to exit the code generation now or to continue working with it: Press the button
"Exit".

Simulation

Use the "Debug" menu and command "Simulate” from the Program

Management window to run the ISaGRAF kernel simulator or the button in the
Toolbar.

When the Simulator window appears, the application can be tested. In this
example, both inputs 1 and 2 (green buttons) must be pressed to run the
process (output red LED lights).

Close the Debugger window to exit from simulation:
Menu "File" - Command "Exit".
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2. Managing Projects

To run the 1ISaGRAF project management tool, double click the mouse on the "Projects" icon, in
the ISaGRAF group. The "Project Management" window is then opened. A project corresponds to
one PLC loop run on a target PLC. The upper window contains the list of the existing projects.
The text descriptor of the selected project is displayed in the lower window.

R

‘i

i

Building the application code

Use the "Make" menu and command "Make Application” from the Program
Management window to build the application code or the button in the Toolbar.

When the code generation is complete, a dialog box appears, which asks you to exit
the code generation now or to continue working with it: Press the button "Exit".
Resizing windows

Just click on the separator (splitter) between project list and descriptor to resize

corresponding windows. The descriptor window cannot be completely hidden. It
always contains at least one line of text.

Inserting separators

A separator line can be inserted before any project name. This allows grouping some
projects attached to the same application in the list layout. Use the "Edit/Toggle
separator” command to insert or delete a separator before the selected project.

Moving projects in the list

To move a project in the list, you first have to select (highlight) it. Then click on its
name and drag it to a new location in the list. When dragging the project, a small
arrow on the left margin indicates where it will be placed. You can also use the
"Move" commands of the "Edit" menu to move the selected project line by line.

Note that if a separator is placed before the selected project, it is moved with the
project.

2.1 Creating and Working with Projects

The commands of the project manager menu are used to create new projects, edit them and
manage existing projects.

k!

Creating a New Project

To create a new project, first enter its name. An empty project is then created, with no
object in it. An 1/O configuration can be attached to the new created project. This 1/O
configuration must be defined in library. If a configuration is chosen, ISaGRAF will
automatically set-up the I/O connection and declare the corresponding I/O variables
in the new project dictionary. When creating or renaming a project, you have to
conform the following naming rules:

e name cannot exceed 8 characters
e the first character must be a letter
¢ the following characters can be letters, digits or underscore character
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e the project's name is case insensitive

When a project is created, use the "Edit / Set comment text" command to enter the
text to be displayed with the project name in the list.

Editing the project descriptor

The "Project / Project descriptor® command is used to edit the project text
descriptor. This document fully identifies the project from the others on the project list.
The project descriptor can also be used to record any remarks during the project
lifetime.

Editing project

The "File / Open" command opens the Program Management window for the
selected project. From this window, all the contents (programs, application
parameters...) of the project, can be managed. It is also possible to double click on a
project name, to edit it.

The history of modifications

The 1ISaGRAF system stores any modification relative to a component of a project in
a history file. Each modification is identified in the history by a title, a date and a time.
The history file contains the last 500 modifications. There is one history file for each
project. The history of modifications for the project is the complement of the "diary"
files attached to the programs of the project. The "Project / History" command allows
the user to view or print the history of modifications for the selected project. The user
can select one or more items in the main list, and press the following buttons:

OKcloses this window

i

Print ................... sends the contents of the list to the printer
Help............ooe displays help about this dialog box

[erase] Selected . removes (deletes) the selected lines from the list
[erase] All ........... clears the complete list

Find..........oooees finds a pattern in the list

The input box above the "Find" button is used to enter a search pattern. This function
is case insensitive. When the search reaches the bottom of the list, it continues from
the top of the list to the starting position.

ﬁ Printing a complete document

The "Project / Print" command allows the user to build and print a complete
document about the selected project. This document can group any component
(program, variable, parameters...) of the selected project. To build a specific
(incomplete) document, the user only has to define its table of contents.

Password protection

The "Project / Set password" command enables the user to define password
protection for tools and data of the selected project. Refer to the "Password
protection” section, at the end of the first part in this manual for further information
about password levels and data protection. Passwords are only relative to the
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selected project. They have no influence on other projects and ISaGRAF libraries.

2.2 Working with several groups of projects

An 1ISaGRAF project corresponds to one directory on the disk, where all the project files are
store. A "Project Group" corresponds to a list of project directories grouped together under
the same root directory. A project group is identified by a name. As default, ISaGRAF
creates two project groups:

"Default" ............ on "\ISAWIN\APL": your working area
"Samples".......... on "ISAWIN\SMP": sample applications delivered with 1SaGRAF
workbench

The name of the currently selected project group is written in the toolbar, close to the button
used to select a project group:
3 Defaut

You can also run the "File / Select project group" to select an existing group or create a
new one. The following dialog box is open:

Project groups E

Default c:isaviniapl | Select |
Samplez clizawinamp
Demo Clizawinmdemo
MNew group |
Close |

Select a group in the list and press "Select” to activate it in the project management list.
You can also double click on its name to select it. Use the "New group” command to create
a new group. This command can be used either to assign a group name to an existing
directory, or to create a new group with a new directory.

Note: No group can be selected or created when other ISaGRAF windows (program
manager, editors...) are open.

2.3 Options
The commands of the "Options” menu are used to display or hide the toolbar, select the
character font for text, and set the Project Manager "auto close" mode.

The character font selected is the one used to display the project descriptor, and is also
used by all ISaGRAF text editors.

When the "Keep Project Manager open" option is removed, the Project Manager window
is automatically closed when a project is entered.
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2.4 Tools

The commands of the "Tools" menu are used to run other ISaGRAF applications. The
"Tools / Archive Projects" command runs the ISaGRAF archive manager to save or restore
projects. The "Tools / Archive Common data" command is used to save or restore files used
by all projects (such as common defined words).

The "Tools / Libraries" command runs the ISaGRAF library manager in a separate
window.

The "Tools / Import IL program” can be used to import a project described as a single IL
program in a text file, according to PLC Open file exchange format.
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3. Managing Programs

The Program Management window shows the programs (also called modules or programming
units) of the application and groups into its menus the available commands, to create the project
architecture, run editors, compiler and debugger.

This window is the workbench kernel during the development of an application. The Program
Management window opens when running the "Open" command in the Project Management
window.

3.1 The components of a project

The components of a project are called programs. A program is a logical entity that
describes one part of the control execution. Global variables (such as I/0 variables) can be
used by any program in the application. Local variables may be used by only one program.
Programs are listed in a hierarchy tree, divided into different logical sections. The window
shows the programs and the links between them. The "Top level” programs appear on the
left side of the hierarchy tree.

Top level programs

The top-level programs appear on the left side of the hierarchy tree. Top level programs of
the three first sections are always active, and are executed in the following order, during the
run time cycle (scan):

(Read inputs)

Execute the top level programs of the BEGIN section
Execute the top level programs of the SEQUENTIAL section
Execute the top level programs of the END section

(Refresh outputs)

The programs of the "Begin" or "End" sections describe cyclic operations. They are not
dependent on Time. The programs of the "Sequential' section describe sequential
operations, where the Time variable explicitly appears to distinguish basic operations. The
main programs of the "Begin" section are systematically executed at the beginning of each
run time cycle. The main programs of the "End" section are systematically executed at the
end of each run time cycle. The main programs of the "Sequential” section are executed on
the basis of the SFC or FC rules and must be written in SFC or FC language. The programs
of the cyclic sections cannot be described in the SFC or FC language. Any program of any
section may own one or more sub-programs.

Functions and function blocks

The programs of the "Functions" section can be called by any program of any section in
the project. A function is an algorithm that processes one output value from several input
values. A function algorithm only works with volatile intermediate variables, erased from one
call to the other. This implies that a function should never call a function block. A program of
the "Functions" section cannot be described in the SFC or FC language.
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Unlike functions, "Function blocks" associate an algorithm working on input values with
hidden static data, which are copied (instanced) by the system on each different use of the
function block. The programs of the "Function Blocks" section can be called by any
program of any section in the project. They cannot be programmed in SFC or FC language.

Sub-programs

Sub-programs are functions dedicated to one (SFC, FC or other) father program. Asub-
program can be executed (called) by its parent program only. Each program of each section
may have one or more sub-programs. Any language apart from SFC and FC can be used to
describe a sub-program.

Child SFC and FC programs

A child SFC program is a parallel program that can be started or killed by its parent
program. The parent program and child program must both be described in SFC language.

When a parent program starts a child SFC program, it puts a SFC token into each initial
step of the child program. When a parent program kills a child SFC program, it clears all the
tokens existing in the steps of the child.

Any FC program of the sequential section may control other FC sub-programs. An FC
father program is blocked (waits) during execution of an FC sub-program. It is not possible
that simultaneous operations are done in father FC program and one of its FC sub-
programs.

Links between programs and sub-programs

Sub-programs and child programs are linked to their parent program by a line in the
hierarchy tree. An arrow ends a link between an SFC program and an SFC child program.
Note that such a link represents parallel operations.

Programming languages

Each program is described in only one language. This language, selected when the
program is created, cannot be changed afterwards. However, FBD diagrams may include
parts in LD, and LD diagrams may include function block calls. Available graphic languages
are SFC (Sequential Function Chart), FC (Flow Chart) FBD (Functional Block Diagram) and
LD (Ladder Diagram). Available literal languages are ST (Structured Text) and IL
(Instruction List). SFC and FC languages are reserved for main and child programs of the
sequential section. The language of each program is shown as an icon beside the program
name in the Program Management window. Below are the icons used to represent the

languages:

= SFC (Sequential Function Chart)
FC (Flow Chart)
FBD (Functional Block Diagram)
[1HIH LD (Ladder Diagram (entered with Quick LD editor)
ST (Structured Text)
IL (Instruction List)
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3.2 Working with programs

k!

The "File" menu groups all the commands used to create, update or modify programs. It
also launches appropriate editors to enter the contents of application programs.

Creating a new program

The "New" function of the "File" menu allows the creation of top level, child or
subprograms into each program section. The first piece of information to be
entered is the name of the new program according to the following naming
rules:

e the maximum length of a name is 8 characters

e the first character must be a letter

e the following characters must be letters, digits or ' _' character

e the naming of a program is case insensitive

Next, select the editing language chosen to describe the new program:

SFC - Sequential Function Chart

FC - Flow Chart

FBD - Functional Block Diagram (may include parts in LD)
LD - Ladder Diagram entered with Quick LD editor

ST - Structured Text

IL - Instruction List

Finally, select an execution style for the program:

Begin - top level of the "Begin" section

Sequential - top level of the "Sequential” section

End - top level of the "End" section

Function - in the "Functions" section

Function block - in the "Function Blocks" section

Child of - SFC or FC child or sub-program of an existing program.

By selecting one of the first five choices, the program is put at the top level of a
Begin, End, Sequential, Functions or Function Blocks section. The selection of
the latter indicates that the new program is an SFC child program or an FC
subprogram or a sub-program. Remember that a top-level sequential program
must be described in the SFC or FC language, and that the SFC and FC
languages cannot be used for cyclic programs and their sub-programs.

Entering comments for each program

ISaGRAF allows you to attach a description text to each program of the project.
This comment text is displayed with smaller character font beside the name of
the program. Use the "File / Program comment text" command to enter or
change the comment attached to the selected program.

Editing the contents of a program

This command allows the modification of a program's contents. The editor used
to enter a program depends on the language chosen for that program. Program
editing is carried out in individual windows, so that it is possible to edit more
than one program through parallel windows. Pressing the ENTER key allows
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the editing of the highlighted program. The user can also double click with the
mouse on thename of the program to edit it.

H Editing the "diary" file

A diary file is attached to each program. This is a text file, which contains all the
notes about the modifications made to the program during its lifetime. The diary
file can be edited, freely modified or printed at any time. When leaving the editor
used to modify the source code of a program, a window is automatically opened
to enter notes for the diary list. Such notes are inserted with the correct date
and time into the diary file.

E The dictionary of variables

The "File / Dictionary” command runs the dictionary editor, where are declared
the variables of the project. Variables may be global (known by any program in
the project) or local to the selected program. The dictionary editor may also be
used to declare defined words, which are semantic aliases, used to replace a
name or an expression in the source code of a program.

% Parameters of a function, sub-program or function block

The "File / Parameters" command allows the user to define the call and return
parameters of the selected sub-program, function or function block. This
command has no effect if a main program of the "Begin" or "End" section, or an
SFC program is selected in the Program Management window.

Sub-programs, functions or function blocks may have up to 32 parameters
(input or output). A function or sub-program always has one (and only one)
return parameter, which must have the same name as the function, in order to
conform to ST language writing conventions.

The list in the upper left side of the window shows the parameters, in the order
of the calling model: first the calling parameters, last the return parameters. The
lower part of the window shows the detailed description of the parameter
currently selected in the list. Any of the ISaGRAF data types may be used for a
parameter.

The return parameters must be located after calling parameters in the list.
Naming parameters must conform to the following rules:

¢ the length of the name cannot exceed 16 characters

e the first character must be a letter

e the following characters must be letters, digits or underscore character
e naming is case insensitive

The "Insert" command is used to insert a new parameter before the selected
parameter. The "Delete” command is used to erase the selected parameter.
The "Arrange" command automatically rearranges (sorts) the parameters, so
that the return parameters are put at the end of the list.

Moving a program in the hierarchy tree

The "Rename/move" command of the "File" menu is used to change the name
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of a program, or to move it into another section of the hierarchy tree. However
the description language of an existing program cannot be changed. When
running this command, the same window as the one used for creating programs
is opened, and all fields are set up with the attributes of the selected program.
The name of a program can be modified, and another section or parent program
selected to move it into the hierarchy tree.

The "Arrange programs" command of the "File" menu is used to give an
explicit order between a list of programs with same level and father. If the
selected program is at the top level, the command is used to arrange the top-
level programs of the selected section. If the selected program is at a lower
level, the command arranges only the SFC children and sub-programs which
have the same father as the selected one. When the "Arrange programs”
dialog box is opened, select the program you want to move, and press the "Up"
or "Down" button to move it in the list.

Copying programs

To make a copy of a program, select the source program from the list of
programs, and run the "File / Copy" command. When running this command,
the same window as that used for creating programs is opened, with all fields
set up with the attributes of the selected program. Enter the name of the
destination program and its location in the sections of the hierarchy tree. If the
destination program does not exist, it is created at the specified location. If the
destination program already exists, it is overwritten. All the local declarations
and defined words are copied with the program. The description language of the
destination program must be the same as the one used for the source program.
Press the "OK" button to copy the program.

The "Copy to other project” command of the "File" menu copies the selected
program into another project, with the same name. The child SFC programs and
sub-programs of the selected program can be copied with it. The names of the
selected program and its children must not be used in the target project.
Programs cannot be overwritten by this command. All the attached local
declarations and defined words are copied with the programs.

m Deleting programs

To delete a program, first select it from the list of programs, and then run the
"File / Delete" command. A program owning child or sub-programs cannot be
deleted. In order to delete a program with child or sub-programs, the child or
sub-programs must be deleted first. All the local declarations and defined words
are deleted with the program.

Importing function or function block from library

The "Tools / Import from library" command is used to copy a function or a
function block written in IEC language described in the library to the
"Functions" or "Function blocks" section of the open project. Local variables
and defined words attached to the imported function are copied with it. When a
function has been correctly imported from the library, it can be placed in another
section or another location in the hierarchy tree, using the "File /
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Rename/Move" command. In order to avoid naming clashes, the imported
function or function block must be renamed when imported in the project area.
Don't forget to rename also the return parameter in the case of a function.

Exporting function or function block to library

The "Tools / Export to library" command is used to send a program of the
"Functions" or "Function blocks" section (in the open project) to the
appropriate library. Local variables and defined words attached, to the exported
function or block, are copied with it. The exported function or block will have to
be re-compiled (verified) from the ISaGRAF Library Manager, to ensure that it
can be used in a library environment. Functions and function blocks of the
library cannot use global variables.

3.3 Running the code generation tools

The commands of the "Make" menu are used to run the code generator, and to enter
options and additional data used when producing the application code. Refer to the chapter
"Using the code generator” in this document for further information about these tools.

3 Make the application code

The "Make" command starts the project code generation. The options for target
code generation must be set correctly before running this command. Before
generating the target code, any program that is still not verified is checked to
detect the syntax errors. ISaGRAF includes an incremental compiler, which
does not recompile programs, which have already been compiled.

M Verify the selected program

The "Verify" command allows the user to verify the syntax of the program
currently selected in the list. When a program is verified, with no error detected,
it is not re-verified during the code generation until its contents or dependent
defined words or variables change.

Simulating a modification

The "Touch” command simulates a modification of each program so that all of
them will be compiled again during the next code generation.

i‘:" Application run-time options

This command opens a dialog box where are entered the main run-time
parameters for the execution of the application. This includes the cycle timing
programming, run time error management, the starting mode and the hardware
implementation of retained variables. Refer to the chapter "Using the Code
Generator" in this document for more explanations about this command.
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Compiler options

This command is used to set-up the options used by the ISaGRAF Code
Generator to produce and optimise target code. Refer to the chapter "Using the
Code Generator" in this document for more explanations about this command.

Defining resources

A "resource" is a user defined data (for example a file) which has to be merged
with the target code so it can be downloaded with it. Refer to the section "Using
the Code Generator" in this document for more explanations about the format of
the resource definition file.

3.4 Other 1ISaGRAF tools

The "Project” menu groups the commands that run ISaGRAF tools for the selected project. Refer
to the corresponding chapters in this document for more information about these tools.

Compiler options

This command is used to set-up the options used by the ISaGRAF Code
Generator to produce and optimise target code. Refer to the chapter "Using the
Code Generator" in this document for more explanations about this command.

[ Wiring I/O variables

The "lIO connection" command runs the 1SaGRAF 1/O variable connection
editor. This tool is used to establish the relationship between 1/O variables
declared in the project dictionary and corresponding I/0O hardware.

ﬁ‘l Running the cross reference editor

The "Cross references” command allows the user to calculate, to view or to
print the cross references of the project. The cross-references show the user all
the occurrences of each variable in the source code of the programs, in the
entire project. This function is very useful to detect an access to a variable or
any global resource, or to list all the occurrences of a global variable in the
source code.

Entering the project descriptor

The "Project descriptor" command is used to edit the project text descriptor.
This document fully identifies the project from the others on the project list. The
project descriptor can also be used to record any remarks during the project
lifetime. The project descriptor is the one displayed in the Project Manager
window.

Omniflex ISaGraf Application Workbench V3.46 User Guide 28 -© Omniflex
UMCCO030AUGRO1.pdf



Printing a complete document

The "Print project document” command allows the user to build and print a
complete document about the selected project. This document can group any
component (program, variable, parameters...) of the selected project. To build a
specific (non-complete) document, the user only has to define its table of
contents.

History of modifications

This command opens a dialog box where is displayed the history of
modifications for the project. Refer to the chapter "Managing projects” in this
document for more explanations about this command.

3.5 Adding commands to the Tools menu

3.6

ISaGRAF provides a method to insert other commands in the "Tools"™ menu. User defined
commands to be added are described in "\ISAWIN\COM\ISA.MNU" text file.

You can add up to 10 commands. Comments may be inserted on any line, beginning with
;" character. Each command is described on two lines of text, according to the following
syntax:

M=menu string

c=command_line

The menu string is the text to be displayed in the "Tools" menu. The command line is any
MS-DOS or Windows executable, and can be completed with arguments. In command line,
you can use "%A" characters to replace the name of the open project, and "%P"
characters to replace the name of the selected program. The following example runs
"Notepad" to edit the selected program (to be used with ST and IL programs):

M=Edit with Notepad

C=Notepad.exe \isawin\apl\%A\%P.lsf

Simulating and debugging the application

The command of the "Debug" menu are used to run the ISaGRAF graphic debugger, either
in simulation mode or in real connected mode.

Simulation

The "Simulate" command opens the debugger in simulation mode. In this mode,
another window appears, called the simulator. This command is very useful to
test any application when the target machine is unavailable. Starting the
simulator closes the Program Management window. The Program Management
window is then re-opened in debug mode after both debugger and simulation
windows are opened. The simulator cannot be started if the target code has not
been generated.
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The simulator cannot be started when child windows (editors, code generation,
I/O connection...) are opened. Each of them must be closed before running this
command. This command is also available from menus of ISaGRAF editors.

qﬁ Real debugging
i

The "Debug” command opens the debugger main window, and closes the
Program Management window. The Program Management window is then re-
opened in debug mode as soon as communication is established between the
debugger and the target application. The debugger cannot be started if the
target code has not been generated. The debugger cannot be started when
child windows (editors, code generation, 1/0 connection...) are opened. Each of
them must be closed before running this command. This command is also
available from menus of ISaGRAF editors.

Preparing the debug workspace

The "Debug / Workspace" command enables you to define a list of documents
for initial workspace. Such documents can be programs, SpotLight graphics,
and lists of variables. Graphics and lists of time diagrams from previous
ISaGRAF versions are also listed with project documents. Documents defined in
the initial workspace are automatically opened when simulation or On Line
monitoring is launched.

Debugging Workspace E

Documents: Workzpace:
clivicle (program) scope (graphic)
zelect (list)

zelect (program)

2]
[

1] 4 | Cancel

The dialog box shows the existing documents of the project on the left, and
documents selected for the initial workspace on the right. Use ">>" and "<<"
push buttons to move documents from one list to the other. Each project has its
own list of documents for initial workspace.

E Link set-up

The "Link set-up" command It enables the user to define the parameters of the
link used for communication between the debugger on the host PC and the
target ISaGRAF system.

The "Slave number" identifies the target ISaGRAF system or task. It can be
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from 1 to 255. Refer to the target supplier manual for the slave number of the
target system used.

The "Communication port" identifies the hardware media between ISaGRAF
workbench and target. It can be either the name of a serial port, or "Ethernet”,
reserved TCP-IP communication using the "Winsock" Version 1.1.

The "Time out" is the time left to the target system for its communication
operations between the end of a debugger question and the beginning of its
response. This time is set as a number in milliseconds. The "Retries" field is the
number of automatic trials the debugger executes for a communication
operation before detecting a communication error.

Serial link set-up

When a serial port (COML1..4) is selected, the "Set-up" button is used to access
to other serial link communication parameters.

The transmission baud rate, parity and format may be selected. When the
"hardware" choice is selected for "Flow Control", the 1ISaGRAF Workbench
controls the CTS and DSR lines to enable hardware handshaking during
exchanges.

Ethernet link set-up

When "Ethernet" is selected as a communication port, the "Set-up" button is
used to enter the "Internet Address" and "Internet port" number, for TCP-IP
communication.

These fields use the standard formats defined by the Socket interface. The
Workbench uses the WINSOCK.DLL Version 1.1 library for TCP-IP
communications. This file must be correctly installed on the hard disk. "1100" is
the default port number used if not specified when running the ISaGRAF target.
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4. Using the SFC editor

The SFC language is used to describe operations of a sequential process. It uses a simple
graphic representation for the different steps of a process, and conditions that enable the change
of active steps. An SFC program is entered by using the 1ISaGRAF graphic SFC editor. SFC is
the core of the IEC 1131-3 standard. The other languages usually describe the actions within the
steps and the logical conditions for the transitions. The ISaGRAF graphic SFC editor allows the
user to enter complete SFC programs. It combines graphic and text editing capabilities, thus
allowing the entry of both the SFC chart, and the corresponding actions and conditions.

4.1 SFC language main topics

The SFC language is used to represent sequential processes. It divides the process cycle
into a number of well-defined successive steps (self-contained situations), separated by
transitions. Refer to the ISaGRAF Languages Reference Manual for more details on the
SFC language.

SFC components are joined by oriented lines. The default orientation of a line is up to
down. These are the basic graphic components used to build an SFC chart:

Initial step

Step

—L— Transition

1 Jump to a step

Macro step

Macro beginning step

Macro ending step

The SFC programming is usually separated into two different levels: The Level 1 shows the
graphic chart, reference numbers of the steps and the transitions, and comments attached
to the steps and the transitions. The Level 2 is the ST or IL programming of the actions
within the steps, or the conditions attached to the transitions. Actions or conditions may
refer to sub-programs written in other languages (FBD, LD, ST or IL). Below is an example
of level 1 and level 2 programming:
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1 ™ Start Mixing =) - —
Mection(F: j Start Mixing
Action[F]:
(™ Mlizing Done ™) . . .
T 1 |MixLevel = 100; MixLevel := 10;
End_Action;

The level 2 programming of a step is entered in a text editor. It can include action blocks
programmed in ST or IL. The level 2 programming of a transition can be entered either in IL
or ST text languages, or with Quick LD editor.

Divergences and convergences

Divergences and convergences are used to represent multiple links between steps and
transitions. Simple divergences or convergences represent different inclusive possibilities
between different sub parts of the process:

1

A

Single divergence (OR)
Warning: following transitions are not
implicitely exclusive

"l

“|
*l

7|

- Single convergence (OR)

Double divergences represent parallel processes:

1

| < Double divergence (AND)

T N
z ] -—
These are parallel
-
1l & 1 processes
i E
4
Double convergence (AND)
T
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Jump to a step

The SFC editor only allows the user to draw links in the up to down direction. A jump to a
step can be used to represent a link to an upper part of the chart.

Following charts are equivalent:

Jump to a transition is forbidden, and must be explicitly represented as a double(AND)
convergence.

Macro steps

A macro step is a unique representation of a stand-alone group of steps and transitions. A
macro step begins with a beginning step and terminates with an ending step.

L
1 2
—
2 3 ]
7 4
— |
] G

The detailed representation of a macro step must be described in the same SFC program.
The macro-step symbol must have the same reference number as the macro beginning
step. A macro step description may contain another macro step.

4.2 Entering an SFC chart

To draw an SFC chart, the user simply has to introduce the significant components of the
chart. All the single lines joining two elements (horizontally or vertically) are drawn
automatically by the SFC editor. To place an SFC component on the chart, the user has to
move the selection to appropriate location and select the type of the component in the
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editor toolbar. The symbol is inserted at the current position. The following keyboard
sequences can also be used:

F2: &1 Insert an initial step
Fa: [ Insert a single step

F4: 4+ Insert a transition

Fe: [ Insert a jJump to a step

F&: 7 F7 1L Insertan OR divergence or convergence / Add branches
tFi:= 7.2 Insertan AND divergence or convergence / Add branches
F&: B9 Insert a macro step

Fa: 3] #F3[x] Insertbegin or end step for the body of a macro step

(The " t. symbol indicates a combination with SHIFT key)

The editing grid shows matrix cells. An editor option allows the user to show or hide the
grid during chart input. The grid is very useful for initial layout of SFC chart, or selecting
sub-parts of the chart. Use the "Options / Layout” command to display or hide the grid.

The 1ISaGRAF SFC editor always shows the current position in the matrix. The focused cell
is marked in grey. The small square on its bottom right corner can be used to freely resize
the cells. The X/Y ratio of the cells can also be changed this way.

= =walucte tmax ™)
ARTION (N

1
] . 1
| i 1
: 1 1
i\:-uuuu-u-ju T T mIEER e I
| 1
. _____F

Creating a divergence or convergence

Divergences and convergences are always drawn from the left to the right. To draw a
divergence or a convergence, its left branches has to be placed on the chart area. The type
of drawing (simple or double) is set by selecting one of these buttons in the toolbar.

1101

FE: . F7 L Insertan OR divergence or convergence / Add branches

tFe:is 4Fp.L  Insertan AND divergence or convergence / Add branches

Adding branches to divergences

The start and stop position of each auxiliary branch is placed on the divergence or
convergence line using these buttons in the toolbar. The left corner of the divergence or
convergence must be present before inserting new branches. The right corners have the
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same style (simple or double) as the main left corner. Right corners cannot be placed if the
main left corner has not been added.

Fe: E5

F3: E|
tFa: [x]

F&: .+ F7 L Insertan OR divergence or convergence / Add branches

tFe:is 7L Insertan AND divergence or convergence / Add branches

Inserting a macro step

This button is used to insert a macro step in the main chart. The body of the macro
step must be entered elsewhere in the same SFC program.

Body of a macro step

Macro steps must be described in the same SFC program as the main chart. A
macro step must start with a beginning step and stop with an ending step. The
sub-chart described as the macro implementation must be self-contained. The
macro beginning step must have the same reference as the macro-step symbol of
the main branch.

4.3 Working on an existing SFC chart

T

You can use either the mouse or keyboards arrows to select a rectangle area in the
chart. The whole selected area is marked in grey. The commands of the "Edit" menu
can then used:

Cut / copy / delete / paste commands

The following commands are available from the "Edit" menu when the "arrow" button
is selected in the editor toolbar:

Cut i Move selected rectangle from the screen to the SFC clipboard
(0] o)V Copy selected rectangle from the screen to the SFC clipboard
Delete................. Clear (delete) selected rectangle

Paste......ccccceeenn. Insert contents SFC clipboard at the current position

The "Edit / Paste" copies SFC clipboard to the screen. Copy / Paste commands work
on both SFC chart and step/transition level 2 programming. It is also possible to copy
a chart in a program and paste it in another SFC program. Elements are inserted
before the currently selected position.

Move elements

When SFC elements are selected in the SFC chart, you can move them to another
location of the chart by dragging the selection with the mouse. While you drag the
selection, the initial location of selected elements is hatched.
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)

The destination area for moved elements must be empty. No insertion is possible
while moving SFC symbols.

Renumbering steps and transitions

Each step or transition is identified by a logical number in the SFC chart. The
"Edit/Renumber” command allows the user to automatically set up numerically
sequential reference numbers for any of the steps and the transitions of the currently
edited SFC program. When a step number is changed, all the jumps to this step are
automatically updated with the new reference number. (This also applies to macro
steps and beginning steps)

—» Direct access to a step or transition

The "Edit / Go to" command allows the user to access an existing step or transition.
The scrolling position is automatically adapted so that the step or transition is visible.

Find and replace texts

The "Edit / Find Replace" command can be used to find or replace text strings in the
complete program (all steps and transitions). The Find/Replace dialog box is used to
enter a searched text and directly open the level 2 programming section where text
occurs.

4.4 Entering the level 2 programming

To enter the Level 2 text, the user must double click on the step or transition symbol.
The level 2 programming is displayed on the right of the SFC window. The separation
line between SFC chart and level 2 programming can be freely moved. You can open
one or two level 2 areas at the same time. The following commands are available
from keyboard, mouse or the "Edit" menu:

Keyboard Mouse "Edit" menu
Open in last default window  Enter Double Click Edit level 2
Open in separate window Ctrl+Enter Ctrl + DoubleClick Edit Level 2 in

separate window

When two level 2 windows are visible, the separation between them can be freely
moved. The button on the right of the level 2 title bar is used to close a level 2
window.

The default language for Level 2 programming is ST (Structured Text). For
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transitions, level 2 programming can also be entered with Quick LD editor. Use the
"ST/LD" button in level 2 title bar to change the active language. This command is
valid only if the level 2 programming window is empty.

STILD
/ \\ Close Lewel 2 windowvy

Change language

(transtions anly)
A single line edit box appears at the top of the level 2 window. It is used to enter a
short description text. This text will be displayed as an IEC comment in drawing of

SFC symbols. It is very useful as it is used by other commands such as "Go To..."
and also in the SFC printout to document SFC steps and transitions.

Step 51 Description
initialize — lead i= stopped| texd
ACTION (P) - N

The "Options / Refresh" command can be used at any time when level 2
windowsare open to refresh the main SFC chart with modified level 2 programs.

E{} Inserting a variable name

When programming in text language, press this button to select a variable declared
in the project dictionary and insert its name at the current position of the caret.

When programming in Quick LD, press this button to select the variable to be
attached to the selected contact or block I/O parameter.

= Inserting a Pulse action block in step
When programming the level 2 of a step, press this button to insert the template of a

Pulse action block at the current position of the caret. Below is the format of a Pulse
action block:

Action (P)
ST statement;

End Action;
Pulse actions are instructions, which are executed only once when the step becomes
active. Refer to the ISaGRAF language reference for further details on SFC
programming.
M Inserting a Non stored action block in step
When programming the level 2 of a step, press this button to insert the template of a

Non stored action block at the current position of the caret. Below is the format of a
Non stored action block:

Action (N)
ST statement;

End Action;
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Non stored actions are instructions which are executed on every PLC cycle when the
step is active. Refer to the ISaGRAF language reference for further details on SFC
programming.

F New PO and P1 action qualifiers
ISaGRAF supports new PO and P1 action qualifiers. When programming the level 2
P1 of a step, press these buttons to insert the template of a PO or P1 action block at the

current position of the caret. Below is the format of such blocks:
Action (PO) : Action (P1)
ST statement; ST statement;

End Action; End Action;
P1 actions are instructions which are executed only once when the step becomes
active (same as Pulse). PO actions are instructions, which are executed only once
when the step becomes inactive. Refer to the ISaGRAF language reference for
further details on SFC programming.
Boolean actions
Other text semantics are available to directly act on a boolean variable according to
the step activity. Such actions consist of attaching the step activity signal to an
internal or output boolean variable. This is the syntax of the basic boolean actions:

<boolean_variable> (N); assigns the step activity signal to the variable

<boolean_variable>; same effect (N attribute is optional)
/ <boolean_variable>; assigns the negation of the step activity signal to the
variable

Other features are available to set or reset a boolean variable, when the step

becomes active. This is the syntax of set and reset boolean actions:

<boolean_variable> (S); sets the variable to TRUE when the step activity signal
becomes TRUE

<boolean_variable> (R); resets the variable to FALSE when the step activity signal
becomes TRUE

SFC actions

Other text semantics are available to control the execution of a child SFC program.

An SFC action is a child SFC sequence, started or killed according to the condition of

the step activity signal. An SFC action can have the N (Non stored), S (Set), or R

(Reset) qualifier. This is the syntax of the basic SFC actions:

<child_program> (N); starts the child sequence when the step becomes active,
and kills the child sequence when the step becomes
inactive

<child_program>; same effect as the preceding syntax (N attribute is
optional)

<child_program> (S); starts the child sequence when the step becomes active -
nothing is done when the step becomes inactive

<child_program> (R); kills the child sequence when the step becomes active -

nothing is done when the step becomes inactive
The SFC sequence specified as an action must be an existing child SFC program of
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the currently edited program, created with the ISaGRAF program manager.
Transitions written in ST

The level 2 of a transition is a boolean expression. To program it in ST language, just
enter the boolean condition according to the ST syntax. Optionally, a semicolon may
be added at the end of the expression.

Transitions written in Quick Ladder

Quick LD editor is available to program the level 2 condition of a transition. In this
case, the diagram is made of just one rung, with only one coil, which represents the
transition. The name of the transition is not repeated with the coil symbol. Below is an
example of transition condition programmed in Quick LD.

togole Cmod100

fManmode

When programming in Quick LD, use the keyboard arrows to move the selection in
the programming logical grid, and then use the following shortcuts to insert symbols:

F2 insert a contact after the selected symbol / initiate the rung
F3 insert a contact before the selected symbol

F4 insert a contact in parallel with the selected symbol

F6 insert a block after the selected symbol

F7 insert a block before the selected symbol

F8 insert a block in parallel with the selected symbol

You can also click on the function key bar at the bottom of the level 2 window instead
of hitting function keys.

Hit RETURN when the selection is on a contact or a block I/O parameter to select a
variable or enter a constant value. Hit RETURN when the selection is on a function
block to select the type of the function block. You can also double click on a symbol
for the same effect.

Hit SPACE bar when a contact is selected to change the type of contact (direct,
negated or with pulse detection). Refer to the chapter "Using the Quick LD editor" in
this document for more details about Quick LD capabilities.

4.5 Using the SFC gallery

The ISaGRAF SFC editor manages an SFC gallery: it is a collection of SFC structures that
can be inserted in any SFC chart. Elements of the SFC gallery can optionally embed the
level 2 programming of steps and transitions. Use the following commands of the "Tools"
menu:

Copy to SFC gallery copy selected elements to SFC gallery
Paste from SFC gallery paste an SFC gallery element at the current location

When copying to SFC gallery (i.e. creating a new SFC gallery element), you can optionally
ask to embed level 2 programming of selected SFC symbols.
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5. Using the Flow Chart editor

The ISaGRAF Flow Chart graphic editor allows the user to enter complete FC (Flow Chart)
programs, with actions and tests (decisions) programmed in either ST, IL or Quick LD language.
Flow Chart is a decision diagram, which can also be used to describe sequential operations as it
enables some advanced features such as non-blocking backward jumps.

5.1 Basics of the FC language

Flow Chart (FC) is a graphic language used to describe sequential operations. A Flow Chart
diagram is composed of Actions and Tests. Between Actions and tests are oriented links
representing data flow. Below are graphic components of the Flow Chart language:

T Beginning of FC chart:

A "begin" symbol must appear at the beginning of a Flow Chart program. It is
unique and cannot be omitted. It represents the initial state of the chart when it
is activated.

4 Ending of FC chart:

An "end" symbol must appear at the end of a Flow Chart program. It is unique
and cannot be omitted. It is possible that no connection is drawn to the "End"
symbol (always looping chart), but "End" symbol is still drawn anyway at the
bottom of the chart. It represents the final state of the chart, when its execution
has been completed.

'rl-‘ FC flow links:

A flow link is a line that represents a flow between two points of the diagram. A
link is always terminated by an arrow. Two links cannot start from the same
source connection point.

= FC actions:

An action symbol represents actions to be performed. An action is identified by
a number and a name. Two different objects of the same chart cannot have the
same name or logical number. Programming language for an action can be ST,
LD or IL. An action is always connected with links, one arriving to it, one starting
from it.

{} FC tests:

A test represents a boolean condition. A test is identified by a number and a
name. According to the evaluation of attached ST, LD or IL expression, the flow
is directed to "YES" or "NO" path. When programmed in ST text, the expression
may optionally be followed by a semicolon. When programmed in LD, the
unique coil represents the condition value.

= FC sub-program:

The system enables the description of a hierarchised structure of FC programs.
FC programs are organised in a hierarchy tree. Each FC program can call other
FC programs. Such a program is called a child program of the FC program,
which calls it. FC programs, which call FC sub-programs, are called father
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program. FC programs are linked together into a main hierarchy tree, using a
"father - child" relation. A sub-program symbol in a Flow Chart represents a call
to a Flow Chart sub-program. Execution of the calling FC program is suspended
till the sub-program execution is complete.

& FC 1/O specific action:

An 1/0O specific action symbol represents actions to be performed. As other
actions, an /O specific action is identified by a number and a name. The same
semantic is used on standard actions and I/O specific actions. The aim of I/O
specific actions is only to make the chart more readable and to give focus on
non-portable parts of the chart. Using I/O specific actions is an optional feature.
I/O specific blocks have exactly the same behaviour as standard actions.

C] FC connectors:

Connectors are used to represent a link between two points of the diagram
without drawing it. A connector is represented as a circle and is connected to
the source of the flow. The drawing of the connector is completed, on the
appropriate side (depending on the direction of the data flow), by the
identification of the target point (generally the name of the target symbol). A
connector always targets a defined Flow Chart symbol. The destination symbol
is identified by its logical number.

|Til:-I FC comments:

A comment block contains text that has no sense for the semantic of the chart.
It can be inserted anywhere on a free space of the Flow Chart document
window, and is used to document the program.

5.2 Entering a Flow Chart

To enter a chart, you have to place elements (actions, decision tests, connectors...) in the
graphic area, and draw flow links between them.

I:i' Inserting objects

To insert an object in the diagram, select the corresponding button in the toolbar
and click in the graphic area, where you want to insert it. You can either put the
element on an empty area, or insert it in a flow by clicking on a flow link.
Insertion on a link is allowed for top to bottom vertical links only. You can insert
the following basic elements:

action programmed in ST, IL or Quick LD
I/O specific action (highlights a particular non-portable action)

test (decision) programmed in ST, IL or Quick LD
connector

call to an FC sub-program

DEOCEED

comment (description text)
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The ISaGRAF Flow Chart editor also proposes you a list of classical Flow Chart
structures. Such structures can only be inserted on an existing flow link. They
cannot be put in an empty area:

ga If / Then / Else (binary selection)
@ Repeat until (waits for a condition)

@ While (loops while a condition is true)

t} Selecting objects

Selecting graphic objects is needed for most of the editing commands. The ISaGRAF
FC graphic editor enables the selection of one or more objects existing in the
diagram area. To select objects, the "select” (button with an arrow) choice must be
checked in the editor toolbar. To select one object, the user only has to click on its
symbol.

To select a list of objects, drag the mouse in the diagram to draw a rectangle area.
All graphic objects in the selection rectangle are marked as "selected".

A selected object is drawn in dark blue colour, with little black squares around its
graphic symbol. It is also possible to add or remove one object to a multiple
selection, by clicking on its symbol with Shift or Ctrl key pressed.

By making a new selection, selection of all objects previously selected is removed.
To remove the existing selection, simply click with the mouse in an empty area,
outside of the rectangle which borders the selected objects.

For single selection, it is possible to use keyboard arrows to move selection from one
object to the other in the chart. Flow links can also be selected.

[ Inserting comments

Comments may be inserted anywhere in an empty part of the diagram. Comments
have no influence on the program execution. They allow a higher readability of the
diagram. To insert a comment block, select the corresponding button in the toolbar,
and click in the diagram where comment must be put. Double click on a comment to
enter / change its text. No special leading or trailing characters such as "(*" and "*)"
are needed when entering the text of a comment block. A comment block may be
resized by dragging the corners of its border when it is selected.

e Drawing flow links

Select this button in the toolbar to draw a flow link between existing elements. A link
must always be drawn in the direction of the flow. First select a non-connected output
point of an FC element, and drag the mouse to the destination point to insert the link.
The destination point can either be the top (input point) of a non-connected FC
element, or any location on an existing link. Convergence points between links are
shown with small grey circles in the Flow Chart. Convergence points can also be
selected and moved in order to arrange the diagram.
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) Using connectors

The ISaGRAF Flow Chart editor enables the use of graphic connectors, as a
replacement of a visible flow link. Connectors can be very useful to avoid very long
links and increase chart readability. A connector cannot be used to establish a link
with another FC program.

A connector is put in the chart as other FC objects. It is represented by a circle
containing the numerical reference of targeted element (destination of the flow link).
The short description text of the target element is displayed close to the connector

circle.

| 03:Process

; M
04:BEverything Ok s

Yes
T Exception handling

05 Continue.

[-} Moving objects

To move objects in the chart, you have to select them, and drag the mouse to move
them within the chart. You can either move a single element or a multiple selection.
Elements cannot be overlapped when moving them. Moving elements cannot be
used to connect them to an existing link.

When a single element (action, test...) is moved, the 1ISaGRAF Flow Chart editor
automatically moves with the selected element all objects placed below and
connected to it. This feature does not operate in the case of a multiple selection.

I:I Resizing objects
Any graphic element of a flow apart from "Begin”, "End" symbols and connectors can

be resized freely. To resize an element, you first have to select it. Then drag with the
mouse the small squares drawn on its border to change its size.

When an element is connected to a flow link, resizing it horizontally acts on both left
and right borders, so that the element is still correctly centred on the link when
resized.

S Swapping the outputs of a test

You can swap locations of YES / NO outputs on a test (decision). To do that, simply
double click on either "Yes" or "No" marks displayed close to the test symbol.

5.3 Working on an existing chart

The commands of the "Edit" menu are used to change or complete an existing diagram. Most of
these commands act on the elements currently selected in the diagram.
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Correcting a chart

The DEL key can be used to remove the selected elements. Pending links are
deleted with selected elements. Use "Edit / Undo" command to restore elements
after a DEL command. The DEL command can also be applied to a group of
elements selected in the diagram. The "Cut", "Copy", "Paste" commands of the Edit"
menu are used to move or copy selected elements.

Find and replace

The "Edit / Find Replace" commands can be used to find or replace text strings in
he complete program (all actions and tests programmed in ST, IL or Quick LD). he
Find/Replace dialog box is used to enter a text to be searched and to directly pen the
programming section where the text is found.

—+ Direct access to an element

The "Edit Go to" command allows the user to access a graphic element existing in
he chart. The scrolling position is automatically adapted so that the element is isible.
The element, when reached, is selected.

EE Renumbering elements

The "Edit / Renumber" command is used to renumber elements of the Flow Chart.
ny FC element put in the chart is identified with a unique reference
number.Reference numbers are allocated by the editor each time new elements are
inserted. The "Renumber"” allows you to re-adjust element numbering according to
heir location in the chart. Growing numbering is performed from top to bottom and
from left to right.

5.4 Entering level 2 programs

To enter the level 2 program, the user must double click on the action or test symbol. The
level 2 programming is displayed on the right of the FC window. The separation line
between FC chart and level 2 programming can be freely moved. You can open one or two
level 2 areas at the same time. The following commands are available from keyboard,
mouse or the "Edit" menu:

Keyboard Mouse "Edit" menu
Open in last default window Enter Double Click Edit level 2
Open in separate window Ctrl+Enter Ctrl + DoubleClick Edit Level 2

in separatewindow

When two level 2 windows are visible, the separation between them can be freely moved.
The button on the right of the level 2 title bar is used to close a level 2 window.

The default language for Level 2 programming is ST (Structured Text). The programming
language can also be IL or Quick LD. The name of the selected language is displayed in a
small box in the level 2 title bar. Run the "Options / Set Level 2 language" command from
menus or click on that box to change the active language. This command is valid only if the
level 2 programming window is empty.
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04 Start machine k100
IL Langquange
5T Language
LD Language

A single line edit box appears at the top of the level 2 window. It is used to enter a short
description text. This text will be displayed as an IEC comment in the drawing of FC
symbols. It is very useful as it is used by other commands such as "Go To..." and also in the
FC printout to document FC actions and tests.

0d: St=rt machine MA00

Start machine 100

The "Options / Refresh” command can be used at any time when level 2 windows are
open to refresh the main FC chart with modified level 2 programs.

5.5 Programming level 2 with Quick LD
Quick LD editor is available for level 2 programming. In the case of a decision test, the LD
diagram is made of just one rung, with only one coil, which represents the decision. The
name of the test is not repeated with the coil symbol. Below is an example of a test
programmed in Quick LD.
toggle Cmdi oo
I 1 | 1 | |
Manhlode
1 |
When programming in Quick LD, use the keyboard arrows to move the selection in the
programming logical grid, and then use the following shortcuts to insert symbols:
F2:iiiiiiieeenn, insert a contact after the selected symbol / initiate the rung
[ S insert a contact before the selected symbol
e insert a contact in parallel with the selected symbol
[ S add a coil in parallel with the selected one (not for tests)
FGvriiiiien, insert a block after the selected symbol
[ insert a block before the selected symbol
F8iiiiiie insert a block in parallel with the selected symbol
FOriiiiiins add a jump symbol in parallel with the selected coil (not for tests)
A jump leads to a rung name. The name of a rung can be entered by hitting ENTER when
selection is on the rung head. The 1ISaGRAF editor keeps the memory of the rung labels
you already entered, whether it has been specified for a rung name or a jump operation.
The "Jump/Label™ dialog box gives you the possibility either to enter a new label, or to
select an existing one. If you enter a new name, it will automatically be added to the list.
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The "Remove" button is used to remove the selected name from the list. It does not remove
the label on the rung you selected in the diagram. To do this, just press OK when the edit
box is empty.

You can also press buttons in the LD toolbar instead of hitting function keys.

Hit ENTER when the selection is on a contact or a block 1/0 parameter to select a variable
or enter a constant value. Hit ENTER when the selection is on a function block to select the
type of the function block. You can also double click on a symbol for the same effect.

Hit Control + SPACE bar when a contact is selected to change the type of contact or coil
(direct, negated). Refer to the chapter "Using the Quick LD editor" in this document for more
details about Quick LD capabilities.

5.6 Display options

The "Options / Layout" command opens a dialog box where are grouped all the
parameters and options concerning the editor workspace and the drawing of the diagram.
Use the check boxes in the "Workspace" group to display or hide editor toolbars and status
bar. Option of the "Document” group allow you to show or hide points of the editing grid and
to display chart either in black and white or with colours.

q Use the "Zoom" button of the toolbar to change current zoom ratio. This command is
also available when working on a Quick LD program attached to an action or a test.

EHEH Use the "Grid" button of the toolbar to show or hide points of the editing grid. This
e command is also available when working on a Quick LD program attached to an
action or a test.

Use the "Options / Font" command to select the name of the character font to be
used in all ISaGRAF documents. When called from an ST or IL block, you can
specify size of the font. When selecting font for a graphic view (FC or Quick LD), font
style and size are not relevant and do not need to be specified. ISAGRAF graphic
editors always calculate the font size according to the current zoom ratio.
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6. Using the Quick LD editor

The LD language enables graphic representation of boolean expressions. Boolean AND, OR,
NOT operators are explicitly represented by the diagram topology. Boolean input variables are
attached to graphic contacts. Boolean output variables are attached to graphic coils. The
ISaGRAF Quick LD editor provides easy LD diagram entering using either keyboard or mouse.
Elements are automatically linked and arranged on rungs by the Quick LD editor. No connection
is drawn manually by the user. The Quick LD editor also arranges rungs in the diagram so that
the space filled by the diagram is always optimised.

6.1 Basics of the LD language

An LD program is expressed as a list of rungs where contacts and coils are arranged.
Below are the basic components of an LD diagram:

— Rung head (left power rail)

Each rung begins with a left power rail, which represents the initial "TRUE" state.
SaGRAF Quick LD editor automatically creates the left power rail when the first
contact of the rung is placed by the user. Each rung may have a logical name, which
can be used as a label for jump instructions.

Ak Contacts
A contact modifies the boolean data flow, according to the state of a boolean
variable. The name of the variable is displayed upon the contact symbol. The
following types of contacts are supported by ISaGRAF Quick LD editor:
4k direct contact
i negated contact
v contact with positive (rising) edge detection
ik contact with negative (falling) edge detection
L Coils
A coil represents an action. The rung state (state of the link on the left of the coil) is
used to force a boolean variable. The name of the variable is displayed upon the coil
symbol. The following types of coils are supported by ISaGRAF Quick LD editor:
{r direct coil
) negated coil
) "set" action coil
) "reset" action coil
A} coil with positive (rising) edge detection
) coil with negative (falling) edge detection
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Function blocks

A block in an LD diagram can represent a function, a function block, a sub-program or
an operator. Its first input and output parameters are always connected to the rung.
Other input and output parameters are literally written outside of the block rectangle.

TOH

IH [}

T Su PT BT “__:Eﬂ.-.&d

— Rung end (right power rail)
A rung ends with a right power rail. Using the Quick LD editor, the right power rail is
automatically inserted when a coil is placed by the user.

—

Jump symbol

A jump symbol always refers to a rung label, i.e. the name of a rung defined
somewhere in the same LD diagram. It is placed at the end of a rung. When the rung
state is TRUE, the execution of the diagram directly jumps to this target rung. Note
that backward jumps are dangerous as they may lead to a blocking of the PLC

Return symbol

A return symbol is placed at the end of a rung. It indicates that the execution of the
program must be stopped if the rung state is TRUE.

------

rrrrrrrr

The "ENO" output

On some operators, functions or function blocks, the first output does not have
boolean data type. As the first output must always be connected to the rung, another
output is automatically inserted at the first position, called "ENO". The ENO output
always takes the same state as the first input of the block. Below is an example with
AVERAGE function block, and the equivalent code expressed in ST:

Hi g

On some cases, both BN ard BHNO ame regured. Belocw is an exampis wh an
arghmetic cperator, and the equivalent code exprassed in 5T

I¥ rung_skata THED
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kel Limitations of Quick LD editor

The 1SaGRAF Quick LD editor does not allow to continue a rung (insert other
contacts or coils) on the right of a coil. If several outputs have to be made on the
same rung, the corresponding coils must be drawn in parallel.

6.2 Entering an LD diagram

All the editing commands of the Quick LD editor may be achieved either with the
keyboard or with the mouse.

i The editing grid

The LD diagram is entered in a logical matrix. Each cell of the matrix may contain up
to one LD symbol. Use the arrows of the keyboard, or click on a cell to move the
current selection. The selected cell is marked in reverse. For some cut/copy/paste
operations, it is possible to select several cells. To do that with the mouse, just drag
the mouse cursor in the diagram. With keyboard, use arrow keys with SHIFT key
pressed.

Starting a new rung

To add a new rung to a diagram, move the selection after the last existing rung and
insert a contact (hit F2 or press the corresponding button in the LD toolbar). A new
rung with one contact and one coil is created.

Entering the rung comment

Each rung may be documented with up to two lines of text. To enter a rung comment
text, move the selection on the cell upon the rung and hit ENTER key, or double click
on this cell with the mouse:

Ht EMTER on this ol

hisad beandim it

anlF
........ N S—

Entering the rung label

Each rung may be identified by a name. This name can be used as a target label for
jump operations. To enter or change the label of a rung, move the selection on rung
head and hit ENTER key, or double click on this cell with the mouse:

it EMTER on this ool

[T
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The 1SaGRAF Quick LD editor keeps the memory of the rung labels you already
entered, whether it has been specified for a rung name or a jump operation. The
"Jump/Label™ dialog box gives you the possibility either to enter a new label, or to
select an existing one.

If you enter a new name, it will automatically be added to the list. The "Remove"
button is used to remove the selected name from the list. It does not remove the label
on the rung you selected in the diagram. To do this, just press OK when the edit box
is empty.

Inserting symbols on arung

The insertion of symbols (contacts, coils, blocks...) on an existing rung is always
made according to the current selection. You have to select a valid cell position within
the rung and hit one of the following function keys to insert:

F2.s a contact before the selected symbol (on the left)
F3n, a contact after the selected symbol (on the right)
Fd..nne a contact in parallel with the selected symbol
F6...oovve... a block before the selected symbol (on the left)
F7.oiinnn. a block after the selected symbol (on the right)
F8..ooiie a block in parallel with the selected symbol

The following commands are valid when the selection is on the rung output (coil):
F5. i add a coil in parallel with the selected one

FO.rriiiiins add a "Jump" symbol in parallel with the selected one

Shift+F9 ... add a "Return” symbol in parallel with the selected one

For parallel insertion (F4/F8), if several contacts of a rung are selected together, the
symbol is inserted in parallel with the group of selected elements. Below is an
example:

— i —_—

To insert symbols in the diagram, you can also use the commands of the "Insert"
menu. With the mouse, you can click on the LD toolbar, on the type of symbol you
want to insert:

R R EOE R W RO B0 P R Rk e
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Entering symbols

To associate a variable symbol to a contact or a coil, select it and hit ENTER. With
the mouse, double click on the contact or coil. A variable selection box appears.
Refer to chapter "More about program editors" in this document for further
information about how to use this box. To associate a function, function block or
operator to a block, hit ENTER when the selection is on the inside its rectangle. To
associate a variable symbol to an input or output block parameter the selection must
be on the corresponding location, outside the rectangle of the block. Dialog boxes
including variable or block selection lists are normally used for text input. If the
"Manual keyboard input" mode is checked in the "Options" menu, variable symbols
and block names are entered directly in a single text edit box. Enter new text and hit
"Enter" key to validate it, or hit "Escape” key to exit modification and close the text
editing box. The text edit box used in "manual keyboard input" mode cannot be
closed with the mouse.

- Changing the type of contacts and coils

The "Edit / Change coil/contact type" changes the type of the selected contact or coil.
A contact may be direct, negated, with positive or negative edge detection. A coil may
be direct, negated, set or reset, with positive or negative edge detection. Hitting the
SPACE bar has the same effect.

Inserting arung in a diagram

The "Edit / Insert rung" command insert a new rung in the diagram, before the
selected one. The rung is initiated with one contact and one coil.

6.3 Working on an existing diagram

The commands of the "Edit" menu are used to change or complete an existing
diagram. Most of these commands act on the elements currently selected in the
diagram.

Correcting a diagram

The DEL key can be used to remove the selected elements. It is not possible to
remove a coil, a jump or return symbol when it is the only output of a rung. Use "Edit /
Undo" command to restore elements after a DEL command. The DEL command can
also be applied to a group of elements selected in the diagram. The DEL command
can be used when selection is on the rung comment text to reset it. The DEL
command, used when the selection is on the rung head, removes the entire rung.

Copying symbols
The "Cut", "Copy", "Paste" commands of the "Edit" menu are used to move or copy

selected elements. These commands do not act on rung comments. The "Edit / Paste
special” command gives you the choice to insert the pasted elements:

* before the selected element (on the left)
» after the selected element (on the right)
* in parallel with the selected element
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Managing entire rungs

All editing commands (delete, copy, cut...) act on the entire rung if the selection is on
the rung header (left power rail). This provides an easy way to arrange rungs in the
diagram, just by moving the selection in the first column. It is also possible to extend
the selection vertically so that it includes several rung headers. In this case edition
commands may be applied to a list of entire rungs.

Find and replace

The "Edit / Find" and "Edit / Replace” menu commands are used to find and replace
texts in the diagram. Only complete names can be found. Search acts on contacts,
coils, block names, block parameters and run labels. It cannot be used to find a string
in a rung comment. The Replace command cannot be used to change the type of a
block. The research can be made upward or downward, starting at position of the
current selection. It "loops" when the limits of the diagram are reached. The following
shortcuts are also available for quick research of variable

ALT+F2 finds the next element with the same variable name as the element currently
selected. This feature can also be applied to function blocks and rung labels.

ALT+F5 finds the next coil with the same variable name as the element currently selected.This
feature is mainly used in debug mode, to quickly find out the rungs which forces a
suspicious variable.

6.4 Display options

The commands of the "Options" menu are used to customise the drawing of the LD
diagram on the screen, and to hide or display some types of information.

Rung comments

Use the "Options / Rung comments" command to hide or display the rung comments
in the whole diagram. Hiding the rung comments can be required to have a more
condensed view on a huge diagram, as each comment consumes one row in the
editing matrix. This option does not affect the contents of the existing rung comments,
and can be swapped at any time.

Names and aliases

Each variable, when associated to a contact, a coil or a block /0 parameter is
identified by its symbolic name. The ISaGRAF Quick LD editor also introduces the
notion or "alias" for each variable. The alias of the variable is the variable comment
text, truncated before the first ;' character, and limited to 16 characters. Below are
examples:

variable comment: alias:

short text short text

long text with no separator long text with n
short text: long description short text

Aliases have no effect on the execution of the LD diagram and should be considered
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as comments for the syntactic point of view. A variable alias is automatically extracted
from the variable comment when the name is selected in the variable list. It cannot be
changed manually. Use the "Options / Contacts and coils" commands to select a
display mode for variable identification. The following modes are available:

« display only the variable names
« display only the variable aliases
« display both names and aliases

Quick LD editor does not automatically updates LD documents when variable aliases
are changed in the dictionary. Use the "Options / Contacts and coils / Update
aliases” command to update all aliases in edited diagram. You can also set the
"Always update on Open" option from "Options / Contacts and coils" to ask
ISaGRAF to automatically update all used aliases each time a Quick LD program is
open. Warning: Setting this option may significantly increase the time spent to open a
program.

Drawing options

The "Options / Layout" command opens a dialog box where are grouped all the
parameters and options concerning the editor workspace and the drawing of the
graphic LD diagram. Use the check boxes in the "Workspace" group to display or
hide editor tool bar, status bar and LD toolbar. Options of the "Document” group allow
you to show or hide points of the editing grid, and to enable/disable the use of colours
for the drawing.

Q Options of the "Zoom" group allow you to select a main zoom ratio. You can also use
the "zoom" button in the editor toolbar to swap between default zoom ratios.

= You can also customise the X/Y aspect ratio of cells in the editing grid. This last
option can be used to reduce the default cell width, if you commonly use short names
for variables. You can also use the "width" button in the editor toolbar to change the
X/Y aspect ratio without entering the

Layout dialog box. Use the "Options / Font" command to select the name of the
character font to be used in all ISaGRAF graphic documents. When selecting font,
font style and size are not relevant and do not need to be specified. ISAGRAF graphic
editors always calculate the font size according to selected zoom ratio.
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7. Using the FBD/LD editor

The 1SaGRAF FBD/LD graphic editor allows the user to enter complete FBD
programs, which may includes parts in LD. It combines graphic and text-editing
capabilities, so both diagrams and corresponding inputs and outputs can be entered.
As this editor is more dedicated to FBD language, pure LD diagrams should rather be
entered using the ISaGRAF Quick LQ editor.

7.1 Basics of the FBD/LD languages

The FBD language is a graphic representation of many different types of equations.
Operators are represented by rectangular function boxes. Function inputs are
connected to the left side of the box. Function outputs are connected to the right side.
Diagram inputs and outputs (variables) are connected to the function boxes with
logical links. An output of a function box may be connected to the input of another
box.

The LD language enables graphic representation of boolean expressions. Boolean
AND, OR, NOT operators are explicitly represented by the diagram topology.
Boolean input variables are attached to graphic contacts. Boolean output variables
are attached to graphic coils. Contacts and coils are connected together and to left
and right power rails by horizontal lines. Each line segment has a boolean state of
FALSE or TRUE. The boolean state is the same for all the segments directly linked
together. Any horizontal line connected to the left vertical power rail has the TRUE
state.

LD and FBD diagrams are always interpreted from the left to the right, and from the
top to the bottom. Refer to the ISaGRAF Language reference Manual for more details
about LD and FBD languages. These are the basic graphic components of the LD
and FBD languages, such as supported by the FBD/LD editor:

- Left power rail

Rungs must be connected on the left to a left power rail, which represents the initial
"TRUE" state. ISaGRAF FBD editor also allows connecting any boolean symbol to a
left power rail.

- Right power rail
Coils may be connected on the right to a right power rail. This is an optional feature
when using the ISaGRAF FBD/LD editor. If a coil is not connected on the right, it
includes a right power rail in its own drawing.

T LD vertical "OR" connection
LD vertical connection accepts several connections on the left and several
connections on the right. Each connection on the right is equal to the OR combination
of the connections on the left.
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ik Contacts

A contact modifies the boolean data flow, according to the state of a boolean variable.
The name of the variable is displayed upon the contact symbol. The following types of
contacts are supported by ISaGRAF FBD/LD editor:

I direct contact

S {1 negated contact

T contact with positive (rising) edge detection

M contact with negative (falling) edge detection
O Coils

A coll represents an action. It must be connected on the left to a boolean symbol such
as a contact. The name of the variable is displayed upon the coil symbol. The
following types of coils are supported by ISaGRAF FBD/LD editor:

2 direct coil
TF negated coil
LCF "set" action coll
T "reset" action coil

“ Function blocks
A block in an FBD diagram can represent a function, a function block, a subprogram
or an operator. Inputs and outputs must be connected to variables, contacts or coils,
or other block inputs or outputs. Formal parameter names are displayed inside of the
block rectangle.

............... . i

o Labels
Labels can be placed everywhere in the diagram. Labels are used as targets for jump
instructions, to change the execution order in the diagram. Labels are not connected
to other elements. It is highly recommended to place labels on the left of the diagram,
in order to increase the diagram readability.

@ Jumps

p

A jump symbol always refers to a label placed elsewhere in the diagram. Its left
connection must be linked to a boolean point. When the left connection is TRUE, the
execution of the diagram directly jumps to this target label. Note that backward jumps
are dangerous as they may lead to a blocking of the PLC loop in some cases.

= Return symbol
A return symbol is connected to a boolean point. It indicates that the execution of the
program must be stopped if the rung state is TRUE.

= Variables
Variables in the diagram are represented inside small rectangles, connected on the
left or on the right to other elements of the diagram.
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Connection links

Connection links are drawn between elements put in the diagram. Links are always
drawn from an output to an input point (in the direction of the data flow).

4 Connection links with boolean negation
Some boolean links are represented with a small circle on their right extremity. This
represent a boolean negation of the information transported by the link.

* User defined corners

User defined points may be defined on links. They allow the user to manually control
the routing of a link. If no corner is placed, the ISaGRAF FBD/LD editor uses a default
routing algorithm.

7.2 Entering an FBD diagram

To enter a diagram, you have to place elements (blocks, variables, contacts, coils...)
in the graphic area, and draw links between them.

& Inserting objects

To insert an object in the diagram, select the corresponding button in the toolbar and
click in the graphic area, where you want to insert it.

e Selecting objects

Selecting graphic objects is needed for most of the editing commands. The ISaGRAF
LD/FBD graphic editor enables the selection of one or more existing objects in the
diagram area. To select objects, the "select" (button with an arrow) choice must be
checked in the editor toolbar. To select one object, the user only has to click on its
symbol. To select a list of objects, drag the mouse in the diagram and select a
rectangle area. All the graphic objects that intersect the selection rectangle are
marked as "selected". A selected object is drawn with little black squares around its
graphic symbol. By making a new selection, all previously selected objects are
unselected. To remove the existing selection, simply click with the mouse on an
empty area, outside of the rectangle which borders the selected objects.

Inserting comments

Comments may be inserted anywhere in the diagram. Comments have no influence
on the program execution. They allow a higher readability of the diagram. To insert a
comment block, select this button in the toolbar, and drag the mouse to select the
rectangle area where comment must be drawn. Then enter the text of the comment.
No special leading or trailing characters such as "(*" and "*)" are needed when
entering the text of a comment block. A comment block may be resized by dragging
the corners of its border when it is selected.
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Moving objects

To move objects in the diagram, you have to select them, and drag the mouse to
move the selected area in the diagram. To move connected objects, the user simply
has to move the graphic symbols put on the diagram. The 1ISaGRAF LD/FBD editor
will automatically redraw the connection lines between the objects that were moved,
based on their new location.

Drawing links

Select one of these buttons in the toolbar to draw a link between connection points of
existing elements. If you draw a link from a connection point to an empty location in
the diagram, a user-defined corner automatically terminates it, so that you can
continue drawing another segment.

dfk

Changing link drawing

The "Tools / Move line" command is used when a link is selected in the diagram to
change its automatic routing. This command has no effect when the link is connected
to a user-defined corner. When a link is drawn as three segments, this command
changes the position of the second segment. Below are examples:

ko e

Changing the type of a link

You can easily change the type of link (with or without Boolean negation) by double
clicking with the mouse on its right extremity.

i Drawing LD rungs

To draw a new LD rung, first insert the left power rail. Then place a coil: it will be
automatically linked to the power rail. Other contacts and vertical OR connections
may be directly inserted on the rung line, without drawing any new connection link.
When a new LD contact or coil is inserted in an empty space of the editing area, the
new horizontal rung line is automatically drawn from the new inserted element to the
existing power rails on the left and on the right. This line is not automatically drawn if
the new contact or coil is not placed between power rails. The new inserted contact or
coil can then be freely moved on the drawn rung. The horizontal lines created by the
editor while inserting an LD contact or coil symbol can be selected and deleted. You
can insert a new LD contact or coil symbol on the horizontal line of an existing rung.
The editor automatically cuts the rungs and connects it to the left and right connection
points of the new inserted contact or coil.

Multiple connections

A multiple connection can be created on the right of any output point. It means that
the information is broadcasted to several other points in the diagram. The same state
is propagated on each extremity on the right. The number of lines drawn at the right
of an output connection point is not limited. Two connection lines cannot have their
right extremity connected on the same input point, except for the following
LDsymbols:

37 right power rail
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F s multiple connection on the left (OR) operator

These LD symbols can have an unlimited number of inputs.

7.3 Working on an existing diagram

The commands of the "Edit" menu are used to change or complete an existing
diagram. Most of these commands act on the elements currently selected in the
diagram.

Correcting a diagram

The DEL key can be used to remove the selected elements. Pending links are
deleted with selected elements. Use "Edit / Undo" command to restore elements
after a DEL command. The DEL command can also be applied to a group of
elements selected in the diagram. The "Cut", "Copy", "Paste"” commands of the
"Edit" menu are used to move or copy selected elements.

Find and replace

The "Edit / Find" and "Edit / Replace” menu commands are used to find and replace
texts in the diagram. Only complete names can be found. Research acts on contacts,
coils, block names, variables and labels. It cannot be used to find a string in a
comment text. The Replace command cannot be used to change the name of a
block. The research can be made upward or downward, starting at the current
selection position. It "loops" when the limits of the diagram are reached.

Displaying the execution order

When an FBD diagram includes backward loops, the execution order cannot follow
the single left to right / top to bottom method. In order to avoid confusion, use the
"Tools / Show execution order" command or press Control + F1 keys to display the
execution order that will be used at compiling time. Tags numbered from 1 to N are
displayed close to symbols that lead to an action (coils, set variables and function
blocks).

[:E- Entering symbols and texts

Double click with the mouse on an element to enter the associated symbol or text.
This applies to variables, contacts and coils, comment texts and labels. When used
on a contact or coil, this also allows to change its type (direct, negated...).

Dialog boxes including variable or block selection lists are normally used for text
input. If the "Manual keyboard input" mode is checked in the "Options" menu, variable
symbols and block names are entered directly in a single text edit box. Enter new text
and hit "Enter" key to validate it, or hit "Escape" key to exit modification and close the
text editing box. The text edit box used in "manual keyboard input" mode cannot be
closed with the mouse.

If the "Auto input” mode is checked in the "Options" menu, the variable symbol must
be entered immediately each time a new contact or colil is inserted. The symbol must
always be entered immediately when a variable or label is inserted.
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[:E- Selecting function block type

Double click with the mouse on a block is used to change its type. The block type is
selected from the list of available operators, functions and function blocks. This
command also allows changing the number of input points in the case of a
commutative operator. (e.g. AND, OR, ADD, MUL...)

Getting free space

When you press the right button of the mouse in the FBD drawing area, a popup
menu is displayed. It contains the following commands that can be used to insert or
remove free space at the location of the mouse cursor:

Insert rows........ This command inserts horizontal free space, made of 4
rows according to the grid step, starting at the position
of the mouse cursor where popup menu is open.

Delete rows: ...... This command removes unused horizontal space
(rows) starting at the position of the mouse cursor
where popup menu is open. This command cannot be
used to remove FBD elements.

When popup menu is open, a grey line in the FBD drawing area indicates where
empty space will be inserted or removed.

7.4 Display options

The commands of the "Options" menu are used to customise the drawing of the FBD
diagram on the screen.

Layout customisation

The "Options / Layout" command opens a dialog box where are grouped all the
parameters and options concerning the editor workspace and the drawing of the
graphic diagram. Use the check boxes in the "Workspace" group to display or hide
editor toolbars and status bar. Option of the "Document” group allows you to show or
hide points of the editing grid.

& Options of the "Zoom" group allow you to select a main zoom ratio. You can also use
the "zoom" button in the editor toolbar to swap between default zoom ratios.

Use the "Options / Font" command to select the name of the character font to be
used in all ISaGRAF graphic documents. When selecting font, font style and size are
not relevant and do not need to be specified. ISaGRAF graphic editors always
calculate the font size according to selected zoom ratio.

7.5 Styles and modification tracking

The 1ISaGRAF LD/FBD editor enables you to assign a graphic style to any component
of an LD/FBD diagram. A style is mainly defined as a special diagram colouring. But
ISaGRAF also uses styles to enable modification tracking in diagrams for version
control purpose.
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Note that styles are not visible during simulation or on-line debug, as colours (red and
blue) are used in that mode to highlight TRUE / FALSE states of spied variables.

Predefined styles
The following styles are pre-defined:

Normal............... Default drawing (black). For modification tracking,
"normal” style

indicates that elements having that style are part of the
original

diagram. "Normal" style elements are normally
scanned during

execution.

Modified ............ Elements marked as "modified" are painted in pink.
For modification tracking, the "modified" style is used
to highlight elements that have been added or
changed after the original release of the diagram.
"Modified" style elements are normally scanned during
execution.

Deleted .............. Elements marked as "deleted" are painted in grey, with
dashed lines. Such elements are not taken into
account for the execution of the diagram. This style is
used to keep a track of elements removed after the
original release when version control is required.

Custom.............. In addition to predefined style, 1ISaGRAF LD/FBD
editor allows you to select any colour to be applied to a
part of the diagram. Such elements are considered as
having a "Custom" style. The use of "Custom" style
has no effect on the diagram execution at run time.

Use the commands of "Style" sub-menu in "Edit" menu to manually apply a style to

selected elements.
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Modification tracking

The use of styles and the availability of the "Deleted" style allow automatic
modification tracking in an existing diagram. Use the "Mark modifications” Command
in "Edit/Style” menu to enable or disable modification tracking. When the "Mark
modifications” option is set, all elements changed in or added to the diagram are
automatically set with "Modified" style. When an element is deleted, using "Delete" or
"Cut" commands, they are not visually removed from the diagram, but simply marked
with "Deleted" style". This enables the user to automatically keep a trace of all
modifications entered in the diagram. Use the "Edit/Style/Remove all deleted items"
to actually remove all elements marked with "Deleted" style from the LD/FBD
diagram. This command does not take care of the current selection, and always
applies to the entire diagram.

To "restore” one element marked with the "Deleted" style, select the desired element
and apply to it the "Normal" style, the "Modified" style or any "Custom" style. Such
operation may lead to invalid connections (more than one link connected to the same
input point) that will be detected during next program verification.

Omniflex ISaGraf Application Workbench V3.46 User Guide 62 -© Omniflex
UMCCO030AUGRO1.pdf



8. Using the text editor

This chapter only describes features and commands of the 1ISaGRAF text editor,
particularly when used to enter the source code of ST and IL programs.

8.1 Editing commands

The commands of the "Edit" menu are used to work on the edited text. Most of these
commands act on the characters currently selected in the diagram, or perform an
action at the current location of the caret.

e Cut and paste
The DEL key can be used to remove the selected text. Use "Edit / Undo" command to
restore elements after a DEL command. The "Cut", "Copy", "Paste" commands of the
"Edit" menu are used to move or copy text in the program, or to insert pieces of texts
copied in the clipboard by other applications.
Find and replace
The "Edit / Find" and "Edit / Replace” menu commands are used to find and replace
texts in the program. Any character string can be found. Research can be performed
upward or backward, starting at the current location of the caret. It does not "loops"
when the limits of the program are reached.
Go to line
The "Edit / Go to line" command is used to move the caret to a specific line number.
This can be very useful to have access to a line with an error detected by the
ISaGRAF compiler in an ST or IL program, and referenced by a line number.

L Insert symbol from dictionary
Use the "Edit / Insert variable" command to insert at the caret position the symbol of a
variable or object declared in the project dictionary. Symbol is selected through the
common variable selection box described in chapter "More about program editors" in
this document.
Insert file
The "Edit / Insert file" command inserts the whole contents of a file at the current
location of the caret. Note that only pure ASCII text files can be handled by this
command.
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8.2 Options

The commands of the "Options" menu are used to display or hide editor toolbars, and
select the character font. The selected character font will be used for any text editing
in all ISaGRAF Workbench.

When used to enter the source code of an ST / IL program, the "Options / Show
keywords" command is used to show or hide a toolbox that groups the most common
keywords of ST or IL language. Click on a button in the toolbar to insert the
corresponding keyword or operator at the current location of the caret.
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9. More about program editors

This chapter contains useful information about editing features which are common to
all the 1SaGRAF program editors. This mainly concerns links with other 1ISaGRAF
tools and common 1SaGRAF dialog boxes.

9.1 Calling other ISaGRAF tools

W

sk,

Verify (compile) the program
The "File / Verify" command runs the ISaGRAF code generator to verify the
programming syntax of the currently edited program. In case of SFC language, both

level 1 and 2 are checked. When syntax verification is complete, the code generator
window must be closed to continue work on the program. If there is only one program
in the application (the edited one) the application code is generated if no syntax error
is detected. The "Options / Compiling options" command is used to set compiling and
optimising parameters. Refer to chapter "Using the code generator” in this document
for further information about compiling and code generation.

Simulate or debug the application

The "File / Simulate” and "File / Debug" commands run the 1SaGRAF graphic
debugger either in simulation or real connected mode, and re-opens the edited SFC
program in debug mode. Used in debug mode, no modification can be entered in the
program.

Editing the dictionary of variables

The "File / Dictionary” command is used to edit the dictionary of variables for the
current application and the current program. It also contains the entry points to edit
the user-defined words. The local declarations or defined words relate to the currently
edited program.

9.2 Parameters of the program

When the edited program is a function, a function block or a sub-program, the "File /
Parameters” command is used to define its calling and return parameters. This
command has no effect if the edited program is an SFC or top level program from
section Begin or End.

Sub-programs, functions or function blocks may have up to 32 parameters (input or
output). A function or sub-program always has one (and only one) return parameter,
which must have the same name as the function, in order to conform to ST language
writing conventions. The following dialog box is used to describe the parameters of
the sub program:
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The list in the upper left side of the window shows the parameters, in the order of the
calling model: first the calling parameters, last the return parameters. The lower part
of the window shows the detailed description of the parameter currently selected in
the list. Any of the ISaGRAF data types may be used for a parameter. The return
parameters must be located after calling parameters in the list. Naming parameters
must conform to the following rules: ¢ the length of the name cannot exceed 16
characters

* the first character must be a letter
« the following characters must be letters, digits or underscore character
* naming is case insensitive

The "Insert" command is used to insert a new parameter before the selected
parameter. The "Delete” command is used to erase the selected parameter. The
"Arrange” command automatically rearranges (sorts) the parameters, so that the
return parameters are put at the end of the list.

9.3 Other commands of the "File" menu

L]

The following commands are available in the "File" menu of all program editors:

Open another program

The "File / Open" command allows the user to close the currently edited program and
start editing another program of the current project with the same language. This
function cannot be used to edit a program written in another language. The new
selected program replaces the current one in the editing window.

Printing the program
The "File / Print" command outputs the edited program on printer. This command

automatically runs the 1ISaGRAF document generator to printout the edited program
and attached local variables.

For some graphic programs (SFC, FBD and Quick LD) You can also use the "Edit /
Copy drawing" command to copy in the clipboard the drawing of the chart in metafile
format, so that it can be pasted in other applications such as word processors. For
SFC programs, only the level 1 information (chart, numbering and level 1 comments)
appears on the copied metafile.
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9.4 Updating the program diary

The diary file attached to the edited program may be manually entered using the "File
/ Diary" command. The diary file is automatically updated with syntax checking output
messages each time the program is compiled. Compiling outputs are completed with
the compiling date / time stamp.

If the "Update diary" mode is selected in the "Options™ menu of program editors, the
following dialog box is opened each time the program is saved on disk.

Apdata disty oo pimEsn @an

T et maoilis b he addnd In S ey Ele - (5,
sath cueiesl daleMies sy | :I I‘—I
L

i |

If OK button is pressed, the entered text note is then stored at the end of the diary file
with current date / time stamp. This feature is very useful for maintenance of
complete programs, as it provides useful help about the program life cycle.

9.5 Selecting a variable from dictionary

B When editing a text program (ST or IL) the "Edit / Insert variable" allows the selection
of a declared variable name to be inserted at the current position of the caret. When
editing LD or FBD programs, variable selection is required for the description of
contacts, coils, block 1/0 parameters or FBD variable boxes. In both cases, the
following dialog box is open to select a declared variable:

lach Fash armatian relectan

Bload lend anivalion celnction

The "Scope"” selection box is used to select between global and local variables. The
selection box on the right allows the selection of the data type. Small icons beside the
type selection box are buttons that can be used as shortcuts to select most current

data types:
...................... Boolean
Bl Integer / Real
B e, Timer
B e, Message
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To select a variable, click on its name in the list. Its name and comment are then
displayed on the top of the list. Then press the "OK" button to confirm its selection. It
is also possible to directly enter a variable name in the edit control without using the
list.

9.6 The output window

The following commands are available in the Tools menu of all language editors.
They are used to display information in a small text list at the bottom of the editing
window, and use it for program browsing.

"Show compiler output” display in the output window the error messages from
the last compiling of the edited program.

"Find in..." find occurrences of a text in the whole edited
program, and list them in the output window. For
SFC and FC languages, this command searches in
all level 2 programs.

"Hide output window" close the output list window

When error messages or occurrences are displayed in the output window, double
click on a line to directly move selection to the corresponding location. For SFC and
FC languages, this command opens corresponding level 2 programming window.
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10. Using the dictionary editor

The 1SaGRAF dictionary is an editing tool for the declaration of the internal variables,
I/O variables, function block instances, and "defined words" of the application. The
dictionary groups together the declared variables and function block instances of the
application, and the words defined as constant strings. Variables, function blocks and
defined words must be declared in the dictionary before using them in source code.
Variables and defined words can be used with any of the automation languages:
SFC, FBD, LD, ST and IL. Function blocks used in FBD language do not have to be
declared, because the ISaGRAF FBD and Quick LD editors automatically declare the
instances of the used blocks.

Variables

The variables are sorted according to their range and type. Only variables of the
same type and the same range can be entered on the same input grid. These are
basic ranges for variables:

‘}‘GLU'EAL.. . cam be ussd by @ny program of the cumant propect
@' LOZAL ... can be wsed by ondy one progeam

These are basic types of variables:

ElpooLean . eneialse terasy values
Bl a6 coat o integer vakins
@ TEER. ... . e values

B messace . charzoher strings

A variable is identified by a name, a comment, an attribute, a network address and
other specific fields. Here are the basic variable attributes:

INTERMAL _..._.. memaory variable
IRPUT ..o vanabde nfed to an input dovice
OUTPUT .. ... wariakle linksd b an culpet devics
COMSTANT ... road only miernal vanabls {veth inkid voheo}
Note: Timers are always internal variables. Input and Output variables always have the

GLOBAL range.

Defined words
A defined word is an alias that can be used in any language to replace a text string.
The replaced text can be a variable name, a constant expression or a complex
expression. Defined words are sorted according to their range. Only defined words of
the same type and the same range can be entered on the same input grid. Here are
basic ranges:

':}‘tﬂfﬁMUN . can be ussd by any program of any peoject

i}GLﬂ‘BﬁL.. . cam be usod by any program of the cumont project

ﬁ‘ LOCAL ... can be uzed by ondy one program
A defined word is identified by a name, a well-defined block of ST text equivalence
and a free comment.
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Function block instances

The instances of the function blocks used in the ST and IL languages must be
declared in the dictionary. Because a function block has internal "hidden" data, each
copy of a function block must be identified. The following example shows the function
block "R_TRIG" (rising edge detection) defined in the library, used for edge detection
on different variables. Each copy of the block must be identified by a unique name.
Naming the type of block and definition of its parameters is made by using the library

manager:
Block rame: R_TRIG
Parametens: Inpuk=CLE

Oufput=0

Naming the instances is made by using the dictionary editor:

imstarce mame: TRIG_B1 Block mams: R_TRIG
instarce mamae: TRIG B2 Block mame: R_TRIG
The declared instances may be used in ST programs:
TRIG_B (b1);
edge_ bl = TRIG Bi.G- {* &1 variable edge detection *}
TRIG_B2 (b2;

edge_b? = TRIG Bi.d- [* b2 varfable edge defeciion *}

Declared function block instances may be GLOBAL (known by any program in the
project), or LOCAL to one program. Function blocks used in FBD or LD languages do
not have to be declared, because the ISaGRAF FBD editor automatically declares the
instances of the used blocks.

v _edges

(* the function blocks always have the name of the block defined in the library. The
ISaGRAF FBD and Quick LD editors automatically declare an instance each time a
block is inserted in the diagram *)

Function block instances automatically declared by the FBD and Quick LD editors are
always LOCAL to the edited program.

Network addresses

Network addresses are optional. A variable with a non-zero network address can be
spied by an external system (for example a process visualisation system) at run time.
More generally, the network address provides an identifying mechanism for each run
time communication system that cannot handle symbolic names. A network address
may be entered for each variable, during its complete description, when the variable
is created or modified.

10.1 The dictionary main window

The dictionary editing window shows a list of variables with same type and range.The
type and range of edited variables is always displayed in the title bar.

“+- The editing window shows only main fields of variable description: name, attribute
and network address, and text comment. The full description of the selected variable
is always displayed in the status bar. Use the following buttons in the toolbar to select
the range of variable to be edited:
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3 COMMON ... .ranbs med sy amy peogram af amy projoct
‘]’ GLOBAL .. ............can bo used by amy program of the current projoct
E LOSAL ... ... ...ca;be used by only one pregram

Use the "Tab" control displayed with title bar to select the type of object to be edited:

B oolgsne |Irl.ulan:.ﬁual=| Tivsrs |Mus=aq== e hn'lm:m:' D=hrecd words |

- Use the text-input field on the left of the toolbar to search for a variable prefix name.
In this case, research is processed on the entire list, from the beginning, based on the
current selection. The "Edit / Find" command is also available to search a text string
in variable names and comments, and to move the selection to this variable. Search
is always case insensitive.

10.2 Managing variables

The available "Files" menu commands work on the entire selected class of variables,
function block instances or defined words. Use the "Other" command to select the
type and range of objects to be edited.

Printing variables

Use the "Files / Print" command to print the currently edited list of variables or defined
words, on a standard Windows™ printer device. Printing is made using the ISaGRAF
document generator. The printout includes the complete description of each variable
or defined word of the currently edited type.

Creating new variables

The "Edit / New" command allows the user to create new variables, function block
instances or defined words for the selected range and type. New variables are
inserted just before the variable currently pointed to by the selection bar. When this
command is run, an input box is opened to enter the variable description. When the
description is complete, pressing the "Store" button puts it onto the list. The input box
is automatically re-opened, so the user can enter other variables with the same "Edit"
command. Pressing the "Cancel” button of the dialog box breaks the variable creation
process.

Modifying existing variables

The "Edit" command of the "Edit" menu allows the user to modify the description of
the variable currently pointed at by the selection bar. When this command is run, an
input box is opened to modify the variable description. When description is complete,
pressing the "Store" button enables modification. The user also can press "Next" and
"Previous" buttons to extend the modification command to adjoining variables.
Pressing the "Cancel" button closes the dialog box without storing any modification.

sd Cut and paste

The 1ISaGRAF dictionary editing tool enables multiple-line selection. Many commands
are available to work on the currently edited list of variables. Below are available
"Edit" menu commands:
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CORY._....__.... Copy the selected group of variables to the dofonary clipboand

CUT.............. Copy the solected group of warables and romove it drom the
edned st

CLEAR ... . Remove the selocted group of variables fram the odied st

PASTE —....—..... Inzert the dictionasy chpooard before the selected variable

Copy'Cut'Paste funclions can be wsed from one Ist of varables b0 anodher, They
canmot be used between bt of different chicct types.

Sorting variables

The "Tools / Sort" command sorts the variables or defined words of the currently
edited list. The sorting order is given by the attributes of the variables:

« first the internal variables
* then the input variables
« finally the output variables

Variables with the same attribute are sorted into alphabetical order. Defined words
are always sorted into alphabetical order.

Setting network addresses

Network addresses are optional. A variable with a non-zero network address can be
spied by an external system (for example a process visualisation system) at run time.
A network address may be entered for each variable, during its complete description,
when the variable is created or modified. The "Tools / Renumber addresses"
command allows the user to set up network addresses of an entire group of variables.
When this command is run, it acts on the group of variables currently selected on the
list. Entering a hexadecimal basis address (address for the first variable of the group)
results in network addresses of the variables of the group being set with consecutive
addresses. Entering a null basis address resets to zero the network address of all the
selected variables.

Importing boolean "true/false" strings

When editing defined words, the "Tools / Import true/false definitions" allows the user
to automatically define as language keywords the strings attached to boolean
variables to represent TRUE and FALSE states. Such strings are normally defined for
debug formatting. They have to be specified as defined words if they are to be used
in programs. This command searches for boolean true/false strings in the
declarations with the same range as the one currently selected for the editing of the
defined words.

10.3 Description of objects

A complete description must be entered for each variable, function block instance, or
defined word. Description fields are different for each type of object. The following
fields are common for any type of variables:

(1) Hamz of the variable: frst characier mast be 2 letier,
fakcwing characters st be lettans, diges or” "
Meetwark address ... Hexadecimal notwork address {optionall. When this field

is rom-zeen, the varzble can be spied by atarmal systoms
21 run e,
Comment ... Frao commaent for varable descripton.

Rt e This opbon irdsakes thak the variable most be saved on
oackup mamony.
(1] These are other description fields for a boolean variable:
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Alfribute .. Spociios an inbermad, constand, input or cutpuf varabie
Falise” st Sting used for fadse vk at debug time
True®™ strng .. Baring used for brue valse at debug tme

Set to brose atindt.. ... The inidiad waluz s TRUE F this opfon is checked,
othersse the intiad value = FALSE.

(=] These are other description fields for an integer or real variable:
Attribute .. Spocifies an mberad, constant, input or cutput varabie
Formai_.... Spocifios an imeger or reai (foating) vanobie. Dispiay

format used during debug can be selected
Shing used to sdantiiy the physical unit at debug time
Mame of the conversen fable or conwversion Function

Linit strimg ...
Converson ...

attacked o the varabke (for imput o7 cutput variables onby)
Iritzal walwe ... inkial walue of the variable imest bave the same format as
the varizblel. f not specifisd, the initial value s O

& These are other description fields for a timer variable:

Aftribute ...
Irtial wahss

. Epociios an intemal or constant variakble.
. inkiat value of the varizble Hre valuep. I not specified,
the initial vakse is imo#ds.

(] These are other description fields for a message variable:
Abtribube .. Spociios an inbemad, constand, input or culput vanable
Maximuem Length. ... Spocies the masrmum members of chaeackers that con be
siored in the message.
Irmitial wahes ... ... .. ineial walse of the varsble Jenglh canmol cwoeed the

capacky of the messege). | not specificd, the initial vale
is the emply sting.

& These are the description fields for a defined word:
Mame. ... oo Hame used im 5T source fles: fist chamcter must bo a
festar, follwing characters must be fetlers, digits or
Befine ... ooecocoeo.. Sining according fo ST syntax that replaces the defmoed
word dwing compling.  Example: Mame = PEO-
Equivaience = 3141558
Comment . —........cooe. Froo command for defmod equivadenos
T These are the description fields for a function block instance:
[ Mamz of the instarce, used in ST source fies: fist

charmcker must bo a leSer, follveang charsciers must be
tettars, diges or’ ',
L Hame of the commesponding funchon black in the dbrary.
Commert ... Frez comment for the functon block instarce:

10.4 Quick declaration

The "Tools / Quick declaration” command enables you to declare several variables at
the same time. Variables created by quick declaration are named using a numbering
convention. For that, you have to define:

- the index (number) of the first and the last variables,
- the text to be added before and after the number in variable symbols
- the number of digits used to express the number in variable symbols.

Additionally, you can specify basic attributes of created variables (internal, input or
output...), plus some properties depending on the variable type ("Retain" attribute,
integer or real format, message string maximum length).
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You always need to define a text to be inserted before variable number, as a variable
symbol cannot start with a digit. When the "number of digits" is set to "Auto",
ISaGRAF formats the variable number on the minimum needed number of digits.
When number of digits is specified, ISaGRAF formats all numbers to the specified
length by adding leading '0' characters. Setting a fixed number of digits for variable
numbers can be very useful to prevent bad lexicographic sorting. Below are some
examples.
Example This setting for quick declaration:

[ Humbesing.
From: 3 | Tag |“ |

| Dinits: - fautn

- Symbal
M ame: I'U.lr |I‘I {ux |

will create the three following variables:
Warlux Warlxx Vartiax

Example This setting for quick declaration:

[ Hummberning:

w1 Te

| pigites |

i Symbaol:

{ Mame: Myar [ | |

will create 100 variables with names from MyVar001 to MyVar100

10.5 Modbus SCADA addressing map

ISaGRAF "network addresses" are often used to establish a link between 1ISaGRAF
system and a SCADA based on Modbus communication. In that case, the SCADA is
a Modbus master and ISaGRAF target acts as a Modbus slave. Network addresses
are used to create a virtual Modbus map for all ISaGRAF variables that must be
controlled from the SCADA. The "Tools / Modbus SCADA addressing map" is a
powerful to quickly create a Modbus virtual map with variables of the application.

The mapping tools shows two lists. The upper one is a segment (4096 locations) of
the Modbus map, showing mapped variables (the ones having a network address).
The lower list shows unmapped variables (without network address defined). The "0"
address cannot be used to map a variable. Use the "Map" and "Remove" commands
of the "Edit" menu to move a variable from one list to another, and thus build the map.
Same actions can be performed by double clicking on a variable symbol in a list, to
send it to the other list. At any moment, you can use the "Segment" drop down list to
view another segment of the map. The commands of the "Options" menu can be
used at any moment to display addresses either in decimal or in hexadecimal. The
"Edit / Find" commands is used to search for a declared variable, whether it is already
mapped or not.
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10.6 Exchanging information with other applications

The 1SaGRAF dictionary editing tool offers import/export functions in order to
exchange information with other applications, such as word processors,
spreadsheets, data base managers... These commands are grouped in the "Edit"
menu. The "Export text" command builds a pure ASCII text description of the fields
describing a set of edited objects, and stores this text either in the Windows clipboard
or in a file. Such information is typically used by another application. The "Import text"
command imports variable declaration description fields, described in pure ASCII text
format, stored either in the Windows clipboard or in a file, and updates the currently
edited list with imported fields. Such information is typically produced by another
application.

Exporting data

The following dialog box appears when the "Export text" command is run. It enables
the user to control the export mechanism.

Eegmark waniabins

s

1 meketlei] vhsalies Cancxd

i Bund e B

[ b Eepwonde |
* Fn i

Faarmal. |T.h inpmatear "j

Checking the "Complete list" choice indicates that the complete edited list has to be
exported. The current selection is ignored in this case. Checking the "Selected
variables" choice indicates that only highlighted variables will be exported. If the
"Clipboard" option is checked, the exported information is stored, in pure ASCII text
format, in the Windows clipboard. The text is then available for "paste” commands in
other applications. If the "File" option is checked, the exported text is stored in an
ASCII file. The complete pathname of this file has to be entered. The "Browse"
command may be used to find an existing path name.

Then the user chooses a format for the exported text. The available formats are
described in further sections. Pressing the "OK" button runs the export function.
Pressing the "Cancel" button closes the dialog box and escapes from the export
command. All the fields of the selected objects are stored in the exported text, in the
standard declaration order. The first line of the exported text contains the name of the
fields. Each object is described on one line of text. The "end of line" separator is the
Standard MS-DOS sequence "0d-0a". The names used to identify the fields in the
first exported line may be changed, by pressing the "Keyword" button. This command
is described in further sections.

Importing data

The following dialog box appears when the "Import text" command is run. It enables
the user to control the import mechanism.
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If the "Clipboard" option is checked, the imported information is taken from the
Windows clipboard, in pure ASCII text format. If the "File" option is checked, the
exported text is read in an ASCII file. The complete pathname of this file has to be
entered. The "Browse" command may be used to find an existing pathname. The
import function automatically recognises the format (separators) used in the imported
text. The available formats are described in further sections. Pressing the "OK" button
runs the import function. Pressing the "Cancel" button closes the dialog box and
escapes from the import command. The names used to identify the fields in the first
imported line may be changed, by pressing the "Keyword" button. This command is
described in further sections. The first line of the text must contain the name of the
fields, according to the order used in the following lines. Each object must be
described on one line of text. The "end of line" separator is the standard MS-DOS
sequence "0d-0a". Fields can appear in any order. If some fields are missing, they
are automatically filled in the imported object description by default values. If an
imported object already exists in the edited list, the user has to confirm that it will be
overwritten. The object description is then updated with imported fields. If some fields
are missing, they are not updated in the object description.

Available text formats

Below is the list of available formats for export command. The import command
automatically recognises these formats.

& fab sepanatare

Desonption Ficlics amo soparated by lab charactans

Exampls: Famaz Arinbens Camment
loeal inbemai intemat catoulated wakor ol
alrmt output main alarm output

* CodTIMa Separabors

Dasonpfion Fizics mre soparated by commas.

Examphe: Name Afnbute, Conmment

leeelmternal infernal calculated wabes level
alrmt cafput main stsm autput

& momicolon soparators

Desonption: Ficlcs ame separated by samecolons

Ewamplz: NameAsrbade; Commnent
leval;nternal;internal calculated waber level
alrmt cutput;main alam oubput

# commas and quotes

Dasonpiion: Fizids mre separated by commas.
Each ficdd &= wiitten beteeen quotes

Examphe: *Hame® “Attréuie® *Comment”

“lewed” “internal®,“intormal calculated vater loval
“alm1*,“cutpat”, “main aiarm output™

Keywords
The names used to identify the fields in the first imported or exported line may be
changed, by pressing the "Keyword" button. This command opens the following
dialog box:
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Fapemgdi fc Wit nbba mopodi # aspran

et camapani Lexean
Fid s, adiitace Aednze
Pr——. Adirie sk
Hoalass Fals' abing Falua
Lpalans Trs’ shirg Teas Mkl
egeifieal G Foama b
EgEIE s iy Uira | e R |
[yl »

warma longth [ro ey k|

The window shows the list of object fields, and the associated keywords. To modify a
keyword, the user must select a field in the list and press the "Modify" button.

Pressing the "Default" button restores the original list of keywords. Naming the
keywords must conform to the following rules:

 the name cannot exceed 16 characters

* the first character must be a letter

« the following characters can be letters, digits or ' ' character
* the same name cannot be used for different keywords
Below are the standard keywords found in ISaGRAF:

Cbjeot rame ..o S

Tt commment ..o DATETETIE

Motwork address e .. Address

Adtrioirtes {intesnal, input, oulput) ... tribute

Boolean 'False' strng oo Falze

Bootean True' strng._...._.. ... True

Analeg format (real or integer).... ... Pormat

Analegurit sbrng e Ui

Analcg conversion name ... Conversion

Mezsago masnmum fength.....—...—.....—... Maalength

Faunction biock library bype__.... ...Library

Dudimod word souialense ... ... Equivaienoe

Inbeerrand attrbete . ... Inkermal

Ingut aftnbane ... ... PR

Chpest atiribube ... ... Output

Constant attribute ... Constamt

Rozal amaieg format.. e Rzl

Inbeger anaiog format ... ... ..._.i¢$teger
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11. Using I/O connection editor

The aim of the 1/0O connection operation is to establish a logical link between the 1/0
variables of the application and the physical channels of the boards existing on the
target machine. To make this link the user has to identify and set-up all the boards of
the target machine, and place 1/O variables on corresponding 1/0 channels. The list
on the left shows the rack of the target machine, with board slots. A slot may be free,
or used by one 1/O board or complex equipment. Each slot is identified by an order
number. The rack may contain up to 255 boards. The list on the right shows the
board's parameters and the variables connected on the selected board. A board may
have up to 128 I/O channels. The total number of single 1/0O boards (including single
equipments and boards of complex equipments) cannot exceed 255.

Ilcons

The icons displayed on the front face indicate the type and attributes of variables that
may be connected to the board channels. The ISaGRAF system does not allow the
connection of variables of different types on the same board. This is the meaning of
the used icons:

.. boalzan fype
.. integenineal type [both types of variables may be conneched)
... FTEEnge tyne
... Inpuks - o charmel connecieg
v pUks - nie ohianes | conreotod
... Inputs - at deast one channet connected
... BmlE - gt least ore charnel conmectiag

t¥rid

Below are the icons used to show the type of 1/0O device installed on a slot:

M. .. ... complex KO equipment
=N ... roal BO board
b vithu@l G board

Below are the icons used to draw a parameter or a channel:

EE.... ... .. beardparaceder

B Irze chanret

... connecied chanred
T Moving boards in list

Use these buttons in the toolbar or "Edit / Move board up/down” menu commands to
move the selected 1/0O board one line up or down in the main list. The "Edit / Insert
slot" command inserts an empty slot at the current position.

11.1 Defining I/O boards

The "Edit" menu contains basic commands to define the selected board (set-up its
parameters), and to connect I/O variables to its channels.
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B Selecting I/0O board type

Before connecting I/O variables to a board, the board identification must be entered.
A library of pre-defined boards is available on the 1ISaGRAF workbench. This library
may have been compiled by one or more I/O device suppliers. The "Edit / Set
Board/Equipment” command is used to set-up board identification. This command
can be used to select either a single board, or complex 1/0O equipment from the
ISaGRAF library. It is also possible to double click on a slot to set the corresponding
board or equipment. All the channels of a single board have the same type (boolean,
integer/real or message) and direction (input or output). Real and integer variables
are not distinguished during I/O connection. A complex I/0O equipment represents an
I/O device with channels of different types or directions. A complex I/O equipment is
represented as a list of single 1/0 boards. It uses only one slot in the rack list.

L Removing a board

The "Edit / Clear slot" command is used to remove the currently selected board or 1/0
equipment. If variables are already connected to the corresponding channels, they
are automatically disconnected when clearing the slot.

E Real boards and virtual boards

The "Edit / Reallvirtual board" command sets the validity of the selected board or
complex 1/0 equipment. The following icons are displayed in the rack list to show the
validity of a board:

=W Teal B board
B wirtual 1O board

In Real Mode, 1/O variables are directly linked to the corresponding 1/0O devices. Input
or output operations in the application program tie directly to corresponding input or
output conditions of the actual field I/O devices. In Virtual Mode, I/O variables are
processed exactly as internal variables. They can be read or updated by the
debugger, so that the user can simulate the I/O processing, but no real world
connection is made.

-1 Technical notes

The "Tools / Technical note" command displays the on-line user's guide of the
selected board or complex equipment. The board technical note is written by the
hardware supplier of the I/O board. It contains all the information about 1/O board
management. It also describes the meaning of its parameters.

% Removing connected variables
The "Tools / Free board channels" command disconnects all the 1/0 variables already
connected on the selected board.
Defining comments for free channels

The "Tools / Free board channels" command disconnects all the 1/0O variables already
connected on the selected board.

11.2 Setting board parameters

To set the value of a board parameter, the user has to double click on its name in the
list on the right. It is also possible to select (highlight) it and choose the "Set
channel/parameter” command of the "Edit" menu. Parameters are listed at the
beginning of the list. The following icon is used to represent them in the list:
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BE] ... .. ... Ecard parameter

The meaning and input format of the parameter are designed by the supplier of the
corresponding 1/0O board or equipment. Use the "Tools / Technical note” command or
refer to your hardware manual for more information about board parameters.

11.3 Connecting I/O channels

To set the connection of a channel, the user has to double click on its location in the
list on the right. It is also possible to select (highlight) it and run the "Edit / Set
channel/parameter” command. The following icons are used to represent channels in
the list.

B froe channed
Bo.....cornacied channed

The list contains all the variables which match with the selected board type and
direction. Only variables which are not yet connected are listed here. The "Connect"
button connects the variable selected in the list to the selected channel. The "Free"
button removes (disconnects) the variable from the selected channel. "Next" and
"Previous" buttons are used to select another channel of the board. The location of
the selected channel is always displayed in the title of the dialog box.

11.4 Directly represented variables

Free channels are the ones which are not linked to a declared 1/O variable. ISaGRAF
enables the use of directly represented variables in the source of the programs to
represent a free channel. The identifier of a directly represented variable always
begins with "%" character.

Below are the naming conventions of a directly represented variable for a channel of
a single board. "s" is the slot number of the board. "c" is the number of the channel.

AIES.¢.....—.... ree channed of a boolzan dnput board
LIDS.2........... free channed of ar mtoger inper board
I86.¢.......... froe channet of 2 mossage swput baard
X6, ¢ ........... froe channet of 2 boolsar output board
DS . 2.....—..... free channet of ar mtoger carput boasd
W85, e ......... froe channet of a message output board

Below are the naming conventions of a directly represented variable for a channel of
a complex equipment. "s" is the slot number of the equipment. "b" is the index of the
single board within the complex equipment. "c" is the number of the channel.

SIXs.b.o. ... free channed of a boolean mput board

&I0S .b.€ ... free channed of an integer inpen boand
IS8 .b.e. ... lree channed of a message mput board
S0Le.b.a. ... froe chvanned of a boolean subput board
LIDE.b.a. ... froe chvanned of an sdoger curput board
&8s .b.e....._ free channed of a message output baard

Below are examples:

YoUL.E &t charmad of the boand #1 (bocizan output)
¥102.1.7  Tth channed of tho board 1 in the eguipment 22 {integer npaut)

A directly represented variable cannot have the "real" data type.
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11.5 Numbering

Warning:

Use the "Options / Numbering" command to set numbering conventions. You can
specify the number used for the first slot and the number used for the first channel of
each board in the following dialog box:

Mumbering E

First number for |

0K, |

Slots:
Cancel |

L

Channels:

As default, slot numbering starts at index "0", and channel numbering starts at index
Illll.

Be very careful while changing numbering conventions as it has effect on symbols
used for directly represented variables and may lead to compiling errors if directly
represented /O variables are used in existing programs.

11.6 Setting individual protections

The 1SaGRAF workbench provides a complete data protection system based on
hierarchised passwords. 1/0O connection can be globally protected by a password.
Additionally, ISaGRAF enables you to set individual protection to any 1/0O channel.
This assumes that:

- passwerds are already cefined in the password definiton systom {use the “Project
i et password® command of the Project Menagement window) so that protoction
levols are avaiivie for individual protection

¥oU use grodection lovels wth hegher prictity for ingividual protection companed o
glokal ¥ protection

When an I/O channel has individual protection, a small icon is draw close to its name
in the 1/0 connection window:

we [SalifAF - PROTECT - 070 conmection

T Bl Tl Dobora Helo
o o i SR o

8 v v m.EI [ e Bfbmeh e i bl j
eI

1 ] e AEOE SR 7 blewd 7 nod aninaton seeoon
N e 5

=1 [ e e 7 e b i i
=] | ) o Bt £ startton connand ) =

Use the "Set protection” and "Remove protection” commands of the "Edit" menu to
set or remove an individual protection for selected channel. Both commands ask you
to enter a valid password so that a protection level can be attached to the channel.
Then, each time you want to change connection to a channel having individual
protection you must enter a password with sufficient priority level.

Warning: If a channel is protected with a level, and the corresponding password is removed
from protection system, and if no higher level password is defined, connection to the
channel cannot be changed anymore unless a new password with sufficient level is
defined.
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12. Creating conversion tables

The ISaGRAF workbench allows the user to create conversion tables. A conversion
table is a set of points used to define an analog conversion. A conversion table can
be attached to an analog input or output variable. A table creates a proportional
relationship between electrical values (read on input sensor or sent to the output
device) and physical values (used in application programming). Conversion tables are
edited through a dialog box run by the "Tools / conversion” command in the ISaGRAF
dictionary window

A defined conversion table can be used to filter values of any input or output analog
variable of the selected project. Attaching a conversion table to a variable is made
using commands of the ISaGRAF dictionary, the variable declaration editor. An input
or output analog variable must then be selected and its parameters edited. A variable
cannot be attached to a conversion table that is not already defined.

12.1 Main commands

The "Conversion tables" dialog box shows the list of defined conversion tables, and
contains push buttons for main commands, to edit an existing table (define its points),
to create a new table, and also to rename or delete a table. Press OK to quit the
"Conversion tables" dialog box and save them on disk.

b Creating a new table

The "New" command allows the user to create a new conversion table. Up to 127
conversion tables can be created for each project. Only used tables (the ones
attached to analog variables) are inserted in the application executable code.
Naming a table must conform to the following rules:

# tho name cannot axcoad 186 characiers

& dha first characler must be 2 lotter

# ihe fofowing characters can be letters, digits or*_' character
# ihe Bblo rame s caso msensiyve

£ Changing the contents of a table

The "Edit " command is used to enter the points of a table selected from the list. It is
also possible to double click on the name of the table. The "Edit" command is
automatically called when a new table is created. At least two points must be entered
for each table.
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12.2 Entering points of atable

The "Edit" dialog box allows the user to define the points of a conversion table. The
box shows on the left side the list of points already defined. The lower right box
shows the defined table as a graphic curve. The points are entered by using the box
commands. The user must comply with the number rules for the definition of points,
described at the end of this chapter. The box on the left always contains the list of
existing points for the currently edited table. The column on the left shows the
electrical (external) value of the points. The column on the right shows the physical
(internal) values. The user has to select a point on the list in order to modify its values
or to clear (remove) it. The last choice of the list ("... ... ") is used to define a new point.
The box on the lower right shows the currently edited table as a graphical curve. No
axes or co-ordinates are shown, as this is a proportional representation of the curve.
This representation is useful as a quick check that the curve is properly defined.
- Defining a new point

When defining a new point, select the last entry ("... ... ") on the list of points. This is
also the default mode when starting to define a new conversion table. The user has to
enter the electrical (external) and the physical (internal) values of each point. Values
are stored as simple precision floating point numbers. Remember that at least two
points have to be entered to define a curve. When both values are entered, pressing
the "Store" button adds the point to the table. A maximum of 32 points can be defined
for each conversion table.

= Modifying a point
To modify the values of an existing point, first select it from the list. The new electrical
(external) and the physical (internal) values of the point can then be entered. Values

are stored as simple precision floating point numbers. When both values are entered,
pressing the "Store" button updates the point in the table.

- Clearing a point
An existing point is cleared by selecting it from the list and pressing the "Clear"
button. Remember that at least two points must be entered to define a table.

12.3 Rules and limits

The rules shown below must be followed when defining a conversion table. The table
can be used to convert both input and output analog variables:

# Tweo poings cannct be defined with the =ame elecircal value
# The curve mazst be contimously increasing or decreasng
# Two points cannot be defined with the same physioad vaboe

The following limits apply when defining conversion tables for a project:

# Mo rnors than 127 consersaon tabies can be defined in the same project
# No more than 32 points can be defined for the same comersion tzblke
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13. Using the code generator

The code generation window is automatically opened by the "Verify" and "Make"
commands of the other ISaGRAF Workbench windows. The code generation window
is not automatically closed when the requested code generation operation ends, so
that the user still has access to all the code generation commands and options from
the window menu.

13.1 Main commands

The "Files" menu contains the commands for program syntax checking and code
generation.

- Make application code

The "Make" command constructs the entire code of the project. Before generating
anything, this command checks the syntax of the declarations and programs. Any
error that cannot be detected during single program compiling is detected during code
generation. This applies to tables of conversion, 1/0O variable connections and links
with the libraries. The code generation halts the compiling of a program when errors
are detected. This program must be corrected before continuing the code generation.
Programs which have already been checked (with no error detected) and that have
not been modified since their last "Verify" operation are not recompiled. Variable
declaration verification and application coherence checking are always processed.
During program checking, the "Make" operation can be aborted by hitting the
ESCAPE key.

Note: If the declaration of a local variable of a program has been modified, this program is
verified. If a global variable has been modified, all the programs are verified.

Program syntax checking

The "Verify program" command allows the user to verify only one program. The
selected program is compiled even if it has not been modified since its last
verification. The "Verify dictionary" command allows the user to verify the declarations
of all the variables of the project.

The "Verify all programs” checks the syntax of all the programs of the project, even if
some of them have not been modified. This command does not stop when an error is
detected in a program. It can be used to produce a complete listing of all the errors
remaining in programs of the project. This command may be aborted by hitting the
ESCAPE key.

Simulating a modification

The "Touch" command simulates a modification of all the project's programs, so that
they are all verified during the next "Make" operation. The "Open" command is used
to open the last verified program. This command is very useful to directly access a
program where syntax errors have been detected.
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13.2 Compiler options

The "Compiler options" command is used to set-up main parameters used by the
ISaGRAF Code Generator to build and optimise the target code. The aim of this
command is to select the type of code which has to be generated, according to
corresponding 1ISaGRAF targets, and to set-up the optimiser parameters according to
the expected compiling time and application run-time requirements. The "Upload"
button opens a second dialog box with other options that enable the embedding of
zipped source code to downloaded code, in order to enable the "Upload" feature.
Refer to "Upload" documentation for further explanations.

Selecting targets

The upper list shows the list of available target codes that can be produced. The ">>"
sign is used to indicate the selected target(s). The ISaGRAF Code Generator can
produce up to 3 different codes in the same compiling operation. Use the "Select" and
"Unselect" buttons to set the list of required target codes, according to your target
hardware. Below are the standard ISaGRAF targets:

SIMULATE: ... This code is dodicated o the EE2GRAF Simulabor on the
Wiorkberah. The simulsor carnot bo run ¥ this farget is naot
=alectad bo produce the applcaton code

1SHBEM: ... This s a TiZ code (Tamget Ihdependent Code) dedcated do
iSaGHAF kernels oemtalied on intzl based processoes. The
processcr type only conoems byte ordesing i the genematad
code

ISMEEN: ............ This is a TS code (Target Independent Code) dedcated io
15aGRAF kernels irstzded on Molcsola based procossors. The
procossor type only conooms byte ordering @ the genomtod
code

808 . ... Selectng this target leacs EaGRAF compder bo preduce
sfnactured O langriage =curce code fo e compiled ard linkod
with 1ZaERAF farget kernel bbearies to produce mn embedded
enzmtabie coda.

COBEM:...._ ... Selccling this target jcods BSaSRAF compiior fo produce non
sinactured “C° langrmge source code fo be compied and linkod
with 1SaEhAF ‘.nr?r.‘.l kernel Hoearies to produce an embedded
copmitabie code. This seledion & provided for compatidity with
SaGRAF versions befoe WAZY when struclured “2° code
generation and irtegration vasre not sunported

Refer to your hardware manual to know the type of ISaGRAF target kernel installed
on your PLC. Other target types (machine code, C source code...) may be supported
in future releases of the ISaGRAF Workbench.

SFC processing

Check the "Use embedded SFC engine" box to enable the use of the ISaGRAF SFC
engine. This mode should be preferred as it leads to higher run time performances.
However, the target engine may be missing on some particular implementations of
the 1ISaGRAF target, of more commonly on customised targets based on ISaGRAF
code post-processing. In this case you may have to remove this option and let
ISaGRAF compiler translate SFC charts into low level instructions. Refer to your
hardware documentation for more information about the use of this option.

Optimiser options

Below are the parameters, used by the ISaGRAF Code Generator to optimise the
target code, that can be set from the "Compiler options" dialog box. The "Default"
button is used to remove all optimising options, in order to reduce the compiling time.
When the "Run two optimiser passes” option is set, the ISaGRAF Code Optimiser is
run twice. Optimisations made during the second pass are generally less significant
than the ones made in the first pass.
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When the "Evaluate constant expressions" option is set, constant expressions are
evaluated by the compiler. For example, the numerical expression "2 + 3" is replaced
by "5" in the target code. When this option is not set, constant expressions are
calculated at run-time.

When the "Suppress unused labels" option is set, the Optimiser simplifies the system
of jumps and labels of the programs, in order to suppress unused target labels or null
jumps.

When the "Optimise variable copying" option is set, the use of temporary variables
(used to store intermediate results) is optimised. This option is commonly used with
the "Optimise expressions” option. When this option is set, the Optimiser re-uses the
result of expressions and sub-expressions which are used more than once in the
program.

When the "Suppress unused code" option is set, the Optimiser suppresses the code
which is not significant. For example, if the following statements are programmed:

"var ;= 1; var := X;", the corresponding generated code is only: "var := X;".

When the "Optimise arithmetic operations" option is set, the Optimiser simplifies
arithmetic operations according to special operands. For example, the expression "A
+ 0" will be replaced by the "A". When the "Optimise boolean operations" option is
set, the Optimiser simplifies boolean operations according to special operands. For
example, the boolean expression "A & A" will be replaced by "A".

When the "Build binary decision diagrams" option is set, the Optimiser replaces the
boolean equations (mixing AND, OR, XOR and NOT operators), by a reduced list of
conditional jump operations. The translation is operated only if the expected
execution time of the jump sequence is less than the one expected for the original
expression.

The following table summarises the expected optimisation and requested compiling
time corresponding to each parameter:

gain (pefEmmances) ... —......—... COMpikng time
Fun 2 parsses 3] SRR o
Oplimise constant copressions  KENERKEN ... KEKX
Suppress unused b L1 R & & 4+ % % 4 1
Oiplimise wariablz copying 3 PRSP & 3 3 . & 4 1
Oplimise expressions L1 . & & 4+ % & 4 4
Suppress wused code 375 R & 3 J 1 & &+ ]
Ciplinyse asithmelic 0perabicns ERKEKKKN oo AEEN
Cipliryse boolsan cperatians LEEE R 3 SRR & ¢ 1
Build binary decision diagrams  KHOOKCENNEK ... ... KERNNEEKNEK

1*1 The compiing time s alse multiphed by 2

13.3 Producing C source code

The 1ISaGRAF workbench enables the production of source code in "C" language. In
this case, the whole contents of the application, including SFC chart description, data
base definition and sequences of code are generated in "C" source code format.
There are two possibilities, proposed as two styles of generated code:
CCOEM ... ... T =zource code - W04 produces mon-stnoctured "C° sourca

code. This styls should be selected § your target sofware is

based on |2323RAF release provious 1o 3 23
SCC ... (sbuchred & source coded produces a stuctured O mourco

code. This style should be prefemmed if yous fesget software =
based on 1S2GRAF release 323 or laler.

The following two files are created in the project directory:
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APPLIC ... ... cormmen sourcs code of e applicakion

BPPLLH ... commen *C° language defiritions

In the case structured "C" source code generation, a ".C" source file and a ".H"
definition file are created for each program of the application, in addition to common
"APPLI.C" and "APPLI.H" files. These files must be compiled and linked to the
ISaGRAF target libraries in order to produce the final executable code. Refer to the
"ISaGRAF 1/0 development toolkit User's Guide" for further information about
recommended implementation techniques.

Note: In the case structured "C" source code generation, a ".C" source file and a ".H"
definition file are created for each program of the application, in addition to common
"APPLI.C" and "APPLI.H" files. These files must be compiled and linked to the
ISaGRAF target libraries in order to produce the final executable code. Refer to the
"ISaGRAF I/0 development toolkit User's Guide" for further information about

recommended implementation techniques.
13.4 Viewing information

The "Edit" menu contains the commands for viewing the different text files built during
code generation or syntax checking operations on the code generator window. The
code generation window is a text area that contains messages duringcode generation
or syntax checking operations. All information is stored on the disk so it can be
examined using the "Edit" menu commands

Editing commands

The "Clear Screen" command is used to clear the window text area. The window is
automatically cleared before each code generation or syntax checking operation. The
"Copy" command is used to copy the displayed text in the clipboard of Windows, so it
can be used by other applications such as ISaGRAF text editors.

Viewing compiler output messages

The "Execution messages"” command shows all the messages displayed during the
last "Make" or "Verify" operation on the window text area. This applies to all the error
messages.

Other choices of the "Edit" menu allow the user to monitor auxiliary text files created
during syntax verification and code generation. These files are not usually used for a
common ISaGRAF project.

13.5 Defining resources

The "Resources” command of the "Options” menu allows the user to define
resources. A resource is any user-defined data (network configuration, hardware
setting...) of any format (file, list of values) which has to be merged with the generated
code, in order to be downloaded with it in the target PLC. Such data is not directly
operated by the ISaGRAF kernel, and is commonly dedicated to other software
installed on the target PLC. Refer to your hardware manual for further information
about available resources.
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The resource definition file

The resources are defined in a "Resource definition file" stored with other files of the
ISaGRAF project. This is a pure ASCII text file, processed by the ISaGRAF Resource
Compiler. This compiler is automatically run when the application code is built. This
section explains the syntax of this file. The resource definition file uses lexical rules of
the ST language. Comments, beginning with "(*" and ending with "*)" characters can
be inserted anywhere in the text. Strings are delimited by single apostrophes. Refer
to the second part of this manual for more explanations about the lexical formats
used to enter numerical values.

Language reference
Below is the list of keywords and statements used in a resource definition file.

[uionaoara ]

lieaning Speofies @ rezcurce which i 2 list of inleger wvalues. Values are
stosed im target code s unsigned 32 b2 integens. Values are stored in
the arder spocked in the resource defintion file, Vahes must be
soparated by comas. The name of the resource cannol sxcesd 15
charachers.

Epnban: DLONSDATA ' crasouros Dams '
HEGIH

% deoimal v
4* hewadaoinal, binary *

[varust ]

Meamng Speafres 3 rescurce which & 2 st of vanable addresses. Vanables
are identiied by their name @ #he rescarce cefrfion Ble. Variable
addresses @ stored in target code as wnsignod 16 bt Etegers.
Apdresses are stored i the ader specifisd in the resource definition
file. Wariables must be separated by comas. The name of the
resouroe canrot exceed 15 characters

EpnkaE: TARLIST 'crasourcs namss'

get_selectlon...
.11t of varlable names, ..

Exampla: LIZ
1, WyParametar, Command, Alarm
|esaRTFILE |
Meaning Spedfics a Brery File resowce. The sowrce dala = stored = an S
O35 fle. The torget resource definition is comploted with a tanget
pathname. End of line charzoiors are not comwerbed by the SaGRAF
Rosouron Compiler. The name cof the resowcs cannct excoed 15
characiers.
Synba: EIHARIFILE '<regource nands'
Exampla: ElparyFlle 'MYFILE’
Bzgin
From ‘o \user',oome iq.bin*
To *fdd/usar/appl/oontig . dat’
End
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[rexreiLe

Meaning

SynkaE:

Exampla:

Epoafes a Text File resowrce. The scurce dabs s stored i oam RECH
file. The forget rescurce cefidion b complebed with @ fanget
pathname. End of ine charactors are convorted Dy the BaSRAF
Resaurcs Compier accarding fo the tamget host syssem corwentions.
The meme of the resourcs cannct excoed 18 charactess.

TEETFILE ':rasource Danss '
EBZIH

o o e oonfig. hin '
'/ da umar S appl /oonfig dak !

| TARGET

Meaning

Eynta :

Speifies the name of a farget code that fes bo include the resourcs.
Bader to the previous section (comprer optons| far further information
about handied tasgets. The “Target” stztzment czn appear more than
crcz i the same rescwrce block, @ order fo sclect sovarad targets.
This statemont cannot be wsed f the “AnyTarget® siaterment is
specified

TARGET '<targat _namess'

arget
Target

| AN TARGET

deaning

Exampla:

Spedfics that the resource must be merged 1o all the farget codes
kgt oy the Codo Gererator. The (SaGRAF Code Geromtar can
produce soven target codes durng the seme “8ake” command. This
statoment cannot be used # one or several “Target” statemants are
specified

AHTTRRIET

Ulomgiata "HYTATA'

|FrROM

Maaning

sl ]

Spodfies the sowce pathmame {on the BC wheore the ISaGRAF
Wiorkbench &= instlled) of a BinaryFile or TexiFile resouwss. The
characiors w=med o isolate the components of the pathreme (drive,
direciory, mefm, suffog must condorm b the MS-DOS  sysbom
comentions.

FROM ':bargat pathnancs'

Exampla: ¥Flla "ENYFI

=

Meaning Spedfics the desbration pathmame (on the target system) of a
Benary®iie or Text®ile mescorce. The characters vsed o isalale the
comporands of the pathrame [drive, direstory. prefte, suffixl must
corfoarn 1o the barget hest systen comventions.

Eprnbant: T ' chargab pab -t

Exampla: File 'MIYFILE’'
Esglin
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Example
Below is a complete example of a resource definition file:

* rasourea dafinition fils 4
* ligt of valuss *)
* for this barget only +}

* mumerlaal valuess 4

i* list of variablas *}

i* for this targek only *f
'mll, Command, Alrnl (¢ variabla names v}

i* bipary fila rescurocs *)

* baxt fila resouroca *]

Resource compiling

If resources have been entered in resource definition file, a dialog box appears at the
end of ISaGRAF code generation. Press the "Start compile" button to run resource
compiler. Output messages and errors will be displayed in the main control. Press
"Exit" to avoid resource compiling. In this case, resources will not be added to the
ISaGRAF code.

Implementation

The number of resources, the size of data rows and files are not limited by ISaGRAF.
Resources are stored at the end of the generated code, with a resource directory.
Below is the format (using C notations) of the resource directory format:

__RESDURCE:

Loy NETas; * munker of defined TSeoUrdes 4

Below are the possible values of the "type" field:
e
# 3= ulong data {path_offset fiold is not used in this caso)
# d = variable list ipath_ofisot field iz not used in this case)

For text files, end of line characters are translated by the resource compiler,
according to the target system conventions. All pointers are 32 bit offsets from the
address of the corresponding structure. All resource names and pathnames are
NULL terminated strings. Pathnames and data follow the resource directory.
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14. Cross References

The 1SaGRAF workbench includes a cross-reference editor which provides user with
a total view of the declared variables in the project's programs, and where they are
used. The aim of the cross reference is to list all the variables declared in the project,
and to localise, at the source of each program the parts of source code where those
variables are used. The cross-references are very useful for a global view of one
variable life cycle. They help localise side effects, and reduce the time to understand
the project during the maintenance. The cross-references may also be used for a
global view of the complete dictionary of a project, so unused variables are easily
found and the complexity of the project measured. The list on the left shows the
declared objects of the project (programs, variables and defined words), and the
library elements (functions and function blocks) referenced in the project. The list on
the right shows the occurrences in the programs of the object currently selected in the
first list. The description of an occurrence includes the program name, the number of
the FC or SFC step, transition or test, plus line number for text languages or co-
ordinates for LD or FBD diagrams. For quick LD diagrams, the description is
completed with the number of the rung. If the variable is used as an output (on a coil)
the rung number is followed by a star ("*") character. Set the "Show unused
variables" option from the "Options" menu to display also in main list variables that
are not used in the application programs.

Object type selection

Because a project can group a huge number of declared objects, the combo box in
the editor toolbar is used to select the type of objects which must be listed in the
window. This allows the user to have access to selected information. Each time the
cross-references are re-calculated, the selection is reset to "All objects” in order to
present the complete list.

Re-calculate cross-references

The "File / Re-calculate” command can be used at any time to update the cross
references according to the modifications entered in other ISaGRAF editing
windows.
Export cross-references
The "Tools / Export" command is used to write the complete listing of the
crossreferences in an ASCII text file. This file can then be opened with other
applications such as Windows NotePad or word processors.

[ Dictionary errors
The "Edit / Dictionary errors” command displays in a dialog box the list of errors
detected when the project dictionary was loaded.

i Statistics

The "Tools / Statistics" command displays in a dialog box the number of objects and
variables declared in the project, according to variable types and attributes. particular
application of this command is to know the number of I/O variables declared in the
project, in order to ensure that it can be compiled, if a limited version of the ISaGRAF
Workbench is used.
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L3 Search in object list

The "Edit / Search" command allows the user to directly select an object in the editor
list. The searched object cannot be found if it is not actually listed (when using a
selected display). It is recommended, before searching for an object, to activate the
"All" selection in the toolbar.
B Open program

The list on the right contains the occurrences of the selected object in the source files
and 1/0 connection of the open project. The "Edit / Open program" command enables
the user to directly open a program where the object appears. It is also possible to
double click the mouse on an occurrence (in the occurrence list) to open the
corresponding program.
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15. Using the graphic debugger

ISaGRAF includes a complete graphic and symbolic debugger. The "Debug"
command of the program management window runs the debugger to control the
application downloaded in the target PLC. In this mode, the debugger communicates
with the target system via hardware link. The "Simulate" command of the program
management window simultaneously runs the debugger and a complete target
simulator. This enables the user to test his application when the target's I/O system is
not yet complete. The debugger window contains the commands to control the entire
application. When the debugger starts, and if the application in the target PLC is the
same as the one on the workbench, it automatically opens the program management
window, in debug mode. Commands of this window may be used to open other
ISaGRAF windows (graphic and text editors, dictionary, lists of variables, 1/0
connection...). All windows opened during a debug session operate in "debug mode",
meaning that the editing command is disabled. Displayed program components
(steps, transitions, variables...) are shown with their current run time status or value.
Double clicking on an object changes its status or value in the target application.
When running the debugger in simulation mode, communication with the 1ISaGRAF
target system is stopped. The debugger only communicates with the simulator
window. Because the target system does not exist in this mode, the "download",
"stop” or "activate" commands are not available on the debuggermenu.

15.1 The debugger window

The debugger window only contains information about the complete application
status. It is linked to other ISaGRAF windows creating a complete interactive debug
system. Detected run time errors are displayed in the bottom area of the debugger
window. Commands from the "Options" menu are used to hide, show or clear the list
of errors.

The control panel (area under the debugger menu) shows the global status of the
target application, and information about the execution cycle timing. The list of
possible target status is as follows:
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Logging..—......—........ Debugger  establshes commumization with the tanget
syshem.

Désconnected: ... ... Debugger cannof communicate weh the tanget system.
Enzure connection cable and communcation paramebos
e wadid

Mo application: .............. Comneciian i 0K, bt no EaGRAF applicaton curenshy
exists in the target system. Downiced on appfication

Appécation active:..._..Cornedtion s OK and an actwe appication oxists in the
target systom.  Dobugger is now  esiablzhing  the
commimizations with this apoication, if it is the same as
the ocnie on the Workbonch

BUN ..o ... Tarpet appicateon = o *Read Time™ mods.

STOP: .o Tonget application is i “Cyoie 1o Cyole® mode.

BreakPoint ... ... Tarpet apphoztion is in “Cycle to Cycle® mode, because o
breaipoint is ercounierod

Fatal Error:......—........ Temgel  spplication  failed  because = setous  enor

DOCLHTSO

Infoernation: on the nen bme oycle bmng 1= as follovs:
Allowed: . ... .. pregas;med ireng

Caurrent: .....................exact timing of the lxst complete execution oycle
Maximum: ... maximoeT imicg detected since the application started.
Crverflow.....oocooneoen. TUIMDET of expcufion cycies detecied with @ Hming groaber

tham the alloveed timing
AF time values ase gven nomiliseconds. Time valuos are nof displayed when
diebugges is used in simulstian made

15.2 Controlling the application

The "File" and "Control" menus contain the commands for the installation and the
control of the currently edited ISaGRAF application on the ISaGRAF target system.

Note: Some of these commands are not available during simulation, because the
application processed by the simulator is automatically installed by the ISaGRAF
Workbench.

] Stop the target application
The "File / Stop application" command stops the execution of the application currently
active in the ISaGRAF target system.
Activate the target application
The "File / Start application" command runs the application existing in the target
system. When an application is downloaded, it is automatically started, so that the
"Start" command does not have to be used. The "Start" command is typically used
after a "Stop" command.

Note: the target application must be stopped (inactive) before it is possible to download a
new application.

ir Download the application
The "File / Download" command is used to download the application code in the
target system. Select the type of code to be downloaded, according to the target
system processor and the application options.
Display version number
The "File / Get version number" command is used to display complete identification of
both Workbench and target applications. The Workbench application is the one
currently open on the 1SaGRAF Workbench. The target application is the one
executed in the target ISAaGRAF PLC. The following items are displayed:
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VERSION: ... ... Ths = the version number of the spplioation code. Thes
rumioer s been calculaied by the code generatar.

DATE: _..._..—.....This ibem shows the date and time when the code has
boen buik

CRC: . ... Thim &= a checksum calculalnd weth tho contends of the

table of symbcls. Thes rumber has beon calculated by the
code generator. The value depends on the contenls of
the dictiorary of vasiables.

Note: The "Get version number" command is also available during simulation. In real debug
mode, this command cannot be used if the target PLC is not connected.

& On line modification

The "File / Update application® command enables the user to achieve "on line
modification" of the running target application. This command is detailed in further
sections of this chapter. It is not available when the debugger is used in simulation
mode.

P Real Time mode

The "Control / Real time" command is not available when no application is active. It
sets the target application in normal "real time" mode: Normal mode: the execution
cycles are triggered by the programmed cycle timing.

W Cycle to Cycle mode

The "Control / Cycle to cycle” command is not available when no application is active.
It sets the target application in normal "cycle to cycle" mode: In this mode, cycles are
executed one by one, according to the "Execute one cycle" commands made by the
user from the debugger menu.

W Execute one cycle

When target is in cycle to cycle mode, the "Control / Execute one cycle" command
runs the execution of one cycle.
e The cycle timing

The "Control / Change cycle timing" command enables the user to modify the
programmed cycle timing. This time is titled as "Allowed" in the debugger control bar
window. The "Cycle to cycle" mode should be set before modifying the cycle timing.
The cycle timing is entered as an integer number in milliseconds.

Remove all breakpoints

The "Control / Clear all breakpoints” command removes all the breakpoints currently
installed (encountered or still active) in the whole application. Existing breakpoints are
not automatically removed when the debugger window is closed.

Unlock I/O variables

The "Control / Unlock all 10 variables® command unlocks all the 1/O variables
currently locked in the application. When an 1/O variable is locked, no input or output
status change is made to the corresponding I/O device. Variables attached to the 1/0
can still be written by the application or by the debugger. Currently locked 1/O
variables are not automatically unlocked when the debugger window is closed.

15.3 Options

The "Options" menu contains the options to control the information displayed in the
debugger window.
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The communication parameters

The communication timing parameters can be adjusted when the debugger is active.
Only communication time-outs can be set here. Other communication parameters
(baud rate, parity...) must be set from the "Debug" menu of the Program Management
window. The "Communication time-out” is the time left for the target system to begin
the answer to one workbench request. The "Cyclic refresh duration™ is the time period
required for the "read" requests to be sent by the debugger in order to refresh data in
the opened windows. All the time values are displayed and entered as integer
numbers in milliseconds. The communication timing parameters cannot be set when
the debugger is used insimulation mode.

Display options

The "Show cycle timing" option enables the user to hide or show the cycle timing
values in the debugger control bar. When this option is set, all the cycle timing
components (allowed, current, maximum, overflows) are displayed and refreshed.
Disabling this option reduces the debugger communication burden. When the "Show
errors" option is set, detected run time errors are listed in the bottom area of the
debugger window. When this option is disabled, the error list is closed. Removing this
option reduces the debugger display and communication burden. The "Options /
Clear errors" command clears the list of run-time errorscurrently displayed in the
debugger window. The "Options / minimise window" command reduces the size of
the debugger window so that it is shown as a small, always on top, panel containing
only the application status and graphic buttons for most commonly used commands.

15.4 "Write" commands

The 1SaGRAF symbolic debugger offers many commands to change the value or
status of the application components. Selecting the component to be changed is done
by double clicking on its name or its drawing in an editing window, when the
debugger window is opened.

Variables

A variable status is changed by double clicking on its name in one of the following

windows:

# [Dictionary
# Lisks of varmbles or fime degrams
# LDvor FBD Programs

# 'O coreecticn

The following commands are offered in the debug dialog box:

# Vit the variabie to a new value

# Lock the warizble (for VO varables anly)

# Unlock the vanabie {for locked 13 vanables only)

» Start oo stop 2 fimer vanakie [set aubcrnatic refresh moda)

Symbolic values used to represent boolean FALSE and TRUE values are the strings
defined for that specific boolean variable in the dictionary. The analog value specified
for a "Write" command must be entered in an integer or real format, according to the
variable definition in the dictionary. The string specified for a "Write" command for a
message cannot be longer than the message capacity attached to that specific
variable in the dictionary.

Omniflex ISaGraf Application Workbench V3.46 User Guide 96 -© Omniflex
UMCCO030AUGRO1.pdf



- SFC objects

To observe a control operation on an SFC program while debugging the application,
commands of the "File" menu are used in the Program Management window. The
SFC program must be selected from the list of programs. The following commands
are available:
Start 8FC program: ...._Ensbies the scfected program by putting @n SFC towen
o each of ik initial stop
Kkl SFC programc ... ¥z the selectad program by removing all s existing
tokans.

Freeze S5FC program: .. Suspends the excouton of the sefected program
Restart SFC program: ... Restarls g frozen {suspendedi program.

For child programs, these commands correspond to the "GSTART", "GKILL",
"GFREEZE" and "GRST" functions in the programming language.

A control operation can be seen in an SFC step when debugging the application by
double clicking on its graphic representation in the SFC editing window. The following
commands are available in the debug dialog box:

# Inshall a beeakpoant on he shep activation
# |nslall a bevakpoind on the stop de-actvation
+ Clear breakpoint zdded to fhe step

Note: Activation and de-activation breakpoints cannot be added to the same step.

A control operation can be seen in an SFC transition when debugging the application
by double clicking on its graphic representation in the SFC editing window. The
following commands are proposed in a debug dialog box:

* Add 2 hraakpaint on the Fansition clearing
» Clear a breakpont added to the transbon
* Sarusdy clsar the transkion (move or add o)

Conditional clearing: a token is created on the steps following the transition. The
tokens existing in the preceding steps are removed. Unconditional clearing: a
Conditional clearing: a token is created on the steps following the transition. The
tokens existing in the preceding steps are removed. Unconditional clearing: a

15.5 On line modification

The "On line modification" feature enables the user to modify the application while the
process is running. This is sometimes necessary for chemical processes where any
interruption may jeopardise production or safety. This function should be used very
carefully. ISaGRAF may not be able to detect all possible conflicts generated by user
defined operations as a result of these on-line changes.

Code sequences

As 1SaGRAF offers many possibilities for access to variables, programs or 1/0 boards
from the debugger, the "On line modification” function described here applies only to
the code sequences modification. A sequence of code is a complete set of ST, IL, LD
or FBD instructions executed in a row. In a "beginning of cycle" or "end of cycle"
program, a code sequence is the entire list of instructions written in the program. In
an SFC program, a code sequence is the Level 2 programming of one step or
transition. The "On line modification" consists of replacing one or more code
sequences, without stopping the PLC execution cycle. As the control of the SFC
tokens is very critical, it is not possible to modify an SFC structure, to add, renumber
or remove a step, a transition or an SFC program.
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Variables

As the variable database is a very critical part of the application, it can be accessed at
any time by other processes (on multitasking PLC). It is also possible to modify
variable values from the debugger. Therefore, ISaGRAF does not allow the user to
add, rename or remove a variable on line. Anyway, it is possible to modify the way a
variable is used in the application. It is also possible to reserve "unused" internal or
I/O variables in the first version of the application, so that future modifications can
make use of them.

They are different styles of variables in ISaGRAF target database. Limitations act on
all of them:

- Declared variables

They are the ones declared using the 1ISaGRAF dictionary. They cannot be changed
and cannot be renamed for on line change. It is recommended that some extra
variables are declared and initialised in the application even if not used today. Such
extra variables will enable future modifications to work on without changing the
application data checksum.

-Instances of function blocks

Each instance of "C" or IEC written function block corresponds to data stored in
ISaGRAF target real-time database. When function block instances are added or
removed, On Line change is no more possible. So it is better to work in ST with FB
instances declared in dictionary, rather than adding blocks (that will correspond to
new automatically declared instances) in Quick LD or FBD diagrams. Also, any
modification in the definition of available function blocks in the 1SaGRAF library will
lead to an impossible On Line change.

-Steps
Each SFC step corresponds to a piece of data where are stored SFC step dynamic

attributes (its activity time and flag). Adding or removing SFC steps change the
application database and is denied for On Line change.

-Hidden variables allocated by compilers

The 1SaGRAF Compiler generates "hidden" temporary variables to solve complex
expressions. In some case, the change of an expression may lead to a different set of
non-visible temporary variables, and that leads to an impossible On Line change. To
avoid this situation, you can add the following entries in ISA.INI file, in order to force a
minimum number of temporary variables to be allocated for each program, even if not
used for the compiling of the first application version. Values given here are
examples:

for boclsxns

When such a setting is written in ISA.INI, the compiler outputs a warning message if a
new compiling of the application leads to a greater number of allocated temporary
variables.
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Inputs and outputs

As the 1SaGRAF 1/0 system is very open, required modifications should be
implemented by the OEM, using specific features of the corresponding hardware. The
ISaGRAF system does not allow the user to add, connect or remove an /O variable,
or to modify the description of an I/O board on line. Operations such as modifying
board parameters and locking I/O channels are available using standard OEM
features and the "OPERATE" function.

Run time operations
Modifying a running application consists of the following operations:

« modify the application source code on the workbench

» genorate the now application code

« download the new application code using “update” command instead of
“download”

# swilch from the old application to the new one, in between PLC execution cycles
using the “Realise update” command.

This procedure guarantees that the target PLC always has a complete and reliable
running application, and enables the user to control the timing of the sample
operations in a very safe and efficient way. It also enables the user to modify the
project as often as possible. Regardless to the process itself, the "On line
modification” is essentially the same as a normal "stop, start and download" set of
commands. The only differences are that no variable state is lost, and the switching
time is very short (usually 1 or 2 cycle duration). During the switch, no variable is
modified, and all internal, input or output variables keeps the same value before and
after the application modification. During the switch, no action is performed, and SFC
tokens are not moved.

Memory requirements

In order to support the "On line modification” capability, the target PLC must have
free memory space to enable the storage of the modified version of the application
code. Both versions of the application code have to be stored in PLC memory during
the switch operation.

Limitations

As described before, only modifications to code sequences are allowed. Variable
definition, application parameters and I/O connections cannot be modified. When
downloading a modified version of the application, ISaGRAF makes a comparison
between the modified application and the running one, in order to detect any unsafe
change. If the switch seems dangerous or impossible, a download error is generated.
One of the safeguards performed by 1SaGRAF is to compare the symbol table
checksum, so that any variable, program, or SFC element name change is detected.
If a step is active when the switch occurs, its non-stored (N) actions are lost. The new
step activation actions are not executed. Actions executed at the deactivation of the
step are the ones carried over in the new application code. If a transition is valid when
the switch occurs, its receptivity equation is updated. The new downloaded
application code is not backed up on the PLC. The backup is the version which was
previously downloaded with standard download commands.

g Operations
To update the code of a running application, the following operations have to be
performed:
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# Belore making any change on a running application, i is highly recommended to
make a copy of the current project under another name. The modiications may be
performed on the coples.

#» Belore editing any program, the user shouild check that the "update diary” option
of the editing tocls is sel, to ease fulure program mainlenance.

« When one or more sequences have been modihed (withoul modifying SFC
structures and program hierarchy), the code of the new application must be
genarated on the workbench before downloading.

« Llsing the debugger, Trom within the old project, the user must connect the larget
FLC and perform any operation which can make the application update fasber or
more safety.

# Using the debugger, Irem inside the new project, the user must connect the target
PLC. If the applcation name is changed, the target database cannol be accessed.
The wser musl run the "File | Update” command.

# The modiied application is downloaded by selecling the "update later™ option.
This may slightly =low down the PLC during transfer.

« When download is complete, the user can run the "File / Realise update”
command lo enable the swilch at the most adequate moment. The swilch wall have
a1 o 2 cycle duration.

# When the swatch has been comectly performed, the programs of the modified
running application are displayed. [T not, the existing running application remains as
is.

15.6 DDE exchanges

The ISaGRAF debugger includes a DDE (Dynamic Data Exchange) server. An advice
loop can be installed between the 1ISaGRAF debugger and other applications, in order
to dynamically display the current value of variables in non- ISaGRAF applications.

Only "advise" and "poke" transactions are supported by the ISaGRAF debugger DDE
server. You can use "request" transaction only for variables already spied in an
advice loop. Other DDE services such as "execute" are not available. When an
advice loop is established on a variable, the value of this variable is updated in the
client application each time it changes. Variables of any type can be spied. The
identification of the dynamic link includes the following names:

Service name: .... "ISaGRAF"
Topic name: ....... Name of the ISaGRAF project
Item name: ......... Name of the variable

If the variable is local to a program, its name must be followed by the name of its
father program, written between parentheses, with the following syntax:

variable_name(program_name)

The ISaGRAF debugger DDE server is dedicated to the 1SaGRAF application
currently spied by the debugger. Up to 256 variables can be spied by the ISaGRAF
server. The DDE server may be used when the 1ISaGRAF debugger runs in either
connected or simulation mode. The refresh duration is the one established for
communication between the debugger and the ISaGRAF target system or simulator.
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16. Spying Lists of variables

The "Spy lists " command in the "Spy" menu of the Debugger window enables the
user to build non-contiguous lists of variables which are refreshed with their current
values. Lists are built when debugging the application. The lists can be stored on the
disk and opened again during other debug sessions. A list may contain up to 32
variables. Variables of different types may be mixed in the same list. Global and local
variables can be inserted in a list. A list of variables is dedicated to one particular
project. Lists of variables are very useful for the functional testing of an application.
They allow the user to watch the changes of a limited part of the controlled process,
independent of the corresponding source code in the application programs. Lists of
variables are also useful while debugging ST and IL text programs. The user can
easily group in a list the set of variables used in a program, in order to control or
monitor the execution of the programmed instructions. For each variable of the list,
ISaGRAF displays its name, its current value and its comment text. Columns can be
resized by dragging separation lines with mouse in the list title bar.

= Saving lists on hard disk

The commands of the "File" menu are used to create, open and save the lists of
variables. The number of lists for one project is not limited by ISaGRAF. While
naming the lists of variables to be saved on disk, the rules shown below have to be
followed:

« name cannol exceed 8 characters

# the first character must be a letier

# the following characters can be letters, digits or underscore character

= naming of ksls s case insensitive
The list editor cannot display more that one list of variables at a time in the same
window. However, the list editor can be run more than once, in order to spy different
lists simultaneously.

i Inserting variables in the list

The "Edit / Insert" command inserts another variable in the list. The variable name is
selected in the list of objects defined in the project dictionary. This way the user does
not have to manually enter the identifier. The variable is inserted before the variable
currently selected in the list. The list cannot contain more than 32 variables. The
same variable cannot appear more than once in the same list.

W Changing the selected variable

The "Edit / Modify" command replaces the selected variable by another variable. You
can also use the "Cut" command to remove the selected variable from the list.

& Dump display
At any time, you can swap viewing mode between list and "Dump" view. Press the
"zoom" button in toolbar or use "Options / Dump" command to swap viewing mode.

In "Dump” mode, only one variable value is displayed. Its value is displayed in
numerical/symbolic format at the top of the window, and is also displayed in binary
"dump"” format. This mode allows you to spy hexadecimal value of each byte in the
variable value.
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"Dump" display is very useful for spying and understanding message strings
containing non-printable characters.

Omniflex ISaGraf Application Workbench V3.46 User Guide 102 -© Omniflex

UMCCO030AUGROL1.pdf



17. Debugging ST and IL programs

During simulation or On Line debugging of ST and IL program, no modification can be
entered in the program text.

For IL programs, instructions are formatted in a list view. Current value of a variable
used in an instruction is displayed on the same line. You can double click on an
instruction to change the value of the corresponding variable.

For ST programs, a Spy List window is embedded in the editor window. You can
resize views by dragging with the mouse the separation line between them.

For each variable of the list, ISaGRAF displays its name, its current value and its
comment text. Columns can be resized by dragging separation lines with mouse in
the list title bar.

Saving list on hard disk

The "File / Save list" command save the lists of variables on the disk, under the same
name as the edited program. This list will be automatically re-loaded each time ST or
IL program is open in debug mode. This list can also be freely open and modified
using the Spy List tool run by the "Spy / Spy list" command of the debugger window.
Inserting variables in the list

The "Edit / Insert variable" command inserts another variable in the list. The variable
name is selected in the list of objects defined in the project dictionary. This way the
user does not have to manually enter the identifier. The variable is inserted before the
variable currently selected in the list. The list cannot contain more than 32 variables.
The same variable cannot appear more than once in the same list.

When the name of a variable is highlighted in ST text, press this button in the toolbar
or run the "Edit / Spy selection” command to directly send the variable to embedded
spy list.

Changing the selected variable

The "Edit / Change variable" command replaces the selected variable by another
Variable. You can also use the "Cut variable” command to remove the selected
Variable from the list.
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18. Debugging with SpotLight

ISaGRAF SpotLight tool allows the user to define watch lists that can be displayed
either as graphic pictures or as lists during debug. Graphic items must be linked to
the variables of the 1ISaGRAF project. The graphic picture is both defined and
animated "on line".

To force the value of a variable, double click on the corresponding item from graphic
or list layout, or hit ENTER when it is selected. You also can lock the document (deny
any modification) using the "File / Lock” command. When a document is locked, you
still can force variables by double clicking on their symbol.

18.1 Building the graphic layout

Note:

132

i i

it |

A chart is made of background pictures (bitmaps or metafiles), and a set of graphic
items that will be animated during debug. To enter the chart, the following operations
must be performed: Insert background

Background pictures

The background pictures are "bitmap" (.BMP) or “metafile” ((WMF) files. Numbers of
pictures included in the graphic layout is not limited. Pictures can be moved or
resized in graphic layout. They do not appear in list layout. Pictures are built with
other tools. SpotLight does not include a painting tool. The "Options / Background
colour" command is used to select a solid colour for empty space in graphic layout.

Bitmaps consume a large amount of memory. It is highly recommended to correctly
size the picture, and limit the unused space inside the bitmap rectangle.

Single text display

A “single text” item is a text written in a rectangle. The text displayed is the value of
the attached variable. Thus, such item can be linked to message string variable. The
rectangle where text is displayed can be either filled with colour or transparent. The
character font used to display text is adjusted to fit the height of the rectangle when
item is resized.

Unipolar and bipolar bar graphs

A bar graph is a rectangle with a coloured part that represents the numerical value of
the attached variable. Optionally, the rest of the rectangle can be filled with colour. A
bar graph can be either horizontal or vertical. Unipolar bar graphs can grow in any
direction: to the top, to the bottom, to the left or to the right. Bipolar bar graphs can
grow either in positive or negative direction, according to the value of attached
variable. In case of a bipolar bar graph, the maximum allowed value is the same for
both negative and positive scales.
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= Curves

It is possible to insert a curve in a document. A curve shows the history of the
attached variable. Although it is not a precise measurement tool, it can give useful
debug information about synchronism between various variables. A curve stores the
200 last values of a variable. The number of samples is not changed when the curve
item is resized in the graphic layout.
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Tl Boolean icons

A “boolean icon” item is used to display a binary state. One icon (.ICO) file is defined
for FALSE or O value. Another icon is defined for all other non zero values. As
SpotLight does not include an icon editor, icon files should be prepared with another

tool.
FALZE TEUE
Bit fields

A “bit field” item shows in a graphic panel the 32 bits of an integer value. The less
significant bit is always displayed on the right. It is not recommended to use bit field
for other data types such as real analog values, as the displayed information can lead
to confusions.
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[ Select, move or resize items

Selecting graphic objects is needed for most of the editing commands. SpotLight
enables the selection of one or more existing objects in the chart area. To select
objects, the "select" (button with an arrow) choice must be checked in the editor
toolbar. To select one object, the user simply has to click on its symbol. To select a
list of objects, drag the mouse in the drawing area to select a rectangle area. All the
graphic objects that intersect the selection rectangle are marked as "selected". A
selected object is drawn with little black squares around its graphic symbol.

By making a new selection, any previously selected objects are unselected. To
remove the existing selection(s), simply click with the mouse on an empty area
outside of the rectangle which borders the selected objects.

To move objects, you first have to select them. Then place the mouse cursor on the
border of the selected item and drag it to other location.

To resize an object, you first have to select it. Then place the mouse cursor on one of
the small rectangles displayed in the selection border, and drag it in appropriate
direction to resize the object. Pictures can also be resize. In such case, the
corresponding bitmap or metafile is stretched to fit the new specified item rectangle.

s Group items / dissociate groups
You can group items together so that they are managed as one item. To make a
group, select items in graphic layout and run the “Edit / Group” command. The “Edit /

Dissociate” command is used to restore items of the selected group as separated
ones.

A group may contain a picture. A group may also contain another group.When items
are grouped, their style cannot be changed anymore. Items of the group are still
displayed, but cannot be used (with double click) to modify the value of attached
variables. A group appears at just one line in the list layout.

18.2 The list layout

£ At any time, you can swap between graphic and list layout, by pressing this button.
You can also use the “Options / List - Graphic layout” command. In the list layout,
items are shown in a classical list box. The height of each item is calculated
according to its drawing style. Pictures (bitmaps and metafile) are not visible from the
list layout. A selection is available in list layout, and should be used to set item style
or change the value of a variable. Multiple selection and commands using it are not
available in this mode.

0 You can re-order the items in the list using the “Edit / Move in list” commands. The
item to be moved should be selected in the list.
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18.3 Defining the item style

The graphic style and settings of an existing item can be modified, by double clicking
on its symbol in the graphic area, or by running the “Edit / Set style” command when
item is selected in graphic or list layout. The “Style” dialog box is also opened when a
new item is added to the document. It groups the following pieces of information to be
selected by the user:

= Graphic style and settings:

The display style (single text, bar graph, curve...) of an item can be changed
dynamically. When foreground and background colours are used, they can be
customised using the corresponding boxes. When style is “boolean icon”, the
pathname of corresponding .ICO files has to be specified. Use “...” buttons close to
these controls to browse icon files existing on the disk.

= Scale:

This is the maximum value that can be displayed in bar graphs and curves. For
bipolar bar graphs and curves, the same absolute value is used for both positive and
negative axis.

= Variable name:
When the "Name" field is the active field, pressing the "..." button close to edit control
enables the user to find the names of the variables already declared in the project
dictionary.

= Caption:

A caption can be displayed closed to the graphic item in graphic layout. You can
customise the location of the caption text (top, bottom, left or right) and its contents.
Caption can be any combination of the variable name and its value formatted as text.
Caption customisation has no effect on list layout.

= Command variable:

If the "Command variable" option is set, the user can modify the value of the linked
variable during debug by double clicking on the item graphic symbol.

18.4 Commands of the "File" menu

The "File" menu contains commands that allow the user to manage the complete
document.

5 The "New" command of the "File" menu starts the editing of a new document. The
number of documents defined for a project is not limited by ISaGRAF. Before editing
the new chart, the previously opened chart is closed. The SpotLight cannot be used
to edit several charts at once. However, multiple SpotLight windows can be opened
simultaneously with each used to edit a different document.
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The "Open" command of the "File" menu allows the user to close the currently edited
document and to start editing another document of the current project. The new
selected document replaces the current one in the editing window. When selecting
the new document, the "Delete" button can be used to delete an existing file, in order
to clean up the project directory. Icon and bitmap files referenced in a chart are not
erased when the chart is deleted.

] The "Save" command of the "File" menu stores the currently edited document on the
disk. If it is a new untitled document, the user must give it a name before saving it.
Naming a document must conform to the following rules:

# The length of the name cannot excead § characters

» Tha first character must be a letter

# The follovwsng ones must be letters, digits or underscore characlers

= Maming is case insensitive
The "Save as" command of the "File" menu allows the user to store the currently
edited document under another name.

18.5 Note for ISaGRAF V3.2 users

Spotlight can read graphics and lists of time diagrams built with the tools of ISaGRAF
V3.0 or V3.2. Such files appear in the "Open" dialog box, with the description of their
origin. Files can be read and freely modified with SpotLight.

When opening an ISaGRAF V3.2 graphic, the document is automatically marked as
"Locked". Remove the "Lock" option from the "File" menu if you want to make
changes in the graphic.

When an ISaGRAF 3.2 graphic or list of time diagram is open, SpotLight always
proposes to save it in native SpotLight format. The "Save As" dialog box is

systematically open when closing such a document.
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19. Uploading applications

ISaGRAF supports the uploading of the application stored in the target. The upload
procedure communicates with the target to load the embedded zipped source code
(EZS) and then restore the loaded project in the workbench environment. The project
running on the connected target system can be uploaded if the target version is V3.22
or later, and if zipped source code have been embedded with the application.
Embedding source code for upload is an optional feature.

19.1 Uploading a project

The "Upload" dialog box is run from the "Files" command of the 1ISaGRAF Project
Manager. Upload does not refer to an existing project on the Workbench. The
currently selected project in project management list has no relationship with upload
mechanism. To upload the application running on the target you must:

1- ensure that the target is properly connected
2- sel-up the commuenication parameters according to the connéclton link
3- press the "Run” buttan

Uploading embedded zipped source (EZS) and decompressing them may take few
seconds. Messages in the dialog box will inform you when upload is complete, or in
case of error.

The name used to create the ISaGRAF project is the one read in the target through
communication. If this name is already used for an existing project in the workbench,
you will be prompt to either overwrite it or select an unused name. You cannot cancel
the registration of loaded sources as a project when upload is complete. The
uploaded project is now ready and can be opened.

= Possible errors

The following errors may occur when uploading a project. You are informed of the
error in the "Upload" dialog box.

- cormmunication cannol be established with the target

- connected larget is an 15aGRAF system before version 322
- thare is no application renning in the target

- there is no EZS embedded in the target

19.2 Communication settings

Pressing the "Set-up" button enables the user to define the parameters of the link
used for communication for upload between 1SaGRAF workbench and the target
ISaGRAF system. You have to ensure that the configured parameters match to the
connected target before running upload.
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19.3 Preparing a project for upload

You have to inform the ISaGRAF Code Generator that zipped source code must be
embedded with the application code if you want to enable upload later. For this, press
the "Upload" button in the "Compiler options" dialog box. Another dialog box enables
you to check, as an option, the embedding of zipped source code. In this case, only
minimum required source files will be embedded. Use other check boxes to embed
also optional files.

Important note: Libraries are not downloaded with embedded source code. This
includes functions and function blocks and 1/0O boards and equipment.

= Optional files

In addition to the minimum required source code, the following files can also be
embedded. They are options as their selection leads to extra memory requirement on
the target.

Project descriptor: If not embedded, the project descriptor after upload will just
indicate the upload date.

Password protection: Upload function is not protected by a password. If you want the
uploaded project protected, you have to embed its password protection system with
source code.

Comments for not connected I/O channels: 1ISaGRAF gives you the possibility to
enter description text for non-connected 1/0O channels. Do not check this option is you
work with connected 1/Os only.

History of modifications: This is the global history of modifications for the project.
Diary files: Diary file of each program contains user written notes plus the history of
compiler output messages referring to the program. Embedding diary files may
consume a lot of memory in target.

Lists of variables and time diagrams: These are the files created during debug, and
containing lists of variable names for list or time diagram monitoring.

Graphics, icons and bitmaps: This includes 1ISaGRAF graphics, plus all attached icon
and bitmap files, if they are located in the project directory. Warning: embedding diary
files may consume a lot of memory in target.
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19.4 How zipped source are stored in the target

Embedded zipped source (EZS) is stored in generated code with resources. The
generated resource is called "EZS". If source code embedding is selected, you
cannot choose this name for another resource. Embedding source code does not
imply any limitation in resource definition. The user written resource definition file is
not affected by source embedding.

Please refer to the 1ISAGRAF documentation about the Code Generator for further
details and information about resources.

19.5 Memory requirements on the target

Embedded zipped source (EZS) code requires extra memory to be stored with

application code in the target. A general rough estimation is that minimum EZS
(no extra option selected for source embedding) has one and a half the size of
the executable code. This means that the embedding of EZS will multiply the size
of downloaded code by 2.5.

Special limitation may appear on some target system based on segmented
memory. As EZS are stored as resources in generated code, they must be stored
in the same data segment as the application code.

19.6 About uploaded project

The uploaded project contains all the files and data required for re-compiling.
Depending on the options selected during its previous compiling, it may also contain
auxiliary files such as project descriptor and program diary files. You have to compile
(make) the project before debugging or monitoring it. Warning: as ISaGRAF uses the
compiling date stamp to compare applications, you will be informed when opening the
debugger that workbench and target applications have different version codes.

Important note: Libraries are not downloaded with embedded source code. You have
to ensure that the appropriate library functions and function blocks are installed with
your ISaGRAF workbench before re-compiling the uploaded application.

19.7 Compatibility issues
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Upload is supported by 1SaGRAF target and workbench version 3.22 or later.
Extensions have been made to the communication protocol to support upload. There
is no restriction in embedding zipped source code (EZS) in a target based on
ISaGRAF systems version 3.03 to 3.21, as EZS are stored in application code as
standard resources. But embedded information cannot be uploaded in this case, as
such target does not support required communication services.
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20. Using the Diagnosis tool

The "Diagnosis Tool" is a subset under the ISaGRAF debugger tool. It enables the
end user to work on a predefined set of variables, in order to examine and control the
process. The ISaGRAF debugger is a very powerful tool, which includes high level
functions. The Diagnosis Tool provides a safe way to control the target application for
final running operations or maintenance. The ISaGRAF Diagnosis Tool is run directly
from the ISaGRAF group in Program Manager, by double clicking on the following

icon:

Diaonoziz

The list of existing projects is displayed in a dialog box. It enables the user to run the
limited ISaGRAF debugger on an existing, already downloaded 1ISaGRAF application.
Pressing the "OK" button starts the limited debugger on the selected project. Pressing
the "Cancel" button closes the dialog box. The "Set-up" command is used to set-up
the communication link between the 1ISaGRAF Workbench and the target PLC. Refer
to the "Managing programs" chapter of this manual for more information about this
command.

Note: The 1SaGRAF Diagnosis Tool (limited debugger) cannot be used to download, stop or
update the application running in the target PLC. No operation can be performed if
the project selected in the Diagnosis Tool dialog box is not the same as the one
installed and running in the PLC.

When the limited 1ISaGRAF debugger is run, and correctly connected to the target
application, the following commands are available:

= Spy lisls of variables
= Spy graphic documents with SpotLlight
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21.Using the ISaGRAF simulator

The ISaGRAF Kernel simulator is started with the debugger when the "Simulate"
command of the "Debug" menu in the Program Management window is run. The
kernel simulator is a complete ISaGRAF target system supporting ISaGRAF standard
features and all the "C" functions and function blocks of the standard library delivered
by CJ International. The I/O boards are graphically simulated in a window. Any type
of 1/0 board can be simulated. The boards defined as "Virtual boards" during the 1/0
connection also appear in the simulation window.

21.1 Links with the debugger

The kernel simulator supports full communication with the ISaGRAF debugger, so
any of the debug possibilities can be used during simulation. The kernel simulator
always works on the current 1ISaGRAF application. During simulation, the debugger
commands "Start", "Stop", "Download" or "Update" are no longer available. The
simulator cannot be used if the "SIMULATE" target was not selected in compiler
options before building the target code. Closing the simulator window implies that the
debugger window (and any ISaGRAF window opened during the debug session) is
also closed.

21.2 1/0O simulation

n-a
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I/O boards appear in the simulator window, titled by their name and slot number. Any
of the ISaGRAF standard types of 1/Os (boolean, analog or message) are handled.
The channels of the input boards are displayed with special buttons and fields. The
channels of the output boards are displayed with graphic status lights and data fields.

Boolean inputs: A boolean input is represented by a square green button. The
number of the channel is displayed with the 1/0 button. The input value is TRUE when
the button is pressed. Clicking on the button changes the corresponding 1/O value.
Use the right button of the mouse to set the input only when the button is pressed.

Boolean outputs: A boolean output is represented by a small circle. The number of
the channel is displayed with the 1/0. The output value is TRUE when the graphic
symbol is highlighted.

Analog inputs: An analog input channel is a simple numerical field, where the value of
the corresponding input can be entered. Clicking on the box displays the caret. A new
value for the channel can then be entered. It is not necessary to use the ENTER key
after input. Analog inputs can be entered in either decimal or hexadecimal base Use
up/down buttons to increase or decrease the current value.

Analog outputs: An analog output channel is a numerical output field. The output
value can be displayed as either a decimal or hexadecimal number. No action can be
performed by the user on an output channel.
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W2ia Message inputs: A message input channel is a simple text field, where the value of
the corresponding input is entered. Clicking on the box displays the caret. A new
value for the channel can then be entered. It is not necessary to use the ENTER key
after input.

nzes Message outputs: A message output channel is a text output field No action can be
performed by the user on an output channel.

21.3 Library components

The 1SaGRAF simulator fully supports the standard conversions, functions and
function blocks, delivered by CJ International. Below is the list of supported objects:

= Conversion functions:
bcd, scale
= Functions:

abs, acos, ArCreate, ArRead, ArWrite, ascii, asin, atan, char, cos, delete, expt, find,
insert, left, limit, log, max, mid, min, mlen, mod, mux4, mux8, odd, rand, replace,
right, rol, ror, sel, shl, shr, sin, sqrt, tan, trunc

Function blocks:

average, blink, cmp, ctd, ctu, ctud, derivate, f_trig, hyster, integral, lim_alrm, r_trig, rs,
sema, sr, stackint, tof, ton, tp

User defined conversions, "C" functions and function blocks are commonly not
integrated with the ISaGRAF Simulator. Typically, such objects are designed to use
software and hardware resources of the target system. Such resources are generally
not available on the Windows system. The ISaGRAF Simulator provides the following
standard behaviour for any user defined conversion, function or function block:

* When a new conversion is processed by the simulator, it is replaced by a "null"
conversion. This means that the physical value of the analog variables is always
equal to the electrical value (as entered or displayed on the Simulator panel).

* When a new "C" function or function block is run by the simulator, it does not
process any operation. The result value is not set.

21.4 Options

The commands of the "Options" menu enable the user to control the display of I/Os in
the simulator panel. The user can set or remove these options at any time during
debug.

= When the "Colour display" option is set, I/O channels are displayed as colour
bitmaps. If colours cannot be distinguished on some LCD screens, the user should
remove this option, to get pure black and white input and output graphics for 1/0O
channels.

= When the "Variable names" option is set, a sticker is displayed beside any I/O

channel, with the name of the connected I/O variable. Removing this option enables
the user to reduce the size of the simulator panel.
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When the "Hexadecimal values" option is set, any input or output analog channel is
displayed or entered in hexadecimal format.

When the "Always on top" option is set, the simulator window is always visible, even if
the input focus is on another window.

21.5 Saving and restoring input states

Note:

Using the 1ISaGRAF simulator, input channels are forced through manual operations,
acting on toggle buttons and edit controls of the simulation panel. You can at any time
use the following commands of the "Tools" menu to save and restore the state of all
input channels:

Load input scheme Set values of mput channels with values
stored in a file thal has been created on disk
by "Save input scheme” command.

Save input scheme Save state of input channeds in a file so that
they can be restored later using the "Load
input scheme” command. File s stored in the
project directory and thus is saved with other
project files by the 15aGRAF archive utility.

Only named input channels (the ones having a variable connected) are saved on
disk.

21.6 The cycle profiler

The 1SaGRAF Cycle Profiler is a powerful diagnostic tool that shows how cycle time
is distributed between various programs, functions and function blocks of an
application. This tool is very useful to have a quick diagnostic on the application
performances, and leads the programmer to the parts of code which may need
optimisations.

The Cycle Profiler is run by the "Tools / Cycle Profiler" command in the menus of the
ISaGRAF Simulator window. It displays, for each program, function or function block,
the percentage of the cycle time spent to execute it:

Wi

IMIT 12.06%:
GhAIM 41 FE%
DRIYE 7 09%
LEAD 39.10%
FLASH 000
Fr AN 0 00%
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When the "View / Average" option is set, displayed information is an average of
percentages calculated since the application has been started, or since the last time
the "View / Reset" command has been run. If the "View / Average" option is not set,
displayed information shows measurements done during the execution of the last
cycle. You can also use this feature when the application is in "Cycle to Cycle" mode
to have a set of measurements depending on the application context. Use the "View /
Copy" command to copy program names and percentages to the Windows Clipboard
in ASCII format. Then, data can be pasted into text documents or common Spread
Sheets.

Important notes:

These are not precise measurements. Percentage calculation is based on TIC
instructions counting, taking into account various instruction execution times.
Calculation does not include the time spent in "C" functions and function blocks. The
value displayed for a function or a function block is the sum of all the "calling times"
from the application programs in the same cycle. Time calculation is based on TIC
code and does not provide reliable information if the actual application code is
generated in "C" language and built using a "C" compiler.

21.7 Simulation scripts

ISaGRAF simulator includes a tool to build and run simulation script. A script is
described with an easy ST like text language, and is used to automate tests with the
ISaGRAF simulator. The simulation script editor is run by the "Tools / Simulation
scripts” command of the Simulator window. Below is the frame of the script editor:

(i RFDEMO:TEST - Script
File: - Edit - Scrips Options: - Hep

hBba X0 286

if bstarc = 1 goto L1 &
print 'betart = 0!

goto LZ

Ll:

print 'hstart = 1! -
il _I-J
hatart = 1 ]
Cimeprog <> 0

status <r JLop *
Fi| a7

The upper window is a text editor where script instructions are entered. It is used as
other ISaGRAF text editors and includes high level features such as mouse selection
of a variable symbol. You can use commands of the "Options" menu to set-up tab
width and select a character font. The lower window shows all the messages output
when the script is run. The separation line between windows can be freely dragged to
resize windows. The output window can be hidden during script editing, but is
automatically open each time a script is run.

= Editing scripts
Use the commands of the "File" menu to manage script files:
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Mew ... creates g new untitfed script
Open.. ... loads an existing script from file
Save. .. ... savas script text and contents of output window to disk, in project
direclary
Saveas.... ... saves scrfipt under another name
Two files are created in the ISaGRAF project directory for each script:
=soriptname= 500 . text of the script {(instructions)
<scnpiname= 500 .. cantents of the oulput vandow

where <scriptname> is the name of the script. Both files are standard text files and
can be open using any other text editor.

B While editing a script, you can use the "Edit / Insert symbol" command to select a
declared variable name to be inserted at the caret position.

= Running scripts

Script must be checked and compiled before running it. If necessary, syntax checking
is automatically performed on a "Run" command. Use the following commands of the

"Script” menu:
X Check ... check syntax and compile script
i Run Script................ start execution of the script currently edited

In the case of a new untitled script, it must be saved (and a name must be entered for
it) before it is checked. In case of a named script, script is automatically saved to disk
before syntax checking. When script is running, its contents cannot be changed. A
message is displayedwhen end of script is reached. You can also abort a running
script using the following command of the "Script" menu:

i Abort Script.............. terminates the running script

Script execution is performed between target cycles. In the case of an infinite loop
programmed in the cycle, ISaGRAF simulator ensures that this loop is always broken
so that ISaGRAF cycles are still executed and other ISaGRAF applications are not
blocked. The ISaGRAF script interpreter decides to break script execution if the same
"label" is encountered more than once in the same target cycle. Script execution can
also be normally broken by "Cycle" or "Wait" instructions.

= Script description language

Script description language is a very simple text language similar to ST, but where
each instruction is entered on a separate text line, and does not need to be
terminated by a semicolon. Use the following button of the toolbar to know the list of
available instructions and to insert a keyword at the caret position:

insert instruction (keyword and help as comments)

=

There are various types of instructions. First is the assignment (forcing) of a
variable:

e assignmaent

Other instructions allow the output of messages to the output window:
Print................... outputs a text string or a variable value

PrintTime .......... outputs current time stamp
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Other instructions are used to synchronise script instructions with ISaGRAF cycle:

Labels....

........... conditional jJump to a label

........... terminates script

let ISaGRAF simulator execute one cycle
............ waits during a specified time
Other instructions are used to control instruction flow in the script:
............ can be placed anywhere in the script
............ unconditional jump to a label

Script language is not case sensitive. Comments can be inserted at the end of any
text line. Comments can either be written according to ST conventions (between "(*"
and "*)" characters), or prefixed by a ";" character.

":i=" Assignment

Fderaning: Force lhe value of an 15aGRAF wvariable. i can be an internal
variable, an input channel or an output channel.

Syrifax:

Argumaents! <varnamas s a valid symbol of a declared application variable, or a
directly represented VO variable using "% writing conventions.
<constant expression® & oa wvabd constant expression that
malches the type of the specified variable. For booleans, "0 and "1°
can be used instead of "FALSE" and "TRUE". For timers, the "T#" or
"TIME®" prefix can be omitted.

Notes: Input variable forced by a script does not need to be locked. Thea
drawing of the coresponding inpul channel is updated when nput
variable is forced by a scripl.

Warning: do not force inpul or output analog variable attached to a conversion,
a5 scripl axecution dees not support conversion functions or tables.

Exarnple: {%¥ sams as TRUE ¥}

Print

Fdaning: Wiites a string or the value of a variable in the output window. Texd is
oulput as one new Ene at the end of text affeady wwiitlen in output
window,

Synfax: Print ‘otembs
Print <wvarnames

Argumants.  «text . is any text string expressed between single guotes
<wvarname: is the valid symbol of a declared application variable, or a
directly represented KO vanable using "% wriling conventions.

Motes: Output of variable wvalues i always formatied according to IEC
conventions.
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Exampls: Frint 'Hello’
Erint MyBoovar

Cdput, Hello
MyHOOVAT = THUE

PriniTime
Mearing: Writes the current ime stamp in the cuiput window. Text is culput as
one new line at the end of text already weitter in output window.
Syrtfax: PrintTime
MNotes: Time stamp is formatted according to current selling of Windows
System
Example: Print 'Tim= now ia:'
FrintTime
Output: Time now 1a:
15:45:22
Cycle
Mearning: Suspends the execution of the script until the next 1SaGRAF cycle is
performed.
Synfax: oycle
MNotes: Script insbuctions are executed at the beginning of an |SaGRAF
cycle. If the simulator is in "Cycle to Cyele” mode, the "cycle”
instruction is immediately followed by a cycle. The following
instructions of the script will be performed on the nexl “Execute one
cycle” command from the debugger.

Exarmple: {* the I5aGRAF program coples A to B ¥)

A =D

Cycle

Erint B

A = 1

Frint B {* no cycle performed / B not set to 1 ¥
Cycle

Frint B

Oidfput: E =0
B =l
B -1

Wait
Kzaning: Suspends the execution of the script until a delay is elapsed
Syrilax: Walt «dslay=

Arguments:.  odelays= delay expressed according to IEC conventions for time
constant expression. The "T# or "TIME®" prefix can be omitted.
Delay value must between 10 mifliseconds and 1 hour.

Motes: Accuracy of the "Wait" instruction is not precise as it depends on the
host Windows system. Also, the delay should be considered with an
accuracy of ples or minus one 1SaGRAF cycle. When a "Wait®
insfruction is reached, ISaGRAF cycles are performed until the defay
is elapsed and before continuing the script execution.
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Argurents:.  cdalays= delay expressed according o IEC conventions foi Hime

constant expression. The "T# or "TIME#" prefix can be omitted.
Delay value miust between 10 mifliseconds and 1 hour.

Motes: Accuracy of the "Wail" inslruction s not precise as it depends on the
host Windows system. Also, the delay should be considered with an
accuracy of ples or minus one 1SaGRAF cycle. When a "Wail”
instruction is reached, ISaGRAF cycles are performed until the defay
is elxpsed and before continuing the script execution.

Labels

Meaning: Labels can be placed anywhere in the script They are vsed as a
destination by "Goto® instructions and aliow flow control for scrpt
instruclions.

Syrbax: «labelnamaxs

Arguments.  <labslnames unique name according to 13aGRAF variable naming
conventions: limited fo 16 characters, beginning with a letter, followed
by letters, digits or underscore characiers. When defined, label name
should be followed by a " character.

Motes: Mo instruction should be placed on the kine where a label is defined.
Labe! name should not be the same as a declared |SaGRAF variable
symbaol

Example: (v example of 3 script with an infinite loop ¥}
loop:
PrintTims
wait 1s
Goto loop

Goto

Meaning: Unconditicnal jump to a label
Syrax: goto «<labelnames

Argumants.  «labslnams= is the name of a label defined i the scrpl.

Motes: Backward jumps are allowsd. In case of an infinite loop, script
execution is automatically broken on each loop in order to presaerve
execution of |SaGRAF cycles.

Example: Print 'Before Jump’
Goto MyLabsl
Print 'Within Jump' {(*never performsd *)
MyLabal:
Frint 'Aftsr Jumpg'

Output: Before Jump
After Jump
If Goto
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Meaning:

Syntax:

Arguments:

Motes:

Example:

Meaning.
Syntax:

MNotes:

Example:

Conditional jump to a label. The condition is either a comparison
between two |SaGRAF variables, or a comparison between a variable
and a constant expression.

If =avarls test =«vari= doto <labelnames
If =varls test <congtant axpr= Foto <labslnames

Available comparison tests are:

= true if both members have same value

<= true if members have different vaiues

< true if first member is less than second

<= true if first member is less than or egual o
second member

= true if first member is greater than second

= true if first member is greater than or equal
to second member

=varl= =varz= arevalid symbols of declared application variablas,
or directly represented 1/O variables using "%" writing conventions.

<oonstant _sxpr= is 2 valid constant expression that matchas the
type of specified variable. For booleans, "0" and "1" can be used
instead of "FALSE" and "TRUE". For timers, the "T#" or "TIME#"
prefix can be omitted.

zlabalname= is the name of a label defined in the script.

Backward jumps are allowsd In case of an infinite loop, script
execution is automatically broken on each loop in order to presarve
execution of ISaGRAF cycles.

i* This =script loops until Myvar is TRUE *)
Lo :
If MyVar = TRUE 2oto TheEnd

rrint Myvar
aoto Loop
TheEnd -

Terminates script
End

It is not mandatory to place an "End” instruction on the last fine of the
script

{* This script loops until MyVar is TRUE *)
jFale s

If Myvar = FALSE Goto Continus

End

Continue:

Print Myvar

Goto Loop
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22.Using the Library Manager

The 1SaGRAF libraries provide a standard interface between automation
development and the software or hardware capabilities of the ISaGRAF target
system. There is one library for each type of interface. The ISaGRAF Workbench
Library Manager is dedicated to the hardware supplier, or to the software engineer.
He uses the library manager to describe the ISaGRAF programming interface of the
objects he creates.

The 1SaGRAF Workbench Library Manager shows the elements of one of the
ISaGRAF libraries. In the left area of the window is the list of the elements of the
selected library. In the right area is the technical note (user manual) of the element
currently selected on the element list. The menus of the library manager contain the
commands to create, define or modify elements of the active library. The "File / Other
library" command allows the selection of one of the ISaGRAF libraries. The combo
box on the left of the toolbar can also be used to select a library:

C fumctions 3 L[_; Eﬁ E% ’a

IS configurstions

[i2 ommples equipiments
2 boardz

Functions

Function blocks

C functions
C function blocks
conversion functions

22.1 Managing library elements

Use the commands of the "File" menu to create elements and work on existing ones
in the open library

& Creating a new element

The "New" command of the "File" menu creates a new element into the selected
library. The name of the new element is entered, based on the following naming
rules:

+ the maximum length of a name is 8 characters

« the first character must be a letter

« the foliowing characters must be letters, digits or " character
+ the naming of a library element is case insensitive.

A text comment is associated to each library element. This comment is entered while
creating the element. When a new element is created, the following must be entered:
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# jts definition for an WO configuration,
+ its parameters for an O board,

» t5 user interface for a function or function block.

When a "C" conversion, "C" function or "C" function block is created, a complete
frame of its source code is automatically generated.

= Working on existing elements

The "File / Rename" command allows the user to change the name or the comment
of the element selected from the list of elements. The "File / Copy" command allows
the user to copy the element highlighted in the active library on another element in
the same library. If the destination element already exists, all its contents are
overwritten. If the destination element does not exist, it is automatically created. The
"File / Delete" command removes the currently selected element from the active
library. The following components of the element are handled by "Rename", "Copy"
and "Delete" commands:

+ techmcal note

« complete definition for an WO configuration

« parameaters for an VO board or complex equipmeant

= interface definition for a function or function block

+ source code for function and function block written in IEC language
« source code for a C conversion, a function or a function biock

A If the element is a "C" conversion, "C" function or "C" function block, its name is not
automatically updated in the attached source code by a "Rename" or "Copy"
command.

A If the element is a function written in IEC language, the return parameter name is not
changed by a "Rename" or "Copy" command.

= Setting password protection

The "File / Set password" command enables the user to define password protection
for the selected element in the open library. Refer to the "Password protection”
section, at the end of the first part in this manual for further information about
password levels and data protection. Passwords are only relative to the selected
element. They have no influence on other elements of ISaGRAF

= Compiling functions and function blocks

When the library of functions or function blocks written in IEC languages is selected,
the "Verify (compile)" command of the "File" menu is used to check the syntax of the
selected element and create its object code. Functions and blocks written in IEC
languages have to be compiled without errors before they can be used in ISaGRAF
projects. This command has no effect if another library is selected.
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Technical notes

The "Edit / Technical note" command allows the user to enter the technical note of
the element selected in the active library. The technical note is entered with the
ISaGRAF text editor. The technical note of an element is its user guide. It will be
consulted by the user of the element during its integration in an 1ISaGRAF project.
The technical note on how to use the element should contain the description of its
main function, the detailed explanation of its programming interface and parameters,
and its context and limits.

The "Tools / Standard note format" command allows the user to define a standard
text format for all the elements of the currently selected library. When editing the
technical note for a new element, this format is used as a main frame. This allows the
user to optimise technical note editing.

Parameters
s

The parameters of an element describe the interface between the computer
operations provided by the element and the use of the element in an 1ISaGRAF
application. Parameters have a different meaning for each type of library element.The
parameters of an 1/0O configuration define the complete set of 1/O boards of the
configuration, and default variable names used for 1/0 channels. The parameters of
an 1/O board or complex equipment define the physical and logical configuration of
the board. The parameters of a function or function block define the interface of the
element, according to ST language function calling conventions. There is no
parameter for a conversion function because it uses a standard pre-defined interface.

5 Source code

The ISaGRAF Workbench allows the programmer to manage the source code of a
library conversion, function or function block. The source code of a function or a block
written in IEC language is a text or a diagram described with the language attached to
the function. The source code of "C" components ("C" functions, "C" function blocks
and conversion functions) is divided in two separate files: a source header that
contains the exact definition of the interface, according to the element's parameter
definition and a source code file that contains the element's operation
implementation.

The 1SaGRAF workbench generates the source code file when a new library element
is created. It also creates and updates the source header, based on the parameter
definition. The programmer can use the ISaGRAF text editor to complete the source
code file.

= Archiving library elements

The "Tools / Archive" menu command runs the ISaGRAF archive manager to save or
restore library elements. You first need to select a library before running the "Archive
command". The archive manager shows list of elements for only one library at a time.

22.2 1/0 configuration

The ISaGRAF 1/0 configuration library provides an easy way to initialise new
ISaGRAF projects with pre-defined 1/0 configuration. An 1/O configuration defines:
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+ g set of W0 boards
+ default values for [/D boards parameters
+ default names for /D channels

When a new ISaGRAF project is created with a library 1/O configuration, the
corresponding I/0O connection is automatically set, and the 1/O variables. When a
new ISaGRAF project is created with a library 1/0 configuration, the corresponding
I/0O connection is automatically set, and the I/O variables

The definition of an I/O configuration is made with the ISaGRAF I/O Connection tool

: (the same tool used within a project). Refer to the "I/O Connection" section in this

manual for further information about how to use this tool. When inserting a new 1/O

board in the configuration, all the channels of the new board are declared with

standard default names. The standard default name of an I/O channel has the
following format:

<direction=<type><slot_number>_<channel_number>

The first character indicates the direction of the /0 channel:
N Input channel
QO output channel

The second character indicates the type of the /0 channal:

X boolean

"D BNENDG

M. ... Mmessage

The second character indicates the type of the WO channel:
B AR + s s |- 1|

"B analog

"MC ... Mmessage

The "Connect I/0 channels" command of the 1/0O Connection Editor is used to modify
the default name attached to an 1/0O channel.

22.3 1/0 complex equipment

All the channels of a single board have the same type (boolean, analog or message)
and direction (input or output). A complex I/O equipment represents an 1/O device
with channels of different types or directions. A complex 1/0O equipment is represented
as a list of single I/O boards. It uses only one slot in the I/O connection rack list.

& To define a complex I/0O equipment, the user has to define the list of single boards
which define the I/O equipment. He also has to enter the detailed parameters of each
single board. The list of single I/O boards is entered through a dialog box. Pressing
the "Append" button allows the user to add a single board at the end of the current
list. The "Insert" button is used to insert a new single board before the one currently
selected in the list. The "Delete" button removes the selected single board from the
list. The "Rename" and "Parameters" button are used to change the name and the
parameters of the selected single board. Refer to the following section for a complete
explanation of single board parameters. A complex 1/0O equipment can group up to 16
single 1/0 boards. The name of a single board (within an I/O equipment) cannot
exceed 8 characters.

Omniflex ISaGraf Application Workbench V3.46 User Guide 126 -© Omniflex
UMCCO030AUGRO1.pdf



22.4 1/0O board

The 1ISaGRAF 1/0 board library defines a standard interface between the application
variables and the target hardware. During the description of the application, all the 1/0
variables are connected to the channels of the target 1/0 boards. An 1ISaGRAF 1/O
board is defined by a name and an "OEM key code" that identifies its supplier. Other
I/O board parameters describe the I/O board topology (number of channels, channel
direction and type), and its hardware or software configuration.

5 I/O board parameters

There are two different types of parameters for an 1/O board: common parameters
which are defined for any ISaGRAF library board, and OEM parameters which are
specific to the board implementation, provided by the hardware supplier. Common
parameters are entered in the upper part of the I/O board parameters definition box.
These parameters (plus the I/O board name) identify the ISaGRAF standard 1/O
board interface.

The "OEM key code" is a simple number that defines the hardware supplier. All the
boards defined by the same supplier must have the same OEM key code. The OEM
key code is a 16 bit unsigned word, entered in a hexadecimal format. The reserved
OEM key code for CJ International is "1".

Main parameters define the topology of the I/O board. The number of channels
defines the number of available channels on the board. The type of the board is the
type of the variables that may be connected on the channels of the board. The
direction defines whether variables connected on the board are input or output

variables.
Note: I/O variables of different types or directions cannot be grouped on the same
ISaGRAF 1/O board. This feature should require a complex I/O equipment.
= The OEM parameters

The OEM parameters are entered in the lower part of the I/O board parameters
definition box. These parameters are defined by the I/O board hardware supplier and
are specific to the board. There are at most 16 OEM parameters for a board. A board
may have no OEM parameters. The ISaGRAF library manager allows the hardware
supplier to define the identification and the format of each parameter, and the way the
automation programmer enters it.

The box on the left contains the list of the OEM parameters. Each parameter is
identified by a name and a logical number, from 0 to 15. The area on the righ
contains the detailed description of the parameter selected on the list. A parameter is
selected in the list in order to access to its complete description. Pressing the "Clear"
button resets the parameter description, and removes it from the parameter list.
Warning: this command cannot be "undone”.

The name of a parameter is used to identify the corresponding input field during the
I/O board connection if the field must be defined by the automation operator. The
name of a parameter must conform to the following rules:
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+ (he maximum length of a name is 16 characters
+ the first character must be a letter
+ the following characters must be letters, digits or " character

The type of a parameter defines the internal format of the parameter, and its input
format during application 1/0O connection. Below is the list of available internal formats:
word ... unsignad 16 bit word

long................... unsigned 32 bit word

word hexa ... unsigned 18 bit word

long hexa ... unsigned 32 bit word

boolean .._...._.._..unsigned 16 bit word {only lowest bit is used)
character.. ... unsigned 16 bit word (only lowest byte is used)
string................. aray of 16 byles containing a nuli-terminated string
fleat ... . single precision 32 bit fioating valus
Below are available input formats:

word ... unsigned decimal word

long ............_.. decimal long word

word hexa ... unsigned hexadecimal word

long hexa .......... unsigned hexadecimal long word

boolean ... "trug” or “false”

character........._. single character

string ... ............ ascii string {15 characters max)

float ... single precision floating valus

The "access" box is used to define how the parameter can be accessed by the end
user. If the "User defined" option is set, the parameter is shown as an input field
during the 1/O board connection. The OEM parameter default value is used as default
for the parameter editing. If the "Hidden" option is set, the parameter is a constant
and does not appear in the I/O board connection box. The OEM parameter default
value defines the value of the constant parameter. The "Read only" option indicates
that the parameter is visible for the user, but cannot be modified. Its default value is
used as a constant value.

22.5 Functions and blocks written in IEC languages

iy

ISaGRAF handles a library of functions and function blocks written in IEC languages.
The available languages to describe such a function or block are FBD (Function
Block Diagram), LD (Ladder Diagram), ST (Structured Text) or IL (Instruction list).
Note that LD and FBD languages can be mixed in the same diagram. SFC language
(Sequential Function Chart) cannot be used to describe a function or a block in
library. The language attached to a library element is selected when the function is
created, and cannot be changed later.

Compiling

Functions and blocks defined in the library must be compiled (verified) before they
can be used within an ISaGRAF project. Nothing else has to be changed on the
Library side concerning functions and blocks. Elements of the library will
automatically appear in box selection menu when using the LD/FBD graphic editor
within a project.

A function defined in the library can call other functions of the library. However, the
ISaGRAF system does not support recursive function calling. A function block written
in IEC language cannot call other function blocks (neither in IEC nor in "C" language).
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Entering source code

The source code of a library function or function block is entered using standard
ISaGRAF tools: graphic editor for LD or FBD programs, text editor for ST or IL
programs. Refer to the corresponding sections in this manual for more information
about these tools. The ISaGRAF Code Generator can be directly called from the
graphic or text-editing window, to compile the source code of a library function or
block.

= Dictionary of local variables

A library function or function block can have local variables, and local defined words.
To access the variable declaration, the user must run the commands of the
"Dictionary” command of the "File" menu, in the editor window, while editing the
source code of the function.

Ay A library function or function block cannot access a global variable or function block
instance. Local variables of a function should be initialised in the function body.

Local variables of a function block written in IEC language are copied (instanced)
each time the block is used in a project. Local variables of an instance keep their
values from one call to the other.

& Defining the interface

Functions or function blocks may have up to 32 parameters (input or output). A
function always has one (and only one) return parameter, which must have the same
name as the function, in order to conform to ST language writing conventions. The list
in the upper left side of the window shows the parameters, in the order of the calling
model: first the calling parameters, last the return parameters. The lower part of the
window shows the detailed description of the parameter currently selected in the list.
Any of the ISaGRAF data types may be used for a parameter. The return parameters
must be located after calling parameters in the list. Naming parameters must conform
to the following rules:

= the length of the name cannot exceed 16 characters

» tha first character must be a letter

+ (he foliowing characters must be letters, digits or underscore character

* Naming is case insensitive
The "Insert" command is used to insert a new parameter before the selected
parameter. The "Delete" command is used to erase the selected parameter. The
"Arrange” command automatically rearranges (sorts) the parameters, so that the
return parameters are put at the end of the list.

22.6 "C" Functions and function blocks

The "C" functions and function blocks are computer functions called from the
automation application, according to the ST language function calling interface.
Functions are synchronous processes. The ISaGRAF target application is suspended
during the function execution. Function blocks associate operations and static hidden
data. For example, a "counter" function block represents the counting operation, as
well as the counting result. Functions and function blocks may be used to complete
the standard automation language capabilities, or to access system resources.
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= The parameters definition box is used to define the name and the type of each calling
or return parameter of the function or function block. The "Edit" menu commands are
used to define the parameters of the selected function or function block. A function
can have up to 31 calling parameters, and always has one return parameter. A
function block can have up to 32 parameters, with any mix of call and return
parameters. Below is the correspondence between ISaGRAF types and "C" types:

BOOLEAN unsigned long unsigned 32 bit word: 1=true / O=false

ANALOG long signed integer 32 bit word

REAL float single precision floating value

TIMER unsigned long unsigned integer 32 bit word {unit is 1 ms)
MESSAGE char” character string.

When a message value is passed onto a "C" function or function block, it cannot
contain null characters. The string passed to the "C" code is null-terminated. Refer to
the ISaGRAF Target User's Guide for further information on how to manage the "C"
source code of a function or a function block, and how to integrate a new element in
the ISaGRAF target system.

22.7 Conversion functions

A conversion function is a "C" function called by the ISaGRAF 1/O manager each time
the analog variables using this conversion are input to or output from the project.

The function creates the relationship between the electrical value of the variable (read
on the input sensor or sent to the output device) and its physical value (used in the
application expressions). The function is therefore divided into two parts: input
conversion and output conversion. The ISaGRAF library manager allows the user to
control the "C" source code of a conversion function.

A conversion can be used for an integer or real analog variable. This implies that the
conversion function interface is always defined by floating values. The interface is the
same for any conversion function. The "C" definition of this interface is made in the
"TACNODEF.H" definition file.

Refer to the ISaGRAF Target User's Guide for further information on how to manage
the "C" source code of a conversion function, and how to integrate a new element in
the ISaGRAF target system.
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23. Using the Archive utility

The 1SaGRAF archive utility enables the user to save the 1SaGRAF projects and
libraries on diskettes or backup directory. The ISaGRAF archive manager is a dialog
box that can be called from ISaGRAF Project Management or Library Management
windows.

A To create and maintain reliable archives, it is suggested that the following guidelines
be used:

» Wite the name and descrption of the saved object on the disk sticker
+ Do not save projects and libraries on the same disketie
+ Do not save different projects on the same diskette

23.1 Calling the archive manager

The "Archive" dialog box can be called from the "Tools / Archive" menu of the Project
Management window, to save or restore either a project, or common data. The
"Archive" dialog box can also be run from the "Tools / Archive" command of the
ISaGRAF Library Manager, to save or restore elements of the library currently
selected in the Library Management window.

= Projects

A project is always saved in its entire form. All the components of the project
(program source files, object code and application executable code) are saved
together in the same archive file. Selection of the "compression™ option reduces the
size of the project archive.

= Library elements

The elements of ISAaGRAF libraries can be saved individually. All the components of a
library element (technical note, definition, interface, source code...) are saved
together in the same archive file.

= Common data

The "Tool / Archive / Common data” command of the Project Management window
enables the user to backup or restore the "common range" data existing in the
ISaGRAF Workbench. This command does not act on the ISaGRAF libraries. Below
is the list of the files that can be copied with this command:

common.eqv ... common defined words
cem.bat ... userdefined M3-DOS command file

These files are saved one by one on the archive disk, in their original form. The
corresponding archive files are never compressed
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23.2 Options

The path used for ISaGRAF archives is displayed at the bottom of the dialog box.
Press the "Browse" button to browse the disks and select another archive disk and
Directory.

;---hmhive location

A Brow:e

When the "Compression" option is set, all the archive files created during a "Backup"
procedure are compressed. This option is very useful to reduce the size of a large
project archive file, and save it on only one diskette. Archive compression is generally
not needed for library components. The ISaGRAF Archive Manager automatically
recognises the status of an archive file (compressed or not) when restoring the
archive. This implies that the "compression" option has no effect for a "Restore"”
procedure.

[ Compress

23.3 Backup and restore

The "Workbench" list (on the left) shows the objects existing in the ISaGRAF
Workbench installed on the hard disk. The "Archive" list (on the right) shows the
objects saved on the specified archive disk and directory.

= Backup

Saving an object on archive is achieved by selecting the object in the list on the left
(objects of the ISaGRAF workbench) and pressing the "Backup" button. More than
one object on the list can be selected. The "Backup” button is disabled when an
element is selected from the list on the right (restore mode).

= Restore
Copying an object from the archive to the 1ISaGRAF Workbench is achieved by
selecting the object in the list on the right (archive objects) and pressing the "Restore"

button. More than one object on the list can be selected. The "Restore" button is
disabled when an element is selected from the list on the left (backup mode).

23.4 Archive files

The 1SaGRAF archive manager creates a unique archive file for each saved object.
The archive file has the same name as the object. Its file suffix indicates its type.
Below are the used suffixes:
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pla project

bda WO board

da function in |EC language
Aaid.oooo... function block in IEC language
R C function

fa C function block

Lla C conversion function

4 - [0 configuration

Xide WO equipment
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24. Printing a complete document

The 1SaGRAF Document Generator allows the user to build and print a complete
document for the selected project. It can be called by the "Project / Print" commands
of the Project Management or the Program windows to print a complete document.
The Document Generator is also run by the "Print" command of all other ISaGRAF
editors to print the contents of a single ISaGRAF document. However, the Document
Generator provides the same features in both cases.

The commands of the "Edit" menu are used to define the elements of the project that
must be inserted in the document. Doing this the user builds the "table of contents”
for the desired document. Any information about the project (programs, variables,
options, I/O connection...) may be inserted in the project document. No information
from another project or from ISaGRAF libraries may appear in this document.

= The "File / Print" command generates the document and send it to the printer,
according to the specified table of contents. The "Print" job may take few minutes to
build and format the document. It is highly recommended to wait until "Printing Job"is
done in the ISaGRAF Document Generator window, before running other commands
of the ISaGRAF Workbench. Building the whole document may requir a large space
on the hard disk. An error message will be displayed if the disk is full. In such a case,
the user will have to either free up disk space by removing files, or reduce the size of
the print job. When the "Print" command is run, a dialog box appears. It allows the
user to enter a note describing the actual print command. Those notes are stored in a
history file, and will be printed on the first page of any future document (including the
present one).

24.1 Customising the table of contents

The "Edit" menu contains the commands to define the "Table of Contents" of the
document. A choice of commands allow the user to use a default table (with all the
components of the project), build a specific table (with only some components) or
move items in the table and modify it.

The default list

The "Default list" command of the "Edit" menu defines a standard table of contents for
the document, which includes all the components of the project. The standard table
consists of:
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- Project descriptor

- Higrarchy tree {links batween programs)
- Source code for any program

- Diary file for any program

- Common definitions

- Global definitions

- Local definitions for any program

- Global variables

- Local variables for any program

- Application options

- 10 Connection

- Lists of variables

- Conversion tables

- Condensed cross references
- Detailed cross references

- Declaration summary

- Metwork addresses map

- History of modifications

The table of contents can be saved on disk using the "File / Save" command. This
command is greyed when document generator is run from an 1ISaGRAF editor to print
a single document.

se £ Cut and paste

Use "Edit / Cut" and "Edit / Paste" commands to move items in the list, in order to
customise the order of the table. The Document Generator allows multiple selection
so that a group of items may be cut and pasted.

b Clearing the table

Use "Edit / Clear" command reset the table of contents, so that it can be totally rebuilt
using single item insertion.

w Inserting items in the table

When the "Edit / Insert" command is run, the "Add item" dialog box appears. It allows
the user to insert items (components of the project) into the table of contents. For an
item relative to a program, use the "Program” combo box to select a program name.
Press the "Add" button to insert the selected item to the table of contents. The same
item can appear only once in the table.

24.2 Options

The commands of the "Options” menu are used to define and customise the format of
the generated document. Other options are directly available from buttons of the
Document Generator window:

™ Front Page
i« Table of contents
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When the "Font page" option is set, a header page is printed at the beginning of the
document, containing the project title and the history of printouts. When this option is
not set, the first item to be printed starts on the first page.

When the "Table of contents" option is set, a table of contents is printed at the end of
the generated document. Both options are initially unchecked when the Document
Generator is run from a "Print" command of an ISaGRAF editor (program,
dictionary...)
= SFC charts
The "Separate SFC levels" option directs the system to print, for each SFC program,
first the level 1 of the SFC (chart and comments), and then the level 2 programming.
When this option is not checked, levels 1 and 2 appear together on the same printout.
- Page format
The "Page format" command of the "Options" menu is used to define the main
parameters operated by the Document Generator when formatting a page. The
following parameters can be specified:

« Left margin: (1 or 2 centimeters, or no margin)
» Page border: When this oplion is selected, a border is drawn around any printad

page.
" Page title template

The "Page Title" command of the "Options” menu is used to define the contents of
the title box printed at the bottom of any page. The standard layout of this box is as

follows:
Text] | voripar p (e !
I5aliRAF - Project 'Privame date
Text2

ext3 User defined title pege

The first line of the main title (with the name of the ISaGRAF project), the current date
and the page number are automatically generated by the Document Manager, and
cannot be changed.

The three lines of text on the left side of the box (textl, text2, text3) and the second
line of the main title are user-defined. The user also can change the logo printed in
the box on the left. To use another logo, the user has to specify the pathname of a
bitmap image file (.BMP). The image can have any dimension. It will be stretched or
shrunk, according to the exact dimensions of the printed page. Clicking on the logo
area, in the dialog box, shows the new specified image. The image file must be on
the disk (at the specified directory and with the specified filename) when the "Print"
command is run.
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Selecting character fonts

The "Text font" and "Title font" commands of the "Options” menu are used to define
the fonts of characters used when printing text, and titles for any item of the
document. The size and style of characters may also be selected for text and titles.
The selection of a font is made with the standard dialog box defined by Windows.

L
[
=
IS

s

Any text (literal programs, names within diagrams...) will be printed with the selected
size, style and font of characters. Only titles will be printed with the font selected for
titles.

If the fonts of characters are not defined, the standard font of the printer will be used
for any text, with the following styles:

+ “Mormal” style for texts and names within diagrams
« "Bold" style for titles
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25. Password protection

The ISaGRAF Workbench includes a full data protection system, which enables
theuser to protect with passwords projects and library elements. A library element can
be an 1/0O configuration, an I/O board or complex equipment, a function or function
block written in IEC languages, a "C" function, function block or conversion function.
A password protection database is dedicated to one project or library element, and
cannot be shared between several ones.

Protection levels

Within one project or library element, the user can define up to 16 access levels,
corresponding to different passwords. Access levels are sorted in a hierarchy system.
They are numbered from 0 to 15. The higher access level is numbered 0. When a
user knows a password, he can access all the items protected by the corresponding
access level, plus all the ones protected with lower levels. Each elementary
command or data of a project or library element can be separately protected with an
access level. For example, the "Make application code" command from the ISaGRAF
menus can be protected separately. Elementary data can be a program, a list of
options, the technical note of a library element, etc...

Defining password protection

The "Set password” command of the ISaGRAF menus is used to define the
passwords and access levels for one project or one library element. This command is
called from the menus of the 1SaGRAF Project Manager (for a project), or the
ISaGRAF Library Manager (for a library element). No password is required whe first
running this command. If passwords are already defined, the user must enter the
highest level password he knows, before accessing this command. Upper level
passwords and protected items then cannot be modified. The "Set password"
command enables the user to define the passwords corresponding to the different
access levels, and to protect elementary commands or data with the defined levels.
Passwords (corresponding to protection levels) are entered by double clicking on a
line of the upper list. The following box is used to enter a password.

Enter pazzword g

Level: oo

Pazzword: |pswl] |

Ok Eancel

Omniflex ISaGraf Application Workbench V3.46 User Guide 138 -© Omniflex
UMCCO030AUGRO1.pdf



The list in the lower area shows the different items (data or functions) which can be
protected, and current protection level attached to either "read access" or "full
access" permissions. Assigning a protection level to "read" permission enables you to
prevent users without sufficient permission even to open or print a document. Double
click on a line in the lower list to set permissions for the selected item or data. The
following box is open:

Permiszions I
Hiztony of modihications
Full aceezs: | 00 paswl ;}J
Bead acceszs: | (free access) ;_jJ
Ok g LCancel ]

Both permissions can be set either to "free access", or to a protection level defined by
a password. Full access permission cannot be attached to a level with less priority
than the one selected for read access.

Note that for some documents, naturally visible when using ISaGRAF Workbench,
such as project descriptor, read access cannot be protected with a password.

Accessing protected data

No password or user's name is asked when the Workbench is started. Each time a
user wants to have access to a protected data or function, he must enter the required
password in a dialog box.

If the user enters the required password (or a password attached to a higher access
level), he can continue normally. Each time a password is entered by the user, it is
stored in memory, so the user will not have to enter it again later. Stored passwords
are held each time an 1ISaGRAF tool is run from another ISaGRAF tool (for example,
the Project Manager runs the Program Manager). Stored passwords are lost when
the last remaining 1ISaGRAF window is closed. Passwords entered during project
editing, or by using the Library Manager, or by using the Archive manager cannot be
shared. If the user enters a bad password, he cannot run the selected function.
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Links with the archive manager

When saving an object (project or library element) on archive disk, the data protection
item named "Backup on archive" is invoked. This corresponds to the data protection
system attached to the object in the Workbench (hard disk). No test is performed on
the data protection system of the object on the archive disk if it already exists. The
"Backup” command of the 1SaGRAF Archive Manager saves the data protection
information with the object on the archive disk.

When restoring an object which already exists in the Workbench (hard disk), the data
protection item named "Overwrite with archive" is invoked. This corresponds to the
data protection system attached to the object in the Workbench (hard disk). No test is
performed on the data protection system of the object on the archive disk. If this
command is validated, the restored data protection information will then replace the
existing one on the hard disk.

Setting individual protection for variables and 1/O channels

The 1SaGRAF workbench provides a complete data protection system based on
hierarchised passwords. Variable declaration and I/O connection can be globally
protected by a password. Additionally, ISaGRAF enables you to set individual
protection to any variable or /O channel. This assumes that:

- passwords are already defined in the password definition system (use the "Project
/ Set password" command of the Project Management window) so that protection
levels are available for individual protection.

- you use protection levels with higher priority for individual protection compared to
global variable or I/O protection.

When a variable or an 1/0 channel has individual protection, a small icon is draw
close to its name in dictionary or 1/0O connection window. Use the "Set protection" and
"Remove protection” commands of the "Edit" menu in dictionary or I/O connection
windows to set or remove an individual protection for selected variable or channel.
Both commands ask you to enter a valid password so that a protection level can be
attached to the variable or channel. Then, each time you want to change a variable or
a connection to a channel having individual protection you must enter a password
with sufficient priority level.

Warning: if a variable or channel is protected with a level, and the corresponding password is
removed from protection system, and if no higher level password is defined, variable
or channel cannot be changed anymore unless a new password with sufficient level is
defined.
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26. Advanced programming techniques

This chapter contains more information about the 1ISaGRAF Workbench and target
system. The user is advised to be familiar with the 1ISaGRAF tools and methods,
before reading this section.

26.1 More about ISaGRAF tool

When using the 1ISaGRAF editing tools, the user can press the right mouse button to
open a popup menu, which contains the main editing commands. The menu is
opened at the current position of the cursor. This is very useful to reduce mouse
operations during cut and paste commands.

The 1SaGRAF tools support multiple execution. Although same tool cannot be
opened twice to edit the same document, it is possible to open different windows with
the same tool and edit different objects as parallel operations.

Other commands are available to find information about graphic buttons in toolbars.
Double click an empty area of a toolbar to display the contents of the toolbar as a
popup menu. Stay with the mouse cursor on a graphic button displays the
corresponding text command.

26.2 Locked I/Os and virtual 1/0Os

Defining an 1/0 board as virtual disconnects the processing of the physical 1/O
channels. When a board is defined as virtual, the IsaGRAF kernel operations are not
changed. The only difference is that input sensors are not read and output devices
are not updated. In this mode, it is possible to use the ISaGRAF debugger to modify
the input values. The Virtual attribute applies to a complete board. It is programmed
during the 1/0O board definition, before the application code generation. The virtual
attribute is a static feature, and is stored when the application is stopped and
restarted.

Another possibility is the I/O variable locking. It consists of disconnecting one physical
device and the corresponding 1ISaGRAF 1/O variable. Variable locking and unlocking
is performed through the debugger. Variable locking is a dynamic operation, and is
not memorised when the application restarts. The lock operation applies to only one
variable (one I/O channel) at a time. This is the summary of main 1/0O controlling
features:
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The following chart explains the I/O data flow between the ISaGRAF tasks:
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When an input variable is locked, the various accesses to the database are
changed, but the input device is disconnected. Input values can be set with the
debugger and processed by the ISaGRAF kernel:
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When an output variable is locked, the run-time kernel and the output driver are
disconnected. In this case, access is still possible to the output device, via the output
driver, with the ISaGRAF debugger:

Run time
Kernel

apphication

]

Debugger

OETPUTS
DATA

BASE

Lizer OEM
Mot {user oem kev)
locked
—
Ohuaipant
devices

When setting the virtual attribute for an input the input database and the associated
input devices are disconnected. A virtual 1/O driver replaces the real one.
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Setting the virtual attribute follows the same rules for an input board or an output
board. For output boards, the ISaGRAF kernel updates the output database. This
database and the associated output devices are, however, disconnected. A virtual I1/0O

driver replaces the real one.
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26.3 PC-PLC link validation

Most of the problems related to poor communication between the ISaGRAF
workbench and the target PLC are represented in the debugger window by the
"disconnected" status message. Before any diagnostic tests are performed, the
communication should be validated when no application is active in the target PLC.
This way the serial communication link can be validated on its own, isolating it from
execution related effects.

The "C" language, used for description of the conversion functions and C functions,
allows direct access to the target system. A programming error in such a software
component may generate system errors or incorrect ISaGRAF system behaviour.
Such problems may occur when 1/O drivers are developed with the 1ISaGRAF /0O
toolkit. System errors, for example, may be caused if an 1/0O board is connected on an
invalid bus address. The following table gives a synthetic summary of error
diagnostics:

26.4 ISaGRAF

status context Diagnostic
“disconnected” - target is not running
{befors - 1o cable /invaiid cable
download] - invalid link parameters
- |SaGRAF target badly installed
“disconnactad” cycle to cycle | - invalid YO configuration
(after download) | starting mode | - system crash
real time = invalid #O configuration
starting mode | - system crash {due of "C" programming)
"no application” - gpplication not downloaded
- application not startad
{due of "C" programming)
= Intel/Motorola mismatch
- \nwalid target version
directories

The 1SaGRAF Workbench works on a dedicated disk directory structure. The root
directory of this architecture is specified by the user during the installation of
ISaGRAF. The default name for the 1ISaGRAF root directory is ISAWIN. This is the
standard disk architecture created by the installation program:

|'-.55f=:u-.-|m |._|.qu |_ CREATION
FROJECT1
— -
_lF'HDJEI:TE | ==
DEF3

'IL‘IEIJS- |

RELS

FMNC
FEL
_| DATA | :lgm
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These are the standard ISaGRAF sub-directories
DIRECTORY CONTENTS

APL root directory for the 1SaGRAF projects
each project corresponds to one sub directory
which contains all the data of the project
other directories may exist for other project groups. 1SaGRAF
installation program creates "SMP® directory where are stored
samples applications.

COM "common” range data

Data can be usad by any project
EXE iSaGRAF programs and haip files
LB iSaGRAF libraries:

- lists of alements
- parameters or interface for each element
= technical notes

LiBUOC source codea for HO configurations
LIBIFNC source coda of functions written in IEC languages
LIB\FBL source code of function blocks written in IEC languages
LIB\SRC source code for conversions and C functions
LIB\DEFS source header for conversions and C functions
LIB\RELS Conversions and C functions object code
LIB\DEV command files for developing "C" ibranes
makefiles, link lists, etc. .
TMP Temporary files: sub-directories of TMP are reserved for the

iSaGRAF Code Generator and cannot be deleted.

The sub-directories can be moved to other disk locations. When the user has a
nonstandard architecture, the pathnames of the sub-directories should be declared in
the WSO001 section, in the ISA.ini initialisation file, in the EXE sub-directory of
ISaGRAF. Here are the entries of the WS001 section:

Isa roct directory for 1SaGRAF architecture

IsaExe root directory for 15aGRAF programs and help files
IsaApl root directory for 1SaGRAF projects

IsaTrmp directory for temporary files

IsaSrc directory for library source code

IsaDefs directary for library source headers

Note that if you change the IsaTmp entry to another directory, you must create the
sub-directories OBJS, RELS and DATA in the new directory. The following example
uses the entries of the WSO001 section to redefine the standard 1SaGRAF disk
architecture:

;file o\ ISAWIN'EXE,ISZ.1ini

[Wsoal]

Iga=Cc:'isavin
IzaBxe=C:\lzawiniaxe
Izsafdpl=c:Yigawintapl
IzaTmp=C:\lzawintmp
IzasSro=c:Yigawinhlikh src
Igabefg=C:\isawin\lib\daf=a

When you want to add "C" functions or function blocks to the 1ISaGRAF target, the
\ISAWIN\LIB\DEV directory is used to store development files: command files,
makefiles, maps, etc... The \ISAWIN\LIB\RELS directory is used to store the object
files generated during "C" compiling, and the 1ISaGRAF "C" libraries required for LINK
operations.
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26.5 Application symbols

Each object of an 1ISaGRAF application is referenced by a name (entered during
variable declaration) and an internal virtual address, calculated by the code
generator. The virtual address of a variable is not its network address entered during
the declaration of the variable. Virtual addresses are used for communication work,
and special "C" applications using the OEM option. When the 1SaGRAF code
generator is run, it makes an ASCII file with the logical correspondence between
names and virtual addresses for all the objects (variable, programs, steps...) of the
project. This file can be easily interrogated for information about the ISaGRAF static
database from any user's application. The file is named "APPLL.TST" and is located in
the directory of the ISaGRAF project: "\ISAWIN\APL\proname" (proname is the name
of the project). This section describes the detailed format of the "APPLL.TST" file. The
main notations used for the following descriptions, is shown below:

VR virtual address
BTTER attribute of a variable
Usp "C function

Possible values for the attributes of a variable are shown below. Such values occur in
the "attributes" fields:

+3 internal variable

4+ read-only intermal variable
+1I input variabie

+0 output variable

All the numbers, except virtual addresses, are expressed as decimal integers. The
virtual addresses (VA) are expressed as hexadecimal 4 digit numbers, and are
preceded by the character "!I". For example:

123 this is & decimal number
LAOD3 this is an hexadecimal virtual address

The main structure of the file "APPLI.TST" is shown below. The file is structured as a
list of blocks. A block is a list of records. Each record is described on one line of text.
Each block begins with a header, put on one line of text.

2tart block
dascripticon blocks
end klock

The general syntax of one block is shown below:

@ «block_name= <argumentss
#racord. . .
#racord. ..

The structure of the first block, containing the main Information about the application,
is shown below:

@Ish 28YMBOLS, <appli_ cros

HMAME, =appli_namss, «varsions

#DATE, =creation_dates

#EIZE, G=«<nbprg:>, S=<nbetep:>, T==nbtra-,L=03, P=<nbpro=, V==nlvar:
#IOMMENT, o internationzal
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appli_cre ... appiication symbols checksum
appli_name ... name of the application

version ... ISaGRAF workbench version number
creation_date . appiication generation date
nbprg................ number of programs

nbstep ... number of SFC steps
nbtra...._._........._. $number of SFC transitions
nbpro..._............ number of "C" functions used

nbvar ... total number of varables

The structure of the last block, which signals the end of the file, is shown below:
@END_2YMBCOLS

The structure of the block used to describe the programs of the application, is shown
below:

@PREOGEREMS , «nbprg =
#<Wa», <NAme >

R
nbprg................. number of programs defined in this block
VBl VitUEL 2ddress of the program
name.............. program name

The structure of the block used to describe the SFC steps of the application is shown
below. Note that there is one virtual step defined for each non-SFC program:

@STEPE , <nbataps>
HoWas, cnames=, «fathars

B...
nbsteps ... number of steps defined in this biock
va.. ... wirtual addrass of the step
name._. ... .. step name
father ....._......... virtual address of the father

The structure of the block used to describe the SFC transitions of the application, is
shown below:

@TRENEITICHE, =nkbLrana-

#aWa=, «NAme=, =fathar:

#...
nbtrans ... number of transitions defined in this block
WVl oo NiRuRE Bddrass of the transition
name................ transition name
father................. virtual address of the father

The structure of the block used to describe the boolean variables of the application, is
shown below:

ﬁBOGLEANE,{nb_bDD;

#<vaz, «name:, <attr=, <program-, <eg_falss:, «ag_trues

B...
and if variable number exceeds 4095:

X#{l.<varnos=}, <name=, <attrs=, <programs=, <eq_falsas, «ag truas
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nb_boo ... number of variables in this block

va. ... virtual address of the variable

Varne ................. Tange of the address (within boolean data type)
name................ name of the variable

attr ... attribute of the variable

program ... wvirtual address of the parent program
e, 0P 10000 for & giobal variable
eq_false............. slring used for false value

eq_true ... slring used for true value

The structure of the block used to describe the analog variables of the application, is
shown below:
@RNALOGS, «=nb_anas

faWas, «Names, <atbrs, «programs=, «format=
(A0

<unit=

]

and if variable number exceeds 4095:

X2, WVarno= , <names, <abttr, <program:, <format=, <unit=

nb_ana ... $number of variables in this block

va.. ... virtusl address of the variable

varno ... range of the address (within analog data type)
name. ... name of the variable

attr ... attribute of the variable

program ... virtual address of the parent program
e, O T1O00Q” for a global variable
format.._......_...... ="I"for aninteger varable

e = F fOr & real vanable

undt ... unit string

The structure of the block used to describe the timer variables of the application, is
shown below:
@TIMERS, <nlk_tmr=

HoVas, <NAMS =, <aLETY =, <PTograms
00

and if variable number exceeds 4095:

XH$ {3 .«vVarnos} , <name =, «attr=, <programs=

nb_tmr. ... ‘number of variables in this block

va.. ... virtual address of the variable

VArno ................. range of the address {within timer data type)
name..._ ... name of the variabla

attr ... attnbute of the variable (always +X internal)
program ... virtual address of the parent program

- or "10000" for a global variable

The structure of the block used to describe the message variables of the application,
is shown below:

@MESSRGES, «nkb_mag=
HaWas, «Nlames , <attls, «programs, <max_1lan:
e
and if variable number exceeds 4095:
E# (4. <VaAINO=) , cnames, <attr = «programs, =max_len:
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nb_msg ............. number of variables in this block
Va.........coee........ virtual address of the variable

VArNG .-.............. Tange of the address {within massage data type)
name... ... n»name of the variable

attr ... attribute of the variable

program ... virtual address of the parent program

verareenemne vemeenenenn. OF “10000° for & global variable

max_len............ maximum length (declared capacity)

The structure of the block used to describe the "C" functions used in the application,
is shown below:

@USE, =nk_usp=
#<WaAs, <TNAMES =

#...
nb_usp ........... number of C functions in this block
Va.. ... wirtual address of the C function
name.. ... name of the C function

The structure of the block used to describe the "C" function block instances used in
the application, is shown below:

@FBINATANCES, =nb_fhs
#<va=, «inst_name=, =fb_name:

R
nb_fb........... ‘umber of instances of & © function blocks in this block
va.. ... virtual address of the C function block instance
inst_name _._.__._ name of the C furction biock instance
fb_name ... name of the reference C function block

26.6 Limits of ISaGRAF "LARGE" (WDL) workbench

There are some limitations for the objects used in the ISaGRAF Workbench. Of
course, many other practical limits are due to the configuration of the computer used
(available memory and disk space), and the capabilities of the 1SaGRAF target
system (available memory, available hardware and software resources...). The
following numbers absolute limits that cannot be exceeded.

- For a project:
Oiyect Mo Motes
Programs 255 grouping main
sub and child progrars
Leweis in tex hierarchy 2n

Tha number of profects installked on the Waorkbanch i only imied by the owailable
space on the hard disk.

- For names:
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ilame for mwimuny Notes
Projoct B chasr
Frogram B char
Wariablz 5 char + &0 characters for comment
Dotinad veard izbel 15 char
Cefned equivadenon 255 char + & charaoters for comment
Comversion tabla 16 char
List of vaniables 16 char
furstion | Findock (lis} B chaw his apoiies to C funclions,
A2 funchion blocks.
or funchore wrthen in S languages
furstion parameter {lig 115 char his appiies to & funclions,
= function biocks.
or funchions withen in S languages
1 board B char
10 configuration B char
Board com pansmeier 6 char
Comversion function: & char
- Editing (for one program):
dtyect Maurimum Nedes
SFC roves 200
SFC cehumns 20
SFC sheps 40 far the whele project, grouping steps,
il sbeps,
begirming and anding wops
SFC rarsitions. A0S for the whole applisztion
LEVFBD eding 200 cals
200 roves this is the size of the editing area
in ool units.
Bhick LD editing i fimit #mits are imposed by the PC capacity
IL iminais 251 in the =ame IL program
Tt mditing A0 Byt or e pooordng 1o
tha mystern corfiguration
- For the dictionary (for one project):
Oiyect Mawimumy Noles
Bocioan vanables BESHS
Analeg variables BEAES grouping irteger ard real variables
Timans #5335
Mezsage vanables BE335
Cefnod vwords 4055 in the =ame fst (same ange)
Cwdinod veords 55 used i the same program
Conversion tables jr used in the apphoaton
Puoints ir one abke 32 defired in the same conversion table

The &mits given for mawmmum number of boclean, anafog or meszage vaniables
group intornad, mput and output vanables. |t also includes 2l hidden tomporary or

vanabies aliomted by ali The ber of hies odited together {same
ype. same soope, in the distonary editer carmot exored 16000, Dopending on PC
nsumm.lhﬁmwb&mhn1m.h canmod rUn o oan
I target verson V3 21 or sarker f the total of wvariabie for one type

exoeeds 4095 The standard “Modbus” fnk using refwors addresses does not
canmot be used if mumber of vanabies for one type evcoods S085.

- 10 connections:
Oiyect Mawimum Iaotes
1 Boards 2685 mfwndfnrﬁwnm:ppﬁnﬁun

(boards or complex equipments)

Mumber of B0 boards mcludng single boards 2nd #oms of complex equipmants
canrod excoed 256,

12 chamnels TEE on tha same board
- For libraries:

Otyect Mawimum Nees:

Funchions {IEC fang. ) 2585 insatied together in e Horary

Funstion biocks.

HEC farg.} 255 instalied together in the Horary

C-Euru:ﬁr?m 155 wsiabied togother in the lorary

© fundlion biocks 255 nstabied togother in the Horary

{urction blocks

instarcos ElE ] for the same typo of functon block
in the: same applioation

Function input paramelors 31 this applies to & functions and
fumctions written in FEC languages

Funchion block porameters 32 freaty datributed between mput and
uc.nrutpmnmn‘lnn.
& least 1 output parammeber
s recuired.

‘Comversion function 18 instalied together in the Homary

10 configuratcns 255 instalied together in the Hoeary

12 boands 5 wstalied togothar in the Horary

Complex |G equipt. 255 instabied together in the Horary

Board oo parsmebors 6
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