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1.1
1.1.1

1.1.2

CHAPTER 1

Introduction

Overview
Features

e Windows 2000, XP development environment
e |EC61131-3 certification (six languages, LD, FBD, ST, IL, SFC, FC)
e Develops powerful applications without requiring the programmer to know
complex high-level computer languages
¢ Debugging tools provide:
o On-line monitoring
o On-line changing of variables
o Off-line simulation

Application

ISaGRAF PRO is a program for Telvent config@WEB line of RTUs that supports IEC 61131-3
programming languages. IEC 61131-3 (sometimes shortened to IEC 1131-3) was developed
by the International Electro-technical Commission as a way to standardize industrial
automation. The languages supported are:

Sequential Function Block (SFB) graphical language
Function Block Diagram (FBD) graphical language
Flow Chart (FC) graphical language

Ladder Diagram (LD) graphical language
Instruction List (IL) language

Structured Text language

Notice that four of the languages supported are graphical.

The ISaGRAF PRO Programming Software adds logic functions to the config@WEB line of
RTUs. This software must be installed on any PC being used to create/modify/debug logic
written for the RTU.

The Telvent RTU firmware interfaces with the ISaGRAF PRO software via TCP/IP. Additional
software provided by Telvent must be added to the ISaGRAF PRO directory to facilitate the
connection between the PC and the RTU.

Telvent sells and supports two versions of ISSGRAF PRO as follows:

e S2200-RLL-001XX 256 Point Relay Ladder Logic Kit
e 52200-RLL-002XX Unlimited Point Relay Ladder Logic Kit
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1.2 Points Supported
The firmware supports inputs or outputs of the following types. Each driver supports the
number of points shown below.
e Analog Inputs (read/write) — 256
¢ Analog Outputs (read/write) — 256
e Binary Inputs (read, 256 / write, 256)
e Binary Input Momentary Change Detect (read) — 256
e Binary Output (read/write) — 256
e Counter (read/write) — 256
e Select Before Operate Control (read/write) — 256
A driver is provided to read/write each of these data types. Unused point types may have
their drivers deleted from the system. Deleted drivers may be restored to the system at a
later time. The system is shipped with all drivers installed configured for 6 points for each
driver.
e Points may be added to the system for writing outputs from the logic.
¢ Any point active in the RTU may be mapped as an input to the logic.
e Any point active in the RTU may be mapped as an output from the logic.
1.2.1 Multiple Programs in the RTU
ISaGRAF for config@WEB can support multiple programs running simultaneously in the RTU.
This gives the user great freedom and great responsibility. If you create and download
multiple programs, be sure they either run in harmony with each other, or do not interfere
with each other. If you wish to clear the RTU of a particular program, delete the particular
program in ISAGRAF Workbench (that is, on your PC), then compile and download the new
project (without the offending program). If you wish to clear the RTU of all programs,
create an empty project, compile it, and download it.
1.3 Reference Documents
You will find the following documents useful in the development and operation of RLL
programs for Telvent RTUs.
Table 1-1 Reference Documents
Document Name Author Publisher
SAGE 2200 Operation & Maintenance Manual | N/A Telvent (included on
Telvent Installation CD)
config@WEB Protocols Manual N/A Telvent (included on
Telvent Installation CD)
Programming Industrial Control Systems R.W. Lewis The Institution of
Using IEC 1131-3 Electrical Engineers
IEC 1131-3 Programming Methodology Flavio Bonfatti, Paola Daniela ISaGRAF
Monari, Umberto Sampieri
ISaGRAF PRO Workbench N/A ISaGRAF (included on
Telvent Installation CD)
ISaGRAF PRO Getting Started N/A ISaGRAF (included on
Telvent Installation CD)
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14 How to Determine Your Number-Of-Points Supported

Version 4.12 (128 or unlimited points) had different limits from version 4.20 (256 or
unlimited points).

With the unlimited point count dongle, the help screen displays the following:
Figure 1-1 Help Screen for Version 4.12 Using Unlimited Dongle

About

|SaGRAF FRO+ Yersion 4.1220020524

Copyright 1933-2002 AlerSys
| rfo |
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Using the same ISaGRAF program limited point count dongle (128), the help screen changes
the name from 1ISaGRAF PRO+ to ISaGRAF PRO 128 as shown below.

Figure 1-2 Help Screen for Version 4.12 Using 128 Dongle

About |
— Suppaort Info
Internal Werzion 4.12
Apphcation Yersion [DPM] 20022 412
CTLD.dl 20, 2 1. 0 -
DEL.I 201, 2, 2.0
DER.dI 20, 20 31
DER.exe 20m, 20 201
Dbt dll 200, 201, 0
deidll 20m, 2,0 710
Dep_getrdTr.dl 2001, 2, 3,10
Ddb.dl 20m, 2 4,1
Ddd.dl 20m, 20 2 2
DOP.dl 201, 20 1. 3
Dgb.dl 20, 2 210
DGE.exe 20, 2 3. 6
DGR 200, 201, 1
DHE. I 20m, 2 1. 2
Dhpdl 2002, 20 1. 2
Cl& bt dll 2002 2 2 13 x
< I _*I_I
I5aGRAF PRO 128 Werzion 4.1 220020524
Coppright 1993-2002 AlkerSys

ok, |

You can also find your point count for your particular program and dongle using the I/0
wiring tool to determine the number of possible points.

Start ISaGRAF and create a new program. Go to the I/0 wiring tool. There should be 13
devices, each with 6 points (the default configuration for a new program). Change the
number of points on one of the devices to 56. This should work. Then change the number
of points to 57. This should fail if it is limited to 128 points.
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2.4
2.4.1

CHAPTER 2

Installation

RTU Requirements
You must have a Telvent config@WEB RTU and the RTU firmware must be A8 or higher.

Although not required for installation of RLL, having a working config@WEB interface
connection over Ethernet is required for downloading and testing of RLL programs.

PC Requirements
Your PC must be running one of these operating systems: Windows 98SE, 2000, NT, or XP.

Installation Package Contents

The installation package consists of:

1. 1SaGRAF Workbench Installation CD
2. 1SaGRAF PRO Installation Dongle for parallel or USB port

3. Telvent Installation CD (includes Telvent manuals & 1ISaGRAF PRO Workbench
manual & ISaGRAF PRO “Getting Started”).

4. Telvent config@WEB Relay Ladder Logic Manual (this manual)

Installation Procedure
Step 1: Install Sentinel Driver

The driver for the dongle must be installed before other elements of the ISaGRAF package.
Follow the steps below.

1. Make sure that the latest driver is installed. Go to the "Sentinel" directory on the
installation CD and launch the executable

2. Once installed, go to C:\Program Files\Rainbow Technologies\Sentinel System Driver
(or wherever you chose to install the driver) and launch SetupSysDriver.exe

3. Click on "Configure Driver"

4. Make sure there is a USB port listed here. If not, click on "Add", choose "USB" as Bus
Type and "USB" as Port Type

By adding the USB port to the list, the software should now be able to detect USB keys.
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2.4.2

Step 2: Install ISaGRAF PRO

5. Insert the ISaGRAF PRO Installation CD into your PC’'s CD reader. Follow ISaGRAF's
instructions for installation (see ISaGRAF PRO “Getting Started” included on the
Telvent Installation CD).

Note: Please be aware that there are two different license options. One allows
limited I/O points while the other allows unlimited I/O points.

6. Check ISaGRAF Workbench installation CD (using Windows Explorer) for an updated
Sentinel driver. If there is one on the CD it should be under a directory with a name
like “Sentinel Driver”. Run the program under that directory to install the latest
driver. Alternatively you can visit the rainbow.com website and download the latest
driver.

Note: We recommend updating the Sentinel driver to the latest available from the
Rainbow.com website to ensure proper operation of ISAaGRAF software. If you get
any warning messages during installation or operation it is probably due to old
Sentinel drivers.

7. Install the dongle. This should be done AFTER ISaGRAF and Sentinel driver
installation.

Note: There are two types of dongle: Parallel-port dongle and USB dongle. The
parallel-port dongle has a feed-through connector to accommodate other parallel
port devices. The USB dongle is a USB termination.
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243 Step 3: Install Telvent-Provided Components

Note: I1SaGRAF v4.12 has a somewhat different file structure than v4.20 and later.
The directions below differ according to the version of ISAaGRAF.

2.4.3.1 ISaGRAF V4.12:

Find the directory “c:\ISAaGRAF PRO\Tpl”. From the Telvent Installation CD, extract the file
“config_web_rll.zip" into the “c:\ISaGRAF PRO\Tpl" directory.

Note: Be sure to use the Extract command in WinZIP. Make sure “Use folder
names” is checked in the Extract dialog box. Do not select all and drag the files into
the ISAaGRAF PRO\Tpl folder.

This config_web_rll folder will serve as the template for all other programs developed using
ISaGRAF PRO.

The config_web_rll folders in Figure 2-1 (for V4.12) have been expanded to show what you
should have after extracting the zip files.

Figure 2-1 Directory Structure for V4.12 After Installation of the Telvent-Provided Zip File

™ config_web_rll |'__||'E|[z|
File Edit \iew Favorites Tools Help -.1.’
S ' ) =, .
e Back </ Lﬁ 7 Search H__ Folders
Address |@ C:\ISaGRAF PROYTR\config_web_rll w | Go
Folders x Mame Size
= 53 1SaGRAF PRO ~| DConfig1
(T3 Bin ] compile. txt 1KE
& G Conf.mtc 1KB
) Help Conf.mws 1KE
2 Pri -%DDCconfini 1KE
= simul % dgb.ini 1 KB
3 Tmp % Dic.Ini 1KB
= 5 Tol S0P INI 1KE
=0'®]-onfig web rll Net':-.'n:nrkCn:nnf.rb: 2KB
= ) Configl MetworkCaonf.rws 2KB
) Resource 1 B MetworkConf.xte 1KE
|3 EmptyLibmonoresource MetworkConf.xws 1KE
IC5) EmptyLibmultiresource PRJ"hrﬂW-mdb 3,124KB
| EmptyPrimonoresource project.gpm 1KE
|5 EmptyPrimultiresource
|5 Libmonaresource
|5 Libmultiresource
I3 Primoncresource
4] jrmulti w| £ | >
=+ [Q Primultiresource £
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2.4.3.2 ISaGRAF V4.20 (and later):
Find the directory “C:\Program Files\ICS Triplex ISaGRAF\Projects\ISaGRAFR\Tpl”. From the
Telvent Installation CD, extract the file “config_web_rll.zip" into the “C:\Program Files\ICS
Triplex ISaGRAF\Projects\ISaGRAR\Tpl"” directory.
Note: Be sure to use the Extract command in WinZIP. Make sure “Use folder
names” is checked in the Extract dialog box. Do not select all and drag the files into
the ISaGRAF PRO\Tpl folder.
This config_web_rll folder will serve as the template for all other programs developed using
ISaGRAF PRO.
The config_web_rll folders in Figure 2-2 (for V4.20 and later) have been expanded to show
what you should have after extracting the zip files.
Figure 2-2 Directory Structure for V4.20 After Installation of the Telvent-Provided Zip File
% config_ web_rll Mi=1E3
File Edit ‘Wiew Fawaorites Tools  Help ;1.'
' =) = -
@ - o L.‘-ﬂ‘ ra H_
Back. p Search | Folders Wigis
Sddress |lﬁ C:AProgram Files\ICS Triplex ISaGRAF Projecks\I5aGRAF Tplconfig_web_rll A | =1 Go
Folders x Marmne Size
= 53 15 Triplex ISaGRAF A () Canfigl
lﬁ 15aGRAF Compile 1KE
= ) Frojects Conf.mtc 1 KB
= hﬁ I1SaGRAF Zonf.mws 1KE
B2 Fri b DDCconf 1KB
= 3 Tl Hdab 1KB
=R'®] config_web rll ;-}Di': 1 KB
= ) Configl o 1 KE
) Resourcel 5 MetworkConf,rtc 2KB
|5 EmptyLibmonoresource MebworkConF.rs Z KB
I EmptyLibmulkiresource MebworkConf, xte 1 KB
IC2) EmpyPrimanoresource MetworkCanf sows 1 KB
I EmptyPrimulkiresource PRJIiI:nrar':.-' 3,124 KB
|5 Libmonoresource project.gpm 1KE
I Librultiresource
l,i‘l Primonaresource
I Primultiresource
) shared w| € S
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Step 4: Updating The Database

After you install ISaGRAF, you will have a folder on your desktop. Open the ISaGRAF folder

on your desktop and double-click the ISaGRAF icon.

Note: If you get any warning messages during installation or operation, contact the

makers of ISaGRAF for the latest drivers.

Under File, click Open Project/Library.

Figure 2-3 Launching ISaGRAF PRO

> [ &% X = & B

Chrl+0

Chrl+0)

|O|:uen a project or a library

Navigate to Tpl directory and select config_web_rll as shown:

Figure 2-4 Selecting config_web_rll

~| & B BE-

[CLibrultiresource
ICIEmptyLibronoresource  [C)Primonoresource
IC3EmphyLibmultiresource  [C)Primulkiresource
BEmptyPrijnDresnurce
IS)EmplyPrimultiresource

ICSiLibmonoresource

File name: — |PriLibrary Open

[ Open az read-only

[ Open in single-iesource mode

Filez af type: IF'rn:nie-:ta"LiI:nrar_l,l files [prilibrary. mdb] ;I Cancel |

|
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In the next pop-up select PRJlibrary:
Figure 2-5 Selecting PRJlibrary
Open @
Laok jn: | (2 config_web_il ~ e« mefE-
I3 Configl

¥l PR Jlibrary

File name:  |PRJlibrary
Filez af type: |F'ru:uiect£LiI:urar_l,l file= [prjlibrary. mdb] ﬂ Cancel

[ Open az read-only

[ Open in single-rezource mode

Depending on the version of ISaGRAF Workbench, you may get the following notice:

Figure 2-6 Database Patcher Notice

Database patcher, E'
j Project database version 041202
* Praduct databaze manager : 04.20.05

The project databaze is out of date.
|Ipdating the project database iz imeversible and can
take a few minutes.

Do you want to update the project database 7

Cancel

Select “Update”. This will take a few seconds to convert the template to the newer format.

Installation is complete.
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CHAPTER 3

Operation

3.1 Introduction

The basic sequence of operation for Telvent RLL is:

1.

6.

7.

Update the ISaGRAF database (if this has not been done, see the Installation
chapter)

Create and test a program on your PC

“"Wire"” the variables in the program to Telvent drivers
Download the program to a Telvent config@WEB RTU

Map the required points on the RTU

Test the program on the RTU using the 1ISaGRAF Debug function

Test the program on the RTU in the real world

Although it is possible to create six different types of programs in ISAaGRAF, Telvent supports
only Ladder Diagram (LD) and Function Block Diagram (FBD) programs. Please consult the
makers of ISAGRAF for other support.

To complete the exercises in this chapter, your RTU must be connected and operational
through the Ethernet — TCP/IP config@WEB interface port.

3.2 Creating Simple Programs

The main object of this chapter is to create and operate a few very simple programs in both
Ladder Diagram (LD) and Function Block Diagram (FBD), then download those programs to
your RTU. The programs use status points to trip SBOs on the RTU.
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3.21 Starting a New Project

A project can be a single program or a group of programs. A project must be compiled as a
unit and downloaded to the RTU as a unit. Only one project at a time can run on the RTU.

Under File, click New Project/Library. The next time you want to work on this project, you
will be able to find it under Open Project/Library.

Figure 3-1 Launching a New Project

4 1SaGRAF PRO

et Library =3 | = | oM | i 2 | =

2pen Project Library Chrl+0

Exit Chrl+Q)

Create a project or a library |NLIM A

From the Template list, select config_web_rll as shown. This is the only template that will
work for Telvent applications.

Figure 3-2 Selecting the Template

C:hSaGRAF PROYP Browse... |

M arne: I

|' Destination folder

Comment: I

Lo

Template: Il:l:nnfig_wel:u_rll

EmptyLibmonaorezource
E mptuLibrultiresource
E rmptyPrimonoresource
EmptyPrmultirezource

£
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In the “Name" field, type an appropriate name. In the example, “My_Project” is used. Note
that blank spaces are not allowed in the name. You may enter a Comment about the
project or you may leave this field blank.

Figure 3-3 Naming a New Proiject

Destination folder

C:hSaGRAF PRONPY Browse. ..

M ame: |M_I,I_F'rn:uieu:t
Comment; |
Template: | config_web_ill j

Cancel

Click OK. A project screen similar to the one below will appear. This view is called Link
Architecture.

Figure 3-4 “My_Project” Project Screen

@ |SaGRAF PRO - [My_Project (* *) - Link architecture]

2o File Edit Insert Project Tools Debug Options Window  Help - 8 x
& = i 2B =l |
# | 2,
Hardware 1: Resourcel (" Resource Number l
Architecture : E =
-l Parameters |
Link 10 *iring

Defined “words
Yariable Groups
IF Programs
Functions
Funchion blocks

Architecture

-
Kl >

Ready RN
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After you install ISaGRAF PRO, you will have a folder on your desktop. Open the ISaGRAF
PRO folder on your desktop and double-click the ISaGRAF PRO icon.

Note: If you get any warning messages during installation or operation, contact the
makers of ISAaGRAF for the latest drivers.

Figure 3-5 Launching ISaGRAF PRO

File Edit Miew Favorites Tools Help 1"

v

\_./I' \_J lﬁ /.._\‘ Search

Address |lf} CiISaGRAF PROVGD

Folders x Marme

HT" Folders

V| Go
Size | Type

(2} Desktop -~ HE|I:' 1KE Shartcut
53 My Documents 1KB  Shorkcut

= 4 My Computer
5 314 Floppy (A
= e D31 _VOLL ()
I3 16819 Methil

ﬁ‘; Licensing
& Read Me
[ RELEASE, TXT

@ Tutorial

1 KB
1 KB
1 KB
1 KB

Shorbcut
Shortcut
Shorbcut
Shortcut

[T & _riker
£ CANvAS
[C5) Companion Software —
|C5) Documents and Settings
[C5) FLOADER. 995

I3 HP_USE_CD-RW_drivers

[C5) IE Bookmarks
[ ImageMate CompactFlash USE
= ) 15aGRAF FRO

[T Bin

] Grp

[ Help
£ (=) i M| & 3
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Under File, click Open Project/Library.

Figure 3-6 Launching a New Project

i | &2 3% Xl & B =@

Chrl+C

Chrl+0

|

Dpen a project or a library
—
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From the "Look in:" list, select the ISaGRAF PRO folder (V4,12 — see Figure 3-7) or the
ISaGRAF folder (V4.20 - see Figure 3-8).

& 1SaGRAF PRO

Figure 3-7 Finding an Existing Project (V4.12)

File Help

=

Laok in: | |=3 config_web il

|53 Canfig

(2] PRl

File name

Filez af ty

@ Dezktop

() My Documents
i by Compriter
“ﬁ 3% Floppy [A:]
e DSKI1_WVOLT [T
(=5 aGRAF PRO
I Tpl
|3 config_web_ill
24 CD Drive [D)

L& CD Drive [E:)

agn DSKI1_NVOLZ (]
x Rtueng on 'Ad-zource’ [H:]
x techPubz on ‘Rd-zource’ [1:]
g Mew Valume 7]
o SanDizk Imageb ate [£:]
‘a ty Metwark, Places
|5y Wiruz_Fix_0803

Open

I
Cancel | .
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Figure 3-8 Finding an Existing Project (V4.20)

DEH| BB e (&2 Y= nl k= a

Laok in: | ) config_web_ill
& confi] @ Dezktop

A [fﬂ My Docurnents
[#] i -
PRJIIh i My Computer

‘ﬂ 3 Floppy [&:]
cge Local Digk [C:]

|=3 Program Files

73 ICS Triplex 15aGRAF
|53 Projects
B [P
) Tpl
|9 config_weh il

File name| < pISKS VOL1 (D) Open I
"L CD Drive [F)
4 .
Files af ty L, CD Drive (5] vl Cancel |
fx techpubs on 'rd-zource’ [13)

f:g rtueng an rd-zource’ [£3)
"-j by Metwaork, Places

i Ready UM Y/

From the ISaGRAF PRO folder, open the Prj folder as shown below.

Figure 3-9 Opening the Prj folder

Open
Look in: | (2 15aGRAF PRO ~| & £ -

ICT)EIn )Rl
SGEp

ICiHelp

=

I Simul

) Tmp

File name:  |PRJLIBRARY.MDE Open |
Files af type: IF'ru:uiecthiI:urar_l,l filez [prilibrary. mdb] j Cancel |

7
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Figure 3-10 Opening My_Project

Open @
Lack jr: | () Pi ~| & & ey E-
BDemn BPrDjecH

) ISaGRAF_Demo  [C)Projects
[y _Project

I Project1
ICaProjectz
[ﬁF‘rDjectS

File name:  |PRJLIBRARY.MDB
Files af type: |F'ru:uiect£LiI:urar_l,l filez [prilibrary. mdb] j Cancel |

The final step is opening the PRILIBRARY.MDB file as shown below.

Figure 3-11 Opening PRILIBRARY.MDB Under My_Project

Open @
Look jn: | () My_Project - @ £5 EE-

I3 Configl
@P‘RJIibrary.mdb

File name:  |PRJLIBRARY.MDB

Files of type: |F'r|:|ie-:ta’LiI:urar_l,l filez [prilibrary. mdb) j Cancel |

From the Prj folder, open the My_Project folder as shown below. (My_Project is the name of
the project assigned under the section “3.2.1 Starting a New Project”. If you named your
project something else, then, of course, that is the folder name you should now be
opening.)
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Click Open. My_Project project screen will appear. This view is called Link Architecture.

Figure 3-12 "My_Project” Project Screen

4 ISaGRAF PRO - [My_Project (* *) - Link architecture]
o9 File Edit Insert FProject Tools Debug Options  Window  Help

= = i 2 B -l |
=1 | ORI )
o R H oo B2

EEX]
g X

Hardware
Architecture

1. Hesourcel (* Resource Mumber E |-|

--U[fg Parameters
140 'firing
Defined ‘Words
Yariable Groups
- Programs
by LD _Program
Functions
[ Fumction blocks

Link
Architecture

|«

Ready

1]}
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3.2.3 RTU Communications Settings
During the course of your project, you must download to the RTU over Ethernet. This
means ISAaGRAF PRO must know the RTU’s IP address. Follow the instructions below to set
this up. Once set, the IP address will be part of the project. If you want to download this
project to another RTU with a different IP address, then you must repeat the procedures
below to set the new IP address.
Click on the hardware architecture icon as shown by Figure 3-4. A screen similar to the one
below will appear.
Figure 3-13 Hardware Architecture Screen
& 1SaGRAF PRO - [My_Project (* *) - Hardware architecture] M=
%= File Edit Insert Project Tools Debug  Cptions  Window Help - 0 x
== = = 2B L
|
oo S al
[ Confia! (" This is the Ce
1:Rezourcel [ Resource Hun _
< | B
ETCP TV\
: N
< il
Ready LI
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Double-click on the vertical bar shown by the arrow in Figure 3-13. A screen similar to the
one shown below will appear. Enter the IP address for your RTU in the field circled below.

Figure 3-14 Connection - Properties

Connection, - Properties r5_(|

M etwark, Parameters l

Hame Value - |
1 IP&ddress < oooon ‘ IP

| #
|

0k, | Cancel

An example IP address is shown for the Connection — Properties box below. Click OK

Figure 3-15 Example of IP Address for Connection

Connection - Properties g'
Metwork Parameters l
Hame | Value |
1 IPAddress 1721815051 [Pz
L )

0k, | Cancel

You have completed the TCP/IP connection parameters. Click the Save icon and then the
Link architecture icon as shown below.
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Figure 3-16 Completing the Connection Parameters

% ISaGRAF PRO - [My_Project (* *) - Hardware architecture]
== Fil= Edit Insert Project Tools Debug  Options  Window  Help

S(=1E

- O X

B g\ & | ir 2B @
B
Soallc| EN
-
EI]II] Config! (* This is the Cg
1:Rezourcel [* Resource Hun o
< 3
ETCP
<] f
Link architecture FLIR
S$2200-AAA-00003 Baseline Document Version 6.0

Proprietary and Confidential to Telvent



Chapter 3 — Operation config@WEB Relay Ladder Logic Manual 3-13

3.2.4

Starting a New Ladder Diagram (LD) Program

The reason for a project is to create programs that do useful work. The following
instructions tell you how to create a simple Ladder Diagram.

In the Link Architecture display, right-click on Programs and select LD: Ladder Diagram as
shown below.

Figure 3-17 Selecting the Type of Program to Create

@ ISaGRAF PRO - [My_Project (* *) - Link architecture]

oo File Edit Insert Project Tools Debug Options  Window Help - 8 X
== = RAB = Q
R=) | L
[0 98 H o M 2 o

FED: Funckion Block Diagram
e
| P | | IL:  Instruction Lisk H
| 8dd a LD program Resource 1) ConfigliResaurce MM

d 1: Resourcel (* Resource Number E

-l Parameters
140 Wiring
Defined “Waords
ariable Groups
ERPrograms
Add Program i SFC: Sequential Function Chart
FC: Flow Chart

ST: Structured Text

1 Ladder Diagram

After the type of program has been selected, the generic title will remain highlighted so
that you can change the name to something more meaningful.

Figure 3-18 Generic Program Name Selected

i 1: Resourcel (* Resource Mumber E

=L Parameters
1/0 Wiring
Defined ‘Words
Wariable Groups
- Programs
Functions
[T Function blocks
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Type the name of your program. Don't put in spaces. You may simulate spaces with
underscores as shown below. Hit Enter when you are done to accept the name change.

Figure 3-19 Naming the Program

dl 1- Resourcel (" Resource Number E

--Uff Parameters
/0 "Wiring
Defined "Words
Variable Groups
- Progrars
Funetions
[ Function blocks

Double-click on the icon for your program. You will get a warning that the project must be
saved before continuing. Click Yes.

Figure 3-20 Save Warning

I1SaGRAF PRO X

The project architeckure has been modified,
' and musk be saved before opening document,
Continue?
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The screen that appears (shown below) is the working space for creating your Ladder
Diagram (LD) program. The long arrow (not part of the real ISaGRAF program) points out
the main tools for creating ladder logic. When you hover your cursor over an icon, a short
explanation of the icon’s function will appear in a pop-up box and at the bottom-left of the
screen.

Figure 3-21 Ladder Diagram (LD) Work Space

DGE - [1: Resourcel - My LD Program [* *]] ['__|['E|E|
File Edit Tools Debug Options indow  Help - 8 x
| FdEE F3HE Foill FSi-od FELHE FROd Fiilgl Fas  fF9-@ — = <
=& # S # H s X 2B
A =) — B3| =
- - - - - - - A
+ + + + + + + "
+ + + + + + + + 1
+ + + + + + + + 1
+ + + + + + + + 4
+ + + + + + + + 4
] >
Ready LM

We will create a very simple program by clicking on the leftmost tool (see short arrow
above), which is a “Contact on the left”. When you click on the tool, you will get a
“variable” dialog box as shown below. You must create a variable name for the “Contact”.
In the example below, “Input_01" was chosen. Do not use blank spaces in names. In this
case, we will leave the default as Global + local, and leave the type of variable as Bool (it is a
switch; it will be ON or OFF). Click OK.

Figure 3-22 Selecting a Variable Name

Select variahle [s__<|
[~

lInput_o| |BOOL
* Global +local ¢ Local

M arne | Aliag | Tupe | Direct... | Dirne... | Cormnmemt |

Cancel
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The New Variable dialog box gives you more choices. You can assign an alias to your

variable. This is usually not needed, so we will leave it blank. You may enter a comment if

you like. You may also leave the Comment field blank or enter a Comment later. Click OK.
Figure 3-23 New Variable

Mew Variable [5_<|

M arne: [rput_01

Scope: Global Rd

Aliaz: |

Comment: |In|:|ut element comment

Cancel

The program has automatically created an output on our ladder rung, as shown below.

Figure 3-24 Ladder Rung

El DGE - [1: Resourcel - My LD Program (* *]] |’._||’E|rg|

Eile Edit Tools Debug Options Window  Help - 8 X

F2: 3B F3:IHE Fd: bl FS:-0d FE:{HE FR OO Fo:lgl Fi—s P9 RN - — e

P g S ¢ H = X AB

A g — @ | ==

("7
4 + + + + + + +

+ ! + + + + + +

+ + + + + + + + +
+ + + + + + + + +
+ + + + + + + + +

Ready LM
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Double-click on the output element to get the screen shown below. The default for the
variable name is the last variable assigned.

Figure 3-25 Naming the New Variable

[ DGE - [1: Resourcel - My_LD_Program (* *)]
Eile Edit Tools Debugq Options Window Help

jFQ:-][—;'E F3:9HF Fd: e FSi-04 FE:

Jlﬁn|‘¥’ ﬁ!ﬂ k|§i

@il Sclect variable

Input 01

|A | @ | g —F——
‘ - - @ Global +local  © Local
) Marne I Bliaz l Tupe l Direu:t...! Dimne. .. | Comment l
+ 4 |mput_01 BOOL  Internal
f Input_01
—
+
+ +
+ +
Cancel_|
+ +
Ready oM
Change this to an appropriate name such as was chosen below. Click OK.
Figure 3-26 The New Variable Name
Select variable x|

[Dutput_o| |BOOL -
' Global +local ¢ Local
M ame | Alias | Type | Direu:t...l Dlimne... | Comment I
[nput_01 BOOL  Internal
Carl_|
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Once again, the New Variable box will come up. You may enter a comment if you like.
Click OK.

Figure 3-27 New Variable

MNew Variable E'

M arne: Cutput_01

Type: BOOL -
Seope: (Global -

Alias: |

Cornment; |Elut|:|ut element commenl

Cancel

Now both elements of our ladder have variable names as shown below.

Figure 3-28 Elements With Variable Names

DGE - [1: Resourcel - My_LD_Program (* *]]

File Edit Tools Debug Options \Window Help - 9 X
FoAEE F3:09F Fh Gl FS-cd FE:L0F FPOHR F2:igl Fas  fF3-0 JEME - — ==
o = R oy S # H s X 2B 4
A q — b ==
S
+ - + + + + + +
[1] @
Input_04
—
+ + + + + + +
+ + + + + + + + +
+ + + + + + + + +
+ + + + + + + + +
Ready HUM
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If you double-click on the comment brackets as shown below, you can add rung comments.

Figure 3-29 Adding a Rung Comment

dit Tools Debug Opkions Window Help

| F2 I F3:HE P L FSoq FE:{H

FPIHE F&lgl F9—s  tF9-@ 10

Double-click
here

i |

The rung comment results are shown below.

Figure 3-30 Rung Comments

Debug

Ophions  Window  Help

2 E Fd g F:-0H FEHD PR3 Fiilgl  Fl—s  tF3-Ee
& ) S M H s X B
g —F— & B =

-

(* Commert for the rung *)

+ +
[l
Input_04 Clutput 01
T s + + - + + +
+ + + + + + +
v

€3 i A
Ready MR

Save your program by clicking on the icon shown above. Close the LD program by clicking
on the top-right X.
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3.2.5

Starting a New Function Block Diagram (FBD) Program

The reason for a project is to create programs that do useful work. The following
instructions tell you how to create a simple Function Block Diagram.

In the Link Architecture display, right-click on Programs and select FBD: Function Block
Diagram as shown below.

Figure 3-31 Selecting the Type of Program to Create

@ ISaGRAF PRO - [My_Project (* *) - Link architecture]

Do File Edit Insert Project Tools Debug Options  Window Help b |:|'|
0= = ) =M AR = a

g — @ | *a
5o 5 H o

|«

d 1: Resourcel (* Resource Mumber E

-l Parameters
140 'firing
Defined 'words

Yariable Groups

Al Do oo

Add Program L4 SFC: Sequential Function Chart
FC: Flow Chart

ST: Structured Text

LD: Ladder Diagram

Function Elock Diagram

IL:  Inskruction Lisk il
3

* | Checking databaze. . |

&dd a FBD prograrm Resource 1; kU

After the type of program has been selected, the generic title will remain highlighted so
that you can change the name to something more meaningful.

Figure 3-32 Generic Program Name Selected

{ 1: Resourcel (" Resource Mumber E

=L Parameters
140 Witing
Defined Words
Yariable Groups
= Frograms
by LD Program
UrititledFEL
Functions
LF Function blocks
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Type the name of your program. Don't put in spaces. You may simulate spaces with
underscores as shown below. Hit Enter when you are done to accept the name change.

Figure 3-33 Naming the Program

dl 1- Resourcel (" Resource Number E

--Uff Parameters
/0 "Wiring
Defined "Words
Variable Groups
- Frogrars
by LD _Program
|h-1_I,I_FBD_F'ngran'] |
Functions
[ Function blocks

Double-click on the icon for your program. You will get a warning that the project must be
saved before continuing. Click Yes.

Figure 3-34 Save Warning

I1SaGRAF PRO X

The project architeckure has been modified,
' and musk be saved before opening document,
Continue?
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The screen that appears (shown below) is the working space for creating your Function
Block Diagram (FBD) program. The long arrow (not part of the real ISaGRAF program)
points out the main tools for creating Function Block Diagrams. When you hover your
cursor over an icon, a short explanation of the icon’s function will appear in a pop-up box
and at the bottom-left of the screen.

Figure 3-35 Function Block Diagram (FBD) Work Space

El DGE - [1: Resource1 - My_FBD_Program (* *)]

E File Edit Tools Debug Options Window  Help - 9 X
= = = H = x 2B )

A S, —1 @,

N | =@ :

~ e s R EAETO[A B

o
| <] | E

Ready I
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We will create a very simple program by clicking on the tool shown by the short arrow
above. Thisis a “Add a variable”. When you click on the tool and drag it to the workspace,
then click again to drop it on the left side of the workspace, you will get a “variable” dialog
box as shown below. (Some variables already exist because we created an LD program with
variables in the previous section.)

Create a new variable name for this variable. In the example below, “Input_02" was
chosen. Do not use blank spaces in names. In this case, we will leave the default as Global +
local, and leave the type of variable as Bool (it is a switch; it will be ON or OFF). Click OK.

Figure 3-36 Selecting a Variable Name

Select variable [‘S__<|
nput_02 -
¢ Global +local 7 Local

N armne | Aliaz | Tupe | Direct... | Dirne... | Cormnment |
[rput_01 BOOL  Input
Cutput_01 BOOL  Output

Cancel

The New Variable dialog box gives you more choices. You can assign an alias to your

variable. This is usually not needed, so we will leave it blank. You may enter a comment if

you like. You may also leave the Comment field blank or enter a Comment later. Click OK.
Figure 3-37 New Variable

Mew Variable [‘5_<|

I arne; [nput_02
Type: bl
Scope: (lobal -

Aliaz: |

Comment: |

Cancel
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The program has created an input variable, as shown below.

Figure 3-38 FBD Workspace

[El DGE - [1: Resource1 - My_FBD_Program (* *)]

B=1[ES

@Eile Edit Tools Debug Options  Window  Help

= & B oy

S ¢ H g X

- 8 X

|
A g —1 @,
A|jemH e > FF A TO 4B
—
= Input _02 -
ol
Ready I

The next step is to insert a function block that acts upon our variable.

on the Function Block icon as shown below.

Figure 3-39 Creating a Function Block

El DGE - [1: Resourcel - My_FBD_Program [* *)]
E File Edit Tools Debug Options  Window Help

= & B v

A

NE"ER_":"D'_»:“C“}

& | B X

iE]
g — ®
F e T 04 B

For the example, click

B[=1E3

|
NEIE:

Funiction Block,

= Input 02 =

Add a Function Black:

ML
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When you drag the Function Block to a place just to the right of the variable, then click
again to set it down, you will get a “Select Block” dialog as shown below. For this example,
we will select an OR gate as shown. Notice that you can choose the number of inputs. The
default is two. The Parameters tab is not used in this case.

Figure 3-40 Selecting a Function Block

Select Blocks E'

|DH Help

Blocks l Parameters ]

M e | Tupe | Cormment

s
MOT_MaSEK. SFL bit to bit regation
oo SFL Odd parity
Boalean OF af baa ar more terms
OR_MASE, SFU Analog bit to bit OR maszk,
P SFLI Power caloulation
R_TRIG SFE Rizing edge detection —
RaMD SFU Fandom walue
REPLACE SFU Replace sub-string
RIGHT SFLI E stract rioht of a zting b’

£ |

[nputs: E/\Eli | J
Select number
I of inputs Lancel

|
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Below is the result of adding an OR Function Block.

Figure 3-41 The OR Function Block

Fd DGE - [1: Resource1 - My_FBD_Program {* *)] =3
@Eile Edit Tools Debug Options  Window  Help _
== g S ¢ H = X 2B

A q, —| @,

A= e+ @ F AT AR

+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+

Ready I

Using the same process in which we added the first input variable, add another input
variable and an output variable. Your result should be as shown below.

Figure 3-42 All Variables and Function Block in Place

Ed DGE - [1: Resource1 - My_FBD_Program (* *)] M=1E3
@Eile Edit Tools Debug Options  Window  Help - 8 x

= % B vl S # H ' X 2B A

A q, —| @,
A= e+ @ F AT AR

=  npu_o: aF b
. . . . . v owpe oz R . .
- Input 03 =
-
| <] »
Ready I
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Connect the variables and the function block using the “Draw Link" tool as shown below.

Figure 3-43 Connecting the Blocks

El DGE - [1: Resource1 - My_FBD_Program [* *}]
@ File Edit Tools Debug Options  Window Help

[(=1Ey

-8 X

= E & B g S M HE X 2B
A g, —| @,
A =@ o> kAT AR
Input_02 \DR —
. . . . [ - * o= Outpe 0z [ .
Input_03 -

|«

Ready
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The end result should look as below.

Figure 3-44 The Blocks Connected

[El DGE - [1: Resource1 - My_FBD_Program (* *)]

B=1[ES

@Eile Edit Tools Debug Options  Window  Help

E—”/H dh vl S # H ' X 2B A
A q, —| @,

A =t = o | » F kF AF T4 A B

- 8 X

= mponz —‘_ oR

| | owpmoz

- Input 03

|«

Ready I
Save your program by clicking on the icon shown above. Close the FBD program by clicking
on the top-right X.
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3.2.6

Changing Variable Attributes

By default, variables are assigned a “Direction” of “Internal” and an "Attribute” of “Free”.
“Internal” and “Free” allow the variables to work just fine as stand-alone programs running
only within ISaGRAF Workbench, but we eventually want our variables connected to drivers
("wired") so that they can be downloaded to do real work on an RTU. Therefore, our
variables must have certain qualities that match their intended purpose.

For instance, we would give a variable that has been assigned to an input status switch a
“Direction” of “Input” with an “Attribute” of “Read”. We would give an output actuator
variable a "Direction” of “Output” and an “Attribute” of “Write".

The following instructions illustrate how this is done.

Back at the Link Architecture view, click on the Dictionary icon shown by the arrow below.

Figure 3-45 Selecting the Dictionary

i ISaGRAF PRO - [My_Project (* *) - Link architecture]

o9 File Edit Insert Project Tools Debug Options Window  Help - |:|'|
0= = Sy AR = Q

g —| R | *a
oo 5 B 4]

|«

A 1: Resourcel (* Resource Murnber E

-l Parameters
140 Witing
Defined Waords
Wariable Groups

= Programs
My _LD_Program
ty FBD_Program

Functions
[ Function blocks

* | Checkinag database...

Ready

Resource 1
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Expand the variables tree (shown in arrows below-left) to All variables. You must see the

variable list exactly as shown. If the list is not exactly as shown, click on the icon shown by
the downward arrow on the right.

Figure 3-46 Expanding the Variables Tree

7@ 1SaGRAF PRO - [My_Project (* *) - Dictionary - Variables] M=
f8H File Edt Debug Tools Options ‘Window Help - 0 X
B
= 2B
Bo Sl g W 1
b [®& g (] =
=-J&; Variables _ : . .
=& Resourcel (Configl) Narme Aliaz Type ) Init. walue | Dimensi..
=B Ary Group [Input_(01 BOCOL
/ P ol varisbles Output_01 BOOL
&) clobal variables Input_02 BOOL
My_LD_Program Irput_03 BOOL

E My FED_Program Output_02 BOOL

|
T

* | Checkinag database... |

Ready

Resource 1
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You may expand the column width to see the full name of the variables (see double-headed
arrow below). Double-click in the blue outlined variable row as shown by the large arrow
below.

Figure 3-47 Opening a Variable Attribute Box

7@ 1SaGRAF PRO - [My_Project (* *) - Dictionary - Variables] M=
f8H File Edt Debug Tools Options ‘Window Help - 0 X
B
= 2B
oo 5
b [®& g (] =
=-J&; Variables _ : . .
=& Resourcel (Configl) Narme Plias Type ) Init. walue | Dimensi..
=B Ary Group [Input_(01 BOCOL
U N3 Al variables Output_01 EOOL \
&) clobal variables Input_02 BOOL
My_LD_Program Irput_03 BOOL

E My FED_Program Output_02 BOOL

|
T

* | Checkinag database... |

Ready Resource 1

The default functions for our Input variables includes “Direction: Internal” and "Attribute:
Free”, as shown in Figure 3-48. These functions must be changed to “Direction: Input” and
“Attribute: Read” as shown in Figure 3-49.

Figure 3-48 Variable Attribute Box - Default

Marme |[Frsu Alias I— Type Im
1 l— Init. walue l— Dimenzion l—
Group Im Attribute | Free - Scope Im
w Irternal - ﬁ IND— "Wfiring l—
Address I— Camment Im
-Cancel
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Figure 3-49 Variable Attribute Box — Input Variable

wv Irput - {ta; No Wiring

Mame |lnput_01 Aliaz Tepe |BOOL -
1 Init. walue Dimenzion
Group  |Maone - Attribute  |(EEE - Scope | Global -

Addresz Comment  |lnput element com

Click OK. Change the other input variables to the above attributes.

Now the Output variables attributes must be changed. Double-click on the Output_01
variable row.

7@ 1SaGRAF PRO - [My_Project (* *) - Dictionary - Variables] M=
f8H File Edt Debug Tools Options ‘Window Help - 0 X
A B
& S H|E 4 RB
oo 5
L L . <] =
=-J&; Variables : : . .
=& Resourcel (Configl) Narme Aliaz Type ) Init. walue | Dimensi..
=B Ary Group [riput_01 EOOL
& all variables
&) clobal variables Irput_02 BOCOL
| My LD Program Irput_03 EOOL

E My FED_Program Output_02 BOOL

|
T

* | Checkinag database... |

Ready

Resource 1
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Change the Direction to Output and the Attribute to Write as shown below. Click OK.

3-33

Figure 3-50 Changing the Output Variables Attributes

Mame W
;T
Group m
Direction lﬁm

Alas | Type |BOOL T
Init. walue I— Dirnenzion I—
Attribute Scope m
ﬁ:]‘l\ln—‘ Wfiring I—

Camrment '1|:Iut|:uut element co

Repeat this process for Output_02.

Save the new variable attributes. See arrow at left below.

Figure 3-51 Saving the New Variable Attributes

@ ISaGRAF PRO - [My_Project (* *) - Dictionary - Yariables]

CBEX

EH Fle Edt Debug Tools Cptions ‘Window Help BIEIE
A = B
~4 , .
& i & W i 2l il B
oo o H
b |® g <] =
=-J&; Variables : . . .
=& Resourcel (Configl) Narme Alias Type [l Init. value | Dimensi..
=B Ary Group [riput_01 EOOL
& all variables Output_M BOCOL
&) clobal variables Irput_02 BOCOL
My _LD_Program |F'Ut_|:| BL
My _FED_Program Dutput_.2 BOOL

|

)

* | Checkinag database... |

Ready Resource 1
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3.2.7

“Wiring” Input/Output Points

"Wiring"” refers to the process of assigning the proper drivers to variables so that they will
work in the real world of the RTU. The variables you will wire must first have the proper

attributes as detailed in the previous section.

Click on the Wiring icon as shown below.

Figure 3-52 Beginning the Wiring Process

@ ISaGRAF PRO - [My_Project (* *) - Dictionary - Yariables]
f8H File Edt Debug Tools Options ‘Window Help

A B

H & B y S W i gl il B

Bo S [ S

b & | <]

=-J&; Variables :

= &% Resourcel (Configl) Mame Alias Type [l
=B Ary Group [rput_07 BOOL

&3 Al variables Output_071 BOOL
&) clobal variables Irput_02 BOCOL
My _LD_Program Irput_03 EOOL
5ty FED_Program Output_02 BOOL

|

CBEX

- | O X

Imit. walue | Dimensi..

)

* | Checkinag database...

Ready

Resource 1

S2200-AAA-00003

Baseline
Proprietary and Confidential to Telvent

Document Version 6.0



Chapter 3 — Operation

config@WEB Relay Ladder Logic Manual 3-35

Acronyms in the wiring list have meanings for our variables. For instance, AIR means

Analog Input Read.

BIR means Binary Input Read. You can see the exact meaning for any

of the items in the list when you double click the item as shown in Figure 3-53. The
explanation is indicated by the arrow in the figure. Click OK to dismiss the Drive Selection

box.

The meanings of the driver acronyms are also spelled out in section “3.4 Drivers”.

Expand and select the SAGE: BIR wiring list as shown below. Notice that the Input variable

appears in this list.

Figure 3-53 The SAGE: BIR Wiring List

i ISaGRAF PRO - [config_web_rll{* *) - /0 Wiring - 1: Resource(* Resource Number 1% ] |- [0]X|

Edit Options  window

=i

Do BP0

=S -F Yk e k4

0t SAGE: AIR: AR %)
1: SAGE: Al Al *]
2 SAGE: AOR: ADR(- =)
% SAGE: ADW; AW %)
4: SAGE: BIR: BIR[* )
w40
Zl%a.1
w42
Z1%4.3
w4 4
ZIX45
: SAGE: BIRM: BIRM 7]
: SAGE: Blw: Blw %]
. SAGE: BOR: BOR[ )
- SAGE: BOW: BOWw(" %)
: SARE: CNTR: CNTR[ %)
10: SAGE: CHNTW: CNTw/(*
11; SAGE: SBOR: SBOR[F *)
12: SAGE: 5BOW: SEOW("

FEEEF

-

[+

e

[ [
[+

FEVEVEVE

i

_ Unwired variables - Type: BOOL - Direction: Inputs.

Mame

Comment

Input_01

Device Selection

Target: Wedw-TARGET_L

4: SAGE: BIR: BIR[® ¥

Device index: i4
Murmber of charnels: IE
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Help I ITI

s
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The input variables must now be associated with the wiring drivers. Drag and drop the
input variables to the first available slots under SAGE: BIR as shown below. BIR means
Binary Input Read. This type of driver corresponds to the attributes we assigned to these
variable.

Figure 3-54 Connecting Input Variable to Wiring Driver

-8 ISaGRAF PRO - [My_Project{® *) - I/0 Wiring - 1: Resource1(* Resource Number 1*) | |Ead
o File Edit Options  Window  Help -8 x
oo & H

=EEHE w ]

+
+
¥
+

D 0 SAGE: AlR: AR ) ~ L
D 1 SAGE: Alw! Al )
D 2 SAGE: ADR: AOR ) ymmmm
D 3 SAGE: Al ADWI(* ")

D 4: SAGE: BIR: BIR(* %)

+

- [

+

D 5 SAGE: BIRM: BIRM[* 9]
WD E: SAGE: Blw: Blwi =l bt ¥

M arne | Aliaz | Camment | |

0%, 0=lnput_01
20%4.1=lnput_02
4.2 3
%43
1.4
K45

* | Checking database...

The result is as shown below.

Figure 3-55 The Wired Input Variables

-8 ISaGRAF PRO - [My_Project{® *) - I/0 Wiring - 1: Resource1(* Resource Number 1*) |

o File Edit Options  Window  Help L
oo 5 H
EEHE » '

+
+
+
F

D 0 SAGE: AlR: AR %) 4
D 1 SAGE: Alw: Alw(* %]

M 2 SAGE: AOR: AODR(* %)

D 3 SAGE: A0 ADW(" )

D 4: SAGE: BIR: BIR(*)

+

-

+

D 5 SAGE: BIRM: BIRM(* 9]
W E: SAGE: BIwW: Blwi *l bt ¥

|

MName Aliag Comment

204, 0=lnput_01
20%4.1=lnput_02
%4, 2l nput_03 3
%43
sl 4
%45

* | Checking database. ..
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Repeat this process with the output variables. In this case, the wiring point is SAGE: SBOW
as shown below. SBOW means SBO for write. This type of driver corresponds to the
attributes we assigned to this variable.

Figure 3-56 Connecting Input Variable to Wiring Driver

- ISaGRAF PRO - [My_Project{® *) - I/0 Wiring - 1: Resource1(* Resource Number 1*) |

oo B2 H
EEHE & 0 T8 @

I 7: SAGE: BOR: BOR[ 7] » A
ED 8 SAGE: BOW: BOWE )

ED 9 SAGE: CNTR: CNTRE )

D 10: SAGE: CNTW: CNTw(*
ED 11: SAGE: SBOR: SBOR( )
— D 1: SE: SBOW: SBOW(* %)
b EOK120
20X12.1
%OX12.2
20123
%0X12.4
%0X125

= Fle Edit Options Window Help E 7

Marne Alias Comment
= Output_02
= Output_01

- - - -

* | Checkina database... |

Save after wiring your variables, then close the I1/0 Wiring function by clicking on the X at
upper right. Don't click the top X, for this would close the ISaGRAF program.

Note: If you accidentally click the top X (which is easy to do), the ISaGRAF program
will close. This is not a disaster. If you didn’t save, it will warn you to save before
closing. Simply reopen the program and navigate to this screen to continue.
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3.2.8

Compiling the Project and Downloading to the RTU

In the Link Architecture view:

1. Click the icon for building the Project/Library as shown below. This action compiles
your program and reports errors, if any.

Note: The two icons to the right of Build Project Library are Build Resource and
Build Program. Normally, you will never use these functions. Any time you make a
change in the program or any changes in the project, always select Build
Project/Library. This insures that all changes will be compiled.

2. Download. This action begins the download process.

Note: Your PC must be connected to the RTU by Ethernet (TCP/IP).

Figure 3-57 Building the Project/Library

. |SaGRAF PRQ - [My_Project [* *) - Link architecture]

59 File Edt Insert Project Tools Debug Options  Window Help

= )
g —
o B @ A A

=

1. Build
Project/Library

2. Download

o AR = a

fl 1: Resourcel (* Resource Murmnber E - —

=g Parameters
140 ‘wiring
Defined Words
Yariable Groups
= Prograrns
by LD_Program

tdy_FED_Program
Functions
Function blocks

Checking databasze...

Carmpiling for Wetw-TARGET _L

MY _LD_PROGRAM

MY _FBD_PROGRAM

Linking for Wedwd- TARGET_L
RESOURCET:  Derrorfz], 0 warninals]
Carmpiling for SIMULATOR

MY _LD_PROGRAM

MY _FBD_PROGRAM

Linking for SIMULATOR

RESOURCET: 0 errorfz), D warninglz)
M _PROJECT: 0 emnorfz], O warning(z]

Build project : MY _PROJECT -emeeseeeeeeeees
Build resource : RESOURCET  Configuration : COMNFIGT w-seeeeeees

Ready

Resource 1: C MUM
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When you click the download icon, you get the dialog box shown below. Click Select All,
then click Download.

Figure 3-58 Download Dialog Box

Download [‘S__<|

Check rezources to download their code:;

[w|Configl: 1:Resourcel [* Resource Mumber 1 7]

Toogle Select

[v Save on target after download
[v Start after download

Download Cancel

If there is already a config@WEB RLL program running in the RTU, you will get the following
warning. Click Stop and download.

Unzelect Al |

Figure 3-59 Resource Already Running
Resource already running [g|

RESOURCET in COMNFIGT

Resaurce iz already running. Do pau want ta stop it 7

Stop and download Mo Stop, Mo Download

Note: Depending on your PC OS, the above message could have a different format.
For 98SE, click Continue.
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After the download completes successfully, you will get the following message.

Figure 3-60 Download Completed Successfully

78 1SaGRAF PRO - [My_Project {* *) - Link architecture] =13
o0 File Edt Insett Project Tools Debug  Options  Window Help - 0 X
D= - g S Ew Y AR = a

Q —F——— @ %,
e Y N

{ 1- Resourcel (* Resource Murnber E |- —

=-U[g Parameters
Eipg 140 wiring |
Defined Words
Yariable Groups
= Prograrns
by LD_Program

tdy_FED_Program
Functions
Function blocks

ol
|« | v

P .~
® W-September-DB 15:51 Download iz completed successfully)

Ready Resource 1; C [NUM

Note: Leave ISaGRAF running as you go through the next section on setting up RTU
points. You will use ISaGRAF in the sections on Debugging and Simulation.
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3.2.9

Configuration | Data Display Command |UpIDownIoad| Admin

Configuring the RTU for RLL

Open IE with the config@WEB interface. Make sure that status inputs and SBO outputs are
assigned in hardware (right side). Click on Configuration — RLL as shown. You must map
points in the RTU that correspond to the simple LD program.

Figure 3-61 Configuration — RLL

D0 Update

Serial Comm

Create RLL Points
Map Logical Inputs
Map Logical Outputs
Import Template
Export Template

Create RLL Points

This function creates pseudo points.

Map Logical Inputs

This function maps input points corresponding to input points in the RLL program

Map Logical Outputs

This function maps Output points corresponding to output points in the RLL program

Import Template

See the section on Import/Export Templates.

Export Template

See the section on Import/Export Templates.

For our simple RLL programs that we have downloaded to the RTU, we need to map three
input points and two output points. (Recall that we created an LD program with one input,
one output, and an FBD program with two inputs, one output. We nee to map a total of
three inputs and two outputs.) Click Map Logical Inputs.
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Enter three points for Binary Inputs, then click MAP, as shown below.

Figure 3-62 Mapping the Binary Input Point
ELL Logical Inputs Mapping

Analog Inputs ]
Binary Inputs 3 MAP
Counters ] MapP

Analog Outputs ]

Digital Outputs 0
SBO ] MAP

Select the first three hardware points and map them to the first three points as shown.

Figure 3-63 Mapping the Binary Input Points
RLL Status Input Point Mapping

Device Name Point Name | Source Points

0 Hardware DI pLPNT_1 Oves ®MNo Hardware DI v

1 DI_PNT_1f |search...
Hardware DI DL PNT_ 2 DIPNT 2 Ciyes ®No

2 Hardware DI DLPNT 3  [DLPNT 3_\ Oves ®No SPARE

Select All points
e DLPNT 1

DI_PNT_2
DI_PNT_3
DL_PNT_4
DLPNT_5
DLPNT_6
DLPNT_7
DILPNT 8
DLPNT_S

DI_PNT_10

DI_PNT_11

DI_PNT_12

DILPNT_13

DIL_PNT_14

DI_PNT_15

DI_PNT_16

[ Cancel | | Submit |
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Submit and return to the Configuration screen. Select Map Logical Outputs from the RLL
button as shown.

Figure 3-64 Map Logical Outputs
Configuration | Data Display Command | Up/Download | Admin

D0 Update

Serial Comm

Create RLL Points
Map Logical Inputs
Map Logical Outputs
Import Template
Export Template

Enter two points for SBOs as shown, then click MAP.

Figure 3-65 Map One SBO Point
RLL Logical Qutputs Mapping

%

Type

Analog Inputs 0
Binary InpLits o
Caurters o
Analog Outputs 0
Digital Outputs 0
SBEO 2 MLP
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Map two SBO hardware points as shown.

Figure 3-66 Mapping One SBO Point

RLL SBO Point Mapping
.
0 Hardware Cantrols SBO 1 @ Trip Olase| | Hardware Controls
1 Hardhware Cantraols SEO 2 ® Trip O Cose SPARE
~ Select All points
FEO 1] = =T
cE0 2|
SBO 2
SBO 3
SBO 4
[Car'u:el ] [Submit ]

Submit and return to the Configuration screen. Reset the RTU.

3.3 Testing Your Programs

Remember, we have two programs running simultaneously. We set them up to use non-
interfering status points and SBOs.

LD Program

Exercise status point 1. SBO 1 Trip should engage repeatedly as long as the status point is
closed.

FBD Program

Exercise either status point 2 (OR) status point 3. Either status point, or both, should Trip
SBO 2.

3.3.1 Multiple Programs in the RTU

As demonstrated above, ISaGRAF for config@WEB can support multiple programs running
simultaneously in the RTU. This gives the user great freedom and great responsibility. If
you create and download multiple programs, be sure they either run in harmony with each
other, or do not interfere with each other. If you wish to clear the RTU of a particular
program, delete the particular program in ISaGRAF Workbench (that is, on your PC), then
compile and download the new project (without the offending program). If you wish to
clear the RTU of all programs, create an empty project (no programs), compile it, and
download it.
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34
3.4.1

3.4.11

Drivers
Types and Number of Drivers

Drivers allow the program variables to connect to points in the RTU. There are two versions
of 1ISaGRAF: limited number of I1/0O-points, and unlimited I/O points.

In the Telvent implementation, there are seven possible types of drivers for inputs to logic
and six possible types of drivers for outputs from logic. Each type of driver has a maximum
number of channels — refer to “Points Supported” in Chapter One. Of course, if you have
the limited I/O point version of ISaGRAF, the total number of connections is according to the
license. The default config_web_rll template is set for six channels for each type of driver.

Your application probably won't need six each of all the various driver types. For your real-
world program, you will probably want to assign only the types of drivers needed in order
to conserve driver resources.

Drivers may be deleted (and easily recovered later, if needed) to gain extra driver channels
for your particular application. See section 3.4.2 Removing/Adding/Modifying Drivers.

Note: Plan ahead. Determine what driver types and how many channels of each
type you will need before you wire your variables to the drivers. Any changes to the
wiring (driver changes) will un-wire the variables. While it is easy to re-wire
variables to drivers, planning ahead is even easier.

Drivers for Inputs to Logic

air (Analog Input Read)

This function is used to read analog input data (RTU analog inputs).
32 bit input value scaled by information entered when point is mapped.

aor (Analog Output Read)

This function is used to read analog output data (RTU analog outputs).
32 bit input value scaled by information entered when point is mapped.

bir (Binary Input Read)

This function is used to read binary inputs (RTU status inputs).
Boolean input represents current state of the input.

birm (Binary Input Read MCD)

This function is used to read change of state data that happens at least once during the
ISaGRAF cycle time from binary inputs. For instance, one could use birm to read the change
of state of a recloser that cycled faster than the ISaGRAF cycle time. The default cycle time
of ISaGRAF is 1 second, but this time can be adjusted down to approximately 200
milliseconds, depending on the complexity of your program.

1. True only for 1 cycle.

2. Any rising-edge change of state sets the bit.

bor (Binary Output Read)

This function is used to read binary outputs (RTU digital outputs).
Boolean input represents that at least one rising-edge change of state has occurred.
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cntr (Counter Input Read)
This function is used to read counter inputs (RTU accumulator inputs).
32 bit counters.
sbor (SBO Read)
This function is used to read SBO input values from points allocated by the ISaGRAF
package. The values allowable are Trip and Close.
1. Only valid for points that are allocated by ISaGRAF task.
2. True only for 1 cycle.
3.4.1.2 Drivers for Outputs from Logic

aiw (Analog Input Write)

This function is used to write analog input data (RTU analog inputs).
32 bit input value scaled by information entered when point is mapped.
Must write to only points created by logic.

aow (Analog Output Write)

This function is used to write analog output data (RTU analog outputs).
32 bit input value scaled by information entered when point is mapped.

biw (Binary Input Write)

This function is used to write binary inputs (RTU status inputs).
Boolean input represents current state to write to the input.
Must write to only points created by logic.

bow (Binary Output Write)

This function is used to write binary outputs (RTU digital outputs).
Boolean input represents output state.

cntw (Counter Write)

This function is used to write counter inputs (RTU accumulator inputs).
32 bit counters.
Must write to only points created by logic.

sbow (SBO Write)

This function is used to write SBO values.
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3.4.2

3.4.21

Removing/Adding/Modifying Drivers

Each of the drivers must occur only one time in the list.

Note: The :"Gain”, “"Offset”, “Direct”, or "Conversion” fields are not used in any of
the drivers.

Removing a Driver

Select the driver (arrow) and click on the Delete Device icon. You will get a warning
message. Click Yes. You may later add the deleted driver back in.

Figure 3-67 Removing a Driver
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3.4.2.2

Adding a Driver
Click on the Add a Driver icon (circled).

Figure 3-68 Adding a Driver
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Select the driver from the drop-down scroll list as shown below.

Figure 3-69 Adding a Driver
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Decide where in the driver list you want the new driver to appear. This is the Device Index.
In the example below, it is set at 0, so it will appear as the first driver. Decide how many
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channels for the driver. You can have up to the maximum per driver type (but remember, if
you have a limited I/O point version of ISAaGRAF, the total is the maximum allowed by the
license for all drivers). The example is 6. Click OK

Figure 3-70 Device Index and Number of Channels
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3.4.23 Modifying a Driver

You may change the number of channels for any driver type by double-clicking on that
type, as shown below. In the example, the number of channels was changed to 14.

Figure 3-71 Modifying a Driver
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3.5 Program Debug

You can debug your program while the program is running in the RTU. If you prefer to
debug your program off-line, see section 3.6 Program Simulation.

From the Program view, click on Debug either from the Debug drop-down menu or from
the Debug icon on the toolbar as shown below.

Figure 3-72 Starting Debugging
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After a few seconds, the debug mode will begin. You will get a screen similar to the one
below. Notice that the program elements are colored blue. The line is red on the left side
of Input_01. Red signifies True, blue signifies False.

Figure 3-73 Debugging Mode
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To begin a real-time debugging simulation, double-click on the first element, Input_01, as
shown below. A dialog box will appear. The “Lock” button puts the program in simulation
mode (the real-world input is “locked” out). The “Unlock” button returns the program to
the real-world input.
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For debug simulation, click the Lock button. The dialog box will disappear after you do this.
Just double-click on Input_01 again. You may now click on the “True” button to force the
input to close. This will trip SBO 1. Notice that the color of Input_01 and Output_01
elements changes to red, or True. Double-click on Input_01 again. Click the False button to
open Input_01. Click the Unlock button to return to the real-world input.

Figure 3-74 Debugging Mode
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Unfortunately, the Lock and Unlock buttons do not show the current state. To see the
current state, go to the Debug menu on the Link Architecture view and open the Diagnosis
box as shown below.

Figure 3-75 Opening the Diagnosis Dialog Box
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As shown below, the Locked Variables tab will show whatever variables are locked. You can
unlock from this dialog box or simply use this box as an indication.
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Figure 3-76 Diagnosis Dialog Box
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Back at the Program display, you can stop debugging mode by selecting Stop Debug in the
Debug drop-down menu as shown below.

Figure 3-77 Stopping the Debug Mode
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3.6

Program Simulation

Simulation gives you a way to test your program as it runs on your PC. Simulation will not
change any real-world values in the RTU.

From the Program view, click on Simulation either from the Debug drop-down menu or
from the Simulation icon on the toolbar as shown below.
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Figure 3-78 Starting Simulation
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Double-click on Input_01 to get the dialog box shown below.

Figure 3-79 Simulation Mode
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For the Simulation mode, the “Lock” — “Unlock” buttons have no meaning. The True and
False buttons are the effective controls. They will change variables in the program on your
PC. If you want to change variables on the program running in the RTU, see the Program
Debug section.

As in the case with Debug, red is true, blue is false. When you change Input_01 to True,
Output_01 turns red to show it has been activated.

You may stop Simulation mode by selecting Stop Simulation from the Debug drop-down
menu as shown below.
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Figure 3-80 Stop Simulation
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Changing the IP Address

The IP address that was set up in the beginning of this chapter is easy to change:

1. Click on Hardware Architecture from the Link Architecture view
2. Click on the bar connecting the ETCP network to the Config1 box
3. Enter the new IP address

Figure 3-81 Changing the IP Address
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3.8

Changing the Program Cycle Time

The config_web_rll template determines the initial cycle time of the program. The default
cycle time is set at 1000 milliseconds. Some applications may require a faster cycle time.
Follow the directions below to change the cycle time.

Caution: If the RLL cycle time is too fast, the RTU can reset and cause the RTU to go
into crash recovery mode. There are many factors that affect RTU performance, but
keep in mind that a cycle time of less than 200 milliseconds is not recommended.

From the Link Architecture window, right-click on the Resource1 header and select
Properties as shown below.

Figure 3-82 Finding the Cycle Time
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Select the Settings tab. Enter a new Cycle Timing in milliseconds.

Figure 3-83 Changing the Cycle Time
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3.9

Managing Multiple Programs for Different RTUs

Create a different project for every program you need. Just make sure all projects are
created under the config_web_rll template.

If you have projects you no longer need, you can delete them by navigating Windows
Explorer to the ISaGRAF PRO directory, opening the Prj directory, selecting the project you
wish to delete, and deleting it, as shown below.
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Figure 3-84 Deleting a Project
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3.10 Downloading & Recovering Code to/from Target

This section describes how to download ISaGRAF source code to your RTU, then later recover
the source code to your computer. There is a drawback to this technique and that is that
before the source code is recovered to your computer, you must delete the resource in the
ISaGRAF project. Therefore, before attempting this procedure, you should back up your
project under a different name to be safe.

3.10.1 Downloading Code to Target

Follow the sequence described below.

Figure 3-85 Embedding Code to Target (RTU)
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After the above procedure, Compile & Download to Target, as usual, then delete the
Resource as shown in the next Figure.
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Figure 3-86 Deleting the Resource
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After deleting the Resource, Save.

3.10.2 Recovering Code from Target

To recover the code from the Target, go to File, select Import, then Resource

Figure 3-87 Importing the Resource
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Figure 3-88 Importing the Resource
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Figure 3-90 Importing the Resource
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Figure 3-91 Importing the Resource
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Figure 3-92 Importing the Resource
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3.1
3.11.1

3.11.2

By looking at the view shown below, you will see that you have uploaded the source code
from the RTU

Figure 3-93 The Resource has been Recovered from the Target RTU
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ISaGRAF Program Maintenance
Clean Stored Code

Elsewhere in this manual, it is suggested that one way to stop a project from running on
your target RTU after it has been downloaded, is to download a blank or “null” project.
That technique works, but there is another option, as detailed below: “Clean Stored Code.”

If you have downloaded a resource with the "Save" option checked in the Download dialog
box, the resource's code is stored on the target system. Then if the target system restarts, it
will load this code and start a virtual machine to run this code.

Note: If you want to clean (i.e. remove) this code from the target and avoid
restarting on it, from the Debug menu, choose Clean Stored Code.

Cleaning Projects

The “Clean Projects” command gets rid of extraneous files from the last build.
Unfortunately, ISaGRAF does not have a recommended period to perform this command.
Yet, from customer experience, it is a good idea to perform this command occasionally.

The "Clean Project" or "Clean Resource" commands (on the Project menu of the Project
Manager) simulate a modification of all the project's (or resource's) programs, so that they
are all verified during the next "Build Project" or "Build Resource" operation.

Note: These commands actually delete all files that have been generated during the
last "Build" command.
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3.12

Configuration | Data Display | Command |UpIDuwnluad Admin

Reference Material - RLL Configuration

RLL Configuration is used to map points produced by ISaGRAF PRO, Telvent’