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Preface

LM Micro series PLC, a new generation of smart PLC products by Hollysys Co., Ltd, consists of various kinds of
CPU modules and expansion modules. Because of their advantages such as stable performance, reliable quality
and affordable price, the LM Micro series PLC products have achieved wide applications in the vast range of all
automation industry and earned good reputation from our clients.

The PowerPro is a Windows-based programming tool specially developed for the LM Micro series PLC by
HollySys. It is the standard software package for LM Micro series PLC hardware configuration and software
programming. PowerPro has the following features:

e Fully consistent with IEC61131-3 standard, support programming languages such as LD, IL, ST, FBD, SFC,
CFC, etc.

e  Supporting more than 400 instructions, various data types, flexible programming and high program
execution efficiency.

e  Supporting plentiful expansion instructions, support user-defined libraries to improve program
reusability and function expansion.

e  Strong mathematical calculation functions that support floating point calculation and multidimensional
array.

e  Powerful software stimulation, online debugging and program examination; Supporting stimulation
with single step, single circle, breakpoint setting, force values, etc.

e  Completed visualization, alarm and log functions that realize the visualization for control process.

e  Strong password protection that allows the setting of 8 different levels of passwords and accessibilities.

Application Scope

The content of this manual is applicable to PowerPro Version 2.1.

How to Use

For first-time users, a thorough reading of the whole manual is necessary. Experienced users can use the Content
and the Guide to find relevant information.

More References:

° LM Micro PLC Overview

e LM Micro PLC Selection Guide

e LM Micro PLC Hardware Manual

° LM Micro PLC Instruction Sets Reference Manual
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USERS’ GUIDE

This manual is designed to help users writing PLC controlling programs with PowerPro
software that it mainly discussed how to use PowerPro software and standard programming

languages.

e Chapter 1

e Chapter 2

e Chapter 3

e Chapter 4

e Chapter5

e Chapter 6

e Chapter7

e Chapter 8

e Chapter9

e Chapter 10

e Chapter 11

An introduction of the installing, uninstalling and install target of
PowerPro.

An overview of PowerPro and its programming environment, including
the main interfaces, menu bar, shortcut tools, objects organizer, etc.
Users may refer to this chapter if they need to know the menu and
shortcut options.

A quick start guide taking a simple programming process as the example
to show the basic steps and usages of the PowerPro software. First-time
users are recommended to read through this chapter.

An introduction of LM Micro series PLC storage assignment and the
variable management in PowerPro that includes address and variable
definitions, variable classifications. For any applications of addresses and
variables, please refer to this chapter.

A brief introduction of the POU management in PowerPro, such as POU
creating, POU calling, etc. In this chapter users may find answers for
questions in creating a new program.

An introduction of PLC working mode, task management and
configuration based on Chapter 5. For interrupt handling, please refer to
this chapter.

Based on the knowledge of address, variable and POU management of
PowerPro, this chapter gives an introduction on how to write a program
with PowerPro software. . In this chapter, a LD language programming
process has been used as an example to illustrate steps of the creation
and management of a project, such as creating new project, PLC
configuration, programming, subprogram calling and comments adding.
For complete project programming, please refer to this chapter.

An introduction of steps after programming such compilation, download
and debugging.. Users may refer to this chapter for commands and
problems they might meet in the execution.

An introduction of programming languages used in PowerPro, such as
FBD, IL, ST and SFC. Please refer to this chapter for the usage of these
languages.

An introduction of special functions of LM PLC such as Modbus
communication, interrupt, analog functions, DP communication and
Ethernet communication. Refer to this chapter for usages of these
functions.

An introduction of PowerPro visualization, which is an advanced
application of PowerPro software. Please refer to this chapter for
debugging on a visual interface.
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Chapter 1: Installation Guide

Chapter

Installation Guide

This chapter gives an introduction to the installation and un-installation of the PowerPro
software application and a detailed description of its Install Target.

1.1

Section 1.1 introduces the installation process of the software

Section 1.2 deals with the un-installation. For users who are very familiar with
Windows operation systems, these 2 sections may be skipped.

Section 1.3 gives detailed instructions on the definition of the Install Target which
configures PowerPro, the PLC programming software, as the default programming
software for LM Micro series PLCs. A thorough reading of this section is
recommended to first-time users of PowerPro.

INSTALLING THE SOFTWARE

Insert the installation CD of PowerPro software into the Cd drive of the windows
operating system.

Locate the SETUP.EXE program found on the CD and double click it to run and install
the PowerPro software.

Click the “Next” button on the installation interface, as shown in figure 1-1-1.
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3

g Wwelcome to uzing HallwSys PowerPro System

It iz strongly recommended that pou exit all Windows programs
befare running thiz Setup pragran.

Click Cancel to quit Setup and then cloze any programs pou
hawe running. Click Mest to continue with the Setup program.

WARMIMG: Thiz program is protected by copyright law and
international freaties.

IJnauthonzed reproduction or distibution of thiz program, or any
portian of it, may result in zevere civil and criminal penalties, and
will be prozecuted to the marimum extent pozsible under law.

Cancel

Figure 1-1-1 Installation Steps (1)

e Accept the license agreement and click “Yes”, as shown in figure 1-1-2.

Software License Agreement El

Pleaze read the following Licenze Agreement. Presz the PAGE DOWM key to zee
the rezt of the agreement.

All rightz reserved.

Mo part of thiz zoftware may be copied or reproduced
i any form or by any means without prior written
conzent of Bejjing HollySys Co., Ltd.

hittp: £ v, biollpsys, com
[e)Copyright 1993-2007 HallySys CO_LTD.

Do pou accept all the terms of the preceding License Agreement? |f vou chooze Mo, Setup
will cloge. Toinztall PowerPro EMG, you must accept this agreement.

< Back Yex Mo |

Figure 1-1-2 Installation Steps (2)

e Choose installation directory. The default directory is “D:\Hollysys\PowerPro” and it
is recommended not to change the installation path. Click “Browse” to choose other
directories. Click “Next” to start installation, as shown in figure 1-1-3.
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H zelect anather

Directories: by clicking Cancel
= ht oK. |
[= Software

[=> HollySps PLC Cancel

(== HOLLAS LM PLI
[=> LM programminc
= PowePro2.1.11

il Ciowse,
Browze.. J
| B H: - Metwaork...

< Back QEEQ Cahicel ‘

Figure 1-1-3 Installation Steps (3)

e After installation, an interface “About to launch the MSXML 3.0 setup” will appear.
Then click “OK”, as shown in figure 1-1-4.

Information

-
\!’) About to launch the MSXML3.0 setup.

Figure 1-1-4 Installation Steps (4)

e Enter MSXML 3.0 setup wizard and click “Next”, as shown in figure 1-1-5.

i Microsoft XML Parser Setup le

¥Yelcome to the Hicrosoft INL
Parser Setup ¥izard

The Setup Wizard will install Microsoft XML Parser on vour
computer. Click Mext to continue or Cancel to exit the Setup
Wizard.

€ Next > g [ Cancel

Figure 1-1-5 Installation Steps (5)
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e Select “l accept the terms in the License Agreement” and click “Next” button, as

shown in figure 1-1-6.

i& Microsoft XML Parser License Agreement

End-User License Agreement

Flease read the following license agreement carefully

MICROSOEFT CORPCRATICN END-USER LICENSE AGREEMENT s
Microsoft XML Parser

IMPORTANT-READ CAREFULLY: This End-User License
Logreement ("EULA"™) i=z a legal agreement between you
(either an individual or a2 single entity) and
Microsoft Corporation for the Microsoft software
product identified above, which includes computer
anfrtware and mav include asanciated media. nrinted h

(3)}1 accept the terms in the License Agreement!

()1 do not accept the terms in the License Agreement

< Back It Mext = P Cancel

Figure 1-1-6 Installation Steps (6)

e Fillin User Name and Organization and click “Next” button, as shown in figure 1-1-7.

i& Microsoft XML Parser Setup

Customer Information

Please enter your customer information

User Mame:
|Hn||\,f5\,fs|

Organization:

| HaollySys

< Back z Mext = S Cancel

Figure 1-1-7 Installation Steps (7)

e  Click “Install” button to begin the installation, as shown in figure 1-1-8.
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i& Microsoft XML Parser Setup E|
Ready to Install
The Setup Wizard is ready to begin the installation

Click Install to begin the installation. If you want to review or change any of your
installation settings, dlick Back. Click Cancel to exit the wizard.

Cancel

Figure 1-1-8 Installation Steps (8)

e After installation, click “Finish” button to exit the setup wizard MSXML 3.0, as shown
in figure 1-1-9.

i& Microsoft XML Parser Setup E|

Completing the Hicrosoft INL
Parser Setup ¥izard

Click the Finish button to exit the Setup Wizard.

Ci

Figure 1-1-9 Installation Steps (9)

e Then an interface “About to launch the MSXML 3.0 SP4 setup” will appear, and then
click “OK”, as shown in figure 1-1-10.
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Information

Figure 1-1-10 Installation Steps (10)

e Enter MSXML 3.0 SP4 setup wizard and click “Next”, as shown in figure 1-1-11.

{2 Microsoft XML Parser Setup E|

Welcome to the Microsoft XML
Parser Setup Wizard

The Setup Wizard will install Microsoft XML Parser on your
computer, Click Mext to continue or Cancel to exit the Setup
Wizard.

€ HMext > j [ Cancel

Figure 1-1-11 Installation Steps (11)

e Select “l accept the terms in the License Agreement” and click “Next” button, as
shown in figure 1-1-12.

i& Microsoft XML Parser License Agreement

End-User License Agreement
Flease read the following license agreement carefully

END-USER LICENSE AGREEMENT FOR MICROSOFT SOFTWARE &

MICROSOFT XML CORE SERVICES (MSXHML) 3.0
IWMPORTANT-READ CAREFULLY: This

Amrreanlmm Al s rmlliinm s mumrsiine s sl vrsdanm flas DT T A DT wemar mmems b
(%1 accept the terms in the License Agreementi
()1 do not accept the terms in the License Agreement

Figure 1-1-12 Installation Steps (12)
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e Fillin User Name and Organization and click “Next” button, as shown in figure 1-1-
13.
i Microsoft XML Parser Setup %]

Customer Information

Flease enter your customer information
User Mame:
|HOI|y5\,rs|
Organization:
|Ho||y5\,fs

Figure 1-1-13 Installation Steps (13)
[ ]

Click “Install” button to begin the installation, as shown in figure 1-1-14.

i Microsoft XML Parser Setup

Ready to Install
The Setup Wizard is ready to begin the Custom installation

Click Install to begin the installation. If you want to review or change any of your
installation settings, dick Back. Click Cancel to exit the wizard.

—

Figure 1-1-14 Installation Steps (14)

After installation click “Finish” button to exit the setup wizard MSXML 3.0 SP4, as
shown in figure 1-1-15.
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{2 Microsoft XML Parser Setup Fz|

Completing the Microsoft XML
Parser Setup Wizard

Click the Finish button to exit the Setup Wizard.

— -
¢_Ensh__P
- J

Figure 1-1-15 Installation Steps (15)

Click “Finish” button to finish the setup of PowerPro, as shown in figure 1-1-16.

Setup Complete

Setup has finished inztaling PowerPro EMG on your computer.

Setup can launch the Read Me file and PowerPro EMG. Choose
the options you want below.

Click. Finizh to complete Setup.

Figure 1-1-16 Installation Steps (16)

September 2008, Revision 1.0



Chapter 1: Installation Guide

1.2 UNINSTALLING SOFTWARE

If a lower version of PowerPro has been installed on the computer, it must be uninstalled
before the installation of a new version. Select PowerPro in “Control Panel”/“Add/Remove
Programs” and click “Change/Remove” to uninstall the program, as shown in figure 1-2-1.

NOTE:
Please EXIT the Gateware.exe (if any) in the system tray on the lower right corner of the desktop before trying to

start the un-installation of PowerPro Software.

# Add or Remove Programs

=1 £3
Currently installed programs: [] show updates Sort by: |Name -

Change or L[ SRS SizE U.99VE ]

Remove
Programs Size 74.88MB

”~

n Used frequently

% LastUsed On  7/24/2008 B
PAdd Mew To change this program or remove it from your computer, dick Change/Remaove. Change Remove
ragrams R

Figure 1-2-1 Software Uninstall



LM MICRO PLC SOFTWARE MANUAL

1.3 INSTALL TARGET

PowerPro is the development platform of PLC control solutions. Before using the PowerPro
application, the “Install Target” must be configured first. Because the installation is a global
setting for all projects, only one “Install Target” configuration is required before using the

PowerPro application.

1.3.1 How to configure the “Install Target”

e  Click “Start”/“Programs”/“Hollysys PowerPro ENG”/“Install Target” on the desktop, as

shown in figure 1-3-1.

riﬂ Holl¥Sy=s Powerlro ENG

Communication F
& In=tallTarzet
ﬁ FowerFro ENiz

Figure 1-3-1 Install Target (1)

e The widow “InstallTarget” appears, as shown in figure 1-3-2. Click “Open.” button,
choose the file “C16x_hollysys.tnf” in the pop-up window and click “Open”.

Installation directony:
Possible TargRele2= Elgl

Look in: ]E} PowerPro ENG

=« B E-

I=)Help
[CLibrary
oPC
[C)PCBASEDIO
I|i‘| Projects

[CDocuments C16x_hollysys.tnf

File name ]

Files of type: [ Target Information File (" TNF)

Cancel

| i

Close

Figure 1-3-2 Install Target (2)

e Then a target “Hollysys PLC” is displayed in the window of “Possible Targets” on the
left of “InstallTarget” window. Select the target “HollySys PLC” and click the button

“Install”, as shown in figure 1-3-3.
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T4 Inst allTarget — E:3 Holly=sy='PowerPro\Cléx hollysy=. tnf

Installation |C:\TARGET'\HollySys' .

Fossible Targets: Installed Targats

Install

[Installs the selactad targets of the left side.

Eemo

Figure 1-3-3 Install Target (3)

Then the same target file “Hollysys PLC” is generated in the window of “Installed
Targets” on the right of the “InstallTarget” window. Click “Close” button to end the
installation, as shown in figure 1-3-4.

T4 Inst allTarget — E:%\Hollysy=s\PowerProiClfz hollysys. tnf

Installation |C:hTARGET'HollySysh .

Foszible Targets: Installed Targets:

#-HollySy=s FLC #- HollySys FLC

Dpen. ..

Bemove

Close

Figure 1-3-4 Install Target (4)
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Chapter 2: An Overview of the PowerPro Software

Chapter

An Overview of the
PowerPro Software

This chapter gives an overview of the PowerPro programming environment including
programming interfaces, menu commands, etc. so that you can understand and be familiar
with the programming environment.

Start PowerPro to enter PowerPro programming environment.

2.1 A BRIEF INTRODUCTION OF POWERPRO

PowerPro is a Windows based programming tool which is developed for LM Micro series PLC
by HollySys. PowerPro with its editing, simulation, debugging functions for PLC controlling
solutions, has become a standard software package for hardware configuration and
software programming of LM Micro series PLC.

Comparing with the traditional programming software, PowerPro has the following features
and functions:

2.1.1 Standardized programming language

In the mid and late 1990’s, IEC issued the international standards programming languages
for the automation industry, first IEC1113-3 and later a modified IEC61131-3, to unify PLC,
NC and DCS programming languages. Fully complied with IEC61131-3 standard, PowerPro
programming software provides multi-programming language modes including IL, ST, SFC,
FBD, LD and CFC.

2.1.2 Variable instead of component

Unlike other PLC products, LM Micro series PLC uses less inner components such as timers,
counters and replaces them by variables. Variable is a special concept in PowerPro that is
similar to an advanced programming language. Variables are declared according to the
accurate usages. They may also be named according to their functions that made it much
easier to identify them than only numbers. Variables may be declared into different
categories such as global or local, input or output, retained or non-retained. At the same
time, because of the powerful calculation function of PowerPro, a number of data types can
be defined, including not only Boolean, Byte, Word, Double Word types but also single,
pointer, enumerate, and multi-dimension array. For detailed parameter description, please
refer to section 4.4 of this manual.
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2.1.3 Modularized program organization

The program organization of PowerPro is completely modularized. The concept of POU
(Program Organization Unit) is promoted in PowerPro. The POU of PowerPro consists of
program, function, and function blocks which compose a project. PowerPro achieves
organization of a program by the main program calling other POUs. This does not only allow
multi-programmers participation, convenient of reuse of codes, reading, debugging of the
program, but also save memory space ensuring a safer operation of the program.
Meanwhile, PowerPro is an open system that allows its users to develop their own
instructions when necessary. Also refer to chapter 5 for more details of POU.

2.1.4 Module setting software

PowerPro is an open system that, on one hand allows its users to develop their own
instructions when necessary and on the other hand opens up a large number of PLC
parameters and module settings to users in the form of instructions. Therefore users may
set parameters in programs according to their respective requirements, such as the setting
of serial port communication parameter.

2.1.5 Integrated programming and monitoring

With unique visualization and alarm functions, PowerPro provide a visualized interface for
program running and debugging. In addition, PowerPro also provides powerful simulation
and debugging functions that ease the tests of the logical correctness of users programs.
For more information of simulation and debugging functions, please refer to section 8.4.
For more information of visualization please see chapter 11.

2.2 PROGRAMMING WINDOW

Start PowerPro and enters the main interface, as shown in figure 2-2-1.

4 CoDeSys — (Untitled)s — [PLC_PRG (PRG-LD)] (=13
®y File Edit Project Insert Extraz Online Hindow Help Title Bar -8 %

B8] 0@l 0S5 % (BBl 5 o] /] %)

@_ 0001 PROGRAM PLC_PRG
00023vAR D :
; eclaration Part
@ PLC_PRG [PRG) Q0003 EMD_WAR
[ <1 L] *
0001
Instruction part
———
N |
< | ?
Object
Organizer Hardwar_e—Conﬂguration ~
POU indices: 79 {145%)
Size ofused data: 164 of 24576 ytes (067 % .
Size of used retain data 0 of 6144 bytes (0.0  Message window
Code gize: 2166 hytes
0 Errarig), 0 Warningis). v
< | Status bar »

X [ONLINE [0% [READ

Figure 2-2-1 Main Window

The following elements are found in the main window of PowerPro:
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o Title Bar: including Menu bar (which contains all menu commands) and Tool bar
(optional), with some buttons for faster selection of menu commands.

e Object Organizer: including POUs, Data Types, Visualizations and Resources.

e Variable Declaration Window: displaying the variables declared or defined in
program.

e Instruction Window: where one can edit and modify the programs.

e Message Window: Display the previous compilations, including basic message,
errors and warnings.

e Status Bar: Display the information about the current project and about menu
commands.

2.2.1 Title Bar:

Run PowerPro, the Title bar will be found located at the upper edge of the main window, as
shown in figure 2-2-2. It consists of menu bar (including “File”, “Edit”, “Project, “Insert”,
“Extra”, “Online”, “Window”, “Help” options) and Tool bar (optional) which provides some
buttons for faster selection of menu commands.

4 CoDeSy=s — (Ontitled)* — [PLC_PRG (PRG-LD}]

ﬁzile Edit FProject Insert Extraz Online ¥Yindow Help Menu

Blza| Bl@ledalSg & (B @mmw o < Ao /|5

Stop

Tips Figure 2-2-2 Title Bar Tools

First let us take a look at the shortcut buttons on the tool bar. Hove over a button for a
short while,, the name of the button will be shown in a tooltip, as shown in figure 2-2-2. A
grey menu command or shortcut button indicates that the function is disabled in the
current window.

—1 New: Create an empty project with the name “Untitled”.

Open: Open an already existing project.

Save: Save any changes in the project.

Run: Start the program in the PLC or in simulation mode.

|@I Stop: Stop the execution of the program in the PLC or in simulation mode between
two cycles.

|i| Login: Combine the programming system with the PLC (or start the simulation
program) and changes into the online mode.

|§I Logout: The connection tp the PLC is broken, or the simulation mode program is
ended and is shifted to the offline mode.

il Cut: Remove the current selection from the editor to the clipboard.
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EE
Copy: Copy the current selection from the editor to the clipboard.

B

Paste: Paste the content of the clipboard onto the current position in the editor
window.

Iﬂl Find: Search for a certain text passage in the current editor window.

Iﬂl Find Next: Execute a search with the same parameters as with the most recent action

‘Edit’ ‘Find’.

Refer to section 2.3 for menu commands.

2.2.3 Object Organizer

The Object Organizer is the vertical window located on the left side of the main interface. At
its bottom there are four tabs for the four types of objects POUs, Data Types, Visualization

and Resources, as shown in figure 2-2-3.

The POUs tab is used for POUs management, such as new subprogram and new interrupt
service routine. The Data Type tab is used to manage user-defined data types which are
supported by PowerPro. The Visualization tab is used to manage visualizations. The
Resources tab is used for the functions such as PLC hardware configuration, adding

instructions, workspace and interrupt setting.

£ Resources

B (1 Global Variables

B[ fibvary Standard lib 6.12.05 17:07:52: global varisbles

B library SYSLIBCALLBACK LIB 612,05 17:07:52: global variables
-7 &larm configuration

----- (§i) Library Manager

..... m Log

----- PLC Canfiguration

----- ﬁ Target Settings

----- Taszk configuration

..... C& YWatch- and Recipe Manager

F'DUSI B Data typesl "-.r"isualizatil:unsl % Fies-:uurcesl

Figure 2-2-3 Object Organizer

2.2.4 Declaration Window

The declaration window is located on the upper right corner of object organizer. The data in
PowerPro are categorized into addresses and variables. Variables may be assigned no
specific address and identified directly by symbols, such as “start”, “run”, and the same
symbol represents the same variable. The difference between variables and addresses is
that variables must be defined when used while addresses can be referenced directly. The

n o u

declaration window is used to display all the defined variables.

There are two ways to define variables. First, variables can be automatically defined while
programming which are displayed in declaration window, as shown in figure 2-2-4; Second,
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variables can be defined directly in the declaration window. Refer to section 4.4 for
variable definitions.

The declaration window can be displayed in text or table forms and the declaration window,
in figure 2-2-5 is displayed in table form.

Note:

The same variable symbol cannot be defined as two different data types.

The address data will not be displayed in declaration window.

When a defined variable is deleted in programs, the variable declaration in declaration window will not be

deleted automatically.

W File Edit Froject Insert Extras Online -
B8] B|De (B & ] [ <] o))

D007 PROGRAM PLC_PRG

0002VAR
0003 EMD_vAR

onnd
£ |

A POUs

| w

oot

Declare ¥ariable

Mame Tupe

|start |BOOL
Cancel
Symbaol list Initial V¥alue Addiess
=l 2 ™ CONSTANT
Comment: I~ RETAIN
&3 >

[ [ONLINE [0% [READ

Figure 2-2-4 Auto-declaration

WAR
Mame Address Type Initial Comment
Q007 | st BOOL
ooz [t TOM
poo3||DES1 des

Figure 2-2-5 Declaration in a Table Form

2.2.5 Instruction Window

The Instruction Window is located below the Declaration Window. On the “POUs” tab in the
object organizer, the instruction window is the editor window of programs, functions and
functional modules, and it is used to edit control algorithms. The programming environment
varies with the selected programming language. According to the characteristics of different
languages, the programming language is classified into textual languages and graphical
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languages. The editor for LD, SFC, FBD and CFC languages are graphical while those for IL
and ST languages are text editors that have the usual capabilities of Windows text editors.

For more information of operations in instruction window, please refer to section 7.4. For
other programming languages please refer to chapter 9.

2.2.6 Message Window

Located underneath the instruction window on the main interface, the message window
displays compilation, error, warning or comparison messages of the program in real-time, as
shown in figure 2-2-6. To search for relevant information, double-click on a message in this
window, the editor will open with the relevant line of the object. With the commands ‘Edit’
‘Next error’ (F4) and ‘Edit’ ‘Previous error’ (Shift+F4 combination key), it is possible to
quickly jump between the error messages. The display of the message window is optional. If
the messages window is open, then a check (V) will appear in front of the command.

In addition, the message window can also display cross-reference list, such as unused
variables or overlapping memory area, etc. Please refer to section 8.2.3 for more details.

Check of the parameter configuration
Hardware-Configuration

Pl indices: 77 (BO0%)

Size ofused data; 21 of 4096 hytes {0.51%)
Size ofused retain data: 0 of 512 vtes (0.00%)
0=, 0 EE.

<]

Figure 2-2-6 Message Window

2.2.7 Status Bar

The status bar that locates at the bottom of the main interface frame gives information of
the current project and command. Once an item is selected, the relevant information will
appear in black script on the status bar.

2.3 MENUS

2.3.1 File

File menu is shown in figure 2-3-1. Detailed functions are as follows:

Hew

New from template. ..

(pen. .. Cirltd
[lose

Jave Cirlts
Save as...

Save/Mail Archive. ..

Print CirltP
Printer Setup. ..

Exit AP

Figure 2-3-1 File Menu

September 2008, Revision 1.0



2.3.2

Chapter 2: An Overview of the PowerPro Software

File [F]/New [N]: Create an empty project.

File [F]/New from template [T]: Create a new project from an existed template. Click
on this item to open a dialog, select an existed template, click on “Open”, then a new
project will be created from this existed template. PLC does not support the two
functions of “Open project from PLC” and “Open project from source code manager”.
File [F]/Open [O]: Open an existed project.

File [F]/Close [C]: Close the currently-open project.

File [F]/Save [S]: Save changes in the project.

File [F]/Save as [A]: Save the current project as a new file or into a new directory.

File [F]/Save /Mail Archive [H]: Automatically create a project archive of all references,
compress it to a zip file and email it.

File [F]/Print [P]: Print the content of the current window.

File [F]/Printer Setup [T]: Setup the printer properties. Click on this item to open a
dialog where the printer may be selected and the page size, number of copies, printing
directions, quality and layout can be set.

File [F]/Exit [E]: Exit PowerPro.

Edit

Edit menu is shown in figure 2-3-2. Detailed functions are as follows:

Undo Ctrl+Z
Cut Ctrl+X
Copw Ctrl+C
Pazte Cirl+V¥
Delete Del
Find. .. CtrltF
Beplace. .. Cirl+H
Auto Declare. .. Shift+F2

Figure 2-3-2 Edit Menu

Edit [E]/Undo [U]: Undo the previous action..

Edit [E]/Redo [E]: Repeat previous action.

Edit [E]/Cut [T]: Cut the selected content from the editor to the clipboard.

Edit [E]/Copy [C]: Copy the selected content to the clipboard.

Edit [E]/Paste [P]: Paste the content from the clipboard onto the current position .
Edit [E]/Delete [D]: Delete the selected content.

Edit [E]/Find [F]: Find certain text in the current editor window.

Edit [E]/Find next [N]: Find the same text as the last search

Edit [E]/Replace [R]: Find certain text and replace it with another text.

Edit [E]/Input Assistant [A]: quick entry of relevant content. At the current cursor in
the editor window, press F2, and items that can be inserted at the current location will
pop out automatically, such as lists of operators, functions, modules and variable types.
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2.3.3

Select the input type from the popup list on the left, and select the expected input from
the list on the right, select the content that needs to be entered, and click "OK", then
the selected content will be entered. For details, refer to Section 7.4.3.

Edit [E]/Auto Declare: open a Variable declaration dialog.

Edit [E]/Next Error: Find and display the next error or warning message in the message
window.

Edit [E]/Previous Error: Find and display the previous error or warning message in the
message window..

Edit [E]/Macros: this function is disabled for PLCs.

Project

Project menu is shown in figure 2-3-3. Detailed functions are as follows:

Build Fil
Bebuild a1l
Clean all

Load dewnlead information. ..

Object L4
Froject database r

Options. ..
Translate into other langnages L4

Document. . .

Export. ..

Import. ..

Siemens Import L4
Merze. ..

Compare. ..

Project Infa. ..

Global Search. ..

Global Replace. ..

Checlk r
Add Actiom

Uszer Group Passwords. ..

Figure 2-3-3 Project Menu

Project [P]/Build [B]: Compile changes to POUs.

Project [P]/Rebuild all [R]: Compile all the POUs .

Project [P]/Clean all [L]: Delete all downloaded files from the previous compilations. To
“Clean all” is to ensure the system creating new download files in new compilations,
but this action has no influence on the user program in PLC. Perform “Build” or
“Rebuild all” after “Clean all”, in the next program download, a message “the program
has been changed! Download the new program?” will pop up, then finish download
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according to the message. It is different from “Online/Clean All User Program” function
that cleans all the programs in PLC and re-initializes PLC system.

Load download information: This function is disabled in PLC.

Project [P]/Object [J]: Delete, add, rename, covert, copy, edit or modify properties of
the selected object, as shown in figure 2-3-4.

Object Dleleate
Add. .
Rename. .
Conweart. .
Copy
Edit

Properties. .

Figure 2-3-4 Object Sub-menu

Delete: Delete the current object.

Add: Add a new object in current POU, select programming language and name.
Rename: Rename the current object.

Convert: Convert current object to other programming languages. For example:
convert current object language from LD to target language IL or FBD, as shown in 2-3-
5.

Conwvert Object g'

Corverting POL: |F'LE_F'HI3
Mew PO name: FLC PRG Cancel

Target Language

L " FBD -

Figure 2-3-5 Convert Object

Copy: Copy a selected object and save it under a new name.

Edit: Open the editor window of the selected POUs. The editor window may also be
opened by double-click on the POU name.

Properties: Set user’s access rights to the current POU, as shown in figure 2-3-6.
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Properties

Access nghts

Ilzer Groups 0 1 2 3 4 ] 5 ki

NoAccess Sl o o ol o o N o r
Fead Adccess i - - - - - -

Full docess fe v {* {w fe {* fe fe

[ Apply to all

k. | Cancel

Figure 2-3-6 Properties Dialog

e Project [P]/Project database [J]: This function is disabled in PLC.

e Project [P]/Options [O]: Set the parameters of current project, such as Load&Save,
Directories, Passwords, etc. Please refer to section 7.6 for more details.

e Project [P]/Translate into other languages [H]: Translate the current project into other
languages, as shown in figure 2-3-7.

e Create translation file: Create a translation file with the extension “.tIt” for the current
project.

e Translate this project: Translate the current project to target language.

e View translated project: View the translated project files.

e Toggle translation: Once Toggle Translation is clicked, the “Translate this Project”
option will be displayed in grey, and the project cannot be translated. The translation of
the project is allowed only after Toggle Translation is clicked again.

Tranzlate into other languages Create translation file. ..
Tran=zlate this project...
View translated project. ..
Toggle translation Ctrl+Q)

Figure 2-3-7 Language Dialog

e Project [P]/Document [D]: Print the entire or partial documentations of current

e Project.[P]/Export [E]: Export the selected POUs of current project into a *.EXP file.

e  Project [P]/Import [I]: Import a *.EXP file to current project. This option is usually used
to the import of POUs between different projects. Refer to section 7.5.2 for more
details.

e Project [P]/Siemens Import [M]: this function is disabled in PLC.

Import an SEO symbol file. ..

Import an 55 project file. ..

Figure 2-3-8 Siemens Import

Project [P]/ Merge [M]: merge the necessary content from other projects into current
project.
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Project [P]/Compare [C]: Compare the “POUs”, “Data Types”, “Visualization”,
“Resources” of the current project with those of other projects, and display the results
in message window.

Project [P]/Project info [P]: Show the information about the current project, such as
file names and directories.

Project [P]/Global Search [S]: Search for a certain text in some objects of the current
project.

Project [P]/Global Replace [R]: Search for a certain text in some objects of the current
project and replace this text by another.

Project [P]/View Instance [W]: Open instances of function blocks to be viewed. Login
online with compiled and error-free programs before viewing any instance.

Project [P]/Show Call Tree [T]: Open the Call Tree Window. The project must be
completely compiled before viewing the Call Tree. Refer to section 8.2.1 for details.
Project [P]/Show Cross Reference [F]: Show the cross reference of variables and
programs in current project. Refer to section 8.2.2 for details.

Project [P]/Check: View information of variables, as shown in figure 2-3-9. Refer to
section 8.2.3 for details.

Unused variables: Automatically search for declared but unused variables in the
project. If there are no unused variables, a message “No unused variables found” will
be displayed in the message window.

Overlapping Memory Areas: Automatically search for variables with overlapping
memory areas in the project. If there are no variables with overlapping memory area, a
message “No variables with overlapping memory area found” will be displayed in the
message window.

Concurrent Access: Automatically search in project memory areas for addresses that
are concurrently accessed by more than one task. If there are no concurrent accesses, a
message "No concurrent accesses found” will be displayed in the message window.
Multi Write Access on Output: Search for memory areas to which a single project gains
write access at more than one location. If there are no multi write access on output
memory, a message “No outputs found which are written to at more than one
location” will be displayed in the message window.

2.3.4

Overlapping Memory Areas
Concurrent Access

Multiple Write Acceszz on Output

Figure 2-3-9 Check Sub-menu

The options in “Project”/“Check” have the similar functions with those in “Workspace”/
“build”/ “Check automatically” of the “Resources” tab. The only difference is that the
options in “Project / Check” are available only after the project has been fully compiled
without any error and the checks are done one at a time while “Check automatically”
allows the operation of more than one check during the compilation.

Project [P]/Add Action [A]: Add a branch to the current program.

Project [P]/User Group Passwords [P]: Assign passwords to user group. The password
will be required when the project is opened next time. If the passwords match,
operations will be allowed, otherwise operations are not allowed.

Insert

The insert menu provides options to insert new declaration and call function blocks,
operators and functions. The insertion options on insert menu vary from different
programming languages and cursor positions. We now take “LD” language for an example
to introduce usages of the “Insert” menu in several different situations.
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Firstly, the items displayed on the pull-down Insert Menu when the cursor is at declaration
windows are different from those on the Insert Menu of the instruction window, as shown
in figure 2-3-10. In this example you may insert Function block, Coil, Comment and

Declaration Keywords, Types of LD language. Refer to section 7.4 for details of item
insertions.

Declaration Keywords ...

Types ...
Few Declaration

Hetwork (before)

Hetwork (hefore)

Wetwork (after) Crl+T Hetwork (after) Ctrl+T
Contact Cirl+E Contact Cirl+K
FParallel Contact CirltE Parallel Contact Ctrl+E
Function Flock ... CtrltE Function Elock ... Ctrl+E
Coil Ctrlt+l Coil Ctrl+L
Box with EN Box with EN

Inzert at Blocks ¥ Insert at Blocks 4
Tump Tump

Beturn Return

Comment Comment

a) cursor in declaration part b) cursor in instruction part

Figure 2-3-10 “Insert” Menu (1)

Secondly, the Insert menu of “PLC Configuration” on “Resources” tab,allows the insertion of
modules. Users may insert the CPU module first and then insert the related expansion
modules, as shown in figure 2-3-11. If the I/O channels of CPU module can meet the project
requirement, then there is no need to add any expansion module.

[ File Edit Project
b= 2@

2 Resources

&~ ] Giobal Varia
D library Stand
B2 library SY5LI -
&larmn config
- (] Library Mana

Extraz Online Yindow Help = |14

Insert Element

IM3104 §%DI 6% 00 Transistor DCZ24Y FOWER SUFTLY. . .

IN3105 5% DI 6= D0 Relay ACZEO0V PONER SUPFLY. ..

IM3106,/4 14X DI 10X D0 Transistor DC24Y FOWER SUPPLY. ..

IM3106E 12X DT 8% D0 23X AT 1% A0 Transistor DC24Y POWER SUPPLY.
IN3107 14 DI 10% D0 Relay ACZEQY POWER SUFFLY. ..

INZ10TE 12X 0T 8% D0 2% AT 13X A0 Relay AC220V POWER SUFPELY. ..
IN3108 24 DI 16%D0 Transistor DCZ4Y FOWER SUFFLY. ..

IM3109 24 <DL 16% D0 Relay ACZEQY POWER SUFFLY. ..

Append Subelement W
G GO

-3 07 14201 11
| AT SahAi: Y
AT Hil

[

Figure 2-3-11 “Insert” Menu (2)

Thirdly, new watch lists can be inserted by using the the Insert menu under the “Watch- and
Recipe Manager” of “Resources” tab, or right clicking on the left column of the “Watch- and
Recipe Manager”, choosing “Insert”/“New Watch List” from the context menu, and entering
an appropriate name for the list as shown in figure 2-3-12.

¥

Figure 2-3-12 “Insert” Menu (3)

ew Wateh List
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2.3.5 Extras

The options under the “Extras” menu vary according to different programming languages or
different cursor positions. In the following, we explain the “Extras” menu in different
scenarios with the “LD” language as an example. .

First, in the “Programs” option of the “Resources” tab, “Extras” menu is as shown in figure
2-3-13.

Options ...

Figure 2-3-13 “Extras” Menu (1)

e Negate: Use this command to negate a contact or a coil. If it is a coil, the negated value
will be saved in the corresponding Boolean variable. If it is a contact, it will only be
connected when the Boolean value is FALSE.

e Set/Reset: Coils can also be defined as set or reset coils. A set coil is represented by an
“S” symbol. If a set coil is set to TRUE, it will remain so until it is reset. A reset coil is
represented by an “R” symbol. If a coil is reset to FALSE, it will remain so until it is set.

e  Zoom: Shortcut is “Alt+Enter”. In a Ladder Diagram, select a function block and press
“Alt+Enter”, then the library manager or “help” files will pop up to display the usage of
this block.

e Options: In a LD, use the “Options” menu to open a dialog “Function block and Ladder
Diagram Options”, as shown in figure 2-3-14. In the dialog different options for LD POU
may be set. Refer to section 7.4.9 for detailed options.
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Function Block and Ladder Diagram Options E'

tirimurn Comment Size: |m Lines

b guiriurn Commment Size: |4 Lines Cancel

Alternative Loak & Feel for Ladder Diaagram

[ Comments per Contact
Lines for variable comment; | Lines

Lines for vanable text: | Lines

[ Mebworks with linsbreaks

[ Replace with symbal after entering address
=

[ Show address of symbol

[ Show vanable comments per rung in prinbout

Figure 2-3-14 “Extras” Menu (2)

The “Extras” menu of “PLC Configuration” on the “Resources” tab is shown in figure 2-3-15.

v Properties

Figure 2-3-15 “Extras” Menu (3)

e Replace element: Replace CPU Modules. This function is disabled in PLC.

e Calculate addresses: auto-calculation of module addresses.

e Add configuration file: No need to add any configuration file for PowerPro.

e Standard configuration: select this option to open a dialog as shown in figure 2-3-16,
then click on “Yes” to restore default configuration or click on “No” to keep current
configuration.

\_‘.;/ Delete current configuration and restore default configuration?

Figure 2-3-16 “Extras” Menu (4)

e Properties: If there is a “v"” in front of “Properties”, base parameters, module
parameters and communication parameters will pop up, otherwise no such information
will be shown.
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The “Extras” menu of “Watch- and Recipe Manager” on the “Resources” tab is shown in
figure 2-3-17.

v Monitoring active

frite Recipe
Read Eecipe

Rename Watch List

Sawe Watch List. ..
Load Wateh List. ..

_Figure 2-3-17 “Extras” Menu (5)

e Monitoring active: click the option, then a “v"” will appear in from of it, the watch list is
activated to monitor variables in the list.

e  Write Recipe: Write variable values.

e Read Recipe: Read current variable values.

e Rename Watch List: Change the name of watch list.

e Save Watch List: Save watch list with the extension*.wtc.

e Load Watch List: Load the renamed watch list with the extension*.wtc.
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2.3.6 Online

“Online” menu contains a set of tools for program download and debug, as shown in figure
2-3-18.

Online

Logout Ctr1+Fd
Run F5
Rezet

Reset (zold)
Reset (original)

Toggle Breakpoint Fg
Brealpoint Dialeg

Single Cyele Ctr1+FS

frite Walues Ctrl+FT

Force Walues T

Releaze Force Shi f++FT
Write/Force-Dialog Ctr1+Shi £++FT

Show Call Stack. ..
Display Flow Contrel

Sourcecode download

Figure 2-3-18 “Online” Menu

e  Online [0]/Login [I]: Establish connection between PowerPro and PLC. When the
program in PowerPro is consistent with that in PLC, the system enters Debug Mode
automatically. If they are inconsistent, the user will be prompted to download the
program. Refer to section 8.3.3 for details.

e  Online [0]/Logout [X]: Exit the Debug Mode and switch to Editing Mode.

e Online [0]/Download [D]: Load the compiled project in the PLC. It’s valid only after the
connection between PLC and PowerPro is established. Refer to section 8.3.3 for the
differences between download and login.

e  Online [0]/Run [R]: Start the program and enter the Run Mode.

e Online [0]/Stop [P]: Stop the execution of the program.

e Online [O]/Reset [E]: Stop the execution of the program, and initialize the variables.
Variables of type Retain keep their current values.

e Online [O]/Reset (cold) [T]: Stop the execution of the program, and initialize all the
variables.

e Online [O]/Reset (original) [O]: Reset all variables to their initial values and erase the
user program in PLC. Note that this is different from “Project”/“Clean all” which is to
delete all the information from the last download and from the last compilation and re-
build download files in the next compilation.

e Online [0]/Toggle Breakpoint [B]: Set or remove a breakpoint in present position. The
program will stop at breakpoints, and display the code fragment in red background.
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Use the commands “Online /Run”, “Online /Step over” or “Online /Step in” to continue
running the program. Refer to section 8.4.6 for details.

Online [0]/Breakpoint Dialog [L]: Edit breakpoints throughout the entire project.
Online [0]/Step over S]: This command causes a single step to be executed and
program stops after the execution.

Online [0]/Step in [N]: If the code at the present position is calling a function or a
function block, the program will stop after the first instruction in the called POU. In
other cases it is the same as “Online/ Step over”.

Online [0]/Single Cycle [Y]: Execute a single PLC cycle and stop after this cycle. Refer to
section 8.4.8 for details.

Online [0]/Write Values [W]: Set the variables to user defined values when debugging.
Online [0]/Force Values [C]: Set the variables to user defined values. The variables
being forced will be assigned forced values after each loop. This function remains active
until the “Release Force” command is executed.

Online [0]/Release Force [A]: End the forcing of variable values in the controller.
Online [0]/Write/Force-Dialog [G]: One or more variables are set to user defined
values and output to PLC. For “Online/ Write Values”, variables are set one time only
and can be assigned values by other programs immediately. For “Online/ Force Values”,
variables are set to forced values at the end of each loop until the “Release Force” is
executed.

Online [0]/Show Call Stack [K]: In the simulation mode, show a list of POUs in the call
stack.

Online [0]/Display Flow Control [F]: Toggle display of flow control.

Online [0]/Simulation Mode [M]: If simulation mode is chosen, a check “v” will appear
in front of the menu item. In the simulation mode, the user program runs on the local
PC under the operating system. This mode is used to test the project. If the program is
not in simulation mode, the program will run on the PLC.

Online [0]/Communication Parameters [U]: Set the communication parameters
between local PC and PLC modules.

Online [0]/Source code download [0]: PLC does not support the function.

Online [0]/Create boot project [C]: Set the project downloaded in PLC as a default
project when starting the PLC. A boot project is a user program which is saved in flash
of PLC and can be run after it is powered on. If the codes of boot project are different
from the codes downloaded last time, a message as shown in figure 2-3-19 will appear:
The current code is different from the code downloaded last time, continue? Generally
Yes should be chosen to create a boot project. In offline mode a new *.ri file will be
created. Refer to section 8.3.3 for the difference between “Online” “Create boot
project”, “Login” and “Download”.

9 The current code does nok match the code of the last download!
\“‘J/

Do you wank ko continue anyway?

Figure 2-3-19 Create Boot Project

Online [0]/Write file to PLC [W]: this function is disabled in PLC.
Online [0]/Read file from PLC [R]: this function is disabled in PLC.
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2.3.7 Window

“Window” menu is shown in figure 2-3-20. Its detailed functions are as follows:

Hindow

Tile wertical
Tile horizontal
Cazcade
Mrrange Symbols
Claoze All

v Meszages Shift+E=c

Library Manager

Log

Figure 2-3-20 “Window” Menu

e  Window [W]/Tile Vertical [V]: Arrange all the windows vertically in the work area so
that they do not overlap and will fill the entire work area.

e  Window [W]/Tile Horizontal [H]: Arrange all the windows horizontally in the work area
so that they do not overlap and will fill the entire work area.

e  Window [W]/Cascade [D]: Arrange all the windows in the work area in a cascading
fashion, one behind another.

e  Window [W]/Arrange Symbols [A]: Arrange all of the minimized windows in the work
area into a row at the lower end of the work area.

e  Window [W]/Close All [L]: Close all open windows in the work area.

e  Window [W]/Messages [M]: Open or close the message window.

e  Window [W]/Library Manager [L]: Open library manager window to add or delete
library functions.

e  Window [W]/Log [0]: Open log window.

2.3.8 Help

Help menu, as shown in figure 2-3-21, provides helps about the software. Its detailed
functions are follows:

Contents. ..

Search. ..

About. | .

Figure 2-3-21 “Help” Menu

e Help [H]/Contents [C]: Open help topics and list the related items for a convenient and
fast search.

e Help [H]/Search [S]: Open a dialog, find key words.

e Help [H]/About [A]: Information about software name and version.

2.4 SHORTCUT TOOL

Here is the introduction of shortcut buttons in the tool bar. Hove over a tool button for a
short while and the name of the button will be shown as a tool-tip. When a command or a
tool button turns in to gray, the function is disabled in the current window.
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2.4.1 FileTool

—1 New: Create an empty project.

=

Open: Open an existed project.

Save: Save project.

2.4.2 Debug Tool

! Run: run a logged in program.
|@I Stop: Stop the program.

|.'ﬂ' .

=1l Step Over: execute a single statement of the program and stop the program after the
execution. When the “Step Over” command is applied on a function block or function, the
program will then step over to execute the next statement.

| Breakpoint: Set or remove a breakpoint in present position.

|é| Login: enter the debug mode.

|§I Logout: logout debug mode and return to edit mode.

I@ Global Search: Search for a certain text in the entire project.

2.4.3 EditTool

il Cut: Remove the current selection from the editor to the clipboard.

E‘ 3
Copy: Copy the current selection from the editor to the clipboard.

E‘ Paste: Paste the content of the clipboard onto the current position in the editor
window.

@ Find: Search for a certain text in the current editor window. Open a “Find” dialog,to
enter a string in the field “Find what”. In addition, it also provides options such as “Match

»ou

whole word only”, “Match case” and Search Up or Down from the current cursor position.

@ Find Next: find the latest text of ‘Edit’ ‘Find’.

2.4.4 Programming Tool

The programming tools vary from different languages. According to different language
types, the detailed functions of programming tool are as follows.
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Ak [4e]| | 2 | %]

LD Language:

Operators for Contact, Parallel Contact, Coil, Negate, Set/Reset from left to right.

FBD Language: 1’II—EE;l'-l"'_Rlc_}LI'Hnl"":ll sRl

Operators for Input, Output, Box, Assign, Jump, Return, Negate, Set/Reset from left to right.

Src Language: 1T B |2 B[ L[4 ] o

Operators for Step-Transition (before), Step-Transition (after), Alternative Branch (right),
Alternative Branch (left), Parallel Branch (right), Parallel Branch (left), Jump, Transition-
Jump, Use IEC-Steps from left to right.

CFC Language: -l-l:.l*-l-l-'l-l'"ﬂll sF\‘I-.l El‘l'l ﬂ'ﬂl'ﬂl[i}l

Operators for Input, Output, Box, Jump, Label, Return, Comment, Negation, Set/Reset,
EN/ENO, Create micro, In pin, Out pin, Return to top level, Return to prior micro level, Jump
into micro from left to right.

IL and ST languages do not provide programming tools like this. See chapter 9 for examples
of programming tool applications.

2.5 OBJECT ORGANIZER

Object Organizer is the vertical window that locates on the left of the main window. It
consists of four tabs “POUs”, “Data Types”, “Visualization” and “Resources” that contains all
the base objects in a project.

[ GI:::I:uaI Yariables
- I:I library Standard. ib6.12.05 17:07:52: global variables
W Alarm configuration

----- m Library Manager
..... m Lag

----- FLC - Broveser

----- PLC Configuration

----- @ Sampling Trace

----- ﬁ Target Settings

----- T azk configuration

----- {% Watch- and Recipe Manager
----- '}@ YWorkspace

PDUSI B8 Data t_l,lpesl "-.-’isualizatiu:u...l % Hesu:uuru:esl-

Figure 2-5-1 Object Organizer (1)

2.5.1 POUs

The function of “POUs” tab is to generate a POU (Program Organization Unit) in which a
user program may be composed. Right click on the blank space of the “POUs” tab to open
the menu shown in figure 2-5-2.
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#dd Object. ..
Eename Object. ..
Edit Object

Copy Object
Delete Object
Conwert Object. ..

Object Properties. ..
Froject databaze »

Add Action

Hew Folder

Show Call Tree
Sawve az template. ..

Exclude from build

Figure 2-5-2 POUs

Add Object: Create a new object in a POU, select the type of POU, language and name
the new POU.

Rename Object: Rename a selected object.

Edit Object: Open the editor window of a selected object, or double click on the POUs
name to open the editor window.

Copy Object: copy a selected object and save it under a new name.

Delete Object: Delete the selected POUs.

Convert Object: Convert POUs from the languages SFC, CFC, ST, FBD, LD and IL into one
of the three languages IL, FBD and LD.

Object Properties: Assign access rights to different user groups.

Project database: this function is disabled in PLC.

Add Action: Generate an action in a selected program or function block. Enter the
name of the new action and set the implementation language in the pop uo dialog. An
Action represents a further implementation that may also be implemented using
general function blocks written in other languages. An action belonging to a function
block or program may be called like a function block. The syntax is: <Program_name>.
<Action_name> or <Instance_name>. < Action_name >.

New Folder: With the command a new folder is generated with the default name “New
Folder”. If a folder has been selected, then the new one is created underneath it. In
addition, you can give a new name to the folder through the command “Rename
Object” in the context menu of a selected folder.

Expand Node: With the “Expand Node”, expand “ B to “ 7, and the subordinated
objects appear.

Collapse Node: With the “Collapse Node”, collapse “ B to “ and the folder is
closed.

View Instance: With this command it is possible to open and display the instance of the
function block which is selected in the Object Organizer. You can also open the instance
list through a double click on the function block or using the command “Project”/“View
Instance”. Please note that if you want to view instances, you first have to log in. (The
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project has been compiled with no errors and downloaded to the PLC with
“Online”/“Login”.)

Show Call Tree: It’s the same with “Project”/“Show Call Tree”. With the command you
open a window which shows the call tree of program, function, function block called in
the object chosen. You can see the relationship between the object chosen and other
objects clearly. Before this the project must have been compiled without any error.
Save as template: The variables declared in current project and the changed settings in
“Workspace” will be saved as a template automatically.

Exclude from build: Activate the option and then the program, function block or
function will be displayed in green color and not be included during compilation. If you
want to cancel the option, select it again and the “v” in front of “Exclude from build”
will be deleted and the program, function block or function changes from green to
black.

Data Types

In “Data Types”, along with standard data types, the users can define their own data types.
Structures, enumeration types and references can be created. For example, users can add
an object named “A” by right clicking “Data Types” tab, as shown in figure 2-5-3. Refer to
section 4.6 for details.

¢ | 0009TYPE A
a Data types OO0Z(STRUCT
o O003|EMD_STRUCT
0004 EMD_TYFPE
<

Figure 2-5-3 Data Types

2.5.3 Visualization

The “Visualization” option is used to display the project variables, as shown in figure 2-5-4.
See chapter 11 for more details about “Visualization”.

&3] SFC_Visu

ERGREAES

Figure 2-5-4 Visualization
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2.5.4 Resources

In the “Resources” tab in the Object Organizer, there are Global Variables, PLC configuration
and Workspace, as shown in figure 2-5-5.

=1

- Global Variables
-] library Standard.ib*6.12.05 17:07:52: global variables
Alarm configuration

=1

----- FLC Configuration

----- Sampling Trace

----- ﬁ Target Settings

----- T ask configuration

----- {% Watch- and Recipe Manager
----- '}@ Wiorkspace

PDUSI B Data t_l,lpesl "-Iisualizatiu:u...l % Flescuurcesl-

Figure 2-5-5 Resources

e “Global Variables”: Declare global variables used in the entire project.

e “PLC Configuration”: For configuring the hardware.

e  “Alarm configuration”: Configure alarm parameters.

e  “Workspace”: Configure the parameters of the current project, such as Load and Save,
Directories, Passwords and so on.

e  “Watch- and Recipe Manager”: In “Online Mode”, monitor the variable values of
different POUs in a project. Refer to section 8.4.13 for detailed applications.

e “Library Manager”: Consistent with the “Window” “Library Manager”, which handles
all the libraries included in the project. Refer to section 7.4.4 for details.

e  “Target Settings”: Set the target platform and view memory allocation.

e  “Task configuration”: Insert tasks and append program calls.

“Log”: Used to display project log information.
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Chapter

Programming: A Quick Start

This chapter is to explain PowerPro programming by walking through sample programs, so
that beginners will have a preliminary understanding of PowerPro programming and get
familiar with the basic operations of PowerPro. It is suggested that this chapter should be
read carefully if this is the first time you come across PowerPro.

The main function of the sample program in this chapter is to turn on and turn off a switch
repeatedly in a certain time interval.

Before any programs can be written, the hardware configuration has to be determined. For
this POU, not many I/O points are needed. Hence one CPU module will be sufficient. Here
we have chosen the CPU module LM3107-CAR with 24 1/Os.

3.1 HARDWARE CONNECTION

3.1.1

3.1.2

Equipment needed

A PC installed with PowerPro and RS232 serial port
A CPU module LM3107
A 220V AC power line

A special programming cable for RS232 communication between PC and CPU module

Select the CPU Module

Select the LM3107 module and connect the power line as shown in figure 3-1-1. Note that
when the power line is connected, put on the terminal cover to avoid unnecessary human
injury or equipment damage.

00000000 0000000

RUN/STOP Operation Switch

Connection Interface
to Expansion

&2r

Analog Potentiometer
Presets

Figure 3-1-1 Connect Power Line




DEN LM MICRO PLC SOFTWARE MANUAL

Do not switch on the power immediately after the power line is connected. The power
should be switched on only after all the cables are confirmed to be connected correctly.
Ensure that the RUN or STOP indicators on CPU board are on, so that the PLC can run
reliably.

LM CPU modules have two running modes, set by the RUN/STOP Switch. See table 3-1-1 for
details.

When programs cannot be downloaded to CPU module in RUN mode, the CPU has to be
switched to STOP mode for the download to succeed.

Switch Description
RUN CPU is running and executing user program.
STOP CPU is not executing user program and can download to PLC now.

Table 3-1-1 Setting description of “RUN/STOP Switch”

3.1.3 Setup PC Communication

Connect the CPU module to the PC through a programming cable to build a data
transmission channel, as shown in figure 3-1-2.

Programming

PC Cable LM3107
(7 )

Figure 3-1-2 Connect Programming Cable

Note:
Please connect the communication programming cable before powering on the PLC to avoid damaging the PLC.

3.2 STARTING UP

Before running PowerPro for the first time, target installation has to be performed via the
Install Target program. The installation steps have been mentioned in section 1.3.

In the “Programs” -> “HollySys PowerPro ENG” menu group from the Windows Start Menu,
click “PowerPro ENG” to startup PowerPro, as shown in figure 3-2-1.

& HollwSy= PowerPro EHG llﬂ Communication #
'ﬁ InztallTarget
ﬁ FowerFro ENG

Figure 3-2-1 Startup PowerPro Software

The interface of PowerPro is as shown in figure 3-2-2.
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4, CoDeSys — (Untitled)* — [PLC_PRG (PRG-LD)1 Title Bar
ﬁﬁile Edit Project Inzert Extras Online Window Help K

sl el R el Y e R el = N i I W o o e
DOD1|PROGRAM PLC_PRG
n003)var :
; Declaration Part
“|#] PLC_PRG [PRG) D0D3|END_vAR
JI 3 (| 2|
D001
Instruction part
]
S |
<[] »
Object Hardware-Configuration fad
Organizer FOU indices: 79 (15%:)
Size of used data: 164 of 24576 bytes (0.67%) .
Size of used retain data: 0 of 6144 bytes (0.00%) | Message window
Code size: 2166 hytes
0 Erraris), 0 Warning(s), i
< | >
Status bar R
[ ONLINE [0 [READ

Figure 3-2-2 Interface of PowerPro

3.3 NEWPOU

3.3.1 Target settings

e  Click “File”/“New” in the main window or the button” E ”'in tool bar, and a dialog
box titled “Target Settings” will appear. “Target” means the memory space in PLC, and
“Target Settings” means configurations according to the memory space of the selected
PLC.

e Select “HOLLYSYS-LEC G3 CPU Extend” in the “Configuration” box. This target is for CPU
modules with memory space of 120KB. Click “OK”, as shown in figure 3-3-1. Select
“HOLLYSYS-LEC G3 CPU” if the memory space of the CPU module is 28KB. If you are not
sure about the size of memory space, see appendix. Select “None” if you want to write
new library instructions. Refer to section 7.4.5 for details about making libraries.

Target Settings

LConfiguration: Mohe

HOLLisS-LEC G3 CPU
HOLLi#S-LEC G3 CPU Extend

Figure 3-3-1 Target Settings

e After that, the window titled “Target Settings” will appear. The default settings will
suffice for most application requirements. Click “OK”, as shown in figure 3-3-2.
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Target Settings

Configuration:

Target Platform l t emory La_l,lout] General] M etwork, funu:tiu:unalit_l.J] Visualizatinn]

| I

Code DPPs Libraries

= | =1 |] | |
| = | = |

v v |
Cutput

[~ HEX v LST v AP I—_| | |

[v LST with Addresses

KN I K I K

Drefault | ] | Cancel

X)

Figure 3-3-2 “Target Settings” Window

Refer to section 7.1 about Target Settings.
3.3.2 NewPOU

e POU stands for Program Organization Unit, and POUs are basic elements that form a
project. See chapter 5 for details about POUs.

e Here the “LD” language is used as an example. Select “LD” in the “Language of the
POU” option, as shown in figure 3-3-3. See chapter 9 for detailed explanations for other
languages.

New POT

B3
Mame of the new POL: PLC PRG

Type of POU Language of the POU Cancel
{* Program L
" Function Block v LD
" Function " FBD
Beturn Type: " SFC
||
" OFC

Figure 3-3-3 New POU

e Select Program in the “Type of POU” option, PLC_PRG is the default name of the new
POU. Refer to section 5.1.3 for details about PLC_PRG.
e C(Click “OK” and the window as shown in figure 3-3-4 will appear.
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Chapter 3: Programming: A Quick Start

4 CoDeSys — (Ontitled)* — [PLC_PRG (PRG-LD}]

m[ile Edit Froject Imsert Extraz Online Windew Help =0 4

21| BIBlelB(EE 2lelefw® [~ - wlwlol/|
00| PROGEAM PLC_PRG

""" @ PLC_PRG [FRG) DO03END_YAR

< | b

[ [OMLIME [0% [READ

Figure 3-3-4 Workspace

3.4 PLC CONFIGURATION

PLC configuration is needed after building a new POU. It's suggested to complete PLC
configuration before programming to avoid addressing errors.

Double-click “PLC Configuration” in the “Resources” tab, right click on “PLC Configuration”,
and select “LM3107” from “Append Subelement” menu item, as shown in figure 3-4-1.

Refer to section 7.3 for detailed descriptions about PLC configuration.

<4 CoDeSys — (Ontitled)* — [PLC Configuration]

zile Edit FProject Insert Extras Online WYindow Help

B8] B|®]eemSSdR ]

‘PLC Configuration |
%Hesources ]

B0 Global Variables
B2 fibrary Standard.ib 6.12.05 17:07

INM3104 8% DI BXD0 Transister DC24Y POWER SUFPLY. ..

i LN3105 5% DI 6XD0 Relay AC22DV PONER SUFELY. ..
| lrary SYSLIBLALLBACK.LIB 6. Calculate addresses IM3106/A 145DI 1000 Transistor DC24Y PONER SUPELY. ..
(7R Alarm configuration

IMZI0BE 12DI 8XD0 2+ AT 1XA0 Transister DC24Y PONER SUPPLY.
IM3107 143 DI 10%D0 Relay AC220V POWER SUFFLY. ..

Copy Ctrl+C
< IM310TE 12%DI §%D0 2= AT 1% A0 Relay ACZZ0V FOWER SUFFLY. ..
—= — IM3105 24X DT 16%D0 Transistor DCZ4Y FOWER SUFFLY. . .
% T argst Setings IM3108 24% DI 1600 Relay AC220V POWER SUPPLY. ..
""" Task configuration
""" Q ‘watch- and Recipe Manager
""" '}@ Wiorkzpace

PO | Da..]Vi...|E.He..]- |2 |

Figure 3-4-1 PLC Configuration

3.5 SET COMMUNICATION PARAMETERS

e Select “Communication Parameters” in the “Online” menu and a dialog box of
communication parameters will appear, as shown in figure 3-5-1.
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Communication Parameters

Matorola byteorder Mo

Channels
=I- Local lSerial (R5232) |
LCancel
I ame | Value | Comment |
Fort COM1
Baudrate 28400
Parity Mo 14
Stop bitz 1

Bemaove

Gateway ...

Update

RN

Figure 3-5-1 “Communication Parameters” Dialog

e Select “New” to add a new channel and a dialog will appear as shown in figure 3-5-2.

Communication Parameters:

New Channel

X]

Mame

Device

Channel 7]

Ok
LCancel

M ame | Irfo

Communication
Protocol

?rial [R5232] 35 Senal RS232 driver

Figure 3-5-2 New Channel

e The default name of the channel is “Local_” and the default communication protocol
is RS232. Return to dialog of communication parameters by clicking “OK”, as shown
in figure 3-5-3. Click “OK” and the connection between the PC and the CPU module

is completed.

September 2008, Revision 1.0

Note:

To change the port or baud-rate, double click on their field “Value”.
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Communication Parameters

Chanrels
- Local |se[ia| (R5232) |
Local
Marne | Walue | Cornmert | %
Part O
Baudrate a400
Parity Mo MHew ..
Stop bits 1

Motarala bytearder Mo Bemove

Gateway ..

Update

43

Figure 3-5-3 Baud-rate setting

3.6 PROGRAMMING

After PLC configuration, programming may be started. The following is a simple timer
application to generate a “one second on and two seconds off" pulse signal.

e C(Click the “Contact” button “ ﬂ” on the tool bar, and then a contact «rf b will
appear in the network 0001, as shown in the figure 3-6-1.

4 CoDeSys — (Untitled)s — [PLC_PRG (PRG-LD)] M=1E3
ﬁljile Edit FProject Insert Extras Online Window Help -8 x

B8 ElDedas R bRl ] o]

00 [FROGRAM PLC_PRG

S POUs D003[vAR

| D00Z|END_VAR
0004
0005

2@

|

0a01

Y

— |

BEEIR] | }

[ [OWLINE [0 [READ

Figure 3-6-1 Programming Step (1)

e The default text of contact is “???”. Click the text and enter “%1X0.0”, as shown in
figure 3-6-2. %1X0.0 indicates the first input of PLC. Refer to section 4.2 for data
addresses.
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4 CoDeSys — (Ontitled)s — [PLC_PRG (PRG-LD}]

S=)E3

ﬁ[ile Edit Project Insert Extras 0Online Window Help -8 X
e = ] o = L e o R R T3 R
0001|PROGRAM PLC_PRG
S POUs D00Z/AR
] 0003 END_VAR
0004
0005
£ e Ed
0001
Hl0.0
— |
NE
<0 || »
| [OMLINE [0V [READ

Figure 3-6-2 Programming Step (2)

e Right click after contact “%1X0.0”, then select “Function block”, as shown in figure 3-

6-3.
n0ot
Cut Cirl+ik
%00 Copy Ctrl+C
_l I_ Paste Cirl+V
Delete Tel

Hetwork (before)
Hetwork (after) Cirl+T

Contact Cirl+E
Parallel Contact Cirl+R

Function Block ... CtrltE

Figure 3-6-3 Programming Steps (3)

e Click on “Function block”, a dialog will appear as shown in figure 3-6-4, then select
“TON (FB) ”, a command of timer connecting in power delay.

Help Nanager &|
taruar F|'|:ti|:-r'| Blo = {23 Standard Function Blocks
zar defined Function Bloc - .
Standard Programs = m DAHOLLYSYSSPOWERPRO EMGALIBRARYSS TAMD, Cancel
|Jzer defined Programs D Bistable Function Blocks
|:| Counter

EE Tirner

. E] RTCIFE)

TOF [FE)

|
=2 TP [FB)

I:I Trigger

Figure 3-6-4 Programming Step (4)
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e Double-click “TON (FB) ”, key in T1 at the cursor position of

TOM

P .
779 -
e il ET " and Enter, a dialog as shown in figure 3-6-5 will

Select the default type as “TON”, and then click “OK”. T1 is an identifier of TON. A

function block must be identified by an identifier. Refer to section 5.3.2 and section

7.4.3 for details.

0001 PROGRAM PLC_PRG
0002WAR

0003 EMD_WAR

0004
0005

z |

0on1

T1
%l=0.0 TOM

— —m a
279 4pT ET—

Declare ¥Wariable

LClasz Hame Tvpe 0K,
& i =
Canhcel
Sumbol ligt Iritial Walue Address
J | J | [~ COMSTANT

Cararnent: [ BETAIN

Figure 3-6-51 Programming Step (5)

“TH#1S” in the field “???” to indicate 1s delay. Enter time variable “ET” in the field
“ET”, shown in figure 3-6-6. Then click “ok”.

e PTisaninput time parameter that can be set either as a time constant or a time
variable. Refer to section 4.3 and section 4.4 for details.

e ETindicates time passed after the timer setting, i.e. current time. Define a time
variable in the field “ET” to observe the time passed.

T1
Salx0.0 TOM

— ——n Q

T#15qPT ET—ET
LClass Marne Tvpe _EIK
VAR | JET [

[ TIME
Cancel
Swmbal list Initial "/ alue Address
| J | J | [ COMSTANT
Comment: [ BETAIN

Figure 3-6-6 Programming Step (6)

A power delay timer “TON” named T1 has been added to the Ladder Diagram. Enter
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el

e Put the cursor after “T1”, then click the coil button ”ﬂ” on tool bar, a coil “~{ "
will appear at the cursor position, as shown in figure 3-6-7.

% |Be| o] [roo s <] Ak[am|o| 2 ||

-4 PLC_PRG (PRG-LD} ‘Z”El [gl
~

"

|

TOM

I Ry o ()
T# SHPT ET—ET

Figure 3-6-7 Programming Step (7)

e Enter “M” in field “???”, and select the “Type” as BOOL, as shown in figure 3-6-8,
then click “ok”.
e Mis a middle variable. Refer to section 4.4 for details.

D0 FROGRAM PLC_PRG
0002 AR

0oo3 T1:TOM;

0004 ET: TIME;
0O00S(EMD_WvAR

< |

0001

|

T
Halx0.0 ToM I

| 1 {3

I 1 IN e @ L)
T#1SHPT ET—ET

Declare ¥ariable m

e

[+ [BOOL
Cancel
Sumbol list Iritial %/ alue Address
J | J | [ COMSTANT
Comment: [~ BETAIN

Figure 3-6-8 Programming Step (8)

e Asshown in figure 3-6-9, right click on the workspace, then select “Network (after)”
to start programming in network 0002.

001
1 Cut Ctrl+k
[0 0 Tor Copy Ctr1+C
Paste Cirlt¥

| ——n a
T# 5-{PT 3 el

Hetwork (hefore)
Hetwork (after) Ctrl+T

Contact Ctrl+K
Parallel Contact Ctrl+E

Figure 3-6-9 Programming Step (9
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e The ladder diagram in 0002 is shown in figure 3-6-10, and its programming steps are
the same with 0001.

4 PLC_PEG (PRG-LD) FEX
00034 A
0003 TH:TON;
0004 ET-TINE,
0005 M:BOOL;
000 T2 TON;
0007 ET1TIME;
0008 M BOOL; E
DO0ZEND 4R v
) 4
o
T
Sl01.0 Ton M
_| |—\N Q - ( )
T#5-PT ﬁ ET—£T
o002
T2
M TN N
— P (]
T#5-PT ETH—ET1

<iml >

Figure 3-6-10 Programming Step (10)

e In order to achieve the regular on/off switch, a switch “N” shall be added before
“T1”. Select “T1”, click the “Contact” button on the tool bar or right click to select
“Contact”, as shown in figure 3-6-11.

% [Ex| @ |mh] 005 ] Ar]ae]o] o5

4, PLC_PRG {(PEG-LD) =13
no0zvaR "y
D003 TI:TON; ]
0004 ET: TIME;

DO0g M BOOL;

DODE T2 TON;

0007 ETH:TIME;

DODE N BOOL

DODS[END_YAR v

Hol{0.0 Y TOH M

B e L

T#SHPT

T2
M TON

1 {
] | IN Q { —
T#I5-{PT @ ET—ETH

Figure 3-6-11 Programming Step (11)

e Enter “N” in the field “???”, and click “Negate” on the tool bar, as shown in figure 3-
6-12.
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e Add network 0003 to output the value of M from %QX0.0. Add a contact “M” in
network 0003 and a coil after it. Click the “Coil” button on the tool bar and name the

% Bl ] [0 s <] ko] 2] 5

4 PLC_PRG (PRG-LD)

—] | IN ﬁ Q
T#254PT ETH—ETH

%IX0.0 N = M
i & (]
T#1edPT ET—ET

T2
M TON N
()

Figure 3-6-12 Programming Step (12)

coil “%QX0.0”, as shown in figure 3-6-13.

oo
1
%lxulu IN | ~on JM
— | 1/ N g “ { —
T#15-PT ET|—ET
o0z
2
m TON N
(
A (—
T#25-{PT ET|—ET1
0003
W HOH0.0
- {
I {

e Comment may be added for a better understanding of the POUs. For example, right
click on network 0001, and then select “Comment”, as shown in figure 3-6-14.

Figure 3-6-13 Programming Step (13)

%00

A

T

TOM

T#I54PT

T

rr & &
T#254PT ET—ET1

0003

Cut
Copy
Pazte
Delete

Hetwork (before)
Hetwork (after]

Contact
Parallel Contact

Function Block ..

Coil

Box with EN
Insert at Blocks

Jump

Eeturn

Comment

Figure 3-6-14 Programming Step (14)

Cirl+)
Cirl+l
Cirl+y
Del

Cirl+T

Cirl+K
Cirl+k

CirltE

Cirltl

—(—

W00

—(—
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e Double click “Comment” to enter the detailed comments, as shown in figure 3-6-15.

0ot
T 0 OB S T A T ZERIBG
T

SlH0.0 M TOM M

l | /1 - /
I /1 N e @ : {
T#154PT ET—ET

Figure 3-6-15 Programming Step (15)

e The comment is completed, as shown in figure 3-6-16.

4, PLC_PRG (PRG-LD} |Z”E|r>__<|
0001(PROGRAM PLC_PRG ~

0002(vAR

0003  T1:TOM; 0
0o04f  ET: TIME;

0005 M BOOL,

0006 T2 TOM,;

0007  ET1:TIME;

0oog N BOOL;

OO0EIEND VAR A
e >
Noom
4 % [0 DFEEAT 5 T1EP=4 1800, 2HERERR P
T
10,0 N o M
1 /1 {
R A s K 0—
T#15-PT ETHET
ooz
PEREEELRE]
T2
M TON N
{
— P o ()
T#25-PT ETHET1
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M Q.0
1 {
1 | (O—
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Figure 3-6-16 Programming Step (16)

3.7 BUILD

After programming, the project shall be built.. Click “Project” “Rebuild all” to build the
program, as shown in figure 3-7-1.

4 CoDeSys — TON.prox — [PLC FEG (PEG-LD)]

ﬁ File Edit B&ELEEN4S Euild
%lﬁlnl |@| 7| Bebuild sll
— Clean all
a Pl Load downleoad information. ..
ML PLC_FRG (FRG) [N
Project databasze

Figure 3-7-1 Build (1)
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The information is displayed in Message Window, as shown in figure 3-7-2

Size of used data: 210 of 24576 hytes (0.85%)
Size of used retain data: 0 of 6144 bytes (0.00%)
Code size: 2948 lntes

0 Error{s), 0WWarning(s).

% [

Figure 3-7-2 Build (2)

Click “Project”/ “Check”/“Unused Variables”, if there are no unused variables, a message will
appear in Message Window: “No unused variables found”, as shown in figure 3-7-3.

Mo unused watiahles found

<] |
Figure 3-7-3 Build (3)

“un
a

If there is a unused variable in the program, a message will appear in the Message
Window: “PLC_PRG(9): a”, as shown in figure 3-7-4.

4 PLC_PRG (PRG-LD) CEX
002vaR o
0003 T TOM; I |
0004  ET:TME;

0008 M:BOOL:

0008 Tz TOMN;

0007  ET1:TIME;

000g  M:BOOL;

ooog|  aBOOL;

D010|END_vAR 2

] >

el R E . T1E B 2E R Er R
T1

%IXUI.D IN | ~an ’M
— | 1/ N 2 {}
T#154PT ET|—&T
000z
! [ N—
T2
it TON . !
B a i
T#zs-PT ET|—ET1
0003
i
y %@¥0.0
| (
| | 1

PLC_PRG (8 a

Figure 3-7-4 Build (4)

The use of is “Check”/“Unused Variables” command is recommended after every building of
the program. Unused variables shall be deleted to improve the run of the program.

In  addition, the unused wvariables can be checked automatically. Open
“Project”/“Build”/“Auto Check” on the “Resources” tab, then select “Unused variables” to
start an auto-check.

Refer to section 8.1 for details of building. Refer to section 8.2.3 for the checking of unused
variables.
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After the building is finished, execute “Online”/“Login” to log in debug mode. The debugging
contains online debugging and simulation debugging. The program running under these tow
debug mode are introduced in the following sections.

3.8 ONLINE DEBUGGING

Online debugging will download the program to CPU modules. Download all the compiled
files into CPU modules and reset the CPU modules at the same time and all the variables will
be restored to their initial status.

Select “Online”/“Login” to establish the connection between local PC and CPU modules, and
a message will appear as shown in figure 3-8-1.

CoDeSys X

\,__?(/ The program has changed! Download the new program?

Mo | Cancel |

Figure 3-8-1 Download Message

Click “Yes” to download the program to CPU modules. When the message shown in figure 3-
8-2 for creating boot project appears click “Yes” to complete the download. Restart the PLC
to run the downloaded project.

CoDeSys E3

N:{/ Do you want to stop the program on the target prior to flashing?

Mo | Cancel |

Figure 3-8-2 Message for Creating Boot Project

The program will not automatically run after download. The PLC shall be manually set before
running of the program. Use the command “Online”/“Run” or simply press “F5” key to run a
program, as shown in figure 3-8-3.
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t Insert Egtr&sﬂindow Help
|

—  Logout Ctr1+FS
o001 m1l =
000z a=
0noa3 b = [T Bun TS
0004 = A
onns Beset
OO0
Reset (zold)
Bezet (originall
1 Toggle Breakpoint Fa

_I |_ Brealpoint Dialog

Single Cyele Ctr1+FS
nooz frite Values Ctr1+FT
Force Values FT
Release Force Shift+FT
Hrite/Force-Tlialog Ctr1+5hi f1+FT

Figure 3-8-3 Run the Program

Double click “%IX0.0” and press the “F7” key to force values, then %IX0.0 is closed and the
program starts to run, as shown in figure 3-8-4. The running result shows that the channel
%QX0.0 outputs a “1s off 2s on” pulse signal.

2 %0 DRERRT 5 TP 130T, 2R ER R

T
%00 N o oo
ul il N 0 —{(—
T#34PT ET|—ET=Té#0ms

BOGL]

Figure 3-8-4 Program Running in Forced Values

The program running process is as follows. As shown in figure 3-8-5, when the program first
started and its running time t<1s, %QXO0.0 is not closed and the channel light %QXO0.0 is off.,

< FLC_PRG (ERG-LD)

S IX0 DREAM. TIE7 S8, 286 akS
m

HIX0.0 H ,T‘ W
— il ° =
w«s_lm ETI-Er:usgams
AT A T
12

M ’T‘ H

—f o {
T#ZS«‘FT ET‘—EN:T#Dms

i

M SO0
— | {

Figure 3-8-5 Program Running Process (1)
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When the running time s<t<3s, %QXO0.0 is closed and the first channel light %QX0.0 on the
PLCis on, as shown in figure 3-8-6.

When the running time 3s<t<4s, contact “M” is off and the channel light %QX0.0 on PLC is
off. Repeat like this, and the channel light %QX0.0 will be on at 1s, last for 2s and then off
and on again after 1s.

-4 PLC_PRG (PRG-LD)

E-T1 T
ET=T#1s0ms

G0 AR, T1e BRI, 28ARrRT
T

wX0.0 N ’—|TDN M

—lt L] o ——
T#ISPT ET|—ET=T#10ms

AT A B

M = N

TON
—it - {—
wzs«lpr ET‘—ET1:T#BSEms

4ttt

M #%0xX0.0
—it I

Figure 3-8-6 Program Running Process (2)

3.9 SIMULATION MODE

The last section shows how the program is performed in the online mode. When there is no
CPU modules connected to PLC, the user program may run on the local PC in simulation. This
is called the simulation mode. Open the “Online” menu from menu bar, select “Simulation
Mode” to enter the simulation mode, as shown in figure 3-9-1. If the “Online”/“Simulation
Mode” is selected (with a “v”), the program will run under the simulation mode after log in

mzert Extras #indow Help

%‘ Login
[0001[PROG
|0002)VAR
o003 T
[oo0d  ET
=
[ [
looo7|  ET
[ooog] 1|
000/ EMD_Y

I

~

Bl v Simulation Mode

Communication Parameters. ..

Figure 3-9-1 Simulation Mode
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Double click “%1X0.0”, Press “CTRL+F7” to write values or press “F7” to force values, the
“%I1X0.0” is closed. Press “F5” key to run the program, as shown in figure 3-9-2. The program
running is the same with that in online mode.

2% 0 DFETEAT » T1Sr=4 1800, 2R EAIRRK D

T1
%l<0.0 M TOMN i

(m
{ml ] | IN e Q
T#154PT ET|—ET=T#0ms

B0

.
L

Figure 3-9-2 Program Running in Simulation Mode

Refer to section 8.4 for more details of online debugging and simulation debugging.
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Chapter

Data Storage and Variables

Before programming, we need to understand the data management of LM Micro series
PLCs. For better programming, this chapter gives an introduction on concepts such as
storage assignment, data addressing and variable usage of LM Micro series PLCs.

There are five types of data storage in LM Micro series PLCs, namely,

| (input)

Q (output)

M (memory)

N

e R (retaining in power failure)

Section 4.1 is devoted on the features and usages of respective storage types.
Section 4.2 explains the addressing methods and storage rules.

The | (input), Q (output) and M (memory) data storage of the LM Micro series PLCs are
addressable.

Similar to the advanced programming languages, the concepts of constants and variables are
also applied in LM Micro series PLCs. The so-called constants are the variables of
unchangeable values. Section 4.3 gives a detailed explanation of the classification and
usages of constants.

According to the definition promoted by IEC61131-3 standard, variables are changeable
values in program running. They are used to initialize, store and handle user data. Each
variable has a certain data type. The addresses of variable may either be assigned to I, Q or
M storage by users or be automatically assigned by the system. Section 4.4 gives the
detailed introduction of types and usages of the variables.

LM-series PLC has a powerful data management functions. Section 4.5 and 4.6 explain how
to handle arrays and how to define data types.

4.1 STORAGE ASSIGNMENT

The storage of the LM Micro series PLCs, e.g. their CPU memory, is classified into different
areas that have different features and usages.

The storage is classified into the following types:
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4.1.1 InputStorage (I)

The mapping area of inputs: Digital and analogue inputs of CPU and expansion modules
occupy the addresses of input storage. In addition, some special functions, such as Ethernet
communication and DP communication, also occupy the addresses of input storage. |
storage can store maximum 512 bytes.

Input storage can be accessed by addressing according to bit, byte, word (two bytes) and
double word (four bytes). Refer to section 4.2 for detailed addressing method.

The data in input storage is read-only and has no retaining in power failure. In simulations,
the addresses of input storage may be entered or forced. However, in online debugging, the
addresses of input storage can only be forced. PowerPro provides two methods, ‘Write
Values’ and ‘Force Values’, to change the variable values in debugging, please refer to
section 8.4.9 and 8.4.10 for details.

4.1.2 Output Storage (Q)

The mapping area of output: Digital and analogue outputs of CPU and expansion modules
occupy the addresses of output storage. In addition, some special functions such as
Ethernet communication and DP communication, also occupy the addresses of output
storage. Q storage can store maximum 512 bytes.

Output storage can be accessed by addressing according to bit, byte, word (two bytes) and
double word (four bytes). Refer to section 4.2 for detailed addressing method.

The data in output storage may be read and written and has no retaining in power failure.
In simulations or online debugging the addresses of output storage may be entered or
forced.

4.1.3 MStorage

M storage is a middle register of PLC that is used to store and manage data or status
generated in the middle processes. Both bit data and word data can be stored in M storage.

M storage can be accessed by addressing according to bit, byte, word (two bytes) and
double word (four bytes). The LM-series PLCs adopt 8KB M storage that has a range of
MBO0~MB8191 in bytes. Refer to section 4.2 for detailed access method.

Same as those in Q storage, the data addresses in M storage can be read and written while
their vales may be entered or forced.

Part of the M storage addresses (MB300~MB799) can be retained in power failure while
other parts do not have this function.

Furthermore, the first 100 bytes in M storage, i.e. MBO~MB99, are used as a self-diagnosis
area. The data in these addresses are readable but not writable, so that users are suggested
to start programming from address MB100.

4.1.4 N Storage

N storage is also a middle register of PLC that is used to store and manage data or status
generated in the middle processes. The difference between the M and N storage is that the
N storage can only be accessed and called by variables. Although variables have been
mentioned in former chapters, their detailed usages are explained in section 4.4.

The variable addresses in N storage are automatically assigned by system that cannot be
defined by users. Besides data types of bit, byte, word (two bytes), double word (four
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bytes), the variables of N storage also adopts other types such as REAL, TIME, INT, etc. In
addition to the data variables, the defined function block variables are also stored in N
storage. See section 5.1 for the concept of function blocks.

N storage provides 24KB space for variables. These variables stored in N can be read and
written while their values may be entered or forced. The data in N storage cannot be
retained in power failure.

4.1.5 RStorage

R storage is the retaining area in power failure that adopts the same calling method of
variables access as the N storage. The addresses in R storage, as those of the N storage, are
automatically assigned by the system and cannot be defined by users.

The size of R storage is 6KB. The variables stored in R can be read and written while their
values may be entered or forced.

In the declaration of one variable, if the option “RETAIN” is not selected or the variable is
directly declared between the keywords VAR and END_VAR, then the variable will be stored
in the N storage; if the option “RETAIN” is selected or it is directly declared between the
keywords VAR RETAIN and END_VAR, then it will be stored in R area and its last may be
retained in power-failure. Refer to section 4.4.6 for the declaration of RETAIN variables.

Note:

LM Micro Series PLC provides two ways to retain data in case of power failures. One is the address method that
selects the addresses between MB300 ~ MB799. The other, is the variable method that declares a RETAIN
variable.

4.2 ADDRESSING

4.2.1 Address Mapping

I, Q and M storage of LM Micro series PLC are accessed by addressing. Each storage area
has a unique and definite address. Users may read and set values in the storage by
addressing, i.e. by direct calling of the storage address.

Before explaining the accessing rules, we need to understand the storage format. Since the
storage formats of I, Q and M are the same, here we may just take M storage for an
example, as shown in figure 4-2-1.

All the direct addressing storage areas in LM Micro series PLC store data in bytes.

Each byte contains 8 bits and each 8-bit form a byte. Each 2-byte forms a word and each 2-
word forms a double-word.
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%MX3.0 %MX2.0 %MXI1.0 %MX0.1
YaMX2.7 Y%MX1.7 %MX0.7 %MX0.2 %MXO0.0
------ %MB3 %MB2 %MB]1 %MBO0
...... %MW?2 %MWO
...... %MDO

Figure 4-2-1 Storage Format in M

For example: %MX2.7 stands for the 8th bit of %MB2.

%MW12 is a word composed of %MB12 and %MB13.

Bit, byte, word or double-word addressing are possible with the following variable types:
BOOL, BYTE, WORD and DWORD. See section 4.4.2 for the ranges of these data types. For
the using of variable addressing to access INT, REAL or other data types, see 4.4 for details.

Users shall be aware of that the data storage area may be overlapped when being accessed
according to different data types. For example, if the value stored in %$MWO is 3, then the
value of %MBO is 3, the values of %MX0.0 and %MXO0.1 are also TRUE. Also, if the value of
%MX0.0 is forced as TRUE, then the values of %MB0, %MWO0 and %MDO are all forced as 1
since %MXO0.0 is the first bit of these storage addresses.

| and Q areas use the same storage method. Refer to section 7.3 for the corresponding
relation between the addresses in |, Q and the actual DI/DO points.

Addressing Format

Note:

In word addressing, the number in the address must be even for a word is composed of two bytes. For example,
%MWO is composed of %MBO0 and %$MBL1 so the next word is %MW2, not %$MW1. Address %MW1 is invalid.
Double-word addressing also abides by the rule.

According to IEC61131-3 standard, all the direct addresses start with “%”. Addressing
formats of M storage are explained for examples, as shown in table 4-2-1.

Format %MXm.n
Description X: bit addressing;
X 5 m: byte number in M storage;
Bit addressing .
n: bit number of m byte, range 0~7
Data type BOOL
Example %MX0.3, %MX100.0, %6MX3212.7
Format %MBmM
Description B: byte addressing
Byte m: byte number in M storage
addressing i g
Data type BYTE
Example %MB103, %MB2000
. Format %MWm
W
or . Description W: word addressing
addressing
m: first byte number of the word in M storage, “m” must be even
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Data type WORD
Example %MW150, %MW3000
Format %MDm
Description D double-word addressing
Double word . . “
) m: first byte number of the double-word in M storage, “m” must be even
addressing
Data type DWORD
Example %MD300, %MD432

Table 4-2-1 Addressing Format

For addressing format of | and Q storage, change the “M” in the above table to “I” or “Q”".
Table 4-2-2 shows the ranges of |, Q and M and any address exceeds the ranges is invalid.

Memory area Range (bytes)

I (Input) %1B0~%IB511 (maximum 512 bytes, the actual size determined by PLCs)

Q (Output) %QB0~%QB511 ( maximum 512 bytes, the actual size determined by PLCs )
M (Memory location) %MB0~%MB8191

Table 4-2-2 Data Memory Area and Range

Please note that the size of M is 8KB with a range of %MB0~%MB8191, among which,
%MBO0~%MB99 are used as diagnostic addresses for PLCs so that they are suggested not to
be used by users. %MB300~%MB799 can be retained in power failure while other parts do

not have this function

4.3 CONSTANTS

In PLC programming, parameters of fixed values may be frequently used, for example, the
time parameter of timers and the proportion parameter of calculations. These parameters
with unchangeable values are called constants. LM Micro series PLC supports a large number
of constants in different data types, and the commonly used include BOOL, TIME and
numerical constants, as shown in table 4-3-1.

Type of Constants Format
_— There are only two BOOL constants: logic values TRUE and
Description
BOOL FALSE (also shown as 1 and 0), TRUE = 1, FALSE =0
Example TRUE, O
Values of numerical constants may be binary, octal, decimal
and hexadecimal If an integer value is not decimal, then a
Description number indicating the base and the sign “#” shall be put in
front of the value. The values of the decimal numbers 10-15 is
represented as letters A-F in hexadecimal number system.
Integer
14 (*decimal number 14%)
2#1001_0011 (*binary number 1001_0011%)
Example
8t67 (*octal number 67%)
16#AE (*hexadecimal number AE*)
In standard scientific format, real number constants may be
Description represented as decimal fractions and exponents. We use REAL
REAL as the data type of real number constants.
7.4 (*REAL constant 7.4*)
Example
1.64e+009 (*REAL constant 1.64e+009*)
TIME Description Generally TIME constants are used to operate the timer. A
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TIME constant consists of a “t#” (or “T#”) and the actual time
value that includes components such as days (“d”), hours
(“h”), minutes (“m”), seconds (“s”) and milliseconds (“ms”
Please note that the correct order of these components in
time entries shall be d, h, m, s, ms.

T#18ms  (*18ms¥*)

T#100s12ms  (*100s12ms, the highest component may be
allowed to exceed its limit*)

t#12h34m15s (*12h34m15s*)

Example the followings are incorrect TIME constants:
tH5m68s  (*lower component exceeds limit*)
15ms (*T# is missing™®)

tH4ms13d  (*incorrect order of entries*)

This type of constants is used to store the times of the day.
ATIME_OF_DAY constant consists of “TOD#” (“tod#”,
Description “TIME_OF_DAY#” or “time_of_day#”) and “a time value” in
TIME OF DAY the format: hour: minute: second (the component “second”
-7 may be entered as a real number).

TOD#00:00:00 (*OhOmOs*)

Example
TIME_OF_DAY#15:36:30.123 (*15h36m30.123s%*)

A DATE constant is composed of “D#” (“d#”, “DATE#” or

Description .
P “date#”) and “a date value” in the format: year-month-day.

DATE
DATE#2005-05-06 (*2005-5-6 *)

Example
d#1980-09-22 (*1980-9-22 *)

DATE constants and TIME_OF_DAY may also be combined to
form DATE_AND_TIME constants. A DATE_AND_TIME constant
is composed of “DT#” (“dt#”, “DATE_AND_TIME#” or
“date_and_time#”) and “a date and time value”.

Description

DATA_AND_TIME DT#1980-09-22-15:45:18

(*1980y9m22d15h45m18s*)
date_and_time#2001-03-09-00:00:00
(*2001y3m9d0OhOmOs*)

Example

STRING constants are enclosed with a pair of single quotation

Description . . -
P marks, which may include spaces and special characters

STRING . . :
'Abby and Craig' (*string Abby and Craig *)

Example .
=) (*string :-)*)

Table 4-3-1 Types and Formats of Constants

Note:
PowerPro is not case sensitive, therefore, “T#3s” and t#3s” indicates the same constant, and both “TRUE” and
“true are Boolean constants.
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4.4 VARIABLES

According to the definition promoted by IEC61131-3 standard, variable is an identifier
composed of characters, numbers and underlines. The identifier must be declared before
use to describe the object it identifies. Each identifier corresponds to a certain data type.

In LM Micro series PLCs, declared identifiers may be used to indicate some parameters that
change in real-time, and also some function block instructions. This chapter mainly deals
with the identification of parameters with changing real-time values, or in other word the
variables. For identifiers of function blocks, please refer to section 5.3.2.

The use of variables may replace that of memory addressing in programs. It may also
enhance the readability of programs by declaring identifiers according to actual definitions.
Before any application of the variables, we need to know more about their detailed
classifications. The classifications according to different standards are as followings.

According to different data types, variables can be classified into standard data types and
user-defined data types, among which, standard data types contain BOOL, INT, REAL,
STRING, TIME etc.

According to the validity scope (application range), variables can be classified into global
variables and local variables. Local variables are valid in partial programs of the whole
project and cannot be used by other programs. Global variables are valid in the whole
project and can be used by any program of the whole project.

According to the properties,, variables can be classified into intermediate variables, input
variables, output, input/output variables, etc.

According to the retain ability in power failure, variables can be classified into retainable
variables and non-retainable variable.

Section 4.4.2 gives descriptions of all the data types. Section 4.4.4 gives descriptions of the
declaration and usage of global variables and local variables are described. Section 4.4.5
gives descriptions of the declaration and usage of input variables, output variables and
input-output variables, while section 4.4.6 explains how to declare a retain variable.

4.4.1 Naming Rules of Variables

Naming of variables must abide by the following rules:

The name must start with a character or an underline, following by a certain amount of
characters, numbers or underlines.

Characters are case insensitive that “ABC” and “abc” will be recognized as the same
variable.

The keywords cannot be use as variable names. PowerPro defined keywords are standard
identifiers that their usage and naming have been defined automatically by the system. The
keywords in PowerPro are shown in table 4-4-1.
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ARRAY FUNCTION TYPE

AT FUNCTION BLOCK VAR

CONSTANT OF VAR ACCESS

END FUNCTION PERSISTENT VAR CONFIG

END_FUNCTION_BLOCK PROGRAM VAR_EXTERNAL

END PROGRAM READ ONLY VAR GLOBAL

END_STRUCT READ_WRITE VAR_IN_OUT

END TYPE RETAIN VAR _INPUT

END VAR STRUCT VAR OUTPUT
Table 4-4-1 List of Keywords

4.4.2 Data Types of Variables

PowerPro supports standard data types and user-defined data types of variable. See section
4.6 for user-defined data types. This section mainly describes the standard data types.

The standard data types and the range of the variables supported by PowerPro are shown
in figure 4-4-2.

T?/apt; Type Name Upper Limit Lower Limit zt)c:caege Comments
BOOL bool 0 1 1bit
BYTE byte 0 255 8 Bit
WORD word 0 65535 16 Bit
DWORD double word 0 4294967295 32Bit
SINT short integer -128 127 8 Bit
USINT unsigned short | 0 255 8 Bit
integer
INT integer -32768 32767 16 Bit
UINT unsigned 0 65535 16 Bit
integer
DINT long integer -2147483648 2147483647 32 Bit
UDINT unsigned long | O 4294967295 32 Bit
integer
REAL real -3.402823E+38 3.402823E+38 32Bit Single precision floating
point
TIME time 32Bit Example:
Timel : TIME := t#3s;
TOD time and date Example:
Tod1:TOD:=
TOD#00:00:00;
DATA date Example:
Datal:DATA:= D#2008-8-
8;
DT date and time Example:
DT1:DT:= dt#2008-08-08-
20:08:08;
STRING string Example:
Str:STRING(35):= ‘hi’

Table4-4-2 Data types of Variables
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4.4.3 Declaration of Variables

A variable must be declared before using. PowerPro provides different variable types for
different variable functions. To declare a variable, users have to declare the data type as
well as the variable type.

In PowerPro, variables may be defined into different types, such as global variables, local
variables, input variables, output variables, etc. See table 4-4-3 for details.

Type of Variables Data Type

Local variable can be used only in the current program. A variable with the same name

VAR
can be declared in other programs and they are recognized as two variables.

Input variable is used to transfer parameters in the calling of a POU. The parameters
VAR_INPUT can be transferred to subprograms or other POUs through input variables. See section
5.3 for details.

Output variable is used to transfer parameters in the calling of a POU. The parameters
VAR_OUTPUT can be transferred from the called POU to the POU that calls it through output
variables. See section 5.3 for details.

Input/output variable is the combination of VAR_INPUT and VAR_OUTPUT and is used

VAR_IN_OUTPUT
to transfer parameters.

Global variable can be used in any program of the current project. Meanwhile, a

VAR_GLOBAL variable with the same name cannot be declared.

Table 4-4-3 Types of Variables

VAR, VAR_INPUT, VAR_OUTPUT, VAR_IN_OUTPUT, and VAR_GLOBAL are keywords to
identify variables.

There are two ways to declare a variable: auto-declaration and manual declaration.

Auto-declaration

If the “Autodeclaration” option of the Editor Options is activated, whenever a new variable
is input into the POU, a dialog will appear in the editor for the declaration of this variable, as
shown in figure 4-4-1. The Class, Name and Type in this dialog are mandatory.

Declare ¥Yariable §|
Clagz Marmne Type _EIK
VAR =] [temp [WORD -

Cancel
Symbaol izt Initial % alue Address
| J |3D J |ZMW1DD [ COMSTAMNT
Comment: |kemperature parameted [ BETAIM
[~ PERSISTEM

Figure 4-4-1 Auto-declaration

The options of the “Autodeclaration" dialog are as follows:

e (lass: five classes, see table 4-4-3 for the differences.
e Name: variable name, i.e. identifier. See section 4.4.1 for variable naming rules.
e Type: selection of data type, data types may be entered manually into the “Type” field

or selected from the Input Assistant dialog that are opened by click the J button.
See section 4.4.2 for the data types.
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e Symbol list: the symbol list is only available when “VAR_GLOBAL” is selected in the
“Type” field. The default setting of which is “Global_Variables”. In the declaration of a
global variable, a “Global_Variables” will appear in the “Global Variables” folder of the
“Resources” tab. Double click on the “Global_Variables”, then all declared global
variables will be displayed, as shown in figure 4-4-2.

e Initial value: the initial value of the variable. To initialize the variable, a constant value
that is corresponding to variable data type shall be entered here.

e Address: declare the address for the variable..

e Comment: comment for variable.

ﬁ]ﬁile Edit Project Imsert Extras Online Windew Help

28| B|D|ee B[S % |22 6|5
¢ [0O0fsAaR_GLOBAL
32, Resources 000z D17 AT %Ix0.6: BOOL = TRUE; CELEEF RS
El'a Global VY ariables 0003(EMD_WAR
IS ] Global Variables D004
b . Yariable_Configuration (AR ooos

Figure 4-4-2 Code of variable declaration

In the auto-declaration of a variable, users shall pay attention to the follows:

A variable can be specified with an address and the address format must be consistent with
that has been mentioned in section 4.2. When a variable is specified to an address, it will be
stored in the data storage appointed by this address. For example, the variable “temp”
declared as shown in figure 4-4-1 will be stored in M storage as its address “%MW100”
indicates. In the program, if the value of %MW100 is changed through direct addressing,
the value of the variable “temp” will also be changed. The variable which is not specified to
an address will be stored in N storage.

In the declaration, a variable can be initialized with a constant value of which the type must
be consistent with the variable data type. For example, the initial value of a TIME variable
must be a TIME constant like t#5s and the initial value of the variable will be set as such
after power on.

After auto-declaration, a statement of the declared variable will appear in the declaration
window. For example, when the variable “temp” in figure 4-4-1 has been declared, the
following message will appear:

PROGRAM PLC_PRG

VAR

Temp AT %MW100: WORD := 30; (*temperature parameter*)
END_VAR

When a global variable has been declared, it will be displayed in the Global Variables of the
Resources tab.

In auto-declaration, there are two options at the lower right corner of the dialog box:
CONSTANT and RETAIN. If the CONSTANT is activated, the variable will be saved as a
constant and its value cannot be changed. If the RETAIN is activated. the variable will be
stored in R storage and its value can be retained after power-failure.

When a new variable is created, the system can auto-declare it. However, when this
variable is deleted, the declaration statement in the editor will not be deleted
automatically, so that a variable cannot be declared repeatedly. These unused declaration
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statements may be find with the command “Project”/“Check”/“Unused Variables”. See
section 8.2.3 for detailed usages.

Manual declaration

Besides the auto-declaration, a variable can also be declared manually in PowerPro. The
manual declaration adds instructions directly in the declaration window without the help of
the dialog box “declare variable”. A variable declaration adopts the following syntax:

<ldentifier> {AT<Address>} : <Data Type> {: = <Initialization>};

The parts in the braces { } are optional.

Variables of different types shall be declared in different positions. For example, a local
variable shall be declared between the keywords VAR and END_VAR while an input variable
shall be declared between the keywords VAR INPUT and END_VAR.

The declaration window can be defined as a table. If the “Declaration as tables” option is

activated in the dialog box of “Project”/“Options”/“Editor” or on the context menu in
editor, the declaration editor looks like a table, as shown in figure 4-4-3.

WAR

ki Hittik i HEE ez
1A01 Analog_OUT
DFP DP_Slave
unhuan BOOL

TP1 TP

T2 TF

TOR_1 TOM

TOMN_2 TON

TOR_3 TOM

TOR_4 TOM

TOMN_S TON

Figure 4-4-3 Declarations as Tables

A new variable can be brought into this declaration table by using the command
“Insert”/“New Declaration”. By default, this new variable will be set as “Name” in the Name
field, and “Bool” in Type field. These values can be changed according to the user. “Name”
and “Type” are both necessary for a complete declaration of variables.

The declaration window can be switched back to normal format by deactivating
“Declaration in table form” in the context menu.

Comparing with text declaration, declaration in table form is much more succinct. For
beginners, auto-declaration or declaration in table form are recommended.

The difference between variable calling and addressing calling

The “variable+address” calling is quite similar with address calling with some minor
differences. The data types that can be called through addressing are only BOOL, BYTE,
WORD and DWORD while more data types can be called through “variable+address”.

For example: in case of declaring a REAL variable the address %MD100, Directly set the
address as %MD100 will result in a the DWORD data type but not REAL. In this case the
“variable+address” method shall be used to declare this variable (only the initial address
needs to be specified, and the length of the data will be calculated automatically based on
its type), which achieves the declaration of a REAL variable at the address %MD100. .
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4.4.4 Global/Local Variables

A complicated project may consist of a number of POUs (Programs, Function blocks).
Declare A variable that can be recognized throughout the project shall be declared as a
global variable and a variable that can be only used in the current program or function block
shall be declared as a lock variable.

In the auto-declaration, a global variable is declared as VAR_GLOBAL while a local variable is
declared as VAR.

In a program, all the addresses in |, Q and M storage area can be called, read and written by
all POU. So the global variables can replace the use of storage addresses in all POU.

4.4.5 Input/Output Variables

In programming, subprogram may be called. To transfer parameters in main program to
subprogram and transfer the calculating result to main program, the input variables and
output variables shall be employed. The input variables and output variables are declared in
subprogram. Input variable is a variable that transfer from main program to subprogram
while output variable is a variable that transfer from subprogram to main program. The
input/output variable is the combination of input variable and output variable.

In the auto-declaration of a variable, an input variable is defined as VAR_INPUT, a output
variable is defined as VAR_OUTPUT while an input/output variable is defined as
VAR_IN_OUTPUT.

See section 5.3 for details of POU calling.

4.4.6 RETAIN Variables

Many projects may require some of the variables retain their value after a power failure. In
the declaration, a variable can be directly defined as a Retain variable that saved in R
storage which has the power-failure protection function.

In a variable declaration, select “RETAIN” at the lower right corner of the dialog box to save
the variable as a Retain variable. A Retain variable can also be defined manually between
the keywords VAR_RETAIN and END_VAR.

It has been mentioned in section 4.1 that partial addresses in M (%MB300~%MB799) also
have the power-failure protection function. Declare a variable as a RETAIN variable has the
same effect as stored a variable in addresses %MB300~%MB799.

4.4.7 Pointer Variables

Pointer variables are a special kind of variables. In LM Micro series PLCs, each storage
memory occupies a CPU address that is called absolute address. That is to say, |, Q, M or N,
R storage all has their own partial addresses of the CPU while the address in I, Q and M that
is accessed by addressing, such as %MW100, can be considered as relative address. Pointer
is an absolute address.

If two relative addresses are adjacent, their absolute addresses are adjacent too. The
storage in LM Micro series PLCs is stored in bytes, so if the absolute address of %MW100 is
pt, the absolute address of %MW102 will pt+2 and the absolute address of %MW?200 is
pt+100.

In programming, this pointer feature may be used to realize more complicated functions. A
pointer variable shall be declared before using.
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The declaration of Pointer variable is quite similar to other data types, only that the data
type shall be set as POINTER TO <data type>.

Pointer declarations adopt the following syntax:

< Identifier > : POINTER TO < Datatype/Functionblock>;

Example:

pt:POINTER TO INT; (*define a pointer of INT type pt*)

Var_int1:INT :=5;  (*define a INT variable Var_int1:=5%)

Var_int2:INT; (*define a INT variable Var_int2*)

pt := ADR(Var_intl); (*assign the address of Var_int1 to pt*)

Var_int2:= pt®; (*assign the value of pt pointer to address to Var_int2, that is,
Var_int2=5%)

Pointer Usage Example:

In case of moving 100 WORD variables that are stored in M storage addresses stating from
%MW100 to the addresses starting from %MW300 to make these variables retainable after
power-failure:

Since the data area is quite large, it will be convenient to move the data area by using
pointer.

Declare two pointer variables ptl and pt2, one points to %MW100 and the other points to
%MW300. Address operator ADR and content operator » are used here, refer to
<<Instruction Manual>> for more.

Variable declaration as follows:

VAR

m: INT;

ptl: POINTER TO WORD;

pt2: POINTER TO WORD;
END_VAR
Where, m is used to transfer 100 bytes.

Here ST programming language is used for program writing; see section 9.3 for more of ST
language.

In the FOR loop, at each loop the values of ptl and pt2 increase by 2 (pointer of WORD
type) and assign the value of pt1 to pt2.

The program as follows:

pt1:=ADR(%MW100);
pt2:=ADR(%MW300);
FOR m:=1TO 100 BY 1 DO
pt27:=pti”;

ptl:=ptl+2;

pt2:=pt2+2;

END_FOR
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4.5 ARRAY

The data management functions of PowerPro are very powerful. It supports not only many
different data types but also multi-dimensional data. One-, two-, and three-dimensional
arrays can be defined according to elementary data types. Arrays can be defined
automatically or manually in the declaration window of a POU.

The identifier of array is ARRAY and the syntax is:
<Arrayname>: ARRAY [<L1>..<U1>, <L2>..<U2>, <L3>..<U3>] OF <elementary data types>;

L1, L2 and L3 identify the minimum of the field range, U1, U2 and U3 the maximum. The field
range must be integers. For one-dimensional array, only L1 and U1 shall be configured, For
two-dimensional array, L1, U1, L2, U2 shall be configured while L1, U1, L2, U2, L3, U3 shall be
configured for three-dimensional array.

A dialog box of the auto-declaration of array [1..10] is shown in the following figure:

Declare Wariable E'
Clazz Marne Tupe “
VAR | A RRAY [1.10] OF WORL .. | o

Cancel
Symbal list Iritial % alue Address
| J | J | [ COWSTANT

[ BETAIN

Comment:

Figure 4-5-1 Auto Declaration of Array

In the declaration of arrays, the elements assignment is called the initialization of array. The
complete elements assignment is optional in array declarations

Example for array declaration:

Card_game: ARRAY [1..13, 1..4] OF INT; (*two-dimensional array Card_game¥*)

Example for the complete initialization of an array

Arr1:ARRAY [1..5] OF BYTE:= 1,2,3,4,5;
Arr2:ARRAY [1..2,3..4] OF INT := 1,3(7) ; (*short for 1,7,7,7 *)
Arr3:ARRAY [1..2,2..3,3..4] OF INT := 2(0),4(4),2,3; (*short for 0,0,4,4,4,4,2,3 *)

Example of the partial initialization of an Array
Arr1:ARRAY [1..10] OF BYTE:= 1,2;
Elements that have no pre-assigned value are initialized according the default initial values

of the elementary data types. In this example, the elements [3] to [10] are therefore
initialized as 0.
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4.6 USER-DEFINED DATA TYPES

In some practical applications, certain customized data may be necessary. Each group of
these customized data may contain parameters of different types, such as REAL, WORD or
TIME, therefore it is convenient to use user-defined data types to manage these data.

User-defined data types have already been mentioned in section 2.5.2. In the “Data Types”
tab of Object Organizer, structures or data types can be created as objects and data types
can be defined by users.

First right click to Add Object and name the new data type according to the variable naming
rules. After this, the identifier can represent this data type as a structure.

Structures begin with the keywords TYPE and STRUCT, end with END_STRUCT and
END_TYPE.

The syntax for structure declarations is as follows:

TYPE < Structurename >:

STRUCT
<Declaration of Variables 1>
< Declaration of Variables 2>

< Declaration of Variables n>
END_STRUCT
END_TYPE

<Structurename> is a type that is recognized throughout the project and can be used like a
standard data type. The only restriction is that variables may not be placed at addresses, i.e.
the AT declaration is not allowed.

Example: declaring a structure named Polygonline

TYPE Polygonline:

STRUCT
Start:ARRAY [1..2] OF INT;
Point1:ARRAY [1..2] OF INT;
Point2:ARRAY [1..2] OF INT;
Point3:ARRAY [1..2] OF INT;
Point4:ARRAY [1..2] OF INT;
End:ARRAY [1..2] OF INT;

END_STRUCT
END_TYPE

Example: the initialization of a structure

P1:Polygonline:=(Start:=3,3,Point1=5,2,Point2:=7,3,Point3:=8,5,Point4:=5,7,End:=3,5);
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Example: the initialization of a structure array

TYPE STRUCT1:
STRUCT
pl:int;
p2:int;
p3:dword;
END_STRUCT
END_TYPE
A1[1..3] OF STRUCT1:=(p1:=1,p2:=10,p3:= 3),(p1:=2,p2:=0,p3:=2),(p1:=4,p2:=5,p3:=1);

Syntax for access on structure components:
<Structurename>.<Componentname>

Example

If there is a structure named “Week” that contains a component named “Monday”, the
component can be accessed by the following syntax:

Week.Monday
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Chapter

Program Organization Unit

This chapter introduces an important concept in PowerPro—program organization unit
(POU). POU is the base structure of a project. Any complicated project is composed of POUs
and POUs include programs, functions and function blocks.

The basic concept of POUs is given in section 5.1 to allow the users obtain basic knowledge
about POUs.

In section 5.2, we explain how to create a POU, and in section 5.3 the POU calls are
discussed. The key point of these two sections is the rules to use POUs. In section 5.4 we
discuss how to manage POUs using PowerPro.

For beginners, if you encounter concepts or rules that are not easy to understand in the
learning process, it is suggested to skip this chapter and learn through practices, which will
help you understand the content easily. It is suggested to learn the following chapters in this
way too.

5.1 BASIC CONCEPT OF POU

POU is short for Program Organization Unit. A POU can be a Function, a Function Block or a
Program. Each POU consists of a declaration section and a body. The body is written in one
of the IEC programming languages which include LD, FBD, IL, ST, SFC or CFC. See chapter 9
for more details about programming languages of POU.

5.1.1 Typesof POUs

POUs include Programs, Function Blocks and Functions.

e A Program is a statement sequence written for a certain task and it is a set or a group
of instructions. Programs are the only executable POUs and they are the subject of logic
execution. Programs can be activated by task configurations or be called by other
programs.

e  Function Blocks are pre-written for a certain operation. The inputs of a function block
can be one or more and the outputs can be one or more executing results. Function
blocks are different from functions in that function blocks have no return values.

e Functions are also pre-written for a certain operation. In the implementation of a
function, it will produce a result according to a series of special inputs and the result
which is assigned to the function itself is called return value. A function can only be
called by other POUs and cannot be executed alone.
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5.1.2 Calling POUs
Two methods for calling POUs:
e C(Called by a POU which is called by another POU.

e Called by Task configuration which is limited to program calls. If you do not configure
the Task configuration, the system will call main program PLC_PRG automatically.

Conform to the following rules in POU calls, as shown in figure 5-1-1.
e  Programs can call functions, function blocks and other programs.

e  Function blocks can call functions and other function blocks.
e  Functions can call functions.

BF
(Program)
Pk Dihedk dag
(Function) (Function Block) (Program)
B g Ditgsh
(Function) (Function) (Function Block)

Figure 5-1-1 POU calls

5.1.3 Main Program PLC_PRG

PLC_PRG is the default name of main program and it is a special POU. Each project must
include a PLC_PRG to run normally. This POU is called exactly once per control cycle by
default and there is no need to configure Task configuration explicitly. So each project must
contain the PLC_PRG as a main program to call other POUs.

5.2 CREATING NEW POUS
5.2.1 Creating New Programs

e Right click in the “POUs” tab in the object organizer, and select “Add Object”. The
default name of a new POU is “PLC_PRG” if there are no POUs. In the dialog “New
POU”, select “Program” in “Type of POU”, as shown in figure 5-2-1.

New FPOU

X
MName af the new POL: |F|:t

Type of POL Language of the POL Cancel
{* Program I} JL
" Function Block LD
" Functioh " FED
Return Tppe: " 5FC
| o i
" CFC

Figure 5-2-1 New Program
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5.2.2 Creating New Function Blocks

Creating a new function block is similar to creating a new program. Right click in the “POUs”
tab in the object organizer, and select “Add Object”. In the dialog “New POU”, select
“Function Block” in “Type of POU” and enter the name in the field “Name of the new POU”.

5.2.3 Creating New Functions

The external structure of a function is similar to that of a function block. The only difference
is that a function has only one output. We describe how to create a new function below.

Right click in the “POUs” tab in the object organizer, and select “Add Object”. In the dialog
“New POU” select “Function” in the field “Type of POU”, and select or enter “Return Type”,
“Language of the POU” and “Name of the new POU” fields, as shown in figure 5-2-2. If the
name of the new POU is “Fct” the function name will be “Fct”. Generally meaningful names
are used to make it easier to identify.

New POU X
Marme of the new POL: |F|:t
Type of POU Language of the POU Cancel
" Program ¥ JL
" Function Block " LD
* Funchion " FED

Rietun Type: lﬁ
INT J CsT
" CFC

Figure 5-2-2 New Function (1)

After configuration is done, the function structure is generated automatically. You can add
content to it as needed, as shown in figure 5-2-3.

4 CoDeSys — (Ontitled)* — [Fct (FOR-IL)]

%Eile Edit Froject Insert Extras Online WYindew Help

2|28 B|@|eeElS|S58 % |B6 ||

0004 [FUNCTION Fet: INT
aoozvarR_INPUT

Q003 EMND_vAR
aoo4var

Q00S|EMND VAR

O00E

Fet [FUM)

i PLC_PRG [PRG]

[

Figure 5-2-3 New Function (2)

Now we discuss how to write a function using a mathematical formula as an example, as
shown in figure 5-2-4. Declare the input variables between VAR_INPUT and the first



DTS LM MICRO PLC SOFTWARE MANUAL

END_VAR and declare local variables between VAR and the second END_VAR, and write the
implementation part in the window above.

4 Fct (FUR-IL) (=l
0001[F UNCTION Fet : INT

0003WAR_IMPUT
0003 partIMT,
0004 par2:MT,
oans pard:kT;
0006|EMD_WAR

0007[vaR

OO008(EMD_WAR

0oosg

JE |55 ) *
oo LD part; ~
0002 MUl arz;

0on3 or pard; B
0004 ST Fct;

| £

NOneA

< | >
L |

Figure 5-2-4 New Function (3)

Save it after you have finished it. You can call the function directly in other POUs after it has
been compiled without errors, as shown in figure 5-2-5.

4 CoDeSy=s — (Ontitled)=*
I E HEE TEE HAQ SE 'R0 JOo FHEho

2|8 @A f|SSAR ¥ ElBmw 2 -] s[=|@be|s=]
SEE 4 test (PRG-CFC) M=1E3
| 0001|FROGRAM test »

i-[f] PLC_PRG [FRG) VAR =
i @ test (PRG] arm3iImT,
arm4:IMT,;
arma:ImT;
arme:IMT,;
s
>
~
bt
4

Figure 5-2-5 New Function (4)

5.3 CALLINGAPOU

Two methods for calling a POU:

e (Called by a POU which is called by another POU.

o Called by Task configuration which is limited to program calls. If you do not
configure the Task configuration, the system will call the main program PLC_PRG
automatically.

Conform to the following rules in POU calls, as shown in figure 5-1-1.

e Programs can call functions, function blocks and other programs.
e Function blocks can call functions and other function blocks.
e Functions can call functions.
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5.3.1 CallingaProgram

Programs are the only POUs that can be executed. Programs can call function blocks and
functions. A program declaration begins with the keyword PROGRAM, as shown in figure 5-
3-1.

4 PRGEzample (PRG-IL) [ )[B]X]

FROGRAM FRGExample
AR

parMT,
EMD_WAR

4
LD

T

£

Figure 5-3-1 Program Example

Programs can be called by other programs but it cannot be called by functions.

The program “PRGExample” can be called in different programming languages. If a POU
calls a program, and if the values of the program are changed, these changes will be
retained until the next time the program is called.

Example for program calls in IL:

CAL PRGExample

LD PRGexample.PAR
ST ERG

Example for program calls in ST:

PRGExample;
Erg := PRGexample.PAR;

Example for program calls in FBD:

PRGexample
—{start PAR Erg
Example for program calls in LD:
PRGexample

EN

5.3.2 Calling a Function Block

Function Blocks

A function block is a POU which provides one or more values and provides no return value
during the procedure. A function block declaration begins with the keyword
FUNCTION_BLOCK. In Figure 5-3-2, there is an example in IL of a function block with two
input variables and two output variables. One output (MULERG) is the product of the two
inputs, and the other (VERGL) is a comparison for equality.
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4 FB (FE-—TL) J
000T(FUNCTION_BLOCK FB ”~

0002PVAR_INPUT
0003  PARTINT,
0004  PARZINT,
0005(EMND_VAR
0006VAR_OUTPLIT
0007 MULERG:INT,
0oog  YERGLBOOL,

0003 EMD_VAR b
£ >

000z MUl PARZ »

o003 ST MULERG

0004

ooos LD FAR1
ooos  EQ PARZ
oooyl =T VERGL w

Figure 5-3-2 Example of Function Block

Declaration of Function Block Instances

If you want to call a function block, you have to declare a function block instance. For
example, a FUB instance named INSTANZ can be declared as below:

INSTANZ: FUB;

Each function block instance is an independent active object which implements a special
logic function. Different programs and tasks can also define and call function block instances
and each function block instance has its own memory to keep its own logic states. Function
blocks are always called through the instances.

Only the input and output parameters can be accessed from outside of a function block
instance, not its internal variables. The instance name of a function block instance can be
used as the input for a function or a function block.

Calling a Function Block

The input and output variables of a function block can be accessed from another POU by
setting up an instance of the function block and specifying the desired variable using the
syntax “instance name.variable name”.

You can set the input parameters in the text languages IL and ST by assigning values to the
parameters after the instance name of the function block in parentheses. For input
parameters this assignment takes place using “:=" just as with the initialization of variables
during declaration.

In SFC function block calls can only take place in steps.

All values are retained after processing a function block until the next time it is processed.
Because of the internal variables, function block calls with the same inputs do not always
return the same output values.

The function block FUB can be called in different languages, as shown in figure 5-3-3. The
multiplication result is saved in the variable ERG, and the result of the comparison is saved
in QUAD.
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4 PLC_PRG (PRG-TL} |
D002[VAR A

0003  QUADBOCL,
0o04f  INSTANZFLUB,
0005  ERGINT=D;

Q00BEMD_WAR w
< >

o001 CAL INSTAMNZ(PAP1 =5 PAR2:=5) ~

0002 LD INETANZ VERGL

0003 5T QUAD

0004 LD INSTANZ MULERG

0005 ST ERG W
£ >

Calling FUB in IL

4 PLC_FRG (PRG-ST}
00 |FROGRAM PLC_FRG

oO0Z[vAR

0003 QUADEOOL:
0004  INSTANZFUE;
0005 ERG:INT::D;I
OO0G|EMD_WAR

< ¥

0001(INSTANZPART =5 PARZ=4),
0oo0zauUAD =INSTANI VERGL,
DO00IERG=INSTANZ MULERG,

< ¥

Calling FUB in ST (Declaration part as shown above for IL)

-lBlx|
_0001|PROGRAM PLC_PRG

0002vaR

0003  INSTANZFUE;

0004 ERGINT,

0008 QUADBOOL;

_O0DB|END_VAR

0007
0oog)
LT [
Instanz
FUB

A—PAR1 MULERG ——ERG

5-PARZ VERGL—GUAD
A >

Calling FUB in FBD (Declaration part as shown above for IL)

Figure 5-3-3 Calling FUB

The difference between “Function Block” and “Box with EN”

Box with EN will now be discussed so that it can be distinguished from function blocks. The
general difference is that the calling mode is different. For a function block, it will be
executed when the program runs no matter it is enabled or not. But a Box with EN will be
executed and called only when the EN is enabled. But the detailed application is not given
here. We take a simple program written in LD as an example to examine the differences.
This is shown in figure 5-3-4.

From figure 5-3-4 we can see that the IN of TON T1 is equal to the EN of “Box with EN”, i.e.
enabling port in itself. The program starts to run and when the delay is 1s, %QX0.0 is set to
1, and the related channel light Q0.0 in PLC is turned on. For ADD, when it is added the EN is
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generated and only when EN is set 1 the “Box with EN” can be called. That means only
when %1X0.0 is 1 when ADD will be executed.

4/ PLC_PRG (PRG-LD) (=13
001|PROGRAM PLC_PRG

003/vAR:

TITON;

AINT;

END_VAR

<

=
=

=]
[}

=]
=
=
w

=]
=
=
=

=]
=
=
o

K

¥ |

0001

T
o BHOK0.0

bt €0 o7 {
Jre s{PT ET—

000z

100 ADD

1 (—Y

Figure 5-3-4 Function Block and Box with EN

5.3.3 Calling Functions

A function is a POU, which yields exactly one data element when it is processed with a
series of specified inputs. Compared with function blocks, functions have only one output
and do not have any internal conditions. That means calling a function with the same input
parameters always produces the same value. The commonly used mathematical operators
such as SIN(X) are typical function types. When declaring a function, keep in mind that the
function must receive a data type as the type of the return value. The result is assigned to
function itself, which means the output variable is the function name itself. A function
declaration begins with the keyword FUNCTION.

In figure 5-3-5 there is a function Fct in IL, in which three input variables are declared. The
first two input variables are multiplied and then divided by the third one. The function
returns the result of this operation. A function call can be used as operand in an expression
and can be assigned.

4 Fct (FUR-IL) M =1[E3]
Eal

0oo2vAR_INPLIT
0003 PARTINT,
0an4 FPARZIMNT,
0004 PARZINT,
000G EMD_VAR
O007|VAR

0008 EMD_WVAR
0oog

o of

£

| < >
ooo1 LD PAR1

0002 hfLIL PARZ

0003, oK PARZ

0an4 T Frt

0004

£ >

Figure 5-3-5 Example of Function
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Example for calling the above described function Fct:

IniL:
LD7

Fct 4,2
ST Result

In ST:
Result := Fct(7, 4, 2);

In FBD:
Fct
¥ —{PAR1 Ergebnis
4 -{PARZ
2 -{PAR2
In SFC:

A function call can only take place within actions of a step or a transition.
Example
More examples for function calls are described below.

Example 1: if you define a function in your project with the name CheckBounds, you can use
it to check range overflows, as shown in figure 5-3-6.

4 CheckBounds (FUN-5I) = || |
0001 URCTION CheckBounds : INT A

0002WAR_INPLUT
o003 index lower, upper kT,
Q004(ERHD_WAR

0005

D00E v
< *

0001|IF index=lower THEM -

0002 checkhounds=lower,

QO03|ELSIF index=upper THEM

0004|checkhounds:=upper,

0005/ ELSE

0006|checkhounds:=indesx; v
4 »

Figure 5-3-6 Example for Function Call (1)

Example 2: If you define functions in your project with the names CheckDivByte,
CheckDivWord, CheckDivDWord and CheckDivReal, you can use them to check the value of
the divisor. The function CheckDivReal is described in figure 5-3-7.
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4 CheckDiwEeal (FUN-5I)

0001|FUNCTION CheckDivReal : REAL
0002[vAR_INPUT

0n0n3 divisorREAL;
0004|END_VAR

0005[vAR

O00B[=MND_VAR

<[]

0001|IF divisar=0THEM
000Z|{CheckDivReal =1,
0003\ ELSE
0004|CheckDivReal=divisor,
000S|EMD_IF

| ™

8% »

Figure 5-3-7 Example for Function Call (2)

Use the output of function CheckDivReal as the divisor of the operator DIV, as shown in
figure 5-3-8, to avoid a division by 0 and the variable d is forced to 1 from 0 and the result is
799.

0001 PROGRAM PLC_PRG

4 PLC_PRG (PRG-FED) M=1E3
el

0002[VAR RETAIM
0003(EMD_WAR
0004[VAR

0005  w1:REAL=7499,
0006 d:REAL;
0ooy erg:REAL;
0008[EMD_WAR b

Dy

Figure 5-3-8 Example for Function Call (3)

5.4 MENUFOR MANAGING POUS

Right click on the selected POU in the “POUs” tab in object organizer in the main window of
PowerPro, and the context menu is shown in figure 5-4-1.
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B|=E| B|@]edls|E

&dd Object. ..

Rename Object. ..

Edit Object

Copy Object

Delete Object

Conwert Object. ..
Object Froperties. ..
Froject database ¥

£dd Action

Hew Folder

Show Call Tree
Sawve az template. ..

Exclude from build

Figure 5-4-1 Menu for Managing POU

5.4.1 Creating New Folders

In order to manage and keep track of large projects you should group your POUs, data types
and global variables systematically in folders. You can set up as many levels of folders as
you want (a plus sign is in front of a collapsed folder icon). With Drag & Drop you can move
the objects as well as the folders within their object type. To do this, select the object and
drag it while holding down the left button to the desired position, as shown in figure 5-4-2.
Folders have no effects on the programs, but rather serve only to structure your project
clearly. You can create more folders with the command “New Folder”. If a folder has been
selected, the new one is created underneath it. If a file has been selected, then the new
folder is created on the same level.

B3 Mew Falder
B3 Mew Falder
&+ Z3 Mew Folder
. “[g] PLC_PRG [FRG)
Ea MHew Folderl
----- [ PLC_1[PRG)
----- PLC_Z [PRG)

Figure 5-4-2 Folder

5.4.2 Converting Objects

With the command “Convert Object” you can convert POUs from the current programming
language into one of the three languages IL, FBD or LD. The command can only be used with
programs, functions and function blocks. Before doing this the project must be compiled. In
“Target Language” choose the language into which you want to convert the POU, and give
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POU a new name. Remember that the name of the POU must not be already used. Next,

press OK, and the new POU is added to your POU list.

Note:

In the conve
occurs frequ
even more u

The
lang

rsion process, some useless statements could be generated. If the conversion in between languages
ently, please delete the useless statements first before generating the conversion process to avoid
nnecessary conversion and errors.

conversion between different languages embodies the portability of programming
uages. However pay attention to the following:

It is difficult to convert multi-nested ST to LD. The statements written in IF, THEN, CASE,
FOR, WHILE and REPEAT format cannot be converted into function block networks
directly.

It is very difficult to convert IL language to other languages unless the application scope
and of the way IL operators are written are limited strictly. It's easy to convert the
programs written in other languages to IL language.

Most programs written in FBD language can be converted into IL language and LD
language.

LD language, FBD language and IL language can be converted reciprocally.

Programs written in ST language can be converted into LD, FBD or IL language and
Programs written in ST language can be converted into functions, function blocks and
their related parameter values.

An example of converting a program from ST language to LD language is shown in figure 5-

4-3,
a0o0z AR
0003 FINT=0] Corverting POL: |F'L|:_'|
noo4 heIMT:=0;
a0os IMT; Mew POU name: |F'L|:_'|
OO0OGEMD AR

o Target Language
0001 [c:=A+b; L " EBD o LD
ooz
oot

ADD

Figure 5-4-3 Convert Object
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Chapter

PLC Working Mode

After you have learnt how to manage the data and POUs in PLC, you still need to know how
PLC works. The PLC working mode is described in section 6.1. Please read it carefully to help
you to better understand the program execution process.

The concept of task is proposed in LM Micro series PLC. A task is a piece of content going to
be executed in PLC. Generally PLC scans the programs circularly, if you want to generate an
interrupt or trigger other events you have to configure it in task configuration. Refer to
section 6.2 if you want to know the details of the task configuration process.

6.1 PLC WORKING PROCESS

PLC works in san mode. A scan is the process that CPU executes user programs and tasks
circularly. In every working cycle, PLC goes through three steps to run programs which
include input sampling, executing users’ program and output refurbishing, as shown in figure
6-1-1.

Input Input —l\ Ian!t User's o —‘\ Output —l\ Qutput Qutput
Signal Terminal iApRIg Program Mapping Latch Terminal Signal
/| Register Register / 1/

Input Sampling D< Executicn of Program >K Output Refrashing

Figure 6-1-1 PLC Working Process

6.1.1 Inputsampling

PLC works in scan mode. PLC reads all the signals in order and stores them in input mapping
register which is used for storing input states. This process is called sampling. In this
working cycle the sampling result cannot be changed and it will be used in the execution of
users’ program.

6.1.2 Executingusers’ program

PLC scans every instruction in the program from top to bottom and from left to right, and
calculates and processes the data obtained from the input mapping register and output
mapping register. Next, the calculating result is sent to the output mapping register which is
used for storing the execution result. Note that before the execution is finished, the
executing result will not be transferred to output port.
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6.1.3 Output refurbishing

{r=1) scanning period |<

After the whole user program is executed, PLC outputs the content in the output mapping
register to the output latch which is used for storing output states in order to drive the
user’s devices. This is called output refurbishing.

PLC repeats the three steps above. The time for executing the three steps is called a scan
cycle. In every scan cycle, generally the input sampling time and output refurbishing time
are less than 1ms and the time for executing users’ program varies with the size of users’
program. General PLC scan cycle is limited in tens of milliseconds.

A PLC working cycle mainly contains the three steps. But strictly the following three steps
are included and they are performed after input sampling.

e System self-checking: check whether the program is executed correctly and the CPU
stops working if time out.

e Exchange information with PowerPro: this is executed once when using programmer
input and debugging.

e Network communication: when a communication module is configured, it is used for
data exchange with communication object.

When PLC runs the three steps above, i.e., cycle scanning working process, will be executed
repeatedly, as shown in figure 6-1-2. The main feature of PLC is that the input signals,
execution process and output control are batch processed. The PLC “serial” working mode
can avoid the contact competition between relay—contactor and sequential logic
mismatch, that is one of the reasons why the PLC has high reliability. But, cycle scanning
working process will lead to output lag compared with input and it's one of the
disadvantages of PLC.

nth scanning period

ﬂ {m+1) scanning pericd

[ 1
Output refreshing * Input sampling *Exemutian of Prngmm*ﬂulpm refrashing * Input refreshing

Note:

Figure 6-1-2 PLC Scanning Cycle

The state values used in PLC program execution are not from the actual input ports directly
but from input mapping register and output mapping register. The state values in input
mapping register are the data acquired from input terminal in previous period and they
retain in the process of executing users’ program. The state values in output mapping
register are the executing results. The state values in output latch are from output mapping
register in output refurbishing of previous scanning cycle.

In addition, in PLC a watchdog timer is usually used to monitor whether the actual working
cycle exceeds the prefixed time to avoid infinite loop or execute not-prefixed program
resulting in system paralysis.

By default, LM Micro Series PLC starts up the watch-dog function automatically. When the scanning time exceeds
500ms, the PLC will consider it as an infinite loop program and will restart the PLC. In this situation, the PLC ERR
light will flash for six times at a slower speed before the program is then reset, restart, and execute again.
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6.2 TASK CONFIGURATION

For a project, according to different requirements many tasks can be configured to call
different programs. Generally it is suggested that a task should be configured to call the
main program and the other programs are called indirectly via the main program . Only
programs can use this kind of calling mode and function blocks and functions cannot be
called in this way.

Strictly if the task configuration is not done, in single task environment the default main
program is PLC_PRG and it is called automatically and uniquely and the other programs are
called by the main program. If the task configuration is done, program calling depends on
the task configuration. Generally, single task environment is enough for PLC control and
there is no need to configure the task configuration.

6.2.1 Task Configuration

Double click the “Task Configuration” in the “Resources” tab and the dialog for setting the
task configuration is opened. Right click on the “Task Configuration” and select the “Append
Task”, as shown in figure 6-2-1.

<4 CoDeSys — 12B_90.prox — [Task configuration]

T File Edit Project Insert Egtras Online findow Help - 8 x

s el e [

[EdTask configuration

32 Resources Tasle avacution
B3+ Global Variables
B[ library Standard lib B
Alarm configuration
m Library Manager
B Log
@ PLC - Browser
PLC Configuration
Sampling Trace
ﬁ Target Settings
Task configuration
Q watch- and Recipe
5@ ‘Workspace

< >

Loading library ToHollysys\P owerPro EMGiLibrandStandard. lib'

IR ER A NIE >
[ [ONLNE [0% [FEAD

Figure 6-2-1 Task Configuration

The dialog for setting the “Taskattributes” will appear. Enter the information in the fields
“Name”, “Priority”, and “Interval”, as shown in figure 6-2-2.
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Taskattributes \

Mame:; |NewTask

Priarity(0..31} 1

Type
* cyclic

(" freewheeling
(" triggered by event
~

Properties
|rterval [2.g. t200ms]: |¢tt5ms

Figure 6-2-2 Task Attributes

Name

e A name for the task is represented with letters and numbers in any way.
Priority

e There is no priority for LM and first call the task configured first, so the default setting is
adopted and there is no need to modify it.
e Type

Cyclic: The task will be processed cyclic according to the time definition given in the field

‘Properties’/‘Interval’. If “cyclic” is selected, then an icon “ (& will be displayed at the left
of the “NewTask”.

Freewheeling: The task will be processed as soon as the program is started and at the end
of one run will be automatically restarted in a continuous loop. If “freewheeling” is selected,

then an icon “ "2 will be displayed at the left of the “NewTask”.
Triggered by event: PLC does not support the function

Triggered by external event: PLC does not support the function
Properties

Interval: You should enter the period of time according to the control speed of the POUs
included in the task if the “Type”/ “cyclic” is selected. Remember to plus the “t#” before the
number (fixed format) and you can choose the desired unit: ms (milliseconds), s (second), m
(minute), h (hour), d (day).

6.2.2 System Events

Instead of a “task”, a “system event” can also be used to call a POU of your project, which
calls the corresponding POU when the related event is triggered. For example,
corresponding POUs will be called when T2, T3, T4 timers overflow and fast external
interrupt runs.
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Double click “Task Configuration” in “Resources” tab, and the window of task configuration
will appear on the right of the main window. All the available system events are displayed
on the right as soon as the “System events” is selected in the “Task Configuration” tree, as
shown in figure 6-2-3. If you actually want the POU to be called by the event, activate the
entry in the assignment table (activating is done by a click on the control box) and in the
column “called POU”, enter the name of the project POU which should be called and
processed as soon as the event occurs.

....... =l i -
r— B [ Task configuration Systen avent |
@] Global Variables
B2 fbrary Standard b 512,05 17: | Marme | Deseription ~
-3 library SvSLIBCALLBACK.LIE O start Called when program starts
| A1l configuration [ stop Called when program stops
m Library Manager [ debug_loop Called when debug loop runs
O taskeode . Called when lecCode is NOT ¢
- Log O FastExter... Called when Fast External Eve...
-+ {l PLC Canfiguration [ FastExter.. Called when Fast External Eve...
ﬁ Target Settingz [ FastExter.. Called when Fast External Eve...
ask configuratian [0 FastExter.. Called when Fast External Eve...
Q ‘Watch- and Recipe Manager O HD_TCY Q.. Called when Hardware Timer...
O HD_TC2i.. Called when Hardware Timers..

32 Warkspace HD_TC3i.. Called when Hardware Tirmets...

D_TC4i.. Called when Hardware Timer;...
O_RTC_ .. Called when Hardwara RealTi...
PTO_OFi.. Called when PTO_O Finished ...
PTO_1Fi.. CalledwhenPTO_1 Finished .. =
>

Figure 6-2-3 Dialog of System Events

Configure the system events when using interrupts and refer to section 10.2 for details.

Note
System events are not supported in simulation mode and it will be responded only when the program has been
compiled without any error and the login is successful.

6.2.3 Program Calls

Right click on the “NewTask” and select “Append Program Call”, the dialog of “Program
Call” will appear, as shown in figure 6-2-4.

= 8 Task configuration Co

B3 Global Variables & Systemn events
B librar Standard b 6.12.05 17: {2 NewTask
(1 brary SYSLIBCALLEACK, LIB Insert Task

Alarm configuration bppend Program Call

..... g t'bfary Hanese Cut Cerl4X
..... -

Copy CtrltC
""" PLC Configuration
..... * Target Settings Delets -

..... o sfiquration
ruhgur:.lurl Frnable / dizable task
----- Q Watch- and Recipe Manager

""" '}@ “Workspace

% Resounces

=1

Figure 6-2-4 Append Program Call (1)

Click the ellipsis as shown in the figure 6-2-5 and select the program needed and return by
clicking “OK” with the program called by the task.
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Frogram Call l

Erogram Call: |

Figure 6-2-5 Append Program Call (2)

An example of program call is used to call the program of reset as shown in figure 6-2-6,
where the name is “task”, priority is “1” and the interval is “5ms”.

Program Call l

Broaram Call: |resel[]; |

Figure 6-2-6 Example of Task Configuration
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Chapter

Creating and Managing Projects

After explaining the programming environment in PowerPro, in this chapter we will explain
how to create a project. A project contains all the objects, including POUs, data types,
resources and arithmetic. The steps to create a new project are flexible. The basic steps
include target settings, creating a main program, hardware configuration, and saving the
created project.

7.1 TARGET SETTINGS

After using the menu command “File”/“New” in the main window or the button "EI’, the
dialog titled “Target Settings” will appear. The “Target” refers to the storage space of the
PLC and “Target Settings” are configurations of the selected PLC according to storage space.

In “Configuration” option, select “HOLLYSYS-LEC G3 CPU Extend”, where the target is 120KB.
Click the “OK” button a dialog box will appear as shown in figure 7-1-1.

If the storage space of the module is 28KB, select “HOLLYSYS-LEC G3 CPU” instead. If you are
not sure about the storage space, refer to the appendix for more information.

Choose “None” if you want to write a library instruction. Refer to section 7.4.5 about how to
write a library instruction.

Iarget Settings

LConfiguration:

I
HOLLiS-LEC G3 CPLU
HOLLiS-LEC G3 CPL Extend

Figure 7-1-1 Select Target

Next, the window titled “Target Settings” will appear, where the default settings will suffice
for most of the applications. Click “OK” to exit. This is as shown in figure 7-1-2.
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X

Target Settings

HOLLiS-LEC G3 CPU Extend

LConfiguration:

Target Platform ]Memory Layout] General] Metwork, functionality] Visualization]

| =
Code DFPs Libraries
| =l = =i |
| = E - | |
3 I ,—_|
Olutput
I~ HEX v LST W MAP ’—_| | |
v LST with Addresses

Default | QK | Cancel

Figure 7-1-2 Target Settings

7.2 CREATING POU

Each project must contain a main program which can call other subprograms. When creating
a project, the default “PLC_PRG” is specified as main program and you cannot change it.
Otherwise the user program cannot run normally.

After the target settings are done, a dialog box titled “New POU” will appear as shown in
figure 7-2-1. In the “Language of the POU” option, you can select any of the languages from
IL, LD, FBD, SFC, ST and CFC. Here we select LD. The “Type of POU” is selected as “Program”,
and the default main program name is “PLC_PRG”. Click “OK” to exit the window.

B3
Marme of the new POL: PLC FRG

New POI

Type of FOL Language of the POL Cancel
* Program L
" Function Block f+« LD
" Function " FBD
Beturn Type: " SFC
o e
" CFC

Figure 7-2-1 Creating Main Program “PLC PRG”

7.3 HARDWARE CONFIGURATION

A PLC system acquires and processes data through hardware modules (including CPU
modules and expansion modules). Input channels acquire data from field and output
channels controlling electrical equipments in process. In order to complete the acquisition
and control, configuration of the hardware modules must be done according to the actual
project.
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7.3.1 Configuration of CPU Modules

In “Resources” tab, select “PLC Configuration” and the configuration interface will appear.
Right click in the PLC configuration window, select the command “Append Subelement”,
and select the CPU type to build a “PLC Configuration” tree. Here, select CPU module
LM3107 as shown in figure 7-3-1.

The I/Os of CPU modules have fixed |/O addresses. For example, a CPU module LM3107 has
14xDI and 10xDO, where:

The input in words starts from %IWO, and each input channel occupies one bit. The
addresses are: %IX0.0,%IX0.1,....... ,%1X0.7,%IX1.1,%IX1.2,........ ,%IX1.7 and the first 14
addresses are valid.

The output in words starts from %QWO0 and each output channel occupies one bit. The
addresses are: %QX0.0,%QX0.1,........ ,%QX0.7,%QX1.0,%QX1.1,......,%QX1.7 and the first 10
addresses are valid.

Baze parameters l

......... AT %0%0.0; BOOL; (*Bit 0% Comment; |'I 0 channels digital output[FRelay)
""""" AT %QE0T: BOOL, *Bit1 ™) Channebld: 1005

--------- AT %QKE0D.2: BOOL, FBit2%)

--------- AT %QX0.3: BOOL; (" Bit 37 Class: U

--------- AT %QX0.4: BOOL, (* Bit 4 S

--------- AT %QKE0.4 BOOL, FBita™®

_________ AT %QX0.6 BOOL: (* Bit6 %) Diefault idertifier. 0

Figure 7-3-1 LM3107 Base Parameters

For CPU input channels, its Input filter needs to be configured. The input filter parameter
setting is shown in figure 7-3-2 and the default value is “64”. Select the “Value” column if
you want to change the parameter value.

Click the “Module parameters” option and you can set the channel filter parameter. The
meaning of each field is as follows:

e Index: The Index is a sequence number (i), which enumerates all the way to the
parameters of the module.

e Name: Name of the parameter.

e Value: Value of the parameter, editable.

e Default: Default value of the parameters, which is 64.

The definition of “filter parameter” is as follows: if the acquired data remains the same
during 64 scanning cycles, the acquired data is valid, and the filtering is finished. Here the
filters are digital, i.e. the number of filters is 64.

Filter parameters are invalid for high-speed input channels. There is no need to set the
channel filter parameters where the high-speed input channels are used and even the
settings are finished they are not used.
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The parameter configurations of the other CPUs are similar. According to the actual control
requirements, select an appropriate CPU and add the expansion modules.

Base parameters Module parameters l

Index | Mame |Ua|ue Default| Min. |ru15|}{. |
1 Input_Filter_CHO {64 i=|E64
2 Input_Filter_CH1 64 =64
3 Input_Filter_CHZ G4 x|64
4 Input_Filter_CH3 64 |64
5 Input_Filter_CH4 B4 ~|64
B Input_Filter_CHS B4 =64
7 Input_Filter_CHE 64 |64
B Input_Filter_CHY G4 |64
8 Input_Filter_CHS 64 |64
10 Input_Filter_CHY B4 ~|64
1 Input_Filter_CH... 54 =|B&4
12 Input_Filter_CH... 64 =64
13 Input_Filter_CH... 64 x|64
14 Input_Filter_CH... 64 [x|&4

Figure 7-3-2 Parameter Settings of LM3107 Module

7.3.2 Configuration of Expansion Modules

Expansion modules are added when a CPU module is added. Right click on the CPU module
and select “Append Subelement” to select the expansion modules needed in the list, as
shown in figure 7-3-3. For example, if the “LM3230” module is selected, it will be displayed
in the “PLC Configuration” tree, as shown in figure 7-3-4.

E--PLZ Caonfiguration -
_ R Ty A =ls. Base parameters Module p
Inzert Element L
Append Subelement IN3210 5= DI. ..
IM3211 S=DI ACZ20V. ..
Caleulate addresses IN321Z2 1611, ..
IM3220 §X D0 Transistor. ..
Cut CtrltX .
IN3221 16X D0 Transister. ..
Copy Ctrl+C
IM3222 8x D0 Relay. ..
IM3223 1B D0 Relay. ..
Delete Del

IM3Z230 4% DI 400 Transistaer. ..

Figure 7-3-3 Append Subelement (1)

B--PLC Configuration
BEl--Lt3107 14201 10200 Relay AC220V POWER SUPPLYVAR]

B AT %IADWORD,; (7 14 channels digital input®) [CHANMEL (7]

QAT %OW0: WORD; * 10 channels digital output(Relay) *) [CHANMEL {2)]
B--iLM3230 4=D1 4=D0 TransistorfAR]

Figure 7-3-4 Append Subelement (2)

Each I/O channel of CPU modules and expansion modules corresponds to an actual physical
device and the corresponding relationship is displayed with modules in the “Base
parameters”. “Base parameters” include Node ids, Input addresses, Output addresses, and
Diagnostic addresses, as shown in figure 7-3-5. The “Node id” is defined by an entry in the
configuration file by the position of the module in the configuration structure in an order of
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“0”,“1”,“2” and the “Node id” cannot be changed by users freely. The “Input address” and
the “Output address” are the initial addresses of the |/O storage area corresponding to the
module channels.

El--PLC Configuration A
B ILM3107 14=D110=0D0 Relay AC220Y POY Base parancters |Module paransters
------- AT SMA0OWORD; 14 channels di
------- @ AT S%EWO WORD; (=10 channels Modulid: 252

Nodeid [0
|nput address: li
Output address: li
Diagnostic address: li

Figure 7-3-5 Base Parameters of Expansion Modules

The “Module ids” of expansion modules are determined by its “Node id”, “Input address”,
“Output address”, and module type. For example, if a 4xAl LM3310 is the first expansion
module after CPU module LM3107, the channel addresses will be %IW2, %IW4, %IW6 and
%IW8. Double click on the module or single click on “+”, and you will see the module type
and the detailed /0 addresses of each channel.

After a module has been configured, if necessary, you can define an 1/O variable to access
the module conveniently. Double click on “AT” to activate the input box of variable name
and enter the variable name. The character “%” after “AT” stands for the address, which
means that the characters after “%” is the address of the variable before “AT”.

If necessary you can define a general variable for a number of channels. For example, if the
default setting of “%IW0” of CPUs is “I”, you can access the first input by “1.0” directly
instead of “%IX0.0”. In addition, you can define a variable name for each channel, such as
defining a variable “start” for “%IX0.0” and a variable “templ” for “%IW2”, as shown in
figure 7-3-6.

-start AT %IX0.0; BOOL; ¢ Bit0
-slop AT %IX0.1: BOOL, (* Bit1 %
B--LM331 0 4=Al[AR]
------- tarmp1 AT %2 WORD; (* channel 1 %) [CHAMNEL ()]
------- ternp2 AT %4 WORD; (* channel 2 *) [CHAMNNEL ()]

Figure 7-3-6 Definition of I/O Variable

When the cursor position is at “PLC Configuration”, and the “Settings” tab is shown on the
right of the window, including “Automatic calculation of addresses”, “Check for overlapping
addresses” and “Save configuration files in project”, as shown in figure 7-3-7. The meanings

are:

“Automatic calculation of addresses”: The node id, input address, output address and
diagnostic address in “Base parameters” can be calculated automatically according to the
order in which the hardware modules are connected.

“Check for overlapping addresses”: During compilation, the project will be checked for
overlapping addresses and a corresponding message will be displayed.



LM MICRO PLC SOFTWARE MANUAL

“Save configuration files in project”: The configuration file will be saved in the project.

Settings
Autornatic calculation of addresses: v
Check: for overlapping addreszes: v
Save configuration files in project: [

Figure 7-3-7 “Settings”

See<<Hardware Software>>for parameter settings of expansion modules, and see section
10.3 for application of analog modules.

7.4 PROGRAMMING

After the PLC configuration has finished, you can start to write a program. When creating a
program, select the programming language from IL, LD, ST, SFC, FBD and CFC. Here, we
describe the programming specification in PowerPro using the commonly used LD language
as an example. The programming specifications for other languages are introduced in
chapter 9.

LD (Ladder Diagram) is a graphics oriented programming language. It is convenient to
construct logical operations using LD. The main components in LD include contact, coil,
functional blocks and connection line. In LD a plane net is generated by vertical lines and
horizontal lines. Generally the leftmost line is the “energy line” and it is always TRUE. Every
programming element connects according to the rules to the “energy line” eventually to
form a “Grid”, “Segment” or “Network” to complete the specific logical operations. This is
illustrated in figure 7-4-1.

[0om1]  testMurn=10

0002 ctart- IR Label
0003
LabBHZ Comment
: .
Grid
Start i i 00
[ ] [ 1 || .
I 1 I 11 EM
\ 15 ——testiums=0
Energy Line testhum=0-

Figure 7-4-1 LD Editor

e Right click in the instruction in workspace and the commonly used commands are
displayed in the context menu, as shown in figure 7-4-2.

e Network (before), Network (after): Insert a new network before or after the present
network where the cursor is located.

e Contact, Parallel Contact: Insert a contact or parallel contact to the marked position
in the network.

e Function Block: Insert a function block at the cursor position.

e Coil: Insert a coil at the cursor position.
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e Box with EN: Insert an IEC operator, a function, a function block or a sub-program
with EN input into a LD network.

e Jump:Jump to the indicated label if the condition is true.

e Return: When the return condition is true, return to the POU by which the current
POU is called if the current POU is called by other POUs.

e Comment: Insert a comment at each network for better understanding of the

program.
Cut Ctrl+X
Copy Cirl+C
Paste Cirl+V¥
Delete Del

Hetwork (heforel
Hetwork (after] Ctrl+T

Contact Ctr1+E
Parallel Contact Cirl+R

Funection BElock ... Cirl+tE
Cail CtrltL

Box with EN
Insert at Blocks *

Jamp

Return

Comment

Figure 7-4-2 Context Menu

7.4.1 Network Operation

Network is an important concept in PowerPro which is a basic unit of POU and each POU is
composed of networks.

Insert a network
Use the commands “Insert”/“Network (before)”, “Network (after)” to insert a new network
in LD editor. It’s the same with the commands “Network (before)”, “Network (after)” in the

context menu.

Insert network comment

Every network can be supplied with a multi-lined comment. Use the command
“Insert”/“Comment” to insert a comment line and the default text is “Comment”. In
“Extras”/“Options”/“Maximum Comment Size”, enter the maximum number of lines to be
made available for a network comment (The default value here is 7). In “Minimum
Comment Size”, enter the minimum number of lines to be made available for a network
comment (The default value here is 0). This is shown in figure 7-4-3. If, for example, a
number 2 is entered, at the start of each network there will be two empty lines after the
label line. If the minimal comment size is greater than 0, in order to enter a comment you
simply click in the comment line and enter the comment. In contrast to the program
statements, comments are displayed in grey.
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Minirmum Commett Size: |ﬂ Lines

M axirurn Cornment Size; |? Lires Cancel

Figure 7-4-3 Settings of Comment

7.4.2 Inserting Contact and Coil

Inserting “Contact”

I . L
Shortcut: J Insert a contact in front of the marked location in the network.

If the marked position is a coil or the connection line between the contacts and the coils,
the new contact will be connected serially to the previous contact connection.

The contact is preset with the text “???”. You can click on this text and change it to the
desired variable or the desired constant. For this you can also use the Input Assistant (F2) to
select input directly from the variable list, as shown in figure 7-4-4.

‘ALocal Variables

i (BO0L)
(BOOL)
(BOOL)
(BOOL)
{BOOL)

Figure 7-4-4 Variable List

Insert “Parallel Contact”

Shortcut ﬂ Insert a contact parallel to the marked position in the network.

If the marked position is a coil or the connection line between the contacts and the coils,
the new contact will be connected in parallel to the previous contact connection.

The contact is preset with the text “???”. You can click on this text and change it to the
desired variable or the desired constant. For this you can also use the Input Assistant (F2) to
select input directly from the variable list, as shown in figure 7-4-4.

Insert “Coil”

Shortcut |ﬂ Insert a coil in parallel to the previous coils.

If the marked position is a connection between the contacts and the coils, then the new coil
will be inserted as the last. If the marked position is a coil, then the new coil will be inserted
directly above it.

The coil is preset with the text “???”. You can click on this text and change it to the desired
variable or the desired constant. For this you can also use the Input Assistant (F2) to select
input directly from the variable list, as shown in figure 7-4-4.

Coils can only be in parallel. A coil transmits the value of the connections from left to right
and copies it to an appropriate Boolean variable. At the entry line the value ON
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(corresponds to the Boolean variable TRUE) or the value OFF (corresponding to FALSE) can
be present.

«

‘Negate” Operation

Shortcut |ﬂ Negate contacts and coils.

If a coil is negated, it copies the negated value to an appropriate Boolean variable. If a
contact is negated, it connects through only if the appropriate Boolean value is FALSE.

“Set/Reset” Operation

5
Shortcut: j Coils can be defined to be in Set or Reset state.

A Set Coil is represented by an “S” in the coil symbol. Once you have set the value of this
variable to TRUE, it will always remain TRUE until it reset.

A Reset Coil is represented by an “R” in the coil symbol. Once you have reset the value of
this variable to FALSE, it will always remain at FALSE until it is set.

7.4.3 Adding Instructions

The instructions in PowerPro can be called in two ways: Box with EN and Function Block.
The methods to use them will be described below.

Calling Box with EN

In PowerPro instruction system, some standard instructions, such as Arithmetic Operators,
Comparison Operators, Bit-Shift Operators, Assignment Operator, Type Conversion, and
Logical Operators, are called in the form of Box with EN.

You can insert a Box with EN with the context menu/ Box with EN or the command
“Insert”/”Box with EN” from the main menu.

When a Box with EN is inserted, an input terminal with a symbol EN is displayed. The type of
EN input is BOOL. The operation will be executed only when the input EN is TRUE, as shown

in figure 7-4-5.
in1 in2 out2
| /1 | | {3
I/I 11 LY
AND
EN

in1-
in2—

out3

Figure 7-4-5 Insert Box with EN

The newly inserted block contains initially the label “AND”. If you wish, you can change this
label to another one, such as “MOVE". For this you can also use the Input Assistant. Select
the operator keyword and press F2 or use the command “Edit”/“Input Assistant” to select
the desired operator from the Help Manager, as shown in figure 7-4-6.
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< CoDeSy=s — green—red. pro*x — [PLC_PRG (PRG-LD}] ['. ||'|:||&|
ﬁ File BSEE Froject Insert Extraz 0Online Windew Help - 8 X
_hi% E": Undo Ctrl1+Z ||E|Em|[:mj 100 % - _||_||_||J|_0.| / | SRl
.Y
w Cut Ctrl+X
"""" @ f Copy CtrliC b’
Faste Ctrl+y 4
Delate Del 299 m_ A
Find .. Ctrl+F | | EM
T iy
Replace. .. Ctrl+H A
Input As=ist:
Auto Declare. .. Shift+F2 T

Figure 7-4-6 Input Assistant
Calling Function Block

The instructions including timer, counter, trigger, communication, and high-speed
input/output, analog monitors are called in the form of function blocks.

Before calling an instruction in the form of a function block, first you need to understand
what a library is. In PowerPro, the commonly used instructions are gathered to create
specific libraries. If you want to use an instruction, first you have to add the library in which
the instruction is contained. About the concept and usage of libraries, please refer to
section 7.4.4.

An instruction can be called in the form of a function block if the corresponding library has
been added to the project. With the command “Insert”/ “Function Block” or the “Function
Block” in context menu a dialog box is displayed and you can select the instruction needed,
as shown in figure 7-4-7.

Help Nanager rg|

Standard Functions {3 Standard Function Blocks
Em DAHOLLYSYSWPOWERPRO EMNGYNLIBRARYS TAND,

. C |

[0 Bistable Function Blocks ﬂ

FBD Operators = Count
Standard Programs 3 ouer —
|ser defined Programs CTD [FE)

Correersion Operators

QarT rigger

< k4

v Shuctured

Figure 7-4-7 Insert Function Block

In applications the concepts of “Function Block” and “Box with EN” are often mixed up.
Actually the distinction is obvious and their calling modes are different. For “Function Block”
with EN, it will be executed when the program runs no matter whether it is enabled or not,
while the “Box with EN” will be called only when the EN is enabled.
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Note:

When using function blocks instructions, instances are declared as variables whereas the name of the function
block is indicated by the type of an identifier. If the instruction is used many times in a program the variable
declarations should be different.

7.4.4 Additional Libraries

In PLC programming some instructions or function blocks are frequently used, such as string
functions, triggers, counters, PIDs, and so on. In PowerPro, commonly used instructions and
function blocks are gathered and classified to create libraries.

A library is the collection of instructions and function blocks and each library contains a file
“library name.lib” (including input and output code of instructions and function blocks) . If
you want to call the instructions or function blocks, add the library file “library name .lib".

Commonly used libraries include Standard.lib, Utility libraries (Util.lib, Util_no_Real.lib) ,
and System libraries (SysLibC16x.lib, SyslibCallBack.lib) . The standard library and the system
libraries are added to the project automatically when creating a new project and can be
called directly, whereas other libraries can be called only after they are added to the project
manually. All the library files provided by the system are stored in the directory
\Hollysys\PowerPro\Library in the form of “*.lib".

Library Manager

Library Manager is used to manage library functions and function blocks and it contains all
standard functions and function blocks. Library Manager is opened with the command
“Window”/“Library Manager”, as shown in figure 7-4-8.

The library manager shows all libraries that are connected with the current project. The
POUs, function blocks, functions, data types, and variables of the libraries can be used the
same way as user-defined POUs, function blocks, functions, data types, and variables.

Window

Tile wertiecal
Tile horizontal
Cazcade
Arrange Symbols
Claose A1l

v Messages Zhift+E=sc

Library Manager

Log

1 FIC Configuration
v Z PLC_FRG (FRG-LD)

Figure 7-4-8 Open Library Manager

The window of the library manager is divided into four areas, as shown in figure 7-4-9. The
libraries attached to the project are listed in the upper left area. In the area below that
there is a listing of the POUs, Data types, Visualizations or Global variables of the library
selected in the upper area. If it is a function or function block, the declaration will appear in
the upper right area of the library manager and in the lower right there is the graphic
display.
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It is very important to know how to view function libraries. In the function libraries, some
very important messages are displayed, such as the number of input variables and
intermediate variables and their types, variable comments and the intermediate variables
which must be initialized.

Util_no_Real lib*8.10.03 16:33:38
Standard [ib*30.10.02 14:42:50

J|FUNCTION_BLOCK R_TRIG
|+ Rising Edoe detection ®
VAR _INFUT

CLk: BOOL, (" Signalto detect ™)
Libraries EMD_VAR
WAR_CUTPLUT RETAIN Variable
Q:BOOL, % Edyge detected #) Statement
EMD_WAR
AR RETAIM
W: BOOL;
ﬂ_l ﬂ EMD_VAR
R
B[] Bistable Function Blacks |
: 4 J
E-(] Counter
: Procedures
D String Functions
[:I Timer .
B3 Trigger Graphical

Display

e =

Figure 7-4-9 Window of Library Manager

Additional Libraries

Additional libraries are needed when the library files in library list cannot meet the
programming requirements. Because there is a conflict in the data types in Util.lib and
Util_no_Real.lib and errors will appear while compiling, so they are not allowed to be added
at the same time. When using the library, ensure the library files are stored in the following
directory: PowerPro installation directory\Library\. Use the command “Insert”/“Additional
Library” or the “Additional Library” in the context menu in the library list of the library
manager window to add an additional library to your project, as shown in figure 7-4-10.

4 CoDeSy=s — DENQ.pro* — [Library Manager]

mzile Edit Froject Insert Extras Online ¥indow Help

28| B|©)|ad S Sl G| * [E] 5|

Standard.lib*6.12.05 17:07:52

‘El FOUs Additional Library ... Ins
- @ Delete Del
Properties ... Alt+Enter

Figure 7-4-10 Additional Library

Select what you need and click “Open”. No matter what kind of library it is, only open the
corresponding *.lib file, as shown in figure 7-4-11.
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T3 ?x
HHEeE ) |L’j‘Library j EF '
check Hollysys PLC_EtherNat Hollysys_FL
Hollysys_PLC_ANALOG Hollysys_PLC_Ex Hollysys_FL
Hollysys_FLC_Crowt Hellysys_PLC_Ex_CT Hollysys_FL
Hollysys_FLC_COMN Hellysys_FLC_Ex_ICT Hellysys_FL
Hollysys_PLC_CONMZ Hollysys_PLC_Ex_DCT3Z Hollysys_PL
Hollysys PLC_DFSLAVE Hollysys PLC_Ex_ ExINT Hollysys FL
£ | »
IHE W |[Holly=ys_FLC_COMN FH @ |
HeFH| . . A
IR (T |Co]]e5ys Library (* 1ib) ﬂ BN
Figure 7-4-11 Open Library

The library selected above is added to the library list, as shown in figure 7-4-12. Note that all
the libraries added to the library manager will occupy some space of the user program, so it
is suggested to only add the library needed.

< CoDeSys — green—red. pro* — [Library Hanager]

m]zile Edit Project Insert Extraz Online Windew Help

BB B|D]ad 5SS G % |E]6 5]

Hao _PLC i lik
32 Resources illib 61206170752
1] Glohal Yarishles Hollysys_PLC_Ex_CT.lib 28.12.05 14:2
72 brary Hollysys_PLC_AMALOG.Ib 28, [Hollysys_PLC_ANALCG lib 28.12.05 14

B
B
-2 fibrary Hollysys_PLC_COMM. i 28.12|| |Standard.lib 8.12.0517.07:32

B3 (3 lbrary Hollsys, PLC Ex CT i 28.12)| |SYSLIBCALLBACKLIE 6.12.05 17:07:5
B

B

B

-0 library Standard.lib £.12.05 17:07:52:
- fibrary SYSLIBCALLBACK LIB 5.12.05
-2 fibrary UtiLlib 6.12.05 17:07:52: global
Alarm configuration

ﬁ]] Library kManager

|

[ PLC Configuration 3 POUs

i~ [Z] COMM_RECEIVE [FB)
COMM_SEND (FE)

“[E] Reset_COMM_PRMT [FB]
. COMM_PRMT [FB)

ﬁ Target Settings

Taszk configuration

Q W atch- and Recipe Manager
4 Workspace

IERA T =D T

Figure 7-4-12 Display Library

Delete Libraries

With the command “Edit”/“Delete” or “Delete” in the context menu, you can delete existing
libraries.

Note:
After creating a new project, the Standard.lib and SyslibCallBack.lib are added automatically, and other libraries
need to be added manually.
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7.4.5 CreatingaLibrary

In project implementations, some algorithms or logics are used repeatedly and can be used
in many other projects. These logics can be put in a library for the convenience of
programming, engineering maintenance and technological resources sharing. Passwords are
used to protect your algorithms and logics in a library against illegal usage or modifications.
Here is how to create a library:

First, create a new project, and select “None” in “Target Settings”/“Configuration”, as
shown in figure 7-4-13.

Target Settings

Eenfiguration: | - ok | camce |

Figure 7-4-13 User-defined Library (1)

Click “OK”, and a “New POU” window appears, as shown in figure 7-4-14. Select “Function
Block” in the field “Type of POU”. Enter the name in the field “Name of the new POU”, and
generally the name can show what it used for. In figure 7-4-14, select “ST” as the “Language
of the POU”, and enter the name “Generate_CRC” as the “Name of the new POU”.

Hew POU X

Marne of the new POL: |Generate_EHE
Type of POU Language of the POU Cancel
L
! £ LD
" Furction " FBD
Beturn Type: " SFC
|| e
" CFC

Figure 7-4-14 User-defined Library (2)

After the configuration of a function block structure is generated, save it as a library and
add content needed to it. Remember to save it under the directory PowerPro\Library and
give it a name according to requirements and save it as an “Internal Library” for algorithm
implementations inside the library, as shown in figure 7-4-15. Another type is “External
Library” of which the algorithms and logics are implemented in modules and only variable
declarations are inside the library.
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B X
{RIFE (T | ) Library j - EF v
check Hollwsys_FLC EtherHet Hollwsys FL
Hollysys PLC ANALDG Hollysys PLC Ex Hollysys FL
Hollysys_PLC Crwt Holly=ys_PLC_Ex CT Hollysys_FL
Hollysys_FLC_COMN Hollysys_FLC_Ex_DCT Hollysys_FL
Hollysys_FLC_COMNZ Hollysys_FLC_Ex_DCT32 Hellysys_FL
Holly=ys PLC DFSLAVE Hollysys PLC Ex ExINT Hollysys FL
< ¥
I#E M) [Hollysys_PLC Modbus_CRC 1B &) |
177l (1) |Internal library (% 1ib) ﬂ -0k

REWANEEE (L), .. |

Figure 7-4-15 User-defined Library (3)
Example

The example is used to generate a library for CRC16 check written in ST language, as shown
in figure 7-4-16.

After compilation the library can be used in other projects. Remember to add it to library
manager before using.

If you want to use it on other computers, you have to copy and paste it to the software
installation directory PowerPro\Library on other computers and add it to library manager.

A library can contain a number of function blocks or functions. If you want to add a new
function block or function in the library, you have to open the library file and add new
function blocks or functions in the program.

Regard that the function block in library can’t be recursively called, in another words, it
cannot be called by itself.

4 Generate CRC (FB-ST)

| 0001[FUNCTION_BLOCK Generate_CRC ~
| 0002[vAR_INPUT

(0003  pData:POINTER TO BYTE;

(0004]  byteCounterWoRD;

D008/ END_VAR

 D008]vAR_OLITPUT

(0007 CRC_CodeWORD;

(0008 FINISHBOOL=FALSE;

[000G|END_VAR

[0010[vaR
[0011]  ReglB1AORD,

10012 QBYTE;

(0013 iWORD;

0014 mval WoRD,

0015 termp_byte:BYTE; b
| < >
10001 Regl6:=16#FFFF; -
10003 rrwval=16#A001;("0xA001=10100000000000017)

0003

Q0040R =0 TO nvteCounter-1 BY 100

Q005 temp_byte=pData®;

0008 pData=pData+1:

0007 Regl6=(Reylf ROR termp_hyte);

0008 FORj=0TO7EY1DO

0004 flg=0

0010 flo=(Reg16 AND 1630001 *get b0 value™)

0011 Reqg16:=SHRRey! 6,1);*RIGHT shift 1 bit.set b15=0%

0013 IF (flg =13 THEN

0013 Regl16:=Rey16 ROR mval;

001 4) EMD_IF;

0015 END_FOR;

| D01EMD_FOR; v
< b3

Figure 7-4-16 User-defined Library (4)
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For user-defined library, it can be protected from being changed. The encryption principle is
the same as that of programs. Select “Resources”/ “Workspace”/ “Passwords” and set the
passwords to protect the library from being changed, as shown in figure 7-4-17.

Options

LCategony:

x)
Load & Save Password: =
User Information ‘_
Edtor Q

Cancel
Eoelsolgop LConfim Password:

Directaries ‘ xxxxxx

Saurce download
D atabase-connection
Macios Confirmn *rite Protection Password:

Figure 7-4-17 User-defined Library Encryption

7.4.6 Jump and Return

Jump and return will change the program scanning sequence and normally PLC will scan
according to the network sequence in main program.

Jump: Jump to the assigned network when meeting the jump condition.

With the command “Insert”/“Jump” or “Jump” in the context menu insert a jJump, as shown
in figure 7-4-18.

For an inserted jump, enter a jump label (default is “Label”) to which it is to be assigned.
Jump directly to network 3 without implementing network 2 when meeting the jump
condition, as shown in figure 7-4-18.

Each network has a label that can optionally be left empty. This label is edited by clicking
the first line of the network, directly next to the network number. Now you can enter a

label.

oo

LABEL

100

—| I [oLabel
000z

MOVE
120 M 00

0o03| [Label

Figure 7-4-18 Jump
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Return: when return condition arrives, the called POU will not be executed and return to
the calling POU.

With the command “Insert”/“Return” or return in the context menu to insert a return, as
shown in figure 7-4-19.

oo

%00 WEx0.0

4| | {

I \

o000z

%101

—| I {]Retum[}
oo

A = WORD %)

ADD

1

Figure 7-4-19 Return

7.4.7 Call Subprogram

When the program is complicated then a lot of subprograms are needed. We have
introduced many times in the previous chapters that in PowerPro the default main program
is “PLC_PRG” and the others are subprograms.

Before calling a subprogram you have to create a subprogram. Refer to 5.2 about how to
create a subprogram. After the subprogram is created, in the main program call a “Box with
EN” and change the keyword to the name of the subprogram, as shown in figure 7-4-20.
Refer to section 7.4.3 about how to call a “Box with EN”.

. CoDeSys — (Untitled)* - [PLC_PRG (PRG-LD)] ([=]/E]
Q File Edit Froject Insert Extras Online WYindow Help - 8 %

ElrE e e I e e R T e o e e |

'+ [OODTFROGRAM FLC_FRG
S POUs 000ZVAR
bl NO03END_VAR

[ temp [PRG] r 5

o001

termp

== 3 [a. < >
| [ONUME [0V [READ

Figure 7-4-20 Call Subprogram
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If you want to transfer parameters between the main program and subprogram, you have
to declare some input variables, output variable or global variables. About variables, see
section 4.4.

7.4.8 Adding Comments

In order to make it easier to read the programs, comments can be added to programs,
networks or variables and addresses. There are a number of possibilities to add comments
in PowerPro.

Comments for programs and networks

Comments for programs are the same as that for networks. In PowerPro, comments can be
entered for each network, as shown in figure 7-4-21. Refer to section 7.4.1 for more details
about comments.

Comments for variables

In PowerPro you can add comments for variables. At the declaration of a variable, you can
add comments in the dialog box of variable declaration or in the declaration part in the
editor, as shown in figure 7-4-21.

Comments for addresses

If the addresses in I, Q or M are used, you can add comments for these addresses. Select
“Extras”/ “Options” and activate option “Comments per Contact” and click “Apply options”
to exit the dialog box, then you can add comments for these addresses, as shown in figure
7-4-21. See section 7.4.9 about ladder diagram options.

R—TFiERF » ATEIF<EASH
TS = TON "
fOUT = BOOL ("%
SHURLU = BOOL
FIRES HEFS
T5
SHURU %I0.2 Ton
— | || N @ —{
T#1205PT ET—

Figure 7-4-21 Comments

7.4.9 Ladder Diagram Options

Note:

Select “Extras”/“Options”, a dialog box will appear as shown in figure 7-4-22, and you can
set different options for your ladder diagram.

Adding comments for networks is different from adding jump labels mentioned in section 7.4.6. If you want to
add comments for networks, you must use the command “Insert”/ “Comments” or “Comments” in the context

menu.
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Function Block and Ladder Diagram Options §|

Minirnum Comment Size: n Lines
b auimum Comment Size: 7 Lines Cancel

Alternative Look & Feel for Ladder Diagram

[v Comments per Contact
Lines for wanable comment: 1 Lines

Lines for wariable text: 1 Lines

[ Metworks with inebreak s
[ Replace with symbal after entering address
[ Set contact comment bo symbal comment
[ Show address of symbal
Apply
[v Show variable comments per rung in printout ophions

Figure 7-4-22 Ladder Diagram Options

Maximum Comment Size and Minimum Comment Size are used to assign the number of
lines for a network comment.

Comments per Contact is used to assign Lines for variable comment and Lines for variable
text.

Networks with linebreaks: Linebreaks will be forced in the networks as soon as the network
length exceeds the given window size so that all contacts, coils and instructions can be
displayed in one window size.

Replace with symbol after entering address: If this option is activated, you can enter an
address at a box at a contact or coil and this address will be replaced immediately by the
name of the variable assigned to the address.

Set contact comment to symbol comment: the comment of a contact will change into the
comment of symbol comment.

Show address of symbol: If a variable is assigned to an address, the address will be
displayed above the variable name when you enter the variable name.

Show variable comments per rung in printout: Each network for each variable used in that

network there will be displayed a line showing the name, address, data type and comment
for this variable, as defined in the variables declaration.

7.4.10 Save Files

Use the command “File”/“Save” in the main menu or the button |E| " in tool bar to save
the current project.

Enter the name of the new project in the “File name” and it is suggested to use meaningful
characters and numbers.

Select “*.pro” in “Save as type” field and the project file will be saved in the default
directory \Hollysys\PowerPro\Projects, as shown in figure 7-4-23.
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Save As

Savein: |l’f} Projects ﬂ =5 E2-

() Compile
ﬁ PLC_exarmple. pro

File name:

Save as twpe: | CoDeSys Project [ po) j Cancel

Figure 7-4-23 Save Project (1)

After the project is saved, the “(Untitled)*” in the upper left corner of the main window will
change into the project file name, as shown in figure 7-4-24. During the process of creating
a project, remember to save the project from time to time to avoid operations mistakes or
data loss. When the project has been changed but not saved yet, a “*” will appear after the
project name in the upper left corner and it will disappear when the project is saved.

(Mntitled)=*

A CoDeSys —

A ColeSys — PLC_example. pro

Figure 7-4-24 Save Project (2)

With the “Project”/“Options” menu or “Workspace” in “Resources” tab, you can set the
system attributes. With the command “Project”/“Options” the dialog box for setting
options is opened. Choose the desired category on the left side of the dialog box by means
of a mouse click or using the arrow keys and change the options on the right side. The
changes amongst other things serve to configure the view of the main window. They are
saved in the file “CoDeSys.ini” and restored at the next startup.

7.5 MENU FOR MANAGING PROJECTS

In PowerPro the user programs are saved in the form of project file and all the information is
saved in the project file with the extension “*.pro”. In PowerPro the default software
installation directory is shown in figure 7-5-1, where “Library” and “Projects” are used to
store library file and project file respectively. A large number of operations of project are
provided by system and the users can use them to manage the project better.
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D:\

O Menu

—— InstallTarget.exe

— Tecsfc. 1ib

—— SysLibCl16x. 1ib
—— Util. lib

— Prol. pro

—— Pro2. pro

PowerPro

Figure 7-5-1 Software Directory Tree

Open the “Project” menu in the main window, as shown in figure 7-5-2.

Document. . .

Export. ..

Import. ..

Siemens Import 4
Merze. ..

Compare. ..

Froject Info. ..

Flobal Search. ..

Global Replace. ..

Figure 7-5-2 Manage Project Menu

The commonly used commands for managing project are described below.

7.5.1 Printing Documentation of a Project

The command “Project”/“Document” lets you print the documentation of your entire
project or part of it. Document consists of Project information, Contents of Documentation,
POUs, and Resources, as shown in figure 7-5-3. Resources include Global Variables, PLC
Configurations, Alarm configurations, Workspaces, Watch- and Recipe Manager, Task
configurations and Parameter Managers.

Document Project

Figure 7-5-3 Print Document Project
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Only those areas in the dialog box highlighted in blue are printed. If you want to select the
entire project, select the name of your project in the first line. If you only want to select a
single object, click on the corresponding object. Objects with a plus sign in front of their
symbols are organization objects which contain other objects. With a click on a plus sign,
the organization object will be expanded, and with a click on the minus sign that appears, it
will be callapsed again. When you select an organization object, all relevant objects are also
selected. By pressing the <Shift> key you can select a group of objects, and by pressing the
<Ctrl> key you can select several individual objects. Once you have made your selection and
then click on OK. The Print dialog box appears. You can determine the layout of the pages to
be printed with “File”/“Printer Setup”, as shown in figure 7-5-4.

Documentation Setup gl

Frame

File: |D:\HnII_I,Js_I,Is\PowerF’ro\Proiect&'\B'lE Browsze..
Edi... Placeholders: {Page} {FileName} {D ate}

{POUMarmet {Cantent}

[~ New page for each object [

Printer Setup LCancel

Figure 7-5-4 Documentation Setup Dialog Box

Fil

In the field File you can enter the name of the file with the extension “.dfr” in which the
page layout should be saved. The default destination for the settings is the file
DEFAULT.DFR.

Browse

If you would like to change an existing layout, then browse through the directory tree to
find the desired file with the button Browse.

Edit
If you click on the “Edit” button, the frame for setting up the page layout will appear. With
the command “Insert”/“Placeholder”, you can insert Pages, POU-Names, Filenames, Dates

and Content by dragging a rectangle the layout.

New page for each object

If the option is activated, a new page will be started for each object.

New page for each sub-object

If the option is activated, a new page will be started for each sub-object.

Printer Setup

Use the “Printer Setup” button to open the printer configuration. With the button
“Properties” you open the dialog box to set up the printer.

If you click on the Edit button, the frame for setting up the page layout will appear, as
shown in figure 7-5-5. With the menu item “Insert” “Placeholder” and subsequent selection
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among the five placeholders (Page, POU name, File name, Date, and Content), insert into
the layout a so-called placeholder by dragging a rectangle the layout while pressing the left
mouse button. In the printout they are replaced by the current page number, the current
name of the POU, the name of the project, the current date, and the contents of the POU
respectively. Click “OK” to exit the setup.

If the template was changed, the software will ask if these changes should be saved or not
when the window is closed.

In order to be sure that the page format will be valid for printouts, define the layout as
described above, and additionally activate the option “Show print area margins” in
“Project” “Options” “Desktop”.

I=1 D\ Hollysys \PowerPro \DEFAULT.DFR ol x|
|
{POUMame} {Date}
iContent)
iFileMarme} [Page}
4 L4 4

Figure 7-5-5 Page Layout

7.5.2 Importing and Exporting Projects

n o u

With the commands “Project”/“Import”, “Export” you can import or export project objects
in order to exchange programs between different project files. When export, you can
decide whether you want to export the selected parts to one file or to export in separate
files, as shown in figure 7-5-6. Switch on or off the option “One file for each object” and
then click on OK.
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Ezport Project

Cancel

[~ Ore file for each object

Figure 7-5-6 Export Project (1)

The dialog box for saving files will appear. Enter the name and the file to be saved in the
directory with an extension “.exp”, and a message window will appear to display related
information.

{RTFE (1) | (= PowerFro
[fDocuments! [ arzTINE
[(SyHelp = cre
[SjLibrary SFEN
[C0PC sumr
=) FEBASELIO
[C)Frejects
e 1 |* eXp B 3] |
{RTFER (1) |CoDeSys Export File [ exp) ﬂ i
Fidl {REEE B DIHOLLYSYS\IPOWERPROYEEECE EXP" L%
il S EE B DIHOLLYSYS\POWERPROWESECE EXP!
i ‘Standard.lib 301002 14_42_50'B[30#F DIHOLLYSYSIPOWERPROISTANDARD.LIB 30.10.02 14_42 50.EXP"
it STSLIBCALLBACK.LIB 9.7.02 15_14_54' B3 i+ DIHOLLYSYS\POWERPROVSYSLIBCALLBACK.LIB 9.7.02 15_14_54.EXP"
| FH PR
4 |

Figure 7-5-7 Export Project (2)

When importing, select the desired export file and the object will be imported into the
current project. If an object with the same name already exists in the same project, a dialog
box will appear with the question “The object already exists. Do you want to replace it? ”.
This is as shown in figure 7-5-8.
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PLC_PRG

The object already existz. Do wou want to replace it?

No Yes, l | Mo, al Cancel |

Figure 7-5-8 Tip for Replace

The imported objects and exported results are all saved in *.exp file in order to exchange all
objects with different projects, as shown in figure 7-5-9.

ProjectA ProjectB

ProgA ProgB

export

[ T——__*. exp

documents\

inport

Figure 7-5-9 Schematic Diagram of Import and Export

7.5.3 Merging Projects

With the command “Project”/“Merge” you can merge objects from other projects into the
current project. When the command has been given, first the standard dialog box for
opening files appears. When you have chosen a file there, a dialog box appears in which you
can choose the desired object, as shown in figure 7-5-10.

For the merge of library and resources, a dialog box appears with the question “The object
already exists. Do you want to replace it? ”.

For the merge of POUs, the new POUs will be added to the list of original POUs. If an object
with the same name already exists in the same project, then a dialog box appears with the
question “The object already exists. Do you want to replace it? ”

Nerge Project

Cahcel

Figure 7-5-10 Merge Project

Note that the system events will not be merged when merge projects.
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7.5.4 Comparing Projects

With the command “Project”/“Compare” you can compare two projects. Click the
command and a dialog box of project comparison will appear, as in figure 7-5-11.

Project Comparison &|

0 EMG W 01

Froject to be compared: Application Examplelgreen-red.

r Cancel
Options

[~ Ignare whitespaces W Compare differences

I~ lgrore comments

I lgnore properties

Figure 7-5-11 Compare Projects (1)

When the dialog “Project Comparison” is closed by pressing OK, the comparison will be
executed according to the settings, and the results are represented in figure 7-5-12. The five
colors stands for different comparison results:

Black: Unit for which no differences have been detected.
Red: Unit has been modified.

Blue: Unit only available in current project.

Green: Unit not available in current project.

Grey: Different objects in two projects and double-click them for details.

-l e [PRG)
<[] INT2P1o [PRG)
INT 3P0 [PRE)

[l PLC_PRG [PRG] [ PLC_PAG (PR
o5, #iE - 32, 398
B0 e RER B0 2 R/EE
- PLCEEE - [ PLCERE

- SRR - [ SRR
@, e ST @, S ST

s s

HEERE HEEE

- i) TRETE (VAR_CONFIG]
@®2rz=

Figure 7-5-12 Compare Projects (2)

In addition, the command “Compare” can be used to compare the actual version of one
project with another that was saved previously, as shown in figure 7-5-13. In the compare

mode, objects cannot be edited and all operations are disabled until you close the window
of project comparison.

However, the comparison of hardware configuration is not supported.
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+ PLC_PRG [PRG-5T)

0001[PROGRAM PLC_PRG a||PROGRAM PLC_PRG -
0002|vAR VAR —
0003  count INT, count INT,

0004 switch: BOOL,; switch: BOOL,;

000 boolvar: BOOL; boolvar, BOOL;

D00sE| str_var1: STRING{10); str_var!: STRING{10);

Qoo7 sir_varZ STRING(18); str_varZ: STRING(18),

0aog| real_var. LREAL, real_var: LREAL,

0oog counti: INT,

i E‘jD VAR leliﬁlvm

LILHL

0004 |str_varl=LREAL_TO_STRING{real_var), ﬂ str_varl =LREAL_TO_STRING(real_var);
0002|5tr_var2=TIME_TO_STRING(T#1 2im=); str_var2=TIME_TO_STRING(T#1 2ms);
0003|boolvar=FALSE; boolvar=TRUE; e
0004 count=caunt+2; count=count+2; SESSEEE
0006(IF count > 20 THEN IF count = 20 THEM (A%
0007(switch:=TRLE, switch:=TRLE;
O00B{EMD_IF; EMD_IF;
IF count = 40 THEN EXEsAs R
switch=FALSE;
END_IF; AR (EED
L HTFEF S| [IF count= 50 THEN
count=0;
FIATH (SRE) END_IF;
0015(count! =counti+1; - ¥
KiN| I3 [ K 3

Figure 7-5-13 Compare Projects (3)

7.5.5 User Passwords

With the command “Project”/“Options”/“Passwords” to protect your files from
unauthorized access and protect against your files being opened or changed, as shown in
figure 7-5-14. You can enter “Password” to open a project, and “Write Protection
Password” to change a project.

Pazzword:

BT

Confirm Pazsword:

BT

Wirite Protection Passwaord:

EEEE

Confirm *rite Protection Password:

HEREX

Figure 7-5-14 Options of Passwords

Enter the desired password in the field “Password”. For each character typed an asterisk (*)
appears in the field. You must repeat the same password in the field “Confirm Password”. If
you now save the file and then reopen it, you get a dialog box to enter the password. If a
dialog box appears, as shown in figure 7-5-15, you have to re-enter the password.

@ The paszword and i1t= confirmation differ.

Figure 7-5-15 Password Error

A write-protected project can be opened without a password. To do this, simply press the
button “Cancel” when you are told to enter the write-protection password when opening a
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file. Now you can compile the project, load it into the PLC, and simulate, etc., but you
cannot change it.

In order to create differentiated access rights you can define user groups and passwords for
user groups. In PowerPro up to eight user groups with different access rights to the project
can be set up. The members of each group are recognized by passwords. With the
command “Project”/“User Group Passwords” to assign access rights for different user
groups. The user groups are numbered from 0 to 7, whereby the Group 0 has the
administrator rights, i.e. only members of group 0 may determine passwords and access
rights for all groups and objects, as shown in figure 7-5-16.

When a new project is launched, then all passwords are initially empty. Until a password
has been set for the group 0, one enters the project automatically as a member of the
group 0. In the left combo box “User Group” you can select the group and enter the desired
password for the group in the field “Password”, as shown in figure 7-5-16.

Paszword for user group

Uszer Group: Paszword:

Figure 7-5-16 Password for User Group

With the command “Project”/“Object”/“Properties” you can open the dialog box for
assigning access rights to the different user groups, as shown in figure 7-5-17. There are
three possible settings:

e No Access: the object may not be opened by a member of the user group

e Read Access: the object can be opened for reading by a member of the user group but
not changed.

e  Full Access: the object can be opened and changed by a member of the user group.

The settings are effective for the currently-selected object (a POU, hardware configuration
or global variable). If you should ever forget a password, then contact the manufacture of
your PLC. The passwords are saved with the project.

Properties Elg|

Access rights ]
User Groups 0 1 2 3 4 & G 7
Mo Access ‘ol ol o R o N o o o ~

Read Access i - i i i i i i

Full Access i+ ) i+ i+ i+ i+ O O

™ Apply ta &l

0K | Cancel

Figure 7-5-17 Properties

September 2008, Revision 1.0



Chapter 7: Creating and Managing Projects [/

A simple example for object access rights is shown below.

With the command “Project”/“Object”/“Properties” open the dialog “Properties”, as shown
in figure 7-5-18.

Group 0 and group 1 have full access.

Group 2 and group 3 have read access.

Groups 4, 5, 6 and 7 have no access.

Set the passwords for each user group after the settings of access rights are finished.

Properties
Access rights
Uszer Groups 0 1 2 3 4 5 [ 7
Mo Access 'l N o T I I "

Read fccess ™ (o (¥ - ™ i i

Full Access ¥ ¥ r . - r . .

[ Apply ta all

] | Cancel

Figure 7-5-18 Access Rights

With the command “Project” “User group passwords” a dialog for password assignment for
user groups is opened, as shown in figure 7-5-19.

In the left combo box User group select “Level 0” and enter “0” in the field “Password”. You
must repeat the same password in the field Confirm password. Close the dialog box after
each password entry with OK.

It is the same for Levell, Level2 and Level3. The relationships between user groups and
passwords are shown in table 7-5-1.

There is no need to set passwords for user groups 4, 5, 6 and 7 because they have no

access.
Password for user group &l

User Group: Passwond:
|Level 0 -] E

Confirm Pagsward: Cancel

I

Figure 7-5-19 Password for user group

User Group Passwords
Level 0 0
Level 1 1
Level 2 2
Level 3 3

Table 7-5-1 User Group and Passwords
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If you now save the file and reopen it, you will get a dialog box in which you are requested
to enter the password. Because the passwords are different for different user groups, one
can enter the project in four different identities and have different operation rights. Now
enter the project as “Level0” and enter the password, as shown in f igure 7-5-20.

Pazsword for user group E|
User Group: Password: _DK
|LeveID ﬂ H

Cancel

Figure 7-5-20 Enter the Password for user group

If the password does not agree with the saved password of Level 0, then the message
appears, as shown in figure 7-5-21:

@ The password and its confirmation differ.

Figure 7-5-21 Password Error

The project can be opened only when you have entered the correct password of Level 0. For
user groups Leveld, Level5, Level6, Level7 and Level8 who have no access, the following
dialog will appear, as shown in figure 7-5-22:

Thi=z object canmot be apened
becausze wou do not hawe any access to it

Figure 7-5-22 No Access to the Object
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7.6 WORKSPACE SETTINGS

You can open a “Workspace” in two ways: the first is to click “Project”/“Options”; the
second is to double click “Workspace” in the “Resources” tab, as shown in figure 7-6-1.

Categon:

1=}
Jzer Information
Editar
Desktop
Colors
Directories
Log
Build
Passwords
Source download
Databaze-connection
tdacros

[ Create Backup

v Ao Save Auta Save |nterval [Min): ,T
[ Awuto zave before compile

[~ Ak for project info

v Ao load

[ Remind of boot project on exit

[V Save EMI credentials

Figure 7-6-1 Workspace Options

Open the dialog box of “Workspace”. The options are divided into different categories.
Choose the desired category on the left side of the dialog box by means clicking or using the
arrow keys and change the options on the right side.

Load & Save

User Information
Editor

Desktop

Colors

Directories

Log

Build

Passwords

Source download
Symbol configuration
Database-connection
Macros

PLC can’t support “Source download”, “Symbol configuration”, “Database-connection” and
“Macros” and here they are ignored.

In the following we will introduce “Load&Save”, “User Information”, “Editor”, “Desktop”,
“Color”, “Directories”, “Log”, “Build” and “Passwords”, and the rest keep default settings.

7.6.1 Load&Save

In “Workspace” select “Load&Save” and the options are displayed on the right of the
window, as shown in figure 7-6-1. The options of “Load&Save” are:

“Create Backup”: PowerPro creates a backup file at every save with the extension “.bak”.
Contrary to the *.asd-file (see below, “Auto Save”) this *.bak-file is kept after closing the
project. So you can restore the version you had before the last project save.

129
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“Auto Save”: While you are working, your project is saved according to a defined time
interval (Auto Save Interval [Min]) to a temporary file with the extension “.asd”. This file is
erased at a normal exit from the program. If for any reason PowerPro is not shut down
“normally” (e.g. due to a power failure), the file will not get erased. When you open the file
again, the following message will appear, as shown in figure 7-6-2. You can now decide
whether you want to open the original file or the auto save file.

Auto Save Backup ﬁ|

DALKAVPOWERFRO EMG V4.0 083 Apphcation Ex

The progect pou want to open was nof correctly clozed. These iz,
hioweves, an automatic backup

Drate of the oiginal fle: 9.7.08 1500833
Diate of the backup file: 9708162629
| Open autc-zave hie I Open ongnal file i Lancel 1

Figure 7-6-2 Auto Save Backup

“Auto save before compile”: The project will be saved before each compilation. In doing so
a file with the extension “.asd” will be created, which behaves like described above for the
option “Auto Save”.

“Ask for project info”: When saving a new project or saving a project under a new name, the
project info is automatically called. You can visualize the project info with the command
“Project” “Project Info” and also process it. “Project Info” includes “File name”, “Directory”,
“Author”, and “Version”, which are part of the project documentation and can be printed.

“Auto load”: At the next start of PowerPro the last open project is automatically loaded.

“Remind of boot project on exit”: If the project has been modified and downloaded without
creating a new boot project since the last download of a boot project, then a dialog will
advise the user before leaving the project: “No boot project created since last download.
Exit anyway? ”, as shown in figure 7-6-3. The so-called boot project is a user program saved
in PLC flash and runs after electrify.

“Save ENI credentials”: Save ENI credentials.

_, ......... ﬁi‘ mfﬁ

Figure 7-6-3 A Dialog Box of “No boot project created since last download. Exit anyway?”

7.6.2 User Information

In “Workspace”, select “User Information”, the options appear at the right of window. The
options are shown in figure 7-6-4. Enter user name, initials and company in corresponding
fields.
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Uszer Mame: |

Iriitialz:

Compar:

Figure 7-6-4 User Information

7.6.3 Editor

In “Workspace”, select “Editor”, the options will appear on the right of the window. The
options of Editor include Autodeclaration, Autoformat, List components, Declarations as
tables, Mark, Bit values and so on, as shown in figure 7-6-5.

[v Autodeclaration T ab-width: 4

[v  Autoformat
Fant...

[v List components

[ Declarations as tables

hd ark: Bit values

{+ Daotted line ¢ Decimal

" Line " Binary

" Filled " Heradecimal

[ Suppress monitaring of complex types [aray, pointer, YaF_IN_0UT]
[v Show POU symbals

Figure 7-6-5 Editor Options

“Autodeclaration”: If this option is activated, then after the input of a not-yet-declared
variable a dialog box will appear in all editors with which this variable can be declared.

“Autoformat”: If this option is activated, then PowerPro executes automatic formatting in
the editors. When you have finished with a line, the following formatting is made:
1.0perator written in small letters is shown in capitals; _ Tabs are inserted to that the
columns are uniformly divided.

“Declarations as tables”: If this option is activated, you can edit variables in a table. This
table is sorted like a card box, where you can find an INFO card and six variable cards
including VAR, VAR_INPUT, VAR_OUTPUT, VAR_IN_OUT, CONSTANT and RETAIN. For each
variable there are edit fields to insert Name, Address, Type, Initial and Comment. INFO card
will display the type and name of POUs automatically.

131

WAR
Mame Address Tyne Initial Comment
i : TOM
ooz (ET TIME
ooz BOOL

Figure 7-6-6 Declarations as Tables
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“Tab-Width”: In the field Tab-Width you can determine the width of a tab as shown in the
editors. The default setting is four characters, whereby the character width depends on the
font used.

“Font”: By clicking on the button Font you can choose the font in all editors. The font size is
the basic unit for all drawing operations. Choosing a larger font size enlarges the printout in
every editor.

“Mark”: You can choose whether the current selection in your graphic editors should be
represented by a dotted rectangle (Dotted), a rectangle with continuous lines (Line) or by a
filled-in rectangle (Filled).

“Bit Values”: You can choose whether variables (type BYTE, WORD, DWORD) in online mode
should be shown Decimal, Hexadecimal, or Binary.

Example
Decimal [D] Binary [B] Hexadecimal [H]
a=53 a=2#0000 0000 0011 0101 | a=16#0035
b=57 b=2#0000 0000 0011 1001 | b=16#0039

“Suppress monitoring of complex types (Array, Pointer, VAR_IN_OUT)”: PLC cannot support
this function.

“Show POU symbols”: If this option is activated, in the module boxes which are inserted to a
graphic editor, additionally symbols will get displayed, if those are available in the directory
“PowerPro/Library”. The name of the bitmap-file must be composed of the name of the
module and the extension “.bmp”.

7.6.4 Desktop

In “Workspace”, select “Desktop”, the options appear on the right of window, as shown in

figure 7-6-7
v Tool bar [ Show print area marging v DI reprezentation
[v Statusz bar [ F4 ignores warnings

[ Online in security mode
[ Query communication parameters befare login

[ Do not zave communication parameters in project

Language:  |English =l

Figure 7-6-7 Desktop Options

“Tool bar”: The tool bar with the buttons for faster selection of menu commands becomes
visible underneath the menu bar.

“Status bar”: The status bar is located at the lower edge of the main window when it
becomes visible.

“Online in security mode”: In Online mode with the commands ‘Run’ ‘Stop’ ‘Reset’ ‘Toggle
Breakpoint’ ‘Single cycle’ ‘Write values’ ‘Force values’ and ‘Release force’, a dialog box
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appears with the confirmation request whether the command should really be executed.
Operating mistake can be avoided by doing this.

“Query communication parameters before login”: As soon as the command ‘Online’ 'Login'
is executed, first the communication parameters dialog will open to check whether the
parameters are set and set correctly. It is not needed to execute “Online”/“Communication
Parameters”.

“Language”: Choose the language for the menus and dialog texts, and the default setting is
English.

“Show print area margins”: In every editor window, the limits of the currently set printing
range are marked with red dashed lines. Their sizes depend on the printer settings (paper
size, orientation) and the size of the “Content” field in the printing layout (menu: “File”
“Documentation Settings”), as shown in figure 7-6-8.

“F4 ignores warnings”: After compilation, when F4 is pressed in a message window, the
focus jumps only to lines with error messages; warning messages are ignored.

IF a<=0 THEN

L=t

brma+d;

ELSE -

::ﬁ- Print Area
END IF L Mamgin
PLC1();

PLC 20);

ss5();

Figure 7-6-8 Show Print Area Margins

7.6.5 Colors

In “Workspace”, select “Colors”, the options will appear on the right of the window, as
shown in figure 7-6-9.

Line numbers... | Current position... |
Breakpoint pozition. . | Poszition pazzed... |
Set breakpaint... | Monitoring of BOOL. .. |

Figure 7-6-9 Colors Options

You can reset some specific display colors according the user’s requirement and
customization. According to the colors you can observe the program running easily in online
debugging. Click each button in the dialog box of “Colors Options” to open the color setting
dialog and select the related color according to specific requirements. Generally the default
settings are adopted.

“Line numbers”: default is light grey, background color of network numbers or line numbers
in editors.

“Current position”: default is red, in online mode the background color of network numbers
or line numbers where the program stops at a breakpoint.
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“Breakpoint position”: default is dark grey, the background color of network numbers or
line numbers where you can set a breakpoint.

“Position passed”: default is green, the background color of network numbers or line
numbers which have been executed in flow control.

“Set breakpoint”: default is light blue, the background color of network numbers or line
numbers where you have set a breakpoint.

“Monitoring of BOOL”: default is dark blue, in online mode the color of digital logic TRUE.

7.6.6 Directories

In “Workspace”, select “Directories”, the options will appear on the right of the window, as
shown in figure 7-6-10. In “Project” the directories of ‘Libraries’, ‘Compile files’,
‘Configuration files’, ‘Visualization files’ can be set. In “Target”, the directory of
“Configuration files” is displayed, and the default directory of “Libraries” is none and is
generated automatically and cannot be changed. The directories of automatically generated
files when installing PowerPro are displayed in ‘Libraries’, ‘Compile files’, ‘Upload files’,
‘Configuration files’, “Visualization files’ in “General”.

Froject
Libraries:

Compile files:

Configuration files:

BETEE]

Yizualization files:

T arget
Libraries; |

Configuration Files: |E:"~T.-'-‘-.HI3ET"~H allySpz\PCE azed 0%

General

Librariaz: | D:\HollyzyzPowerPro EMNGALibrang®,

Conpile files: | D:\HollpsyshPowerPro EMGYProjectz\ Compile',

Upload files: |F: “Program Filesh35 SoftwaretCoDeSys: W2, 3\ ploads,

Configuration files: |E:HWIHHTHE|::D e5ys V2 ILibran\PLCCOMFY

ElEETE]E]

Yizualization files: |

Figure 7-6-10 Directories

7.6.7 Log

The log chronologically records user actions. The recorded contents include Login, Running,
Init debugging, Write value, Logout, Delete buffers and login failure. Choose the category
“Log” in “Workspace”, the options are displayed on the right of the window, as shown in
figure 7-6-11.
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[ Directary for project logs:

Maxirmurn project log zize:

a0 Online sezsiong

[ &ctivate logging

Filker:
[v Lszer actions [v Status changes
v [nternal actions [v E=ceptions

Figure 7-6-11 Log Options

“Directory for project logs”: You can change the directory where the project logs are saved
and the default setting is D:\Hollysys\PowerPro.

“Maximum project log size”: The maximum number of ‘Online sessions’ as shown in log
window.

“Activate logging”: Activate log function to display log list, as shown in figure 7-6-12. A serial
User actions, Status changes, Internal actions and Exceptions are recorded in the log, such
as Login, Running, Init debugging, Write value, Logout, Delete buffers.

Log: (Internall
%Hesnurces L
X oF
(1] Global Varisbles = & <29.05.08 —- 11:25:35> - €29.05.08 — 11:25:44>
B[ library Standard.lib 6.1 % <29.05.05 —— 11:25:35> Login
BI-[27 fibram SYSLIBCALLE # <29.05.08 —— 11:25:35> Login (zimulation mode)
""'Alarm confiquration # <20.05.08 —— 11:25:35> Set identity
— ’ a # 29.05.08 —— 11:25:35> Init debugging
m Library Manager % 29.05.08 — 11:25:35> Server stopped (7?7, line 0) - No force list active
m Log % 29.05.08 — 11:25:35> Server stopped (7?7, line 0) - No force list active
PLC Cnnfiguratinn ﬁ 29.05.08 — 11:25:38> Write values
. # <29 05.08 — 11:25:38> MWrite all walunes —» Ho data
- e Targel Settings € 5. 05.08 — 11:25:42>  Start
Task configuration #® <23.05.08 — 11:25:42> Start
=Y § <?9.05.08 -- 11:25:44> Logout

# <20.05.08 —— 11:25:44> Logout
# <29.05.08 —— 11:25:44> Delete buffers

Figure 7-6-12 Log List

“Filter”: You can select in the area which actions are to be recorded: User actions, Status
changes, Internal actions and Exceptions.

“Log” can be used in either “offline” mode or “online” mode. There is a log list generated in
simulation mode, as shown in figure 7-6-12.

7.6.8 Build

In “Workspace”, select “Build”, the options appear at the right of the window, as shown in
figure 7-6-13.
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0K

v Mumber of data segments: |3
[ Beplace constants Ezclude objectz from build

[+ Mested comments Exclude objects

-
v Actions hide programs

[~ Treat LREAL az REAL

Macro before compile: |

Macro after compile: |

Compiler version
v Usze labest

i PRI

Check automatically :
[ Urused varables : 2 gizter [FLIM]

[ Owerlapping memory areas 3l nregister [FLUM]

[ Concurent access

MT [EMLIK]
T_FILTER [EMLIk)
SOURCE [EMLM]

[ Multiple write access on output

Figure 7-6-13 Build

“Debugging”: If it is activated, additional debugging code is created, that is the code can
become considerably larger. The debugging code is needed in order to make use of the
debugging functions offered by PowerPro (e.g. breakpoints, single step). When you switch
off this option, project processing becomes faster and the size of the code decreases.

“Replace constants”: The value of each constant is loaded directly, and in online mode the
constants are displayed in green. Forcing, writing and monitoring of a constant are no
longer possible. If the option is deactivated, the value is loaded into a storage location via
variable access.

“Nested comments”: Comments can be placed within other comments.

Example: nested comments

(*

a:=inst.out; (*to be checked*)
b:=b+1;

*)

“Number of data segments”: Here you define how many memory segments should be
allocated in the PLC for the project data.

“Compiler version”: If you want to get the project compiled with the actual version in any
case, activate the option Use latest. If the project should be compiled with a specific
version, define this via the selection list at Fix.

“Check automatically”:

“Unused variables”: Search for variables that have been declared but not used in the
program.

“Overlapping memory areas”: Test whether during allocation of variables via the “AT”
declaration overlaps have occurred at specific memory areas.
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“Concurrent access”: Search for memory areas of IEC addresses which are referenced in
more than one task.

“Multiple write access on output”: Search for memory areas to which a single project gains
write access at more than one place.

“Check automatically” has the same function with “Project”/“Check”. The difference is that
“Project /Check” can be used only after compilation one by one, but “Check automatically”
can check more than one item while compiling.

When the four items are activated, the check result created automatically while compiling
displays in message window, as shown in figure 7-6-14.

Mo unused variables found

Mo cancurrent accesses found
-------------------- Check: Multiple write access on autput------------------—-
F2WW0 is written to at the following locations:

PLC_PRG (2 QAT %0W0

PLC_PRG (3) O AT %OW0

|

Figure 7-6-14 Compile Information

7.6.9 Passwords

If you want to protect the program from changing, please set passwords for it.

In “Workspace” select “Passwords” and the options are displayed on the right of the
window and you can set passwords now. You can set the password whatever you want. It’s
suggested to set multi-password codes for higher security. In the example in figure 7-6-15
six pieces of code are set and how to use it will be introduced as follows.

Cateqgory:

Load & Save Password:
[dzer Information -
Editor

Desktop

Colors

Directories

Log

Build

Pazswords
Source download
[ atabaze-connection
b acroz Confirmn YW/frite Pratection Pazswond:

HERERN

Confirr Pazsward:

HEREEN

Wirite Protection Pazsword:

HEREEN

HEREEN

Figure 7-6-15 Passwords

If you now save the file and then reopen it, then you get a dialog box in which you are
requested to enter the password, as shown in figure 7-6-16.
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M CoDeS5y= |§

Openz a project

Loading project file ...

Cancel

Enter Password
Pazaword:
|| Cancel |

Figure 7-6-16 Enter Password

Click “OK”, a dialog box appears in which you are requested to enter the write protection
password, as shown in figure 7-6-17. If the passwords entered are correct, the program is
opened and you can edit it.

M CoDeSy= |X|

Openz a project

Loading project file ...

Cancel

Enter ¥rite Protection Pazsword |'X|

Write Protection Pazsward:

Cancel |

Figure 7-6-17 Wirite Protection Password

If you want to cancel the password for a program, you have to open “Workspace”/
“Passwords” to delete the original password and save it. After that, if you open the program
again, the password protection will be gone.
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Chapter

Compiling and Debugging

Compile the program when the program is finished and download it to PLC only when no
compilation errors occurred. In this chapter, we will explain the details of the compilation
and downloading.

8.1 PROJECT BUILDING

In PowerPro, the commands “Project”/ “Build” and “Rebuild all” are used to check for any
syntax errors, as shown in figure 8-1-1.

e Build: Build the program which has changed and renew it to the original target file.
e Rebuild all: Unlike the command “Build”, the project is completely recompiled.

e C(Clear all: Clear previous compilation and download information.

e Load download information: PLC cannot support the function.

Froject
Build Fil
Bebuild 211
Clean all

Load dewndlead infermation. ..

Figure 8-1-1 Project List

A program without syntactic error can be compiled to executable target files. The
compilation results will be displayed in a message window, as shown in figure 8-1-2.

Implementation of POLN'STATISTICE_REAL
Implementation of POLNLUINPACK!
Implementation of POL WARIAMNCE'
Implementation of POL PLC_PRG!
Implementation of the task configuration

Generating epilog 0 error, 0 warning
Hardware-Configuration
0 Erroris), 0 warning(s).

Check ofthe task configuration

Likwrary 'Standard.lib 201002 14:42:50°
Generating prolog Error 4001
Implementation of FOL 'PLC_PRG

Errar 4001: PLC_PRG {23 ldentifier 'STARTUP1' not defined
Implementation of the task configuration
Hardware-Configuration

1 Errar(s), 0 Wvarning(s).

Figure 8-1-2 Compilation Message with errors
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8.2 REFERENCES TO DATA TYPES

The “Project” menu in PowerPro provides some commands to show the references to data
types. Before this the project must have been compiled without any error.

8.2.1 Displaying Call Tree

With the command “Project”/“Show Call Tree” to show the tree-structure of the POUs,
functions and function blocks called by the current object in a new window and to show the
calling relationship between the current POU and other POUs in this project, as shown in
figure 8-2-1. Before this can be done, the project must have been compiled without any
error.

Call Tree of AS_EXAMPLE
|AS_E}<AMF'LE SFCACTIONCONTROL

AS_EXAMPLEACT

Figure 8-2-1 Show Call Tree

8.2.2 Displaying Cross References

With the command “Project”/“Show Cross References” you can view all application points,
as shown in figure 8-2-2. A so-called “application point” is the position where a variable,
address or a POU is located. To do this the project must be compiled.

Crozz references(Not up to date) |

Selection Get References
LCategory: |Variable ﬂ
GoTa

Hame: Cancel

To message window

List of
POU | Warisble .-’-‘«ddress| Scope | Access

Figure 8-2-2 Show Cross References

Choose first the category ‘Variable’, ‘Address’, or ‘POU’ and then enter the name and click
the button “Get References”, then you will get the list of all application points. You can get
the information whether the variable is to be accessed for reading or writing, a local or a
global variable, connected to hardware address or not.
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When you select a line of the cross reference list and press the button Go To or double click
on the line, then the POU is shown in its editor at the corresponding point. In this way you
can jump to all application points without a time-consuming search. In order to make
processing easier, you can use the Send to message window button to bring the current
cross reference list into the message window and from there change to the respective POU.

8.2.3 Checking

“Check” can only be used in “Simulation Mode”, as shown in figure 8-2-3.

Overlapping Memory Areas
Add Agtion SVEESARRINE ¥

Concurrent Access

User Group Passwords. .. Multiple Write Access on Output

Figure 8-2-3 Check Menu

“Check”/“Unused Variables”

When writing a program, you usually delete a variable or rename it, and then the original
variable declaration cannot be deleted automatically and remains in the editor window. So
there are variables that have been declared but not used in the program.

The command “Project”/“Check”/“Unused Variables” is used to search for variables that
have been declared but not used in the program. Before this can be done the project must
have been compiled without any error. Results are displayed in the message window, as
shown in figure 8-2-4.

FLZ_PRG (3 a
PLCECER (0): |
PLCEZE (0): Startlp

PLCECE (0): @

Figure 8-2-4 Check Unused Variables

“Check” /“Overlapping Memory Areas”

This function menu tests whether during allocations of variables via the “AT” declaration
overlaps have occurred at specific memory areas. If there is no overlapping memory area, a
message window appears with the message: No variables with overlapping memory area
found.

“Check”/“Concurrent Access”

This function menu searches for memory areas of IEC addresses which are referenced in
more than one task. If there are no concurrent accesses, a tip displays in the message
window: No concurrent accesses found.

“Check” /“Multiple Write Access on Output”

This function menu searches for memory areas to which a single project gains write access
at more than one place. If there is no multiple write access on output, a message displays in
the message window: No outputs found which are written to at more than one location.
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8.3 DOWNLOADING

8.3.1 Device Installation and Connection

Installing Devices

First, select appropriate CPU modules and expansion modules according to the actual
project. Next, determine the installation mode according to field condition and determine
PLC working mode. At last, plan and make a reasonable connection scheme to connect the
sensor or actuator to PLC terminal.

Connecting Cables

According to CPU model number and type connect power line, as shown in figure 8-3-1.
Don’t connect the power supply when the power line is connected. First check whether the
cable is connected correctly and then connect the system power supply and ensure that the
RUN indicator light on CPU board is on to ensure the PLC can run reliably. Note that when
the power line is connected, put on the terminal cover to avoid unnecessary personal injury
and device damage.

i
g
& 1= 1=

I Bodooodoooooodddoog

Figure 8-3-1 Connect Power Supply Line

8.3.2 Establishing PC Communication

Establish the communication channel through the programming cable connecting CPU
module to RS232 serial port of local PC, as shown in figure 8-3-2. Because the CPU RS232
serial port is not isolated, connect the programming cable before PLC power-on.

Regard that LM3108 CPU module and LM3109 CPU module have 2 serial ports, and
download the program to PLC by the left serial port PORT1.

Expansion Expansion
CPUModules b~ Module1 P  Module 2

= = RS-232
e Programming :|

Figure 8-3-2 Connect Programming Cable

8.3.3 Establishing Communication Connection

Download the target file to CPU module, select and configure the channel to establish the
communication connection between local PC and target module. The steps are as follows.
Click “Online”/“Communication Parameters”, and a dialog box of “Communication
Parameters” will appear, as shown in figure 8-3-3.
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Communication Parameters

Channels

= Local | |
128138

Narne | Yalue | Comment | Cancel

Bemave

Gateway ...

JRUNSY

Update

Figure 8-3-3 Dialog Box of Communication Parameters

Click “Gateway” to select “Local” in the field “Connection”, and click “OK”, as shown in

figure 8-3-4.
Communication Parameters: Gatewawy @

Connection: -
J LCancel

——
—

Figure 8-3-4 Communication Parameters: Gateway

Return to “Communication Parameters” dialog by clicking “OK”. Press the New button in
the “Communication Parameters” dialog. The dialog Communication Parameters: New
Channel comes up, as shown in figure 8-3-5. The default name is “Local_”, and the default
communication protocol is RS232 and return to “Communication Parameters” dialog by
clicking “OK”.

Communication Parameters: New Chanmel &|
Channel
name Mame |[HE] aK
Device Cancel
Communication | ~—fMame_ | Info |

protocol

Seral [RSZ32T 35 Serial R5232 diiver

Figure 8-3-5 New Channel
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Double click the “Value” in “Baudrate” to change the communication rate to “38400” and
click “OK”, as shown in figure 8-3-6. Then the communication connection is set up between
the local PC and CPU modules.

Communication Farameters

Chanrels
=) Local Serial (R5232) |
Local_ C |

Marne | Walue | Cormment | =T
Part
Baudrate
Parity
Stop bits 1

totarala bytearder Mo Remove

Gateway ..

iff o s

Update

Figure 8-3-6 Setting of Baudrate

8.3.4 Program Downloading

Program Downloading

Use the command “Online”/ “Login” to download programs to PLC. All the target files are
downloaded to the module when downloading the target file generated after compilation.
At the same tome the module is reset and all variables are returned to initial status. With
the command “Online”/ “Login” the connection can be established between local PC and
CPU module and a message will appear, as shown in figure 8-3-7.

e

‘{) The program has changed! Download the new program?

Mo Cancel

Figure 8-3-7 Download Information

When the downloaded PLC program is not the same as the PLC internal program, the dialog
above will appear.

Click the “Yes” button to change the program and download the new program to CPU
module and click “No” button to enter the original program and a connection is established
only.

Click the “Yes” button to download the new program to CPU module then a dialog box of
creating a boot project appears, as shown in figure 8-3-8. A boot project is a program
downloaded to Flash. A boot project will be created in FLASH in order to protect the
program from being lost during power cycles.
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Click the “Yes” button in figure 8-3-8 to run the downloaded program when rebooting. Now
the download is finished.

9

a“/ Do you want to stop the program on the target prior to flashing?

No Cancel

Figure 8-3-8 Create Boot Project Message

Entering monitoring status but do not download the program

If you do not want to download the program and want to enter the monitoring status only,
click the “No” button in figure 8-3-7. And then the changed project will not be downloaded
to CPU module and you can monitor the original program. Regard to that if you want to
download the program when in monitoring status, download it with the command
“Online”/ “Download”.

The Difference between Login, Download, Create boot project

To know the terms better you need to know how the program is loaded onto the controller.
Before the compiled project in PowerPro is loaded onto the controller, first establish a
connection between PowerPro and PLC. The “Login” command combines the programming
system PowerPro with the PLC. After the connection is set up PowerPro will judge whether
the program has been changed automatically. Change into the online mode if the program
is not changed. If the program has been changed a dialog opens with the question “The
program has been changed. Load changes?”, No results in a log-in without the changes
made since the last download being loaded onto the controller and change into online
mode; Then if you want to download the program use the command “Download” to do so.
That is to say, the command “Download” is available after log-in. By answering “Yes” you
confirm that, on log-in, the modified portions of the project are to be loaded onto the CPU.
All the data will be cleared when CPU power-off, so save the program to FLASH after it has
been downloaded to CPU to ensure the program still exists after PLC power-on again, the
process is called “create a boot project”. When the download to CPU is finished, a dialog
box of “Stop target program before creating a boot project” will appear, click “Yes” or “No”
to create a boot project. Click “Cancel” button not to create a boot project and in this
situation the new program will be not be saved and the original program is saved after
power-off and power-on again. Now with the command “Online”/ “Create boot project”
you can save the new program in FLASH.

8.4 DEBUGGING

All the debugging commands provided by system are under the “Online” menu and are
available in debugging mode, as shown in figure 8-4-1. In debugging mode the different
default colors stand for different status and operations, such as TRUE (blue) , FALSE (black),
breakpoint (light blue) , flow control (green) and the colors can be set in
“Project”/“Options”/“Color”. It’s useful to know the meanings of the colors for debugging
and monitoring programs.
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Online

Simulation Mode

Communication Farameters. ..

Figure 8-4-1 Online Menu

8.4.1 “Online“/“Login”

With the command “Online”/“Login” to change into the debugging status. Download the
programs into CPU modules is called online mode. If the PC is not connected to hardware
modules and the user program runs on the local PC is called simulation mode. If
“Online”/“Simulation Mode” is chosen, a check ( “v”) will appear in front of the menu item,
and you will be in simulation mode when logging in.

If the function blocks related to RTS hardware are used in a program, then in simulation
mode that implementation of the function blocks will be executed. For example system
events cannot be implemented in simulation mode. All the function blocks related to RTS
hardware, including external expansion function blocks and external function blocks in
customized library, cannot be used in simulation mode.

In addition, after setting the free port parameters if you want to obtain again the download
and debugging functions in previous programming system, switch RUN/STOP to STOP to log
in.

8.4.2 “Online”/“Logout”

With the command “Online”/“Logout” the connection to the PLC is broken, or the
simulation mode program is ended and is switched to the offline mode.

8.4.3 “Online”/“Run”

The command “Online”/“Run” starts the program in the PLC or in simulation mode. The
command can be used in the following situations:
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e  After the “Online”/“Login” command.

e After the user program in the PLC has been ended with the “Stop” command.
e When the user program is at a breakpoint.

e  After the “Single cycle” command has been executed.

8.4.4 “Online”/“Stop”

With the command “Online”/“Stop”, stop the execution of the program in the PLC or in
simulation mode and save the values of current variables. And now the program is still in
debugging status, and you can restart the program with the command “Online”/“Run” at
the position where it stopped last time.

8.4.5 Reset

If you have initialized the variables with specific values, then the command “Reset” will
reset the variables to the initialized value with the exception of the retain variables. Press
“F5” to restart the program.

The command “Reset (cold)” will reset the variables to the initialized value including retain
variables but not the persistent variables. Press “F5” to restart the program.

The command “Reset (original)” resets all variables including retain variables and persistent
variables to their initial values and erases the user program on the controller. The controller
is returned to its original state.

A dialog box will appear to confirm the reset when executing the commands above, as
shown in figure 8-4-2.

'::?/ Do wou really want to reset wour PLCY

R

Figure 8-4-2 Reset Confirmation

8.4.6 Breakpoints

A breakpoint is a place in the program at which the processing is stopped. Thus it is possible
to look at the values of variables at specific places within the program.

Setting a Breakpoint

With the command “Online”/“Toggle Breakpoint” to set or remove a breakpoint in the
present position. The position at which a breakpoint can be set depends on the language in
which the POU in the active window is written. You can set a breakpoint in the number field
or the network number field with a dark background color, but not in a grey background
color, as shown in figure 8-4-3.
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ooo1

IF a==0 THEM
a=a+1;

hi=a+2,;

ELSE
a=a+;
hi=a+4,
08 EMD_IF

Can set a breakpoint

Cannot set a breakpoint \Dﬁ

Figure 8-4-3 Breakpoint Setting (1)

In IL and ST the breakpoints is set at the line where the cursor is located. In FBD and LD the
breakpoint is set at the currently selected network. In SFC the breakpoint is set at the
currently selected step.

You can click on the line number or network number with a dark background color to set or
remove a breakpoint. If the line is a breakpoint position, the line number field or the
network number field or the step will be displayed with a light-blue background color.

If a breakpoint is reached while the program is running, the program will stop, and the
corresponding field will be displayed in a red background color. In order to continue the

program, use the “Online”/“Run”, “Step in” or “Step over” commands.

For example, set a breakpoint at line 0004 after logging in, as shown in figure 8-4-4.

Breakpoin (=
a=10
a=10
h=0 a=0
a=10
h=10 a=10

Figure 8-4-4 Breakpoint Setting (2)

Program stops at line 0004, b keeps the initial value, and a is re-assigned, as shown in figure

8-4-5.
noo1 a=1 P
000z b=0 o
0003 -

a=1

a=1

b=0

a=1

b=0 a=1

Figure 8-4-5 Breakpoint Setting (3)
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Editing Breakpoints

With the command “Online”/“Breakpoint Dialog” open a dialog box to display and edit
breakpoints throughout the entire project, as shown in figure 8-4-6.

e Set a breakpoint: choose a POU in the field “POU” and the line or the network in the
field “Location” where you would like to set the breakpoint, and then press “Add”. The
breakpoint will be added to the list.

e Delete a breakpoint: select a breakpoint and press “Delete” to delete the breakpoint.

e Check a breakpoint: select a breakpoint and press “Goto” to go to the location in the
editor where a certain breakpoint was set.

Breakpoints
POU: \PLC_PRG =] Close
Locatior: |1 j
Breakpointsz:
PLL PRG, 3

Delete

Delete Al

e

Gata

Figure 8-4-6 Breakpoint Setting (4)

All breakpoints are deleted after executing the command “Online”/“Logout”. Note that the
number of breakpoints should be less than 100, or else an error will appear, as shown in
figure 8-4-7.

@ It iz not possible to set further breskpoints

Figure 8-4-7 Breakpoint Setting (5)

8.4.7 Single Step

By proceeding step by step you can check the logical correctness of your program. For
different programming languages single step in active window has different meanings:

e InIL: Execute the program until the next CAL, LD or JMP command.
e In ST: Execute the next instruction.

e In LD, FBD: Execute the next network.

e In SFC: Continue the action until the next step.

With the commands “Online”/“Step over” or “Step in” execute a single step. When a
breakpoint is reached the program will stop after the current instruction. When a function
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or a function block is reached, use the command “Step over” to jump to the next
instruction, or use the command “Step in” move to the first instruction of a called function
or function block.

8.4.8 Single Cycle

With the command “Online”/“Single Cycle” execute a single PLC cycle and stops after this
cycle. In essence, “Single Cycle” is like “Run” and both of them can execute the user
program online. “Single Cycle” command executes a single PLC cycle and stops after this
cycle while “Run” command executes the program continuously until the command “Stop”
is used.

8.4.9 Writing Values

Setting new values

In debug mode, double click on the line in which a variable is declared, a dialog box will
appear as shown in figure 8-4-8. Enter the new value in the field “New Value” and press
“OK”, and then the value is displayed in brackets and in turquoise colour behind the former
value of the variable. For Boolean variables, the value is toggled (switched between TRUE
and FALSE, with no other value allowed) by double-clicking on the line in which the variable
is declared and no dialog appears.

Activating new values

Use the command “Online”/“Write Values” or shortcut “Ctrl+F7” to active new values of
variables and write them to modules. When the command “Write Values” is executed, all
the values are written to the appropriate variables in the controller at one time.

¥rite ¥ariable *HON1®

OldYalue: |1

Mew W alue: Cancel

Figure 8-4-8 Write Variable

8.4.10 Forcing Values

Forcing Values

It is the same as “Write Values” for setting and activating new values. First, set new values
and then execute “Online”/“Force Values” or shortcut “F7” to write the new values to the
appropriate variables in the controller.

If the ‘Online’/‘Force values’ command is given, all variables will be set to the selected
values after each cycle until the ‘Release force’ is given. With the command “Write Values”,
the variables are set to the selected values once and can be assigned again by other
programs.

When the digital input is a physical point, such as 10.0, the “Force Values” command must
be used. But in simulation mode “Write Values” can be used. You are allowed to execute

the command “Force Values” after multiple variables have been written values.

The forced values are display in red, as shown in figure 8-4-9.
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Figure 8-4-9 Force Values

We can see the difference between “Write Values” and “Force Values” through the
following example.

Main program:

a=a+;
bi=g+2;
C=a+3;
d=a+4;

a=1
Force c, d values h=2
—

~=Write a, b values™
=3

= o oo

==

o

Display after running

The command “Write Value” only changes the current values of variables a and b, once the
program is running, the variables a and b will increase automatically according to the
program setting and are re-assigned at each execution. With the command “Force Values”
variables c and d are assigned the forced values and retain the 3, 4 at each execution.

Releasing Force

The command “Online”/“Release Force” ends the forcing of variable values. The variable
values change again in the normal way with black color.

Write/Force-Dialog

When the command “Online”/“Write/Force-Dialog” is used, a dialog box will appear, which
displays in two tabs the current writelist and forcelist, as shown in figure 8-4-10

Editing the writelist and the forcelist §|

k.
- Cancel
‘ariable | Forced value

FLZ_FRG.a2 TRUE
PLC_PRG.a1 TRUE
FLC_FRG.a0 TRUE

Wiite Yalues
Forze Values
Releaze Force

Figure 8-4-10 Write/Force-Dialog
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8.4.11 Showing Call Stack

When the command “Online”/“Show Call Stack” is used, the program will stop at a
breakpoint and a dialog box with a list of the POU call stack will appear, as shown in figure
8-4-11.

The first POU in the list is always the default PLC_PRG or the first called POU set in “Task
configuration”. The last POU is always the POU being executed.

After you have selected a POU and have pressed the “Go To” button, the selected POU is
loaded in its editor, and it will display the line or network being processed.

Call stack E'

Close

Figure 8-4-11 Call Stack

8.4.12 Displaying Flow Control

If “Online”/“Display Flow Control” is selected a check (“v”) will appear in front of the menu.
Following this, every line or every network will be marked which was executed in current
cycle. The line number field or the network number field of the lines or networks which just
run will be displayed in green. In “Single Cycle” mode, you can see the current flow of POU
clearly.

A simple example is shown in figure 8-4-12, a is an INT variable and is assigned 0. The
variable increases by 1 when a<=0 and increases by 2 when a>0.

0001|PROGRAM PLC_PRG
0002waR

0003 a: IMT:=0;
D004|EMD_MAR

0oos
T

DD0ZIF a==0 THERM
0003 a:=a+1,

0004 ELSE
00058|a=a+2;

000G EMD_IF

Figure 8-4-12 Example (1)

After “Login”, select “Display Flow Control” and then select “Single Cycle”. Because the
initial value of a is 0, and at the first running time a<=0 so a increases by 1 and changes into
1. With the command “Display Flow Control” the line number field (line 2 and 3) which just
run in this cycle will be displayed in green, as shown in figure 8-4-13.
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oo a=1
ooz

I:IEII:I1 .............................
OO0 IF a==0 THEM a=1
0003 a=a+1; a=
ELSE
A=a+2; a=1
Q006 EMD_IF

[plaluied

Figure 8-4-13 Example (2)

Select “Single Cycle” again, but now a is 1 and increases 2 and changes into 3. When the
command “Display Flow Control” is used, the line number field (line 2 and 5) which just run
in this cycle will be displayed in green, as shown in figure 8-4-14.

oo a=13
oo

[T lukal

0001

0002 IF a==0 THEM a=13
a=a+l; a=3
ELZE

00ng a=a+2, a=13

0oo0& ErD_IF

Figure 8-4-14 Example (3)

8.4.13 Watch- and Recipe Manager

In the “Resources” tab in the object organizer, double click “Watch- and Recipe Manager”
and a window will appear, which is shown in figure 8-4-15. With the help of the “Watch-
and Recipe Manager” you can view the values of selected variables. The “Watch- and
Recipe Manager” also makes it possible to preset the variables with definite values and
transfer them as a group to the PLC. In the same way, current PLC values can be read into
and stored in the “Watch- and Recipe Manager”.

B8] B|5)]eedE] S| S|
— Sligar | [ R

. PLC_PRG.A=
B Global Variables Hew Hateh List

. PLC_PRG al=
B library Standard ib 6.12.05 17.07-52: Delete Hatchliz: FLC PRE A
B[ library SYSLIBCALLBACK.LIE £.12.0 v Menitoring active PLC_PRG.aZ=g
Alarm configuration ) . PLC_PRG.MUM =1
_____ (i) Lirary Manager trite Re_cu:e PLC_PRG.NUMT =0
_____ m Lag Eead Recipe FLC_PRG.T1.ET = T#0ms
""" FLC Configuration Rename Watch List

""" ﬁ Target Settings iyt S
""" Tazk configuration

Sawe Watch List. ..
Load Watch List. ..

0014
0014

PLC_PRGT1.G=
PLC_PRG T1 StartTime = T#0ms

Figure 8-4-15 Watch- and Recipe Manager

New Watch List

Click the right mouse key at the left column of the “Watch- and Recipe Manager” and select
“New Watch List” and enter the desired name. You can also new a watch list by clicking
“Insert”/“New Watch List”.
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Renaming a Watch List

With the command “Rename Watch List”, you can change the name of watch list.

Selecting Monitoring Variables

Select “Input Assistant” by clicking the right mouse in the “Watch- and Recipe Manager” or
“Edit”, and then all the available variables in the project are listed. You can select the
needed variables into the watch list.

Saving Watch List

With the command “Save Watch List” you can save a watch list. The file name is preset with
the name of the watch list and is given the extension “*.wtc”.

Loading Watch List

With the command “Load Watch List” you can reload a saved watch list.

Monitoring active

If the display is active, a check (V) will appear in front of the menu item. All the functions
about “New Watch List” are effective only before “Monitoring active” is activated.

Writing Recipe
With the command “Write Recipe” you can write the preset values into the variables.
Reading Recipe

With the command “Read Recipe”, you can replace the presetting of the variables with the
present value of the variables.
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Chapter

IEC Programming Fundamentals

PowerPro conforms to |EC61131-3 standard of IEC (International Electrotechnical
Commission, IEC). Programming by LD has been introduced in section 7.4, and the other IEC
standard programming languages such as FBD, IL, ST, SFC and CFC are described in this
chapter.

9.1 FUNCTION BLOCK DIAGRAM (FBD)

FBD is a graphically oriented programming language, similar with LD. FBD works with a list of
networks whereby each network contains a structure which represents either a logical or
arithmetic expression, the call of a function block, a jump, or a return instruction. This is
illustrated in figure 9-1-1.

0001 |Labelt:
MOD LT AMND OR
varl - — FED_EXAMPLE!
o P A R A N B
b1
MOD GT b2
ward—
20 10
MOD GT
varz—
20 10

Figure 9-1-1 Language of FBD

9.1.1 Cursor Position

You can recognize the present cursor position by a dotted rectangle. The following is a list of
all possible cursor positions:

Text (Cursor Position 1) :

ADD
Result

Input (Cursor Position 2) :

AMD
Result

155
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Operator, Function or Function Block (Cursor Position 3) :

AMND

Warl -
War?—

Result

Output (Cursor Position 4, an assignment or a jump comes afterward) :

AND [
Warl - ——Result
Warl—

The lined cross above an assignment, a jump or a return instruction (Cursor Position 5) :

AND | AND

Warl o
Ward—

:Result Ward—

Behind the outermost object on the right of every network (Cursor Position 6) :

AND AND

War! — |_
Ward— Result  ward-

The lined cross directly in front of an assignment (Cursor Position 7) :

AMD AMD
Warl
Ward—

“_-Result Wari—

9.1.2 Operation Description

Insert “Input”

Shortcut: ﬂ Insert an input of an operator in current cursor position.

e  For some operators the number of inputs may vary and sometimes it is necessary to
extend such an operator by an input. For example, the inputs of ADD may be two or
more constants (variables). If you select an input (Cursor Position 2), then the new
inserted input become the first input of the operator. You must select the operator
itself (Cursor Position 3), if a lowest input is to be inserted. The inserted input is
allocated with the text “???”. This text must be clicked and changed into the desired
constant or variable. For this you can also use the Input Assistant.

e Increasing the number of inputs can simplify programming, as shown in figure 9-1-2.

Var1t — ADD Vart —| ADD
Var2 — —{ ADD Varz —
Var3 —| —| ADD vara —|
“ard —] — Fes Ward —] — Res

Figure 9-1-2 Extend Inputs of Operators

e How to switch inputs fast? The branch located on the right of the operator is now
connected with the first input, but should be connected with the second input. You can
now select the first input and perform the command “Edit”/“Cut”. Following this, you
can select the second input and perform the command “Edit”/ “Paste”. This way, the
branch is dependent on the second input.
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Insert “Output”

Shortcut: _E*| Insert an output of an operator in current cursor position.

e  For some operators the number of outputs may vary and the command can be used to
extend such an operator by an output.

Insert “Box”

Shortcut: ﬂ Insert an operator in current cursor position.

e Ifaninputis selected (Cursor Position 2), the POU is inserted in front of this input. The
first input of this POU is linked to the branch on the left of the selected input. The
output of the new POU is linked to the selected input.

e If an output is selected (Cursor Position 4), the POU is inserted after this output. The
first input of the POU is connected with the selected output. The output of the new
POU is linked to the branch with which the selected output was linked.

e Ifa POU, a function, or a function block is selected (Cursor Position 3), the old element
will be replaced by the new POU. As far as possible, the branches will be connected the
same way as they were before the replacement. If the old element had more inputs
than the new one, the unattachable branches will be deleted. The same holds true for
the outputs.

e Ifajump orareturnis selected, the POU will be inserted before this jump or return.
The first input of the POU is connected with the branch to the left of the selected
element. The output of the POU is linked to the branch to the right of the selected
element.

e If the last cursor position of a network is selected (Cursor Position 6), the POU will be
inserted following the last element. The first input of the POU is linked to the branch to
the left of the selected position.

e  First of all, an “AND” operator is always inserted. This can be changed by Selection and
Overwrite of the type text (“AND”) into every other operator, every function, every
function block and every program. You can select the desired POU by using Input
Assistant. The new inserted operator is linked to the branch to the right of the selected
element.

Insert “Assign”

Shortcut: |E| Insert an assignment and output the result.

e Depending on the selected position, insertion takes place directly in front of the
selected input (Cursor Position 2), directly after the selected output (Cursor Position 4)
or at the end of the network (Cursor Position 6).

e Inorder to insert an additional assignment into an existing assignment, use the “Insert”
“Output” command.

Insert “Jump”

Shortcut: Iﬂ Insert a jump and jump to the desired position if the condition is TRUE.

e Depending on the selected position, insertion takes place directly in front of the
selected input (Cursor Position 2), directly after the selected output (Cursor Position 4)
or at the end of the network (Cursor Position 6).

e For aninserted jump, the jump can be replaced by the label to which it is to be assigned
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Insert “Return”

G-
Shortcut: J Insert a return.

«

When the current POU is called by other POU and the return condition is TRUE, return
to the calling POU.

Depending on the selected position, insertion takes place directly in front of the
selected input (Cursor Position 2),directly after the selected output (Cursor Position 4),
directly before the selected line cross (Cursor Position 5), or at the end of the network
(Cursor Position 6).

‘Negative”

Shortcut: lﬂl Negative.

With this command you can negate the inputs, outputs, jumps, or RETURN instructions.
The symbol for the negation is a small circle at a connection. If an input is selected
(Cursor Position 2), this input will be negated. If an output is selected (Cursor Position
4), this output will be negated. If a jump or a return is marked, the input of this jump or
return will be negated. A negation can be canceled through renewed negation.

“Set/Reset”

5
Shortcut: [_Rl Set/Reset

With this command you can define outputs as Set or Reset Outputs.

A grid with Set Output is displayed with [S], and a grid with Reset Output is displayed
with [R], as shown in figure 9-1-3. An Output Set is set to TRUE, if the grid belonging to
it returns TRUE. The output now maintains this value, even if the grid jumps back to
FALSE. An Output Reset is set to FALSE, if the grid belonging to it returns FALSE. The
output maintains its value, even if the grid jumps back to FALSE. With multiple
executions of the command, the output will alternate between set, reset, and normal
output.

EQ

STATUSH —{5 |REEN

=

EQ
STATUS —R|GREEN
(=

Figure 9-1-3 Set and Reset

An application example in FBD language is shown in figure 9-1-4 to generate a pulse
with “1s off 2s on”.
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i PLC_PRG. (PRG-FED) = |
D001|PROGRAM PLC_PRG ~

0002[vAR

0003  N:BOOL;

0oodl T TON;

0005  ET: TIME;

0006  M:BOOL;

0007 T2 TON;

0Oog|  ET1: TIME;

0008|EMD_vaAR b
Jooo1 ~
SI00RIER » TISF4 1, 2EERb

T1

AND TON
0.0 I e Q M
N T#1000ms—oPT ET—ET
Joooz
SRR E
T2
TOM
MM Q N
T#2000mz—oPT ET—ET1
0003
: i
W
< >

Figure 9-1-4 Example in FBD Language

9.2 INSTRUCTION LIST (IL)

Instruction List (IL) is a programming language with an assembly language style and is
difficult to read, but it executes fastest. IL consists of a series of instructions. Each instruction
begins with a new line and contains an operator and one or more operands separated by
commas. In front of an instruction there can be a label followed by a colon. At the end of an
instruction there can be a comment enclosed in “(* *)”. Empty lines can be inserted
between instructions. The Instruction List editor is a text editor with the usual capabilities of
Windows text editors. The most important commands are found in the context menu or the
menu bar.

9.2.1 Operation Description

Open “Insert”, select what you want to insert, as shown in figure 9-2-1

In

n

ert
Declaration Eeyword ...
Type ...

Figure 9-2-1 “Insert” Menu

“Insert” /“Operator”
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Click the command at any position in programming area, and a dialog will appear. Select

what you need, such as “ABS”.

“Insert”/“Operand”

Click the command at any position in programming area, and a dialog will appear. Select the

operand, and click “ok”.

“Insert”/“Function”

Click the command at any position in programming area, and a dialog will appear. Select the

function, and click “ok”.

“Insert” /“Function Block”

Click the command at any position in programming area, and a dialog will appear. Select the

function block, and click “ok”.

9.2.2 Program Example

Example

The following is a simple program in the IL language.

Declaration:
VAR
A: REAL;
B: REAL;
C: REAL;
END_VAR
Program:
LD 10 (*make the current result equal to 10%)
ADD A (*execute ADD with variable A *)
GE B (*judge whether the current value is >= variable B *)

JMPC Next1 (*if the result was TRUE then jump to the label “Next1”*)

LD A (* make the current result equal to A*)
ADD B (* execute ADD with variable B*)

ST c (*A+B in C*)

JMP Next2 (*jump to label Next2*)

Next1: (*label*)

LD A (* make the current result equal to A*)
SUB B (*execute SUB with B¥*)

ST C (*A-B in C*)

Next2: (*label*)

In IL there are two modifiers C and N. C: the instruction is only executed if the result of the
preceding expression is TRUE. N with JMP, CAL, RET: the instruction is only executed if the
result of the preceding expression is FALSE. Otherwise, N is the negation of the operand. All

the operators and modifiers in IL are listed in table 5-4-1.

Operators Modifiers

Meaning

Make current result equal to the operand

Save current result at the position of the operand

LD N
ST N
S

Then put the Boolean operand exactly at TRUE if the current result is
TRUE
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R Then put the Boolean operand exactly at FALSE if the current result is
TRUE
AND N, ( Bitwise AND
OR N, ( Bitwise OR
XOR N, ( Bitwise exclusive OR
ADD ( Addition
SuUB ( Subtraction
MUL ( Multiplication
DIV ( Division
GT ( >
GE ( >=
EQ ( =
NE ( <>
LE ( <=
LT ( <
JMP C,N Jump to the label
CAL C,N Call other POU
RET C,N Leave POU and return to caller
) Evaluate deferred operation
Table 9-2-1 Operators and Modifiers in IL Language
Example

Here is the example using modifiers in IL:

LD TRUE (*make current result equal to TRUE *)

ANDN BOOL1 (*execute AND with the negated value of BOOL1variable*)
JMPC mark (*if the result was TRUE, then jump to the label “mark” *)
LDN BOOL2 (*save the negated value of *)

ST ERG (*BOOL2 in ERG¥)

Mark:

LD BOOL2 (*save the value of *)

ST ERG (*BOOL2 in ERG*)

It is also possible in IL to put parentheses after an operation. The value of the parenthesis is
then considered as an operand.

For example:

LD 2
MuUL 2
ADD 3
ST ERG

Here the value of ERG is 7. However, if one puts parentheses:

LD 2
MUL (2
ADD 3
)
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ST ERG

The resulting value for ERG is 10, the operation MUL is only executed if you come to “)”, as
operand for MUL 5 is then calculated.

Example

A simple application example in IL is shown in figure 9-2-2. The purpose is to generate a
pulse signal with 1s off and 2s on.

AL BEGu[ERCRIL)

e PLC_PRG [PRG) D001|PROGRAM PLC_PRG

0002vAR

0003  T1TON;

0004  ETTIME;

0005 M:BOOL;

0006 T2TON;

0007|  ET1:TIME;

0008  M:BOOL;

0009/END_VAR

LS >
0001| (10 04EERT » TISFE 1808, 2R BANR ) ~
000z LD wlH00

0003  AMDM M

0004 ST TN

0005 CAL T1(PT:=T#1000ms)

0006 LD T1ET

ooo7| ST ET

0008 (10 04ER » TISF=E 1800, 20BANR T
ooogl Lo TQ

oofo ST M

o1l RS EERE

o1zl Lo M

o013 ST TZIM

0014 CAL T2(PT:=T#2000ms)

0018 LD T2ET

0016 ST ET!

007  iESEERE

o01g Lo T2

o018l ST M

ooz0f I

0021 LD h

0023 5T QK00 v
< 4

Figure 9-2-2 Example in IL Language

9.3 STRUCTURED TEXT (ST)

The Structured Text consists of a series of instructions such as (IF..THEN...ELSE) and
(WHILE...DO), similar to high level languages PASCAL and BASIC.

9.3.1 ST Expression

Expressions in ST are composed of operators and operands. An operand can be a constant,
a variable, a function call or another expression. The evaluation of expression takes place by
means of processing the operators according to certain priority. The operator with the
highest priority is processed first, then the operator with the next highest priority, until all
operators have been processed. Operators with equal priority are processed from left to
right. The operators in ST are listed in table 9-3-1.

Operation Symbol Pripory
Put in parentheses (expression) Strongest pripory
. Function name
Function call .
(parameter list)
Exponentiation EXPT
Negate -
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Building of complements | NOT
Multiply *

Divide /

Modulo MOD

Add +

Subtract -

Compare <, >, <=, >=
Equal to =

Not equal to <>
Boolean AND AND
Boolean XOR XOR
Boolean OR OR Weakest pripory

Table 9-3-1 ST Operators

9.3.2 ST Instruction

Instruction list in ST is shown in table 9-3-2.

Type of Instruction Example

Assignment operator A:=B; CV := CV + 1; C:=SIN(X);
Calling function block TP(IN:= %IX0.5, PT:=t#30);
Output of function block A:=TP.Q;

Return RETURN;

D:=B*B;

IF D<0.0 THEN

C:=A;

ELSE IF D=0.0 THEN

C:=B;

ELSE

C:=D;

END_IF;

CASE INT1 OF

1: BOOL1 := TRUE;

2: BOOL2 := TRUE;

CASE ELSE

BOOL1 := FALSE;

BOOL2 := FALSE;
END_CASE;

J:=101;

FOR I:=1 TO 100 BY 2 DO
IF ARR[ 1] = 70 THEN

FOR loop J:=l;

EXIT;

END_IF;

END_FOR;

J:=1;

WHILE J<= 100 AND ARR[ J] <> 70
DO

1:=)+2;

WHILE loop
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END_WHILE

J:=-1;

REPEAT

REPEAT loop 1:=1+2;

UNTIL J=101 OR ARR[J] =70
END_REPEAT;

Exit instruction EXIT;

Null instruction ;

Table 9-3-2 Instructions in ST

Assignment operator

e On the left side of an assignment there is an operand (variable, address) to which is
assigned the value of the expression on the right side. For example: Varl := Var2 * 10;

Calling function blocks

e A function block is called by writing the name of the instance of the function block and
then assigning the values of the parameters in parentheses. For example:

Variable declaration:
TPinst: TP;
VarBOOL1: BOOL;
VarBOOL2: BOOL;

Program:

TPInst(IN:= VarBOOL1,PT:= T#5s); (*IN: trigger signal, PT: length of high voltage *)
VarBOOL2:=TPInst.Q; (*assign pulse output Q to variable VarBOOL2*)

RETURN instruction

e Theinstruction can be used to leave a POU depending on a condition.

IF instruction

e  With the IF instruction you can check a condition and depending on the condition
execute instructions.

Syntax:

IF <Boolean expression> THEN

<IF instructions >

{ELSIF < Boolean expression 1> THEN
<ELSE IF instructions 1>

ELSIF < Boolean expression n> THEN
<ELSE IF instructions n>

ELSE

<ELSE instructions >}

END_IF;

The part in {} is optional.
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e If <Boolean expression > returns TRUE, only <IF instructions> are executed and none of
the other instructions. Otherwise the Boolean expressions beginning with < Boolean
expression 1> are evaluated one after the other until one of the expressions returns
TRUE. After that, only those instructions after this Boolean expression and before the
next ELSE or ELSE IF are evaluated.

e If none of the Boolean expressions produce TRUE, only the <ELSE instructions >are
evaluated. For example:

IF temp<17

THEN heating_on := TRUE;
ELSE heating_on := FALSE;
END_IF;

e Here, the hearting is turned on when the temperature is below 17 degrees. Otherwise
it remains off.

CASE instruction

e With the CASE instruction one can combine several conditioned instructions with the
same condition variable in one construct.

Syntax:

CASE <Varl> OF

<Valuel>: < instruction 1>

<Value2>: < instruction 2>

<Value3, Valued, Value5>: < instruction 3>
<Valueé6 .. Valuel0>: < instruction 4>

<Value n>: < instruction n>
ELSE <ELSE instruction >
END_CASE;

A CASE instruction is processed according to the following model:

e If the variable in <Varl> has the value < value i>, the the instruction < instruction i> is
executed.

e If <Varl> has none of the indicated values, the <ELSE instruction >is executed.

e If the same instruction is to be executed for several values of the variables, one can
write these values one after the other separated by commas, and thus condition the
common execution.

e If the same instruction is to be executed for a variable range of a variable, one can
write the initial value and the end value separately by two dots one after the other. So
you can condition the common condition.

For example:

CASE INT1 OF

1, 5: BOOL1 := TRUE;
BOOL3 := FALSE;

2: BOOL2 := FALSE;
BOOL3 := TRUE;
10..20: BOOL1 := TRUE;
BOOL3:= TRUE;

ELSE
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BOOL1 := NOT BOOL1;
BOOL2 := BOOL1 OR BOOL2;
END_CASE;

FOR loop
e  With the FOR loop one can program repeated processes.

Syntax:

INT_Var :INT;

FOR <INT_Var> := <INIT_VALUE> TO <END_VALUE>
{BY <Step Size>} DO

<Instructions>

END_FOR;

The part in {} is optional.

e The <Instructions> are executed as long as the counter <INT_Var> is not greater than
<END_VAULE>. This is checked before executing the <Instructions> so that the
<Instructions> are never executed if <INIT_VALUE> is greater than <END_VALUE>.

e When <Instructions> are executed, <INT_Var> is always increased by <Step Size>. The
step size can be any integer value. If it’s missing the default is 1. The loop must also end
since <INT_Var> is greater than <END_VALUE>.

For example:

FOR Counter:=1 TO 5 BY 1 DO
Varl:=Varl*2;

END_FOR;

Erg:=Varl;

Let us assume that the default setting for Varl is 1, then Varl will be 32 after the FOR loop.

Note: <END_VALUE> must not be equal to the limit value of the counter <INT_VAR>. For example, if the variable
Counter is of type SINT and if <END_VALUE> is 127, you will get an endless loop.

WHILE loop

e The WHILE loop can be used like the FOR loop with the difference that the break-off
condition can be any Boolean expression. This means that you indicate a condition and
the loop will be executed if the condition is satisfied.

Syntax:

WHILE <Boolean expression>
<Instructions>
END_WHILE;

e <Instructions> are repeatedly executed as long as the <Boolean expression> returns
TRUE. If the <Boolean expression> is already FALSE at the first evaluation, then the
<Instructions> are never executed. If <Boolean expression> never assumes the value
FALSE, the <Instructions> will be repeated endlessly which causes a relative time delay.
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For example:

WHILE counter<>0 DO
Varl := Var1*2;
Counter := Counter-1;
END_WHILE

e Inacertain sense, the WHILE and REPEAT loops are more powerful than the FOR loop
since one doesn’t need to know the number of cycles before executing the loop. In
some cases one will only be able to work with these two loop types. However, if the
number of the loop cycles is clear, then a FOR loop is preferable since it allows no
endless loops.

REPEAT loop

e REPEAT loop is different from WHILE loop because the break-off condition is checked
only after the loop has been executed. This means that the loop will run through at
least once, regardless of the break-off condition.

Syntax:

REPEAT

<Instructions>

UNTIL <Boolean expression>
END_REPEAT;

e The <Instructions> are carried out until the <Boolean expression> returns TRUE. If
<Boolean expression> is produced already at the first TRUE evaluation, the
<Instructions> are executed only once. If <Boolean expression> never assume the value
TRUE, the <Instructions> will be repeated endlessly which causes a relative time delay.

For example:

REPEAT

Varl := Var1*2;
Counter := Counter-1;
UNTIL

Counter=0
END_REPEAT;

EXIT instruction

e [f the EXIT instruction appears in a FOR, WHILE or REPEAT loop, then the loop is ended
regardless of the break-off condition.

Example, here is a simple program in ST language.
Variable declaration:

PROGRAM PLC
VAR

A: BOOL;

B: BOOL;
C:INT;
END_VAR
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Program:

IF A=TRUE THEN
C:=20;

ELSE IF B=TRUE THEN
C:=30;

ELSE C:=50;

END_IF

Neat and legible ST language

e ST obviously means that it’s structured programming. That is to say ST language
provides a predefined structure for special common used structured programming.
Example:

e Compare the program codes written in IL and ST in which the circle 2 exponentiation is
implemented.

In IL language:

Loop:

LD Counter
NEO

NOT

JMPC END_LOOP
LD Var1
MUL 2

ST Varl

LD Counter
SUB 1

ST Counter
JMP Loop
End_LOOP:
LD Var1

ST ERG

In ST language:

WHILE counter<>0 DO
Varl:=Varl*2;
Counter:=counter-1;
END_WHILE
Erg:=Varl;

e We can see that the program written in ST is neat and easy to read.
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9.4 SEQUENTIAL FUNCTION CHART (SFC)

The Sequential Function Chart (SFC) is a graphically oriented language which makes it
possible to describe the chronological order of different actions within a program. For this
the actions are assigned to step elements and the sequence of processing is controlled by
transition elements.

”ﬁ

T TRUE
permanent Euunlting nuthi;ig
—sin_kest —+walk_light
run_sin_te run_walk
—+Hzin_test —+Hwalk_kgh
nothing2
T TRUE
>

Figure 9-4-1 Language of Sequential Function Chart

9.4.1 Basic Concepts

Steps

e A POU written in SFC consists of a series of steps which are connected with each other
through directed connections. There are two types of steps.

e The simplified type consists of an action and a flag which indicates if the step is active.
If the action of a step is implemented, then a small triangle appears in upper right
corner of the step.

e An IEC step consists of one or more actions and Boolean variables. Whether a newly
created step is an IEC step or not depends on whether the command “Extras”/“Use IEC-
Steps” is activated. In order to use IEC steps you must link the special SFC library
lecsfc.lib into your project.

Actions

e An action can contain a series of instructions in IL or in ST, a lot of networks in FBD or in
LD or again in SFC.

e  With the simplified steps an action is always connected to a step. In order to edit an
action, click twice on the step to which the action belongs.

e New actions for IEC steps are created in the Object Organizer for an SFC POU with the
‘Add Action’ command in the context menu. Several actions can be assigned to an ICE
step and the actions can be used repeatedly by several ICE steps.



LM MICRO PLC SOFTWARE MANUAL

e The actions associated with an |IEC step are shown at the right of the step in a two-part
box. The left field contains the qualifier, possibly with time constant, and the right field
contains the action name respectively Boolean variable name.

e |EC actions are scattered in step. IEC actions can be reused many times within a POU to
which the actions belong. Add actions using the command “Extras”/“Associate Action”
and delete the added actions using the command “Extras”/“Clear Action/Transition”.

e An example of IEC step with two actions is shown in figure 9-4-2.

Sten R Licht1
3 Licht2

Figure 9-4-2 Example in SFC

Entry Actions and Exit Actions

e You can add an entry action and an exit action to a step by the commands “Add Entry-
Action” and “Add Exit-Action” respectively.

e Anentry action is executed only once right after the step has become active. An exit
action is executed only once just before the step is deactivated. A step with an entry
action is indicated by an “E” in the lower left corner, the exit action by an “X” in the
lower right corner. The entry and exit action can be implemented in any language. In
order to edit an entry or exit action, double click in the corresponding corner in the
step.

e An example of a step with entry and exit actions is shown in figure 9-4-3.

Schaft2

E] ]

Figure 9-4-3 Example of a Step with Entry and Exit Action

Transitions/ Transition conditions

e Between the steps there are so-called transitions. When the step transition condition is
TRUE, the transition is executed. When the previous step action is executed, if there is
an exit action then execute it and if there is an entry action then execute it. Next,
execute all the actions of the active step according to control cycle.

e Atransition condition consists of a Boolean variable, a Boolean address, a Boolean
constant or a Boolean result written in other programming languages.

Active steps

e  After calling the SFC POU, the action (surrounded by a double border) belonging to the
initial steps executed first. A step whose action is being executed is called active.

e The actions which belong to active step are executed at each cycle. In online mode
active steps are shown in blue. In order to make it easier to follow the processes, all
active actions in online mode are shown in blue like the active steps. After each cycle a
check is made to see which actions are active. In a control cycle all actions are executed
which belong to active steps. Thereafter the respective following steps of the active
steps become active if the transition conditions of the following steps are TRUE. The
currently active steps will be executed in the next cycle.
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e In order to associate the actions with IEC steps, qualifiers are needed. The use of IEC
steps is shown in figure 9-4-4 and the meaning of qualifier is listed in table 9-4-1.

Bedroom [FRG]
~[£] Light! [PRG)

------ Light2 (FRE)

IEB S =B

Figure 9-4-4 Use of IEC Steps

Qualifier

Name

Description

Comments

N

Non-stored

Normal type: the action is executed as long as the step is active
and stops when the step exits.

Set (Stored)

Set type: the action is activated and remains active until a
Reset. Before a Reset any qualifiers even P cannot stop the action.

Reset

Reset type: the action is deactivated as long as the step is
activated.

Time limited

Time limited: The action is activated for a certain time, maximum
as long as the step is active. The action starts to be executed as
long as the step is activated; At the same time timing starts and the
action stops executing when the set time is arrived. If the set time
is not arrived but the transition condition is TURE then the action
stops executing too.

TIME
constant

(set value)

Time delayed

Time delayed: timing starts when the step is activated and the
action starts to be executed when the set time is arrived. If the set
time is not arrived but the transition condition is TURE in this
situation the action will not be executed.

TIME
constant

(set value)

pulse

Pulse type: the action is executed just one time if the step is active.

SD

Stored and
time delayed

Stored and time delayed: timing starts when the step is activated
and the action starts to be executed when the set time is arrived;
When the step exits the action will continue to be executed until
it's reset by R qualifier. Before the R qualifier no qualifier can stop
the action (including P qualifier). If the set time is not arrived but
the transition condition is TURE, in this situation timing continues
until arriving the set value, then the action will be executed no
matter it’s a current step or not the original step.

TIME
constant

(set value)

DS

Delayed and

stored

Delayed and stored: timing starts when the step is activated and
the action starts to be executed when the set time is arrived;
When the step exits, the action will continue to be executed until it
is reset by R qualifier. Before the R qualifier no qualifier can stop
the action (including P qualifier). If the set time is not arrived but
the transition condition is TURE, in this situation the action will not
be executed.

TIME
constant

(set value)

SL

Stored and
time limited

Stored and time limited: The action is activated for a certain time.
The action starts to be executed as long as the step is activated; At
the same time timing starts and the action stops executing when
the set time is arrived. If the set time is not arrived but the
transition condition is TURE then the action will continue to be
executed until the set time is arrived. The qualifiers L, D, SD, DS
and SL need a time value in the TIME constant format.

TIME
constant

(set value)

Table 9-4-1 Qualifiers in SFC
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Implicit Variables in SFC

There are implicitly declared variables in the SFC which can be used. A flag belongs to each
step which stores the state of the step.

The step flag is called <StepName> for the simplified steps or < StepName >.x for IEC
steps.

The step flag has the value TRUE when the associated step is active and FALSE when it’s
inactive.

An enquiry with variable <ActionName>.x can be made to determine whether an IEC
action is active or not. For IEC steps, the implicit variables <StepName>.t can be used to
enquire about the active time of the steps

SFC flags

In SFC the active time of the steps depends on the time defined in the step attributes and
sometimes a flag will be set. At the same time a variable can be set to control program flow
in SFC. To read the flags you have to define appropriate global or local variables as inputs or
outputs.

9.4.2

SFCEnableLimit: The variable is of the type BOOL. When it has the value TRUE, the
timeouts of the steps will be registered in SFCWError. Other timeouts will be ignored.
SFCInit: The variable is of the type BOOL. When it has the value TRUE the sequential
function chart is set back to the Init step. The other SFC flags are reset too
(initialization). The Init step remains active, but is not executed, for as long as the
variable has the value TRUE. It is only when SFClInit is again set to FALSE that the block
can be processed normally.

SFCQuitError: The variable is of the type BOOL. When it has the value TRUE the
execution of the SFC diagram is stopped. A possible timeout in the variable SFCError is
reset. All previous times in the active steps are reset when the variable again assumes
the value FALSE.

SFCPause: The variable is of the type BOOL. When it has the value TRUE the execution
of the SFC diagram is stopped.

SFCError: This Boolean variable is TRUE when a timeout has occurred in a SFC diagram.
If another timeout occurs in a program after the first one, it will not be registered
unless the variable SFCError is reset first.

SFCTrans: This Boolean variable takes on the value TRUE when a transition is actuated.
SFCErrorStep: This variable is of the type STRING. If SFCError registers a timeout, in this
variable is stored the name of the step which has caused the timeout.

SFCErrorPOU: This variable of the type STRING contains the name of the block in which
a timeout has occurred.

SFCCurrentStep: This variable is of the type STRING. The name of the step is stored in
this variable which is active, independently of the time monitoring. In the case of
simultaneous sequences the step is stored in the branch on the outer right.

Operation Descriptions

Selecting Elements

You can select an element by pointing the mouse on the element and pressing the left
mouse button, or you can use the arrow keys. Press <Shift>to mark a group of several
elements. Please note that a step can only be deleted together with the preceding or
the succeeding transition.
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“Insert” /“Step-Transition (before)”: ﬂ shortcut: <Ctrl>+<T>

e This command inserts a step in the SFC editor followed by a transition in front of the
marked block.

“Insert” /“Step-Transition (after)”: |EI shortcut: <Ctrl>+<E>

e This command inserts a step in the SFC editor followed by a transition after the first
transition in the marked block.

“Insert” /“Alternative Branch (right)”: IEI shortcut: <Ctrl>+<A>

e This command inserts an alternative branch in the SFC editor as a right branch of the
marked block. For this the marked block must both begin and end with a transition. The
new branch is then made up of one transition.

“Insert”/ Alternative Branch (left)”: ﬂ

e This command inserts an alternative branch in the SFC editor as the left branch of the
marked block. For this the marked block must both begin and end with a transition. The
new branch is then made up of one transition.

“Insert”/“'Parallel Branch (right)”: |E_I, shortcut: <Ctrl>+<L>

e This command inserts a parallel branch in the SFC editor as the right branch of the
marked block. For this the marked block must both begin and end with a step. The new
branch is then made up of one step. To allow jumps to the parallel branches that have
been created, these must be provided with a jump label.

“Insert”/“Parallel Branch (left)”: E

e This command inserts a parallel branch in the SFC editor as the left branch of the
marked block. For this the marked block must both begin and end with a step. The new
branch is then made up of one step. To allow jumps to the parallel branches that have
been created, these must be provided with a jump label.

“Insert”/“Jump”: Iil., shortcut: <Ctrl>+<U>

e This command inserts a jump in the SFC editor at the end of the branch, to which the
marked block belongs. To do this the branch must be an alternative branch. The
inserted text string 'Step' in the inserted jump can then be selected and replaced by the
step name or the jump label of a parallel branch to be jumped to.

“Insert” /“Transition-Jump”: ﬂ

e This command inserts a transition in the SFC editor, followed by a jump at the end of
the selected branch. To do this the branch must be a parallel branch. The inserted text
string 'Step' in the inserted jump can then be selected and replaced by the step name
or the jump label of a parallel branch to be jumped to.
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“Insert”/“Add Entry-Action”

e  With this command you can add an entry action to a step. An entry-action is only
executed once right after the step has become active. The entry-action can be
implemented in a language of your choice. A step with an entry-action is designated by
an “E” in the bottom left corner.

“Insert”/“Add Exit-Action”

e With this command you can add an exit action to a step. An exit-action is only executed
once, before the step is deactivated. The exit-action can be implemented in a language
of your choice. A step with an exit-action is designated by an “X” in the lower right
corner.

“Extras”/“Paste Parallel Branch (right)”

e This command pastes the contents of the clipboard as a right parallel branch of the
marked block. For this the marked block must both begin and end with a step. The
contents of the clipboard must, likewise, be an SFC block that both begins and ends
with a step.

“Extras”/“Add label to parallel branch”

e Inorder to provide a newly inserted parallel branch with a jump label, the transition
occurring before the parallel branching must be marked and the command “Add label
to parallel branch” must be executed. At that point, the parallel branch will be given a
standard name consisting of “Parallel” and an appended serial number, which can be
edited. In figure 9-4-5, “Parallel” is replaced by “abc”. If you want to delete jump label,
delete label name.

Init
—TTransf —TTrans3
abe .
Stepb Step12 Stepd
|
—|TRLE —Trans?
Switch 1

E] ]

DELAY.OK

abc
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Figure 9-4-5 Add Label to Parallel Branch

“Extras”/“Paste after”

e This command pastes the SFC block on the clipboard after the first step or the first
transition of the marked block. Normal copying pastes it in front of the marked block
(“Edit”/“Paste”).

“Extras”/“Zoom Action/Transition”, shortcut: <Alt>+<Enter>

e The action of the first step of the marked block or the transition body of the first
transition of the marked block is loaded into the editor in the respective language, in
which it has been written. If the action or the transition body is empty, then the
language must be selected, in which it has been written.

e Regard that the transition condition which is written within the editor window will take
precedence over a condition which might be written directly at the transition mark.
Example in figure 9-4-6: If here i>100, then the transition condition will be FALSE,
although TRUE has been entered at the mark.

Init

.............................................. 4, Transition TRUOE

~ RFUE Fanoi|i==100)
0002

> <

Figure 9-4-6 Priority of Transition Condition

“Extras”/“Clear Action/Transition”

e  With this command you can delete the actions of the first step of the marked block or
of the transitions body of the first transition.

Alternative Branch

e Two or more branches in SFC can be defined as alternative branches. Each alternative
branch must begin and end with a transition. Alternative branches can contain parallel
branches and other alternative branches. An alternative branch begins at a horizontal
line (alternative beginning) and ends at a horizontal line (alternative end) or with a
jump.

e If the step which precedes the alternative beginning line is active, then the first
transition of each alternative branch is evaluated from left to right. The first transition
from the left whose transition condition has the value TRUE is opened and the
following steps are activated.

Parallel Branches

e Two or more branches in SFC can be defined as parallel branches. Each parallel branch
must begin and end with a step. Parallel branches can contain alternative branches or
other parallel branches. A parallel branch begins with a double line (parallel beginning)
and ends with a double line (parallel end) or with a jump. It can be provided with a
jump label.
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e If the parallel beginning line of the previous step is active and the transition condition
after this step has the value TRUE, the first steps of all parallel branches become active.
These branches are now processed parallel to one another. The step after the parallel
end line becomes active when all previous steps are active and the transition condition
before this step produces the value TRUE.

Jumps

e Ajumpis a connection to the step whose name is indicated under the jump symbol.
Jumps are required because it is not allowed to create connections which lead upward
or cross each other

e  Figure 9-4-7 illustrates an application example in SFC.

Init A step consists of a flag

<«4—— |Initial step

Transition condition

~DMIG ¢—0

Step?
E_| < Entry action
—+Dm17 —Dihi18 D19
Steps
Init
—+ D14
Step3

W(— Exit action

D19

Init

—[:Ki Jump symbol

Init

Figure 9-4-7 Explanation of SFC
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9.5 CONTINUOUS FUNCTION CHART (CFC)

9.5.1 CFCEditor

CFC (Continuous Function Chart) is a graphically oriented language. CFC bases on the
Function Block Diagram language. However it does not operate with networks, but rather
with freely placeable elements.

CFC editor is a graphically oriented editor, as shown in figure 9-5-1 and you can edit through
menu bar or the context menu. The elements can be placed anywhere. The inputs and
outputs of these elements can be connected by dragging a connection with the mouse. The
connecting line will be drawn automatically. The connecting lines are automatically adjusted
when the elements are moved. If the case arises where a connecting line cannot be drawn
simply because of lack of space, a red line will be shown between the input and the
associated output instead. This line will be converted into a connecting line just as soon as
space is available.

4 CFC_EXAMPLE (PRG-CFC) - |EI ﬂ

0001 |PROGRAM CFC_EXAMPLE

FD_Regler. PO,
FID_Regler: PID;
OUT1: BOOL,
OUTZ BOOL,
OUT3: BOOL;
0008[END_VAR
[ ] B
-
FID_Regler
L PID @J
PD_Regler fj ACTUAL M
PD i 100 |——SET_POINT LIMITS_ACTIVE mﬁ]
ACTUAL ki z 03 kP OVERFLOWY
100 —SET_POINT LIMITS_ACTIVE{—] OUTI Q 100 ——TH
0.01 kP 25 TV
1 TV 10— MANUAL
110 |—{Y_MANUAL 10 |——v_OFFSET
10 |—{Y_OFFSET 50 ——{v_MIN
50 |—{v_MIM 150 v MR
150 —v_MAX FALSE MANUAL
FALSE [—MANUAL FALSE |——RESET
FALSE [RESET v
[« | H

Figure 9-5-1 CFC Editor

9.5.2 Operation Descriptions

Elements of CFC include boxes, inputs, outputs, jumps, labels, returns and comments,
where boxes include operators, functions, function blocks and programs.

Cursor Position

Name Graph element | Selected element Text fields Inputs and outputs
Cursor Programming Trunks of the | Shaded in blue or

L . Inputs and outputs
position tool elements elements position of comments

0
250 A0D

Box . |

Input 777 —*
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Output Ty  Fihe

Jump o 27 777
Label 777 797 4) —

5
rewn | (R —

Comments |:| |:|] [D S

Selecting Elements

e Elements can be selected by clicking on their bodies. .

e More than one element can be selected by clicking in the elements required, one after
the other, while holding down the <SHIFT> key, or by dragging over the elements to be
marked. The command “Extras”/ “Select all” marks all elements at once.

Moving Elements

e  One or more selected elements can be moved with the arrow keys while holding the
<Shift> key. Another possibility is to drag elements while holding the left mouse button.
These elements are placed by releasing the left button. If the elements cover other
elements or exceed the foreseen size of the editor, the marked element jumps back to
its initial position and moving fails.

Connecting Line

An input of an element can be precisely connected to the output of another element (the
output of the element itself or other elements), an output of an element can be connected
to the inputs of a number of other elements (the inputs of the element itself or other
elements), as shown in figure 9-5-2. There are three possibilities to connect the input of an
element E2 (ADD) with the output of an element E1 (a). Type testing is carried out during
the connection. If the types of the two pins are not compatible, the cursor changes to
“Forbidden” and the connection fails.

e Place the mouse on the output of element E1, click, hold the left button down and drag
the mouse cursor onto the input of element E2 and let go.

e Place the mouse on the input of element E2, click, hold the left button down and drag
the mouse cursor onto the output of element E1 and let go.

e Move one of the elements E1 or E2 and place it by letting go of the left button when
the output of element E2 and the input of element E1 touch.

R
ADD
[} [0 o+
E3 T E3 1+

Figure 9-5-2 Connecting Line
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Deleting Connecting Line

There are three possibilities for removing the connection between the output of an element
E1 (a) and the input of an element E2 (ADD), as shown in figure 9-5-2. Select the output of
element E1 and press the <Delete> key or execute the command “Edit”“Delete”. Several
connections will be removed at the same if the output of E1 is connected to more than one
of inputs. Select the input of element E2 and press the <Delete> key or execute the
command “Edit”“Delete”. Select the input of E2 with the mouse, hold the left button
depressed and drag the connection from the input to E2 away. The connection is removed
when the left button is released in a free area of the screen.

“Insert”/“Box”: ﬂ shortcut: <Ctrl>+<B>

e This command can be used to paste in operators, functions, function blocks and
programs First of all, it is always inserted an “AND” operator. This can be converted by
Selection and Overwrite of the text into every other operator, into every function, into
every function block and every program. The input assistance serves to select the
desired block from the list of supported blocks through selecting AND and pressing F2.

“Insert”/“Input”: :I shortcut: <Ctrl>+<I>

e This command is used to insert an input. The new inserted “Input” moves along with
the mouse until clicking the left mouse after moving to an appropriate position. The
text "???" can be selected and replaced by a variable or constant. The input assistance
can also be used here.

=
“Insert”/“Output”: J

e This command is used to insert an output. The new inserted “Output” moves along
with the mouse until clicking the left mouse after moving to an appropriate position.
The text "???" can be selected and replaced by a variable. The input assistance can also
be used here.

“Insert”/“Jump”: |£| shortcut: <Ctrl>+<J>

e This command is used to insert a jump. The new inserted “Jump” moves along with the
mouse until clicking the left mouse after moving to an appropriate position. The text
"???" can be selected and replaced by the jump label to which the program should
jump.

“Insert” /“Label”: shortcut: <Ctrl>+<L>

e This command is used to insert a label. The new inserted “Label” moves along with the
mouse until clicking the left mouse after moving to an appropriate position. The text
"???" can be selected and replaced by the jump label. In Online mode a RETURN label
for marking the end of POU is automatically inserted.

-
“Insert”/“Return”: J shortcut: <Ctrl>+<R>

e This command is used to insert a RETURN command. The new inserted “Return” moves
along with the mouse until clicking the left mouse after moving to an appropriate
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position. Note that the “Return” here is different with the RETURN label in online mode
which is to execute next cycle automatically after execution leaves the POU.

=
“Insert”/“Comment”: _I shortcut: <Ctrl>+<K>

e This command is used to insert a comment. You obtain a new line within the comment
with <Ctrl> + <Enter>. The new inserted comment moves along with the mouse until
clicking the left button after moving to an appropriate position.

“Extras”/“Order”/“Show Order”

e This command switches the display of the order of execution on and off. The default
setting is to show it (recognised by a tick (V) in front of the menu point).

“Extras”/“Order” /“Order topologically”

e Elements are ordered in a topological sequence when the execution takes place from
left to right and from above to below, that is the number increases from left to right
and from above to below for topologically arranged elements. Regard that the number
appears in the upper right corner.

“Extras”/“Order”/“Order everything according to data flow”

e  With this command the order of execution is determined by the data flow of the
elements and not by their position.

An application example in CFC is shown in figure 9-5-3.

10

=
-
—
\Jﬂ-l
B
(&)
(=)

[ 20 H

Figure 9-5-3 Example in CFC
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Chapter

Special Functions

10.1 MODBUS COMMUNICATION

LM-serial

PLC can communicate with third party equipment, such as touch screens and

configuration software, through Modbus protocol. LM-serial PLC is considered as Modbus
RTU slave in default.

RS232 port and RS485 port of LM-serial PLC both support Modbus RTU slave protocol.

10.1.1 Modbus Overview

Modbus protocol is a master/slave communication protocol that can be used on different
physical layers (RS485 or R$232). Devices communicate on a Modbus serial line. Data rate
can reach 115kbps and can connect one master and up to 247 slaves in theory. Maximum
one master and 32 slaves are physical media and devices dependent.

Some of the features of Modbus protocol are fixed, such as frame format, frame sequence,
communication error and processing of exception and perform functions, which can’t be
changed casually. The other features are optional for users, such as transmission media,
baud rate, parity check, the number of stop-bit and so, transmission mode is RTU (Remote
Terminal Unit). The selected parameters by users must be the same in each station and
can’t be changed when the system runs.

10.1.2 Modbus Communication Function

The communication function codes of Modbus RTU supported by LM Micro series PLC are
listed in table 10-1-1.

Function code Name Meaning (for master)
01 Read coil status Read a group of coils status
02 Read input status Read a group of inputs status
03 Read holding register Read a group of holding registers status
04 Read input register Read a group of input registers status
05 Force single coil Force single coil
06 Preset single register Preset single register
15 Force multiple coils Force multiple coils
16 Preset multiple | Preset multiple registers
registers

Table 10-1-1 Modbus Function Code
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Modbus RTU protocol can access the following data locations:
Input (1), Output (Q), Memory location (M)

The three data locations can be accessed through BOOL or WORD variables. The mapping
between these data locations and Modbus protocol addresses is shown in table 10-1-2.

. Modbus . Modbus
Data location Type Address range Mapping formula
address Data type
%IX BOOL %I1X0.0~%IX511.7 0~4095 IXm.n: m*8+n 1x
I location
%IW WORD | %IW0~%IW510 0~255 IWm: m/2 3x
%QX BOOL | %QX0.0~%QX511.7 0~4095 QXm.n: m*8+n 0x
Q location
%QW | WORD | %QWO0~%QW510 0~255 QWm: m/2 4x
| %MX BOOL %MX0.0~%MX7816.7 | 3000~65535 | MXm.n: m*8+n+3000 | Ox
M location
%MW | WORD | %MWO0~%MW8190 3000~7095 MWm: m/2+3000 4x

Table 10-1-2 The mapping between the data locations of LM Micro series PLC and Modbus protocol addresses

Note:

Some HMI data address starts with 1, if Modbus RTU is used to communicate with PLC
pluslon the mapping formula when filling in the data address. For example the mapping
address of %MX100.0 is 100*8+0+3000+1=3801. This type of HMI contains the touch screen
of Eview, MCGS, Weinview and the configuration software of King View and Sunwayland
Forcecontrol. However for some HMI data address there is no need to add 1 on the
mapping formula, for example: Hitech.

1. The size of M is 8K and can accessed by BOOL variables from %MX0.0 to %MX8191.7, but the maximum range
is 3000~65535 according to Modbus protocol, so the maximum that can be accessed is %MX7816.7.

2. The range of | and Q locations in the above list is the largest possible range and calculate the range according to
the actual configuration. The datas of nonexistent | and Q locations can’t communicate.

10.1.3 Application of Modbus Communication

RS232 and RS485 of LM Micro series PLC can be set as Modbus RTU slave protocols
independently. Before communication in PLC port the slave address and communication
parameters must be set. For LM Micro series PLC the default slave address is 51 and
communication parameter is 38400, n, 8, 1.

Use the SET_LOCAL_ADDRESS instruction to set PLC slave address. Use the
Reset_COMM_PRMT instruction to set the communication parameters of R$232 and use
the Reset_COMM2_PRMT instruction to set the communication parameters of RS485. Refer
to<<Instruction Manual>>for details.

An application of which slave address is 5, RS232 baudrate is 9600, data bit is 8, stop bit is 1
and no check is shown in figure 10-1-1.
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0001
[ A S
SET - Sel_Local_Address (%)

sat
Set_Local_Address
—EMN o
—Address

T

[

[ E RS23 28 ORFEE A O600
RS232 = Resel_COMM_PRMT G
R5232
Reset_COMM_FPRMT
EM Q
1 6#88—{Mode
Figure 10-1-1

10.2 INTERRUPTS

10.2.1 Overview of Interrupts

When PLC receives a special signal from external or internal hardware, the CPU stops the
current work and starts to process the event and returns to the previous work after the
event has been processed. The entire process is called an interrupt. The signal which
generates an interrupt is called an interrupt source.

LM serried PLC can handle a plenty of interrupt signals generated by interrupt sources. The
interrupt sources have different priorities and the interrupt with higher priority will be

executed when two interrupts arrive at the same time.

The interrupt sources that can be processed in LM Micro series PLC is listed in table 10-2-1.

Name Description

Start Called when program starts

Stop Called when program stops

Debug_loop Called when debug loop runs

Taskcode not called Called when taskcode is not called

Fast External O interrupt Called when fast external event 0 interrupt runs
Fast External 1 interrupt Called when fast external event 1 interrupt runs
Fast External 2 interrupt Called when fast external event 2 interrupt runs
Fast External 3 interrupt Called when fast external event 3 interrupt runs

Called when Hardware Timer/Counter 7

HD_TC7 interrupt .
interrupt runs

Called when Hardware Timer/Counter 2

HD_TC2 interrupt .
interrupt runs

Called when Hardware Timer/Counter 3

HD_TC3 int t .
- interrup interrupt runs

Called when Hardware Timer/Counter 4

HD_TC4 interrupt .
interrupt runs

Called when Hardware Real/Time Alarm 0

HD_RTC_ALMO interrupt .
interrupt runs

PTO_O Finished interrupt Called when PTO_O Finished interrupt runs

PTO_1 Finished interrupt Called when PTO_1 Finished interrupt runs

Table 10-2-1 Interrupt Events
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10.2.2 Applications of Interrupts

If you want to use an interrupt, there are two tasks that must be done. First, an interrupt
service routine has to be written. The interrupt service routine is a program which will be
executed when an interrupt is generated. Writing an interrupt service routine is similar to a
subprogram. More details can be found in section 7.4.7. Second, after the interrupt service
routine is done, the interrupt and the related interrupt service routine must be configured.
Double click “Task configuration” in “Resources” tab and a dialog window is opened on the
right, then click the “System events” in “Task configuration” tree and all the available
system events are displayed, as shown in figure 10-2-1. If you actually want the POU to be
called by the event, activate the entry in the assignment table (V) and in the column “called
POU” can enter the name of the project POU which should be called and processed as soon
as the event occurs.

The usage of interrupt is displayed in the following example.

B
&
&

B [@] Task configuration #
32, Resources System events ]

7] Global Variables

- fibrary Standard lib 6.1 \ Mame Description called POU 4

-0 fibrary SYSLIBCALLEA 1 start Called when program starts

[ Alarm corfiguration 1 stop Called when program stops

""'mLibrary Manager O debug_loop Called when debug laop runs
[ taskeode not called Called when lecCode is NOT called

E Lag [ Fast External O interrupt  Called when Fast External Event O inte...

([ PLE Configuration [ Fast External 1 interrupt  Called when Fast External Event 1 inte...

t Settings [ Fast External 2 interrupt - Called when Fast External Event 2 inte...

rfiguration [ Fast External 3 interrupt - Called when Fast External Event 3 inte...

Q \wWatch- and Recipe M O HD_TCT interrupt Called when Hardware Timer'Counter ..
O HD_TC2 interrupt Called when Hardware Timer'Counter ..

¥ whorkspace O HD_TC32 interrupt Called when Hardware TirmerCounter .. v
< ¥

Figure 10-2-1 System Events

Example
Reguirements

e  Realize the following functions not influenced by PLC scanning period:

e At each rising edge of 10.6, PLC responds the pulse immediately and generates an
interrupt and the value in %MW100 increases by 10.

e At each rising edge of 10.7, PLC responds the pulse immediately and generates an
interrupt and the value in %MW102 increases by 10.

Program analysis

e According to the requirements above, select LM3106 CPU module and the following
instructions are used in the software:

e  Fast_EXINT_E (fast external interrupt)

e The program is divided into three parts:

e  Main program—define the fast external interrupt mode of CPU module LM3106.

e INT3PRO—interrupt program which is executed at the rising edge of 10.6 and the value
in %MW100 increases by 10.

e INT2PRO—interrupt program which is executed at the rising edge of 10.7 and the value
in %MW102 increases 15.

Programming

Main program:
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First add the Hollysys_PLC_Ex_ExINT.lib used in the program to library manager. According
to the requirement, an interrupt is generated at each rising edge of 10.6 and 10.7, and 1.0 is
not used, then the Fast_ExINT_E Mode=16#50, the variable declarations in main program
and LD are shown in figure 10-2-2.

S Si=
| 0002[vAR
(0003  Setinl: Fast_ExINT_E;
(0004  Setintfin: BOOL,;
| 0005(END_VAR
00|
aaoy)
(nnne)
poot,
SETINTFIN = BOOL  *%
SETINT — Fast_ExlNT_E 7]
Setint
Fast_ExNT_E ST
EN o {
16250 Mode

Figure 10-2-2 Variable Declarations and LD of Main Program

Because Fast External Event 3 (10.6) and Fast External Event 2 (10.7) are used, activate them
by clicking on the control box, as shown in figure 10-2-3.

| i ~
[N B Task configuration Systen svents ]
(] Global Variables
B3 library Standard.lib 6.1 | Mame Description called POL #
B2 library SSLIBCALLBA [ start Called when program starts
- ({8 Alarm canfiguration [ stop Called when program stops
..... m Library Manager [ debug_loop Called when debug loop runs
[ taskecode not called Called when lecCode is NOT called
""" m Log [ Fast External 0 interrupt  Called when Fast External Event 0 inte...
PLC Canfiguration [ FastExternal 1 interrupt  Called when Fast External Event 1 inte...
ﬁTargetSettings b FastExternal 2 interrupt - Called when Fast External Event 2 inte...
ian [ FastExternal 3 interrupt  Called when Fast External Event 3 inte...
Q \watch- and Recipe M O HD_TC7 interrupt Called when Hardware Timer/Counter ...
O HD_TCZ interrupt Called when Hardware TimernCounter ...
""" ¥ whorkspace O HD_TC3 interrupt Called when Hardware TimerCaounter .. e
£ >

Figure 10-2-3 Choice of Fast External Event

Create subprograms INT2Pro and INT3ProFast after External 2 interrupt and Fast External 3
interrupt and click Create POU respectively, and the two interrupt programs are created
successfully, as shown in figure 10-2-4.

System events |

| Mame Description called POL
O start Called when program starts
[ stop Called when program stops
O debug_loop Called when debug loop runs
[ taskcode not called Called when lecCode is MOT called

[ Fast External O intarrupt Called when Fast External Event 0 interrupt runs
[ Fast External 1 interrupt Called when Fast External Event 1 interrupt runs
FastExternal 2 interrupt  Called when Fast External Event 2 interrupt runs  INT2Pra

[ Fast External 3 interrupt Called when Fast External Event 3 interrupt runs  JI8IRELIR]
O HD_TCT interrupt Called when Hardware Timer/Counter 7 interru...
[0 HDO_TC 2 interrupt Called when Hardware TimerCaunter 2 interru...
O HD_TC3 interrupt Called when Hardware TimerCaounter 2 interru...
[ HD_TC4 interrupt Called when Hardware Timer/Counter 4 interru...
O HDO_RTC_ALM O interrupt  Called when Hardware RealTime Alarm 0 interr...

Create POU INT3PRO I\I

Figure 10-2-4 Create Interrupt Program
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The default language of the created interrupt programs is ST, and you can convert it to LD.

Before this the project must have been compiled without any error, as shown in figure 10-2-
5.

- |00B|PROGRAM INT2Pr
{4 POUs | 000Z[vAR

anaalck e L anm

..... |NT3PTD [PHE] Edd Db_‘iEL‘t. .

______ @ PLC_FRG [PRG) Rename Object. ..
Edit Object

Copy Object
Delete Object

Conwert Object. ..

Figure 10-2-5 Convert ST to LD

The LD of INT3Pro is shown in figure 10-2-6.

0004|PROGRAM INT2Pra
A POUs 0o002var

i 40 INT2Pra [PRG) DD03|EMD_vAR
5] 1 T3P (PREG) CTE
[ PLC_PRG [PRG) —

<

ADD
1
m EM
M 00 —
10
Figure 10-2-6 LD of INT3Pro
The LD of INT2Pro is shown in figure 10-2-7.
000A[FROGRAM INT2Fro
3 POUs D003VAR
-] OO03|EMD_WaR
- [R INT3Pro [PRG) B
“-[#f PLC_PRG [FRE) ——
0001
ADD
1
EN
M 02 %y 02
15

Figure 10-2-7 LD of INT2Pro

Next, you can write the program in INT2Pro and INT3Pro. Of course you can write the

program in ST language not converting it to LD. Call the related program when the system
event is triggered.

Note that system event is not supported in simulation mode and it will be responded only
when the program has been compilation without any error and login. When multi-tasks
have been configured at one time, you are requested to rebuild all and then save the file.
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10.3 ANALOG FUNCTIONS

10.3.1 ANALOG MODULE ADDRESSING

When analog modules are used in LM Micro series PLC, first you need to know the address
occupied by this module. No matter it is an analog input or analog output, it will occupy PLC
input area or output area. In PLC configuration when an analog module is added, the data
address of this module will be given automatically.

Take LM3310 for example. As shown in figure 10-3-1, you can configure a 4xAl module
LM3310 after LM3107, and the addresses %IW2, %IW4, %IW6, %IW8 will be assigned
automatically and each word stands for a channel acquisition data.

E--PLZ Configuration -~
Bl--LM3107 14=D01 10xD0 Relay AC220V POWER S Base parameters |Moduls parameters
=l AT %ANW0OWORD: & 14 channels digital ir
- AT %QW0: WORD: (* 10 channels dlgltal Modulid: 128

Bl W33 DIATB <AIWAR] Nodeid [T
B AT S12 WORD; (* channel 1 *:.[c»—
1. AT %14 WORD: {* channel 2 [CH Input address:

! AT %IWE WORD, (* channel 2% [CF Dutput address:
Bl AT %S WORD: (* channel 4 %) [CH
Diagrostic address;

Figure 10-3-1 Configuration of Al Module

For AO modules, the address in Q will be assigned automatically. Such as %QW?2, if you
want to output an analog value, assign a value to %QW?2.

In programs these addresses can denote channel values directly and the relationships
between channel values and their ranges are shown in the table below.

Modules Range Scope

Input: 0~10V (voltage), 0~20mA (current) 0~10000
LM3107E

Output: 0~10V (voltage), 0~20mA(current) 0~4095
LM3310/A/B | Input: 0~10V (voltage), 0~20mA(current), 4~20mA(current) 0~65535
LM3320 Output:0~10V (voltage), 0~20mA(current) 0~4095
LM3313 Input: -10~10V (voltage) , -20mA~20mA(current) -32000~32000

Input: 0~10V (voltage), 0~20mA(current), 4~20mA(current) 0~65535
LM3330

Output:0~10V (voltage), 0~20mA(current) 0~4095

Table10-3-1 Range and Scope of Al Module

10.3.2 USE OF ANALOG MODULES

e If analog input expansion module is used in PLC configuration, call the instruction
ANALOG_IN. The input value on Address of the instruction must be the same with the
node id of Al module. The input value on Address of LM3310 is set 0, as shown in figure
10-3-1.

e If you want to use several Analog_IN modules, it is needed to configure several
Analog_IN instructions and the address of each Analog_IN must be consistent with the
corresponding module node id.
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e If analog output expansion module is used in PLC configuration, call the instruction
ANALOG_OUT. The input value on Address of the instruction must be the same with
the node id of AO module.

e If you want to use several Analog_OUT modules, it is needed to configure several
Analog_OUT instructions and the address of each Analog_OUT must be consistent with
the corresponding module node id.

Refer to<<Instruction Manual>>for detailed instruction usage.

Configure the module parameters after the analog modules have been configured. The
module which is set correctly can be used correctly. The parameter settings include
Filter_Factor, XFactor and Channel_Enable. Refer to<<Hardware Manual>>for detailed
parameter setting. You can also refer to section 7.3.2 about analog module configuration.

Note:
1. For LM3107E there is no need to add ANALOG_IN and ANALOG_OUT when using analog processing.
2. For LM3330 add ANALOG_IN and ANALOG_OUT when using analog input and analog output at the same time

10.3.3 Application of Analog Modules

Take LM3330 for an example to describe the usage of analog module. LM3330 is a module
with 4xAl and 1xAO. The first channel of LM3330 is used to acquire the value of pressure
transmitter with the range 4~20mA and the output channel is used to control the valve
opening with the range 0~10V. Select LM3107 as CPU module.

PLC configuration is shown in figure 10-3-2 and the Module id is 0.

B--PLC Configuration &
Eb--LM3107 14xDI 10=D0 Relay AC220Y POWER 5
B AT % I0:WORD; ¢ 14 channels digital ir

Baze parameters |Module parameters

B3 AT %GO WORD, (* 10 channels digital Modulid: 134
= L3330 4xA1 1 <AO[VAR] - Nodeid [0

------- AT %IW2 WORD; (*channeH*jl[Cl—

------- AT %4 WORD; (* channel 2 %) [ Input address:

- 8T %IWE: WORD; (* thannel 3% [CH Ouiput addiess: [A0B2
- AT %S WORD; (* channel 4 %) [CF S

t [Em
------- AT %QW2: WORD; (* channel 5% [C Ianasiis actEss

Figure 10-3-2 LM3330 Configuration

From the PLC configuration we can see that the input channels of LM3330 occupy the
addresses %IW2, %IW4, %IW6, %IW8 and the output channel occupies the address %QW2.
Configure the module parameters after LM3330 has been configured. Set the Filter_Factor
16 for steady acquisition data, as shown in figure 10-3-3.
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E--FLC Configuration —
Bl--LM3107 14=D[ 10200 Relay AC220V POWER S Base parameters Module parameters l
....... | AT %00 WORD; (* 14 channels digital ir

QAT %OWOWORD, (710 channels dlgltal index | Mame | value | Def_ | Win | Man
1 Filter_Factor {15 i=]1
- AT B2 WORD; * channel 1 %) [CI— 2 Deadband 1] 1] 0 4080

AT %lWd WORD; (* channel 2% [CF
- AT %A WORD, (* channel 3% [CF
AT %IWE: WORD; * channel 4 ) [CF
AT %CWW2WORD, & channel 5% [C

Figure 10-3-3 Set Filter Factor

Configure the range of input channel and output channel after setting the Filter_Factor, as
shown in figures 10-3-4 and 10-3-5. Configure the the range of the first channel %IW2
4~20mA and output channel %QW2 0~10V.

E--PLC Configuration 25
BE--LM2107 14201 10200 Relay AC220
| AT %0 WORD: * 14 chanr

Base parameters Channel parameters l

: QAT S0 WORD: (710 cha Index | Mame |Va|ue Diefault | hdir. | LEES |
El--LM3330 4xAl 1 xA0[VAR] KFactor 470 =] 4-20ma
-1 AT %02 WORDS (* cha 2 Channel_Enable Ena.. =]Enable

- AT %4 WORD; (* cha
- AT %IWYE: WORD; (* ctha
- AT %IWYE: WORD; (* cha
- AT S%EW2 WORD, (* ch:

Figure 10-3-4 Set the Range of Al Channel

B--PLC Configuration 2
E--LM3107 1401 10200 Relay AC220
| AT SI0; WORD; 14 chanr

: G AT %QWO:WORD; (" 10 tha Index MName | Value Default | Min. | Max.
B LM3I330 4=A 1 AOPAR] 1 WFactor (0-10% =] 0-20mA

- 8T %2 WORD; {* cha
- &T S M4 WORD; (* cha
- T % IAE WORD; (* cha
- 8T % WE: WORD; (* cha
< AT B2 WORDS, (* chi

Base parameters Channel parameters l

Figure 10-3-5 Set the Range of AO Channel

Start programming after the configuration is finished. First add the instructions ANALOG_IN
and ANALOG_OUT and set the parameter Address 0. Before using the two instructions add
the related library Hollysys_PLC_analog.lib. Refer to section 7.4.4 about library operations.

The range of Al channel is 4¥20mA and the corresponding value is 0~65535 as shown in
table 10-3-1, so the scope of %IW2 is 0~65535 in which 0 stands for the 4mA acquired
current signal and 65535 stands for the 20mA acquired current signal.

The range of AO channel is 0~10V and the corresponding value is 0~4095 as shown in table
10-3-1, so the scope of %QW?2 is 0~4095 in which 0 stands OV voltage signal and 4095
stands for 10V voltage signal.

The program is shown in figure 10-3-6. Analog_IN is inserted in network 1 and Analog_OUT
is inserted in network 2. The read and setting of analog input and analog output is displayed
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in network 3. Here another instruction H_E is used to convert Hexadecimal got from %IW2
to EU and save the result in pressure variable. The scope of %IW2 is 0~65535 and the data
type is INT, while the scope of pressure is 420 mA and the data type is REAL. Refer
to<<Instruction Manual>>for the usage of H_E instruction.

Assign the variable output to %QW2 and LM3330 outputs 0~10V voltage when the scope of
%QW?2 is 0~4095.

in

Analog_IK
—EM Q
0—Address
ouT - Analog_OUT (]
out
Analog_OUT
—EM Q
0—Address
0003
OUTPUT - WORD %)
PRESSURE - REAL (]
CRWVT - H_E (]

crvt
H_E

EM
a2 uH A
20-mu INF—

pressure

O—hfode

MOWE
EM
output— %22

Figure 10-3-6 Program

10.4 DP COMMUNICATION

10.4.1 DP Communication Setting

LM Micro series PLC provides Profibus-DP communication processing. LM3401 is a DP slave
module.

Configure the LM3401 parameters after the PLC configuration has been finished. The main
parameters include InputDatalLne_Byte and OutputDatalne_Byte. The parameter settings
of LM3401 are shown in figure 10-4-1 and the Value ranges between 0-64. The Value is 64
in figure 10-4-1. Refer to<<Hardware Manual>>for detailed technical specifications of
LM3401.

Base parameters Module parameters l

In.. | Marme | Walle | Default | flir. | LR |
1 InputDatalen_Byte h4 I} I} A4
2 CutputDatalen_Byte 64 I} I} h4

Figure 10-4-1 LM3401 Module parameters
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When using DP communication insert instruction DP_Slave, similar with analog processing.
The program DP_Slave is displayed in figure 10-4-2, where the input value on Address is 0
which is consistent with the node id of LM3401 in PLC configuration list.

Scan DP slave when EN is set and cannot scan DP slave when EN is reset.

o
=
=

=
=
=
(%]

YAR

o
=
=
w

o
=
=
oy

=]
=]
=
]

T_OR_F

o
=
=
@

=
=
=
—

END_VAR
<

PROGRAM PLC_PRG

EN: BOOL;
Example:DP_Slave,
CBOOL;
Mum: BYTE;

=
=
=

EN

—] ——En Q

Example
DP_Slave

o

—Address Err—Mum

Figure 10-4-2 DP_Slave Function Block

System will assign input address and output address automatically after LM3401 has been
configured, as shown in figure 10-4-3. The input address is 64 bytes starting from %IW2 and
output address is 64 bytes starting from %QW2. The communication between the DP
Master and LM Micro series PLC is completed through these inputs and outputs. Inputs are
used to store the data from DP master and the outputs are used to store the data which is
going to be sent to DP master from LM Micro series PLC.

B--PLC Configuration A
E--LM3107 14x01 10=00 Relay Al
=l AT %0 WORD, (514 ¢

Baze parameterz (Maodule parameters]

=G AT REWOWORD, (11

AT Slwid WORD; °
AT %lWiE WORD; ¢

Modulid: 136

r
Ii
Ii

Mode id:
|Input address:
COutput address:

Diagnostic address:

e

Figure 10-4-3 Configuration of DP_Slave

10.4.2 Example of DP Communication

A simple application example of Profibus-DP function block is as below.

Requirement: PLC sends out data of 8 bytes to DP master from DP slave and receives data
of 8 bytes from DP master at the same time.

Variable Declarations:

PROGRAM PLC_PRG

VAR
EN: BOOL;
Example: DP_Slave;
T_OR_F: BOOL;
SendDataA: WORD; PLC sends data A to DP master
SendDataB: WORD; PLC sends data B to DP master
SendDataC: WORD; PLC sends data C to DP master
SendDataD: WORD; PLC sends data D to DP master
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RecDataA: WORD; DP master sends data A to PLC
RecDataB: WORD; DP master sends data B to PLC
RecDataC: WORD; DP master sends data C to PLC
RecDataD: WORD; DP master sends data D to PLC
END_VAR

Software Configuration:

The configuration of LM3401 is shown in figure 10-4-4.

e InputDatalLen_Byte: the length of data sent to PLC by DP master, the number of bytes

received is 8.
e OutputDatalLen_Byte: the length of data sent to DP master by PLC, the number of bytes
sent is 8.
E---PLC Configuration ~

Base parameters Module parameters l

E---LW3107 14=01 10D Relay A

-1 AT %00 WORD; (7 14 ¢
.......g AT %EW0WORD; (11

Eoy : Index | Marne |Va|ue | Default | Min. | LIRS |
E-LM3401 DF SlavelVaR] | InputDataLen_Biyte 8 0 0 64
B AT %2DW0RD, ¢ 2 OutputDatalen_Byte 8 a 0 G4

B AT %l WORD; (°

Figure 10-4-4 LM3401 Module parameters

The Address of DP_Slave should be consistent with node id in figure 10-4-5, and the data A,
B, C, D sent to PLC by DP master are stored in %IW2, %IW4, %IW6 and %IW8.

Baze parameters |Module para.meters]

- AT %0 WORD; (* 14 ¢
G- AT %00 WORD; (%11 bodul id: 136

Bl 3401 DP Slave[VAR] Mode id: |':'7
------- AT %2 WORD; |

- AT B4 WORD: Input address: |
-~ AT RlMEWORD, Output address: |

- AT %MEWORD,

- AT %1 0 WORD: Dhagnozstc address: |

Figure 10-4-5 Configuration of LM3401

The data A, B, C, D sent to DP master by PLC is stored in %QW2, %QW4, %QW6, %QW8 as
shown in figure 10-4-6.

AT %IE4 WORD, (* channel 32 %) [CHAMMEL (17]
AT %W 2WORD, * channel 33 %) [CHANMEL (2]
AT %4 WORD, * channel 34 *) [CHAMNMEL (2]

H- AT SOWWEWORD,  channel 35 %) [CHARNMEL (2]
------- AT %W WORD, * channel 36 *) [CHAMMEL (23]
------- AT %1 0:WORD, * channel 37 *) [CHAMMEL (3]

Figure 10-4-6 LM3401 Channels
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Configure the receive area and send area of DP master so that the data in QW area of DP
slave will send to the receive area of DP master and the data of DP master will send to IW
area of DP slave automatically. The ladder diagram is shown in figure 10-4-7.

ulifi}]

Example

DF_glave TORF
L~ a (—
OqAddress Ert—
o002
EN WOVE
/| En
SendDatas- %2
MOVE
ER
SendDataB. —— S0
MOVE
SendDataC—| %G
MOVE
SendDataD- [——%owE

0003

D . MOWE
/ ; EN
Hli2 RecDatah
MOVE
eSS RecDataB
WE

MOWE

%\Wﬁ—lRecDataC
[le}

%\WS—ZI»RecDataD

Figure 10-4-7 Ladder Diagram of LM3401

After electrify, program will copy the data of SendDataA, SendDataB, SendDataC,
SendDataD to %QW2, %QW4, %QW6, %QW8 continually, and the data in %QW2, %QW4,
%QW6, %QWS8 will send to receive area of DP master automatically.

The data sent by DP master will be stored automatically in %IW2, %IW4, %IW6, %IW8, and
the program will copy the data in %IW2, %IW4, %IW6, %IW8 continually to RecDataA,
RecDataB, RecDataC, RecDataD .

In master configuration, the addresses are calculated according to address sequence of DP
modaules. If it’s calculated by bit, the first bit address is 1 like %IX2.0 or %QX2.0, the second
bit address is 2 like %1X2.1 or %QX2.1. If it is calculated in bytes, the first byte address is 1
like %IB2 or %QB2, and the second byte address is 2 like %IB3 or %QB3, and so on.

10.5 ETHERNET COMMUNICATION

10.5.1 Ethernet Communication Setting

LM Micro series PLC provides Ethernet communication processing. LM3403 is an Ethernet
communication block and provides Modbus TCP slave communication function.

Configure the module parameters of LM3403 after the PLC configuration has been done.
The main parameters include WriteDataLen_Byte and ReadDatalen_Byte. The module
parameter settings of LM3403 are shown in figure 10-5-1. Configure IP_Address,
Subnet_Mask, Gateway_Adress, WriteDatalLen_Byte and ReadDatalen_Byte, MAC_Address
and so on in figure 10-5-1. Refer to<<Hardware Manual>>for detailed technical
specifications of LM3401.
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Base parameters Module parameters l

Index | Mame | Walle | De... | i, | LEYS |
1 IP_Address 1722045160

2 Subnet_Mask 2552552520

3 Gateway_Address  172.20.445.1

4 MAC_Address

] ReadDataLen_Byte 200 1] n 200

3] WiteDataLen_Byte 200 1] n 200

Figure 10-5-1 LM3403 Module Parameters

Add an instruction EtherNet_TCP when using Ethernet communication, similar with analog
processing. The program of EtherNet_TCP is shown in figure 10-5-2 where the input value
on Address 0 should be consistent with node id of EtherNet_TCP in PLC configuration list.

Scan Ethernet module when EN is set and cannot scan it when EN is reset.

=
=
=

PROGRAM PLC_PRG

VAR

EN:BOOL;

Example: EtherNet_TCP,
T_OR_F:BOOL,;

=
=
=
(=]

=
=
=]
@

=
=
=]
=

=
=
=]
o

0008  Err. BYTE;
0007|EMD_YAR
[« ]
ona,
Example
EN EtherNel_TCP TORF
........................ .
4' HEN 5 F—— { )7
O-Address Err—Err

Figure 10-5-2 Ladder Diagram of EtherNet TCP

System will assign input addresses and output addresses automatically after LM3403 has
been configured, as shown in figure 10-5-3. The input addresses are 200 bytes starting from
%IW2 and output addresses are 200 bytes starting from %QW2. The communication
between the Modbus TCP Master and LM Micro series PLC is completed through these
inputs and outputs. Inputs are used to store the data from DP master and the outputs are
used to store the data which is going to be sent to Modbus TCP master from LM Micro

series PLC.
E--FLC Configuration A
E--LM3108 2401 16200 Base paramsters |Module parameters
(-4 AT %ID0: DVWOF
[ AT S QA0 WO Modulid: 138

~{Lh3483 Einerie odeid [0

AT %ALY

....... AT %W [nput address:
"""" AT SIS COutput address:

------- AT Sl 0

_______ AT % 7 Diagnostic address:

Figure 10-5-3 Configuration List of EtherNet TCP

10.5.2 Example of Ethernet Communication

In this example PC (MODBUS/TCP master) sends data of 2 bytes to input area of PLC by
Ethernet module, and receives data of 2 bytes from output area of PLC. At the same time PC
sends 1bit to input area of PLC and receives 1bit from output area of PLC.
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Variable declarations:

PROGRAM PLC_PRG
VAR
EN: BOOL;

Example: EtherNet_TCP;
T_OR_F: BOOL;
SendDataA: WORD; (*data A sent to MODBUS/TCP master by PLC *)
SendDataB: WORD; (*data B sent to MODBUS/TCP master by PLC *)
SendBitC: BOOL; (*data C sent to MODBUS/TCP master by PLC *)
RecDataA: WORD; (*data A sent to PLC by MODBUS/TCP master *)
RecDataB: WORD; (*data B sent to PLC by MODBUS/TCP master *)
RecBitC: BOOL; (*data C sent to PLC by MODBUS/TCP master *)
END_VAR

Software configuration

Configure Ethernet module LM3403, as shown in figure 10-5-4.

E--PLC Configuration &
E--LM31 08 24xD1 16=00 Fase
-| AT %ID0; DVWOF

parameters Module parameters l

QAT%QWDWO Index | Mame | Yalue | De.. | hufir. | [LEES
1 IP_Address 1722045160
2 Subnet_Mask 255.255.252.0
3 Gateway_Address 17220451
4 MAC_Address
& ReadDatalen_Byte 8 . a n 200
B wiriteDataLen_Byte 8 in 0 200

Figure 10-5-4 LM3403 Configuration

e |P_Address is the IP address of the Ethernet module (must in the same network
segment with PC and no conflict with other IP addresses) .

e Subnet_Mask is the subnet mask, and is consistent with the subnet mask of the PC.

e GateWay_Addres is the address of the gateway.

e  MAC_Address is null.

e ReadDatalen_Byte is the length of data sent to the PLC by the PC, and the number of
received bytes is 8 (must be larger than actual length and the maximum is 200) .

e  WriteDatalen_Byte is the length of data sent to the PC by the PLC, and the number of
sent bytes is 8 (must be larger than actual length and the maximum is 200) .

The Address in an Ethernet module should be consistent with the node id in figure 10-5-5,
the data A, B sent to PLC by PC are stored in %IW4, %IW6 and data C is stored in %IX8.0.

E--PLC Configuration ~
E--LM3108 24=DI 16=00 Bass paransters |Moduls paransters |
Bl AT %ID0; DWOF

- AT S G WO Modulid: 138
= o Modeid |0
Input address: ’7
Output address: ’7
Diagnostic address: ’7

Figure 10-5-5
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The data A, B sent to PC by PLC are stored in %QW2, %QW4 as shown in figure 10-5-6, and
data Cis stored in %QX6.0.

AT %OWADWORD, " channel 102 %) [CHAMMEL ()]
E| ------- AT ®OWE WORD, * channel 103 *) [CHAMMEL (&3]
b 4T 9 0E.0: BOOL; (* Bit 0%
AT %EXE1: BOOL, " Bit1 )

Figure 10-5-6 Address of Output Area

The program is shown in figure 10-5-7. In master configuration, the addresses are calculated
according to address sequence of Ethernet modules. If it’s calculated by bit, the first bit
address is 1 like %IX2.1 or %QX2.1, and then the second bit address is 2 like %IX2.1 or
%QX2.1. If it’s calculated by byte, the first byte address is 1 like %IB2 or %QB2, and then the
second byte address is 2 like %IB2 or %QB2, etc.

o001
Example
Etherhlet_TCP Til?R?F
—EM [a] ‘
0{Address Erf—
ooo2
.................... . MOVE
T EN
RAEE RecDatad
MOVE
HlE— RecDataB
MOVE
EN
SendDatah~ B2
MOVE
EM
SendDataB- 04
MOVE
EM
%80, RecBitC
MOVE
EN
SendBitC WIXE.0

Figure 10-5-7 Program

Notes:

In Ethernet master configuration, | corresponds to bit address type Ox and word address type 4x and Q
corresponds to bit address type 1x and word address type 3x.
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Chapter

Visualization

Visualization is one of the components in PowerPro and is a graphical representation of the
project variables and their changes to achieve the visualization of control processes. Hence
visualization is a PLC HMI (Human Machine Interface, HMI) .

In PowerPro programming system there is an integrated visualization editor. In the process
of developing applications of control systems, in PowerPro the users are allowed to develop
visualization objects to watch and operate PLC data without other development tools.

11.1 CREATING NEW VISUALIZATION

Startup PowerPro, and build a new projectl.pro. In object organizer click “Visualization”, as
shown in figure 11-1-1.

< CoDeSys — projectl.pro — [PLC_PRG (PRG—IL)] [T”'E|§|
ﬁﬁile Edit [Project Insert Extrasz Online Windew Help - & X

Ll e A R [ |
- o [0001|PROGREAM PLC_PRG
[} isualization | |oooz2var

2zE B@

OO03EMD_WAR
oood
< *
oo
no02
003
nnrg
L4 *

Loading library 'ToHollysys\PowerPro ENGILibrai

BEE] ||< 5

| [Lir.: 1, Cal.: 1

Figure 11-1-1 Visualization

In “Visualization” right click and select “Add Object”, as shown in figure 11-1-2.
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Wizualizations

Edd |:|.|:l_'i"-_'l:t. B

Edit Object
Copy Object

Project databasze *

Hew Folder

BF

Figure 11-1-2 Add Visualization

The window titled “New Visualization” will appear, as shown in figure 11-1-3.

New Vizualization

Cancel

Mame af the new Yizualization: |Visu1| (]

Figure 11-1-3 Name of the New Visualization

Enter the name in “Name of the new Visualization”, such as visul, click “OK”, and a new
visualization is built. On the right of the window there is an editor window, as shown in
figure 11-1-4.

-4, CoDeSys — projectl.pro* — [visull]

B File Edit Projest Insert Extras Online Window Help

B E|@)|eeE|2 SR #|B@| o -] [T |_c5]|6>|21|9j|f|@|§§]

{23 Visualizations
b

Loading library 'THollysys\PowerPro EMNGILibrandStandard lib'
Loading library 'DHollysys\PowerPro EMGLibrard Sy SLIBCALLBA

PD..|'E! Da..|Vi..]E. He..l < | >

[ [# 5% 23/ [Elemert: [Rectangle

Figure 11-1-4 Build a visul
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11.2 VISUALIZATION ELEMENTS

The tool for editor is located on the top the main window, including pull-down menus and
shortcut buttons.

Click the “Insert” menu in title bar, a pull-down menu of “Insert” appears, as shown in figure
11-2-1, and you can select what you need to add visualization which are the visualization
elements.

w Rectangle
Rounded Rectangle
Ellip=e
Folwzon
Polyline
Curve
Fie
Bitmap
Vizualization
Button
MF file
Table
Aetived element
Trend
Alarm table

Figure 11-2-1 “Insert” Menu

Click “Extras” menu in title bar, and a pull-down menu appears, as shown in figure 11-2-2,
and you can make certain settings that affect the visualization. The menu can appear also by
clicking the editor window.

Select backsround bitmap ...

Align »

Select all
v Zelect mode

Elementlist. ..
Kevboard usage. ..

List of placeholders. ..
Settings. ..

Figure 11-2-2 “Extras” Menu
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The shortcut buttons are located on the top of the main window, as shown in figure 11-2-3,
completely the same with “Insert” menu. There are 15 different tools, and the functions are
listed in table 11-2-1.

Figure 11-2-3 Shortcut Buttons

Name Shortcut Description

Rectangle QI Insert rectangle in current visualization.

Eg:tr;iz?e @I Insert rounded rectangle in current visualization.

Ellipse Q’ Insert ellipse or circle in current visualization.

Polygon @[ Insert polygon in current visualization.

Polyline ﬂ Insert polyline in current visualization.

Curve I;,El Insert Bezier curve in current visualization.

Pie Iﬁl InserF pie in current visualization (wedge pattern of circle
or ellipse).

Bitmap @ Insert bitmap in current visualization.

Visualization Ir?sert. a . visualization that has been built in current
visualization.

Button g Insert button in current visualization.

WMF file E:-SI Insert WMF in current visualization (Windows Metafile).

Table El Insert table in current visualization.

Trend Insert trend in current visualization.

Alarm table Igl Insert alarm table in current visualization.

:Ic;ri*xz)rit Insert ActiveX element in current visualization.

Table 11-2-1 Edit Tool in Visualization

11.3 EDIT VISUALIZATION

11.3.1 Draw Visualization

If you hold down the mouse for a short time on the elements in tool bar, the name of the
element is shown in a tooltip.

Create a rectangle, rounded rectangle, circle or ellipse

e Use the tool bar to select a visualization element by clicking the left mouse key on it
and move to the editor window. Click on the desired starting point of your element and
move the pointer with pressed left mouse key until the element has the desired
dimensions.
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Create a polygon or a line

e If you want to create a polygon or a line, first click with the mouse on the position of
the first corner of the polygon or on the starting point of the line, and then click on the
further desired corner points. By double clicking on the last corner point you will close
the polygon and it will be completely drawn respectively the line will be completed.

Create a curve

e If you want to create a curve determine the initial, middle and end points with mouse
clicks to define the circumscribing rectangle. An arc is drawn after the third mouse click.
You can then change the position of the end point of the arc by moving the mouse and
can then end the process with a double click or add another arc with additional mouse
clicks.

Copy visualization elements

e You can copy one or more visualization elements with the command “Edit”/“Copy” or
the <Ctrl>+<C> key combination. Another way is to select the elements and to again
click in one of these elements with the key <Ctrl> held down. If you now hold the left
mouse button down, you can separate the elements copied from the original.

Status bar in the visualization

e Inavisualization the current X and Y position of the mouse cursor in pixels relative to
the upper left corner of the image is displayed in the status bar. If the mouse pointer is
located on an element, or if the element is being processed, then the number of the
element will be displayed. If you have selected an element to insert, then the name of
this element will also appear in the status bar.
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11.3.2 Arrange Visualization

When you are drawing visualizations, it’s necessary to modify and arrange them.

Select

e |norder to select an element, click on the element.

e You can select the first element of the elements list by pressing the <Tab> key and jump
to the next by each further keystroke. If you press the <Tab> key while pressing the
<Shift> key, you jump backwards in the order of the elements list.

e In order to mark multiple elements, press and hold the <Shift> key and click the
corresponding elements, one after another; or, while holding down the left mouse
button, pull a window over the elements to be selected.

Select all

e  With the command “Extras”/“Select all” you can select all visualization elements within
the current visualization object.

Select mode

e You are in selection mode and you can select a graphic element if there is a “v” in front

of “Extras”/“Select mode” menu item or the symbol El is pressed down. Or else you
are in insert mode.

Changing the Selection and Insert Mode

e After the insertion of a visualization element, there is an automatic change back into
the selection mode. If you want to insert an additional element the same way, you can

once again select the corresponding command in the menu or the symbol Min the
tool bar.

e You can also quickly change between the selection mode and the insert mode by
pressing the <Ctrl>-key and the right mouse button simultaneously.

e Inthe insert mode, the corresponding symbol will also appear at the mouse pointer,
and the name will also be indicated in black in the status bar.

Drag

e Select one or more visualization elements by clicking the left mouse key and drag them
to desired position by pressing the left mouse key or direction keys.

Modify

e You can select an element which has already been inserted by a mouse click on the
element or by pressing the <tab> key. A small black square will appear at each corner of
each of the elements. You can change the size of the element by clicking on one of the
black squares and, while keeping the left mouse button pressed, controlling the new
outline.

e  When an element is selected, its turning point is also displayed at the same time. The
turning point is displayed as a small black circle with a white cross, and you can rotate
the element around this point with a set angle. You can drag the turning point with a
pressed left mouse button.
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e  When a polygon is selected, you can drag each individual corner using the same
technique. While doing this, if you press the <Ctrl>-key then an additional corner point
will be inserted at the corner point. By pressing the <Shift>+<Ctrl>-key, you can remove
a corner point.

e Click the right mouse key in the visualization editor a menu appears, as shown in figure
11-3-1.

Bring to front

Send tao h&f.‘]:': .............
Select background bitmap . ..

Alizn L Left
Eight
Select all Bigh
Top
v Zelect mode
Bottom
Horizontal center
Gronp _
Vertical center
Elementlist... h e e

Eevboard usage. .. L ..o
List of placeholders. ..

Settings. ..

Figure 11-3-1 Context Menu of Visualization

The options are:
Bring to front

e  Use this command “Extras”/“Bring to front” to bring selected visualization elements to
the front.

e  When the visualization elements are displayed in different element numbers, it
indicates that elements are displayed in different layers. When several elements are
located in the same position, the element with the largest number is in the front. Use
the command to bring a certain visualization element to the front and the number is
the largest.

Send to back

e Use this command “Extras”/“Send to back” to send selected visualization elements to
the back.

e |t's the same with “Bring to front”, send selected visualization elements to the back and

the numberis 0.

Select background bitmap

e Use this command to open the dialog box for selecting files. Select a file with the
extension “*.bmp” and click “Open”, the selected bitmap will then appear as the
background in your visualization.

Clear background bitmap
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e Use this command to remove the bitmap as the background for the current
visualization.

Align
e Use the command “Extras”/“Align” to align selected visualization elements.
The following alignment options are available:

o “Left”: the left edge of each of the elements will be aligned with the element that is
furthest to the left.

e “Right”: the right edge of each of the elements will be aligned with the element that is
furthest to the right.

e “Top”:the top edge of each of the elements will be aligned with the element that is
furthest to the top.

e “Bottom”: the bottom edge of each of the elements will be aligned with the element
that is furthest to the bottom.

e  “Horizontal center”: each of the elements will be aligned with the average horizontal
center of all elements

e  “Vertical center”: each of the elements will be aligned with the average vertical center
of all elements.

Configure

e The options in “Category” vary according to different visualization elements.
“Configure” is available only after one or more elements are selected, or else the menu
item is in grey.

Group

e Elements can be grouped by selecting all desired elements and performing the
command ‘Extras’ ‘Group’. The group will behave like a single element

Ungroup
e  With the command “Extras”/“Ungroup” to resolve a group into individual elements.

In addition, the other four items including Elementlist, Keyboard usage, list of placeholders
and settings are introduced below.

11.3.3 Elementlist

Click “Extras”/“Elementlist” to open a dialog box of element list, as shown in figure 11-3-2,
including Number, Type and Position of elements. You can edit the elements using the
buttons on the right. The elementlist will also be brought up by right clicking and selecting
Elementlist.

e  “OK”: Close the dialog box and confirm the changes.

e “To front”: Bring selected visualization elements to the front and the number is the
largest.

e  “To back”: Move selected visualization elements to the backand the number is the
smallest.

e  “Oneto front”: Bring selected visualization elements to an upper layer and the number
increase by one.
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e  “One back”: Move selected visualization elements to a lower layer and the number
decrease by one.

“Delete”: Delete the selected visualization elements.

“Undo”: Undo the last change.

“Redo”: Restore the last change.

“Edit”: Get the configuration dialog for the element.

Element list &l
Elements [Murnber, Type, Position]:
#O Polyline 1330,70,481,191} QK
#1 Rd. rectangle 1160.40,231 71}
f2 Pie 160,120,242 162}
To front
To back
One ta frant
One back
Delete
Undo
Rectangle [x1. 1, x2, y2]: |-| =) a0 27 71

Figure 11-3-2 Elementlist

11.3.4 Keyboard usage

Select “Shift” and/or “Ctrl” and a selection list in column “Key” to assign an action.
“Expression” is used to express the action going to be achieved and the running result. The
keyboard usage can be configured separately for each visualization object. Thus the same

key (combination) can start different actions in different visualization.

Example

There are two different keyboard usages of VIS_1 in table 11-3-1 and VIS_2 in table 11-3-2.

Shift Ctrl Action Key Expression
X Toggle A PLC_PRG.automatic
X Zoom YA VIS_2
Table 11-3-1 VIS 1 Keyboard Usage
Shift Ctrl Action Key Expression
X Exec E INTERN LANGUAGE DEUTSCH
X Zoom z VIS_1

Table 11-3-2 VIS 2 Keyboard Usage
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If now you are in “Online Mode” and VIS_1 is the active window, then pressing “Shift+A”
will cause that variable PLC_PRG.automatic will be toggled. “Ctrl+Z” will cause a jump from

VIS_1to VIS_2.

See table11-3-3 for the options of Action.

Action Meaning

Toggle Toggle variable

Tap true Tap variable (set to TRUE)

Tap false Tap variable (set to FALSE)

Zoom Zoom to visualization

Exec Execute program

Text Text input of variable ‘Textdisplay’

In the columns Shift and Ctrl you can add the <Shift>- and/or the <Ctrl>-key to the already

Tale 11-3-3 Actions

chosen key, so that a key combination will result.

11.3.5 List of Placeholders

The list of placeholder is shown in figure 11-3-3.

Blaceholder=:

zet possible replacements

Flaceholder

Element number

Feplacements

ak. |
Cancel

Figure 11-3-3 List of Placeholder

e Placeholder: List all placeholders.
e Element number: Show the elements which contain a placeholder.
e Replacements: Enter one or several strings (text, variable, expression).
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11.3.6 Settings

The dialog box of visualization settings is shown in figure 11-3-4.

¥izsualization settings

Display

i %) (100
Grid Zoom [%] Cancel

Language

i

v Element numbers

Figure 11-3-4 Visualization Settings

Display: Enter a zoom factor into the field Zoom (%) to increase or decrease the size of the
visualization display. The Element numbers setting is optional, as shown in figure 11-3-4.

Frame: Frame setting, as shown in figure 11-3-5.

e If “Auto-Scrolling” is selected, the visible portion of the visualization window will move
automatically when you reach the edge while drawing or moving a visualization
element.

e If “Include background bitmap” is selected, the background bitmap will be fitted into
the window as well, otherwise only the elements will be considered.

o [If “Best fit in online mode” is selected, the entire visualization including all elements
will be shown in the window in online mode regardless of the size of the window.

Frame

[v Auto-Scraling
[ Include background bitmap

[ Best fitin online mode

Figure 11-3-5 Frame Setting

Grid: Grid setting is shown in figure 11-3-6.
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¥isualization settings

Catzgony:

Display
Frarne

Language

Grid

dil.

[ isible
Cancel

v Active

Size |10

Figure 11-3-6 Grid Setting

e If “Visible” is selected, the grid points are visible. The spacing of the grid points is set in
the field Size and is at the least 10.

o If “Active” is selected, the grid points only appear with a spacing which is a multiple of
the entered size when they are moved, and otherwise can move at any spacing.

e lLanguage: PLC does not support this function.

11.4 VISUALIZATION ELEMENT CONFIGURATION

11.4.1 Method for Visualization Element Configuration

In visualization editor select a visualization element and right click, or execute the command
“Extras”, and choose “Configure”, as shown in figure 11-4-1. The “Configure” menu is
available under the condition that a visualization element is selected, otherwise it will be

displayed in grey.

Bring to front
Send to baclk

Select background bitmap ...

ilign *

Select all
Select mode

Configure

Elementlist. ..
Eeyboard usage. ..

List of placeholders. ..
Settings. ..

Figure 11-4-1 “Extras”/“Configure” Menu of Visualization

With the command “Configure”, a visualization element configuration dialog box appears,
as shown in figurell-4-2 and you can configure the selected visualization element. The
dialog can be opened also by double clicking the selected visualization element.
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()

EBegular Element Configuration (218} u

LCateqon:
Shape

Text vanables " Rectangle
Line width
Colors
Colorvariables
taotion abzolute
totion relative
Wariables

Imput

Tewt for toaltip
Security
Programmability

Cancel

" Elipze

" Line

Figure 11-4-2 Visualization Element Configuration Dialog Box

11.4.2 Properties of Visualization Objects

For different visualization object, the category in the left area of the visualization element
configuration dialog box and the corresponding parameters in the right area of the dialog
box are different. One can set different variable parameters to define a visualization object
and change its property. The relationships between visualization properties and
visualization elements are shown in table 11-4-1, where the symbol “v” shows that there is
a relationship.

Visualization Elements
Visualization Property g §§ % § § g gq g_ g g % g g a::_; §§
215888 |5 |° Bl|2|S|=|"|®|3|3¢g

Category Name S (2 =3 S | @ g. > =
5]
=}

Shape Shape VN NNV

Tex Tex TV VIV V[V V[V

Text variables Text variables N A NN AN AN N AN A

Line width Line width V| NN N[V

Colors Colors N A NN N AN \/

Color variables Color variables | V | v NN N NNV \/

Motion absolute | Motion absolute | v | NN N NNV v

Motion relative Motion relative N A ~ N[ A ~

Variables Variables N A NN N NN NN

input nput TV V3V [V V[V V[T [V

Text for tooltip Text for tooltip v A NN [N AN AN NN NNV

Security Security VN NN N NNV NN VNN

Programmability | Programmability | + | NN N NN NN

Angle Angle N

Bitmap Bitmap property N ~

Visualization Visualization \

property
Group Group property ~
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Table Table property N

Columns Columns N,

Rows Rows N,

Selection Selection N

Trend Trend N

Alarm table Alarm table

Settings for Settings for

sorting sorting

Settings for Settings for

alarm table alarm table

Control Control type N
Method calls Method calls ~
Display Display N

Tablel 1-4-1 the relationship between visualization property and visualization element

11.5 STATIC VISUALIZTION PROPERTIES

Static visualization properties are parameters that describe the basic shapes of visualization

elements, including Shape, Text, Line width, and Colors.

11.5.1 Shape

The Shape property is used to define the shape of visualization elements. For regular
elements you can select in the Shape category from among Rectangle, Rounded Rectangle,
Line and Ellipse. For un-regular elements you can select in the Shape category from among
Polygon, Polyline and Curve, as shown in figure 11-5-1. The changes of Shape attribute are

valid only in the determined area.

Polyline Configuration (29)

LCategomn:

S Shape
Teuxt

Teut variables " Palygon
Lire width

Colors

Coloreariables
Motion absolute
Wariables

Input

Teut for toolip
Security
Frogrammability

Cancel

Figure 11-5-1 Dialog Box for Configuring Visualization Elements
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11.5.2 Text

One can add text in visualization object using Text property, as shown in figure 11-5-2.

Content

e  Enter the text in the Content field. With the key combination <Ctrl>+<Enter> you can
insert line breaks.

Horizontal
e Inthe option “Horizontal” set text placement: Left, Center or Right.
Vertical

e Inthe option “Vertical” set text placement: Top, Center, or Bottom.
e Click “Font” or “Standard-Font” to set the font.

Text

Caontent; ‘

Harizantal
" Left * Center " Right

Wertical
" Top (* Center " Bottom

Fant... Standard-Font

Figure 11-5-2 Text Setting

In standard C library the commonly used placeholders include %s (string format) , %f
(floating-point format) , %d (decimal number) and %x (hexadecimal) and the meanings are
shown in table 11-5-1.

Placeholder Meaning

% a Abbreviated weekday name

% A Full weekday name

% b Abbreviated month name

% B Full month name

% c Date and time representation appropriate for locale
%d Day of month as decimal number (01-31)

% H Hour in 24-hour format (00 — 23)

% | Hour in 12-hour format (01-12)

% j Day of year as decimal number (001 — 366)

%m Month as decimal number (01-12)

%M Minute as decimal number (00-59)

%p Current locale’s A.M./P.M. indicator for 12-hour clock
%S Second as decimal number (00-59)

%U Week of year as decimal number, with Sunday as first

day of week (00-53)
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%W Weekday as decimal number (0 — 6; Sunday is 0)

%W Week of year as decimal number, with Monday as first
day of week (00-53)

%X Date representation for current locale
%X Time representation for current locale
%y Year without century, as decimal number (00-99)
%Y Year with century, as decimal number
%z
Time-zone name, for: standard time
%Z
%% Percent sign
Table 11-5-1 Placeholder and Meaning
Example

e If you fill the text with %2.5f mm, then 32.8889 mm will be displayed in online mode.

Example

e Set the visualization in the format as shown in figure 11-5-3. The result in online mode
is displayed in figure 11-5-4. Display current time format: time-zone name day-month-
year hour: minute: second.

#0
%1% 2%d-%b- %Y %H%M%S

Figure 11-5-3 Time Placeholder Application

time-zone name 16-Dec-05 08:49:52

Figure 11-5-4 Display in Online Mode

11.5.3 Line width

The Line width property is used to define the line width of visualization elements. You can
choose the line width from 1 to 5 pixels in the dialog box for line width configuration, as
shown in figure 11-5-5. Additionally, another value can be entered manually in the field
“Other”. A project variable can be defined dynamically in the field “Variable for line width”
with the help of Input Assistant < F2>. The static setting will be overwritten by dynamic
setting in online mode.
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Line width
+ 1 Pixel
" 2 Pixel

" 2 Pizel
" 4 Pizel

" 5 Pixel ——

" Other:

Wariable for |
lire waidth:

Figure 11-5-5Line Width Configuration

11.5.4 Colors

In the visualization element configuration dialog box, in the color category you can select
primary colors and alarm colors for the inside area and for the frame of your element, as
shown in figure 11-5-6. Choosing the options “No color inside” and “No frame color” you
can create transparent elements. You can select alarm colors for the inside area and for the
frame of your elements. As soon as the parameter is defined dynamically by a variable, the
static setting will be overwritten in online mode.

Color

Inzide Frame
[ Mo color ingide [ Mo frame colar
Alarm color

|nzide Frame

Figure 11-5-6 Colors Configuration

11.5.5 Text for tooltip

The dialog “Text for tooltip”, as shown in figure 11-5-7, offers an input field “Content” for
text which will appear in a text field as soon as the mouse cursor is hovering over the object
in offline or online mode. You can insert a line break by using the key combination
<Ctrl>+<Enter>.

Tesxt for toolkip

LContent:

Figure 11-5-7 Text for tooltip
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11.5.6 Security

With the “Security” you can assign different access rights (“No Access”, “Read Access” and
“Full Access”) concerning particular visualization elements for the eight user groups, as
shown in figure 11-5-8. In online mode user group with different access rights get different
operating possibilities:

e  “No Access”: Element will not be visible.
e “Read Access”: Element will be visible but not operatable (no inputs allowed)
e  “Full Access”: Element is visible and operatable.

If you want to assign the access rights also to all other elements of the visualization object,
activate option “Apply to all visual elements”.

|Jzer Group n 1 2 3 4 5 B 7

Nodecess ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢

Read fcces: ¢ ¢ O O O O O

Full Access o (o (v f& f& (¢ [ (&

[ &pply bo all visual elements.

Figure 11-5-8 Access Setting

11.5.7 Bitmap Configuration

You can insert a Bitmap in visualization. You can enter the options for a bitmap in the
Bitmap category within the visualization element configuration dialog box, as shown in
figure 11-5-9.

Bitmap

e You can use the ... button after “Bitmap” to open the standard Windows Browse dialog
box from which you can select the desired bitmap.

e You can create a new transparent visualization object by activating “Background
transparent”.

Frame

In the “Frame” option you can set the frame property of the bitmap:

e  “Anisotropic”: The bitmap remains the same size as the frame which allows you to
change the height and width of the bitmap independently.

e “Isotropic”: The bitmap retains the same proportions even if the overall size is changed.

e  “Fixed”: The original size of the bitmap will be maintained regardless of the size of the
frame.

If the Draw option is selected together with the Fixed option, the frame of the visualization
object will be displayed, otherwise it will not be displayed. If the Clip option is also selected,
only the portion of the bitmap that is contained within the frame will be displayed. If you
want to display the whole bitmap, drag the frame of the bitmap to a desired size.

The options “Color” and “Alarm color” can be used to configure frame color and alarm
color.
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Bitmap Configuration (24}

Lategony:

Bitrap:
Text _ | J

EEEI:::::E:EE [~ Background transparent Cancel
Line width E

Motion absolte s

Mation relative % Anisotropic [v Draw

' ariables : "

Input " lzotropic [+ Clip

Teut for tooltip (™ Fixed

Security N

Prograrmmability Color ‘ Alarm color

Figure 11-5-9 Bitmap Configuration

11.5.8 Visualization Configuration

You can insert an existing visualization as an element in the present visualization. You can
enter the options for a visualization object within the visualization dialog box, as shown in
figure 11-5-10.

Visualization

e Use the ... button after Visualization to open a dialog box containing the visualizations
available in this project.
e The “Placeholder” button leads to the “Replace placeholder” dialog.

Frame

e Inthe “Frame” option you can set the frame property of the visualization:

e  “Anisotropic”: The bitmap remains the same size as the frame which allows you to
change the height and width of the bitmap independently.

e “Isotropic”: The bitmap retains the same proportions even if the overall size is changed.

e  “Fixed”: The original size of the bitmap will be maintained regardless of the size of the
frame.

e If the Draw option is selected together with the Fixed option, the frame of the
visualization object will be displayed, otherwise it will not be displayed. If the Clip
option is also selected, only the portion of the bitmap that is contained within the
frame will be displayed. If you want to display the whole bitmap, drag the frame of the
bitmap to a desired size.

e The options “Color” and “Alarm color” can be used to configure frame color and alarm
color.

X))

Yisualization

LCategorny:

e:-ct e Visualization: | 0k

Text variables

Colarvariables Placeholder. . Carcel
Line width =

Motian absalute Frame
Mation relative

Wariables [v Diraw Calor

Input

Test for toaltip I Clip
Security . . &larm color
Programmability ¢ Anisolropic -

" lzotropic

" Fixed

Figure 11-5-10 Visualization Configuration
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11.5.9 Group Configuration

One can insert a Windows Metafile (WMF) into a visualization object. Group configuration
dialog is used to set the parameters of WMF. Group configuration dialog of WMF is shown

in figure 11-5-11.

In the “Frame” option you can set group frame property:

e  “Draw”: The frame of the visualization object will be displayed.

e “Isotropic”: The bitmap retains the same proportions even if the overall size is changed.
e  “Clip”: When the frame is smaller than the bitmap, only that portion of the bitmap that

is contained within the frame will be displayed.

The options “Color” and “Alarm color” can be used to configure frame color and alarm

color.

Group Configuration (#5)

#o
Text fE5R

Text variables I (D) e ()

Col imbl

i samen e
Motion sbsolute I~ B () IREHFE (L)

Motlon relative

Variahles

Input

Text for tooltip
Security
Programmability

i

x|
Eﬁidkl
_mH |

Figure 11-5-11 Group Configuration of WMF

11.5.10 Angle

The category “Angle” is used to define the two angles of the sector element in degrees.
Double click the pie and the dialog of configuring a pie will appear, as shown in figure 11-5-
12. Click the Angle and enter the start angle and the end angle of the sector element in
degrees in the fields “Start angle” and “End angle”, the sector will be drawn clockwise from
the start angle position to the end angle position. If “Show only segment” is selected, the

segment will be displayed without angle.

Configure circle segment (26)

Angle
Text vanables Start angle |
Ling width
Calars End angle |

Colorvariables
Mation abzalute
Wanables

Inpit

Text for toolip
Security
Frogrammability

[ Shaw only segment

Figure 11-5-12 Dialog for Configuring a Pie

Cancel

il
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Example

Variable declaration:
PROGRAM PLC_PRG
VAR
angle_start: REAL := 0;
angle_end: REAL := 90;
END_VAR

Display in online mode is shown in figure 11-5-13.

Figure 11-5-13 Pie Example

11.6 VISUALIZATION PROGRAMMABILITY

11.6.1 Programmability

The properties of a visualization element not only can be defined using a static setting, but
also can be defined using the components of a structure variable, which is exclusively used
for programming visualization elements. For this purpose the structure VisualObjectType is
available in the library SysLibVisu.lib. Its components can be used to define most of the
element properties. In case of multiple definition of an element property the value of the
“normal” project variables will overwrite that of the structure variable and both will
overwrite a static definition.

In order to configure the element properties by using a structure variable, open the
configuration dialog, and select category ‘Programmability’, as shown in figure 11-6-1.
Active “Object name” and enter a variable name. The variable will be declared with type
VisualObjectType automatically, which is a structure contained in the library SysLibVisu.Lib.
The variable declared here is a global variable and the declaration is done implicitly and not
visible by the user. Make sure that the library is included in the library manager.

After the next compilation, the newly assigned structure variable will be available in the
project.

Regular Element Configuration (£3)

LCateqony:

[T E—— Pragrarmniability

Shape oK.

Tex Lo |
Teut variables [v Object name: C |
Line width IR
Colars

Colorvariables
Mation absolute
Mation relative
ariables

Input

Teut for tooltip

S ecuritE

Figure 11-6-1 Programmability
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11.6.2 Visual Library
The definition of VisualObjectType in SysLibVisu.lib is shown below.

TYPE VisualObjectType
STRUCT

(* Absolute movement *)
nXOffset:INT;
nYOffset:INT;
nScale:INT;

nAngle:INT;

(* Variables *)
binvisible:BOOL;
stTextDisplay:STRING;
bToggleColor:BOOL;
binputDisabled: BOOL;
stTooltipDisplay:STRING;
(* Text and font *)
dwTextFlags:DWORD;
dwTextColor:DWORD;
nFontHeight:INT;
dwFontFlags:DWORD;
stFontName:STRING;

(* Line *)
nLineWidth:INT;

(* Color *)

dwefillColor: DWORD;
dwefillColorAlarm: DWORD;
dwFrameColor: DWORD;
dwFrameColorAlarm: DWORD;
dwfillFlags: DWORD;
dwFrameFlags: DWORD;
(* Relative movement *)
nLeft:INT;

nTop:INT;

nRight:INT;
nBottom:INT;

END_STRUCT
END_TYPE
Data type and effect of component of STRUCT VisualObjectType are shown in table 11-6-1.

At the beginning of the component name the data type is integrated:

n: INT, dw: DWORD, ,b: BOOL, st: STRING.

Component and
Data Type

Effect

Example (the Object Name “vis1” has
been defined for the element)

corresponding entries
in configuration
dialog

nXOffset : INT;

Shift element in X-
direction

vis1.nXOffset:=vall;
(element is set to position X=vall)

Motionabsolute:
X-Offset

nYOffset : INT;

Shift element in Y-
direction

vis1.nYOffset:=val2;
(element is set to position Y=val2)

Motionabsolute:
Y-Offset

nScale : INT;

Change of the size

visl.nScale:=plc_prg.scale_var;

(element size changes linear with
change of value of plc_prg.scale_var)

Motion absolute:
Scale

nAngle : INT;

Rotating element
around its center

visl.anglevar:=15;
(element rotates clockwise by 15)

Motion absolute:
angle
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binvisible : BOOL;

Element is visible /
invisible

visl.visible:=TRUE;
(element is invisible)

Color:

No color inside+

No frame color
Colorvariables:
Fillcolor+Framecolor

stTextDisplay: Text is displayed in visl.TextDisplay:='ON / OFF’; Text:
STRING; element (element is inscribed with this text) Content
visl.bToggleColor:=alarm_var; Input:

bToggleColor : BOOL;

color change when
toggling between
TRUE and FALSE

(As soon as alarm_var gets TRUE, the
element gets the color defined via the
components dwFillColorAlarm and
dwFrameColorAlarm)

Toggle variable
Variables:
Change color

binputDisabled :
BOOL,;

if FALSE: Inputs in
category ‘Input’ are
ignored

visl.blnputDisabled:=FALSE;
(no input is possible for this element)

Variables:
Input Disable

stTooltipDisplay :

Text of the tooltip

visl.stTooltipDisplay:='Switch for ';

Text for Tooltip:

STRING; (show text of the tooltip ‘Switch for’) Content:
Text position:
1 left justified
2 right justified: Text:

dwTextFlags :
DWORD;

4 centered

horizontally
8 top

10 bottom

20 centered
vertically

(addition of values)

visl.dwTextFlags:=24;

(Text will be placed in the center of
the element (4+20))

Horizontal and
Vertical options
Textvariables:
Textflags

dwTextColor :

Text color (definition
of colors see

visl.dwTextColor :=16#00FF0000;

Textvariables:

DWORD; subsequent to this (Text is blue-colored) Textcolor
table)
. Font he|gh.t in Pixel. visl.nFontHeight:=16; Textvariables:
nFontHeight : INT; should be in range

10-96

(Text height is 16 pt)

Font heigth

Font display.

Available flags:

Litalic visl.dwFontFlags:=10; .
dwFontFlags : 2 fett Text is displaved bl d led Textvariables:
DWORD; 4 underlined (Text is displayed blue and canceled, Fontflags

2+8)

8 canceled

(combinations by

adding values)
stFontName : visl.stFontName:="Arial’; Textvariables:

Change font o
STRING; (Arial is used) Fontname

i i vis1l.nLWidth:=3;
nLineWidth : INT; Line WIdt.h of the . . . Line width
frame (pixels) (Frame width is 3 Pixels)

Fill color (definition Color:
dwfillColor : of colors see vis1l.dwFillColor":=16#00FF0000; Color Inside
DWORD; subsequent to this (fill blue color) Colorvariables:

table)

Fill color

dwrFillColorAlarm :
DWORD;

Fill color as soon as
bToggleColor gets
TRUE (definition of
colors see
subsequent to this

vis1l.dwFillColorAlarm:=16#00808080;

(as soon as Variable bToggleColor gets
TRUE, the frame will be displayed
grey-colored)

Color:

Alarm color Inside
Colorvariables:
Fill color alarm

219
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table)
Frame color Color:
dwFrameColor : visl.dwFrameColor:=16#00FF0000; Color Frame

(definition of colors

DWORD; see subsequent to (Frameis blue-colored) Colorvariables:
this table) Frame color
Fill color as soon as visl.dwFrameColorAlarm:=16#008080 Color:

dwFrameColorAlarm
: DWORD;

bFrameColor gets
TRUE (definition of
colors see
subsequent to this
table)

80;

(as soon as Variable bFrameColor gets
TRUE, the frame will be displayed
grey-colored)

Alarm color Frame
Colorvariables:
Frame color alarm

dwrFillFlags: DWORD;

Color, as defined by
the color variables,

can be displayed or
ignored

0 = show color

>0 = ignore setting

visl.dwrFillFlags:=1;
(element gets invisible)

Color: No color inside
+ No frame color

Colorvariables:
Fillflags

dwFrameFlags :
DWORD;

Display of frame:

0 full

1 dashed (---)

2 dotted ()

3 dash-point (_._._ )
4 dash-point-point
(Leer)

8 blind out line

visl.FrameFlags:=1;

(Frame will be displayed as dashed
line)

Colorvariables:
Frameflags

Table 11-6-1 Data Type and Effect of Component

Defining color values:

vis1.dweFillColor := 16#00FFOOFF;

A color is entered as a hex number which is composed of the Blue/Green/Red (RGB)
components. The first two zeros after “16#” should be set to in each case, to fill the DWORD
size. For each color value 256 (0-255) colors are available.

16#

00 FF 00 FF

keyword

null | blue | green | red

Example (defining color values)

PROGRAM PLC_PRG

VAR

n:INT:=0;
bMod:BOOL:=TRUE;

END_VAR

(* Blinking element *)

n:=n+1;

bMod:= (n MOD 20) > 10;
IF bMod THEN
blinker.nFillColor := 16#00808080; (* grey *)

ELSE

blinker.nFillColor := 16#00FF0000; (* blue *)

END_IF
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11.7 DYNAMIC VISUALIZTION PROPERTIES

Dynamic visualization properties are used to define parameters dynamically by modifying
project variables.

11.7.1 Text variables

Text variables are used to define dynamic text. Enter the values for the variables in the
dialog of configuring text variables, as shown in figure 11-7-1. Enter the variable names with
the aid of the input assistant (<F2>).

" ariables for text dizplay

Text colar: |

Text flags: |

Fant height: |

Font name: |

Font fags: |

Figure 11-7-1Variables for text display

11.7.2 Color variables

“Color variables” are used to define dynamic attributes of colors. The dialog box titled
“variables for colors” is shown in figure 11-7-2, which can be used to enter the values of
relevant variable in text box to achieve animation effects. Enter the variable names with the
aid of the input assistant (<F2>).

Yariables for colars

Fill color: |

Fill color alarm: |

Frame calar; |

Frame coalar alarm: |

far frame; |

FrameFlags: |

Figure 11-7-2 Setting of Color variables

11.7.3 Motion absolute

Motion absolute is used to define the dynamic attributes of motion absolute. The dialog box
titled “motion absolute setting” is shown in figure 11-7-3, which can be used to enter the
values of relevant variables in the text boxes to achieve animation effects. Enter the
variable names with the aid of the input assistant (<F2>).

X-Offset: The variable which can shift the element in the X direction, depending on the
respective variable value.

Y-Offset: The variable which can shift the element in the Y direction, depending on the
respective variable value.
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Scale: A variable in the Scale field will change the size of the element linear to its current
value. This value, which is used as scaling factor, will be divided by 1000 implicitly. So the
value is 1000 if you want to get the new visualization object one time of the original one
and the value is 2000 if you want to get the new visualization object two times of the
original one.

Angle: A variable in the Angle field causes the element to turn on its turning point,
depending on the value of the variable (positive value = clockwise, negative value = counter-
clockwise). For rectangle, it shifts a certain angle taking the basic point as a origin rather
than rotate. With all other elements such as polygon and ellipse, the element rotates, in
such a way, that the upper edge always remains on top. That means every point of such
elements rotate.

tdation abzolute

w-Offset |

-Dffset |

Scale: |

Anale: |

Figure 11-7-3 Configuration of Motion absolute

11.7.4 Motionrelative

Motion relative is used to define the dynamic attributes of motion relative. The dialog box
titled “motion relative setting” is shown in figure 11-7-4, which can be used to enter the
values of relevant variables in the text boxes to achieve animation effects. The easiest way
to enter variables into the fields is to use the Input Assistant (<F2>). For coordinate axis, the
right of X direction and the top of Y direction are positive, that is, the edge moves towards
the positive direction if the value is positive, otherwise towards the negative direction.

e Left edge: The variable which can shift the left edge, depending on the respective
variable value.

e Top edge: The variable which can shift the top edge, depending on the respective
variable value.

e Right edge: The variable which can shift the right edge, depending on the respective
variable value.

e Bottom edge: The variable which can shift the bottom edge, depending on the
respective variable value.

kation relative

Left edge: |

Top edge: |

Bight edqge: |

Bottom edge; |

Figure 11-7-4 Setting of Motion Relative
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11.7.5 Variables

“Variables” is used to define the other dynamic attributes of graphic object. The dialog box
titled “Variables” is shown in figure 11-7-5, which can be used to enter the values of
relevant variables in the text boxes to achieve animation effects. Enter the variable names
with the aid of the input assistant (<F2>).

e “Invisible”: You can enter Boolean variables in the Invisible field. The values in the fields
determines the actions. If the variable of the Invisible field contains the value FALSE,
the visualization element will be visible. If the variable contains the value TRUE, the
element will be invisible.

e  “Change color”: You can enter Boolean variables in the Change color field to determine
the element color. If the variable which is defined in this field, has the value FALSE, the
visualization element will be displayed in its default color. If the variable is TRUE, the
element will be displayed in its alarm color.

e  “Text display”: Enter the value of the textdisplay variable. If you have inserted a “%s” in
the “Content” field of the Text category, then the value of the variable which is defined
in “Textdisplay” will be displayed in online mode instead of “%s”.

Yariahles

Inwvisible; |

Input
dizable: |

LChange color: |

Textdizplay: |

Toolkip- |
dizplay:

Figure 11-7-5Variable Setting

11.7.6 Input

Input is used to define input dynamic attributes of graphic object. The dialog box titled
“input” is shown in figure 11-7-6, which can be used to enter the values of relevant
variables in the text boxes to achieve animation effects. Enter the variable names with the
aid of the input assistant (<F2>).

[ Fipik

| Toggle variable
[ Tap variable l—
I_
[ Zoom to vis. l—
[ Execute program: J

[ Teut input of vanable 'Textdizplay’

Dhialog ttle: |

Figure 11-7-6 Input Setting
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e Toggle variable: If this option is activated, in online mode you will toggle the value of
the variables which are located in the input field by each mouse click on the
visualization element. The value of the Boolean variable changes with each mouse click
from TRUE to FALSE and then back to TRUE again at the next mouse click, etc.

e Tap variable: If this option is activated, in online mode you can switch the value of the
Boolean variable which is located in the input field, between TRUE and FALSE. Place the
mouse cursor on the element, press the mouse-key and hold it depressed. If option Tap
FALSE is activated, the value is set to FALSE as soon as the mouse key is pressed,
otherwise it is set to TRUE at this moment. The variable changes back to its initial value
as soon as you release the mouse key.

e Zoom to vis.: If this option is activated, you can enter in the edit field the name of a
visualization object of the same project to which you want to jump by a mouse-click on
the element in online mode. If a program variable of the type STRING (e.g.
PLC_PRG.xxx) has been entered instead of a visualization object, then this variable can
be used to define the name of the visualization object (e.g. ,visul') which the system
should change to when a mouse click occurs (e.g. xxx:=,visul).

e Execute program: If this option is activated you can enter any program in the input
field, which will be executed in online mode as soon as you perform a mouse-click on
the element.

e Text input of variable ‘Text display’: If you select the Text input of variable 'Textdisplay',
then in Online mode you will get the possibility to enter an value in this visualization
element which will upon pressing <Enter> be written to the variable that appears in the
Textdisplay field of the Variables category.

11.8 TABLES

You can insert a table in a visualization object, as shown in figure 11-8-1.

Goarr [0 arr1 [Garr [I5.arm (35 a1 [45 arr |

M| &= |k — | O

Figure 11-8-1 Insert Table

Double click the table and a dialog “Configure Table” will appear, as shown in figure 11-8-2,
where you can set the options ‘Table’, ‘Columns’, ‘Rows’, ‘Selection’, and ‘Text for tooltip
and Security’. Enter the variable names with the aid of the input assistant (<F2>).
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LCateqory:
Table settings
Colurmnz
Fows Dat g
Selection B ey | Cancel
Tt for toolt
SzzurﬁL oeie Slider zize: 15

[¥ Column header

Figure 11-8-2 Configure table
11.9 TREND

You can insert a trend in a visualization object, as shown in figure 11-9-1.

Double click the trend and a dialog for configuration of a trend element will appear, as

[=4]

[-Y

3]

Figure 11-9-1 Insert Trend

shown in figure 11-9-2, where you can set the options Trend, Colors, Text for tooltip and
Security. Enter the variable names with the aid of the input assistant (<F2>).
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Regular Element Configuration (Z6)

LCategory:
T Curve Aris

| Calars —I
Text far tooltip Horizontal axis:

Security Orientatiorn i i
YWertical aris:
Right-left hd

Recording

* only anline © Histom

Chooze variable |

i 8

Cancel

Curve configuration |

Figure 11-9-2 Trend Configuration

11.10 ALARM TABLES

You can insert an alarm table in a visualization object, as shown in figure 11-10-1.

|Bitmap | Date | Time | Expression | Value | Message

A J >
Figure 11-10-1 Insert Alarm Table

Double click the alarm table and a dialog for configuration of a alarm table will appear, as
shown in figure 11-10-2, where you can set the options ‘Alarm table’, ‘Columns’, ‘Settings for
sorting’, ‘Selection settings’, and ‘Text for tooltip and Security’. Enter the variable names

with the aid of the input assistant (<F2>).
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Configure alarm table (20)

LCateqary:
Alarm table

Alarm table

Columns h |
Settings for zorting B} ElEl Sk |

Selection settingz

Text for tooltip Friciity:  from |0 o |295

Sty

Cancel

il

Selected alarm clags:

Al |DEFAULT |

Add

Delete

i

Iv Column header [v Bow header

Figure 11-10-2 Configure Alarm Table

11.11 ACTIVEX ELEMENTS

You can insert an ActiveX element in a visualization object, as shown in figure 11-11-1.

Caontrol:

Figure 11-11-1 Insert ActiveX element

Double click the ActiveX element and a dialog “Configure ActiveX element” will appear, as
shown in figure 11-11-2, where you can set the options ‘Control’, ‘Methodcalls’ and
‘Display’. Enter the variable names with the aid of the input assistant (<F2>).

Configure ActiveX Control (#8)

)

Category:

Control e
Methadcalls Contral type
Dizpla

Py *  Actvex-Contral " Java-Bean Cancel

e
1VWideoSoft Flexdmray Control 0
] WideoSoft FlexSting Contral
ActionByr Class
ActiverxPlugin Object
ActorBwr Class

&

Adobe Acrobat 7.0 Browser Document

dentific ation:

Figure 11-11-2 ActiveX-Control Configuration
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11.12 VISUALIZATION APPLICATIONS

Now we discuss visualization applications with a small program as an example. In this
program two signal lamps flash in turn. The program is displayed in figure 11-12-1.

000M|PROGRAM PLC_PRG
oo2fvar

0oo3f  ABOOL,

0oo4)  T1.TOM,

0005  MUNINT,

0006(  MUMTINT,
0007|EMD_VAR

< >
T o
A ToN SN0
— B o (
TH25-PT ET—
ooz
0.0 “Om
— | EN
1] —num
HUR
]
EN
U ——Numn
a
onoa
0.0 =
] | EN
U -] s
o4
EQ
UK —,
ke v

Figure 11-12-1 Program

In order to see the flash more clearly, we can define a visualization object in which the on

and off signal lamps can be displayed in different colors. The on signal is displayed in green
while off is displayed in red.

First, create a visualization A in which two circles stand for two signal lamps and two
rectangles stand for the names of two signal lamps “Q.1” and “Q.2”, as in figure 11-12-2.

Figure 11-12-2 Visualization A

Select Q.1 and double click on it. A dialog box titled “Regular Element Configuration” will

appear. Select “Colors”/ “Color”/ “Inside” and choose the green color and click the “OK”
button, as shown in figure 11-12-3.

Select “Alarm color”/ “Inside” and choose the red color. The color setting of Q.2 is the same
with Q.1.
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Figure 11-12-3 Color Setting

You can enter “Q.1” in the field “Category”/“Variables”/“Change color” and click the “OK”
button, as shown in figure 11-12-4. In the same way, enter “Q.2" in the field “Change color”
of “Q.2".

Regular Element Configuration (20} rzl
Categany:
Shape ‘Wariables =
Te e | o |
Tewxt variables Irvvizible:
Line width | Cancel
Colars rput _ |

dizable:

Colorvanables
tation abzolute
totion relative

LChange caolor: ||1'||

Wariables

| npt Testdizplay: |
Teut for taaltip .

Security T altip- |
Pragrammability display:

Figure11-12-4 Variable Setting

Now the configuration of visualization A is finished. The result in online mode is displayed in
figure 11-12-5. Q.1 and Q.2 flash in turn.

Figure 11-12-5 Result in Online Mode
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Appendix

Appendix

12.1 MODULE MEMORY

The program memory of the modules in the following table is 28KB. In the dialog box titled
“Target Settings”, select “HOLLYSYS-LEC G3 CPU” for the “Configuration”.

Module Type Module Version
LM3104 A01, A02, AO3

LM3105 A01, AO2, AO3

LM3106 A01, AO5, BO6, BO7, BO8
LM3106A A01, AO2, AO3, A04
LM3107 A01, AO5, BO6, BO7, BO8

Besides, the program memory of other modules is 120KB. In the dialog box titled “Target
Settings”, select “HOLLYSYS-LEC G3 CPU Extend” for the “Configuration”.

12.2 INPUT ASSISTANT IN POWERPRO

For users who are not familiar with standard programming languages, the command
“Edit”/“Input Assistant” or <F2> provides a dialog box titled “Help Manager” for choosing
possible inputs (Standard Functions, Function Blocks, Operators, Operands and Variables) at
the current cursor position, as shown in figure appendix-1. The categories vary depending
upon the current cursor position and the selected object.

e Standard Functions: standard function from standard library;

e User defined Functions: user defined functions written by users;

e Standard Function Blocks: standard function blocks from standard library;

e User defined Function Blocks: user defined function blocks written by users;

e FBD Operators: standard IEC operators supported by PowerPro;

e User defined Programs: user defined programs written by users;

e Conversion Operators: conversion operators for type conversion between variables
of different types;
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Help Hanager

Standard Functions

Uzer defined Functions
Standard Function Blacks
Jzer defined Function Bloc
FED Operators

Standard Programs

|Jzer defined Programs
Conversion Operators

4 Standard Functions

B3 String Functions

DELETE (FU
FIND [FUN]

LEFT [FUN]
LEM [FUN)
MID! (FLIN)

RIGHT (FUN

B

£

[v Structured

Elm DSHOLLYSYSSPOWERPRO EMGALIBRARYSSTAMD,

CONCAT [FLIM]

INSERT [FUN]

REPLACE [FUN)

]m DSHOLLYSYSSPOWERPRO ENGALIERARYSSYSLIB

Cancel

3
o |

M

]

Figure Appendix-1 Help Manager

12.3 KEY COMBINATIONS IN POWERPRO

General Functions

General Functions

Move between the declaration part and the instruction
part of a POU

Move between the declaration part and the
instruction part of a POU

Move between the Object Organizer, the object and the]
message window

Move between the Object Organizer, the
object and the message window

Move to the next open editor window

Move to the next open editor window

Move to the previous open editor window

Move to the previous open editor window

Right Key menu

Right Key menu

Shortcut mode for declarations

Shortcut mode for declarations

Move from a message in the Message window back to
the original position in the editor

Move from a message in the Message
window back to the original position in the
editor

Open and close multi-layered variables

Open and close multi-layered variables

Open and close folders

Open and close folders

Switch register cards in the Object Organizer and the
Library Manager

Switch register cards in the Object Organizer|
and the Library Manager

Move to the next field within a dialog box

Move to the next field within a dialog box

Help

Help

General Commands

General Commands

"File" /"Open" "File" /"Open"
" File " /"Save" " File " /"Save"
" File " /"Print" " File " /"Print"
" File " /"Exit" " File " /"Exit"
"Edit" /"Undo" "Edit" /"Undo"
" Edit " /"Redo" " Edit " /"Redo"
" Edit " /"Cut" " Edit " /"Cut"
" Edit " /"Copy" " Edit " /"Copy"
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" Edit " /"Paste"

" Edit " /"Paste"

" Edit " /"Delete"

" Edit " /"Delete"

" Edit " /"Find next"

" Edit " /"Find next"

" Edit " /"Replace"

" Edit " /"Replace"

" Edit " /"Input Assistant"

" Edit " /"Input Assistant"

" Edit " /"Auto Declare"

" Edit " /"Auto Declare"

" Edit " /"Next Error"

" Edit " /"Next Error"

" Edit " /"Previous Error"

" Edit " /"Previous Error"

"Project" /"Rebuild all"

"Project" /"Rebuild all"

" Project " /"Delete Object"

" Project " /"Delete Object"

" Project " /"Add Object"

" Project " /"Add Object"

" Project " /"Rename Object

" Project " /"Rename Object "

" Project" /"Open Object "

" Project " /"Open Object "

"Online" /"Login"

"Online" /"Login"

" Online " /"Logout"

" Online " /"Logout"

" Online " /"Run" " Online " /"Run"
" Online " /"Stop" <Shift>+<F8>

" Online " /"Breakpoint" <F9>

" Online " /"Step over" <F10>

" Online " /"Step in" <F8>

" Online " /"Single Cycle"

<Ctrl>+<F5>

" Online "/"Write Values"

<CtrI>+<F7>

" Online " /"Force Values "

<F7>

" Online " /"Release Force"

<Shift>+<F7>

" Online " /"Write/Force dialog"

<Ctrl>+<Shift>+<F7>

"Window" /"Messages"

<Shift>+<Esc>

LD Editor Commands

“Insert” /Network (after)"

<Shift>+<T>

“Insert”/ "Contact" <Ctrl>+<O>
“Insert”/ "Parallel Contact" <Ctrl>+<R>
“Insert”/ "Function Block" <Ctrl>+<B>
“Insert”/ "Coil" <Ctrl>+<L>
"Extras" /"Paste below" <Ctrl>+<U>
" Extras " /"Negate" <Ctrl>+<N>

FBD Editor Commands

“Insert”/ " Network (after)"

<Shift>+<T>

“Insert”/ "Input" <Ctrl>+<U>
“Insert”/ "Function Block" <Ctrl>+<B>
“Insert”/ "Assignment" <Ctrl>+<A>
“Insert”/ "Jump" <Ctrl>+<L>
“Insert”/ "Return" <Ctrl>+<R>
" Extras " /" Negate " <Ctrl>+<N>

" Extras " /"Zoom"

<Alt>+<Enter>
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SFC Editor Commands

“Insert”/ "Step-Transition (before)" <Ctrl>+<T>
“Insert”/ " Step-Transition (after)" <Ctrl>+<E>
“Insert”/ "Alternative Branch (right)" <Ctrl>+<A>
“Insert”/ "Parallel Branch (right)" <Ctri>+<L>
“Insert”/ "Jump <Ctrl>+<U>

" Insert " /"Zoom Action/Transition"

<Alt>+<Enter>
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