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READING GUIDE

The purpose of this software manual is to help you write a perfect PLC control program using
PowerPro. The main contents include how to use PowerPro and how to write programs in standard
programming languages.

Chapter 1 Introduce the inatallation, uninstallation and installation target of PowerPro.

Chapter 2 Overview of PowerPro and software programming environment are introduced,
including the main window, menu bar, shortcut tool, object organizer and so on. Refer
to chapter 2 if you want to know the software menu and shortcut.

Chapter 3 Quick introduction. Take a simple program for an example to introduce the basic steps
and usage of PowerPro software. It ’s suggested to learn this chapter carefully for new
learners.

Chapter 4 Introduce LM series PLC storage assignment and how to manage the variables in
PowerPro including address and variable declaration, variable classification. If you
meet some questions in the use of address or variable, refer to this chapter.

Chapter 5 Mainly introduce the POU managing in PowerPro, such as POU creating, POU
calling. In this chapter you can find the answers for some questions in programming.

Chapter 6 Based on chapter 5, PLC working mode and task management and configuration
areintroduced in this chapter. The content is related to interrupt calling.

Chapter 7 After that you have known how to manage addresses, variables and POU in

PowerPro, how to write a program is introduced in this chapter. Take a program written
in LD language for an example to describe project creation and management including
new, PLC configuration, writing a program, subprogram calling and adding comments.
It’s helpful for you to write a project completely.

Chapter 8 The compilation, download and debugging are the main content in this chapter. The
commands you need to execute and the questions you meet are all included in this
chapter.

Chapter 9 Introduce the programming languages in PowerPro including FBD, IL, ST and SFC.
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Refer to this chapter carefully if you want to write a program in one of these languages.
Chapter 10  Introduce some special functions in PLC including Modbus communication,
interrupt, analog functions, DP communication and Ethernet communication. Refer to
this chapter when you use these functions.
Chapter 11 Introduce the PowerPro visualization. Visualization is the advanced application of
PowerPro software. If you want to debug with a visual interface, please refer to this

chapter.



CGIPIER 1INSTALAION

The installation and uninstallation of PowerPro software are introduced in this chapter, and
especially the InstallTarget is described in details. The software installation is introduced in section
1.1 and the uninstallation is introduced in section 1.2. If you ’re familiar with Windows operations
you can skip over the two sections. How to install the InstallTarget is introduced in section 1.3.
PowerPro is a powerful PLC programming software and the purpose of InstallTarget is to configure
PowerPro as the programming software for LM series PLC. It s suggested to read this chapter

carefully if you are a new learner.

1 1SOFTWARE INSTALLATION

In the computer with Chinese Windows operating system, insert an installing CD of PowerPro
software into the drive and select “ LM series PLC programming software
PowerPro2.1.1” in the pop-up interface. You can also find “\\programming software
PowerPro2.1.1ch\Setup.exe” in the CD and double click on it to install PowerPro software. In the

installation interface click the “Next” button, shown in figure 1-1-1.

PowerFro ENG V2. 1.0 Isstall I x|

Welcome

‘Welcome to using PowerPro System

Figure 1-1-1 Installation Steps (1)

Accept the license agreement and click “Yes”, shown in figure 1-1-2.
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Figure 1-1-2 Installation Steps (2)

k

Choose installation directory. The default directory is D:\PowerPro\PowerPro ENG and it s
suggested not to change it. Click ~ “Browse” to choose other directories. Click  “Next” to start
installation, shown in figure 1-1-3.

Figure 1-1-3 Installation Steps (3)

After installation an interface “About to lanch the MSXML 3.0 setup” appears and click “OK”,
shown in figure 1-1-4.



Setup Needs The Next Disk

]  Please inseit disk 1 that contains the file lapout bin
Gt
¥

Path
|D:\PowerPro\PowerPro ENG Browse... I
InstallShield

[0k ]| concel |

x|

N i ) About to launch the MSYML3.0 setup.

1==]]

Then an interface “About to lanch the MSXML 3.0 SP4 setup

Information 0 LR x|

®
- | ) About to launch the MSXML3. 0 SF4 setup.

LE_ai

Figure 1-1-10 Installation Steps (10)

shown in figure 1-1-10.

Enter MSXML 3.0 SP4 setup wizard and click “Next”, shown in figure

PowerFro ENG ¥2. 1.0 Install

InstallShield Wizard Complete
The InstaliShield Wizard has successfully nstalled PowerPro

ENG. Click Firish to exit the wizard.

¢ Back |I Finish “

” appears and click

1-1-11.

Cancel I

Figure 1-1-11 Installation Steps (11)









1L 2SOFTWARE UNINSTALLATION

If a lower PowerPro version has been installed, it must be uninstalled before installing the new
version. Select PowerPro in “Control Panel”/*“Add/Remove Programs” and click “Add/Remove”

to uninstall the program, shown in figure 1-2-1.

B cwsmmr

é&— SR O EsEEe  WEATE EE 3
B 1

Figure 1-2-1 Software Uninstall

ﬁNote:

Exit the Gateway.exe in system tray on the lower right corner of thedesk before uninstallation!




41 3Install Target

PowerPro is the development platform of PLC control trategy. Before using PowerPro one
must first do “Install Target” to choose the software running platform for PLC modules. Because

the installed content is universal for all projects, so “Install Target” can be done only once before

using PowerPro.

Introduce the concrete steps of “Install Target” as follows.
Click “Start”/“Programs”/* PowerPro ENG ”/“Install Target” on the desktop, shown

in figure 1-3-1.

FowerFro EHG @ Communication #
’& InztallTarget
% FowerPro EHG

Figure 1-3-1 Install Target (1)

The widow “InstallTarget” appears, shown in figure 1-3-2. Click “Open...” button, choose the
file “C16x_PowerPro.tnf” in the popup window and click “Open” to close the window.

¥ Installlarget
Inztallation | el ]

EHBE D) | L PoverPro ENG x| ef E2-

;I_') Documents .
| Help

I'lj Library

|y08C

) FCBASEDIO

i _JProjects

L —

JEE W) [C1Bx _PowerFro 1 @ |
JrikER ) |Target Information File [ THF) _:_] i

1

Cloze |

Figure 1-3-2 Install Target (2)

Then a target “Powerpro” is displayed in the window of “Possible Targets” on the
left of “InstallTarget” window. Select the target “Powerpro” and click the button “Install”,

shown in figure 1-3-3.



T Instal ITarget D:3PowerPro\PowerFro ERGAC16x Fo

erPro. tnf ?

Installation |C:\TARGET\Fowerproh o I

FPossible Targets: Installed Targets:

+ Fowerpro

Install |
Bemowve |

Close

Figure 1-3-3 Install Target (3)

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

T4 Inst allTarget — D:\FowerPro\FowerPro ERGAC16=x PowerPro- tnf r§|
Installation [C:STARGET\Fowerproh - |
Possible Targets: Installed Targets:
'+ Powerpro + Powerpro

Open. . . |

Bemove I

Closze

Figure 1-3-4 Install Target (4)
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CGIER 2 PowerPro OVERVIEW

Start PowerPro to enter PowerPro programming environment.
The PowerPro programming environment including programming interface and menu
commands are introduced in this chapter so that the users can know and be familiar with the

programming environment. Refer to this chapter about menu items at any time needed.

2 1BRIEF INTRODUCTION OF PowerPro

PowerPro is a programming tool based on Windows and is developped specially for LM by
ANN Co., Ltd. PowerPro has the editing, simulation, debugging functions for control method,
and is a standard package for hardware configuration and software programming of LM.
Compared with tranditional programming software, PowerPro has the following features and
functions:
» Programming language standardization
In the Mid and Late 1990s in last century, IEC promoted international standards of
programming languages in automation industry. First its IEC1113-3 standard and then it’s
modified to IEC61131-3 standard to unify PLC, NC and DCS programming language to promote
the programming technology. PowerPro programming software is accord with IEC61131-3
standard completely and the program can be written in one of the IEC programming languages
which include IL, ST, SFC, FBD, LD or CFC.
» Internal device
LM series PLC has not so many internal devices as normal PLC, like timer, counter which
isreplaced by variables. The concept of variable is special in PowerPro which is similar with the
form of advanced language. The number of variable declarations depends on how many you need.
Variable can be named by its function which is much easier to identify than device numbers.
Variables can be classed into global and local, input and output, hold on power-off or not. At the
same time, PowerPro has powerful calculation function and a number of data types can be defined,
including not only bool, byte, word, doubleword but also pointer, enumerate, multi-dimension
array, single precision floating point. For detailed parameter description see section 4.4.
» Program modularization
The program organization in PowerPro is modularized completely. The concept of POU
(Program Organization Unit) is promoted in PowerPro. The POU of PowerPro includes program,
function and function block of which a project is composed. Organizize a program in PowerPro is
realized by calling other POUs by the main program. It’s convenient for multi-person programming
and also convenient for program reuse, read, debug and the momory is saved to ensure program
safety. At the same time, PowerPro is an open system and the users can develop their own
instructions when necessary. About POU see chapter 5.
» Module setting software
PowerPro is an open system. On one hand, the users can develop their own instructions when
necessary; On the other hand, PowerPro opens up a large number of PLC parameters and module
settings to users in the form of instructions, and depending on the user ’s requirement the users can
-11 -



set parameters in programs, like serial port communication parameter setting.

» Programming and monitoring integration
PowerPro has its special visualization and alarm functions and a visualized interface is provided
when running or debugging a program. In addition, PowerPro has powerful simulation and
debugging functions, you can test the logical correctness of your program easily. About
simulation and debugging see section 8.4. About visualization see chapter 11.

2 2PROGRAMMING WINDOW

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

4 CoDeSyz — PLC _example. pro — [PLC_PRG (PRG-LD)]

= File Edit Froject Insert Extraz Online Hindow Help Title Bar o5 X
B8 B|@led ISR * |5|@nm|
- DOMPROGREAM PLC_PRG
_ 0002/vaR Declaration Part
Y E |—i_l'-] PLC_PRG [PRG] EmaEND_VAR
— ] >
oot
Instruction part
3
——
. 4 ¥
Object
. Hardware-Configuratian -~
Organizer FOU indices 79 (15%)
Size of us a 164 of 24576 bytes (0.67%) .
_‘|..e c._u,.ddaH. |b4j1_ 45f6 bvtes (0 ) Message window
Size of used retain data: 0 of 6144 bytes (0.00%
Code size: 2166 hytes
0 Erroris), 0 Warning(s) -
< | ¥
Status bar
[ A [IHUNE [0V [READ

Figure 2-2-1 Main Window

The following elements are found in the main window of PowerPro:

» Title Bar: Include Menu bar (It contains all menu commands) and Tool bar (optional),
with some buttons for faster selection of menu commands.

Object Organizer: Include POUs, Data Types, Visualizations and Resources.

Variable Declaration Part: Display the variables declared or defined in program.

Program Part: Where one can edit and modify the programs.

YV V V V

Message Window: Display the previous compilations, including basic message, errors
and warnings.
»  Status Bar: Display the information about the current project and about menu commands.

221 Title Bar

After PowerPro is running, the Title bar located at the upper edge of the main window is
shown in figure 2-2-2, including (“File”, “Edit”, “Project, “Insert”, “Extra”, “Online”, “Window”,

“Help” and Tool bar (optional), with some buttons for faster selection of menu commands.
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4 CoDeSys — PLC _example. pro — [PLC_PRG (PEG-LD)]

ﬁzile Edit Froject Insert Extraz 0Online Window Help J—

Menu

2|28 2|@]edBlS|SHm & [F|@(m/5] o -] afaelo] /]S
oy

Stap_

Tips

Tools

Figure 2-2-2 Title Bar

Introduce shortcut symbols in tool bar first. If you hold the mouse pointer for a short time on a

symbol in the tool bar, then the name of the symbol is shown in a tool tip, shown in figure 2-2-2.

The function is forbidden in current window if the menu commands and shortcut symbols turn into

grey.

>

>

>

>

>

>

>

>

>

>

>

>

Pi% New: Create an empty project with the name “Untitled”.

u

=

Open: Open an already existing project.

Save: Save any changes in the project.
Run: Start the program in the PLC or in simulation mode.

Iﬁl 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.
ER . . .
Copy: Copy the current selection from the editor to the clipboard.

IE' Paste: Paste the content of the clipboard onto the current position in the editor

window.

Iil 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’.

See section 2.3 for menu commands.
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22 20bject Organizer

The Object Organizer is located on the left side of the main window. At the bottom there are
four register cards for the four types of objects POUs, Data Types, Visualization and Resources,
shown in figure 2-2-3.

The register card POUSs is used for managing POUs, such as new subprogram and new

interrupt service routine. The register card Data Type is used to manage user-defined data type
which is supported by PowerPro. The register card Visualization is used to manage visualization.

The register card Resources is used for the functions such as PLC hardware configuration, adding
instructions, workspace and interrupt setting.

E Resources
-] Global Variables
B[ library Standard.lib 6.12.05 17:07:52: global variables

G- fibrary SYSLIBCALLEACK,. LIB £.12.05 17:07.52: global variables
Alarm configuration

""" ﬁ T arget Settings
""" T ask configuration
""" {% YW atch- and Recipe Manager

PDUSI B8 Dats t_l,lpesl "-.-’isualizatinnsl % Hesnurcesl

Figure 2-2-3 Object Organizer
2 2 3Declaration Part

The declaration part is seated on the upper right corner of object organizer. The data in
PowerPro are classed into address and variable. Variables can be not assigned specific address and
identified by symbols, such as “start”, “run” and the same symbol stands for the same variable. The
difference between variable and address is that variable must be defined when using while address
can be used directly. The declaration part is used to display all the declared variables.

There are two ways for variable declarations. First, autodeclaration when programming and

the variable is displayed in declaration part, shown in figure 2-2-4; Second, declare the variable at
declaration part directly. Refer to section 4.4 for variable declaration.

The declaration part can be displayed in text or table form and the declaration part, in figure
2-2-5, is displayed in table form.
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ﬁNote:

be deleted automatically.

2 The address data can’t be displayed in declaration part.

1. The same variable symbol can’t be defined as two different data types.

3 When a defined variable is deleted in programs, the variable declaration in declaration part will not

. CoDeSys — PLC example.pro* - [PLC PRG (PRG-LD)]

3|€a{ﬂ|§|@ [W—LJ Ak [4e o] 7 | 5|

Declare ¥ariable

Symbol list

|PROGRAM PLC_PRG

WAR
END_VAR
[poo1 |
stant
I 1
I
Harne Tvpe 0K
[stant [eoOL £4 |
Cancel !
Initial W alue Address

P

=

=l

™ COMSTANT »

Comment:

EREEEEEEIE

[~ BETAIN

[GHOME [0V [READ

Figure 2-2-4 Autodeclaration

WAR
MHarme Address Type Initial Comment
Q007 |5 BOOL
ooz [t TN
EEIEIB DESN des
Figure 2-2-5 Declaration in a Table Form
2 2 4 Instruction Part

Instruction Part is located under declaration part. In the register card

“POUs” in object

organizer, the instruction part is the editor window of program, function and function block and it’s

used to edit control algorithm. The programming environment varies from the selected

programming language. According to the characteristic of different languages, the programming
language is classed into textual languages and graphic languages. LD, SFC, FBD and CFC belong
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to graphic languages and IL and ST belong to textual languages. The text editor is a text editor with
the usual capabilities of Windows text editors.
Refer to section 7.4 for the operations in instruction part. Refer to chapter 9 for other

programming languages.

22 S5 Message Window

The message window is underneath the work space in the main window. It contains all
messages from the previous compilation, errors, warnings or comparisions, shown in figure 2-2-6.
If you doubleclick with the mouse in the message window on a message, the editor opens with the
object, and the relevant line of the object is selected. With the commands ‘Edit” ‘Next error’ and
‘Edit” ‘Previous error * (Shift+F4 combination key) you can 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 and so on. See section 8.2.3 for details.

Check ofthe parameter configuration
Hardware-Configuration

PO indices: 77 (B0%)

Size ofused data; 21 of 4096 bytes {0.51%)
Size of used retain data: 0 of 912 bytes (0.00%)
0= 0 EE.

1| |

Figure 2-2-6 Messge Window

22 6 Status Bar

The status bar at the bottom of the window frame of the main window gives you information
about the current project and about menu commands. If an item is relevant, then the concept
appears on the the right side of the status bar in black script, others in gray script.

23MENU

231 File

File menu is shown in figure 2-3-1, and detailed functions are introduced.
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File

Hew

Hew from template. ..

Open. .. Ctrltd
[lose

Save Cirlts
Save as. ..

SaveMail rchive. .

Print CirltP

Printer Setup. ..

Erit MR

Figure 2-3-1 File Menu
» File [F]/New [N]: Create an empty project with the name “Untitled”.

A\

File [F]/New from template [T]: Open any desired projectasa  “template” project. The
dialog for opening a project file will be available and the selected project will be opened.
PLC cannot support the two functions of “Open project from PLC ” and “Open project
from source code manager”.

File [F]/Open [O]: Open an already exiting project.

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

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

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

File [F]/Save /Mail Archive [H]: Create a project archive file. All files which are
referenced by and used with a project can be packed in a compressed zip file. The zip file

YV V V VY

can be stored or directly can be sent in an email.
File [F]/Print [P]: Print the content of the current window.
File [F]/Printer Setup [T]: Setup the printer parameters. If you click on the Printer Setup

VYV VY

button, then a dialog appears. Here you can determine the printer name, the page size, the
number of copy, direction and so on. You can also setup the print quality and print
layout.

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

23 2Edit

Edit menu is shown in figure 2-3-2, and detailed functions are introduced.
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A\

A\

A\

A\

Undo Ctrl+Z
Cut Ctrl+X
Copy Ctrl+C
Paste Ctrl+¥
Delete Del
Find. .. Ctrl+F
Beplace. .. Ctrl+H
duto Declare. .. Shi f+4+F2

Figure 2-3-2 Edit Menu
Edit [E]/Undo [U]: Undo the action which was most recently executed.
Edit [E]/Redo [E]: Restore an action you have undone.
Edit [E]/Cut [T]: Transfer the current selection from the editor to the clipboard. The
selection is removed from the editor.
Edit [E]/Copy [C]: Copy the current selection from the editor to the clipboard. This does
not change the contents of the editor window.
Edit [E]/Paste [P]: Paste the content of the clipboard onto the current position in the
editor window.
Edit [E]/Delete [D]: Delete the selected area from the editor window.
Edit [E]/Find [F]: Search for a certain text passage in the current editor window.
Edit [E]/Find next [N]: Execute a search with the same parameters as with the most
recent action ‘Edit’ ‘Find’.
Edit [E]/Replace [R]: Search for a certain passage just as with the command ‘Edit” ‘Find’,
and replace it with another.
Edit [E]/Input Assistant [A]: Fast input. At the current cursor position in the editor
window by pressing F2 a dialog box for chosing possible inputs like operators, functions,
function blocks, variable types appears. In the left column choose the desired input
category, select the desired entry in the right column, and confirm your choice with OK.
This inserts your choice at this position. See section 7.4.3 for details.
Edit [E]/Auto Declare: A dialog for Declare Variable appears.
Edit [E]/Next Error: Show the next error or warning after the incorrect compilation of a
project.
Edit [E]/Previous Error: Show the previous error or warning after the incorrect
compilation of a project.
Edit [E]/Micros: PLC cannot support the function.



23 3Project

Project menu is shown in figure 2-3-3, and detailed functions are introduced.

A\

A\

Froject
Euild Fil
Eebuild a1l
Clean all

Load download information. ..

Object r
Project database k

Options. ..
Translate into other languages ¥

Dacument. . .

Export. ..

Import. ..

Siemens Import r
Merze. ..

Compare. ..

Project Infa. ..

Global Search. ..

Flobal Replace. ..

Check k
Add Action
User Group Passwords. ..

Figure 2-3-3 Project Menu

Project [P]/Build [B]: Compile the changed POUs.

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

Project [P]/Clean all [L]: Delete all the information from the last download and from the
last compilation. The purpose of “Clean all” is to re-build download file in the next
compilation, but it does ’t influence the user program in PLC. Perform “Build” or
“Rebuild all” after “Clean all ”, no matter the program is changed or not, in the next
download a tip appears: “The program has changed! Download the new program? ”, and
finish download according to the tips. It ’s different with “Project/Clean all” which will
clean the program in PLC and re-initialize PLC system.

Load download information: PLC can’t support this function.

Project [P]/Object [J]: For the selected object do the operations of delete, add, rename,
convert, copy, edit and properties, shown in figure 2-3-4.
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Object Delete
fadd. ..
Bename. ..
Conwert. ..
Copy
Edit

Properties. ..

Figure 2-3-4 Object Sub-menu

Delete: Delete the currently selected object.

Add: Create a new object.

Rename: Give a new name to the currently-selected object.

Convert: Convert POUs from the languages SFC, ST, FBD, LD and IL into one of the three
languages IL, FBD and LD. For example: convert language LD to IL or FBD, shown in 2-3-5.

Conwert Object

Converting POU: PLC_PRG ’II
_ Carcel |

Mew POU narne:

Cancel

Target Language
O " EBD L

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. You can also open the editor window by
double-click the name of POUs.

Properties: Set access rights to the current program, shown in figure 2-3-6.

FProperties

Accessrights
lzer Groups 1] 1 . 4 4 5 £ 5
Mo Access ~ ~ - -~ ~ P = =
Readdocess & (7 r ~ ~ ~ ~
Full Access = i ] " o ey & P
I Apply to &l
oK. Cancel

Figure 2-3-6 Properties Dialog
»  Project [P]/Project database [J]: PLC can’t support this function.
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»  Project [P]/Options [O]: Set the parameters of current project, for Load&Save,
Directories, Passwords and so on. See section 7.6 for details.

»  Project [P]/Translate into other languages [H]: Translate the current project file into
another language, shown in figure 2-3-7.

Create translation file: Create a translation file for the current project with the extension®.tlt”.

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

View translated project: View the translated project files.

Toggle translation: Translate this project will turn into gray once Toggle translation is selected

and can’t edit it. Translate this project is permited only after Toggle translation is selected again.

Translate into other langnages Create translation file. ..
Translate this project...
View translated project. ..
Togzle translation Cirl+Q

Figure 2-3-7 Language Dialog

»  Project [P]/Document [D]: Print the documentation of your entire project with all files or
partial files.

Project [P]/Export [E]: Export the selected POUs in current project to a * . EXP file.

»  Project [P]/Import [I]: Import a *.EXP file to current project, and generally it ’s used

A\

between POUs in different projects. See section 7.5.2 for details.
»  Project [P]/Siemens Import [M]: PLC cannot support the function.

Import an SEQ symbol file...

Import an S5 project file. ..
Figurre 2-3-8 Siemens Import

»  Project [P]/ Merge [M]: Can merge the needed objects from other projects into your own
project.

»  Project [P]/Compare [C]: Compare the “POUs”, “Data Types 7, “Visualizaation”,
“Resources” of the current project with that of other projects, and output the results in
message window.

»  Project [P]/Project info [P]: Show the information about the the current project, such as
file name, directory path and so on.

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

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

»  Project [P]/View Instance [W]: Open and display the instance of the function block
which is selected in the Object Organizer. If you want to view instances, you first have to
log in! (The project has been compiled with no errors and downloaded to the PLC with
‘Online’ ‘Login’.)

»  Project [P]/Show Call Tree [T]: Show the call tree of the object chosen in the Object
Organizer. Before this the project must have been compiled without any error (see
‘Rebuild all”). See section 8.2.1 for details.
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»  Project [P]/Show Cross Reference [F]: Show the cross reference of variables and

programs. See section 8.2.2 for details.

»  Project [P]/Check: View the information about variables, shown in figure 2-3-9. See

section 8.2.3 for details.

Unused variables: Search for the variables that have been declared but not used in the
program.If there are no unused variables, the result is displayed in the message window: No
unused variables found.

Overlapping Memory Areas: Test whether in allocation of variables via the “AT” declaration
overlaps at specific memory areas. If there are no variables with overlapping memory area, the
result is displayed in the message window: No variables with overlapping memory area found.

Concurrent Access: Search for memory areas of addresses which are referenced in more
thanone task. If there are no concurrent accesses, the result is displayed in the message window:
No concurrent accesses found.

Multi Write Access on Output: Search for memory areas to which a single project gains write
acess at more than one location. If there are no multi write access on output, the result is displayed
in the message window: No outputs found which are written to at more than one location.

Overlapping Memory Areas
Concurrent Access

Multiple Write Accesz on Output

Figure 2-3-9 Check Sub-menu
The options in ~ “Project”/Check’ have the similar functions with that in “Workspace”/
“build”/ “Check automatically” in “Resources” register card. The only difference is that the options
in “Project / Check” are available only after the project has been compiled without any error and
can be check one by one. With  “Check automatically” more than one option can be activated at

each compilation of the project.

»  Project [P]/Add Action [A]: Add an action allocated to the current program.

»  Project [P]/User Group Passwords [P]: Assign passwords for user group. Enter the
passwords when opening a project next time. You can operate it if the passwords are
correct, or else it’s forbidden to operate.

23 4lnsert

When programming you can insert New Declaration, Function Block, Box with EN and
function. The insert items vary from different programming language and cursor positions. Take
“LD” language for an example, the “Insert” menu is introduced in several situations.

First, the items when the cursor in declaration part and in instruction part are different, shown

in figure 2-3-10. Here you can insert Function Block, Coil, Comment and Declaration Keywords,
Types in LD language. How to insert each item is introduced in section 7.4.
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Declaration Kewywords ...

Tvpes ...

Hew Declaration

Hetwork (hefore)

Inzert

Hetwork (before)

Hetwork [after] Ctr1+T Hetwork (after) Ctrl+T
Contact Cirl+E Contact Cirl+E
Farallel Contact Ctrl+E Parallel Contact Ctrl+RE
Funetion Block . .. Ctr1+E Function Bloeclk . .. Ctrl+E
Coil Ctrl+L Coil Ctrl+L
Box with EN Box with EW

Inszert at Blocks ¥ Inszert at Bluocks r
Jump Junp

Beturn Beturn

Comment Comment

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

Figure 2-3-10 “Insert” Menu (1)

Second, in “PLC Configuration” in “Resources” register card you can insert element or
subelement. Insert the CPU module first and then insert the related expansion modules, 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 expension module.

—
File Edit Eroject Extrazs Online Wfindew Help = |

%liﬂlg |@|’{ IM3104 G 0T 6% 00 Transistor DCZ4V PONER SUPFLY. ..
= [
q =

IM3105 8% DI 6% D0 Kelay ACZZ0Y FONEER SUFFLY. ..

Insert Element

hppend Subelement ¥

£ Resaurces e o) LM3108/A 143IT 10%D0 Transister IC24V POKER SUPPLY. ..

- (23 Global Varia E--LM3107 14=0110 1431088 123 DI 8%D0 2% AT 1% AD Transister DC24Y POWER SUFPLY.
-] lirary Stand | AT %M0:Y  1M3107 14301 10X D0 Relay ACZ20V POWER SUPELY. ..

(23 brary SYSLI -G AT %OWWT LMS107E 12X DI X D0 23 AT 1% A0 Relay AC220V PONWER SUPFLY. ..

IM3108 24X DI 16X D0 Transister DCZ4Y POWER SUFFLY. ..
IM3109 24X DI 16 D0 Relay ACZZ0V FONER SUFFLY. ..

&~ (] Library Mana

Figure 2-3-11 “Insert” Menu (2)

Last, in “Watch- and Recipe Manager” in “Resources” register card you can use the command

“Insert”/New Watch List ” or the context menu in the left column of the “Watch- and Recipe

Manager” to “New Watch List” and name it, shown in figure 2-3-12.

Inzert

Hew Wateh List

Figure 2-3-12 “Insert” Menu (3)

2 3 5FExtras

The options of “Extras” menu vary according to different programming languages or different

cursor positions. Take “LD” for an example, “Extras” menu is introduced in different situations.
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First, in “Resources” register card, “Extras” menu is shown in figure 2-3-13.

Optioms ...

Figure 2-3-13 “Extras” Menu (1)

Negate: Use this command to negate a contact or a coil. The coil now writes the negated
value of the input connection in the respective Boolean variable. Right at this moment, a
negated contact switches the status of the input to the output, if the respective Boolean
variable carries the value FALSE.

Set/Reset: CoilS can also be defined as set or reset coils. One can recognize a set coil by
the “S” in the coil symbol. If the variable has once been set at TRUE, then it remains so
until it is reset again. One can recognize a reset coil by the “R” in the coil symbol. If the
variable has been once set at FALSE, then it remains so until it is reset again.

Zoom: Shortcut is “Alt+Enter”. In LD select a function block and press “Alt+Enter”, then
the library manager is called up and the details are displayed.

Options: In LD, with the command “Options” you open a dialog box “Function Block
and Ladder Diagram Options ”, shown in figure 2-3-14, in which you can set different
options for your LD POU. See section 7.4.9 about options.

Function Block and Ladder Daagram Options &|

tinimum Comment Size: E— Lines
b amirurn Cormment Size: 14 Lines Cancel

Alternative Look & Feel for Ladder Diagram

[ Comments per Contact
Linesz for waniable comment: Lines

Linesz for vanable bext: ] Lines

[T Metworks with insbreaks

[ Replace with zymbol after entering address
-

[ Show address of symbol

[ Show variable comments per ring in printout




Figure 2-3-14 “Extras” Menu (2)

In “PLC Configuration” of the register card “Resources”, “Extras” menu is shown in figure
2-3-15.

v Froperties
Figure 2-3-15 “Extras” Menu (3)

Replace element: Replace CPU Modules. PLC can’t support the function.
Calculate addresses: Calculate module addresses automatically.
Add configuration file: No need to add any configuration file for PowerPro.

YV V V V

Standard configuration: A dialog shown in figure 2-3-16 appears, restore default
configuration by clicking Y and keep current configuration by clicking N.

A\

Properties: If there is a “\” in front of “Properties”, base parameters, module parameters
and communication parameters will display, or else they will not display.

\_:.”') Delete cwrrent configuration and restere default configuration?

Figure 2-3-16  “Extras” Menu (4)

In “Watch- and Recipe Manager ” of the register card “Resources”, “Extras” menu is shown
infigure 2-3-17.

W Monitoring active

frite Recipe
Eead Recipe

Rename Watech List

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

Figure 2-3-17 “Extras” Menu (5)

> Monitoring active: Active watch list to monitor variables in a list if there is a “” in front

of the menu item.

A\

Write Recipe: Write variable values.
» Read Recipe: Read current variable values.

A\

Rename Watch List: Change the name of watch list.

-25-



»  Save Watch List: Save watch list in the extension*.wtc.
» Load Watch List: Load the renamed watch list in the extension*.wtc.

2 360nline

“Online” menu is a tool used for program download and debug, shown in figure 2-3-18.

Lagout Ctr1+F3
Eun FS
Bezet

Eeset (oold)
Eeset (originall

Toggle Ereakpoint Fa
Brealkpoint Dialog

Single Cycle Cirl+FS

firite Values Ctrl+FT7

Force Values FT

Beleasze Force Shi £14FT
WritefForce-Tialog Ctrl+Shi £14FT

Show Call Stack. ..
Display Flow Control

Sourcecode download

Figure 2-3-18 “Online” Menu

»  Online [O]/Login [I]: Connect the PowerPro with the PLC. When the program in
PowerPro is the same with that in PLC, the system change into debug mode. If they are
different, a tip for program downlad appears. See section 8.3.3 for details.

»  Online [O]/Logout [X]: The connection to the PLC is broken and is shifted to the offline
mode.

»  Online [O]/Download [D]: Load the compiled project in the PLC. It’s valid only after the
connection between PLC and PowerPro is build. See section 8.3.3 for the differences
between download and login.

»  Online [O])/Run [R]: Start the program and change into run mode.
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A\

A\

A\

A\

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

Online [O]/Reset [E]: Stop running program, and initialize the variables with a specific
value. Retain variables keep current values.

Online [O]/Reset (cold) [T]: Stop running program, and initialize all the variables with a
specific value.

Online [O]/Reset (original) [O]: Reset all variables to their initialization values and erase
the user program in PLC. It ’s different with “Project” “Clean all” which is to delete all
the information from the last download and from the last compilation and re-build
download file in the next compilation.

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

Online [O]/Breakpoint Dialog [L]: Edit breakpoints throughout the entire project.

Online [O]/Step over S]: This command causes a single step to execute and stops after its
execution.

Online [O]/Step in [N]: If the present position is a call-up of a function or of a function
block, then the command will proceed on to the first instruction in the called POU. In
other situations it’s the same with “Online/ Step over”.

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

Online [O]/Write Values [W]: Set the variables to user defined values at the beginning of
a cycle in debugging.

Online [O]/Force Values [C]: Set the variables to user defined values. The setting occurs
in the run-time system, both at the beginning and at the end of the cycle. The function
remains active until it’s explicitly suspended by the command “Online” “Release force”.
Online [O]/Release Force [A]: End the forcing of variable values in the controller.
Online [O]/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 by other programs at once. For “Online/ Force Values”, variables are set at
the end of the cycle until it ’s explicitly suspended by the command “Online” “Release
force”.

Online [O]/Show Call Stack [K]: In the simulation mode, show a dialog box with a list of
the POU call stack.

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

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

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

Online [O]/Sourcecode download [O]: PLC can’t support the function.

Online [O]/Create boot project [C]: Take the project downloaded in PLC as a default
project when starting the PLC. A boot pproject is a user program which is saved in flash
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of PLC and can run after electrify. If the codes of boot project are different from the
codes downloaded last time, a tip shown in figure 2-3-19 appears: The current codes are
different from the codes downloaded last time, continue? Generally click Y to create a
boot project. In offline mode a new *.ri file might be created. See section 8.3.3 for the
difference among “Online” “Create boot project’, “Login” and “Download”.

»  Online [O]/Write file to PLC [W]: PLC can’t support the function.

Online [O]/Read file from PLC [R]: PLC can’t support the function.

A\

The current codes are different from the codes downloaded last time, continue?

Figure 2-3-19 Create Boot Project

237 Window

“Window” menu is shown in figure 2-3-20 and detailed functions are introduced.

Window

Tile wertical
Tile horizontal
Cazcade
Arrange Symbols
Claoze All

v Meszages Shift+E=c

Library Manager

Log

Figure 2-3-20 “Window” Menu

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

»  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.

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

»  Window [W]/Arrange Symbols [A]: Arrange all of the minimized windows in the work

area in a row at the lower end of the work area.

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

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

A\

»  Window [W]/Library Manager [L]: Open library manager window to add or delete
library functions.
»  Window [W]/Log [O]: Open log window.
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23 8Help

Help menu is shown in figure 2-3-21 to provide help about the software and the detailed
functions are introduced.

ontents. ..

Figure 2-3-21 “Help” Menu

» Help [H]/Contents [C]: Open help topics and list the related items for convient and fast
find-out.

»  Help [H]/Search [S]: Open a dialog box, and enter the text to find.

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

A\

24SHORTCUT TOOL

Introduce shortcut symbols in tool bar first. If you hold the mouse pointer for a short time on a
symbol in the tool bar, then the name of the symbol is shown in a tool tip. The function is forbidden

in current window if the menu commands and shortcut symbds turn into grey.

241 File Tool

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

> L= Open: Open an already existing project.
=] . . .
> Save: Save any changes in the project.
24 2Debug Tool

> Run: Start the program in the PLC or in simulation mode.
> Iﬁl Stop: Stop the execution of the program in the PLC or in simulation mode between
two cycles.

S2al . . .
> Iﬁ Step Over: This command causes a single step to execute and stops after its

execution. If a function block or function has been reached, then program will go to the

next instruction in the POU.

> | Breakpoint:  Set or remove a breakpoint in present position.
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> |é| Login: Combine the programming system with the PLC (or start the simulation

program) and changes into the online mode.

> |§I Logout: The connection to the PLC is broken, or the simulation mode program is

ended and is shifted to the offline mode.

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

24 3Edit Tool

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

> IE' Paste: Paste the content of the clipboard onto the current position in the editor

window.

Iil Find: Search for a certain text passage in the current editor window. Open  “Find”

dialog and enter the series of characters you are looking for in the field “Find what”. In
addition, you can decide whether the text you are looking for Match whole word only or
not, or also whether Match case is to be considered, and whether the search should
proceed Up or Down starting from the current cursor position.

> @ Find Next: Execute a search with the same parameters as with the most recent

action ‘Edit’ ‘Find’.
24 4 Programming Tool

The programming tool varies from different languages. According to different kinds of
languages, the detailed functions of programming tool are described as follows.

» LD Language: _"_|L"J|{}| d | SR |,

The operators are Contact, Parallel Contact, Coil, Negate, Set/Reset in turn.

> FBD Language: +I|-E::lI|"'_RI'3_3'L|H‘|"'*:Il SRl

The operators are Input, Output, Box, Assign, Jump, Return, Negate, Set/Reset in turn.

» SFC Language: TITY B[R [m[w( b [t | o

The operators are Step-Transition (before), Step-Transition (after), Alternative Branch (right),

Alternative Branch (left), Parallel Branch (right), Parallel Branch (left), Jump, Transition-Jump,
Use IEC-Steps in turn.

»  CFC Language: -I-l:.-l*-l-lil-lmcll sRl-.l El-l-l "'ﬂl"ﬂlt’l
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The operators are Input, Output, Box, Jump, Lable, 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 in turn.

There are no programming tools like this in IL and ST languages. See chapter 9 for application

examples.

25S0BJECT ORGANIZER

Object Organizer is located on the left of the main window. At the bottom there are four
register cards with symbols for the four types of objects POUs, Data Types, Visualization and
Resources which are the required objects for a project.

% Resources

B Global Variables
=] library Standard. lib*6.12.05 17:07:52: global variablesz
- (A8 &larm configuration

""" m Library Manager

..... m Log

----- FLC - Browser

----- FLC Canfiguration

----- Sampling Trace

----- ﬁ Target Settings

----- Tazk configuration

----- Q W atch- and Recipe Manager
----- ﬂ Wworkspace

PDUSI B Data t_l,lpesl ‘Jisualizatiu...l % Hesnurcesl-

Figure 2-5-1 Object Organizer (1)

251 POUs

The function of “POUs” is to generate a POU (Program Organization Unit) in which you can
write a program. Click the right mouse key in the blank space of the register card  “POUs” in the
object organizer, shown in figure 2-5-2.
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#dd Object. ..
Bename Object. ..
Edit Object

Copy Object
Delete Object
Conwert Object. ..

Object Froperties. ..
Froject database ¥

Add Action

Hew Folder

Show Call Tree

Sawve az template. ..

Exclude from build

Figure 2-5-2 POUs

» Add Object: Create a new object, select the type of POU, language of the POU and enter
the name of the new POU.
Rename Object: Give a new name to the currently-selected object.

A\

»  Edit Object: Open the editor window of a selected object and you can also do this by
double click on the POUs name.

Copy Object: With the command a selected object is copied and saved 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: Can assign access rights to the different user groups.

A\

A\

A\

Project database: PLC can’t support the function.

»  Add Action: Generate an action under a selected program or function block. You can
enter the name of the action in the dialog which appears and also the language in which
the action should be implemented. The action represents a further implementation which
can be entirely created in another language as the “normal” implementation. An action
belongs to a function block or program and it can be called like a function block. The
syntax is: <Program name>.<Action name>or<Instance naem>.< 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 “E” to “E”, and the subordinated

objects appear.
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>  Collapse Node: With the “Collapse Node”, collapse “B” to “E”_ 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 regard: If you want to view instances, you first have to log in. (The
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 relationgship 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 template automatically.

»  Exclude from build: Active the option and then the program, function block or function
will be displayed in green color and not be regared during compilation. If you want to
cancle 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 into black color.

25 2Data Types

In “Data Types”, along with the standard data types the user can define his own data types.
Structures, enumeration types and references can be created. For example, in “Data Types” add a
object named “A” by clicking the right mouse, shown in figure 2-5-3. See section 4.6 for details.

¢ [0001TYFE A :
£ Data wpes NO0ZSTRLUCT
b B OOO3|EMD_STRUCT
OO04ERD_TYFE
£ Ll

Figure 2-5-3 Data Types

25 3 Visualization

In “Visualization” add a visualization to display the project variables, shown in figure 2-5-4.
See chapter 11 for detailed application about “Visualization”.

Yizualizations

Falygon
-] SFC_Visu
e S5T_Wisu

Figure 2-5-4 Visualization
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25 4 Resources

In the “Resources” register card of the Object Organizer, there are Global Variables, PLC

configuration and Workspace and so on, shown in figure 2-5-5.

_34 -
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% Resources

-] Global Variables

-] librany Standard ib*6.12.05 17:07:52: global variables
Alarm configuration

""" m Library b anager

..... m Lag

----- PLC - Browser

----- FLC Canfiguration

----- Sampling Trace

----- ﬁ Target Settings

----- Tazk configuration

----- Q W atch- and Recipe Manager
----- 22 warkspace

PDUSI B Data t_l,lpesl ‘Jisualizatiu...l % Hesnurcesl-

=1....[+1

Figure 2-5-5 Resources

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

“PLC Configuration”: For configuring the hardware.

“Alarm configuration”: Configure alarm parameters.

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

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

“Library Manager”: Consistent with the “Window” “Library Manager”, and handle all
the libraries included to the project. See section 7.4.4 for details.

“Target Settings”: Set the target platform, memory layout and so on.

“Task configuration”: Insert task and append program call.

“Log”: Record project information.
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Take a simple program writing for an example to describe the programming mode of
PowerPro so that the new learner will have a preliminary cognition for PowerPro programming and
know the basic operations.It’s suggested to read this chapter carefully if you are a new learner.

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

Determine the hardwre configuration before programming. For this POUs, not too much 1/Os,

one CPU module is ok, here we use CPU module LM3107 with 24 I/Os.

S 1Hardware Connection

»  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 CPU Module

Select LM3107 and connect power line as shown in figure 3-1-1. Regard that when the power
line is connected put on the terminal corver to avoid unnecessary personal injury or equipment
damage!

@NL

RUN/STOP Option switch

ODOD :TLE:’I |:| S——
g 00

01

Simuation Poleniomeders
Figure 3-1-1 Connect Power Line

Not to connect the power supply when the power line is connected. After checking all the
cable connections inerrably, connect the power supply and ensure the RUN or STOP indicator
lights on CPU board normal so that the PLCcan run reliably.

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

Can’t download to CPU module if in RUN mode until switch it to STOP position.

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

Switch Description
RUN CPU is running and executing user program.
STOP CPU is not executing user program and can download to PLC now.
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»  Setup PC Communication
Through programming cable connect CPU module to PC to build a data transmition passage,

RC LIS 107 |
i |

Figure 3-1-2 Connect Programming Cable

shown in figure 3-1-2.

ﬁNote:

Connect communication cable before electrify, or else may damage the equipments.

S 2STARTUP SOFTWARE

If you use PowerPro for the first time, remember to Install Target. It has been introduced in

section 1.3.
In “Start”/Program”, click “HollySys PowerPro’/PowerPro ENG ” to startup PowerPro

shown in figure 3-2-1.

FowerFro EHG -@ Communication W
ﬁ InztallTarget
% FowerPro EHG

Figure 3-2-1 Startup PowerPro Software

The interface of PowerPro is shown in figure 3-2-2.

4 CoDeSyzs — PLC example.pro — [PLC_PRG (PEG-LD)1

= File Edit Frojeect Insert Extrazs Ordline HWindow Help Title Bar - B X

<] A

EP 0003]VaR Declaration Part
“-4H PLC_PRG [FRE] O0D3END_VAR
— PR >
[oom
Instruction part
—
.
. < ¥
Object
0 . Hardware-Canfiguration -
rganizer POL indices: 79 (15%)
Size of used data: 164 of 24576 bvtes (0.67%) M .
n
Size of used retain data: 0 of 6144 hytes {0.00%) essage w dow
Code size: 2166 hytes
0 Errarisy, 0 ¥arningis) -
< | >
Status bar T

[ [BNONE [Ov [READ
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Figure 3-2-2 Interface of PowerPro

J3N\ew POUs

»  Target settings

Click “File”/“New” in the main window or the button gl in tool bar, and then a dialog box

b}

of “Target Settings” appears. “Target” means the memory space in PLC, and “Target Settings’

maens to configure according to the selected memory space in PLC.

Select “PowerPro G3 CPU Extend” in the field “Configuration” of which the memory
space of CPU modules is 120KB, and then click “ok”, shown in figure 3-3-1. Select
“PowerPro G3 CPU” if the memory space of the used CPU module is 28KB. If you are not
sure about the size of memory space, see appendix. Select  “None” if you want to new a library

instruction. See section 7.4.5 for detailes.

Target Settings

LConfiguration: MHone

Mane
PowerPra 53 CFU
PowerPo G3 CPU Extend

Figure 3-3-1 Target Settings

And then the window  “Target Settings ” appear, the default settings can satisfy most

application requirements and click “ok”, shown in figure 3-3-2.

Target Settings

LConfiguration:

Target Platformm ] bermon Laycnut! Genetall Metwiork, ftmctiohaﬁty] Visuaﬁzatioh}

| k|

Code DPFS Libraries
I+ I E B2l | | |
|' £

1 = |}
= (=] i |
Olutput

[T HEx W LST W MaP T—_-J | |

W LST with Addresses

1 1 L

Defauit | ok | Cancel

Figure 3-3-2 “Target Settings” Window

See section 7.1 about Target Settings.
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» New POU

POU is program organization unit, and is the basic element for a project. See chapter 5 for
details.

Select “LD” in the field “Language of the POU , shown in figure 3-3-3. See chapter 9 for

other languages.

New POU

Mame of the new POL:
Type of POU Language of the POU Carcel |
" Program I
" Function Block, L
" Funchion " FBD

Beturn Tupe: " SFC

ot Al ra

(" £FC

Figure 3-3-3 New POU

Select Program in the field “Type of POU”, PLC PRG is the default name of the new POU.
See section 5.1.3 for detailed PLC_PRG.
Click “ok” and then the window shown in figure 3-3-4 appears.

4, CoDeSyz — PLC _example.pro — [PLC_PEG (PEG-LD)]

@ File Edit Project Insert Extraz Online HYindow Help 8 X

PECED ] wpole]s]

_:i & LY

D001|PROGRAM PLC_PRG

[ S | 000z

------ HF PLC_PRG [PRG] 0003|EMD_VAR

| [OHLIME [0% [REED

Figure 3-3-4 Workspace
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24 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 register card “Resources”, click the right mouse on
“PLC Configuration”, and select “LM3107” in the field “Append Subelement”, shown in figure
3-4-1.

See section 7.3 for detailed description about PLC configuration.

4, CoDeSys — PLC _example. pro — [PLC_PRG {PRG-LD)]

F_I'T File Edit Froject Imsert Extraz Online Window Help
2| 8| 15|@)]2elE|S S| alak]

E Resouces

B[] Global Yariables
B[] fibwary Standard.fib 6.12.05 17:07
E-_] library SYSLIBCALLBACK.LIE B

IM3104 8XDI BXD0 Transister DC24V PONER SUPFLY. ..
Lace 2 IM3105 5§ DI 6XD0 Relay ACZZ0V POWER SUFTLI. ..
Caleulate addresses IM3108/4 143 DT 10%D0 Transistor DC24V PONER SUPFLY. ..

..... i I I
L] A_larm canfiguration IM310BE 12 XDI 8XD0 2XAT 13AD Transister DCZ4V FOWER SUFELY,
g Library Manager : P N30T 14X 0T 10X00 Relay ACZ20V PONER SUPELY. ..
" i & IN310TE 12 XDT BXD0 2X AT 1%AD Relay ACZZ0V POWER SUPPLY. ..
..... q . S

itk | F figuration

""" ﬁ Target Setting:

""" % Task configuration

3 Q ‘wiatch- and Recipe Manager
""" '}@ ‘Workspace

= ro.J"E0a @i R | |¢

rmm— . y IM3108 24> DI 16%D0 Transistor DC24Y FOWER SUPFLY. ..
IM3109 24<DI 16%D0 Relay ACZZ0V FOWER SUFFLY. .,

Figure 3-4-1 PLC Configuration

] 5Set Communication Parameters

Select “Communication Parameters” in the field “Online” and a dialog box of communication

parameters appears, shown in figure 3-5-1.

Communication Parameters

Chanrels

- Local Serial (A5232) |
M ame | Walue J Comment J ﬂ_J
Part COMT
Baudrate 38400
Parity Mo MNew ..
Stop hitz 1

Motorala butearder Mo Remaove

Gateway ...

1

Update

Figure 3-5-1 “Communication Parameters’ Dialog
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Select “New” to add a new channel and a dialog appears, shown in figure 3-5-2.

Communication Parameters: New Channel r>_(|

W ak
Dievice LCancel

Mame | Irfo |
?erial [R5232] 35 Serial R5232 driver

Communication

Protocol

Figure 3-5-2 New Channel

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

Communication Parameters

Channels
= Local [5erial R5232) |
Local : l

Nane | Yalue | Comment | Cancel
Pt Y
Baudrate [35400
Parity Fa .
Stop bits 1

Maotarala byteorder Mo FBemove

Gateway .

PR EE

Update

Figure 3-5-3 Setting of Baudrate

ﬁNote:

If you want to change Port or Baudrate, fast double click the left mouse in the fieldValue”.

S 6PROGRAMMING

After PLC configuration, you can begin to write programs. The following is a simple
application of timer to generate a pulse signal with 1s on and 2s off.

~40 -



o

Click “Contact” button * ﬂ” in the tool bar, and then a contact wid I appears in the

network 0001, shown in the figure 3-6-1.

4 CoDeSys — (Ontitled)s — [PLC PEG (PRG-LD)]

) File Edit FProject Imsert Extraz Online Windew Help
2| 8| E|@|edB|S| 2 G0 * |56 foos ~] ka0 2| 5%
. 0001|PROGRAM PLC_PRG
E_iF'DLIs oooZuaR
| 0003[END_vAR
o004
0005
s Ed
noo1
7%
1
_| |
< ¥
[ [BMLINE [0% [READ

Figure 3-6-1 Programming Steps (1)

The default text of contact is “???”. Click the text and enter “%IX0.0”, shown in figure 3-6-2.
%1X0.0 stands for the first input in PLC. See section 4.2 for data addresses.

{(Ontitled)* — [PLC_PRG {(PRG-LD}]

4 CoDeSys —
a) File Edit Froject Insert Eztraz Online Windew Help

23| =] E|@]2eE

[BMLINE [OV [READ

Figure 3-6-2 Programming Steps (2)
Click the right mouse after contact “%I1X0.0” and select “Function Block”, shown in figure

3-6-3.
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0001
Cut Ctrl+X
%00 Copw Ctrl+C
_l I_ Faste Cirl+V
Delete Del

Hetwork (hefore)
Hetwork (after] Ctr1+T

Contact Ctrl+E
Parallel Contact Cirl+h

E"J.Tl.l:til:lrl. Elock ... Ctrl+E

Figure 3-6-3 Programming Steps (3)
Click “Function Block”, and a dialog box appears shown in figure 3-6-4, select “TON (FB) ”
which is a timer on delay.

Help Nanager

Standard Funchion Blocks

i3 Standard Function Blocks m
|zer defined Function Bloc -

B (@ D:A\HOLLYSYS\POWERPRD ENGALIBRARYASTAND,
Standard Programs m C |
Izer defined Programs -] Bistable Function Blocks ﬂl

CI Counter
Ea Tirner

B =_u RTC [FE)
£ TOF(FE)
. ] TPIFR)
I:I Trigger

Figure 3-6-4 Programming Steps (4)

TOM

0
. o 777 -
Double-click “TON (FB) ”, enter T1 at the cursor positionin “ all ET ”

and Enter, a dialog shown in figure 3-6-5 appears, select the default type TON AND CLICK
“OK”. T1 is an identifier of TON. Any function block needs an identifier. See section 5.3.2 and
section 7.4.3 for details.
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0001|PROGRAM PLC_PRG
0o02vAR
DO0JEMHD VAR
0004
nnns|
i
nont
T
%00 T Ton ]

— ——m ﬂ Q
s T G ET—

Declare ¥ariable

X
Marne Type oK

& = &
Cancel

Iitial W alue Addiess -——-—a—rE-—-J

[y 2| | [~ CONSTANT
Cormment: . I™ BETAIN

Figure 3-6-51 Programming Steps (5)

In the field “?7?” enter “T#1S” which stands for 1s delay. In the field “ET” enter “ET” which

is a TIME variable, shown in figure 3-6-6 and click “ok”.

PT is an input time parameter. Here it can be a time constant or a time variable. See section

4.3 and section 4.4 for details.

ET is the passed time, naming current time. Define a time variable in the field “ET” to observe

the passed time.

T
%i40.0 TOM

—{ I—IN % Q
T#ISTPT WY ET—ET

Declare Wariable

Class HNarne Tvpe
VAR - JET |TIME
Symbaol list Iriitial % alue Address

g
aNce

[P varaner =] | 2l

[ CONSTANT

Carmment:

I BETAIN

Figure 3-6-6 Programming Steps (6)

Click the coil button “il” when the cursor position is after

appearsatthe cursor position, shown in figure 3-6-7.
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T

— | v @B
[ T ETI—ET

Figure 3-6-7 Programming Steps (7)

Enter “M” in “???”, and select BOOL in the field
“Ok”.

M is a middle variable, see section 4.4 for details.

“Type”, show in figure 3-6-8, and click

O001|PROGRAM PLC_PRG

ooozlvar
0003 T TON;
0004 ET: TIME;

OODS|EMD_WAR

0001

Declare ¥ariable

Mame

Tvpe

[M [BOOLC ]
Cancel i
Svrmbol lizt Initial % alue Address
e R =]l [~ CONSTANT
Comment: ™ BETAIN

Figure 3-6-8 Programming Steps (8)

Click the right mouse in the workspace, and select “Network (after)”, shown in figure 3-6-9.

0oot
T
l=0.0 TomM
! o &0 &
T#1S4PT ET—ET

Cut Ctrl+d
Copy Ctrl+C
Fazte Ctrl+V¥
Delate Del
Hetwork (hefore)

Hetwork (after) Ctrl+T
Contact Ctr1+K
Parallel Contact Ctr1+E

Figure 3-6-9 Programming Steps (9)

The ladder diagram in 0002 is shown in figure 3-6-10, and the programming method is the

same with 0001.
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L] k]
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Figure 3-6-10 Programming Steps (10)

In order to achieve on-off switch, add a switch “N” before “T1”. Select “T1”, click the button

“Contact” in tool bar or click the right mouse to select“Contact”’, shown in figure 3-6-11.

Figure 3-6-11 Programming Steps (11)

Enter “N” in the field “???”, and click “Negate” after selecting{ F , shown in figure 3-6-12.
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Figure 3-6-12 Programming Steps (12)

Add network 0003 to output the value of M from %QX0.0. In network 0003 add contact “M”
and coil after it, and name the coil “%QX0.0”, shown in figure 3-6-13.

"nl.JJIL . =0 o
N
_I I 1 _|’.. ! i :'_

H 4
— — { —

H foLr Eeti ]
— | ]

Figure 3-6-13 Programming Steps (13)

You can inset comment for better underatanding the POUs. For example in network 0001,
click the right mouse and select “Comment”, shown in figure 3-6-14.

oot Cut Ctrltl
T Copy Ctrl+C
HIA0.0 N TOM Faste Ctrlt¥ i
I I I/I IN ﬁ Q Delete D=l _( )—
T#IEqPT ET—ET
Hetwork (before)
............. Hetwork (after) Ctrl+T
nooz
Contact Ctrl+E
M T2 Farallel Contact Ctrl+E M
TOM
—| 1M Q Function Block ... Ctrl+B —( )—
T#ISHPT ET—ET1
Cail Ctrl+L
e Box with ER
Insert at Blocks 4
] Tump k0.0
| 1|
11 Betuwrn _( )_
< | Comment
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Figure 3-6-14 Programming Steps (14)

Double click “Comment” to enter the comments, shown in figure 3-6-15.

anal
SZEREUERN CTETEIRT PR R -

S0 1 — F
A e
1212 P S = E

Figure 3-6-15 Programming Steps (15)

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

Pl Al PLC_PRG
(AR
T TOH
ET TRE,
M BODL
T TOM
ETH TIME;
M BOOL,
CHD AR
4

H Tk L]
— | i E é o
i & ET}—ET

Tor

Figure 3-6-16 Programming Steps (16)

37BUILD

Build the program after the programming is finished. Click “Project” “Rebuild all” to build the
program, shown in figure 3-7-1.

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

W rile Edit BOIITL Build
B CIE R e |
— Clean all

=3 POUs Load download information. ..

ESIGI FLC_PRG (PRG) [

Project database

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

Size of uzed data: 210 of 24576 bytes (0.85%)
Size of uzed retain data: 0 of 6144 bytes (0.00%)
Code size: 2548 vtes

0 Errar(s), 0 WWarning(s).

< I |

Figure 3-7-2 Build (2)

Click “Project”/ “Check”/“Unused Variables”, and a message will appear in Message Window:

“No unused variables found’, shown in figure 3-7-3.

Mo unused variahles found

| |
Figure 3-7-3 Build (3)
If there is a variable ~ “a” not used in the program, a messafe will appear in the Message
Window: “PLC_PRG(9): a”, shown in figure 3-7-4.

i "
T TON
ET Tmag,
e BOS
TZTOM,
ET1: TME;
MO,

T

1 PLE_PRE ) 5

Figure 3-7-4 Build (4)

It’s suggested to use the command “Check”/*Unused Variables™ after building the program.
You’d better delete the unused variables if there are unused variables.

In addition, the unused variables can be checked automatically by in “Resources” clicking
“Workspace”/“Build”/“Check automatically”,and selecting “Unused variables”.

See section 8.1 for building. See section 8.2.3 for unused variables.

After the building is finished, execute ~ “Online”/“Login”. The debugging contains online
debugging and simulation debugging. The program running will be introduced in the two

debugging modes afterwards.
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S 8ONLINE DEBUGGING

Download the program to CPU modules is called online debugging. Download all the
compiled files into CPU modules and reset the CPU modules at the same time and all the variablrs
restore to initial status.

Select “Online”/*Login” to build the connection between local PC and CPU modules, and a
message appears shown in figure 3-8-1.

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

W) BiK

Figure 3-8-1 Download Message

Click the “Yes” button to download the program to CPU modules. When the message for
creating boot project appears, shown in figure 3-8-2, complete the download by clicking “Yes”
button to run the project after power failure and re-electrify.

\:{‘J Do wou want to stop the program on the target prior to flashing?

& m HiH

Figure 3-8-2 Message for Creating Boot Project

The program doesn ’t run after download, one need to run the program manually. Use the

command “Online”’/*Run” or “F5” to run a program, shown in figure 3-8-3.
L Insert Extras findow Help
and| = e

0001 m1 E

ooz a=

03 »- K

Logont Ctr1+Fa

oond| o= (7O
0005 Reset
O00E
Beset (cold)
Rezet (original)
m Toggle Brealpoint Fa

_| |, Breakpoint Dialog

Single Cyele Ctrl1+F5
a0z frite Values Ctr1+FT
Force ¥Values FT
Release Force Shift+FT
Write/Force-Dialog Ctr1+5hi £14FT

Figure 3-8-3 Run Program

Double click “%IX0.0” and press the keyword “F7” to force values, then %I1X0.0 is closed and
the program starts to run, shown in figure 3-8-4. From the running result we can see that the
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channel %QX0.0 outputs a pulse signal of“1s off 2s on”.

o i T TR LR . PEE
T

L k| [ or il
B | e K [ —
| G- et o =L =THE

Figure 3-8-4 Program Running in Forced Values

The process of program running is as follows. When the program is started and the time t<ls,
9%0QX0.0 is not closed and the channel light %QXO0.0 is off, shown in figure 3-8-5.

P = .

Figure 3-8-5 Process of Program Running (1)

When the running time s<t<3s, %QX0.0 is closed and the first channel light %QX0.0 on PLC

is on, 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 display like “1s on and last 2s then off

and on again after 1s”.

ET = T s ivri
-
B-T2

ET1 = Tk B

L
g o

w
. C= a TR
Ti
- L =N b
T 3 ElTErim ._

B
T
o

- - I: & .:' s 1]

Figure 3-8-6 Process of Program Running (2)
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S 9SIMULATION MODE

The program above is performed in online mode. If there is no CPU module connected to PLC,
the user program runs on the same PC under Windows, this is called simulation mode. You can
enter the simulation mode by selecting “Online”’/*“Simulation Mode ”. Select “Login” in
“Simulation Mode” and the menu is shown in figure 3-9-1. If “Online”/*“Simulation Mode” is
selected (with a “\”), you will enter simulation mode by clicking“Login”.

nzert Extras Window Help

%‘ Login

N001|FROG

noo02vAR

noo3 T1:

noo4 ET:

005 hd: |

N00& TZ:

nooy ET]

noog M

QO09EMD_

004 n

I £

ooz

& | (il
Size ofuse
Size ofuse
1] Eerrl:S:l, v Simulation Mode
Code size: Communication Farameters. ..
%

Figure 3-9-1Simulation Mode

Double click “%IX0.0”, and close %I1X0.0 by pressing “CTRL+F7” to write values or pressing
“F7” to force values, and then press “F5” to run the program, shown in figure 3-9-2. The program
running is the same with that in online mode.

=% 0. DI » TS 1308 . ZRbERIAlE P

T1
HI40.0 IN | o M
i i
|l 18l N e “ ; —(
T#15{PT ETH—ET=T#0ms

Figure 3-9-2 Program Running in Simulation Mode

See section 8.4 about online debugging and simulation debugging.
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Before programming we need to know how to manage datas in LM. LM series PLC’s memory
assignment, data addressing and variable usage will be introduced in this chapter for better
programming.

The data storage area in LM is classed into I (input area), Q (output area), M (memory), N and
R (retain), and each has its feathers and using rules which will be introduced in section 4.1.

Addressing and storage rules are introduced in section 4.2. In LM I, Q and M are the data
areas which are called by addressing.

Similar with the advanced languages, LM-series PLC also have the concepts of constant and
variable. The so-called constant is the variable of which the value doesn ’t change. The
classification and usage of constants will be introduced in section 4.3.

Variable concept is proposed in IEC61131-3 standard. When the program is running the
variable value will change. Variable is used to initialize, store and handle user datas. Each variable
has its own data type. The users can assign the address of I, Q or M as variable memory address.
The address can also not be assigned by users but assigned by system automatically. In section 4.4
the type and usage of variables will be introduced.

LM-series PLC has powerful function for managing datas. In section 4.5 and 4.6 how to deal
with array and how to declare user-defined data type will be introduced.

4 1AlIIOCATE STORAGE

The storage area of LM-series PLC (CPU memory) is classed into different areas and and each
has its feathers and using rules.

The classification of storage area:

Input Area (I)

Input mapping area. Digital inputs of CPU and expansion modules occupy the addresses of
input area and analog inputs are the same. In addition some special functions, such as Ethernet
communication and DP communication, also occupy the addresses of input area. I area can store
maximum 512 bytes.

Input storage can be accessed by addressing bit, byte, word and doubleword. Refer to section

4.2 for detailed addressing method.

The datas in input storage can be read only and has no power failure protection. In simulation
mode the addresses of input area can be written or forced. But in online debugging the addresses of
input area can be forced only. ‘Write Values’ and ‘Force Values’ are two ways to change the value
of variavles while debugging in PowerPro and refer to section 8.4.9 and 8.4.10 for details.

Output Area (Q)

Output mapping area. Digital outputs of CPU and expansion modules occupy the addresses of
output area and analog outputs are the same. In addition some special functions, such as Ethernet
communication and DP communication, also occupy the addresses of output area. Q area can store

maximum 512 bytes.
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Output storage can be accessed by addressing bit, byte, word and doubleword. Refer to section
4.2 for detailed addressing method.

The datas in output storage can be read and written and has no power failure protection. In
simulation mode or online debugging the addresses of output area can be written or forced.

M Area

M area is the PLC middle register, for the storage and management of the data or status
generated in the middle process. No matter it's a bit data or word data, it can be stored in M area.

M area can be accessed by addressing bit, byte, word and doubleword. The size of M area of
LM-series PLC is 8KB and the range is MBO~MB&8191 in bytes. Refer to section 4.2 for detailed
access method.

The data address in M area is the same with that in Q area and it can be read, written, “Write
Values” or “Force Values”.

Some addresses (MB300~MB799) in M area have the power-failure protection function. The

other addresses don’t have the power-failure protection function.

In addition, regard that the former 100 bytes in M area i.e. MB0~MB99 are used for
diagnostic area. The data in these addresses can be read but can ’t be written. It ’s suggested to use
the address starting from MB100 for users in programming.

N Area

N area is also the PLC middle register, for the storage and management of the data or status
generated in the middle process. The difference between the M and N is that the N area can be
accessed and called only by variable mode. The variables have been introduced in the former
chapters and refer to section 4.4 for detailed variable usage.

The variable addreses in N area are assigned by system automatically and can’t be assigned by
users. The data type of variables stored in N area includes bit, byte, word, doubleword, REAL,
TIME, INT and other data types. In addition, besides the data variable, the function block
variables are also stored in N area. About the concept of function block refer to section 5.1.

The size of N area is 24KB, and that means 24K B variables can be stored in N area. The
variable stored in N can be read and written, written values and forced values. The datas in N area
can’t retain its last value after power-failure.

R Area

R area belongs to power-failure protection area and its calling mode is the same with N area
which can be accessed by variable mode and be assigned by system automatically and can ~ ’t be
assigned by users.

The size of R storage area is 6KB. The variable stored in R can be read and written, written
values and forced values.

At the declaration of variable, if the option ~ “RETAIN” is not activated or one declare it
directly between the keywords VAR and END VAR then the variable will be stored in N area, if
the option “RETAIN” is activated or one declare it directly between the keywords VAR RETAIN
and END_ VAR then the variable will be stored in R area and can retain its last value after
power-failure. Refer to section 4.4.6 about declaration of RETAIN variables.
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ﬁNote:

In LM series PLC there are two ways for power-failure protection: first, address mode, select the addresses

MB300~MB799; second, variable mode, declare a variable as a RETAIN type

4 2ADDRESSING OF ADDRESS

4 21 Address Storage Mapping Relationship

The I area, Q area and M area in LM series PLC are accessed by addressing of address and
each of the storage areas have unique and definite address. The users can read and set the value in
this storage by addressing of address i.e. by using the storage address directly.

Before introducing the accessing rules you need to know the storage format. The storage

format of I, Q and M is the same, here take M for an example, shown in figure 4-2-1.

All the direct addressing storage areas in LM series PLC are stored in bytes.
Each byte contains 8 bits and each 8-bit form a byte. Each 2-byte form a word and each
2-word form a doubleword.

EAtL R WY 0 SR B |
YT MY LT BATXD T HATKDD M0
hahIRA hahd R LARIEY LA R
a2 A AW
FahDb

Figure 4-2-1 Storage Format in M

For example: %MX2.7 stands for the 8" bit of %MB2.
%MW 12 is composed of %MB12 and %MB13.

Bit, byte, word or doubleword 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. Use
variable mode to access INT, REAL or other data types. See 4.4 for details.

Regard that the data storage area may be overlapped when accessing in different data types.
For example, if the value stored in %MWO is 3, then the value in %MBO is 3, the value in %MX0.0
and %MXaO0.1 is TRUE. One more example, if the forced value in %MXO0.0 is TRUE, then the
values in %MBO0, %MWO0 and %MDO0 are forced 1 because %MXO0.0 is the first bit of these storage
area.

It’s the same for I and Q. Refer to section 7.3 for the corresponding relation between the
addresses in I, Q and the actual DI/DOs.
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ﬁNote:

Because a word is composed of two bytes, so the number must be even in word addressing. For
example, %MWO is composed of %MBO0 and %MBI1 so the next word is %MW2 not %MW 1. %MW1 is

invalid. Doubleword addressing abides by the rule too.

4 2 2 Addressing Format

According to IEC61131-3 standrad, all the direct addresses start with ~ “%”. Take M for an
example, shown in table 4-2-1.

Table 4-2-1 Addressing Format

Format %MXm.n
- Description X: bit addressing;
addressing m: byte number in momory location;
n: bit number of m byte, range 0~7
Data type BOOL
Example %MX0.3, %MX100.0, %MX3212.7
Format %MBm
Byte Description B: byte addressirilg .
addressing m: byte number in momory location
Data type BYTE
Example %MB103, %MB2000
Format Y%MWm
Description W: word addressing
Word m: first byte number of the word in momory location, and m must be
addressing even
Data type WORD
Example %MW 150, %MW3000
Format %MDm
Description D doubleword addressing
Doubleword m: first byte number of the doubleword in momory location, and m must
addressing be even
Data type DWORD
Example %MD300, %MD432

For I and Q, replace M in the above table by I or Q.
The range of I, Q and M is displayed in table 4-2-2 and the address which is over the range is

invalid.

Table 4-2-2 Data Memory Area and Range

-55-



Memory area Range (bytes)

I (Input) %IB0~%IB511 (maximum 512 bytes, the size depends on PLC)

Q (Output) %QB0~%QB511 ( maximum 512 bytes, the size depends on PLC)
M (Memory location) %MB0~%MB8191

Regard that the size of M is 8KB with the range %MB0~%MB&8191. Where, %MB0~%MB99
are the diagnostic addresses and it ’s suggested not to be used by users. %MB300~%MB799 have
power failure protection function and the others don’t have the function.

4 3Constants

In PLC programming some parameters of which the values don ’t change, such as time
constant of timer and proportion parameter are called constant. LM series PLC supports a large
number of constants in different data types and the common used constants include BOOL, TIME

and numerial, shown in table 4-3-1.

Table 4-3-1 Class and Representation Method of Constants

Type of Constants Representation Method

o BOOL type variables may be given the values TRUE (1)
Description
BOOL and FALSE (0).

Example TRUE, 0

Number values can appear as binary numbers, octal
numbers, decimal numbers and hexadecimal numbers. If an
o integer value is not a decimal number, you must write its
Description ) ) )
base followed by the number sign (#) in front of the integer
constant. The values for the numbers 10-15 in hexadecimal
Integer .
numbers will be represented as always by the letters A-F.
14 (*decimal number 14*)

2#1001_0011  (*binary number 1001_0011%*)

8#67 (*octal number 67%)

16#AE (*hexadecimal number AE*)

Example

REAL constants can be given as decimal fractions and
Description represented exponentially. Use the standard American
REAL format with the decimal point to do this.

7.4 (*REAL constant 7.4%)

1.64¢+009 (*REAL constant 1.64¢+009%)

Example

TIME
Description TIME constants are generally used to operate the timer. A

TIME constant is always made up of a“t#” (or “T#”) and
the actual time declaration which can include days
(identified by “d”), hours (identified by “h”), minutes
(identified by “m”), seconds (identified by “s”) and

milliseconds (identified by “ms”). Please note that the time

entries must be given in this order according to length (d
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before h before m before s before m before ms).
T#18ms  (*18ms*)
T#100s12ms (*100s12ms, the highest component may be

allowed to exceed its limit*)
t#12h34m15s (*12h34m15s*)
Example
the following would be incorrect:

t#5m68s (*limit exceeded in a lower component*)
15ms (*T# is missing™)

t#4ms13d  (*incorrect order of entries*)

Use the type of constant to store times of the day.
ATIME_OF_DAY constant is composed of “TOD#”

Description (“tod#”, “TIME_OF DAY#’ or “time of day#’)and “a

TIME_OF_DAY time” with the format: hour: minute: second (you can enter
seconds as real numbers).

TOD#00:00:00 (*0hOmOs*)

TIME_OF DAY#15:36:30.123  (*15h36m30.123s%*)

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

Example

Description )
“date#”) and “a date” with format year-month-day.

DATE#2005-05-06 (*2005-5-6 *)
d#1980-09-22 (*1980-9-22 *)

DATE

Example

Date constants and the time of day can also be combined to
form so-called DATE_AND_TIMEconstants. A
Description DATE_AND_TIME is composed of “DT#” ( “dt#”,
“DATE_AND_TIME#’ or “date_and_time#’) and ‘“a date
DATA_AND_TIME and time value”.

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

(*1980y9m22d15h45m18s*)

date_and time#2001-03-09-00:00:00
(*2001y3m9d0hOmOs*)

Example

STRING constants are preceded and followed by single
Description quotation marks. You may also enter blank spaces and
STRING special characters.

'Abby and Craig' (*string Abby and Craig *)

=)' (*string :-)*)

Example

ﬁNote:

There is no case sensitive in PowerPro, T#3s and t#3s are the same constant, TRUE and true

can both represent a Bool constant.

4 4V ariables

The concept of variable is proposed by IEC61131-3. The variable is an identifier composed of
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characters, numbers and underlines. Before using the identifier must be declared to describe the
object. Each identifier corresponds to a data type.

In LM series PLC, the declared identifier can be used to denote some time-changing
parameters or some function block instructions. In this chapter how to identify time-changing
parameters i.e. the variables in general meaning is introduced. About function block identifiers see
section 5.3.2.

Variables can be used in programs instead of memory addressing mode. The identifier can be
declared based on its actual meaning for better program readability. You had better to know the
concrete classification before using. The following is the concrete classification at a different
angle.

According to different data types, variables can be classed into standard data types and
user-defined data types, where standard data types contain BOOL, INT, REAL, STRING, TIME
and so on.

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

According to the property, variables can be classed into intermediate variable, input variable,
output, input/output variable and so on.

According to power-off protection or not, variables can be classed into retain variable and

non-retain variable.

In section 4.4.2 all the data types are described. In section 4.4.4 the declaration and usage of
global variable and local variable are described. In section 4.4.5 the declaration and usage of input
variable, output variable and input-output variable are described. In section 4.4.6 how to declare a
retain variable is described.

4 4 1 Naming Rules of Variables

Naming of variables must follow the rules:

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

»  Capitalization is not recognized which means that ABC and abc are the same variable.

»  The variable identifier cannot be the same as any of the keywords. The keywords are
standard indentifiers of which the usage and naming have been defined automatically.
The keywords in PowerPro are shown in table 4-4-1.

Table 4-4-1 List of Keywords

ANRA KN A B [t TYIEF

Al LR TP S HE S0k WA

I AT AR i WAL AL SN
KT W L IR LR Y FERSIE TN WAL O
P LA TR DS HEOE B RO A WAL Tk TR S AL
TSy PRI AN DALY €04 WAL GO Al
R I N N Y I 1L ALY WETTE WAL IS L]
TS LY e AL WAL I

[ I HI R A 1) BT | WAL T
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4 4 2Data Types of Variables

Data types of variables in PowerPro have standard data types and user-defined data types. See
section 4.6 for user-defined data types. Here standard data types are introduced.
The standard data types and the range of the variables supported by PowerPro is shown in

figure 4-4-2.
Standard data types and user-defined data types
Table4-4-2 Data types of Variables

Data Storage

Type Type Name Upper Limit Lower Limit Space Comments

BOOL bool 0 1 1bit

BYTE byte 0 255 8 Bit

WORD word 0 65535 16 Bit

DWORD dguble 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 integer | 0 65535 16 Bit

DINT long integer -2147483648 2147483647 32 Bit

UDINT unsigned long 0 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:
Todl: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’

4 4 3 Variables Declaration

The variable must be declared before using. PowerPro provides different variable types for
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different variable functions. At the declaration of a variable, you have to declare not only the data
type but also the variable type.

In PowerPro, variables can be defined into different types, such as global variables, local
variables, input variables, output variables and so on. See table 4-4-3 for details.

Table 4-4-3 Types of Variables

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 variavle is used to transfer parameter when calling a POU. The parameter can be
VAR_INPUT . . ,
transferred to subprogram or other POU through input variable. See 5.3 for details.
Output variable is used to transfer parameter when calling a POU. The parameter can be
VAR OUTPUT transferred to the POU which is calling the current POU through output variable. See 5.3

for details.

Input/output variable is the combination of VAR_INPUT and VAR_OUTPUT and is
VAR _IN OUTPUT
used to transfer parameter.

Global variable can be used in any program of the current project. At the same time the
VAR GLOBAL
variable with the same name can’t be declared.

VAR, VAR _INPUT, VAR OUTPUT, VAR IN OUTPUT, and VAR_GLOBAL are
keywords to identify variables.

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

Autodeclaration

If the Autodeclaration option has been chosen in the Editor category of the Options dialog
box , then a dialog box will appear in all editors after the input of a variable that has not yet been
declared, shown in figure 4-4-1. The Class, Name and Type are necessary.

Declare ¥ariable E|
Clazs Mame Type 0K
VAR | temp [wORD = et
Cancel
Symbal list Iritial % alue Address
; .. - 130 oo | EMW00
| =l sl I~ CONSTANT
Comment: .temperature parameteﬂ I BETAIN
I PERSISTEN

Figure 4-4-1 Autodeclaration

The options as follows:
»  Class: five classes, see table 4-4-3 for the differences.

» Name: variable name ie identifier, see section 4.4.1 for variable naming rules.

»  Type: selection of data type, one can enter data type in Type field or click the J
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button and select from all the possible data types in the Input Assistant dialog. Refer to
section 4.4.2 about the data types.

»  Symbol list: the symbol list is available only when selecting “VAR_GLOBAL” in
“Type” field. The default setting is “Global_Variables”. After a declaration of a global
variable, you will finda  “Global Variables” in the “Resources” register card in the
“Global Variables” folder and all the declared global variables will be displayed here by
double clicking the “Global_Variables”, shown in figure 4-4-2.

» Initial value: the initial value of the variable being declared, one can enter a constant
corresponding to variable data type as the initial value.

» Address: In the Address field, you can bind the variable being declared to an address
(AT declaration).

» Comment: comment for variable.

®y File Edit FProject Insert Extras Online Windew Help

2|=8| E|e|ednlS| S| % |55

0aotjwaR_GLOBAL

e

$2, Resources 000z D17 AT %06 BOOL = TRUE; (HELEE R LA

Global Y ariables DO03EMND_WAR
L 1Global ariables o004
@ varizble_Configuration var| [O005

Figure 4-4-2 Code of variable declaration

At the autodeclaration of a variable pay attention to:

>

A variable can be specified a address and the address format must be consistent with that
described in 4.2. When a variable is specified an address then the variable will be stored
in the data area appointed by the address. For example the variable temp declared in
figure 4-4-1 will be stored in %MW100. In a program change the value of %MW 100
through direct addressing then the value of variable temp will be changed. The variable
which is not specified an address will be stored in N location.
At the declaration of a variable, it can be initialized with a constant of which the type
must be consistent with the variable type. For example the initial value of a TIME
variable must be a TIME constant like t#5s. Then the variable will be set as the initial
value at the moment of power-on.
After autodeclaration the variable declaration will be displayed in declaration part
automatically. If the variable temp in figure 4-4-1 has been declared then the following
will display in declaration part:

PROGRAM PLC PRG

VAR

Temp AT %MW 100: WORD :=30; (*temperature parameter™®)

END VAR
If a global variable has been declared then it will be displayed in Global Variables in
Resources tab.
At autodeclaration there are two options at the lower right corner of the dialog box:
CONSTANT and RETAIN. If the CONSTANT is activated then the variable will be

saved as a constant and the value can ’t be changed. If the RETAIN is activated then the
-61 -



variable will be stored in R and can retain its value after power-failure.

»  When new a variable it can be autodeclared. But when the variable is deleted, the
declaration in declaration part will not be deleted automatically and it ’s still in editor, so
regard that the variable can ’t be declared repeatedly. With the command
“Project’/“Check”/“Unused Variables” to check the used variables. See section 8.2.3 for

detailed usage.

Manual declaration

Besides autodeclaration a variable can be manually declared in PowerPro. The so-called
manual declaration is to add instructions in declaration part directly without the help of the dialog
box of “declare variable”. A variable declaration has the following syntax:

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

The parts in the braces { } are optional.

Declare variables of different types in different positions, for example, decalare local variables
between the keywords VAR and END VAR and declare input variables between the keywords
VAR INPUT and END_VAR.

The declaration part can be declared as tables. If the “Declaration as tables” option is activated
in the dialog box of “Project’/*“Options”/*“Editor” or the context menu in editor, the declaration
editor looks like a table, shown in figure 4-4-3.

R =]
lE15 3 M4 =l Fotai T

0 45 2p LU

(]I LIl Slavs

Qcaz |l w Rl

IINERL] 1~

UL e [T 2 T

03 [ToOk_1 T oA

1T L [ |

UL = Ml 2 T2

oc s [Tk« T

[ [N ] 124

Figure 4-4-3 Declarations as Tables

With the command “Insert”/*“New Declaration” you bring a new variable into the declaration
table of the declaration editor. You will receive a variable that has ~ “Name” located in the Name
field, and “Bool” located in the Type field, as its default setting. You should change these values to
the desired values. Name and type are all that is necessary for a complete declaration of variables.

Switch to normal by deactivating “Declaration in table form” in the context menu.

Declaration in table form is more succinct compared with declaration in text form, so it ’s

suggested to use autodeclaration or declaration in table form for new learners.

The difference between variable calling and addressing calling
The “variablet+address” calling is similar with address calling, but there is still difference. The
data type that can be called through address can be BOOL, BYTE, WORD and DWORD while
the number of data type that can be called through “variable+address” is larger.
For example: Declare a REAL variable stored in %MD100. If you use address %MD100 only
then the data type will be DWORD not REAL. Now you should declare a REAL variable stored in
%MD100 in “variablet+address” mode (enter the initial address and the length of the data type will
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be calculated automatically).

4 4 4 Global/Local Variables

A complicated project can be composed of a number of POUs (Program, Function Block).
Declare a global variable which can be recognized throughout the project and declare a local
variable which can be only used in the current program or function block.

At the declaration of a variable, with the help of the Class combobox one can define a global

variable (VAR _GLOBAL) or a local variable (VAR).

In a program, all the addresses in I area, Q area and M area can be called, read and written by

all POU. So the global variables can be used in all POU instead of the addresses in memory area.

4 4 SInput/Output Variables

In programming subprogram may be called to transfer the parameter in main program to
subprogram and transfer the calculating result to main program, now input variable and output
variable are needed. The input variable and output variable are declared in subprogram. Input
variable is a variable that transfer from main program to subprogram and 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.

At the declaration of a variable, with the help of the Class combobox one can define an input
variable (VAR _INPUT), output variable (VAR _OUTPUT) or input/output variable
(VAR _IN_OUTPUT).

See section 5.3 about detailed POU calls.

4 4 6RETAIN Variables

In many projects the variables which maintain their value even after an uncontrolled
shutdownof the controller are needed. At the declaration of a variable, one can define a Retain
variable directly saved in R memory area which has the power-off protection function.

At the declaration of a variable, select “RETAIN” at the lower right corner of the dialog box,
then the variable will be saved as a Retain variable. You can also define a Retain variable
manually between the keywords VAR _RETAIN and END_VAR.

It has been introduced in section 4.1 that partial address in M (%MB300~%MB799) has the

power-failure protection function. A variable declared as a RETAIN variable or stored in
%MB300~%MB799 has the same effort and has power-failure protection function.

4 47 Pointer Variables

Pointer variable is a special kind of variable. In LM series PLC all memory areas occupy CPU
address which is called absolute address. No matter it ’s I, Q, M or N, R it will occupy partial
addresses of CPU. The address in I, Q and M which is accessed by addressing, such as %MW 100,
can be considered as relative address. Pointer is an absolute address.

If two relative addresses are adjacent then their absolute addresses are adjacent too. Because
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the storage area in LM series PLC is stored in bytes, so if the absolute address of %MW100 is pt,
then the absolute address of %MW 102 is pt+2 and the absolute address of %MW200 is pt+100.

In programming this pointer feature can be used to realize more complicated functions.

Remember to declare a pointer variable before using.
The declaration of Pointer variable is like other data types, and the difference is that the data
type is POINTER TO <data type>.

Pointer declarations have the following syntax:

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

Example:

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

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

Var_int2:INT; (*define a INT variable Var_int2%*)
pt:= ADR(Var intl); (*assign the address of Var intl to pt*)
Var_int2:= pt"; (*assign the value of pt pointer to address to Var_int2, that is,

Var_int2=5%)

Example of usage of pointer:

Move 100 WORD variables stored in M stating from %MW 100 to the addresses starting from
%MW300 to enable the variables have power-failure protection function.

Because the data area is large so it's convenient to move the data area by using pointer.

Declare two pointer variables ptl and pt2, one points to %MW 100 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 to write programs, see section 9.3 about ST.

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 ptl to pt2.

The program as follows:

ptl:=ADR(%MW100);

pt2:=ADR(%MW300);

FOR m:=1 TO 100 BY 1 DO

pt2h=ptl*;

ptl=ptl+2;

pt2:=pt2+2;

END FOR
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4 SArray

The functions for managing datas in PowerPro is very powerful, both datas of different types
and multi-dimensional datas can be spported. One-, two-, and three-dimensional arrays are
supported as elementary data types. Arrays can be defined both in the declaration part of a POU
and in the global variable lists.

The identifier of array is ARRAY and the syntax is:

<Arrayname>: ARRAY [<L1>..<Ul>, <L2>..<U2>, <L3>..<U3>] OF <elementary data

types>;

L1, L2 and L3 identify the lower limit of the field range, U1, U2 and U3 the upper limit. The
limit values must be integers. Configure L1, U1 for one-dimensional array, L1, U1, L2, U2 for
two-dimensional array, and L1, U1, L2, U2, L3, U3 for three-dimensional array.

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

Declare ¥ariable E|

Clazs Mame Tupe 0K
(VAR | A JeRRaY [1.10] OF wORL ., |
Cancel

Symbaol list Iritial W alue Addrezs

] o2l l) | [~ CONSTANT

I BETAIN

Comment; [

Figure 4-5-1 Auto Declaration of Array

At the declaration of arrays, the assignment of the elements is called initialization of array. At

the declaration of arrays, all the elements can be assigned or not.

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

< Example for complete initialization of an array

Arrl: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

Arrl:ARRAY [1..10] OF BYTE:= 1,2;

Elements to which no value is pre-assigned are initialized with the default initial value of the
basic type. In the example above, the elements [3] to [10] are therefore initialized with 0.

4 6User-defined Data Type

In some practical applications, it ’s needed to use some /7 datas. Each Jit /7 contains a
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number of parameters of different types, such as REAL, WORD or TIME, so it’s convenient to use
user-defined data type to manage these datas.

About user-defined data type has been introduced in section 2.5.2. Structures are created as
objects in the Object Organizer under the register card Data Types.

First click the right mousekey/Add Object and enter the name of 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 and 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 (the AT
declaration is not allowed.)

< Example for a structure definition named Polygonline

TYPE Polygonline:

STRUCT

Start: ARRAY [1..2] OF INT;

Pointl: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 for 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);

< Example of the initialization of an array of a structure
TYPE STRUCT1:

STRUCT

pl:int;

p2:int;

p3:dword;

END STRUCT

END TYPE
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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 the structure name is Week and the component name is Monday, you can access the
component using the following syntax:

Week.Monday
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This chapter introduces an important concept in PowerPro — program organization unit
(POU) . POU is base structure of a project. Any complicated project is composed of POU and POU
include program, function and function block.

The basic concepts of POU are introduced in section 5.1 so that the users have a basic
knowledge for POU.

In section 5.2 how to create a POU is introduced and in section 5.3 the POU call is introduced.

The key point of these two sections is the POU using rule. In 5.4 how to manage the POU using
PowerPro software is introduced.

If you meet some concepts or rules not easy to understand in the learning process, it ’s
suggested to skip over this chapter for new learners and the mode “while leaning, while practicing”
is adviced to help you understand the content easily. It ’s suggested to learn the following chapters

in this mode too.

S 1BASIC CONCEPT OF POU

POU is short for Program Organization Unit. POU can be Function, Function Block or
Program. Each POU consists of a declaration part 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
programming language of POU.

8511 Type of POU

POU includes Program, Function Block and Function.

» Program is a statement sequence written for a certain task and it ’s a set of a group of
instructions. Program is the only executable POU and it ’s the subject of logic execution.
The program can be activated by task configuration or be called by other programs.

»  Function Block is 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. The function block
is different with functions that the function block has no return value.

»  Function is 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 can’t be executed alone.

81 2Calling POU

Two methods for calling POU:

»  Called by POU which is called by other POU.

» Called by Task configuration which is limited to program calls. If you don ’t configure
the Task configuration, the system will call main program PLC_PRG automatically.
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Conform to the following rules in POU calls, shown in figure 5-1-1.
»  Program can call function, function block and other progrms.
»  Function block can call function and other function blocks.

»  Function can call functions.

HIT
Llrogran)
Ak Wit ®T
[ Funedon) [ Funedon Hlock) LProgran)
JEAE ik Hith
[ Function) [ F'uawedon) [ Function Baocli)

Figure 5-1-1 POU calls

81 3Main Program PLC_PRG

PLC_PRG is the default name of main program and it ’s 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 additionally. So each project must contain
the PLC_PRG as a main program to call other POUs.

S2NEW POU

8521 New Program

Click the right mouse in the register card “POUS” in the object organizer, and select “Add
Object”, the default name of the new POU is “PLC_PRG” if there is no POUs. In the dialog “New
POU” select “Program” in “Type of POU”, shown in figure 5-2-1.

Hew POD

X
Mame of the new POL: tit

Type of POU Language of the POL Cancel
* Program 0 JL
I Function Block L
7 Function " FBD
Beturn Type: " SFC
| || ra
" CFC

Figure 5-2-1 New Program
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85 2 2New Function Block

New function block is similar with new program. Click the right mouse in the register card
“POUs” 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”.

85 2 3 New Function

The external structure of function is similar with that of function block. The only difference is

that function has only one output. How to new function is introduced below.

Click the right mouse in the register card “POUSs” in the object organizer, and select “Add
Object”. In the dialog “New POU” select “Function” in the field “Type of POU”,and according to
requirement select or enter in the fields “Return Type”, “Language of the POU” and “Name of the
new POU”, shown in figure 5-2-2. If the name of the new POU is “Fct” then the function name is
“Fct”. Generally the characters which have actual meaning are used for naming to make it easier to
identify.

New FOU

X
Marme of the new POL: iFn:t . ] 1

Type of POL Language of the POU Cancel
" Program " JL
7 Function Block " Lp
& Function " FBD
Betum Type: B
INT ] | ] € &
" OFC

Figure 5-2-2 New Function (1)

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

4, CoDeSy=s — (Mntitled)* — [Fct (FOR-IL}]

% File Edit Froject Insert Extras Online Window Help

2|=|8| B|@|eea|5| S F

DO0FUNCTION Fet: INT
. ‘.m \ o
] Fet[FUN) D003END_VAR
2] PLC_PRG [FRG) || |DO0O4vAR
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Figure 5-2-3 New Function (2)

Take a mathematical formula as an example to describe how to write a function, shown in
figure 5-2-4. Declare the input variables between VAR _INPUT and the first END_ VAR and
declare local variables between VAR and the second END VAR, and write the implementation
part in the window above.

DO0FFUNCTION Fet DINT

0O02VAR_IMPUT
o003 parl AT,
o004 parZiMT;
00ns| pard:MT;

O00B|EMD_WAR

0007[vAR

OODEEMD_WAR

a00g|

U L bd
oom LD par; |

000z mMUL [uar:;
0003 oK pard;
Gt:!]'-l ST Fet;

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, shown in figure 5-2-5.

4 CoDeSyz — (Ontitled)=
IEE) EWIBE) TEE HBAO S8 EEo 'Ooo FPHao

B8] B|@ed0S SR *[Bl@mH o -] =|=|8he|m|e]

T 4 test (PRG-CFC)
| 0001[PROGRAM test

e~ PLC_PRG [PRG]
] test [PRE)

arm3:IMT;
arm4:IMT;
arma:MT;
armi:|MT;

pari
—{par2
—par3

Figure 5-2-5 New Function (4)

S 3CALLING A POU

Two methods for calling POU:
»  Called by POU which is called by other POU.
» Called by Task configuration which is limited to program calls. If you don ’t configure
the Task configuration, the system will call main program PLC_PRG automatically.
Conform to the following rules in POU calls, shown in figure 5-1-1.
»  Program can call function, function block and other progrms.
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»  Function block can call function and other function blocks.

»  Function can call functions.

8531 Calling a Program

Program is the only POU which can be implemented. Program can call up function blocks and
functions. A program declaration begins with the keyword PROGRAM, shown in figure 5-3-1.

s PRGExample (PRG-1L) [ |5
FROGRAM PRGExample
AR
pariWT;
END_VAR

L&

LD par
ADD 1
8T par

£

Figure 5-3-1 Program Example

Programs can be called up by other programs but it can not be called up by functions.

The program “PRGExample” can be called in different programming languages. If a POU
calls a program, and if thereby values of the program are changed, then these changes are retained
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 FAR

Example for program calls in LD:

FRGexample
EM
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8 3 2Calling a Function Block

»  Function Block

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.

4 FB (FB-IL) L Ex
D001[FUNCTION_BLOCKFB Y

0002vAR_INPUT
0003 PARTVINT,
0004l PARZ:INT,

DDO3|EMD_VAR

D0O6VAR_QUTPUT

000 MULERGIMT,

ooo VERGL:BOOL,

D009 EMD_WAR b
i £ ) ¥
0002 muL PAR2 P
0003 ST MULERG

0004

oogs, LD PAR1
0008 E& FARZ
ooo7 ST YERGL -

Figure 5-3-2 Example of Function Block

»  Declaration of Function Block Instance

If you want to call a function block, you have to declare a function block instance. For

example, declare a FUB instance named INSTANZ as below:

INSTANZ: FUB;

Each function block instance is an independent active object which can realize a special logic
function. The 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 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

113

assignment takes place using “:=" just as with the initialization of variables at the declaration
position.
In SFC function block calls can only take place in steps.
All values are retained after processing a function block until the next it is processed. Because
of the internal variables, function block calls with the same inputs do not always return the same
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output values.
The function block FUB can be called in different languages, 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.

s PLC_PRG (PRG-IL) =3
0002[VAR R

0003 QUADBOOL;

0ao4 INSTARMIZFLB;

0005 ERGIMNT=0;

DODB|EMD_VaR "
4 | >
0001 CAL INSTAMZIPAR1 =5 PARZ=5) A
0o, LD INSTANZ YERGL ]
0003 8T QUAD

0004 LD INSTAMNZMULERG

0004| sT ERG w

Calling FUB in IL

4 PLC_PRG (FRG-ST)
DO{PROGRAM PLC_PRG

a002var
o003z  QuADBOOL:
aood]  INSTANZ:FUB;
aoos ERG:INT:=EI;|
O00G|EMD VAR

0007
B 2
0001INSTANZ(PART =5 PARZ2:=5);

0002|QUAD =INSTANZ VERGL;

0003|ERG =INSTANZ MULERG;

[

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

<4 PLC_PRG (PRG-FBDY)

INSTAMZF LB,
ERGINT,
QUADROOL,;

Instanz
FuB
5-{PAR1 MULERG——ERG)

5-{PAR2 VERGLI—QUAD

oL »
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”
Now Box with EN will be introduced so that one can distinguish function block from Box
with EN. The general difference is that the calling mode is different. For function block, it will be
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executed when the program runs no matter it ’s enabled or not. But Box with EN will be executed
and called only when the EN is enabled. But the detailed application is not introduced, and here
take a simple program written in LD for an example to introduce the differences, shown in figure
5-3-4.
From the 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 time is 1s, then %QX0.0
is set 1 and the related channel light Q0.0 in PLC turns on. For ADD, when it ’s added the EN is
generated and only when EN is set 1 the “Box with EN” can be called. That means only when
%1X0.0 is 1 then ADD will be executed.

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

8 3 3 Calling Functions

A function is a POU, which yields exactly one data element when it is processed for a series of
specified inputs. Compared with function blocks, functions have only one output and do not have
any internal conditions. That means that calling up a function with the same input parameters
always produces the same value. The common used mathematical operators such as SIN(X) are
typical function types. When declaring a function do not forget that the function must receive a data
type as type of the return value. Assign the result to function itself, that 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 both input variables get multiplicated 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.
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0002)vAR_INPUT

0003 PARTINT;
0004] PARZINT;
0008 PARZINT;
OODB|END_vAR
0007|vAR

OODE|[END_wAR

0001 LD PART
0002 MUL PARZ
0003 O PAR3
oo04] ST Fot

4| 0] >

Figure 5-3-5 Example of Function

< Example for calling the above described function Fct:
In IL:

LD 7

Fct4,2

ST Result

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

In FBD:
Fct
¥ PARA1 Ergebnis
4 PAR?Z
2 —PARZ

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 for range overflows, shown in figure 5-3-6.

4 CheckBounds (FUN-ST) =113
D001-UNCTION CheckBounds ; INT -~
po02vAR_INPUT

0003  indexlowerupperiMT,

D0D4[END_VAR

0004

0006 -
s— & ¥
0001|IF index=lower THER ~

D002{checkbounds =lower,

ELSIF index=uppear THEM
dlcheckbounds:=upper,

ELSE

checkbounds =index; e
£ ¥

FAEEE

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

Example 2: If you define functions in your project with the names CheckDivByte,
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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.

4 CheckDivReal (FUR-5T)

0001 FUMCTION CheckDivReal ; REAL
0002VAR_INPLIT

0003 divisorREAL;

D004|END_VAR

0005[vAR

DODE|END_WAR

4 | >
0001|IF divisor=0 THER

0002 CheckDivReal=1;

O003ELSE

0004 CheckDivReal =divisor,
L0005/EMD_IF

£ b4

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

Use the output of function CheckDivReal as the divisor of the operator DIV, 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.

4, PLC_PRG (PRG-FBD}
D00MjPROGRAM PLC_PRG ~

0002[vaR RETAIN

0003EMND_WAR

0o04[var

0ons|  w1:REAL=799;

0006 d:REAL;

D007| ergREAL;

D008/ ERD_VAR ~
) ] ]

0001

D
wl— ——=8
-

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

S5 4MENU FOR MANAGING POU

Click the right mouse on the selected POU in the register card “POUs” in object organizer in

the main window of PowerPro software and the menu is shown in figure 5-4-1.
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BE|E| B e]edassE

Add Object. ..

Bename Object. ..

Edit Object

Copy Object

Delate Object

Conwert Object. ..
Object Properties. ..
Froject databasze L4

Add Action

Hew Folder

Show Call Tree

Sawe as template. ..

Exclude from build

Figure 5-4-1 Menu for Managing POU

8541 New Folder

In order to manage and keep track of larger 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 closed folder symbol) .With Drag&Drop you can move the objects as
well as the folders within their object type. For this select the object and drag it with pressed left
mouse button to the desired position, shown in figure 5-4-2. Folders have no influence on the
program, 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, then the new one is created underneath it.

If a file has been selected, then the new one is created on the same level.

B3 New Falder
Bl 23 Mew Folder
Ea Mew Falder
¢ =-[2] PLC_PRG IPRG)
Ea Mew Folder
-HE & (PRG)
~[4H PLC_1[PRG)
~[E7] PLC_2 [PRG)

Figure 5-4-2 Folder

854 2Convert Object

With the command “Convert Object” you can convert POUs from the current programming
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language into one of the three languages IL, FBD or LD. The command can only be used with

program, function and function block. Before this the project must be compiled. In “Target

Language” choose the language into which you want to convert and give the POU a new name.

Remember that the name of the POU may not have already been used. Then press OK, and the new
POU is added to your POU list.

ﬁNote:

In the conversion process some usless sentences will be generated. If the conversion between
different languages happens frequently, please first delete the usless sentences generated in the

conversion process to avoid unnecessary troubles.

The conversion between different languages embodies the portability of programming

languages. However pay attention to:

>

A\

It’s difficult to convert multi-nested ST to LD. The sentences written in IF, THEN, CASE,
FOR, WHILE and REPEAT format can ’t be converted into function block networks
directly.

It’s very difficult to convert IL language to other languages unless the application scope
and writing form of IL operators are limited strictly. It ’s easy to convert the program
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 block and its
related parameter values.

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

5-4-3.
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noo2varR
0an3 - alhT=0; Corrverting POL: |F'L|:_'|
noo4 belbT=0;
o005 cIMT, Mew POU name: |F'L|:_'|
NOOBIEMD AR
£ Target Lahguage
D001[c:=A+b; L " EBD o LD
ooz
000t

ADD

Figure 5-4-3 Convert Object
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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 introduced 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 series PLC. The so-called task is a 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 task configuration process.

& 1PLC WORKING PROCESS

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

it iryput. it user output outt outpt output
sighale=y terminald B mapping Bl programe (S maEpping latchede ) tertninald B signale

registers registers

Input satnplings program

: output refurbishings
executions

Figure 6-1-1 PLC Working Process

» input sampling
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 and the process is called sampling. In this working
cycle the sampling result can ’t be changed and it will be used in the process of executing users
program.
»  executing users’ program
PLC scans every instruction in the program in order from up to down and from left to right
and calculates and processes the data got from the input mapping register and output mapping
register. Then output the calculating result to output mapping register which is used for storing
executing result and save it. Regard that before the execution is finished, the executing result will
not be transferred to output port.
»  output refurbishing
After the whole user program is executed, PLC outputs the content in output mapping register
to 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, general the input sampling time and output refurbishing time are less than Ims
and the time for executing users ’ program varies from the size of users ’ program. General PLC
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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.
1, system self-checking: check whether the program is executed correctly and the CPU stops
working if time out.
2, exchange information with PowePro: this is executed once when using programmer input
and debugging.

3, network communication: when a communication module is configured, it ’s used to data

exchange with communication object.

When PLC runs the three steps above will be executed repeatedly i.e. cycle scanning working
process, 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.

MO, {n—1) B Rk L
scanming cycled o 0 0 MNO.nscanmingcoycles o scanning cycled

output — yle Input program output e Input
refurbishing satnplings executione refurbishings samiplings

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 endless loop or execute not-prefixed program resulting in
system paralysis.

ﬁNote:

In default LM series PLC starts up the watch-dog function automatically, when the scanning time
exceeds 500ms then it’s considered that the program is in endless loop and it will be re-started. And now
PLC ERR light flashes for six times in a lower speed and then the program is reset and starts to execute

again.

6 ZI'ASK CONFIGURATION

For a project, according to different requirements many tasks can be configured to call
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different programs. Generally it ’s suggested to configure a task to call the main program and the
other programs are called by the main program indirectly. Only programs can use this kind of
calling mode and function blocks and functions can’t be called like this.

Strictly if the task configuration is not configured, in single task environment the default main
program is PLC_PRG and it’s called automatically and uniquely and the other programs are called
by the main program. If the the task configuration is configured, 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.

& 2 1 Task Configuration

Double click the “Task Configuration” in the register card “Resources” and the dialog for
setting the task configuration is opened. Click the right mouse on the ~ “Task Configuration” and
select the “Append Task”, shown in figure 6-2-1.

T B0 prew ITask «omfLganatlsmn T
T Eils Bt Prejeet Jeeset Bges Geliss Eads filp & x

Ll £ ae| R | a5

aT$$h EARfi LT

1%, Foremcie: :l Task epcwizen

B Giskal Vanabbs
-2 vy Sl T

B e combpansiecn,

Liway Wanage:
Leg

B AL B

all PLL Conimuasen
B sswina Trace —
T Salbngi

A, vk g Feoge
S* \mhoal e

Figure 6-2-1 Task Configuration

The dialog for setting the “Taskattributes” will be opened and enter the information in the

b}

fields “Name”, “Priority”, “Interval” and so on, shown in figure 6-2-2.
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Tazkattributes \

Marne: |NewTask
Priorty(0. 311 I
Type
" cyclic
(" freewheeling

(" triggered by event
~

Properties
|rterval [e.g. H200ms]: |d1¢5rns

Figure 6-2-2 Task Attributes

» Name

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

»  Priority

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.

» 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 “f27 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 * ¥ will be displayed at the left of the “NewTask”.

Triggered by event: PLC can’t support the function

Triggered by external event: PLC can’t 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).

& 2 2System Events

Instead of a “task” also a “system event” can be used to call a POU of your project. Call the
corresponding POU when the related event is triggered. For example, call the corresponding POU
when T2, T3, T4 timers overflow and fast external interrupt runs.

Double click “Task Configuration” in “Resources” register card, and the window of task
configuration is opened 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,
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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 mouseclick on the control box) and then in the column
“called POU” enter the name of the project POU which should be called and processed as soon as

the event occurs.

v [ i ~
[N —— =] Task configuration Systen svents ]
1] Global Variables
B~ (0 ibrary Standard b 6.12.0517; | Mame | Description ~
B2 fibrar SSLIBCALLBACK LIE [ start Called when program starts
Alarm configuration [ stap Called when program stops
_____ m Library Manager O debug_loop Called when debug loop runs
[ taskeode .. Called when lecCode is NOT ¢...
""" i Log [ Fast Exter... Calledwhen Fast External Eve...
""" PLE Configuration [ Fast Exter... Called when Fast External Eve...
..... ﬁ Target Settings [ FastExter.. Called when Fast External Eve. .
----- FE| T ask configuration [ FastExter.. Calledwhen Fast External Eve...
_____ Q ‘watch- and Recipe Manager O HD_TCTi.. Called when Hardware Timer!...
O HD_TCZ2i.. Called when Hardware Tirmet! .
""" 3 Workspace HD_TC3i. Called when Hardware Timer

O

O HD_TC4i.. Called when Hardware Timer/...

O HD_RTC_... Called when Hardware RealTi...

O PTO_0OFi.. Calledwhen PTC_0 Finished ...

O PTO_1 Fi... Called when PTO_1 Finished i..
<

Figure 6-2-3 Dialog of System Events

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

ﬁNote:

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.

& 2 3 Program Call

Click the right mouse on the “NewTask” and select “Append Program Call”, then the dialog of

“Program Call” is opened, shown in figure 6-2-4.

— B (8 Task configuration S
‘2, Resources b 2 Custem events
&[] Global Yariables f é= .

MewTask

HE-C3 library Standard ib 6.12.05 17
B[ library SYSLIBCALLBACE.LIE § Inzert Task

Alarm configuration Append Frogram Call
Cut Ctrl+y
Copw Ctrl+C
Delete Dlel

Enable / disable task

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

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

Frogram Call l

Program Call: |

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

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

B [ Task configuration a5
y = Program Call l

- Task Program Call; |reset[]; |

Figure 6-2-6 Example of Task Configuration
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After introduing the programming environment in PowerPro, how to new a project will be
introduced in this chapter. A project contains all the objects, including POU, data type, resources
and arithmetic. The sequence of new a project is flexible, and the basic steps include target setting,

new main program, and hardware configuration, save project.

7. 1TARGET SETTINGS

After the command “File”/*New” in the main window or the button “EI ” the dialog of
“Target Setting” opens. “Target” is the storage space of PLC and “Target Setting” is to configure
according to the selected PLC storage space.

In “Configuration” field select “HOLLiAS-LEC G3 CPU Extend ” and the target is 120KB.
Click the “OK” button a dialog box appears, shown in figure 7-1-1.

If the storage space of the used module is 28KB select “HOLLiAS-LEC G3 CPU”. If you're

not sure about the storage space refer to the appendix.

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

write a library instruction.

Target Settings

LConhiguration: iNDne

PowerPro G3 CRU
PowerPro G3 CPU Extend

Figure 7-1-1 Select Target

Then the window of “Target Settings” is opened and the default setting can satisfy most of the
application requirements and click “OK” to exit, shown in figure 7-1-2.

Target Settings

Configuration; PovetPro G CPU Extend

Target Platform ] Memory Lapout | General | Network functionality | Wisualization |

| =
Code DF‘F’S Libraries ;
I Bl E = | | I
I =1 | eIl E o |
= F | 1
Olutput

[T HEX W LST ™ map I—_-j 1 E

W L5T with Addresses

Defauit | ok | Caal

Figure 7-1-2 Target Settings
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7. 2NEW POU

Each project must contain a main program which can call other subprograms. When new a
project, the default “PLC_PRG” is specified as main program and you can ’t change it. Or else the

user program can’t run normally.
y

After the target setting is finished a dialog box of “New POU” appears, shown in figure 7-2-1.
In the “Language of the POU” field, you can select any of the languages including IL, LD, FBD,
SFC, ST and CFC. Here we select LD. In the “Type of POU” field select “Program”, the default
main program name is “PLC_PRG” and click “OK” button to exit the window.

Mame af the new POL:

Type of POU Language of the POU Cancel

* Program L
" Function Block & LD
" Furction I FBD
Return Type; {" SFC
il _J 51
" CFC

Figure 7-2-1 New Main Program “PLC_PRG”

7. BHARDWARE CONFIGURATION

PLC system acquires and processes the data through hardware modules (including CPU
modules and expansion modules). Input channels acquire the data from field and output channels
control the electrical equipments in process. In order to complete the acquirement and control,
configure the hardware modules according to the actual project.

7. 3 1 Configuration of CPU Modules

In “Resources” register card select “PLC Configuration ” and the configuration interface
appears. Click in the PLC configuration window with the right mouse-button and select command
“Append Subelement” and select the CPU type to establish a “PLC Configuration” tree. Here select
CPU moduleLM3107, shown in figure 7-3-1.

The I/Os of CPU module have the fixed I/O addresses. For example, CPU module LM3107
has 14X DI and 10X DO, where:

The input in word unit starts from %IWO0 and each input channel occupies a bit. The addresses

are: %1X0.0,%IX0.1,....... ,%IX0.7,%IX1.1,%IX1.2,........ ,%IX1.7 and the former 14 addresses are
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valid.
The output in word unit starts from %QWO0 and each output channel occupies a bit. The
addresses are: %0QX0.0,%QXO0.1,........ ,9%00QX0.7,%0QX1.0,%0QX1.1,......,%QX1.7 and the former 10
addresses are valid.

B--PLC Configuration 25
E--LM3107 14xDl 10x00 Relay AC2Z20Y PO

Eaze parameters l

......... AT %00.0: BOOL: (* Bit 0% Cormrment: |‘I 0 channels digital output(Felay]

--------- AT %GM0.1: BOOL: (*Bit1*)
--------- AT %GX0.2: BOOL, (* Bit 2%)

Channel-ld: 1005

--------- AT %00.3: BOOL; (* Bit 3% Eless [
--------- AT %QX0.4: BOOL, (* Bit 4% Size 10
--------- AT %QX0.5: BOOL, (* Bit 5 *)

......... AT %06 BOOL (* Bit 6+ Detault identifier, O

Figure 7-3-1 LM3107 Base Parameters

For CPU input channel configure its Input_Filter. The input filter parameter setting is shown
in figure 7-3-2 and the default value is “64”. Select in 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:

» Index: The Index is a consecutive digit (i), which numbers through all the way the

parameters of the module.

» Name: Name of the parameter.

»  Value: Value of the parameter, editable.

»  Default: Default value 64 of the parameters.

The definition of “filter parameter™ is as follows: if the acquired data maintains the same
during 64 scanning cycles then the acquired data is valid and the filtering is finished. Here the filter
is for digital, i.e. the number of filter is 64.

Filter parameter is invalid for high-speed input channels. There is no need to set the channel
filter parameter where the high-speed input channel is used and even the settings are finished they
are useless.

The parameter configuration of the other CPUs is similar. According to the actual control
requirement, select an appropriate CPU and add the expansion modules.
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Base parameters Module parameters l

Index | Narne |Ua|ue Defaultl Min. | M. |
1 Input_Filter_CHO {64 =64
2 Input_Filter_CH1 B4 =64
3 Input_Filter_CHZ B4 =64
4 Input_Filter_CH3 64 =64
] Input_Filter_CH4 64 x|64
i Input_Filter_CH3 64 x|64
7 Input_Filter_CHG 64 |64
& Input_Filter_CHY &4 x|64
a Input_Filter_CH3 B4 =64
10 Input_Filter_CH3 B4 =64
1 Input_Filter_CH... B4 =|&4
12 Input_Filter_CH... 64 =64
13 Input_Filter_CH... 64 =|64
14 Input_Filter_CH... 64 |64

Figure 7-3-2 Parameter Settings of LM3107 Module

7. 3 2 Configuration of Expansion Modules

Add the expansion modules when the CPU module is added. Click the right mouse on the
CPU module and select “Append Subelement” to select the expansion module needed in the list,
shown in figure 7-3-3. For example if the “LM3230” module is selected then it will be displayed in
“PLC Configuration” tree, shown in figure 7-3-4.

El--PLC Configuration L
_ HRVEPEE IRV F":'"E Base parameters Module p

Append Subeleament IN3210 8 DI. ..

IM3Z11 8 DI ACE2OV. ..
Calculate addresses IM3212 16X DI...

INM3220 5§00 Tran=zister. ..
Cut Ctrl+X .

IN3Z221 16X D0 Transistor. ..
Copw Ctrl+C

IM3222 58X D0 Relay. ..

IM32253 1600 Relay. ..
Delete Del

IM3230 4% DI 400 Transistor. ..

Figure 7-3-3 Append Subelement (1)

E---PLC Configuration
El--LM3107 14=D1 10200 Relay AG220Y POWER SUPPLY[VAR]
[ AT %IW0: WORD; {14 channels digital input %y [CHAMMEL (]
QAT %QWO, WORD; (* 10 channels digital outputiRelay) =) [CHANNEL ()]
G--:LM3230 4xD| 4=D0 Transistor[+AR]

Figure 7-3-4 Append Subelement (2)

Each I/O channel of CPU modules and expansion modules corresponds to a actual physical
device and the corresponding relationship is displayed with module in the “Base parameters .
“Base parameters” includes Node id, Input address, Output address, Diagnostic address and so on,
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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 “0”,“1”,2” and the “Node id” can’t be
changed by users freely. “Input address” and “Output address” are the initial addresses of the I/O

storage area corresponding to module channels.

E--PLC Configuration ~
El-iLh3107 1401 10=00 Relay AC220Y POY Base parameters |Module parameters
------- | AT %0 WORD; 14 channels di
-0 AT %EW0: WORD; (10 channels Modulid 252
------- LM331 DIAE 4=AI[AR] Nodoit [0

|nput address;
Output address;
Diagnostic address:

Figure 7-3-5 Base Parameters of Expansion Modules

The “Module id” of expansion modules is influenced by its “Node id”, “Input address ”,
“Output address” and module type. For example, if 4 X AI LM3310 is the first expansion module
after CPU module LM3107, then the channel addresses are %IW2, %IW4, %IW6 and %IWS.
Double click on the module or single click on “+”, you will see the module type and the detailed
I/0O address of each channel.

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

If necessary you can define a general variable for a number of channels. For example the
default setting of “%IW0” of CPU is “I”, then 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 “temp1” for “%IW2”, shown in figure 7-3-6.

L eestop AT %001 BOOL; (% Bit1 %)
B--LM3310 4=AIVAR]

------- termp1 AT %12 WORD; t* channel 1 *) [CHAMNEL ()]
------- termp2 AT %14 WORD; t* channel 2 *) [CHAMNEL ()]

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

When the cursor positionis at ~ “PLC Configuration ”, and the dialog of the option card
“Settings” is shown at the right of the window, including  “Automatic calculation of addresses ”,
“Check for overlapping addresses” and “Save configuration files in project’, 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.
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»  “Check for overlapping addresses : At compilation the project will be checked for
overlapping addresses and a corresponding message will be displayed.
>  “Save configuration files in project’: The configuration file will be saved in the project.

Settings
Autormatic calculation of addresses: [w
Check. far overlapping addreszes: [w
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. P ROGRAMMING

After the PLC configuration has been finished, you can start to write a program. When new a
program, select the programming language including IL, LD, ST, SFC, FBD and CFC. Here take
the common used LD language for an example to describe the programming specification in
PowerPro. The programming specifications for other languages are introduced in chapter 9.

LD (Ladder Diagram) is a graphics oriented programming language. It ’s convenient to
construct logical operations using LD. The main components in LD include contact, coil, function
blocks and connection line. In LD a plane net is generated by vertical lines and horizontal lines.
Generally the leftmost line is “energy line” and it is always TRUE. Every programming element
connects according to the rules and connects to the “energy line ” at last to form a “Grid”,
“Segment” or “Network” to complete the specific logical operations, shown in figure 7-4-1.

[0oO1)  testMurn=0
000z
0an3

—
e |

Lahell:
D EseEEn

Start ] i1 00

1

Figure 7-4-1 LD Editor

Click the right mouse in the instruction part in workspace and the common used commands

are displayed in the context menu, shown in figure 7-4-2.
» Network (before), Network (after): Insert a new network before or after the present

network where the cursor is located.
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»  Contact, Parallel Contact: Insert a contact or parallel contact to the marked position in the

network.

\4

Function Block: Insert a function block at the cursor position.

»  Coil: Insert a coil at the cursor position.

»  Box with EN: Insert an IEC operator, a function, a function block or a sub-program with
EN input into a LD network.

»  Jump: Jump to the indicated label if the condition is true.

»  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.

» Comment: Insert a comment at each network for better understanding of the program.

Cut Cirltk
Copy Cirl+C
Faste Cirl+¥
Delete Del

Hetwork (hefore)
Hetwork (after] Ctr1+T

Contact Ctrl+E
Parallel Contact Cirl+h

Funetion Blaclk ... Ctrl+E
Cail Ctrl+l

Box with EN
Insert at BElocks ¥

Jump

Beturn

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
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is 0), shown in figure 7-4-3. If, for example, the number 2 is entered, then, 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, then in order to enter a comment you simply click in the comment line and then enter the

comment. In contrast to the program text, comments are displayed in grey.

kinimum Comment Size: ] Lines

b amimurn Comment Size:; 7 Linez Cancel

Figure 7-4-3 Settings of Comment

7.4 21nsert Contact and Coil
> Insert “Contact”

Shortcut: il Insert a contact in front of the marked location in the network.

If the marked position is a coil or the connecting line between the contacts and the coils, then
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, shown in figure 7-4-4.

A Llocal Varizbles
; (BOOL)

- @ A2 (BOOL)

P A7 (ROOL)

- @ 44 (BOOL)

b g AT (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 connecting line between the contacts and the coils, then
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, shown in figure 7-4-4.

» Insert “Coil”

Shortcut |i| 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
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variable or the desired constant. For this you can also use the Input Assistant (F2) to select input
directly from the variable list, 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 in an appropriate Boolean variable. At the entry line the value ON (corresponds to the
Boolean variable TRUE) or the value OFF (corresponding to FALSE) can be present.

» “Negate” Operation

Shortcut |L| Negate contacts and coils.

If a coil is negated, then it copies the negated value in the appropriate Boolean variable. If a
contact is negated, then it connects through only if the appropriate Boolean value is FALSE.

»  “Set/Reset” Operation

5
Shortcut: _Rl Coils can be defined Set or Reset status.

A Set Coil is designated with an “S” in the coil symbol. Once you have set the value of this
variable to TRUE, it will always remain at TRUE until if s reset again.

A Reset Coil is designated with an “R” in the coil symbol. Once you have set the value of this
variable to FALSE, it will always remain at FALSE until it's set again.

7.4 3 Add Instructions

The instructions in PowerPro can be called in two ways: Box with EN and Function Block.
The using method will be introduced below.
» Call Box with EN
In PowerPro instruction system, some standard instructions, such as Arithmetic Operators,
Comparison Operators, Bit-Shift Operators, Assignment Operator, Type Conversion, Logical
Operators and so on, 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” in 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, shown in
figure 7-4-5.

"1— n.t”

Figure 7-4-5 Insert Box with EN

The new inserted contains initially the designation “AND”. If you wish, you can change this
designation 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, shown in figure 7-4-6.
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4, CoDeSys — green-—red.prox — [PLC_PRG (PEG-LD)]

2 File BS8E Froject Insert Extras 0Online Window Help - X
=z 2 Undo Ctrl+Z
- -
Bl e Cerlsx
i @ f Copy Ctrl+C i
Paste Crrl+y »
Delete Dlel ang m_ ~
Finds Cirl+F I I EM
1A 7
Replace. .. Cirl+H e
Tnput Assistant. .
fnto Declare. .. Shift+F2

Figure 7-4-6 Input Assistant

»  Call Function Block
The instructions including timer, counter, trigger, communication, and high-speed input/output,
analog monitos are called in the form of function block.

Before calling the instruction in the form of function block, first you should what is a library.
In PowerPro software, the common used instructions are gathered to create special 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 library please refer to section 7.4.4.

The instruction can be called in the form of 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 opened and select the instruction needed, shown in figure 7-4-7.

Help Manager

geclgrago?s {3 Standard Function Blacks

Llsaer: da;finej;lp'?ses El-m [E_:\F'DwerF!ro\F'owerF'm EMG\LibrartStandard. ib Cancel ]

Standard Function Blocks L._] Bistable Function Blocks

Uzer defined Function Bloc: E-ﬂ Caunter
CTD (FE

£] CTU [FE]

CTUD [FB]

[0 Timer

e | Trigger

W Structured

Figure 7-4-7 Insert Function Block

In applications the concepts  “Function Block ” and “Box with EN * are often mixed up.
Actually the distinction is obvious and their calling mode is different. For = “Function Block™ with
EN, it will be executed when the program runs no matter it ’s enabled or not while the “Box with
EN” will be called only when the EN is enabled.
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ﬁNote:

When using function block instruction, instances are declared as varibles whereas the name of the function
block is indicated as 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 Library

In PLC programming some instructions or function blocks are often used, such as string
functions, trigger, counter, PID and so on. In PowerPro, the common used instructions and function
blocks are gathered and classified to create special libraries.

Library is the collection of instructions and function blocks and all the libraries contain a file
“library name.lib” (including input and output codes of instructions and function blocks) . If you
want to call the instruction or function block add the library file“library name .lib”.

The common used libraries include Standard.lib, Utility library (Util.lib, Util no_ Real.lib) ,
System library (SysLibC16x.lib, SyslibCallBack.lib) . The standard library and system library are
added to the project automatically when new a project and can be called directly while the other
libraries can be called only after they are added to the project manually. All the library files
provided by system are stored in the directory \Hollysys\PowerPro\Library in the form of***.1ib”.

»  Library Manager

Library Manager is used to manager library functions and function blocks and it contains all
standard functions and function blocks. Library Manager is opened with the command
“Window”/“Library Manager”, 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 wertical
Tile horizontal
Cazcade
Arrange Symbols
Claose All

W Mezzagas Zhift+Eze

Library Manager

Log

1 FIC Ceonfiguration
v 2 PLC_PRG (PRG-LD)

Figure 7-4-8 Open Library Manager

The window of the library manager is divided into four areas, shown in figure 7-4-9. The
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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 a function or function block then the declaration will appear in the upper right area of

the library manager and in the lower right is the graphic display.

It’s very important to learn how to view the function library. In the function library some very

important messge is displayed, such as the number of input variables and intermediate variables

and their data types, variable comments and the intermediate variables which must be initialized

and so on.

Util_no_Real lib*3.10.03 16:33:35
Standard lib*30.10.02 14:42-50

library list
K1 i

B
I:I Bistable Function Blocks
I:I Counter
[:I SFling Functions program
I:I Tirmer
B3 Trigger

] F_TRIG [FB)

RNl F_TRIG (FE)

programming requirements. Because there is a conflict in the data types in Util.lib and

e B

FUNCTION_BLOCK R_TRIG

| Rising Edge detection ™

VAR_INPUT

CLE:BOOL,  (* Signal to detect®)
EMD_WAR
WVAR_OLTPLUT RETAIN

Q:BOOL; (*Edoe detected *)
EMD_WAR
VAR RETAIN

M: BOOL
END_VAR

< |

4‘; declaration

R_TRIG

—CLK

Figure 7-4-9 Window of Library Manager

»  Additional Library
Additional libraries are needed when the library files in library list can

graph

|
.

=

c display

’t meet the

Util no_Real.lib and errors appear while compiling, so they are not allowed to add 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, shown in figure 7-4-10.
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4 CoDeSy=s — DENQ.pro*x — [Library Nanager]

mﬁile Edit Froject Insert Extraz Online ¥indow Help

e E e e A e e e

M Standard lib*6.12.05 170752
a FOUs Additional Litrary ... Ins
e @ Delete Del
Froperties ... Alt+Enter

Figure 7-4-10 Additional Library

Select what you need and click “Open”. No matter what library it is, only open the

corresponding *.lib file, shown in figure 7-4-11.

H3F - 21
HEFEE (1) |\_'JLibra.r}' ﬂ L EF *'
check @ PowerFro_PLC_DPSLAVE @ PowerPro_FL
i@ Teesfe @ PowerFro FLC EtherHet @ FPowerPro_FL
@ FowerPro_FPLC_ANALOG @ PowerFro_FLC_Ex FPowerFPra_FL
@ FowerFro_FLC Cowt | %l PowerFro _PLC_Ex CT @ FowerFro_FL
@ PowerPr nlr_ﬂ.ﬂ._ﬂm @ PowerPro PLC_Ex ICT @ PowerPro PL
= FowerPro_PLC_COMMZ = PowerPro PLC_Ex DCT32 || PowerPro_PL
< | *
IHE ) II‘DwerPro_PLl:_CDHH R @ |
PRI [CoDeSys Library (.1ib) -] Ml |

Figure 7-4-11 Open Library

The library selected above is added to the library list, shown in figure 7-4-12. Regard that all
the libraries added to the library manager will occupy space of user program, so it ’s suggested to
only add the library needed.
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4 ColleSys — PLC _example. pro® — [Library Manager]
nliile Edit Project Imsert Extras Ordine HYindew Help

EIEL]

32, Resources Standard.lib 6.12.05 17:07:52
B 1 Glabal Variables SYELIBCALLBACK.LIB 6.12.06 17:07
B[] library PowerPro_ PLC_COMM.|i
e
e

3 | ibrary Standard. ib 6.12.05 170
0+ fibrary 5vSLIBCALLBACK. LIB 6
""" ﬂ Alarm configuration

11| Litrary Manage 1] |

{8l PLC Configuration 3 POUs
""" &= Target Settings i/=] COMM_RECEIVE [FB)
""" (28 Task configuration COMM_SEND [FB]

""" 3, Watch- and Recips Manager Reset_COMM_PRMT [FB]
""" 4% \Workspace 5t AM_PRMT [FE]

‘e [*=2o [Ev @6 ]

Figure 7-4-12 Display Library

> Delete Library

With the command “Edit”/“Delete” or “Delete” in the context menu, you can delete the
existing libraries.

ﬁNote:

After new a project, the Standard.lib and SyslibCallBack.lib are added automatically, and the other
libraries are needed to add manually.

7.4 5Create a Library

In project implementation, some algorithm or logic are used repeatedly and can be used in
many other projects then thses logics are included in a library convenient for programming,
engineering maintenance and technological resources sharing. Passwords are used to protect your
algorithm and logic in a library against being opened or changed. How to create a library is as
below:

First new a project, and select “None” in the field “Target Settings”/*“Configuration”, shown in
figure 7-4-13.
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Target Settings

Configuration: e~ ok | cacel |

Figure 7-4-13 User-defined Library (1)

Click “OK”, and a “New POU” window appears, 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 7-3-2, select “ST” in the field “Language of
the POU”, and enter the name “Generate CRC” in the field “Name of the new POU”.

Marme of the new POL: iGenerate_EHE
Type of POU Language of the POU Cancel
 Program gl
 Ficion B “ 10
" Furchian ¢ Fel

Rieturn Type: 8

| R

T EFC

Figure 7-4-14 User-defined Library (2)

After the configuration a function block structure is generated, first save it as a library and add
content needed in it. Remember to save it under the directory PowerPro\Library and give it a name
according to requirement and save it as a “Internal Library” for algorithm implementation inside
the library, shown in figure 7-4-15. Another type is “External Library” of which the algorithm and
logic are implemented in modules and only variable declarations are inside the library.

BEED: | Libray | = =k B3
IE [ PowerPro PLC_DPSLAVE |5 PowsrPro_PL
@ FowerFro FLC EtherHet @ FawerFro_FL

@ FowerPro FLC_ANALODG @ PowerPro _PLC_Ex @ PowerFro_FL
@ PowerPro_PLC Cowt @ PowerPro_PIC_Ex CT @ FowerFro_FL
@ FowerFro FLC_ COMM iﬂ PowerFPro FLC Ex DCT @ PowerPro_PL.
| PowerPro_PLC_COMMZ /= PowerPro PLC Ex ICT32 [ PowerPro PL
£ L4
s @: | B @) l
| - ¥ 3 :

{RIFER (T 1Internal Library 0. 1lib) ﬂ HE T

Edit oanse info... |

Figure 7-4-15 User-defined Library (3)
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< Example

The example is used to generate a library for CRC16 check written in ST language, 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 in other computers, you have to copy it and paste it to the software
installation directory PowerPro\Library in 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, i.e it can ’t be called by
itself.

4 Generate CRC (FB-S5T)
DO0Y|FUMNCTION_BLOCK Generate_CRC ~

DO02VaR_INPUT

0oo3| pData:POINTER TO BYTE;
0004  byteCounterWORD:
DODSEMD_VAR
DODB[WAR_OUTPUT

0007| CRC_CodeWORD;
0008g| FINISH:BOOL =FALSE;

0009 EMD_VAR

oot OjvaAR

0011 Reg16:WORD;

p01d i BYTE;

0013 IMIORD;

001 4 mval WORD:,

10018  ternp_byte:BYTE; bk
0001 Redl6:=16%#FFFF; ~
0003 rmwal=163#4001;(*0xA001=1010000000000001%)

0on3|

00040R i=0 TO byteCounter-1 BY 1D0O

0o0s| temp_kbyte =pData®;

0006 pData=pData+1;

0007 ReglB6:=(Reg!f X0OR temp_hyte):

0oDg FORj=0TOT7BY10D0

nong| flg:=0

0o10| fla=(Reg! 6 AND 1680001, ("get b0 value™)

o011 Reg16=SHR{Req18,1);*RIGHT =hift 1 bit set b15=0%)

00132 IF (flg = 1) THEN

0013 Reg16=Reg16 X0OR mval,

0014 END_IF;

0015 END_FOR;

QOO16MD_FOR; -
< >

Figure 7-4-16 User-defined Library (4)

For used-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, shown in figure 7-4-17.
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Figure 7-4-17 User-defined Library Encryption

7.4 6Jump 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 jump, shown in
figure 7-4-18.

For an inserted jump, enter a jump label (defaultis  “Label”) to which it is to be assigned.
Jump directly to network 3 without implementing network 2 when meeting the jump condition,
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.

mn
| Ak
W=
—| I Ry T
oz
Al
—n
11 EL i
ooz | a0F
|
i
i
0 [
) Lomoom--o--d

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, shown
in figure 7-4-19.

o

WrELL ML

Il (]

| I SRR

. - SR MM

I b}

Figure 7-4-19 Return

7.47 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 programis  “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 calla  “Box with EN”
and change the keyword to the name of the subprogram, shown in figure 7-4-20. Refer to section
7.4.3 about how to call a “Box with EN”.
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s CoDeSys — (Untitled)s — [PLC_PRG (PRG-LD)] =13
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1 [0001PROGRAM PLC_PRG
0002WAR
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0001
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Figure 7-4-20 Call Subprogram

If you want to transfer parameters between main program and subprogram, you have to

declare some input variables, output variable or global variables. About variables see section 4.4.

7.48Add Comment

In order to make it easier to read the program, comments can be added for program, network
or variable and address. There are a number of possibilities to add comments in PowerPro.
»  Comments for program and network
The comment for program is the same with that for network. In PowerPro comments can be
entered for each network, shown in figure 7-4-21. Refer to section 7.4.1 for comments.
»  Comments for variables
In PowerPro you can add comments for variables. At the declaration of a variable, you can add
the comments in the dialog box of variable declaration or in the declaration part in the editor,
shown in figure 7-4-21.
»  Comments for address
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, shown in figure 7-4-21. See section
7.4.9 about ladder diagram options.
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Figure 7-4-21 Comments

ﬁNote:

Adding comments for networks is different from adding jump label 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.

7. 49 Ladder Diagram Options

Select “Extras”/“Options”, a dialog box appears, shown in figure 7-4-22, and you can set

different options for your ladder diagram.

Function Block and Ladder Diagram Options |§|

Minimum Comment Size: 1EI Lines
b a=irum Comment Size:; T Lines Cancel

Alternative Look & Feel for Ladder Diagram

¥ Comments per Contact
Lines for waniable comment: 11 Lines

Lines for waniable text: 1 Lines

[ Metworks with linsbreaks

[ Replace with sumbol after entering address
[ Set contact comment to symbol comment
I Show address of symbal

Apply
¥ Show variable comments per rung in printout options

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.
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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 resp. at a contact or coil and this address will be replaced immediately
by the name of the variable which is 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.

7.410 Save Files

Use the command “File”/“Save” in the main menu or the button

EI ” in tool bar to save the

current project.

Enter the name of the new project in the field “File name” and the meaningful characters and

numbers are suggested to use.

Select “*.pro”in the field “Save as type ” and the project file will be saved in the default

directory \PowerPro\PowerPro ENG\Projects, shown in figure 7-4-23.

{RIFE L) I._,i' Frojects _vj 4= ﬁi v

;ﬂcnmpile
& PLC example

IME @ FLC_exanple R &) |

{RFER () |EDDES}’E Project 0% pra) _:J ]

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, shown in figure 7-4-24. In the whole process of creating a
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project remember to save the project momentarily to avoid misoperations resulting data loss.
When the project has been changed but not saved yet, a “*” will appears after the project name in

the upper left corner and it disappears when the project is saved.

(Intitled) =

4 CoDeSys —

4 CoDe5ys — PLC_example. pro

Figure 7-4-24 Save Project (2)

With the “Project”/“Options” menu or “Workspace” in “Resources” register card 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. SMENU 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 softwate 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.

174

— lomsle. 19k
——  HvaldikClEx. [k
X L Util. Iihk
—— l'roX. pro

Figure 7-5-1 Software Directory Tree

Open the “Project” menu in the main window, shown in figure 7-5-2.
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Document. . .

Export. ..

Import. ..

Siemens Import r
Mergze. ..

Compare. ..

Froject Info. ..

lobal Search. ..

zlobal EReplace. ..

Figure 7-5-2 Manage Project Menu

The common used commands for managing project are introduced below.

7.5 1 Print 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, POUSs,
Resources and so on, shown in figure 7-5-3. Resources include Global Variables, PLC
Configuration, Alarm configuration, Workspace, Watch- and Recipe Manager, Task configuration

and Parameter Manager and so on.

Document Project

[ | Project

Figure 7-5-3 Print Document Project

Only those areas in the dialog box are printed which are highlighted in blue. If you want to
select the entire project, then select the name of your project in the first line. If you only want to
select a single object, then click on the corresponding object. Objects which have a plus sign in
front of their symbols are organization objects which contain other objects. With a click on a plus
sign organization object is expanded, and with a click on the resulting minus sign it can be closed
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up again. When you select an organization object, then 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”, shown in figure 7-5-4.

Document ation Setup

Frame

Eile: JDZ"'.HD||}'S}'$"5F'DWE=[F'[D"\F'[DiECtS"-.?I|: Browsze...
Edit... Placeholders: {Pagel {FileMame} {Date}

{POUMamme! {Content}

[ Mew page for each object [

Printer Setup Cancel

Figure 7-5-4 Documentation Setup Dialog Box

» File

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, then the frame for setting up the page layout appears. With
the command “Insert”/“Placeholder” can insert Page, POU-Name, Filename, Date and Content by
dragging a rectangle the layout while pressing the left mouse button.

» New page for each object

If the option is activated begin a new page for each object.

» New page for each subobject

If the option is activated begin a new page for each subobject.

»  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, then the frame for setting up the page layout appears, shown in
figure 7-5-5. With the menu item “Insert” “Placeholder” and subsequent selection 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, then CoDeSys asks when the window is closed if these changes
should be saved or not.

In order to be aware of the page format which will be valid for printouts, define the layout as
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described above and additionally activate option “Show print area margins” in “Project” “Options”
“Desktop”.
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Figure 7-5-5 Page Layout

7.5 21Import and Export Projects

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, 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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The dialog box for saving files appears. Enter the name and the file with an extension
will be saved in the directory, and message window appears to display the related information.

-112 -

Froject

Export

[ One file for each ohisct
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Figure 7-5-7 Export Project (2)

When import, select the desired export file and the object will imported into the current project.
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?”, shown in figure 7-5-8.

The object already exists. Do you want to replace it?

Ho Yes, al Ma, all Cancel J

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, shown in figure 7-5-9.

RgexA RgaxB
RrafA Rrad3
)| Crac
@ o @

Figure 7-5-9 Schematic Diagram of Import and Export

7.5 3Merge Projects

With this 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, 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?”
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Nergse Project

Figure 7-5-10 Merge Project

Note that the system events will not be merged when merge projects.

7.5 4 Compare Projects

With the command ““Project”/*“Compare” you can compare two projects. Click the command
and a dialog box of project comparison appears, shown in figure 7-5-11.

PFroject Comparisen _§1

Project to be compared: I:'cnwerPrcn"xF'l:-werF'rcn EMGMProjectz\PLC_example. pro ‘_I oK |
T Compare with ENIFroject Cancel
Options
I lgnore whitespaces W Compare differences
I lgnare comments
[™ lgrore 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.

YV V V V

Gray: Different objects in two projects and double-click them for details.
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i 4 PLC_PRG [PRG]
E&a Resources

B Global Variables
iﬁ dlarm configuration
m Library Manager
T3 Log

Lﬁg PLL Configrsbion
ﬁ Target Settings
i@ T azk configuration

f:i‘k Watch- and Recipe Manager

POUs

[ PLC_PRG [PRG]

El&aa Resources
B Global Yariables

""" E Alarm configuration

""" {ffif) Library Manager

..... o Log

..... L’:Jg PLC Configurstion

""" I* Target Settings

""" L@ T azk configuration

""" ’:{ Watch and Recipe Manager

Figure 7-5-12 Compare Projects (2)

In addition, the command “Compare” can be used to compare the actual version of one project

with that which was saved last, shown in figure 7-5-13. In the compare mode, objects can not be

edited and all operations are forbidden until you close the window of project comparison.

However, the comparison of hardware configuration is not supported.

4, PLC_PRG (PRG-5T)

0001

7.5 5 User Passwords

PROGRAM PLC_PRG

sir_warl: STRING{10j;
sir_varZ. STRING(18),

o0 E‘HD AR

allPROGRAM PLC_PRG -
"R =
count INT,

switch: BOOL,
boolvar: BOOL;

reeal_war LREAL,

e

sh_varl STRING{1D),
str_varZ STRING(1E),

ﬁ'm str_vari =LREAL_TO_STRING(real_var);
str_var2=TIME_TOQ_STRING(T® q

IF count = 20 THEN

i_l str_varl =LREAL_TO

boakar=TRLE;
count=count+2;

IF count = 20 THEN
switch:=TRUE;
END_IF;

IF count = 40 THEM
switch:=FALSE;
END_IF,

IF count= 50 THEM
count=0;

END_IF,

LA S|

sir_var2 =TIME_TO_STRING(T#1 2ma),

_STRING{real_var),

Lol

The currert procesz of
increazing the tarmet (Blug)

Figure 7-5-13 Cmpare Projects (3)

With the command “‘Project’/*“Options”/“Passwords” to protect your files from unauthorized

access and protect against your files being opened or changed, shown in figure 7-5-14. You can

enter “Password” to open project, and “Write Protection Password’ to change project.
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Pazzwaord:

EETE

Caonfirm Pazsword:

EREE

Write Protection Pazswaord:

EETE

Confirm Yfrite Protection Pazsword:

EETE

Figure 7-5-14 Options of Passwords

Enter the desired password in the field “Password”. For each typed character an asterisk (*)
appears in the field. You must repeat the same word in the field “Confirm Password”. If you now
save the file and then reopen it, then you get a dialog box to enter the password. If a dialog box
appears, shown in figure 7-5-15, you have to re-enter the password.

Figure 7-5-15 Password Error

A write-protected project can be opened without a password. For this simply press the button
“Cancel”, if you are told to enter the write-protection password when opening a 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 CoDeSys 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, 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
combobox “User Group” you can select the group and enter the desired password for the group in
the field “Password”, shown in figure 7-5-16.
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Pazsword for user group

Uszer Group; Pazsword;

Lewvel 0 _‘:_1 |

Lewvel 1

Level 2 |
Level 3
Lewvel 4
Level B
Level B
Level ¥

Cancel

i

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, shown in figure 7-5-17. There are three possible settings:

» No Access: the object may not be opened by a member of the user group

» Read Access: the object can be opened for reading by a member of the user group but not

changed.

»  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.

Froperties

Access nghts

Ilzer Groups 0 1 2 3

I
o
o
=

Mo Acoess - ' - e ~ - tu -
Read fdocess - ' - r r ' i
Full fccess i* i (s iy " 3 ' iy

I Apply o all

ak l Cancel l

Figure 7-5-17 Properties

A simple example for object access rights is shown below.

With the command ““Project’/“Object”/“Properties” open the dialog “Properties”, 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.
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Froperties

Access nights

I=er Groups ] 1 2 3 4 3] E 7

Mo Access = - ™ i~ i* I I i
Read Access £ i oy g ™ r e
Full dcess o o N i!"‘ E . r k.

[ Apply to all

k. I Canicel

Figure 7-5-18 Access Rights

With the command “Project” “User group passwords” a dialog for password assignment for
user groups is opened, shown in figure 7-5-19.

In the left combobox User group select “Level 07 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’s the same for Levell, Level2 and Level3. The relationship between user group and
password 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.

Pazzword for unser group

Uszer Group; Pazzwiord;

Lewel 0 _‘:J I“

LCanfirm Pazsword:

11

Cancel

i

Figure 7-5-19 Password for user group

Table 7-5-1 User Group and Passwords

Level 0 0
Level 1 1
Level 2 2
Level 3 3

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. 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
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project as “Level0” and enter the password, shown in f igure 7-5-20.

Password for user group

Uzer Group; Pazaword;

I Level 0 _ﬂ |’1

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,
shown in figure 7-5-21:

CoDesys=

Figure 7-5-21 Password Error

Only when you have entered the correct password of Level 0 the project can be opened. For
user groups Level4, Level5, Level6, Level7 and Level8 who have no access, the following dialog
appears, shown in figure 7-5-22:

CoDesy=

This object canmot be opened
becauze you do not have any accessz to it

Figure 7-5-22 No Access to the Object

7. BWORKSPACE SETTINGS

You can open “Workspace” in two ways: first, click “Project”/“Options”; second, double click
“Workspace” in register card “Resources”’, shown in figure 7-6-1.
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Categary:

I zer Infarmation [ Create Backup

Editor

Desktop v Auto Save Auto Save Interval [Min]: 10
Colors

Directonies [ Auto save before compile

Lag

Bwild
Pazswiords
Source download v Auto load
D atabaze-connection .
M acros

[ Azk for project info

[ Bemind of boaot project an exit

[+ Save ENI 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 of a mouse click or using the arrow
keys and change the options on the right side.

» Load&Save
User Infomation
Editor
Desktop
Colors
Directories
Log
Build
Passwords
Source download
Symbol configuration
Database-connection

VYV V VY YV VYV VYV

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 Infomation”, “Editor”, “Desktop”,

b}

“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,
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.
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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 CoDeSys is not shut down
“normally” (e.g. due to a power failure), then the file will not get erased. When you open
the file again the following message appears, 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 Backuap

DALENPOW RO EMG V4 0 DN 3 Appdc-ation E sample'sizu] pi

The piogect pou wank io open was rol correctly clozed. These s,
bowweves, an automatic backup,

[t of the coral e 8708150833
[rate of the backup file: 4708 16:26:39
[ [(pen auto-zave He [ Opan orgnal file Lancel

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”, “Version” and so on, which are part of project
documentation and can be printed.

»  “Auto load”: At the next start of PowerPro the last open project is automatically loaded.

A\

“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? ”, 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.

\;:'J Ho boot project created since last downlead Exit angway?

Figure 7-6-3 A Dialog Box of*“No boot project created since last download. Exit anyway?

7.6 2User Information

In “Workspace”, select “User Information”, the options appear at the right of window. The
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options are shown in figure 7-6-4. Enter user name, initials and company in corresponding fields.

Uzer Mame:

Initials:;

Carmpan:

Figure 7-6-4 User Information

7. & 3 Editor

In “Workspace”, select “Editor”, the options appear at the right of window. The options of
Editor include Autodeclaration, Autoformat, List components, Declarations as tables, Mark, Bit

values and so on, shown in figure 7-6-5.

[v Autodeclaration T ab-width: 4

[v Autoformat
Fart...

[v List components

[ Declarations az tables

b ark: Bit walues

+ Daotted line &+ Decirnal

" Line " Binary

" Filled " Hewadecimal

[ Suppress monitoring of complex types [aray, pointer, WYAR_IM_0UT)

[v Show POU symbols
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.Operator written in small letters is shown in capitals; 2. Tabs are inserted to that the
columns are uniformly divided.

»  “Declarations as tables ”: If this option is activated, then 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 type and name of POUs

automatically.
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YAR

REI ] Address Type Initial Comment
0001 T TOM
oooz [ET TIME
0003 |M BOOL
Figure 7-6-6 Declarations as Tables
»  “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
upon the font which is chosen.

»  “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. The choice of a larger font size thus
enlarges the printout, even with each 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 can ’t
support the 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. & 4 Desktop
In “Workspace”, select “Desktop”, the options appear at the right of window, shown in figure
7-6-7
[v Tool bar [ Show print area margis v MDI reprezentation
[v Statuz bar [ F4ignores warmings

[ Orline in securnty mode
[ Queny communication parameters before login

[ Do not zave communication parameters in project

Language: | English |

Figure 7-6-7 Desktop Options
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“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 at the lower edge of the main window 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 appears with the confirmation request whether the command should really be
executed. For ding this can avoid misoperation.

»  “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. For doing this no need to execute
“Online”/*“Communication Parameters”.

» “Language”: Choose the language for the menu and dialog texts, and the default setting is
English.

»  “Show print area margins ”: In every editor window, the limits of the currently set print
range are marked with red dashed lines. Their size depends on the printer characteristics
(paper size, orientation) and on the size of the ~ “Content” field of the set print layout
(menu: “File” “Documentation Settings”), 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 po=t THEN
5=aet
bl
ELHE
[psant Print barder
|ERD IF
PLE 1)
PLE 2i)
{531
Figure 7-6-8 Show Print Area Margins
7.6 5 Colors
In “Workspace”, select “Colors”, the options appear at the right of the window, shown in
figure 7-6-9.
Line numbers. .. | Current position... |
Breakpoint pogition. .. | Poszition pazzed... |
Set breakpaint... | Monitoring of BOOL... |

Figure 7-6-9 Colors Options

You can re-set some specific display colors according the user  ’s requirement and custom.
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According to the colors you can observe the program running situation 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 light gray, background color of network numbers or line
numbers in editors.

»  “Current position™: default red, in online mode the background color of network numbers
or line numbers where the program stops at a breakpoint.

»  “Breakpoint position”: default dark gray, the background color of network numbers or
line numbers where you can set a breakpoint.

»  “Position passed ”: default green, the background color of network numbers or line
numbers which have been executed in flow control.

»  “Set breakpoint”: default light blue, the background color of network numbers or line
numbers where you have set a breakpoint.

»  “Monitoring of BOOL ”: default dark blue, in online mode the color of digital logic
TRUE.

7. &6 Directories

In “Workspace”, select “Directories”, the options appear at the right of the window, 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 can  ’t 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”.
— Project QK |
Libraries;
Cancel
LCornpile files: 4'

Configuration files:
Wizualization files:

Lkl

— Target
Libraries:; |

Configuration files: |C:‘\TAHGET\F‘nwerpm'\PEEasade"-.

— [eneral
Libraries: ID:\F‘DwerF‘m\PDweer EMGMLibranh,
Compile files: ID:"xF'u:uwerF'rD'\F'DwerF'm EMG Projectz\Compile
Upload files: IF:'\F'ngram Filesh35 SoftwarehCoDeSys W2 U ploads

Configuration files: IE:HWINNT'\EDD 25z V2 hLibran\PLCCOMEFY,

Wisualization files: |

e

Figure 7-6-10 Directories
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7.67 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, shown in figure 7-6-11.

e

! [ Directory for project logs:
| |0\ PowerProtPomePro ENG |

' b awimum project log size:

| | Online sezsions

[
[T Activate logging
|

| —Filker:
W User actions W Status changes
W Intemal actions W Exceptions

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:\PowerPro\PowerPro ENG.

»  “Maximum project log size ”: The maximum number of ‘Online sessions’ shown in log
window.

»  “Activate logging”: Activate log function to display log list, 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
Eﬂesnurces L
. 0 g
(0 Global Variables = & <20.05.08 —- 11:25:35% — <00 05.08 —— 11:25:44)
B2 fbrary Standard lib 6.1 § <?9.05.08 — 11:25:35> Login
-2 lbramy SYSLIBCALLE # <29.05.03 — 11:25:35> Login (simulation mode)
(8 Alarm carfiguration # 00505 — 11:25:35>  Set idemtity
o 0 ® 290503 — 11:25:35> Init debugging
""" (il Library Manager Sy 290508 — 11:75:35%  Server stopped (P77, line 0) -» Wo force list actiwve
----- m Log T 290508 - 11:25:35> Server stopped (777, line 0) - Ho force list actiwe
..... PLLC Configuration ﬁ <29.05.03 —— 11:25:33> |I'I'r:!.‘.e values
..... . # <29.05.08 —— 11:25:38% Write all waluez —-» No data
¥ Taiget Settings € <00 0508 — 11:25:.42%  Start

# <29.05.08 —- 11:25:42> Start
§ <20.05.05 —— 11:25:44> Logout
# 29,0503 —— 11:25:44> Logout
# Z9.05.08 — 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’ canbe used in either ~ “offline” mode or “online” mode. There is a log list
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generated in simulation mode, shown in figure 7-6-12.

7. & 8Build
In “Workspace”, select “Build”, the options appear at the right of the window, shown in figure
7-6-13.
oK. |
¥ Debunging Mumber of data segments: |3
I Replace constants Ezclude objects from build
¥ Mested comments Exclude objects

[~ Cieate binary file of the application
W actions hide programs
[ Treat LREAL as REAL

Macro before compile: I

Macro after compile;

— Compiler version
v Use latest

Fi: |2.3.4.EI 'I

— Check autarmatically
[ Unused varjables

[ Overlapping memory areas

[ Cancurent access

[ Multiple wiite access on output

IT_FILTER [EMUM]
RCE [EMUM)

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 is then
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
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any case, activate 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 in allocation of variables via the “AT”
declaration overlaps have arisen at specific memory areas.
“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, shown in figure 7-6-14.

Mo unused variables found

Mo concurrent accesses found
-------------------- Check: Multiple write access on output----------mm--—
WO is written to at the following locations:

PLC_PRG {3): 0 AT %20

PLC_PRG (3 QAT %0W0

Jd

Figure 7-6-14 Compile Information

7. &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 codes are set and
how to use it will be introduced as follows.
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LCategaony:
Load & Save Pazsword;
Izer Infarmation -
Editar Ixxxxxx
Dezkto .
Calarz F Confirn Pazsword:
Directaries Ixxxxxx
Log
Build iz Write Protection Pazswaord:
Source download Ixxxxxx
[ atabaze-connection
b acroz Confirm ‘rite Protection Pazswaord:

Ixxxxxx

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, shown in figure 7-6-16.

M CoDeSys

Openz a project

Loading project file ...

Enter Pazsword

Figure 7-6-16 Enter Password

Click “OK”, a dialog box appears in which you are requested to enter the write protection
password, shown in figure 7-6-17. If the passwords entered are correct, the program is opened and
you can edit it.

B ColeSys ix

Openz a project
Loading project file ..

Cancel

Enter ¥rite Protection Password :?C [

‘wirite Protection Password:
1 Cancel

Figure 7-6-17 Write Protection Password
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If you want to cancel the password for a program, you have to open “Workspace”/
“Passwords” to delete the original password and save it. Then if you open the program again, the
password protection is invalid.
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Compile the program when the program is finished and download it to PLC only when the
program has been compiled without any error. In this chapter the compilation and downlad are

introduced mainly.

8 1BUILD

The commands “Project”/ “Build” and “Rebuild all” in PowerPro are used to check semantic
correctness, shown in figure 8-1-1.

»  Build: Build the program which has changed and renew it to thr original target file.

»  Rebuild all: Unlike the command “Build”, the project is completely recompiled.

»  Clear all: Clear previous compilation and download information.

» Load download information: PLC can’t support the function.

Euild Fil
Eebuild a1l
Clean =211

Load download information. ..

Figure 8-1-1 Project List

The program without syntactic error can generate executive target file. The compilation result
will be displayed in message window, shown in figure 8-1-2.
The common compilation errors:

Implementation of PO STATISTICE_REAL'
Implementation of PO URPACK!
Implementation of PO YWARIAMCE'
Implementation of POLNPLC_PRG'
Implementation of the task configuration

Generating epilog 0 error, 0 warning
Hardware-Caonfiguration
0 Error(s), OWarningls).

Check ofthe task configuration

Library ‘Standard.lih 301002 14:42:80'
Generating prolog Error 4001
Implementation of FOL'PLC_PRG'

Error 4001: PLC_PRG G2 Identifier 'STARTLUFPT not defined
Implementation of the task configuration
Hardware-Canfiguration

1 Erroris), OWarningis).

Figure 8-1-2 Compilation Message
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8 2SHOW 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.

821 Show 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, shown in figure 8-2-1. Before
this the project must have been compiled without any error.

Call Tree of AS_EXAMPLE
|AS_E}{AMPLE SFCACTIONCOMNTROL

AS_EXAMPLE.AC

Figure 8-2-1 Show Call Tree

8 2 2Show Cross References

With the command “Project”/“Show Cross References” you can view all application points,
shown in figure 8-2-2. The so-called “application point” is the position where a variable, address or
a POU is located. For this the project must be compiled.

Croszs references{Not up to date) El
Selection Get References
LCategory: |\-’aliahle lj

GoTo
Ligre gcljlcll_lIESS Canicel
Tomeszage window
List of

Fau | VariabIeJ Address] ScopeJ Acoess ]

Figure 8-2-2 Show Cross References

Choose first the category ‘Variable’, ‘Address’, or ‘POU’ and then enter the name and click
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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.

When you select a line of the cross reference list and press the button Go To or doubleclick 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.

82 3Check

“Check’” can only be used in “Simulation Mode”, shown in figure 8-2-3.

Owerlapping Memory Areas
Add hetion =VERSSRRInE ¥
Concurrent Access

Uszer Group Passwords. .. Multiple Write Accesz on Output

Figure 8-2-3 Check Menu

»  “Check”/“Unused Variables”

When write a program, you usually delete a variable or rename it, and then the original
variable declaration can ’t be deleted automatically and remains in 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 the project must have been compiled
without any error. Results are displayed in the message window, shown in figure 8-2-4.

PLC_PREG (3} a
FLCECE (O): |
FLCECE (0): Startllp

FLCECE (0): @

Figure 8-2-4 Check Unused Variables

»  “Check’/*Overlapping Memory Areas”
This function menu tests whether in allocation of variables via the “AT” declaration overlaps
have arisen at specific memory areas. If there is no overlapping memory area, a tip displays in the

message window: 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.
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»  “Check’/*“Multiple Write Acess 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 acess on output, a tip displays in the message

window: No outputs found which are written to at more than one location.

8 3DOWNLOAD

8 31 Device Installation and Connection

» Install Device
First according to the actual project select appropriate CPU modules and expansion modules.
And then 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.
»  Connect Cable
According to CPU model number and type connect power line, 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. Regard that when the power line is
connected put on the terminal cprver to avoid unnecessary personal injury and device damage.

@NL

I — — - sl
e :||.--:||||:.-l-:
! 1 | 1
= = =

GHEdbEde dRadboHEg
| D

| oo

! .
—
. | :1' LA0IANERA ADGOGOaN
f P ey {

=t ISEEREEE Y
bt pe-b 4 i

4l
Figure 8-3-1 Connect Power Supply Line

»  Establish PC Communication
Through the related programming cable connect CPU module to RS232 serial port of local PC
to establish communication channel, shown in figure 8-3-2. Because CPU RS232 serial port is not
isolated, so 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.

W.eﬁﬁs.f,: st | |4’flﬁl§ﬂ'ﬂ |}r.ﬁ+§m2|

Figure 8-3-2 Connect Programming Cable
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8 3 2Establish 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” appears,

shown in figure 8-3-3.

Communication Parameters

Channels

- Local ]
128138

REN j Y alue J Comment I Caneel

1

Bemove

Gateway ...

Vi g

Update

Figure 8-3-3 Dialog Box of Communication Parameters

Click “Gateway” to select “Local” in the field “Connection”, and click “OK”, shown in figure

8-3-4.
Communication Parameters: Gateway @

Connection: -
LCancel

=
I
-

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, 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”.
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Communication Parameters: NHew Channel

CGand E—
e o

Device Lancel

Communication —

protocol

I arme | Info |

SenahfRS232) 35 Serial RS232 driver

Figure 8-3-5 New Channel

Double the “Value” in “Baudrate” to change the communication rate to  “38400” and click
“OK”, shown in figure 8-3-6. Then the communication connection is set up between the local PC
and CPU modules.

Communication Parameters

g
M

Channels
= Local (Serial (AS232) |
Local

Marne | Walue | Comment | %

Part (b

Baudrate Cladao 5

Parity Mo Hew .

Stop bitz 1

Matorala butearder Mo Bemave

Gateway ...
Update
Figure 8-3-6 Setting of Baudrate
8 3 3Program Download

»  Program Download

With the command “Online”/ “Login” download the program to PLC. All the target files are
downloaded to the module when download the target file generated while compilation. At the
same tome the module is reset and all variables return to initial status. With the command
“Online”/ “Login” establish the connection between local PC and CPU module and a tip message
appears, shown in figure 8-3-7.

ColeSys

":E:/ The program has changed! Download the new program?

Tw | EH
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Figure 8-3-7 Download Information

When the download PLC program is not the same with the PLC internal program the dialog

above appears.

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, shown in figure 8-3-8. A boot project is a program downloaded to
Flash. A boot project will be created in FLAH in order to protect the program from losing when
power-off and repower-on.

Click the “Yes” button in figure 8-3-8 to run the download program when power-off and

repower-on. Now the download is finished.

"?(, Do wou want to stop the program on the target prior to flashing?

F:] HiiH

Figure 8-3-8 Create Boot Project Message

» Not download the program and enter monitoring status
If you don’t 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 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 ’s 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 doanload to CPU is finished, a dialog
box of “Stop target program before creating a boot project”appears, 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.
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S84DEBUG

All the debugging commands provided by system are under the “Online” menu and are
available in debugging mode, shown in figure 8-4-1. In debugging mode the different detault colors
stand for different status and operations, such as TRUE (blue) , FALSE (black), breakpoint (light
blue) , flow control (green) and the colors can be setin  “Project’/“Options”/*“Color”. It’s usful to

know the meanings of the colors for debugging and monitoring programs.

Logzin

Logout Cirl+Fa
Dowrdload

Eun F5

Stop ShifttFa
Fezet

Eezet [cold)
Eeset [(originall

Togzle Brealpoint F3

Brealpoint Dialaog

Step ower Fio

Step in Fa

Zingle Cyale Cirl+FS

Hrite Values Ctr1+FT

Force ¥Walues FT

Feleaze Force Shift1FT
WritefForee—Tialag Cirl+Sha £14+FT

Show Call Stack. .
Dizplay Flow Control

Simulation Mode
Communication Parameters. .

Sourcecode downdload

Create boot project
frite fi1le to PIC
Bead file from FLC

Figure 8-4-1 Online Menu

841 “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 ( “\") 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
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that implementation of the function blocks will be executed. For example system events can ’t 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, can ~ ’t be
used in simulation mode.

In addition, after setting the free port parameters if you want to re-get the download and
debugging functions in previous programming system switch RUN/STOP to STOP to log in.

84 2“Online”/“Logout”

With the command “Online”/*Logout”’ the connection to the PLC is broken, or the simulation
mode program is ended and is shifted to the offline mode.

84 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:

»  After the “Online”/“Login” command.

»  After the user program in the PLC has been ended with the““Stop” command.

»  When the user program is at a breakpoint.

»  After the “Single cycle” command has been executed.

84 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 re-start the program with the command “Online”/“Run” at the
position where it stops at the last time.

84 S5Reset

If you have initialized the variables with a specific value, 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 besides of the persistent variables. Press“F5” to restart the program.

» The command “Reset (original) ” resets all variables including retain variables and

persistent variables to their initialization 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, shown
infigure 8-4-2.
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\:.:J Do wou really want te reset yowr FLCT

Figure 8-4-2 Reset Confirmation

8 4 6 Breakpoint

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.

»  Set 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 gray background color, shown in figure
8-4-3.

noot

IF a==0 THEM
a=a+l;
h=a+;

ELSE

A=a+d;
hi=a+4d;
O3ERD_IF

Can set a breakpoint

Can’t set a breakpoint \nﬁ

Figure 8-4-3 Breakpoint Setting (1)

In IL and ST the breakpoint 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, shown in figure 8-4-4.
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Breakpoint
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Figure 8-4-4 Breakpoint Setting (2)

Program stops at line 0004, b keeps the initialized value, and a is re-assigned, shown in figure
8-4-5.

oo a=1 a
oozl k=0 =
iE -
0001

IF a==0 THEM

o
1
@

+
S
oW oW
1
= =

=3
1l
@
+
e
oW
= —
w
1
—

Figure 8-4-5 Breakpoint Setting (3)

»  Edit Breakpoints

With the command “Online”/“Breakpoint Dialog” open a dialog box to display and edit
breakpoints throughout the entire project, shown in figure 8-4-6.

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.

Delete a breakpoint: select a breakpoint and press “Delete” to delete the breakpoint.

Check a breakpoint: select a breakpoint and press “Goto” to go to the location in the editor
where a certain breakpoint was set.
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Breakpoints

POU: |PLC_PRG R Cloze
Locatian: |-| L!
Breakpoints;

PLL FHG, 3

Delete

Delete Al

e [

Gato

Figure 8-4-6 Breakpoint Setting (4)

All breakpoints are deleted after executing the command “Online”/“Logout’. Regard that the
number of breakpoints should be less than 100, or else an error appears, shown in figure 8-4-7.

Error &

Q It 15 not possible to set further breakpoints

Figure 8-4-7 Breakpoint Setting (5)

847 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:

» InIL: Execute the program until the next CAL, LD or JMP command.

» In ST: Execute the next instruction.

» In LD, FBD: Execute the next network.

» 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 then the program stops after the implementation of the current instruction.
When a function or a function block are reached, with the command “Step over” jump to the next
instruction while with the command “Step in” move to the first instruction of a called function or

function block.

84 8Single 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 circularly until the command*“Stop”.
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84 9 Write Values

»  Set new values

In debugging status double click on the line in which a variable is declared, a dialog box
appears 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.

» Active new values

With the command “Online”/*“Write Values ” or shortcut “Ctrl+F7” 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 "NON1

Old Vahe: |1

P e W alue: ﬂ_l Cancel |

Figure 8-4-8 Write Variable

8410 Force Values

» Force Values

It’s the same with “Write Values”for setting and active 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, then all variables will be set to the selected
values after each cycle until the ‘Release force’ is given. For the command “Write Values” the
variables are set to the selected values once and can be assigned by other programs.

When the digital input is a physical point, such as 10.0, the “Force Values” must be used. But
in simulation mode “Write Values” can be used. You are allowed to execute the command “Force
Values” after multi-variables have been written values.

The forced values display in red, shown in figure 8-4-9.

StartTime = T#0ms

I =

....... PT=T#10ms

.0 = [

b BT = TROMS

Figure 8-4-9 Force Values
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We can see the difference between “Write Values” and “Force Values” through the following
example.

Main program:

a=a;
h=a+,
i=a+d;
d=3+4;
T Tl a=
[rite'a, b values Faree c, d values b=
c=0==3= t=3
fell = = gs
a=51

Display after running =52

E=a

i L s

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 ¢ and d

are assigned the forced values and retain the 3, 4 at each execution.

» Release 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
With the command “Online”/*Write/Force-Dialog” a dialog box appearswhich displays in
tworegisters the current writelist and forcelist, shown in figure 8-4-10

Editing the wratelast and the forcelast

wiatchlist | F

Yariahle Forced value Cancel _|

FPLZ _PRG.az2 TRUE

FLC_PRG.a1 TRUE

FPLZ_FPRiG.a0 TRUE
Write Walues ]
Force Yalues J
Releasze Force J

Figure 8-4-10 Write/Force-Dialog
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841 Show Call Stack

With the command “Online”/“Show Call Stack” the program will stop at a breakpoint and a
dialog box with a list of the POU call stack appears, shown in figure 8-4-11.

The first POU in the list is always the default PLC PRG or the first called POU setin  “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

Figure 8-4-11 Call Stack

8412 Display 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 curret flow of POU clearly.

A simple example is shown in figure 8-4-12, a is a INT variable and is assigned 0. The

variable increases by 1 when a<=0 and increases by 2 when a>0.

D00 PROGRAM PLZ_PRG
Qoo2naR

ooz a: [MT=0,
OO04|ERD VAR

0oos
< |

0002IF a==0 THEM
0003 a:=a+1;
OO04|ELSE
00058|a=a+2;

0006 ERD_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, shown in figure 8-4-13.
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IF a==0 THEM a=1

a=a+1; a=

ELSE

a=a+d a=1
| D00B{EMD_IF

Figure 8-4-13 Example (2)

Select “Single Cycle” again, but now a is 1 and increases 2 and changes into 3. With the
command “Display Flow Control” the line number field (line 2 and 5) which just run in this cycle
will be displayed in green, shown in figure 8-4-14.

ono a=3

onnz

ulalakall

ono
IF a==0 THEM a=3
a=a+l; a=3
ELZSE
a=a+?; a=3

0006 EMHD_IF

Figure 8-4-14 Example (3)

8413 Watch- and Recipe Manager

In the register card  “Resources” in object organizer, double click “Watch- and Recipe
Manager” and a window appears, and 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”.

2| B o]k | S|

L aoot PLC_PRG.A = TS
%HESDUICES Hew Watch List PLC_PRG.A = [JEIRRIS
-0 Global Variables Delete fatehlist PLC_PRG a0 = [
(23 librany Standard lib 6.12.05 17:07:52: Teiete Hatehiis PLE PRG a1 =
(0 fibrary SYSLIBCALLBACK.LIB 612.0 v Moni toring active PLC_PRG.aZ=[gg
Alarm configuration ) } PLC_PRG.MNUM=1
_____ (i) Library Manager firite Recipe FLC_PRG.MUMT =0
_____ m L Eead Recipe PLC_PRG.T1.ET=T#0ms
| FLC_PRG.T1.IN= [
""" PLC Caonfiguration Eename Wateh List FLZ PRGTI.M = [33E
""" % Target Settings < : PLC_PRG.T1.PT= T#2s0ms
_____ f,_r ) . Sawe Watch List. .. =
Task u:u:unflguratu:un Load Watch L PLC PRG.T1.C = [fOEES
woad Watch List. . PLC_PRG.T1 StarTime = T#0ms
oo 4
0015

Figure 8-4-15 Watch- and Recipe Manager
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» New Watch List
Click the right mouse key at the lelf 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”.

» Rename Watch List
With the command, you can change the name of watch list.

»  Select 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.

»  Save Watch List
With this command you can save a watch list. The file name is preset with the name of the

watch list and is given the extension “*.wtc”.

» Load Watch List
With this command you can reload a saved watch list.

»  Monitoring active
If the display is active, a check () will appear in front of the menu item. All the functions

about “New Watch List” are effective only before “Monitoring active” is activated.

»  Write Recipe
With this command you can write the preset values into the variables.

» Read Recipe

With the command, you can replace the presetting of the variables with the present value of

the variables.
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PowerPro conform to IEC61131-3 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 introduced in this
chapter.

Q1FUNCTION BLOCK DIAGRAM (FBD)

FBD is a graphically oriented programming language, similar with LD. FBD works with a
alist 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. As shown in

figure 9-1-1.

Ca0d | ol

FACal MDY (hE]
I —— o0 ZoEMrLC
17 £

i i

: (e T 2
: Ltz

I by .

[ALIp] [
FERAS
mn 10

Figure 9-1-1 Language of FBD

Q1 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) :

| AND
WarlH
Ward—

Result

»  Operator, Function or Function Block (Cursor Position 3) :

AND

Warl o
War?—

Result
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»  Output (Cursor Position 4, an assignment or a jump comes afterward) :

Warl— ——Result
Warl—

»  The lined cross above an assignment, a jump or a return instruction (Cursor Position 5) :

AMD AMD

Yar!— L
Yar2— Fesult  YardH

»  Behind the outermost object on the right of every network (Cursor Position 6) :

AND AMD |

Warl — |_
Ward— Fesult  ward-

»  The lined cross directly in front of an assignment (Cursor Position 7) :

AND AND

Var1_ .....
War2— i LResult  var3

Q1 2O0peration Description
»  Insert “Input”

Shortcut: il Insert an input of an operator in current cursor position.

For some operators the number of inputs may vary and sometimes it ’s needed 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.

Increasing the number of inputs can simplify the program, shown in figure 9-1-2.

Varl — ADD Warl —] ADD
Var2 = — ADD War2 —|
var3 —| — ADD var3 —
Vard —] — Res Vard —] — Res

Figure 9-1-2 Extend Inputs of Operators

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.

» Insert “Output”

Shortcut: EI Insert an output of an operator in current cursor position.
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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.

If an input is selected (Cursor Position 2), then 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.

If an output is selected (Cursor Position 4), then 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.

If a 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, then the
unattachable branches will be deleted. The same holds true for the outputs.

If a jump or a return is selected, then 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.

If the last cursor position of a network is selected (Cursor Position 6), then 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.

First of all, it is always inserted an “AND” operator. This can be converted by Selection and
Overwrite of the type text ( “AND”) into every other operator, into every function, into 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.

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).

In order to insert an additional assignment to an existing assignment, use the “Insert”
“Output’command.

» Insert “Jump”

Shortcut: EI Insert a jump and jump to the desired position if the condition is TRUE.

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).

For an inserted jump, the jump can be replaced by the label to which it is to be assigned

» Insert “Return”

Shortcut: il Insert a return.

When the current POU is called by other POU and the return condition is TRUE, return to the
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POU which is calling.

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: 'EI 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’

£
Shortcut: [_RI 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], 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 |oREEN

1

EC
STATUS —{R]GREEN
01—

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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4 PLC_PRG {PRG-FBD) =l 3]
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D001[PROGRAM PLC_PRG
0003vaR

0pnal N BOOL;

ooo4  T1:TON;

aoos|  ET; TIME;

0006 W BOOL;

0007 T2 TOM;

0oDe|  ET1: TIME;
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Figure 9-1-4 Example in FBD Language

Q2INSTRUCTION LIST (IL)

Instruction List (IL) is a programming language in the style of assembly language and difficult
to read but it executes fastest. IL consists of a series of instructions. Each instruction begins in 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.

Q92 1 Operation Description

Open “Insert”, select what you want to insert, shown in figure 9-2-1

Declaration Keyword ...
Tyvpe ...

Figure 9-2-1 “Insert” Menu
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»  “Insert”/“Operator”
Click the command at any position in programming area, a dialog appears and select what you
need, such as “ABS”.

»  “Insert”’/“Operand”
Click the command at any position in programming area, a dialog appears and select the
operand, and click “ok”.

»  “Insert”’/“Function”
Click the command at any position in programming area, a dialog appears and select the
function, and click “ok”.

»  “Insert”’/“Function Block”
Click the command at any position in programming area, a dialog appears and select the
function block, and click “ok”.

Q2 2Example of Program

< Example
The following is a simple program in 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 Nextl (*if the result was TRUE then jump to the label “Nextl”*)
LD A (* make the current result equal to A*)

ADD B (* execute ADD with variable B¥)

ST C (*A+Bin C¥)

JMP Next2 (*jump to label Next2*)

Nextl: (*label*)

LD A (* make the current result equal to A*)
SUB B (*execute SUB with B*)

ST C (*A-Bin C¥)

Next2: (*label*)

In IL there are two modifiers C and N. C: the instruction is only then executed if the result of
the preceding expression is TRUE. N with JMP, CAL, RET: the instruction is only then executed if
the result of the preceding expression is FALSE. Otherwise, N is the negation of the operand. All
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the operators and modifiers in IL are listed in table 5-4-1.

Table 9-2-1 Operators and Modifiers in IL Language

Operators | Modifiers Meaning

LD N Make current result equal to the operand

ST N Save current result at the position of the operand

S Then put the Boolean operand exactly at TRUE if the current result is
TRUE

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

SUB ( 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

< 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

MUL 2
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ADD 3
ST ERG

Here the value of ERG is 7. However, if one puts parentheses:

LD 2
MUL (2
ADD 3

)
ST ERG

The resulting value for ERG is 10, the operation MUL is only then exexuted 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.

1] FLC_FAG [PRG|

PR A L PR
L

T TN,
ETTHE;
ML,
T2 10N,
BT TINE,

0 DREIET » TUEPE R T )
L

[on: ANDM N
[ T TIm
'T:-'_‘ SAL T {FT =is "I ]
IGOE LD TIET
jioaE ST ET
=i OHERET o TR ME R, TR0
0 o T
001 T "]
01| CETEERES
[ Y
ey T Tim
joos Al TUPT=" wap
0 L TIET
s a7 ET1
1A 7 iR
il b Tid
I ST M
[ R S Tl
LD L

Figure 9-2-2 Example in IL Language

Q 3STRUCTURED TEXT (ST)

The Structured Text consists of a series of instructions such as (IF

Q931 ST Expression

... THEN...ELSE) and
(WHILE...DO), familiar with the high level languages PASCAL and BASIC.

Expressions in ST are composed of operators and operands. An opernd can be a constant, a

variable, a function call or another expression. The evaluation of expression takes place by means
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of processing the operators according to certain priority. The operator with the strongest pripory is
processed first, then the operator with the next strongest pripory, etc., until all operators have been

processed. Operators with equal pripory are processed from left to right. The operators in ST are
listed in table 9-3-1.

Table 9-3-1 ST Operators

Operation Symbol Pripory
Put in parentheses (expression) Strongest pripory
Function call Function name (parameter
list)
Exponentiation EXPT
Negate -
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
Q93 2ST Instruction

Instruction list in ST is shown in table 9-3-2.

Table 9-3-2 Instrcutions in ST

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;
IF
ELSE IF D=0.0 THEN
C:=B;
ELSE
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C:=D;
END _IF,;
CASE INT1 OF
1: BOOL1 := TRUE;
2: BOOL2 = TRUE;
CASE ELSE
BOOLI :=FALSE;
BOOL2 :=FALSE;
END CASE;
J:=101;
FOR I:=1 TO 100 BY 2 DO

IF ARR[ I] =70 THEN
FOR loop I=L;

EXIT,
END _IF;
END FOR;
J=1;
WHILE J<= 100 AND ARR[ J] <> 70
WHILE loop DO

J=J+2;
END_WHILE
J=1;
REPEAT

REPEAT loop J:=]+2;

UNTIL J= 101 OR ARR[ J] =70
END_REPEAT;

Exit instruction EXIT;

Null instruction

s

»  Assignment operator

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

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;

VarBOOLI1: 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
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The instruction can be used to leave a POU depending on a condition.

»  IF instruction

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.

If < Boolean expression > returns TRUE, then 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. Then only those
instructions after this Boolean expression and before the next ELSE or ELSE IF are evaluated.

If none of the Boolean expressions produce TRUE, then only the <ELSE instructions >are
evaluated. For example:

IF temp<17

THEN heating_on := TRUE;

ELSE heating_on := FALSE;

END IF;

Here, the hearting is turned on when the temperature is below 17 degrees. Otherwise it

remains off.

» CASE instruction

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, Value4, Value5>: < instruction 3>

<Value®6 .. Valuel0>: < instruction 4>

<Value n>: < instruction n>

ELSE <ELSE instruction >

END_CASE;

A CASE instruction is processed according to the following model:
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If the variable in <Varl> has the value < value i>, the the instruction < instruction i> is
executed.

If <Varl> has none of the indicated values, then the <ELSE instruction >is executed.

If the same instruction is to be executed for several values of the variables, then one can write

these values one after the other separated by commas, and thus condition the common execution.

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 separated by two dots one after the other. So you can condition the
common condition.

For example:

CASE INT1 OF

1, 5: BOOLI1 := TRUE;

BOOLS3 := FALSE;

2: BOOL2 := FALSE;

BOOL3 := TRUE;

10..20: BOOL1 = TRUE;

BOOL3:=TRUE;

ELSE

BOOL1 :=NOT BOOLI;

BOOL2 := BOOL1 OR BOOL2;

END_CASE;

» FOR loop

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.

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>.

When <Instructions> are executed, <INT_Var> is always increased by <Step Size>. The
stepsize 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.
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»  WHILE loop

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 uou indicate a acondition which, when
it’s fulfilled, the loop will be executed.

Syntax:

WHILE <Boolean expression>

<Instructions>

END_ WHILE;

<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, then the
<Instructions> are repeated endlessly which causes a relative time delay.

For example:

WHILE counter<>0 DO
Varl = Varl*2;
Counter := Counter-1;
END WHILE

In a certain 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

REPEAT loop is different from WHILE loop because the break-off condition is checked
onlyafter 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;

The <Instructions> are carried out until the <Boolean expression> returns TRUE. If <Boolean
expression> is produced already at the first TRUE evaluation, then the <Instructions> are executed
only once. If <Boolean expression> never assume the value TRUE, then the <Instructions> are
repeated endlessly which causes a relative time delay.

For example:

REPEAT

Varl := Varl*2;

Counter := Counter-1;

UNTIL

Counter=0

END REPEAT;

»  EXIT instruction

If 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.
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Variable declaration:

PROGRAM PLC

VAR

A: BOOL;

B: BOOL;

C: INT;

END VAR

Program:

IF A=TRUE THEN

C:=20;

ELSE IF B=TRUE THEN

C:=30;

ELSE C:=50;

END_IF

» Neat and legible ST language
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

Compare the program codes written in IL and ST in which the circle 2 exponentiation is
realized.

In IL language:

Loop:

LD Counter

NE 0

NOT

JMPC END_LOOP

LD Varl

MUL 2

ST Varl

LD Counter

SUB 1

ST Counter

JMP Loop

End LOOP:

LD Varl

ST ERG

In ST language:
WHILE counter<>0 DO
Varl:=Varl*2;
Counter:=counter-1;
END WHILE
Erg:=Varl;

We can see that the program written in ST is neat and easy to read.

Q4SEQUENTIAL 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 sequency of processing is controlled by transition
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Figure 9-4-1 Language of Sequential Function Chart

Q4 1 Basic Concepts

» Step

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.

The simplified type consists of an action and a flag which shows 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.

An IEC step consists of one or more actions and Boolean variables. The new 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 Iecsfc.lib into your project.

» Action

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.

With the simplified steps an action is always connected to a step. In order to edit an action,
click twice with the mouse on the step to which the action belongs.

New actions for [EC 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.

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.

IEC 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”.

An example of IEC step with two actions is shown in figure 9-4-2.

- 162 -



Stem F Licht1
b= Lichtd

Figure 9-4-2 Example in SFC

»  Entry Action and Exit Action

You can add an entery action and an exit action to a step by the commands “Add
Entry-Action” and “Add Exit-Action”.

An entry action is executed only once right after the step has become active. An exit action is
executed only once before the step is deactivated. A step with 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 oe exit action, double click in the
corresponding corner in the step with the mouse.

An example of a step with entry and exit action is shown in figure 9-4-3.

|
Schat?

E]  [x]

Figure 9-4-3 Example of a Step with Entry and Exit Action

»  Transition/ Transition condition

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 a exit action then
execute it and if there is a entry action then execute it. And then execute all the actions of the
active step according to control cycle.

A transition condition can consist of a Boolean variable, a Boolean address, a Boolean
constant or a Boolean result written in other programming languages.

»  Active step

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.

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 cconditions of the
following steps are TRUE. The currently active steps will be executed in the next cycle.

»  Qualifier

In order to associate the actions with IEC steps, qulifiers 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.

IENEEEREN
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Figure 9-4-1 Language of Sequential Function Chart

Q4 1 Basic Concepts

» Step

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.

The simplified type consists of an action and a flag which shows 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.

An IEC step consists of one or more actions and Boolean variables. The new 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 Iecsfc.lib into your project.

» Action

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.

With the simplified steps an action is always connected to a step. In order to edit an action,
click twice with the mouse on the step to which the action belongs.

New actions for [EC 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.

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.

IEC 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”.

An example of IEC step with two actions is shown in figure 9-4-2.
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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.

»  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 whenit s

inactive.

One can make an enquiry with trhe variable <ActionName>.x as to whether an IEC action

isactive 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 inpus or outputs.

SFCEnableLimit: The variable is of the type BOOL. When it has the value TRUE, the

timeoutsof 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 SFClnit 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.
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Q4 2O0peration Description

»  Select Elements

You can select an element by pointing the mouse on this element and pressing the left mouse
button, or you can use the arrow keys. Press <Shift>to mark a group of several elements. Please
regard, that a step can only be deleted together with the preceeding or the succeeding transition.

»  “Insert”/Step-Transition (before)”: EI, shortcut: <Ctrl>+<T>

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>

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>

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)’: EI

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>

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

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.
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»  “Insert”’/“Jump”: Ii[, shortcut: <Ctrl>+<U>

This command inserts a jump in the SFC editor at the end of the branch, to which the marked
block belongs. For 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’: ll

This command inserts a transition in the SFC editor, followed by a jump at the end of the
selected branch. For 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.

»  “Insert’/“Add Entry-Action”

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”

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)”

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’

In order 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.
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Figure 9-4-5 Add Label to Parallel Branch

»  “Extras”/“Paste after”
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>

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.

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 TEUE

~ FUE Faopd(i==10m
0002

—E::’ |

Figure 9-4-6 Priority of Transition Condition

»  “Extras”/“Clear Action/Transition”
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
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
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alternative branches. An alternative branch begins at a horizontal line (alternative beginning) and
ends at a horizontal line (alternative end) or with a jump.

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 Branch

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.

If the parallel beginning line of the previous step is active and the transition condition after
this step has the value TRUE, then 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.

» Jump

A jump is 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

In figure 9-4-7 there is an application example in SFC.

Init A step consists of a flag

4 Initial step

—DM16 g————— Transition condition

Step?
E] <« Entry action
— D17 —Dihi13 Cihd1 3
Stepd
Init
—DmM1a
Step3
[« [ Exit action
—Dhd1a
Init

D < Jump symbol

Init

Figure 9-4-7 Explanation of SFC
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Q SCONTINUOUS FUNCTION CHART (CFC)

Q951 CFC Editor

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, shown in figure 9-5-1 and you can edit through
menu bar or the contect 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,

ared 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.
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Figure 9-5-1 CFC Editor

Q5 2O0peration Description

Elements of CFC include boxes, input, output, jump, label, return and comments, where boxes

include operator, function, function block and program.

»  Cursor Position

Graph
Name Selected element Text fields Inputs and outputs
element
Cursor Programming Trunks of the Shaded in blue or
» » Inputs and outputs
position tool elements | elements position of comments
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»  Select Elements

One clicks on the trunk of the element to select it.

To mark more elements one presses the <Shift> key and clicks in the elements required, one
after the other, or one drags the mouse with the left hand mousekey depressed over the elements to
be marked. The command “Extras”/ “Select all” marks all elements at once.

» Move Elements

One or more selected elements can be moved with the arrow keys as one is pressing on the
<Shift> key. Another possibility is to move elements using a depressed left mousekey. These
elements are placed by releasing the left mousekey. If the elements cover other elements or exceed
the foreseen size of the editor, the marked element jumps back to its initial position in such cases
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), 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.

Place the mouse on the output of element E1, click with the left mousekey, hold the left
mousekey down and drag the mouse cursor onto the input of element E2 and let the left mousekey
go.

Place the mouse on the input of element E2, click with the left mousekey, hold the left
mousekey down and drag the mouse cursor onto the output of element E1 and let the left mousekey
go.

Move one of the elements E1 or E2 and place it in such a way by letting go of the left
mousekey that the output of element E2 and the input of element E1 touch.

- 171 -




ADD
- [ =1
E3 1'—— E3 1|_

Figure 9-5-2 Connecting Line

»  Delete 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), 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 mousekey depressed and drag the connection from the input to E2
away. The connection is removed when the left mousekey is released in a free area of the screen.

»  “Insert’/“Box’: |!|, shortcut: <Ctrl>+<B>

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>

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 offered "???"

can be selected and replaced by a variable or constant. The input assistance can also be used here.

»  “Insert”’/“Output”: :l

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 offered "???"

can be selected and replaced by a variable. The input assistance can also be used here.

»  “Insert”’/“Jump”: Iil, shortcut: <Ctrl>+<J>

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 offered "???" can be
selected and replaced by the jump label to which the program should jump.

»  “Insert”/*Label”: IEI, shortcut: <Ctrl>+<L>

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 offered "???" can be
selected and replaced by the jump label. In Online mode a RETURN label for marking the end of
POU is automatically inserted.
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»  “Insert”/Return”: :l, shortcut: <Ctrl>+<R>

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 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>

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

mouse after moving to an appropriate position.

»  “Extras”/“Order”/*Show Order”
This command switches the display of the order of execution on and off. The default setting is

to show it (recognised by a tick ( ) in front of the menu point).

»  “Extras”/“Order”/“Order topologically”

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”
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.
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Figure 9-5-3 Example in CFC
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101 Modbus COMMUNICATION

LM-serial PLC can communicate with the third party equipment, such as touch screen,
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.

1011 Modbus Overview

Modbus protocol is a master/slave communication protocol that can be used on different
physical layers (RS485 or RS232). 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 foramt, 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 astransmission media, baudrate, parity
check, the nuber 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.

012 Modbus Communication Function

The communication function codes of Modbus RTU supported by LM series PLC are listed in
table 10-1-1.

Table 10-1-1 Modbus Function Code

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 registers | Preset multiple registers

Modbus RTU protocol can access the following data locations:
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Input (I) , Output (Q) , Memory location (M)

The three data locations can be accessed through BOOL or WORD variables. The mapping
relationship between these data locations and Modbus protocol addresses is shown in table 10-1-2.

Table 10-1-2 The mapping relationship between the data locations of LM series PLC and Modbus

protocol addresses:

Modbus
Modbus Mapping
Data location Type Address range Data
address formula
type
) %IX | BOOL %I1X0.0~%IX511.7 0~4095 IXm.n: m*8+n Ix
I location
%IW | WORD %IWO0~%IWS510 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~%QWS510 0~255 QWm: m/2 4x
M %MX | BOOL | %MXO0.0~%MX7816.7 | 3000~65535 MXm.n: m*8+n+3000 0x
location | %MW | WORD | %MW0~%MW8190 3000~7095 MWm: m/2+3000 4x

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 plus 1 on the mapping formula, for:
Hitech.

ﬁNote:
1.

The size of M is 8K and can accessed by BOOL variables from %MXO0.0 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 I and Q locations in the above list is the largest possible range and calculate the range

according to the actual configuration. The datas of nonexistentI and Q locations can’t communicate.

1013 Application of Modbus Communication

RS232 and RS485 of LM 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 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 RS232 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 bitis 1

and no check is shown in figure 10-1-1.
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102 INTERRUPT

1021

When PLC receives a special signal from external hardware or internal, CPU stops the original
work and starts to process the event and return to the original work after the event has been finished,
the whole process is called interrupt. The signal which generates an interrupt is called interrupt

source.

LM serried PLC can handle a plenty of interrupt signals generated by interrupt sources. The
interrupt sources have different priorities and execute the higher priority interrupt when two

Interrupt Overview

interrupts come.

The interrupt sources that can be processed in LM series PLC is listed in table 10-2-1.

Table 10-2-1 Interrupt Events
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Figure 10-1-1

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 0 interupt

Called when fast external event 0 interrupt runs

Fast External 1 interupt

Called when fast external event 1 interrupt runs

Fast External 2 interupt

Called when fast external event 2 interrupt runs

Fast External 3 interupt

Called when fast external event 3 interrupt runs

HD_TC7 interupt

Called when Hardware Timer/Counter 7 interrupt

runs

HD_TC2 interupt

Called when Hardware Timer/Counter 2 interrupt

runs

HD_TC3 interupt

Called when Hardware Timer/Counter 3 interrupt

runs




Called when Hardware Timer/Counter 4 interrupt
HD_TC4 interupt

runs

Called when Hardware Real/Time Alarm 0
HD_RTC_ALMO interupt

interupt runs

PTO_0 Finished interupt Called when PTO_0 Finished interrupt runs

PTO_1 Finished interupt Called when PTO _1 Finished interrupt runs

1022 Interrupt Application

If you want to use an interrupt the two tasks must be finished. First, write an interrupt service
routine. The interrupt service routine is a program which will be executed when an interrupt is
generated. Writing an interrupt service routine is the similar with a subprogram and refer to section
7.4.7. Second, after the interrupt service routine has been finished configure the interrupt and the
related interrupt service routine. 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, 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.
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Figure 10-2-1 System Events

< Example

v" Requirement

Realize the following functions not influenced by PLC scanning period:

At each rising edge of 10.6, PLC responds the pulse immediately and generates an interrupt

and the value in %MW 100 increases by 10.

At each rising edge of 10.7, PLC responds the pulse immediately and generates an interrupt
and the value in %MW 102 increases by 10.

v Program analysis

According to the requirement above select LM3106 CPU module and the following
instructions are used in the software:

Fast EXINT E (fast external interrupt)

The program is divided into three parts:
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Main programr—define the fast external interrupt mode of CPU module LM3106.

INT3PRO—interrupt program which is executed at the rising edge of 10.6 and the value in
%MW 100 increases by 10.

INT2PRO—interrupt program which is executed at the rising edge of 10.7 and the value in
%MW102 increases 15.

v" Programming

Main program:

First add the PowerPro PLC _Ex_ExXINT.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 11.0 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.

AR
-] INTa2 1T WA _
S N1 aa ) I Sln. Fau. Bk E,

M T JLI- Sulnn =00
i, M| (352 i +5e%

11K

[ sl

nCal

i v jsCcninT - L oy

AR BT ITAT - -as_FAMI_- R

b§

U :

Eod el

Eod ras >~ C ol
A = by — )
[ ome—cae

Figure 10-2-2 Variable Declarations and LD of Main Program

Because Fast External Event 3 (10.6) and Fast External Event 2 (I0.7) are used, activate them

by a mouseclick on the control box, shown in figure 10-2-3.

= @':. ikl plivnr = —
Hrawaees || T s =T RIS
%D bl e ok g EERRE a0 H IS BT ]
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:, |7 & - zafig s ] sira Calladl = A pan 51 S as
: m.. Liiet, Kl iy ua Satlled weneer e kg g oreee
' : 1 bas«eode nof zalled Called we ez Zaea s JIOT Zalled
' STIEY T haztbatars UarbarLat Callad = e bast = vl Eeaw et
N 'u_j P L Corfqurzlior 1 koA bateras Coarher o oab o alled e Facd =abe 1al e 1
' 'Iﬁ Tangel Csitinge A FoclBabee 2 icbeecal Zalled wesnees Facl Salcril Evor, 200 .o,
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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, then the two interrupt programs are created

successfully, shown in figure 10-2-4.
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System events |

| Marme Cescription called P
O start Called when pragram starts
[ stap Called when program stops
O debug_loop Called when debug loop runs
[ taskeode not called Called when lecCode is MOT called

[ Fast External O interrupt Called when Fast External Event 0 interrupt runs
[ FastExsternal 1 interrupt Called when Fast External Event 1 interrupt runs
[ FastExternal 2 interrupt Called when Fast External Event 2 interrupt runs  IMT2Pro

[ Fast External 3 interrupt Called when Fast External Event 3 interrupt runs IR0
O HO_TCT interrupt Called when Hardware TimenCounter 7 interru...
O HDO_TCZ interrupt Called when Hardware TimenCounter 2 interru..
O HO_TC3 interrupt Called when Hardware TimerCounter 3 interru...
O HO_TC4 interrupt Called when Hardware TimenCounter 4 interru...

O HD_RTC_ALM 0 interrupt  Called when Hardware RealTime Alarm 0 interr...

Create POU INT3PRO hj

Figure 10-2-4 Create Interrupt Program

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, shown in figure 10-2-5.

. [0001|PROGRAM INTZPro
{3 POUs | D00Z)vAR

Aanaalck i L an

@ PLC_FRG [PRG] Bename 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.
0001 PROGREARM IMT3PTo

3 POUs 0002 vAR
--[4]) INT2Pro [PRG) DO03EMND_WAR
Ll 1M T3P [PREG) —

<
------ [ PLC_PRG [PRG) —

ADD
— EM

Sl 00— F—"%MA 00
104

Figure 10-2-6 LD of INT3Pro

The LD of INT2Pro is shown in figure 10-2-7.
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0001 FROGRAM INTZPro

'_5 POU: 000ZvAR
iR 0003|[END_vAR
------ - H INT3Pra [PRE) 2
------ “4f PLC_PRG [PRG) ——

0001

ADD

EM

|

%1 02—
16

kA1 02

Figure 10-2-7 LD of INT2Pro

Then you can write the program in INT2Pro and INT3Pro. Of cource you can write the
program in ST language not converting it to LD. Call the related program when the system event is
triggered.

Regard 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.

103 ANALOG FUNCTIONS

1031 ANALOG MODULE ADDRESSING

When analog modules are used in LM series PLC, first you should know the address occupied
by this module. No matter it ’s 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 an example. Shown in figure 10-3-1, configure a4 X Al module LM3310
after LM3107, then the addresses %IW2, %IW4, %IW6, %IW8 will be assigned automatically
and each word stands for a channel acquisition data.

El--PLC Canfiguration i
BE--LM3107 14201 10xD0 Relay AC220Y POVWER S
i AT %IW0WORD; ¢ 14 channels digital ir

Base parameters |Module parameters]

l QAT % QW0 WORD; (10 channels dlgnal

B Lru1331 0/ATE 4=AI0AR]

- AT % IWE WORD: (* channel 3% [CF
- AT %5 WORD: (* channel 4 %) [CF

- AT % WW20WORD, (" channel 1) [CI—
- AT %A WORD, (* channel 2% [CF

todul id:

Mode id:

Input address:
Output address:

Diagnostic address;

Figure 10-3-1 Configuration of AI Module

128

’07
’7
’7
’7

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 %QW2.
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In programs these addresses can denote channel values directly and the relationship between
channel value and rang is shown in the table below.

Table10-3-1 Range and Scope of Al Module

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

1032 USE OF ANALOG MODULES

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, shown in figure 10-3-1.

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.

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.

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.

ﬁNote:

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.
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1033 Application of Analog Modules

Take LM3330 for an example to describe the usage of analog module. LM3330 is a module
with 4 X Aland 1 X AO. The first channel of LM3330 is used to aquire 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.

El-PLC Configuration ﬁ
E---LM3107 14201 10200 Relay A5 220% POWER 5 Base parameters |Module paramsters |
i = AT B bW0WORD: * 14 channels digital ir
l -0 AT %EW0WORD; (10 channels dlgltal Modulid: 134

B LMSSSD 48] 1 =AO[AR] Nodeidt [T
- BT SN2 WORD: ¢ channel 1% [CI—
- AT %IW4 WORD; (* channel 2% [CF Input address:

------- AT %IWE WORD, (* channel 3% [CF Output address: li
------- AT %IWE: WORD; (* channel 4% [Ck D g

f :

------- AT %GW2 WORD; (* channel § 7 [C IAnAsiE acdess

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, %IWS8 and the output channel occupies the address %QW?2.
Configure the module parameters after LM3330 has been configured. Set the Filter Factor 16 for
steady acquisition data, shown in figure 10-3-3.

E---PLC Configuration —
BE-—LM3107 14=01 10=D0 Relay AC220V POWER 5 Base parameters Module parameters ]
------- | AT %00 WORD, 14 channels digital ir

AT %W WORD; (10 channels d|g|ta| Index | Mame | value | Der_ | Win. | M
B M3330 4=Al 1=A0MAR] ' 1 Filter_Factor {16 i=|1
B AT %IV2: WORD; (* channel 1 %) [CI— 2 Deadband i o o 4080

- AT %l WORD, (* channel 2 %) [CH
------- AT %lWE WORD, (* channel 3 %) [CH
------- AT %8 WOoRD, {* channel 4 *) [CF
------- AT %2 WORD; (* channel 5% [

Figure 10-3-3 Set Filter Factor
Configure the range of input channel and output channel after setting the Filter Factor, 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.
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E--PLC Configuration
Bl--LM3107 1401 10200 Relay AC220

Bl AT %O WORD; (14 chanr
B AT %W WORD; (10 cha
B--LM3330 4=Al 1 xA0[AR)]

Bl AT %IA(Z WORD, (* cha
AT %Iv4 WORD; (* cha
AT %IVE WORD; (* cha
- T SIS WORD; (* cha

- AT BOW2OWORD, (% che

..

Base parameters Channel parameters ]

Index | Mame | Walue Default | hdin. | LEYS |
HFactor 4-20.. x|4-20mA
2 Channel_Enable Ena.. x| Enahle

Figure 10-3-4 Set the Range of AI Channel

BE--PLC Configuration
El---LW3107 14=D01 10=00 Relay ACG220

B AT %I WORD, (% 14 chany
Q) AT % QW0 WORD; [ 10 cha
El--LM3330 4241 1=A0AR]

Bl AT %12 WORD: (* cha
- BT %4 WORD: (* cha
e BT % IWE WORDY (* cha
- BT % IS WORD: (* cha

-5 AT %0V WIORD: (* ch;

=

Base parameters Channel parameters l

Index Marme Value

Default | min. | Max

1 AFactor {010V =]

Figure 10-3-5 Set the Range of AO Channel

0-20ma

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 refered to
table10-3-1, 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 refered to
table10-3-1, so the scope of %QW2 is 0~4095 in which 0 stands 0V 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_OUTis inserted in network 2. The read and setting of analog input and analog output is
displayed 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 4~20 mA and the data type isi 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.
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in

Analag_IN
—EM Q
0-{Address
nooz
ouT - Analog_CUT ]
aut
Analog_OUT
—EM Q
04ddress
noo3
OUTPUT - WORD (%
PRESSURE - REAL "
CHYT - H_E "

et
H_E
EM
G2 —H iy
20U INFF—
4D
0—rode

pressure

MOWE
EM
output— —SECh 2

Figure 10-3-6 Program

104 DP COMMUNICATION

1041 DP Communication Setting

LM 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 setting of
LM3401 is shown in figure 10-4-1 and the Value is optional 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.. | Mame | Yalue | Default | hdin. | [EFE |
1 InputDatalen_Byte G4 1] 1] G4
2 CutputDatalen_Bwte &4 1] 1] G4

Figure 10-4-1 LM3401 Module parameters

When using DP communication insert instruction DP_Slave, similar with analog processing.
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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 can’t scan DP slave when EN is reset.

|PFIERAAPLY PRE
A=
=% Bl
ZaERralelOl S ave)
TR ~.00C,
Hoin A F,
o=k 2 _vEk
. =
1 _II_ .
E e
g EH OP Glass T &F F
E | F = N |
o I=tedies Zn—t i
1

Figure 10-4-2 DP_Slave Function Block

System will assign input address and output address automatically after LM3401 has been
configured, 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
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
series PLC.

Baze parameters |Module p:ara.meters]

[ AT S0 WORD; (7 14 ¢
[0 AT S 000 WORD; (711 Modul id: 136

E--LM3401 DP Slave[vAR] ¢ 1
L { Mode id: I
------- AT %12 WORD: (°

------- AT Sl WORD: Input addess: |
------- AT %IWE WORD: Output address: |

------- AT %hvvaWoRD, ¢

_______ AT %110 WORD: Diagnostic address: |

Figure 10-4-3 Configuration of DP_Slave

T

1042 Example of DP Communication

A simple application example of Profibus-DP function block is introduced 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;
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T OR_F: BOOL;
SendDataA: WORD;
SendDataB: WORD;
SendDataC: WORD;

PLC sends data A to DP master
PLC sends data B to DP master
PLC sends data C to DP master

SendDataD: WORD; PLC sends data D to DP master

RecDataA: WORD;

RecDataB: WORD;

RecDataC: WORD;

RecDataD: WORD;
END VAR

Software Configuration:

DP master sends data A to PLC
DP master sends data B to PLC
DP master sends data C to PLC
DP master sends data D to PLC

The configuration of LM3401 is shown in figure 10-4-4.
InputDatalen Byte: the length of data sent to PLC by DP master, the number of bytes

received is 8.

OutputDatalen_Byte: the length of data sent to DP master by PLC, the number of bytes sent

is 8.

-

Base parameters Module parameters ]

B---LM31 07 1420110200 Relay At

- AT %00 WORD, (* 14 ¢
B AT % QWD WORD; (11
B M3401 DF Slave[iar] |

------- AT HIW2 WORD; [

------- AT %A WORD,

Index | Marne |Va|ue | Default | Min. | [IEES |
InputDatalen_Byte 8 0 i] 64
2 QutputDatalen_Byte 8 0 il f4

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 %IWS.

-1 AT %I WORD; (F14 ¢
B2 AT %20 WORD; 11
B M3401 DP Slave[VaR] |

------- AT %12 WORD;
------- AT %lW4 WORD: 0
------- AT %IWE WORD;
------- AT SIS WORD; (*
------- AT %1 0: WORD;

Baze parameters [Module parameters]

Modulid: 136

—
o
—
—

MHode id:
|hput address:
Dutput address:

Diagnostic 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, %QWS8
shown in figure 10-4-6.

- 186 -



H- AT % QW2: WORD, % channel 33 %) [CHANMEL (@]
- AT B4 WORD, * channel 34 ) [CHAMMEL (&)
------- AT WHCWE WORD, * channel 35 %) [CHANMEL (&0]
- AT BOWEWORD, & channel 36 ) [CHAMMEL (&)

Figure 10-4-6 LM3401 Channels

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 hsown in figure 10-4-7.

il
IH e |

—— { —

140l -1H-x | -

EH
PHOI Dl nied,

e
EH
042 IICE lr

Lo e b )

PHoal Ialale

EH T
|| IH
=l Sellann
e
EH
=0 Selland
i
EH
=0 Sellamal
wO-E

Figure 10-4-7 Ladder Diagram of LM3401

After electrify, program will copy the data of SendDataA, SendDataB, SendDataC,
SendDataD to %QW2, %QW4, %QW6, %QWS 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, %IWS continually to RecDataA,
RecDataB, RecDataC, RecDataD .

In master configuration, the addresses are calculated according to address sequence of DP
modules. If it’s calculated by bit, the first bit address is 1 like %IX2.0 or %QX2.0, then the second
bit address is 2 like %I1X2.1 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 %IB3 or %QB3, Etc.
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105 ETHERNET COMMUNICATION

1051 Ethernet Communication Setting

LM series PLC provides Ethernet communication processing. LM3403 is a Ethernet

communication block and provides Modbus TCP slave communication function.

Configure the module parameters of LM3403 after the PLC configuration has been finished.
The main parameters include WriteDatalL.en Byte and ReadDatalLen Byte. The module parameter
setting of LM3403 is shown in figure 10-5-1. Configure IP_Address, Subnet Mask,

Gateway Adress, WriteDataLen Byte and ReadDatalLen Byte, MAC_Address and so on in
figure 10-5-1. Refer to<<Hardware Manual>>for detailed technical specifications of LM3401.

Base parameters Module parameters ]

Index | Marne | Yalue | De... | Mit. | LERS |
1 IP_Address 1722045160

2 Subnet_Mask 2882552820

3 Gateway_Address 172204451

4 MAC_Address

a ReadDatalen_Byte 200 1] 0 200

4] WiriteDatalen_Byte 200 1] 0 200

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 can’t scan it when EN is reset.

Figure 10-5-2 Ladder Diagram of EtherNet TCP

System will assign input address and output address automatically after LM3403 has been

configured, shown in figure 10-5-3. The input address is 200 bytes starting from %IW2 and output
address is 200 bytes starting from %QW?2. The communication between the Modbus TCP Master

and LM 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
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master from LM series PLC.

E--PLC Configuration -
E--LM3108 24xD1 16xD0 Base parameters [Module paramsters
-1 AT %ID0: DYWOF
-G AT S CA0: YO Modulid 138

Modeid: |0
- AT %hid b
....... AT AR Yy Input addre=zs:
"""" AT HlWa: Cutput address:

------- AT Sl 0

_______ AT I 2 Diagnostic address:

Figure 10-5-3 Configuration List of EtherNet TCP

1052 Example of Ethernet Communication

In the 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.

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, shown in figure 10-5-4.

E--Lhi3108 24<D1 16xD0 Base parancters Module parameters |

Index | Marne | Walug | De... | hir. | EYS
B 1 IP_Address 172.20.45.160

2 Subnet_Mask 255.2595.252.0

3 Gateway_Address  172.20.441

4 MAC_Address

5 ReadDatalen_Byte & 0 0 200

6 WiriteDatalen_Byte {f i 0 200
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Figure 10-5-4 LM3403 Configuration

<\

IP_Address is the IP of Ethernet module (must in the same network segment with PC and
no conflict with other IP) .

Subnet Mask is subnet mask, and is consistent with the subnet mask of PC.
GateWay_Addres is the address of gateway.

MAC_Address null.

ReadDatalen Byte is the length of data sent to PLC by PC, and the received bytes is 8
(must larger than actual length and the maximum is 200) .

WriteDataLen Byte is the length of data sent to PC by PLC, and the sent bytes is 8 (must
larger than actual length and the maximum is 200) .

SR

<\

»  The Address in Ethernet module should be consistent with 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 A
E--LM3108 24=D1 16200 Base parameters [Module paramsters
-] AT %100 DWOF
B AT %O W0 Modulid: 138

3-4L3483 Enerile odeis
AT %lvvd:
AT %IWE: Y |nput address:
"""" AT SHIE: Output address;

_______ AT Sl 2 Diagnostic address:

Figure 10-5-5

»  The data A, B sent to PC by PLC are stored in %6QW2, %QW4 shown in figure 10-5-6,
and data C is stored in %QX6.0.

------- AT %002 WORD; (* channel 101 % [CHANNEL (@)
- AT %4 WORD: (* channel 102 * [CHANNEL (@)

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 %I1X2.1 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.
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TO5F
i

Figure 10-5-7 Program

ﬁNotes:

In Ethernet master configuration, I 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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GIPIER 1 \USLAIZATION

Visualization is one of the components in PowerPro and is a graphical representation of the
project variables and their changes to realize the visualization of control process. So visualization is

PLC HMI (Human Machine Interface, HMI) .
In PowerPro programming system there is an integrated visualization editor. In the process of
developing applications of control system, in PowerPro the users are allowed to develop

visualization object to watch and operate PLC datas without other development tools.

111 NEW VISUALIZATION

Startup PowerPro, and build a new projectl.pro. In object organizer click “Visualization”,

shown in figure 11-1-1.

4 ColeSys — projectl.pro -

Wizualizations

&0 b

| Loading library 'DHollysystPowerPro ENGILibra 2
= sl >i

| |Liri: 1, Cal: 1

Figure 11-1-1 Visualization

In “Visualization” click the right mouse and select “Add Object”, shown in figure 11-1-2.
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#dd Object. ..
Rename Object. ..
Edit Object

Copy Object
Delete Object
Conwert Object. ..

Object Froperties. ..
Project database »

Add Action

Hew Folder
Expand Hode
Collapze Hode

View Instance. ..

= Show Call Tree

—

Sawe as temmlates

Figure 11-1-2 Add Visualization

The window of “New Visualization” appears, shown in figure 11-1-3.

New ¥izualization

Mame of the new Visualization: | visul|

Figure 11-1-3 Name of the New Visualization

)

Enter the name in  “Name of the new Visualization ”, such as visul, click “ok”, and then a

newvisualization is built. The right of the window is editor window, shown in figure 11-1-4.
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4, CoDeSys — projectl.pros — [viszul]

l"_- File Edit PFroject Insert Extras 0Online Yindow Help X

=8| sieldniSEiR 2BE o - T E@lﬂﬁl%ﬂ@i

A Visualizations PUY ENEY DT OO D AN B OOl vl il
-8 LEE BRSO aonE BN B RN s mmn ko

Loading library ThHolysysPowerPro EMNGLibrandStandard. lib'
Loading library 'DHollysys\PowerPro ENGILibranaSY SLIBCALLBA

e T = IR >

| b BRY. 235 |Element: [Fectangle

Figure 11-1-4 Build a visul

T 2 VISUALIZATION ELEMENTS

The tool for editor is allocated 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, shown in figure
11-2-1, and you can select what you need to add visualization which are the visualization elements.

Inzert

v Ractangle
Founded Rectangle
Ellip=e
Folyzon
Fol¥line
Curwe
Fie
Eitmap
¥izualiration
Button
HWMF fi1le
Table
Activel element
Trend
Alarm table

Figure 11-2-1 “Insert” Menu

Click “Extras” menu in title bar, and a pull-down menu appears, shown in figure 11-2-2, and
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you can make certain settings that affect the visualization. The menu can appear also by clicking

the right mouse in editor window.

Select background bitmap . ..

Align r

Select all
v Select mode

Elementlist. ..
Eevboard uszage. ..

Liszt of placeholders. ..
Settings. ..

Figure 11-2-2 “Extras” Menu
The shortcut buttons are allocated on the top of the main window, 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.

[ 9| &1 £ slEHE] ol slE e R ]

Figure 11-2-3 Shortcut Buttons

Table 11-2-1 Edit Tool in Visualization

Name Shortcut Description

Rectangle [ill Insert rectangle in current visualization.

Rounded . L
)| | Insert rounded rectangle in current visualization.

Rectangle

Ellipse @I Insert ellipse or circle in current visualization.

Polygon | g]l Insert polygon in current visualization.

Polyline gjl Insert polyline in current visualization.
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Curve :f | Insert Bezier curve in current visualization.

) Insert pie in current visualization (wedge pattern of circle or
Pie é?l i

ellips).

Bitmap @ Insert bitmap in current visualization.

) o = Insert a visualization that has been built in current
Visualization | o

visualization.
Button g Insert button in current visualization.
WMF file :"'3"1;1 Insert WMF in current visualization (Windows Metafile).
Table El Insert table in current visualization.
o . . .
Trend Insert trend in current visualization.
Alarm table El Insert alarm table in current visualization.
ActiveX . . . .
Insert ActiveX element in current visualization.

element |

1. 3 EDIT VISUALIZATION

M1 31 Draw Visualization

If you hold the mouse pointer for a short time on the elements in tool bar then the name of
theelement is shown in a tooltip.
»  Create a rectangle, rounded rectangle, circle or ellipse
Use the tool bar to select a visualization element by clicking the left mouse key on it and
thenmove 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.
»  Create a polygon or a line
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 doubleclicking 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
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.
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»  Copy visualization elements

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

In a visualization 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 atatus
bar.

MM 32 Arrange Visualization

When you are drawing visualizations, it's necessary to modify and arrange them.

»  Select

In order to select anelement, click with the mouse on the element.

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.

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

With the command “Extras”/*“Select all” you can select all visualization elements within the
current visualization object.

»  Select mode

You are in selection mode and you can select a graphic element if thereisa  “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

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 symbo]hlin the tool bar.

You can also quickly change between the selection mode and the insert mode by pressing the
<Ctrl>-key and the right mouse button simultaneously.

In the 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

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.

-197 -



» Modify

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.

With a selected element, the 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.

With the selection of a polygon, 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.

Click the right mouse key in the visualization editor a menu appears, shown in figure 11-3-1.

Bring to fromt Pt

Send to back b
Select background bitmap ...

Align » Left
Ri ght

Select a1l Bieh
Top

v Select mode
Eottom

Horizontal center
Group .
Yertical center

Elementligt_ 1

Eevboard usage... b

Lizt of placeholders. ..

Settings. ..

Figure 11-3-1 Context Menu of Visualization

The options are:

»  Bring to front

Use this command “Extras”/“Bring to front > to bring selected visualization elements to the

front.

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

Use this command “Extras”/*“Send to back  to send selected visualization elements to the

back.
It’s the same with “Bring to front”, send selected visualization elements to the back and the
number is 0.

»  Select background bitmap

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
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visualization.
»  Clear background bitmap
Use this command to remove the bitmap as the background for the current visualization.
» Align
Use the command “Extras”/“Align” to align selected visualization elements.

The following alignment options are available:

“Left”’: the left edge of each of the elements will be aligned to the element that is furthest to
the left.

“Right”: the right edge of each of the elements will be aligned to the element that is furthest to
the right.

“Top”: the top edge of each of the elements will be aligned to the element that is furthest to
the top.

“Bottom”: the bottom edge of each of the elements will be aligned to the element that is
furthest to the bottom.

“Horizontal center”: each of the elements will be aligned to the average horizontal center of all
elements

“Vertical center”: each of the elements will be aligned to the average vertical center of all

elements.

»  Configure

The options in “Category” vary accoding to different visualization elements. “Configure” is
available only after one or more elements are selected, or else the menu item is in gray.

»  Group

Elements can be grouped by selecting all desired elements and performing the command
‘Extras’ ‘Group’. The group will behave like a single element

»  Ungroup

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.

M1 33 Elementlist

Click “Extras”/“Elementlist” to open a dialog box of element list, shown in figure 11-3-2,
including Number, Type and Position of elements. You can edit the elements according to the
buttons on the right. The elementlist also will appear by clicking the right mouse and selecting
Elementlist.

»  “OK”: Close the dialog box and confirm the changes.

» “To front™: Bring selected visualization elements to the front and the number is the
largest.

» “To back”: Move selected visualization elements to the backand the number is the
smallest.

»  “One to front”: Bring selected visualization elements to an upper layer and the number

increase by one.
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\4

“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.

YV V V V

“Edit”: Get the configuration dialog for the element.

Element list

Elementz [Mumber, Type, Position]:

-

To front

Toback

One to frant

One back

Delete

g

_ x|
_ Tokont |
_ Toback |
__Onetofiont |
__ Oneback |
_ Debte |
_ U |
o el |

Rectangle [+1. y1. 2.2 [150 40 23 71

Figure 11-3-2 Elementlist

MM 34 Keyboard usage

Select “Shift” and/or “Ctr]” 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.

Table 11-3-1 VIS 1 Keyboard Usage

Shift Ctrl Action Key Expression
X Toggle A PLC_PRG.automatic
X Zoom zZ VIS 2

Table 11-3-2 VIS 2 Keyboard Usage
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Shift Ctrl Action Key Expression
X Exec E INTERN LANGUAGE DEUTSCH
X Zoom zZ VIS 1

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.

Tale 11-3-3 Actions

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
chosen key, so that a key combination will result.

1L 35 List of Placeholders

The list of placeholder is shown in figure 11-3-3.

Placeholders:

zset possible replacements

FPlaceholder ] Element numhber Replacements Ok |
Cancel
£ »
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Figure 11-3-3 List of Placeholder

»  Placeholder: List all placeholders.
»  Element number: Show the elements which contain a placeholder.

» Replacements: Enter one or several strings (text, variable, expression).

ML 36 Settings

The dialog box of visualization settings is shown in figure 11-3-4.

¥isualization settings

Categaory:

Tz Display 0K
o = Ok |
Grid Zoom [%]

Languege |

W Element numbers

Figure 11-3-4 Visualization Settings

» Display: Enter a zoom facter into the field Zoom (%) to increase or decrease the size of
the visualization display. The Element numbers is optional, shown in figure 11-3-4.

»  Frame: Frame setting, shown in figure 11-3-5.

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.

If “Include background bitmap ” is selected, the background bitmap will be fitted into the
window as well, otherwise only the elements will be considered.

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 Auta-Scraling
| Include background bitmap

[ Best fit in online mode

Figure 11-3-5 Frame Setting

»  Grid: Grid setting is shown in figure 11-3-6.
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¥Yizualization settings

LCategomny:
Dizplay Grid o
]Frm ok |
W isible
Language ﬂl
W Active
Size |10

Figure 11-3-6 Grid Setting

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.
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.
» Language: PLC can’t support the function.

1. 4 VISUALIZATION ELEMENT CONFIGURATION

MM 41 Method for Visualization Element Configuration

In visualization editor select a visualization element and click the right mousekey or execute
the command “Extras” and active “Configure”, shown in figure 11-4-1. The “Configure” menu is
available in the condition that a visualization element should be selected, or else ifs in gray script.

Ering to front
Send to back

Select background bitmap ...

Align r

Select 211
v Select mode

Configure

Elementlist. ..
Eeyboard usage. ..

List of placeholders. ..
Settings. ..
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Figure 11-4-1 “Extras”/“Configure” Menu of Visualization

With the command “Configure”, a visualization element configuration dialog box appears,
shown in figurel1-4-2 and you can configure the selected visualization element. The dialog can be
opened also by double clicking the selected visualization element.

Begular Element Configuration (Z18)

Categary:
Shape

Text
Text vanables " Rectangle . I
Line width Ance

Colars + Rd rectangie
o i nd. rectangle

Motion abzolute j
Mation relative " Ellipse
W ariables

[ ripat “ Line
Tt for tooltip

Security

Prograrnmability

s

Figure 11-4-2 Visualization Element Configuration Dialog Box

MM 42 Properties of Visualization Object

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 the visualization object and change its

property. The relationship between visualization property and visualization element is shown in
table11-4-1, where the symbol “” shows that there is a relationship.

Tablel 1-4-1 the relationship between visualization property and visualization element

Visualization elements
visualization property Rect | Roun | Elli | Poly | Poly | Cur | Pie | Bit | Visua But | WMF | Tab | Tre | Ala | activeX
angle | ded pse | gon | line | ve map | lization | ton | file le nd | rm | element
Category Name recta
ngle

1ape Shape Y Y Y V V V
xt Text V V v oA V A IV I V VoY
:xt variables Text variables Y Y Y Y Y Y Y Y Y V V
ne width Line width v v Vo v VoYY v v
dlors Colors Y Y Y Y Y Y Y V
slor variables | Color variables | v Y Y Y Y Y Y Y V V
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Motion absolute | Motion absolute | V V V V V V V V V
Motion relative Mption relative V V V V V V
Variables Variables V V V V V V V V V V V
Input Input V V V V V V V J J J J
Text for tooltip | Text for tooltip | V V V V V V V J J J J
Security Security V V V V V V V V J J l J
Programmability | Programmability | V V V V V V J J J J
Angle Angle y
Bitmap Bitmap property J l
Visualization Visualization N

property
Group Group property \
Table Table property N
Columns Columns N
Rows Rows N
Selection Selection N
Trend Trend
Alarm table Alarm table

Settings for
sorting

Settings for
sorting

Settings for

alarm table

Settings for

alarm table

Control Control type
Method calls Method calls
Display Display
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1L 5 VISUALIZTION STATIC PROPERTY

The visualization static property is the parameter that describes the basic shape of

visualization element, including Shape, Text, Line width, Colors and so on.

MM 51 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, shown in figure 11-5-1. The changes of Shape attribute are valid only in the

determined area.

Polyline Configuration (#9)

Lateqary:
Shape

Text
Teut variables " Palygon

Cancel

dl

Line width
Caolors
Calorvariables
Motion abzolute
W ariables

Input

Text for tooltip
Security
Proararmability

" Curve

Figure 11-5-1 Dialog Box for Configuring Visualization Elements

M52 Text

One can add text in visualization object using Text property, shown in figure 11-5-2.

» Content

Enter the text in the Content field. With the key combination <Ctrl>+<Enter> you can insert
line breaks.

»  Horizontal

In the option “Horizontal” set text placement: Left, Center or Right.

»  Vertical

In the option “Vertical” set text placement: Top, Center, or Bottom.

Click “Font” or “Standard-Font” to set the font.
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Text

Content; ‘
Horizontal
" Left * Center " Right
Wertical
" Top (+ Center " Battomn
Font... Standard-Font |

Figure 11-5-2 Text Setting

In standard C library the common 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.

Table 11-5-1 Placeholder and Meaning

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)

% 1 Hour in 12-hour format (01-12)

%] Day of year as decimal number (001 366)

Y%m Month as decimal number (01-12)

%M Minute as decimal number (00-59)

Y%op 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)

Y%ow 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: china standard time
%NZ
%% Percent sign
< Example

-207 -



If you fill the text with %2.5f mm, then 32.8889 mm will be displayed in online mode.

< Example

Set the visualization in the format shown in figure 11-5-3. The result in online mode is
diaplayed in figure 11-5-4. Display current time format: 7 [E k5t 1) [fi]-year-month-day hour:

minute: second.

#0
%t%Z%y-%b-%d %H:%M:%S

Figure 11-5-3 Time Placeholder Application

H E 7T [E]05-Dec-16 08:49:52

Figure 11-5-4 Display in Online Mode

M1 53 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 pixel in dialog box for line width configuration, shown in figure
11-5-5, additionally an other 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.

Lire width
* 1 Pizel
" 2 Pixel

" 2 Pizel
" 4 Pizel

" 5 Pixel E——

" Other:

" ariable far |
lire width:

Figure 11-5-5Line Width Configuration

M54 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, 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

element. As soon as the parameter is defined dynamically by a variable, the static setting will be
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overwritten in online mode.

Color

Inzide Erame
[ Mo color ingide [ Mo frame colar
Alarm color

[hzide Frame

Figure 11-5-6 Colors Configuration

M55 Text for tooltip

The dialog “Text for tooltip”, shown in figure 11-5-7, offers an input field “Content’for text
which appears in a text field as soon as the mouse cursor is passed over the object in offline or
online mode. You can insert a line break by using the key combination <CtrI>+<Enter>.

Text for toaltip

Content;

Figure 11-5-7 Text for tooltip

ML 56 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, shown in
figure 11-5-8. In online mode user group with different access rights get different operating
possibilities:

» “No Access”: Element will not be visible.

» “Read Access’: Element will be visible but not operatable (no inputs allowed)

»  “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”.
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Full Access o % v & F (& &

[ Apply b all visual elements.

Figure 11-5-8 Access Setting

MM 57 Bitmap Configuration

You can insert a Bitmap in a visualization.You can enter the options for a bitmap in the
Bitmap category within the visualization element configuration dialog box, shown in figure 11-5-9.

» Bitmap

You can use the ... button after “Bitmap” to open the standard Windows Browse dialog box
from which you can select the desired bitmap.

You can new a transparent visualization object by activating “Background transparent”.

» Frame

In the “Frame” option you can set the frame property of the bitmap:

“Anisotropic”: The bitmap remains the same size as the frame which allows you to change the
height and width of the bitmap independently.

“Isotropic”: The bitmap retains the same proportions even if the overall size is changed.

“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, or else it will not. If the Clip option is also selected, only that 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.

Bitmap Configuration {(24)

Categary:

Bitrnap:
Text ] J
Text vanables
Coloreariables
Lire width
kation abzolute Frame

kation relative &+ Anizobopic Ivt Diraw
};‘?ﬁbles " |sobropic ¥ Clip
Text for toolbip = Finad

Securiby e

Prograrmmmability Calar Alarm color

Cancel

i

[~ Background transparent
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Figure 11-5-9 Bitmap Configuration

ML 58 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, shown in figure
11-5-10.

»  Visualization

Use the ... button after ~ Visualization to open a dialog box containing the visualizations
available in this project.

The “Placeholder” button leads to the “Replace placeholder” dialog.

» Frame
In the “Frame” option you can set the frame property of the visualization:

“Anisotropic”: The bitmap remains the same size as the frame which allows you to change the
height and width of the bitmap independently.

“Isotropic”: The bitmap retains the same proportions even if the overall size is changed.
“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, or else it will not. If the Clip option is also selected, only that 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.

¥Yisualization

Lategaony:

Tt Yisualizatior J

Tewt vaniables

s

Calarvariables Placakalides ‘ Canicel
Line width -
Motion absolute Frisiiss
Motion relative
Wariables v Draw Color |
[t -
Text for tooltip v Clip
Security : ; dJarmn color |
Programmmability " Anisotropic .

7 lsotropic

" Fixed

Figure 11-5-10 Visualization Configuration
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MM 59 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:

“Draw”: The frame of the visualization object will be displayed.

“Isotropic”: The bitmap retains the same proportions even if the overall size is changed.

“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) x|

: e wik |
Text wvariables I 2 (@) it () |
B0 ik |

Colorvariables I & EFEER D

Line width
Moticn absolute I BT (Ch REFE (L) |

Motion relative
Variables

Input

Text for tooltip
Security
Programmability

Figure 11-5-11 Group Configuration of WMF

MM 510 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 is opened, 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, then segment is displayed only without

angle.
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Configure circle segment (#6)

Lateqany:

Angle
Text

Text variables Start angle |

Line width Lancel
Colors End angle |

Colorvariahles

b otion absolute
W ariables

| Fipit

Tewut for tooltip
Security
Programmability

[ Show only zegment

Figure 11-5-12 Dialog for Configuring a Pie

< 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

1. 6 VISUALIZATION PROGRAMMABILITY

MM &1 Programmability

The properties of a visualization element can not only be defined by a static setting, but also
by 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’, shown in figure 11-6-1. Active
“Object name” and enter a variable name. The variable automatically will be declared with type
VisualObjectType, a structure which is contained in the library ~ SysLibVisu.Lib. Tthe variable
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declared here is a global variable and the declaration is done implicitely and not visible for the user.
Make sure that the library is included in the library manager.

After the next compile the newly assigned structure variable will be available in the project.

Begular Element Configuration (#3)

Lategaony:

Prograrmrnabiliby
Shape ok
T EHt :I_ -
Test wariables v [Object name:
Line width Cancel
Colars

Colarvariables
tation abzolute
otion relative
Y ariables

| Fpt

T et for tooltip

SecuritE

Figure 11-6-1 Programmability

MM &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;

-214-



stFontName:STRING;

(* Line *)

nLineWidth:INT;

(* Color *)

dwFillColor: DWORD;
dwFillColorAlarm: 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.

Table 11-6-1 Data Type and Effect of Component

Component and

Example (the Object Name “vis1”

corresponding entries

Effect
Data Type has been defined for the element) in configuration dialog
XOffset - INT: Shift element in vis1.nXOffset:=vall; Motionabsolute:
PR X-direction (element is set to position X=vall) X-Offset
Shift element in ; — . . .
nYOffset : INT; Vlsl.nYOffset. va12,' ' Motionabsolute:
Y-direction (element is set to position Y=val2) Y-Offset

visl.nScale:=plc_prg.scale var;

Motion absolute:

nScale : INT; Change of the size (element size changes linear with Scale
change of value of plc_prg.scale var)
Rotating element isl.anelevar-=15: Moti lute:
nAngle : INT; visl.anglevar:=15; ' otion absolute
around its center (element rotates clockwise by 15 ) angle
Color:

blnvisible : BOOL;

Element is visible /

visl.visible:=TRUE;

No color inside+
No frame color

o ) i< invisibl
invisible (element is invisible) 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:
color change when (As soon as alarm_var gets TRUE, the put: .
bToggleColor : . - . Toggle variable
BOOL: toggling between element gets the color defined via the Variables:
’ TRUE and FALSE components dwFillColorAlarm and )

dwFrameColorAlarm)

Change color
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if FALSE: Inputs in

bInputDisabled : category ‘Input’ are vis1.bInputDisabled:=FALSE; Variables:

BOOL; goty 1p (no input is possible for this element) | Input Disable
ignored

stTooltipDisplay : Text of the tooltip visl .stTooltllesplay:.= Sw1t.ch for'; Text for Tooltip:

STRING; (show text of the tooltip ‘Switch for’) Content:

Text position:

1 left justified

2 right justified:

4 centered Text:

isl. =24; Hori 1
dwTextFlags : horizontally visl dWTextFlags 2.4, orl.zonta a.nd
DWORD: (Text will be placed in the center of Vertical options

’ 8 top the element (4+20)) Textvariables:

10 bottom Textflags

20 centered

vertically

(addition of values)

Text color (definition
dwTextColor : of colors see visl.dwTextColor :=16#00FF0000; Textvariables:
DWORD; subsequent to this (Text is blue-colored) Textcolor

table)

Font height in Pixel.

. . visl.nFontHeight:=16; Textvariables:
:INT; hould b ’ .
nFontHeight : INT; Shouic be I range (Text height is 16 pt) Font heigth

10-96

Font display.

Available flags:

1 italic

isl.dwFontFlags:=10; .
dwFontFlags : 2 fett i dyv (?nt ags:— o Textvariables:

(Text is displayed blue and canceled,
DWORD; 4 underlined 2+8) Fontflags

8 canceled

(combinations by

adding values)
stFontName : Chanee font visl.stFontName:= Arial’; Textvariables:
STRING; & (Arial is used) Fontname

Line width of the is1.nLWidth:=3:
nLineWidth : INT; visLaLWidih=3; Line width

frame (pixels) (Frame width is 3 Pixels)

Fill color (definition Color:
dwFillColor : of colors see visl.dwFillColor":=16#00FF0000; Color Inside
DWORD; subsequent to this (fill blue color) Colorvariables:

table) Fill color

. Fill color as soon as vis1l.dwFillColorAlarm:=16#0080808 | Color:
dwFillColorAlarm : .
DWORD: bToggleColor gets 0; Alarm color Inside
’ TRUE (definition of | (as soon as Variable bToggleColor Colorvariables:
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colors see subsequent
to this table)

gets TRUE, the frame will be
displayed grey-colored)

Fill color alarm

Frame color

Color:

dwFrameColor : . visl.dwFrameColor:=16#00FF0000; Color Frame
(definition of colors . i
DWORD; (Frameis blue-colored) Colorvariables:
see subsequent to this Frame color
table)
Fill color as soon as .
visl.dwFrameColorAlarm:=16#00808 )
bFrameColor gets 080: Color:
F lorAl .. ’ . Al lor F
d%\?:)nliCD? oralatm | rpUE (definition of | (as soon as Variable bFrameColor gets Co??vzfi;brlesr?me

colors see subsequent

to this table)

TRUE, the frame will be displayed
grey-colored)

Frame color alarm

Color, as defined by

the color variables,

Color: No color inside +

can be displayed or
dwrFillFlags: . d visl.dwFillFlags:=1; No frame color
DWORD; lgnore (element gets invisible) Colorvariables:

Fillflags

0 = show color

>0 = ignore setting

Display of frame:

0 full
dwF Fl | dushed () visl FrameFlags:=1; Colorvariables

wFrameFlags : 2 dotted F - <l h :

DWORD: O (Frame will be displayed as dashed Frameflags

3 dash-point (_. . )
4 dash-point-point
(S

8 blind out line

line)

Defining color values: visl.dwFillColor := 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+l;
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bMod:= (n MOD 20) > 10;

IF bMod THEN

blinker.nFillColor := 16#00808080; (* grey *)
ELSE

blinker.nFillColor := 16#00FF0000; (* blue *)
END IF

1.7 VISUALIZTION DYNAMIC PROPERTY

Visualiztion dynamic property is to define a dynamic parameterizing by entering project

variables.

M7.1 Textvariables

Text variable is used to define dynamically text. Enter the variables in the dialog of
configuraing text variables, shown in figure 11-7-1. Enter the variable name with the aid of the

input assistant (<F2>).
Wariables for best display

Text color: |

Test flags: |

Font height: |

Faont name: |

Font flags: |
Figure 11-7-1Variables for text display

M7.2 Color variables

“Color variables ” is used to define the dynamic attributes of colors. The dialog box of
“variables for colors” is shown in figure 11-7-2 and one can enter the related variable in text box to

realize the animation effect. Enter the variable name with the aid of the input assistant (<F2>).

W ariables for colarz

Fill zalar; |

Fill calar alarmm: |

Frame calar: |

Frame colar alarm: |

far frarme: |

FrameFlags: |
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Figure 11-7-2 Setting of Color variables

MM7.3 Motion absolute

Motion relative is used to define the dynamic attributes of motion absolute. The dialog box of

“motion absolute setting” is shown in figure 11-7-3 and one can enter the related variable in text

box to realize the animation effect. Enter the variable name 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.

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 implicitely. 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.
kation abzolute

5-Offsat |

r-Dffset |

Scale: |

Angle: |

Figure 11-7-3 Configuration of Motion absolute

M7.4 Motion relative

Motion relative is used to define the dynamic attributes of motion relative. The dialog box of

“motion relative setting” is shown in figure 11-7-4 and one can enter the related variable in text box

to realize the animation effect. 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.

»  Left edge: The variable which can shift the left edge, depending on the respective

variable value.
-219 -



Top edge: The variable which can shift the top edge, depending on the respective variable
value.

Right edge: The variable which can shift the right edge, depending on the respective
variable value.

Bottom edge: The variable which can shift the bottom edge, depending on the respective

variable value.
bl ation relative

Left edge: |

Top edge: |

Right edge: |

Bottom edge: |

Figure 11-7-4 Setting of Motion Relative

M7.5 Variables

“Variables” is used to define the other dynamic attributes of graphic object. The dialog box of

“Variables” is shown in figure 11-7-5 and one can enter the related variable in text box to realize

the animation effect. Enter the variable name with the aid of the input assistant (<F2>).

>
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“Invisible”: You can enter Boolean variables in the Invisible field. The valuesin 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.

“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.

“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”.
Y ariables

Irvizible:; |

Input
dizable: |

Change colar; |

Texrtdizplay: |

Toolip-
dizplay: |

Figure 11-7-5Variable Setting



MM7.6 Input

Input is used to define input dynamic attributes of graphic object. The dialog box of  “input
setting” is shown in figure 11-7-6 and one can enter the related variable in text box to realize the
animation effect. Enter the variable name with the aid of the input assistant (<F2>).

| npLit

[ Toaggle varable l—
[ Tap variable l—
B
[ Zoom to vis.: I—
[ Esecute program; I—J
[ Tegtinput of varable 'Textdisplay'
l—_| Min: l—
VS l—

Ciialog title: |
Figure 11-7-6 Input Setting

»  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.

»  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.

»  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).

»  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.

»  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.
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ML 8 TABLE

You can insert a table in a visualization object, shown in figure 11-8-1.

Goare [05.ar1 [1E.arr [35.arr [33.arr1 [45.ar1 |

M Wk =D

Figure 11-8-1 Insert Table

Double click the table and a dialog “Configure Table” is opened, shown in figure 11-8-2, and
you set the options ‘Table’, ‘Columns’, ‘Rows’, ‘Selection’, ‘Text for tooltip and Security’. Enter
the variable name with the aid of the input assistant (<F2>).

Configure table (24)

Lateqory:

T able settings —DK
Columms

Rowsz Data array: I
Selection = y l kanod

Teut for boolt
SzcurﬁL . Slider zize: 115

¥ Colurn header

Figure 11-8-2 Configure table

MM O9TREND

You can insert a table in a visualization object, shown in figure 11-9-1.

L R | o [ T
e Epie el T3 T i

Figure 11-9-1 Insert Trend
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Double click the trend and a dialog for configuration of a trend element is opened, shown in
figure 11-9-2, and you can set the options Trend, Colors, Text for tooltip and Security. Enter the

variable name with the aid of the input assistant (<F2>).

Regular Element Configuration (#6)

Categan:

Gurve i
Colorz . , - -

Text for taoltip ] i Harizontal awis: 1

; ; i Cancel
P Rnantision WVertical axis:
IH ight-left - =

Fecording

to anly online © Histary aif ]

Choose warable J

Curve canfiguration j

Figure 11-9-2 Trend Configuration

11 10ALARM TABLE

You can insert an alarm table in a visualization object, shown in figure 11-10-1.

|Bitmap | Date | Time | Expression | value | Message

A J L
Figure 11-10-1 Insert Alarm Table

Double click the alarm table and a dialog for configuration of a alarm table is opened, shown
in figure 11-10-2, and you can set the options ~ “Alarm table’, ‘Columns’, ‘Settings for sorting ’,
‘Selection settings’, ‘Text for tooltip and Security ’. Enter the variable name with the aid of the

input assistant (<F2>).
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Configure alarm tahle (20)

Lateqary:

Aiarm table
Coalurnnz

Settings for gorting
Selection settings
Tt for tooltip
Security

- Alarm table

Change alarm group |
Priority:  fram lﬂ to; (255

Selected alam class:
Al |DEFAULT ~|

Add |
Delete |

W Fow headsr

W Column header

Figure 11-10-2 Configure Alarm Table

L. MACTIVEX ELEMENT

You can insert an ActiveX element in a visualization object, shown in figure 11-11-1.

Double click the ActiveX element and a dialog

Control:

Figure 11-11-1 Insert ActiveX element

“Configure ActiveX element ” is opened,

shown in figure 11-11-2, and you can set the options ‘Control’, ‘Methodcalls’ and ‘Display’. Enter
the variable name with the aid of the input assistant (<F2>).

Configure Actiwvel Control (#8)

Lategony:

Methodecalls
Digplay

Control data
Control tppe

* Active-Contral " Java-Bean

1WideoSoft Flerérmray Control
-] WideoS oft FlexString Control
ActionByr Class
ActivexPlugin Object
ActarBuyr Class

Adobe Acrobat 7.0 Browser Document ¥

Identification:
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T 12VISUALIZATION APPLICATION

Take a little program for an example to describe the visualization application. In this program
two signal lamps flash in turn. The program is displayed in figure 11-12-1.

0001\ FROGRAM PLC_PRG
0002)vAR

0003  ABOOL,

0004 TITOMN;

0005  MUMIMNT,

0006  MUMTINT,

0007\ EMD_WAR

A TOH waxnD

7 o (
T#254PT ET—

FRHD.0
|

ADD

m

1+ ——NLUK1

[t{u]n]

m

MUk~ [———nH L1

Foxno =i

— | e
U1 —3%.0%0 .1
o4

EQ
EN
NURAT ——a Dz

1

Figure 11-12-1 Program

In order to see the flash more clearly, one can define a visualization object in which the on and
off of the signal lamp can be displayed in different colors. The on 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”, shown in figure 11-12-2.

Figure 11-12-2 Visualization A

Select Q.1 and double click on it then a dialog box “Regular Element Configuration ” is
opened. Select “Colors”/ “Color”/ “Inside” and choose the green color and click the “OK” button,
shown in figure 11-12-3.

Select “Alarm color”/ “Inside” and choose the red color. The color setting of Q.2 is the same
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with Q.1.

Regular Element Configuration (20)

LCateqgary:
o o EAEE (B oK
Vo i weide | [ N N T N N N
Line width - 1 EmEEEEEBR Cancel
[T i | S |
Colorvanables " o color inside | B E R R B B |
Motion abzolute L - =l B B B R | -
ation relative
Wariables  &larm color . - - - - . - -
Input :
Text for taoltip |rside HEE.-. -.
Security ;
Programmability B SLENE )
HEErmEmr
HENENEEN
AEEENEAD » |
wE | E |

Figure 11-12-3 Color Setting

You can enter “Q.1” in the field “Category”/“Variables”/“Change color” and click the “OK”
button, shown in figure 11-12-4. In the same way, enter “Q.2” in the field “Change color” of “Q.2”.

Begular Element Configuration (20}

Categaony:

Shape “arniables =
Text vanables | Irveizible:

Line width ; ol
Colors dr:p:tH . l

Colorvarniables Fa0le:

kation abzolute

Mation relative  Change colar: 101

Input Testdisplay: |
Text for toolkip )

Security T_'Q':']t'p: i
Prograrmmability _ display:

Figurel1-12-4 Variable Setting

Now the configuration of visualization A is finished. The result in online ode is displayed
infigure 11-12-5. Q.1 and Q.2 flash in turn.
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Figure 11-12-5 Result in Online Mode
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GIFIER 12 AFEND X

Module Memory
The program memory of the moules in the following table is 28KB. In the dialog box “Target
Settings” select “PowerPro LEC G3 CPU” in the field “Configuration”.

Module Type Module Version
LM3104 A01, A02, AO3

LM3105 A01, A02, AO3

LM3106 A01, A0S, B06, BO7, BO8
LM3106A A01, A02, A03, A04
LM3107 A01, A0S, B06, BO7, BO8

Besides, the program memory of other moules is 120KB. In the dialog box “Target Settings”
select “PowerPro LEC G3 CPU Extend’ in the field “Configuration”.

Input Assistant in PowerPro

For the users who are not familiar with standard programming language, the command
“Edit”/“Input Assistant” or <F2> provides a dialog box = “Help Manager” for choosing possible
inputs (Standard Functions, Function Blocks, Operators, Operands and Variables) at the current
cursor position, shown in figure appendix-1. The categories vary depending upon the current cursor

position and the selected object.

Standard Functions: standard function from standard library;

User defined Functions: user defined functions written by users;

Standard Function Blocks: standard function blocks from standard library;

User defined Function Blocks: user defined function blocks written by users;

FBD Operators: standard IEC operators supported by PowerPro;

User defined Programs: user defined programs written by users;

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 Blocks
User defined Function Bloc
FBD Operataors

Standard Programs

Uzer defined Programs
Cornversion Dperatars

‘4 Standard Functions

----- E] LEN [FUN)
----- £] MID [FUN)
REFLACE [FUN]
----- E] RIGHT [FUN)
B (i) D:\HOLLYSYSAPOWERPRD ENGALIBRARYASYSLIE

m DAHOLLYSYSSPOWERPRO ENGNLIBRARYSSTAND, %

< >
W Stuctured
Figure Appendix-1 Help Manager
Key Combinations in PowerPro
General Functions
Move between the declaration part and the
instruction part of a POU <F6>
Move between the Object Organizer, the object and
the message window <Alt>+<F6>
Move to the next open editor window <Ctrl>+<F6>
Move to the previous open editor window <Ctrl>+<Shift>+<F6>
Right Key menu <Shift>+<F10>
Shortcut mode for declarations <Ctrl>+<Enter>
Move from a message in the Message window
backto the original position in the editor <Enter>
Open and close multi-layered variables <Enter>
Open and close folders <Enter>

Switch register cards in the Object Organizer and thq

Library Manager <Arrow Keys>

Move to the next field within a dialog box <Tab>

Help <F1>

General Commands

"File" /"Open" <Ctrl>+<O>

" File " /"Save" <Ctrl>+<S>

" File " /"Print" <Ctrl>+<P>

" File " /"Exit" <Alt>+<F4>
"Edit" /"Undo" <Ctrl>+<Z>

" Edit " /"Redo" <Ctrl>+<Y>
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" Edit " /"Cut" <Ctrl>+<X>

" Edit " /"Copy" <Ctrl>+<C>

" Edit " /"Paste" <Ctrl>+<V>

" Edit " /"Delete" <Del>

" Edit " /"Find next" <F3>

" Edit " /"Replace" <Ctrl>+<H>

" Edit " /"Input Assistant" <F2>

" Edit " /"Auto Declare" <Shift>+<F2>

" Edit " /"Next Error" <F4>

" Edit " /"Previous Error" <Shift>+<F4>

"Project" /"Rebuild all" <F11>

" Project " /"Delete Object" <Del>

" Project " /"Add Object" <Ins>

" Project " /"Rename Object " <Spacebar>

" Project " /"Open Object " <Enter>

"Online" /"Login" <Alt>+<F&>

" Online " /"Logout" <Ctrl>+<F8>

" Online " /"Run" <F5>

" Online " /"Stop" <Shift>+<F8>

" Online " /"Breakpoint" <F9>

" Online " /"Step over" <F10>

" Online " /"Step in" <F8>

" Online " /"Single Cycle" <Ctrl>+<F5>

" Online "/"Write Values" <Ctrl>+<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>
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)" <Ctrl>+<L>
“Insert”/ "Jump <Ctrl>+<U>
" Insert " /"Zoom Action/Transition" <Alt>+<Enter>
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