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This chapter offers an initial overview of the PC WORX interface.

As a container, PC WORX offers five freely configurable workspaces which display the dockable
windows that can be shown/hidden as desired. With their preassignment, these five workspaces
allow for the access to the main PC WORX functions (bus configuration, programming, process
data linkage, project comparison and field device configuration).

@ The workspaces can be reset via the Extras = Options Menu, selecting the General tab.

e Even though the workspaces are freely configurable, you should organize them

k) clearly, you should not overload them with shown windows and for efficient

=] use, you should change between the workspaces according to the current application
task.
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The designations and windows that are shown as a standard are similar to the main
functions of PC WORX. This applies to the three primary workspaces. The menu bar
ensures fast switch-over between the different areas.

Bus configuration

Creation of the bus systems supported by the controller INTERBUS and PROFINET),
editing the devices used and general device data management.

Process data assignment

Connecting the process data items made available by the bus modules to the global
variables of the programming, or creating global variables based on above-mentioned
process data objects according to syntax standard.

IEC programming

IEC-based programming (programs, function blocks and functions) for the creation of
PLC hardware and tasks, declaring user-definable data types, integrating libraries and
further software-related functions.




Software Architecture PHCENIX

CONTACT
Bus Structure Workspace
; Bus Struchure. 4 v 0/ |i Devce Detais. 2y D
Name Yale
vendor Phoenix Contact
Desgnaton BILRS 422
e
N 3
[ | Order rumber 2836793
~=r— T
==
]
o] 7
:
os s
v} e :snma
o]
Code. 220
:
T =
o] aise
Node ID. 2y
0 (TERBUS Setings [0 Parameter Chamel | 3 Bus Interfaces | [ Process Data | 3§ Termnsl Ponts | &) Data Shest]
EEsaE o DIz eH @

As usually in a project first of all the hardware configuration is implemented, the Bus
configuration workspace is the initial working environment for the user. As a standard, the
windows Bus configuration, Device details and Device catalog are shown. Here, the latter
has been consciously taken out of the view as it is only needed for the editing phase.

The device details are directly related to the bus configuration. The element selected in
the bus configuration is displayed with its details in the device details. Depending on the
element type (project, bus directory, bus device), the number and types of tabs are
adjusted in this window. The information on which pages have to be displayed is read out
of the device or system file. This explains the short time delay of the display. The text-
based file is "translated" and displayed in a user-friendly way in the device details.

After configuration of the bus system, the complete documentation for the hardware can
be entered in the device details (equipment identification, station name etc.).
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The process data assignment workspace is divided into four quadrants. The left-hand
side shows the PLC and its structure. Depending on the selected element, the
corresponding global variables are displayed in the table below.

The right-hand side shows the bus system hardware. Depending on the selected
element, here the corresponding process data items are displayed:

* For single devices: only the objects of the selected device
* For bus terminals: all process data items available in the respective branch
* For control systems: all objects dependent on this control system

In this window, the programming variables are connected to the process data object
items in the connected bus systems.
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The workspace for the IEC-based programming of a PLC is divided into the project tree
and the edit wizard.

Besides a complete display of the project, the project tree offers specific views for the
program organization units (POU), libraries, hardware and tasks as well as the function
call structure of the programs (instances).

The edit wizard is context-sensitive. This means that, depending on the element worked
on, the wizard offers help for the creation of user-defined data types or the creation of a
program.

The gray workspace in the screenshot is used for the open worksheets (code worksheets
and variable tables). Just as in many other applications, these windows can be arranged
in different styles (see Window menu).

For maximizing the worksheet, it makes sense to hide the project tree, the edit wizard
and the message window that automatically pops up during compilation processes. The
pre-defined shortcuts are:

Shift+F8 Showr/hide project tree
Ctrl+F2 Show/hide message window
Shift+F2 Showr/hide edit wizard

Shortcuts can be adjusted via the Tools - Shortcuts menu.
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The user usually only activates the Connected Bus window for the read-in time of the
connected INTERBUS system. The communication path of this window is taken on from
the central settings and can be called via the Selected Control System list.

Legend

RED ID code and process data length of the devices are different.
GREEN ID code and process data length of the devices are identical.
BLUE This device is not available in the configured bus configuration.
GRAY Device has not been compared.

* The following device is not available in the current bus configuration.
* The following bus level is not available in the current bus configuration.

X1Y ID code and process data length
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The Device Catalog window is required for offline configuration of the bus systems and
only has to be shown during this operating phase. It is also required for corrections of
devices incorrectly selected during online configuration.

In the device catalog, all device description files are listed on the All tab. Via the context
menu, the user can adjust the tree structure.
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As an interface, the Excel link integrated in PC WORX (compatible with MS Excel)
enables the organized export and import of global variables linked to process data items.
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The Diag+ 2.0 software integrated in PC WORX 6 offers extensive diagnostic function for
both INTERBUS and PROFINET, which are the bus systems supported by the control
systems. Like many other windows, Diag+ uses the centrally set up communication path.
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This chapter offers information on the functions of the ProConOS operating system, the
implementation on different hardware platforms and on the management of hardware resources
with ProConOS.
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ProConOS (Programmable Controller Operating System) is required for the provision of
PLC-typical system services on specific or standard hardware platforms. This includes
loading and processing of externally created PLC programs as well as the provision of
debug functions for programming, installation and maintenance of PLC-controlled
machines and systems.

ProConOS is used as an operating system for most Phoenix Contact control systems.
This offers the advantage that all control systems can be parameterized and programmed
in the same development environment (PC WORX).
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ProConOS is based on standard multitasking operating systems that are controlled by
means of task priorities. In ProConOS there are three different priority levels:

* Priority level for user tasks
* Priority level for ProConOS tasks
* Priority level for system manager tasks

This classification ensures that the processor computing time entirely available to the
PLC is always distributed in favor of application-relevant tasks. Only if their timing allows
it, the other system tasks receive their demanded computing time. This is the ProConOS-
internal prerequisite for the temporal determinism of the application. The use of
multitasking in the ProConOS system architecture thus aims at calculable time response,
optimization of performance, i.e. minimizing response times, and specific reaction to
runtime errors.

The user tasks include cyclic tasks, event tasks and DEFAULT tasks. Within a
determined time interval, cyclic tasks are executed cyclically according to the priority
defined by the user. Furthermore, a reaction to acyclically occurring events, e.g.
hardware interrupt, can be reacted to in the event tasks.

The DEFAULT task is the task with the lowest priority and is executed when no other task
is active. The DEFAULT task is a cyclic task.

During the adaptation of ProConOS to the different Phoenix Contact control platforms,
the different interfaces were used to implement control-specific features.
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This chapter informs the reader on the communication between the programming device and
control system. The different communication paths that are available according to the control
system type used are described. For networked-based communication, the transmission of
IP addresses to control systems are presented, as is the use of BootP services.
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The communication path for the connection of the programming device to the control
system is selected on the Communication tab when the element CONTROL SYSTEM is
selected. Depending on the control system type, different media are available.

Every control system provides a serial interface for which a standard IBS connecting
cable or the connecting cable with Mini-DIN connector can be used.

In case the programming device does not provide a serial interface and a USB adapter
has to be used, it might be necessary to select the emulated interface.

Pressing the Test button activates a connection establishment which is displayed in the
status line.

Via the Apply button you can specify the communication path for the current control
system in the currently worked-on project. Using these settings, other windows and
dialogs can easily access the control system all the time.

When using previously configured control systems, the message
Connection names do not match may pop up because a connection name for the
connection is saved to the control system. This is to prevent an accidental access to a
control system. At that point, an acknowledgement is not necessary.
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In addition to the serial interface, most control systems provide the possibility to
communicate via TCP/IP.

For this type of communication, the IP address must be saved to the control system.
Furthermore, this address must be communicated to PC WORX.
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With control systems with real-time clock, the IP address and the time are set on the
Extended Settings tab after the element Control System has been selected. In the
Network Settings frame, the network configuration of the control system is displayed
(default upon delivery: Usage of BootP server) after the Read function has been selected.
For this, you need to select a communication path ready for operation. Usually, this is the
serial interface.

The communication is set up according to the project requirements. If necessary, adjust
the real-time clock of the control system by calling and sending the System Time. The
validation of the changes made is implemented by resetting the control system.

As the control systems have an FTP server, with a successfully configured network
communication, the software for FTP access that is installed under the operating system
can be started via the Open FTP Folder on Device button. Thus, the content of the FTP
area of the CompactFlash card is displayed.
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If after startup of a BootP server (e.g. PC WORX), the control system is to receive its IP
address, the option Usage of BootP server is to be selected in the extended settings. As
with the transmission of a new static IP address, this configuration has to be sent and
then validated by resetting the controller.

A

server.

When using the BootP option, it is not sufficient to just change the CF card when a
control system is replaced. The new MAC address has to be communicated to the BootP
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In order to use the BootP option for a control system by means of the BootP server
integrated in PC WORYX, it might be necessary to activate the BootP server via the menu
Tools and - BootP/SNMP/TFTP-Configuration. For the assignment to the control
system, the MAC address for the control system has to be entered in the IP Settings.

You can find the MAC address on the combined hexadecimal/barcode sticker on the front

@ or left side of the housing.
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Selecting the Network Connection

~Interface Type =
- ILC 370 PN 2TX-IB G Name ‘
= 4 Communication Path [Manual Input =l D
4 Serial interface 1P Address
47 defined [192 168 0 5 Manual
User- Ine -
estnmum I&wﬂm input of an
255 . 255 . 255 . O
IP address
Gateway Address:
I 192 . 168 . 0 . S0
I use virtual LAN
Resource: RES_IB2061
Test Appl I Help
Connection via |feemee —
station name [ g oionran = -
;'Sena\nnzrface 1P Address
Ethernet 2 o8 = = -
§ User-defined LT - - JD
Bi Station Name Iab":tmo
Gateway Address:
| 192 . 168 . O
™ use virtual LAN
Resource: RES_[B2061
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If the controller has been configured with a valid IP address, this address has to be made
available to PC WORX.

Having selected the TCP/IP (Ethernet/Local host) communication path, there are two
possibilities to do so:

1. Select the element Manual Input and enter the desired IP address in the enabled
fields.

2. Select a station from the list of connection names. Station names are connected to IP
addresses via an address file or an entry in the registry.
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Editing the Station Names

1 Interface Type - Symbolic Names Setting x|
= ILC 370 PN 2TX-IB o e )
= 4 Communication Path [ncazoen | Use Symbolc Station Names...
& Serial interface IP Address " from Assignment File
@ Ethernet [T192 ee 0 | E Path: IC:‘wsers'Pub'\c'Documents‘abet"’!deﬁdat
§ User-defined =
B2 Station Name @
I 255 . 255 . 255 . O * from Registry
Gateway Address: oK
|192.153.-1‘50 —].—]
L
™ use virtual LAN
Resource: RES_IB2061 Communication Path Setting x|
Bthemet |
Test Apply Help You have Adminisiralor rights.
Double-click on a station number to edit
Station Number | IP Address | Active | Connection Name -
1 19216805 Yes  ILC370PN
2 0000 No
3 0000 No
4 0000 No
5 0000 No
3 0000 No
7 0000 No
3 0000 No
9 0.000 No
10 0000 No
1 0000 No
12 0000 No =l
Edi Pearission .. | Boot.. | impot .. |
Cancel Apply
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Via the ... button, you can load an address file or change the station name entries.

The easiest way to create an address file is to change entries in the registry and then
export the list. Using a text editing tool, the file (*.dat) created can then be edited as a
tabulator-divided text file.

Entries in this address file or the registry are only displayed in the Connection Name field
if they have been activated.
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This chapter provides an overview of the configuration of an INTERBUS system connected to the
control system.

In case that a system that is ready to operate is connected to the control system, the online
configuration can be used. For adaptations and the configuration before startup of the hardware,
the offline configuration is described.

This Chapter also describes the creation of user-defined device catalogs (especially interesting for
mass production) and the import of device description files.

project are required. A wide range is already provided on the PC due to the installation of
PC WORX. Further device description files (XML format) can be registered later after
copying the respective directories via the Device Catalog window.

0 For both configuration methods, the device description files for the devices used in the

For online configuration, a ready-to-operate communication between PC and control
system (see Chapter Communication PC - Control System) is required as well.

Information

A Attention!
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Read-In of the Connected Bus System

Connected Bus x|

Selected Control System:
§J||Lc 370 PN 2TXB (192.168.0.5)

?-,EB 4, Apply De
i Update View F5
& e
[ t v Display Key F3  lolors and characters
b B‘KS 4' 70 indicate the result for the

e comparison of the physically
$ 3, H‘ij o connected bus configuration and the
10 180/2 configured bus configuration:

M o3/8

ID-Code and process
data length of the
devices are different.

ID-Code and process
data length of the
devices are identical.

This device is not
available in the

configured bus =N
configuration.

Device has not been
compared.

= Tha fallnwina Aavica ic
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For online configuration, the View — Connected Bus menu is displayed. This window is
not embedded in the combination of the already opened windows, but remains undocked.
In order to keep the currently used workspace (usually the Bus Configuration workspace)
clearly arranged, this window should be switched offline and hidden again after the read-
in.

For reading in the connected INTERBUS system, you have to select the control system
currently worked on from the Selected Control System list. PC WORX will then display
the configuration frame of the INTERBUS saved to the control system or, in case a
system in the Ready state is used, create a new configuration frame.

If the system is not ready to operate or faulty, then this window cannot display the
configuration frame. For diagnostics, the Diag+ window (operation see Chapter Diag+ 2.0
in PC WORX 5) can be used.

If the bus system is displayed, it can be copied from the context menu into the Bus
Configuration window via the function Import to Project = With Device Description.

Please consider that when you select this function, an already configured bus system is
discarded. If just individual devices from the bus system are to be applied, (e.g. as an
addition if configuration has not been completed), then the function apply
Device/Segment is to be used.
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fBus Stuchne Laml A
& iy UNTITLED ...
=l ILC 370 PN ZTX-IB 192.168.0.5 Selected Conlrol System:
oR ;{;sms_:;cfm — | [1LC 370 Py 212048 (192.168.05) =
## PROFINET = M) ILC 370 PN 2T 1B

£-# 2 INTERBUS 0. 0
=B #1BS1L24RBT 1.0
B =2mBs1 24RB4K 2.0
{ﬁmmhed

gl 4/0
EEE2 4/0
R Key
4 130/4
5 125/16 The following colors and characters
6 127/32 indicate the result for the
7 220/16 comparison of the physically

" Information to the
A utable entry for the following component could not be found. Pleare select a device which matches the searched one.

Hame [Digtal remote bus device

Ident Cade [4

Process Data Length [0

L DavicaTyps [ ident Code [ Process Data Length | -]
1BS IL 24 BK-LK/45-2MBD 4 0
1BS IL 24 BK-LK-2MBD 4 ]
IBS IL 24 BK.T 4 0 |
TAC 4 0
IBS IL 24 BK-T/U2MBD 4 0 J )
) 0
4 0
) 0 =k
™ Automatically apphy to fuither devices of this type.
=]
L
L o T
CONTACT

Depending on the device currently worked on, a list of the device description files
registered in PC WORX is displayed in the Select Device dialog. Furthermore, the
selection is also specified by means of the combination of identification code and process
data length of the current device.

In case user-defined device catalogs have been created in PC WORX, before selecting a
device you have to select the catalog, which the function shall access during its search.

If the selection was faulty, the selection process should not be aborted, but continued

1wty with. In most cases, a subsequent correction via the device catalog takes less time than
=] the repeated read-in of the system.
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Insert Devices From Device Catalog

Bus Structure 4 v /| Device Detads ivo
= @ 182061 £81BS 1L 24BK-4K 3, 0 INTERBUS Settings\
= [l ILC 370 PN 2TX-1B 192.168.0.5
= R Resource Neme [ vake |
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#8 PROFINET [ | Designation
= oy = INTERBUS 0. 0 | | Functional De:
=y ] L 24R8T1.0 B[ Deviee Type & FP Al
IBSIL 24RB4X 2.
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- [l 23S0 248K4x3.0 e I 18 IL 24 FLM-MULTI-PAC OUT
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) Unconnected e M BIL24FPIN
D | Atematve B8 B1L24FP OUT
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i Bl 18 1L 242007
Insert to N & I 185 1L 24 BK RB-LK
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o] 1BS IL 24 BK-DSUB
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[© [hoden I 185 IL 24 BK-E2000 15t
I 185 IL 24 BK-£2000 2nd
= 1BS IL 24 B
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K1 | »
Aal
& INTERBUS T == —
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For offline configuration, the Device Catalog window from the views menu has to be
activated. It is advisable to position this window between the Bus configuration and the
Device Details window. Thus, the latter is partly forced out of the visible area, but, just as
the Connected Bus window, the device catalog will only be shown until it is no longer
needed. The catalog function regarding the bus configuration is limited to three actions:

1. Insert device to same level (remote bus device behind remote bus device or local bus
device behind local bus device).

This can be done via the context menu (in the catalog Copy device, in the bus
configuration Insert to same level) or using the mouse. For this, the device has to be
selected in the catalog and (mouse-button pressed down) drawn to the device in the
bus configuration, after which you would like to insert the new device. The mouse pointer
displays below symbol.

Symbol when inserting to same level: %L{%

2. Insert device in lower level (branch) (remote bus device in remote bus branch or local
bus device behind local bus terminal module).

This can also be done via the context menu (in the catalog Copy Device, in the bus
configuration Insert to lower level) or using the mouse. Select the desired device in the
catalog and draw it with the mouse button pressed to the bus configuration. In contrast to
the insertion to the same level, on the device after which you would like to insert a new
one, the mouse has to be moved to the right-hand side until below symbol is displayed.

Symbol when inserting to lower level: %%

Y When using the mouse and pressing the shift button, you can switch between the two
= possibilities Insert to same level and Insert to lower level.
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Bus Structure 4 ¥ [/ | Device Detais ER A}
E] 1B2061 #81BSIL 24BK-1K 3. 0 \INTERBUS Settings|
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i Lieex
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3. Replace device (only possible if in principle the device offers the same interfaces).
First of all, via the context menu, the replacement device has to be copied in the device

catalog, then the context menu function Replace must be implemented.

Using mouse and keyboard, the desired device has to be selected in the catalog and,
keeping the mouse button pressed down, has to be drawn to the device to be replaced in
the bus configuration. For replacing instead of inserting, the same control button has to

be pressed, so that below symbol shows up as a mouse pointer.

Symbol during replacement: [ &
4
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Display

Device Catalog 1 X

Manufacturer

& (] Festo
5 43 Phoenix Contact

&) AXL

# () CP3xx

a3 Cr

#{JELR

&) FC2xx

& (] FC3xx

& FL

&) FLM

& FLS

# () FP

& () Generic

s IL
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B 1B IL 24 FLM-MULTI-PAC IN
- 1B IL 24 FLM-MULTI-PAC OUT
B 1B IL 24 FLM-PACIN
B 1B IL 24 FLM-PAC OUT
W BIL24FPIN
I B1L24FPOUT
B BIL24L2IN
Ml 181L24120UT

K|

-

Device family |

ol
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After the software installation, the catalog in its tree structure as a standard follows the
system Vendor — Device Family — Device Type. This sorting has proven to be practical
for the entire catalog, but can nevertheless be adjusted via the Modify Catalog function in
the context menu. Doing without any structure might make sense especially for user-
defined catalogs with a narrow range of devices.
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View as Grid Ctrl+G & mecs (Voyrcfs02- 1co XML
Edit Catalog Representation... Ctrl+E & Amwendungens (\\ -
TR o m =
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The registration (import) of device description files enables PC WORX to access files and
thus devices that were made available subsequently.

In addition to an XML file, a full device description includes an icon file to which can also
be referred to in the XML file. Without such a file, PC WORX would display a standard
symbol.

Both files have to be stored in the same directory. It makes sense to create a folder with
the name of the device supplier on the directory level shown above (for INTERBUS
devices next to Phoenix Contact and Universal in order to keep an overview of the
additionally registered devices. This folder does not affect the layout in the device
catalog. For example, the supplier will not be read in from the folder name, to which the
XML file is saved, but from the XML file itself.

The registration/import cannot be implemented from a mobile device (e.g. USB stick), as
no local copies of the files are created.
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User-Defined Device Catalog
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&3 1/0 digial
B BIL24DI4
BWiBiL24aDi8

¥QMxx
3 CT [
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Creating a user-defined device catalog makes sense if a variety of projects is to be
implemented using a limited number of devices. A new catalog can be created via context
menu of the Device Catalog window. This catalog is first empty and unstructured.

The new catalog can be filled using the context menu to copy a device from the main
catalog and paste it into the new catalog, as shown above.

The user-defined catalog enables faster access during offline and online configuration.
For the latter, only the limited number of devices will be displayed when inserting devices.

@

Every user-defined device catalog can only contain the devices that are in the main
catalog. There is no differentiated registration of device descriptions.
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This chapter describes the configuration of the PROFINET system connected to the Ethernet
network.

The online configuration describes the configuration for the case that the PROFINET system is
installed. For adaptations and the configuration before startup of the hardware, the offline
configuration is described.

A Attention!

@ Information

b T4 Tip
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The address range of the PROFINET network in a PC WORX project is created via the
project element in the Bus Configuration window. For every PROFINET device added, an
IP address is automatically imported from this address range in the bus configuration.

For entering the IP address range, the start address may not be larger than the end

addre

SS.
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‘ Renumber devices

e
Al logical device numbers
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A+
Repl
Blind out Device: CErlHShift+D
te Bus
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Edit Device Representation... Ctri+E
Print Bus
Refresh View F5
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Via the context menu of the project you can centrally adapt the IP addresses in the bus
configuration to the set address area.

If the subnetmask or the standard gateway is changed, the command Renumber devices
A - Whole project = All Subnetmasks and Standard Gateways has to be implemented.
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Via the IP Settings tab in the device details, an individual address assignment can be
made for each device.
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Bus Structure

Offline Configuration
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From the device catalog, PROFINET devices can be added to the network configuration.
This can be done using Drag & Drop or by copying and pasting from the context menu.
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The PROFINET network can also be configured online using PC WORX if the devices to
be configured are installed and their device description files are registered in PC WORX.

If no PROFINET devices are found although the PROFINET system is connected, then
— maybe the wrong network card is installed in the PROFINET configuration.
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Above list shows all PROFINET I/O devices available on the network. If some connected
devices are not in the list, this might be due to the filter options below the window.

The selected 1/O device is inserted to the PC WORX bus configuration via the Insert

button.
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SMCS witch-smcs-Sgt 192.168.0.5
5 2ports \
o # INTERBUS 0. 0
8 o _ 2l
' : b2

FROFINET Device Name: |nmmmssgi

Device Type: FL SWITCH SMCS 8GT | _’l
MACAdresse: DDAD45:2C:1549 fed [~ Inotin Proiect
F Name Device L e Retiesh |
| PROFINET dece vt add o he e v e e ad P paanetrs spcied
- 7
Tl S| e [P ][ owe |
4 | ‘

O SRR O @n

In another dialog, a PROFINET device name can directly be assigned to the I/O device.
First, the device name entered only refers to the assignment in the bus configuration. The
actual naming, i.e. writing the device name to the I/O device itself, only happens by
activating the Name Device control field.

5-15
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Device Settings

3_¥ 0| | Device Detaits +vo
E E 182060_20120502 FLSWITCH SMCS BGT (Profinet 10) fl-switch-stics-8gt 192.168.0.5 \PROFINET Settings)
= [l 1LC 370 PN 2T-IB 192.168.0.10
= R Resource Name Value
R STD_RES 1LC370PN O | vendor Phoenix Contact
= i PROFINET vendorlD 00080
=) & FL SWITCH SMCS 8GT (Profinet 10) fl-switch-smcs-6gt 192.168.0.5 Designabion FL SWITCH SMCS 8GT (Profinet 10)
& € 0 @FL SWITCH SMCS 86T DevicelD 0x0025
L Menpoemant. aoprk Profinet 10 Device
8 2pons Devie type Switch
Ay ewieRaUs0.0 R
8 Uncomnected Order mmber 209123
| D EReie 00/3.70
[ O | oNsjPROFINET: fleswitch-smcs-Bg:
&) )
O | 1® address 192.168.0.5 Ny
Subnetmask. 255.255.255.0 &
Defauk Gateway 192.168.0.1
RT
S12ms
Si2ms
Y orted 3
[ O | Monkorng 15%
[ | Monkoring 15%
differences no
yes
Orive BF yes
] Inputs. Settozero
2 o dart yos
Node ID. 49
< | :mml-mmlimbm”(m)]znmﬁm 5) Datasheet

COUDERSRRE O .

For every PROFINET I/O device, the update times for the inputs and outputs can be
determined via the PROFINET Settings tab.

The update times for the individual 1/0O devices as well as for the inputs and outputs per
device can be different.
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Ss Saucure 2.3.0|[iOvicobotdhs. ———— ERY-]
= @) 182060_20120502 FLSWITCH SMCS 8GT (Profinet 10) fl-switch-smes-8t 192.168.0.5 PROFINET Settings\
= [l 1LC 370 PN 2T-IB 192.168.0.10
&= R Resource Name alue
R STD_RES 1LC370PN O | vendor Phoenix Contact
= 4l PROFINET [ | vendorid 0x0080
= & FL SWITCH SMCS 8GT (Profinet 10) fl-switch-simcs-8t 192.168.0.5 Designation FL SWITCH SMCS 8GT (Profinet 10)
&8 0 @FL SWITCH SMCS 86T DevicelD 00025
1 Management agent Managed C Profinet 10 Device,
8 2pons Device type Switch
Ay # INTERBUS 0.0 [
3] unconnectsd ‘Order rvmber 2890123
| B | Revison 00/3.70
[ O | ONS{PROFINET fl-swikch-smcs QA
B [ se Fa
B D
O | 1 address 192.168.0.5
Subnetmask. 255.255.255.0
Defauk Gateway 192.168.0.1
akme RT
B 512ms
S12ms
Fauky sborted 3
Manikoring Time Inputs (ms) 15%
B | Monkoring 15%
& differ no
yes
D | orive B yes
] of inputs Setto zero
2 at startup ves
Node 1D 49
< |2l Qnmml.m@urm !wabuufm(m) 3 Bus interfaces | %) Data sheet

com IO @

The device names of the individual I/O devices in the PC WORX project can be assigned
via the PROFINET Settings tab.

Allowed character set for assigning device names:
Letters: a-z

Numerals: 0-9

hyphen: -

The assignment of the device name refers exclusively to the assignment in the PC
WORX project. The actual device naming has to be implemented separately.

The device name is of highest priority in PROFINET. It serves for identification of 1/0
devices in a PROFINET system and thus should be clear for use in the entire network.
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PROFINET Devices in the Network
fus rucure. 4 v [0 |: Devce Detals
) 62060_20120502 FLSWITOH SMCS 86T 192.168.0: ‘Satoanes)
= 1LC 370 PN 2718 192.168.0.10
& R Resorce Selected Device
R sTo_Resncsmen Nome: fhevichsncs 99t 1PAddese 19216305
7 F:O:tusﬁnmmmmmmmm.mms Deyice Type: FLSWITCH SMCS 85T (Prainet 0] SubnetMatk: 255255 2550
& 48 0 @FL SWITCH SMCS 86T Dedault Gateway: 19216801
8 1 Management agent
B 2Pots Avadable on Network
Ay # INTEREUS 0.0
5 teoremcd | [home T VAL AdSers | P AdSess | SubostMask
Flec 7 umaned I~ rotinPioect I same Type
FahingOn | AwinName | DelseName | AsgnP | Refiesh |
é%
d PROFINEY Setigs | B PROFINET Sttormames JI) Web Inteface orine)| 2. Bus arfaces | ) Data shoet

Via the PROFINET Stationnames tab, all PROFINET I/O devices available on the
network are read in and listed as shown above. Using this dialog you can write the
PROFINET device names and the corresponding IP addresses to the respective /O
device. The actual device naming is implemented using the Assign Name button.

The PROFINET Stationnames tab is only available if a PROFINET I/O device was
selected in the bus configuration.
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PROFINET Device Naming

Bus Structure 4 v 0| Device Detas LR
8 I 182060_20120502 ‘l&sw"mmm 8ot 192.1 ¥ Statiornames),
& I 1LC 370 PN 2TX-IB 192.163.0.10
S R Resource Seected Device
”R STD_RES 1C370PN Name: fawich-ncs8g IPAddess 12216305
= il PROFINET
= 8 FLSWITCH SMCS 8GT (Profinet 10) fsmtchsmcs-8t 192.168.0.5 DeriesTyee LEWIICH EMCS 951 Ptnec 1) SubnetMask: 265,255 255.0
-4 0 @R SWITCH S 65T | Defoud Golewy; 19216801
E8 1 Mansgement agent
8 zpots Avalabie on Network

Ay # NTERBUS 0.0 |
) Uncomnected Thisge

Fl—switch—smcs-S%t

Fler ¥ unnamed ™ notin Project ™ same Type

FiashingOn | Assign Deletetlame | AP | Reiesh |

jla | o ||| ECPRoFET St et saorenes () Web o Gk & s | 3 kot

@D RRSRRT @ @

When assigning a name, the name of the I/O device selected in the bus configuration is
assigned to the 1/O device selected in the Device Details window. Please make sure that
the selected devices are of the same type. The device name is permanently saved onto
the respective I/O device.

The process described here is generally referred to as device naming. Unlike the volatile
IP address, the device name remains saved on the PROFINET /O device after a voltage
reset.
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This chapter describes the creation of process data variables (inputs and outputs) based on the
process data items of the bus systems configured in PC WORX.

A second step describes how global variables already available in the programming can be
connected with process data items in order to enable access to the input and output signals of the
bus system.

For both procedures, a bus system configured in PC WORX is required (see section
@ INTERBUS Configuration or section PROFINET Configuration).
The connection between variables and process data items can be disconnected again via
the context menu of the variables or the process data in the process data assignment
view. Variables no longer needed, however, cannot be deleted in this view, but only in a
corresponding global variable table.

Information

A Attention!
i
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Process Data Assignment Workspace

Process Data Assignment Bus Structure 2vQ
I -y 182061 -
Sy 'b,*‘ ’ = Bl ILC 370 PN 2TX-IB 192.168.0.5
= @il ONF_IB2061 : ARM_L_40 R Resource
(el RES T R RES_IB20611LC370PN
22] 1/O-variables [digital input signals] H8 PROFINET
{#2) 1/0-variables [digital output signals) (% #INTERBUS 0 . 0
z8] 1/O-variables [analogous] =B 1BSL24RET 1.0
.g_g] User variables [Actual project] = - #218SIL 24RB4K 2.0
i_i] Inserted from 'BIB_IBS_CFG_INFO_V1_0_D', POE 'PG_InterbusConfiguration’ £3IBIL24D042. 1
[z2) Power supply £4IBIL24DI42.2
ﬁ gpa:e [I[O-:;;’lab!esl #SIBILAO 1U/SF2.3
.EE ystem variables =26IBILAI2/SF2. 4
=g EZEx:‘x :DEFAU;TG " #7IBILRS 485/4222. 5
es : e: es ] #
- fpesm»mp; 5530 -l #8185 1L 24BK4K 3.0
O] 1_Process : PG_Process #9IBIL24PWRINFD 3. 1
#10IBIL 24D123.2

L 0§ #111BIB 24DI8D0B 4.0
{34 Unconnected
PLC address /L

area Modules ~ Process
data items of the bus

A

Sic|EEN= O N ee @B

The process data items made available by the bus systems (no matter which system)
through the XML files must be made available for the acquisition of input signals and the
output of output signals of the PLC. This means that these objects must be accessed
from the PLC address area. With PC WORX and other symbolic-only working systems,
this happens through the assignment of variables to the process data items.

The PC WORX process data assignment workspace, which was already described
together with the PC WORX interfaces, offers the right tools to create variables based on
the process data items or connect existing variables with available process data items.
Both methods are described in the following.
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Creating Process Data Variables

l #3IBIL24D042. 1

Device [ Process Data Item [1Q [DataType [Byte.sit | Address Select al Ci+A
#3BIL24D042.1 11 Q BOOL 0.0 —a Culsr
231B1L24D042.1 2.1 Q BOOL 0.1 [
#3IBIL24D042.1 14 Q BOOL 0.2 Filter 4
231BIL24D042.1 2.4 Q BOOL 0.3 v Color-coded view
#31BIL24D042.1 ~D04 Q BITSTRIN... 0.0
Cri+Y
P
ﬁiS;l’]D RES : ILC370PN }
3 Auto{%@?\
s ariable | Data Type | Process Data Item
Q2114 BOOL 231BIL24D042.1 \14
Bl = [EHEN
o conTac @ @

@

For the creation of process data variables, select the element corresponding to the CPU
of the PLC in the upper quadrant on the left-hand side.

Unless the user renamed the element after creating the project, in a project based on a
standard project template, the element bears the designation STD_RES (Standard
Resource) (CPU of the PLC).

Depending on the selected element in the upper quadrant on the right-hand side (bus
system hardware), in the lower quadrant on the right-hand side for

a) system files (PROFINET, IBS), all process data items belonging to the bus
systems are displayed;,

b) for bus couplers, all process data items of the bus modules assigned to the bus
segment

c) and for individual modules, only the process data items assigned to the module
are displayed.

In the filter you can select whether standard and/or individual process data item,
connected and/or unconnected process data items are displayed or not. The creation is
done by selecting the Create Variable function from the context menu of a selected
process data line. Please make sure that the process data items do not interfere with
each other. This would later lead to an error message during compilation of the project.
The variables created are always entered in the Auto variable group, which, if it has not
been created so far, is automatically created by PC WORX.

The name of the automatically created variables is created according to the following
pattern:

<data direction>_<Device ID IBS/PN>_<connection point> (see above example)

Characters not allowed in a variable hame are replaced by underscores. The names of
the variables can only be adapted in the variable tables, not in the process data
assignment.
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Process Data Items and Global Variables

l #3IBIL24D042.1

| Function Text [Port
231B1L240042. 1 11 Q BOOL =
#31B1L24D042. 1 2.1 Q B00L 0 ;"d‘:m g::
£31B1L24D042. 1 14 Q BOOL CNF_IB2061RES_IB2061\Q_2_ _ “Coron
#31B1L24D042. 1 2.4 Q
2311240042, 1 ~D04 Q

via Drag‘n Drop

[=-“al RES_IB2061 : ILC370PN
£5) 1/0-variables [digital input signals]

1t fo-vabies fighal ot ek via context menu

Symbol/Variable | Data Type | Process Data Item | Description |

_xLED1 BOOL o LED 1
_xLED2 BOOL 0 LED 2

BEEaE O SN @ @l

For connecting process data items with already existing global variables, select the
variable group, in which the variable to be connected is saved, in the upper quadrant on
the left-hand side. Select the module and then the process data, to which the variable is
to be connected to, from the upper quadrant on the right-hand side.

The Connect function will then be offered in the context menu of the variable as well as
the process data.

As an alternative, the connection can be established using Drag’n Drop.

If more than one process data item of a module are to be connected to variables, a
selection of multiple PD objects can be connected to the existing variables via Drag'n
Drop. The correct order has to be adhered to.

@
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Global Variables with Process Data
Connection
(=] Physical Hardware @8 Hardwarestruktur
-4 CNF_IB2061 : ARM_L_40 = 428 STD_CNF: ARM_L_40
=@ RES_IB2061 : ILC370PN = ‘&8 STD_RES : ILC370PN
E- @ Tasks ——> = &8 Tasks
=-(0] P32.0x : DEFAULT + (0] STD_TSK: DEFAULT
(0] 1_Process : PG_Process € GlobvarTab
(O] 1_Messages : PG_Messages
€3 GlobVarTab
Name | Twe | Usage [Descripton| it | Address | Retain [PODJOPC] T8 [Hd.[int..] Defaut.] Device [ Sgnal |
& 0. [digital output signals]
|_|a_xteot — BOOL  |VARGL [LED 1 maxito] © [C[F[C [FEIE] [#3B1L24D042.1 11 |
| [a_xteD2 [BOOL  [VARGL. [LED2 woxtia| | C [P [C [l |#3B1L24D042 121 |
Name [ [ Deie | [ _Soa |
B [digital output si
| _|a_xLeDt | [#3B1L24D042.1] [14
Q_xLED2 |#3B1L24D042.1| |21
Connected
Name | Device | | Sond |
& Spa
o_z_x_r;_¢ ~— (#3B1L24D042.1 [24
122114 |#4BL24DI42.2 114
Created
automatically
=
¢ 5 PHCENIX 2
@ @ IS 0 o @

No matter which procedure you choose for making available process data variables, the
result will be the same. Only the symbols for created variables need to be adapted
depending on the application requirements.
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In this chapter you learn about how to categorize the integrated control systems according to IEC
61131. Four performance classes for control systems and the processors and types available
regarding these are presented.

The documentation also describes how the performance of the CPU can be organized with the help
of tasks according to the application requirements.

A Attention!

@ Information

g/ Tip
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Terminology
Configuration2 1 PLC
Resource_1 Resource_2
21 CPU 21CPU
Program_1 || Program_2 Program_1 || Program_3
= 1 Task = 1 Task = 1 Task = 1 Task
Function Function Function Function
block_1 block_6 block_1 block_4
Function_1 Function_2 Function_1 Function_3
FB_2 FB_2 FB_2 FB_2
FU_2 FU_4 FU_2 FU_3
%IX 0.0 %QX 0.0 %IX 0.0 %QX 0.0
21 Input 21 Output 21 Input 21 Output

® conac @O @

Configuration
Description (physics and logic) of a complete PLC system.

Resource

Offers support for all features that are required for the performance programs; interface
between one program and the physical 1/O channels of the PLC.

Tasks
Time to control the execution of different application parts.

Program (PG)
Program organization unit (POU), is assigned to a task

Function block (FB)
Subprogram (POU), contains static data

Function (FU)
Subprogram (POU), without comprehensive data




Software Model IEC61131

PHCGENIX
CONTACT

Implementation

%% PC WORX - IB2061 - [Task_soox1_5_Calls:PG_Process®]
ifhFle Edt View Project Buld Objects Layout Onine Extras Window ?

DO pdanaad A= 80em

Blisoss s 28> i m I ET il e

010992 JAR]r g0 @A 3 e @ imime ([Fm e e (25 b0 i 5 HH |6 &

=lolx|

3 Project Tree Window
=4 Project : C:\Users\pygm03\Desktop\IB2061
-0 Lbeares
@) Data Types
=3 Logical POUs

ivo

(*Call LD1*%*)

[ I_Process : PG_Process ]
1_xSwitch6

K1} _ |

L —Q xLED2

Function
call

+

FB_TFipflop_ST_1

IN_xTrigger OUT_xSignal

Function
block
call

17

B ETEE] |8 s o

For Help, press F1

(0,17 [c:>268 4

The program PG_Process is assigned to the instance I_Process.

OO BTN

The left-hand side of the workspace displays the project description according to IEC

61131.

The upper part of the project tree contains the description of the logic part of the project:

libraries, data types and logic POUs.

The lower part describes the physical structure: CPU type(s), task structure, access to

process data.

The right-hand side of the workspace displays the details for individual elements.
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Hardware Tree

: Project Tree Window 2v@
= ‘@8 Physical Hardware
-3 CNF_IB2061 : ARM_L_40
=@ RES_IB2061 : ILC370PN*
=& Tasks
=-[0) P32_0cc : DEFAULT
(O] I_Process : PG_Process
0] 1_Messages : PG_Messages
) GlobVarTab
@ 10_Configuration

e 0o @

o contac @ T @l
In PC WORX, the PLC hardware structure mainly consists of the PLC rack, the PLC

processor and the management of the processor capacity.

() The part of the project tree, to which the hardware structure is saved, can be viewed on a
tj" separate tab.
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Configuration: PLC Performance Class/Rack

PLC name
in the project PLC class

Yo ProConOS 4.0
£ IPC
ProConQS 3.2
- CNF IB2061:ARM L 40 ||| .
- ? = B ProConOS 4.0
=& Tasks A R :.1
=-(0) P32_ox : DEFAULT ProConOS 3.2
(O] I_Process:PG_Process | || @ ooomoe
(O] 1_Messages : PG_Messages
{ GlobVarTab -
fifl 10_Corfiguration MoH ProConOS 3.2
@ = Wl @ |5 ‘
eCLR
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According to IEC 61131, the higher-level element of the hardware structure for a PLC is
called Configuration. For classic control systems, this corresponds to the PLC rack and
serves for classification for the performance class.

After installation, four ! different performance classes are available in PC WORX. These
classes already differ regarding the processors used. Furthermore, for the two high
performance classes, different versions of runtime systems are available.

Class 400 counts on INTEL processors; in class 300, ARM processors are used and for
class 200 control systems, Motorola processors are used. The latest class 100 control
systems use eCLR.

The difference between the two operating system versions 3.2 and 4.0 is basically the
degree of editing options during operation of the PLC.

Due to the possibility to work with several control systems, in addition to the performance
class of the control system, a name has to be assigned. The project templates in PC
WORX as a standard use the name STD_CNF (standard configuration).

A The term Configuration used here is not at all linked to the INTERBUS configuration.

1 As of PC WORX 6.00.25
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Resource: PLC Processor
[ RFC4xx ][SMAX-PN][ RFC470 ]
“ [IchxxJ[CPSxxJ[ CPX J[ FCSSOJ
| 5 &l Physcal
0 L‘ﬂ k I’ = gg@ 2061 : ILC370PN
B4 a

165 | =-{0) P32_00 : DEFAULT
M6 -
ﬂ [ ILC200 ][ FC200 ] (O] I_Process : PG_Process

(O] I_Messages : PG_Messages

.- “ ? € GlobVarTab
' [l 10_Configuration

Processor name Processor
in the project PLC Type

Project Tree Window

© 0 CIeSRAAS -

The processors to be used and therefore the matching control systems depend on the
performance class. Above figure shows which control systems are connected to which
performance class. Some control systems are available with the two ProConOS versions
3.2and 4.0.

As with the performance class, in addition to entering the processor type, a name for the
element Resource has to be assigned. The project templates in PC WORX as a standard
use the name STD_RES (standard resource).
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Distributed Resources JIEEE=¢

| D

(=43 Project : C:\Users\Public\Documents\PC WORX\Projects\IB2045_

(2] Libraries
-2 Data Types
&3 Logical POUs
=@ Physical Hardware
=-&8 CNF_RFC470 : IPC_40

=@ RES_RFCA70 : RFC470PN
=) &8 Tasks
&-[@] TSK_Def : DEFAULT
@[] RFCA70: RFC470

) Global_Variables
{il 10_Configuration
=@l STD_CNF : ARM_L_40
=-@8 STD_RES : ILC370PN
=@ Tasks
=-(0) STD_TSK: DEFAULT
# [E] Main : Main
€ Global_Variables
@ 10_Configuration

A \

< »
<% Project ﬁ POUs | Qﬂ Libraries | m Hardware [ Ens!ances

OO RS @am

Regarding the hardware in the bus configuration and the PLC, PC WORX supports
several systems. However, in the following, this documentation will only refer to one
control system per project.

The programs created in the upper part of the project tree can be assigned to different,
distributed configurations and thus, control systems. The control systems use the same
algorithms, but process them individually.
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Communication model IEC61131-5

Control desk
E monitoring
i system

Communication system l

Control I Control I
system = system g @
PLC 2 PLC 1

| Machine/Process I | Machine/Process |
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If more than one control system is configured, the data exchange can be implemented via
standardized blocks. In part 5 of IEC 61131, the communication model describes the data
exchange between several devices of the automation process. It corresponds to a usual
client/server architecture and will be dealt with in the PC WORX 6 — Basics Of
Communication course.
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Task: Processor Management

Project g pr

Task type

[
#-(] Data Types
#-_] Logical POUs

=)@l Physical Hardware

Cyclic tasks

&8 RES_IB2061-\[Caz08N

© @ I _P32_xxx : DEFAULT (O] DEFAULT task
I¢ Cydlic : CYCLIC )
(] Event!:EVENT User-defined,
& Event2: SYSTEM @ cyclic tasks

) GobVarTab
m 10_Configuration

Event-controlled tasks

Tasks for system-internal
Q events (PLC related)

@ Tasks for system-external
events (PLC related)

(;'Propci @PGUS uﬂuhra'»es EBHar:'.-.a'e @\rslances
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Thanks to the task management in PC WORX, the processor capacity can be used
precisely and tuned to the application.

The tasks are divided into two classes: cyclic and event-controlled tasks.

The process in a PLC usually features cyclic execution. The DEFAULT task as a cyclic
task therefore can be used for most applications. It works with the lowest priority and as a
minimum cycle time offers tmin=2*system tick. For IPC and ARM processors, the system
tick is set to 1ms, for M68 processors to 5 ms. The DEFAULT task can only be created
once and because of its low priority it is interrupted by every other task.

In contrast do the DEFAULT task, user-defined tasks (CYCLIC tasks) offer the possibility
to freely select priority and cycle time within the scope of technical marginal conditions.
The priority can be set between 0 (highest) and 31 (lowest).

The second task class covers the SYSTEM and EVENT tasks. The SYSTEM tasks
enable a reaction to PLC-internal events (e.g. cold restart, warm start, division by 0 etc.).
This includes regular and irregular operating states of the control system.

It depends on the control system used which external events can be acquired with the
EVENT tasks. One example are the direct inputs, where state changes are defined as an
event with the ILCs. One of the events is the finishing of a cycle when the INTERBUS is
connected.

The events for EVENT and SYSTEM tasks can be set in the PC WORX dialogs via plain-
text selection.

No programming can be carried out in tasks. According to their configuration, tasks
trigger program instances (see section Hardware Architecture).

You can ensure a clearly arranged hardware structure by assigning names that
| correspond to features. Process data preprocessing tasks always have to have the name
& PDP.




Software Model IEC61131 EBIET'I‘\I&('

PLC Timing: DEFAULT-Task

Start of new cycles

System
tiCk IIIIIIIIII\IIlIII\lIIIII\\IIII\IIIII‘II\IIIIII

[P5 [PePS[P6]  [P5PE- [ |[P5I[P6] wn

Y

I R

LA L L L L Y L L B
10 20 30 40 50 Time [ms]
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The timing of the DEFAULT task corresponds to the time response of most classic
control systems: Directly after execution of a cycle, the next one is started. There are no
fixed intervals. Due to the programming, cycle times may fluctuate significantly. The
interruption of the default task by a server task (debug or communication) also results in
fluctuations in the cycle time.

DEFAULT task: After each cycle (code P5 and code P6), the next one starts immediately.

Watchdog error: The code cannot be executed within t=500ms (default setting — can be
changed.

A Debugging affects the time response of the program execution.
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PLC Timing: Realtime Task

Deterministic time response: Processing of a cycle within fixed
intervals, independent of the effective cycle time
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The realtime tasks features a temporal determinism: The code (P1) assigned to a task is
executed exactly once in fixed intervals. The response times can therefore be calculated.
Server tasks only become active if the realtime tasks do not need computing time.

The time monitoring (watchdog) ensures that even if the processing of an assigned code
cannot be finished within an interval because, e.g. the code contains too many processor
commands, a calculable reaction still is implemented. Either the control system switches
to the operating state STOP or a user-defined reaction is executed.
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PLC Timing: More than one Realtime Task

|:| Task 1 — Interval of 10ms, assigned to program P1
[ ] Task 2 -Interval of 25ms, assigned to program P3 and P4
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This chapter informs you on the software blocks of your project, which, according to IEC 61131,
are called program organization units.

The features of the three available types, how to call them in you project and how to implement
the data exchange between individual blocks are described.

A Attention!

@ Information

&/ Tip
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POU Types 1

IEC 61131

Program

Function

Function
block
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According to IEC 61131, three different POU types are defined: the program, the
function block and the function. In general, programming could be implemented as an
unstructured lining up of commands. However, the use of these three types allows for
a much higher degree of clarity in the project, and what's more, it offers advantages
regarding efficient programming in the editing phase.

In the following, the features and areas of application for the individual POU types are
described as well as a first overview on how data can be exchanged between
configured POUSs.
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POU Hierarchy

Program | Highest POU level
Time response determined by
the task it is assigned to

Functi
%ch',? i Subprogram with parameters,

static variables,
with “memory*“

Function
Subprogram with parameters,
without static variables

@D esFAE @ @n

The overview shows the hierarchy of the three POU types and their basic properties.
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POU Call Structure

I :EV
Task EEm—
« 1 T

. 4T

PG_2 _l Fus
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The call structure is organized hierarchically.
The degree of complexity of the POU calls depends on the memory stack.
For security reasons, recursive calls are not allowed.
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POU Components

Variable table of POU
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Each POU (no matter which type) can be provided with one ore more comment
worksheets in which the programmer can save a description of the implemented

functions or information on the version.

Exactly one local variable table is available for saving the variables required for

function of the POU.

For carrying out the desired algorithm, one or more graphical or textural worksheets

are available to the programmer.
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Use of Programs
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E-4@8 CNF_IB2061: ARM_L_40

=-@3 RES_IB2061 : ILC370PN
=38 Tasks

=-[0] P32_0c : DEFAULT
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@ @)Wl |9

_ som RO @

The program is the POU of the highest level. In a project, at least one POU of this type
is required.

Programs as well as the other POUs are saved to the Logical POUs folder and at that
point have no effect on the automation project. Only when a program in form of a

program instance is used in a task, the code saved to the program is carried out on the
PLC.

A program instance is the memory area of a CPU, in which a code available as a
program is carried out depending on a task definition.

To release a CPU program for execution by assigning a program instance element to a
task is called program instantiation (compare to function block instantiation).

@ PC WORX supports multiple instantiation of programs. The opportunities deriving from
this are explained in detail in the PC WORX IEC 61131 Communication course.
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POU Type Program: Data Exchange

Program1 Program2 Program3

LocVar LocVar i LocVar
POU i i
variables | :

GlobVar GlobVar : GlobVar
Control system { : > GlobVar :
variables i i

o [RESRTAG (|

One of the main tasks of the programs is linking the hardware signals to the
programming.

Global variables are the only way to establish this link. They are also used to
exchange global information regarding the control system.

For programs, global variables are the only possibility to exchange data with other
programming elements.

As with the other POU types, flags are also declared as local variables as long as their
values are not of importance to the entire project.
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POE Type Function Block
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As parameterized elements, function blocks can be called in programs and other
function blocks.

Creating function blocks (and functions) basically aims at two things. Firstly, once a
program code has been created, it can simply be used again and again. Secondly, the
parameterized POUs also offer the advantage of encapsulation. This means that a
complicated programming is created, e.g., in a text-based language. The call including
the connection of only few input and output values can than be carried out in a
graphical language, which offers higher clarity.

As shown in the screenshot, function blocks can be called in other function blocks as
well as in programs. A recursive call is not possible.

As function blocks can hold values over several program cycles, for each call of a
function block, individual memory must be made available on the control system. This
memory is called function block instance (cf. program instance) and can be compared
to a complex variable. The function block instance is listed in the variable list of the
POU in which the function block is called.
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Instantiation of Function Blocks

E| FB_Car_Park_Bad_Pyrmont
: FB_Car_Park_FBD (PG Procoss |
= 23 Project : C:\Users'\pygm03\Deskiop\IB2061 IN_xLS1 OUT_iCountCars |- SIOCEsS

& Libraries

@-(3 Data Types IN_xLS2

=3 Logical POUs ﬂ = <::|
IN_iMaxCars

R
&Ll FB_in_FBD
1| FB_Car_Patk_FBD

F

F ot

FB_TRipfiop_FBd FB_Car_Park_Blomberg
FB_TRipflop_Xor_FBD FB_@I’_PGI"(_ED

F
F
in

B_Cascade_cycle_FBD ™ .
7] 7B_Perod_cycle_FBD x IN_xLS1 OUT_iCountCars &
Bl N _xts2 —

FB_in_SFC IN_iMaxCars

CRCRCRORD

EEEEEEE]

0

=1 <1 R

mm
@
3

-
=]

EEY s&&®
==

(9]

g

m

o | ool

2laze
EII
a

CNF_IB2061 : ARM_L_40
)@@ RES_IB2061 : ILC370PN"
(=Gl Tasks
=-[0] P32_x0x : DEFAULT
@ |_Process : PG_Process
D] |_Messages : PG_Messages
% GlobVarTab
E 10_Configuration

<& [=|\al @] Bl

[

=]

@ QISR -l

The same algorithm type (FB_Car _Park FBD) is called twice: The program
PG_Process uses the Car_Park function block twice for different tasks. For both tasks,
individual memory is made available (with the names FB_Car_Park_Bad_Pyrmont and

FB_Car_Park_Blomberg).
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FB Instance: Code and Data

Executable Data
code (variables & instances)
PG_Prozess PG_Prozess

ST

CAL FB_Car Park Bad Pyrmont FB_Car_Park_Bad_Pyrmont

)

)

CAL FB_Car_ Park Blomberg f.'.'_‘»._ FB_Car_Park_Blomberg

LD ..

FB_Car_Park_FBD

A
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This overhead shows the two executions of the FB structure on different, discrete
memories.
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POU Type Function Block: Data Exchange

Program/FB : Function block
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POU 4_._,, Interface
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variables
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Regarding data exchange, function blocks offer the highest flexibility. According to the
classic approach, data exchange is only carried out via input and output parameters
(interface variables).

For specific applications, however, it might make sense to exchange data with the
function block through the "backdoor"”, i.e. via global variables. The disadvantage for
the programmer when using this method is that there is no direct transparency
regarding the processed data during the call.
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Use of Functions
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The functions are the second type of parameterized POUs. As shown in the graphic,

they can be used in other functions, function blocks and programs. Just like with the
function blocks, a recursive call is not possible.

Unlike the function blocks, functions are limited in so far that they cannot save data
over several PLC cycles.

If a function block has to do exactly this, a function cannot be carried out. Functions

are also disqualified if a block is to hold more than one output parameter as functions
can only return a single result.

The advantage of functions compared to function blocks lies in the fact that a function

does not have to be instantiated. For multiple use, this means that the same memory
is used again and again for execution.
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POU Type Function: Data Exchange

Program/FBIFU | Function
O[] & |
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As regards to data exchange, functions are clearly defined. They have to provide at
least one input parameter and return exactly one result. Internally, the return value of
the function must be saved onto a parameter that is already available due to the
creation of the function in the project tree (parameter name = function name).

Functions cannot access global variables.
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This chapter informs you on the parameters that determine a variable and the variable applications
that can be used in the programming organization units according to IEC 61131. Furthermore, the
connection between local, locally used global and global reference variables is described as well as
the applications available in functions and function blocks.

For management and organization, variable groups and the variable dialog are available.

A Attention!

@ Information

Tip
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Principle of Variable Declaration

Definition of the identifier: Character set for symbols
Assigning a data type: IEC 61131 data types

Use of variables: keywords

v v

Name | Twe | Usage |Description | nt | Address | Retain |PDD| oPC|
|__| £ VO-variables [digital output signals] i : :
| Jo_xteot BOOL VAR_GLOBAL ED 1 wax110| C L |[F
Q_xLED2 [BOOL  |VAR_GLOBAL £D woxiia | T | [F |
| |o_xteos [BOOL  |VAR_GLOBAL D %ex100 | T | | ¥ |

Pre-initializing the variable: Syntax I

Variable address: Data management
PHCENIX
® convacr @ |

According to IEC 61131, all upper and lower case letters (no Umlaut or R3), all numbers
and the underscore as a separator or leading symbol can be used as a character set for
variable namest.

One important variable parameter is the data type. After installation of PC WORX, a
variety of the data types defined by IEC 61131 are available and after declaration by the
programmer, user-defined data types are available as well.

The use of a variable indicates the validity it has concerning the PLC and which function it
might take on for data exchange of its POU with other POUs and the PLC.

The description of a variable is optional and can contain all characters.

The physical address on the control system presents the exchange point of the variable
with the peripherals. For this, the IEC 61131 defines a fixed syntax:

Abstract syntax:
%=<Data direction><Capacity prefix><ByteOffset[.BitPosition]>

Example: %QX4.0 (output bit 4.0)

A variable can be pre-initialized with a value (standard 0)
(for syntax refer to constant declaration)

1 PC WORX offers the opportunity to enable the use of DIN designations. When this
possibility is used, the programming of the POUs written in structured text must be
unique.

Menu Extras - Options 2 sheet Code - Enable DIN-identifiers
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Hierarchy of Data Types

< ELEMENTARY
H BoOL ) TIME ) STRING |
— BYTE
H{ WORD )
-_DWORD
= ANY_INT > L l
INT
N LINT )
T ) © EEE O @

A major part of the data types defined by IEC 61131 is available as a standard in PC
WORX. These data types are divided into groups. Certain functions and function blocks
(with overloaded input and output parameters) do not necessarily have to be equipped
with the variable of a certain data type but with a data type from a group (e.g. function
blocks of the boolean logic AND, OR, XOR, and NOT with ANY_BIT).
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Numeric Data Types

Keyword Data type Size
[Bits]
SINT 8 bit integer (with sign bit) 8
INT Integer (with sign bit) 16
DINT Double integer (with sign bit) 32
LINT 64 bit integer (with sign bit) 64
USINT 8 bit Integer (w/o sign bit) 8
UINT Integer (w/o sign bit) 16
UDINT Double integer (w/o sign bit) 32
ULINT 64 bit integer (w/o sign bit) 64
REAL 32-bit floating-point value 32
LREAL 64-bit floating-point value 64
Bit-Based Data Types
Keyword Data type Size
[Bits]
BOOL Bool 1
BYTE Bit string 8 8
WORD Bit string 16 16
DWORD Bit string 32 32
LWORD Bit string 64 64
Extended Data Types
Keyword Data type Size
[Bits]
TIME Duration 32
DATE Date
TOD Time of day
DT Date and time
STRING String (standard) 80[bytes]

Value range

-128..127
-32768..32767
-2.147.483.648..2.147.483.647

-9.223.372.036.854.775.808..
9.223.372.036.854.775.807

0..255

0..65.535
0..4.294.967.295
0..18.446.744.073.709.551.615

+/- 1.5*107-45 .. +/- 3.4*10"38

Value range

0..1,x (also false / true)
0..FFex

0..FFFFex

0..FFFF FFFFex

0..FFFF FFFF FFFF FFFF,

Value range

0..4.294.967.295ms (cf. UDINT)
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Syntax of Constants

<Data type> #<Constant value>

[BYTE#2#0011_1001

Constant of the
type BYTE in
Tetrad binary representation

separator
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The formally correct syntax for declaring constants (official designation of constants
according to IEC 61131 is "literals") is as follows:

» Data type

= Basis (if other than 10
2 for a binary

8 for an octal

16 for a hexadecimally coded constant)
= Constant value
= Unit (only data type TIME), e.g. s, ms

As shown in the example, underscores can improve readability. They do not affect the
constant value.
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Example for the Representation of Constants

Integer constants [ Int#12456 ][ -12 ][ 0 ][ 12_456 M +986 ]

Real constants [Real#l.GeB ] [ -12.0 ] [ 0.0 ] [ 0.456 ] [ +2.635e-12 ]

Word constants [ wora#12094 | [ wora#16#2r3e || worat2#0010_1111 o011 1110 |
BYTE an:%WORD

Bool constants [ Bool#l ][ Bool#0 ][ True ][ False ]

Time constants [ Time#l.64s ] [ t#2d_14h_3.5s ]

String constants [ String#‘Break?’ ] [ ‘Now please!f ]

O SRR O @n

This page shows possible formats for constants. Please remember that for some data
types it is allowed to use an abbreviated syntax that is often found in programming. The
abbreviated form, e.g. like for the integer data type, is not allowed for the other members
of the integer group.

Only in a special range of programming you will find the boolean 1 and O instead of True
and False.
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Local Data

5 23 Project -C:\Users\pygmO9\Desktop\IB2... M varTab:FB_Period_cydle_IL
#-(2] Ubraries
#-(_] Data Types
=3 Logical POUs IN_xActive BOOL VAR_NPUT
- FB IN_tOn TME VAR_NPUT
| i FB_in_FBD | [ torr TIME VAR_INPUT
- FBn_IL B ouT
FB_Car_Park_IL OUT_xSignal |BooL [var_outPuT | | ]
=[] FB_TFipflop_IL HER
; % Text TON_Period [ToN VAR [ ] ]
8 |
#-[&] FB_Cascade_Cycle_| Name Type Usage  |D¢ Address
=@ FB_Period =N
] Text | |N_xTrigger |BOOL [vaR_NAUT | I |
-z VarTab = 0T
I Code OUT_xSignal |BOOL [VAR_OUTPUT | I ]
! {0 FBn_LD & Local
| {0l FB_in_SFC xMemory [BOOL VAR | | ]

COUD RN O aE

The data encapsulation in IEC 61131 follows the example of organization in high-level
languages. Using this method, two variables of the same name are handled in two
different POUs and therefore completely discretely.

9-16
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Global data are centrally held on the global variable table. Data storage is only carried out
there. Local use of such variables refers to this global reference.
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Until this point, the documentation has been limited to the differentiation between the
local and global variables in the POU area.

As an addition it has to be said that the global reference variable has the designation
VAR_GLOBAL while the variable used in programming and entered in the POU has the
designation VAR_EXTERNAL.

Thus, changing a created variable at a later point only makes sense if the changes are
implemented in the central data storage of the global variable table (PC WORX supports
the synchronization of the variable entered in the POU after changes have been made).
Regarding organization, the variable table is assigned to the resource and therefore is
part of the hardware structure.

In a local variable table, local and global variables that are to be linked to one another in
the program in the POU are entered. Therefore Local variable table is not the designation
for a local variable table, but for the local table belonging to a POU for local and locally
used global variables.

Further information

In the context of global variables, the variables of the use VAR_EXTERNAL_PG and
VAR_GLOBAL_PG present a special case. These variables have all the features global
variables have. They can therefore be connected to process points of the bus systems.
However, for every program instance that is created for a program with such variables,
an individual address area is reserved. Thus, a differentiated coupling with the hardware
is achieved.

Detailed information and examples regarding the issue of Multiple instantiation of
programs are dealt with in the PC WORX Basics of Communication course.
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Overview of Use of Variables
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In addition to the already described applications, this graphic shows the possibilities of
use in functions and function blocks.

The use VAR_IN_OUT, which is displayed in gray for function blocks, is especially
interesting for the transmission of very large amounts of data (field and structure
variables) as with this use it is not necessary to copy data; only a pointer operation is
carried out.

9-20
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This graphic shows the most common uses.
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Variable Groups

Standard group
[ Name | Type || Usage |Desciption
|__| E Default
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# ouT
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[# Local variables
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In order to achieve a more clearly arranged variable structure within the variable tables, it
is recommended to use variable groups. They do not affect programming, but simply
serve as a means for better organization and more efficiency when working with
variables.

The Default group is available as a standard when a worksheet is created. Depending on
the POU type, the groups shown in the screenshot have proven to be a good basis. In
more complex projects, the use of further, function-related groups will make sense.

This type of grouping is not only suitable for local variable tables but also for global
variable tables. The System Variables group, which contains the system variables, can
also be renamed.

9-24
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Variable Dialog
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n xRed vaR
Initial vabue: [ |xveton VAR
| |xGreen VAR
= FaInstances
170 addregs: || Fe_tFipmop_sT_1 FB_TFipflop_ST VAR |
| F8_Traffic_lights_SFC_2 FB_Traffic_lights_SFC VAR |
s |__|F8_Cascade_cyck FBD_2 |FB_Cascade_cycle_FBD |VAR |
Description
Switchblock: Schaker 1 (drect H
chbock: Schate | et o) Global variable table
B System variables
3 User vaiiables [Actu. [E[E Hame | Type [ Usage. [ Descrption ]
4 | Jl | __| B/ VO-variables [digital output signals]
I Hidde - [Tlo_xent BOOL /AR_GLOBA! LED 1
Feop [Foope [ (R0 ||| Shonallvaisbles of wodkshests otz BOOL /AR_GLOBA 02
e [o_xens BOOL /AR_GLOBA| LED3
[ o_xens BOOL /AR_GLOBA| LED ¢
E User variables [Actual project]
[ |xciovorig BOOL VAR_GLOBAL
stBS BS_AR_1_51 VAR_GLOBAL INTERBUS Configuratio.
arllessageList [AR_1_10_Mes. VAR_GLOBAL Message st
[_|'E system variables R §
|__|PLCMODE_ON BOOL VAR_GLOBAL SPS Status ON
= PLCMODE_RUN BOOL VAR_GLOBAL SPS Status RUN
[ |Prcwone_stor BOOL VAR_GLOBAL
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The variable dialog allows the access to variables in the corresponding local variable
tables and to the global variable tables. The dialog also enables viewing and changing
existing variables and declaring new ones.

If global variables are to be viewed and declared, the global variable group has to be
selected in addition to the local variable group.
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This chapter offers a quick overview of the five languages according to IEC 61131 and their specific
advantages.

Information
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The IEC61131-3 Languages

Instruction list Structured Text

1 Ld I_xSwitchl
AndN I_xSwitch2

il

Q_xSignall := I_xSwitchl & Not I_xSwitch2;

st Q_xSignall

Function block diagram ) )
Function_Block_Diagram:Function_Block_Diagram Sequentlal funCtlonaI Chart

I_xSwitch1- XSignall
I_xSwitch2
[ soo1 J-—{ n [wunttiakzation)
Ladder diagram —
5002
001 1 yswitch1 I_xSwitch2 Q_xSignall I
| =11 i fE T002
1 r 1/, T A

® conac @O @

As a standard, PC WORX offers the five languages described in IEC 61131. The
additional Machine Sequential Function Chart Language and FFLD (Fix Format Ladder
Diagram) are not available.
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Function Block Diagram (FBD)

= Graphical language, widely used in Europe
= Programming elements in form of function blocks
= Function blocks can be “wired” similarly as in a circuit diagram

= Used in a variety of applications responsible for the flow of information
between control system components.

AND

© 0 CIeSRAAS -
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Ladder Diagram (LD)

= Standardized, limited set of programming symbols for relay control systems

= Based on the North-American programming style, similar to the US standard
for drawing circuit diagrams

O SRR O @n

10-7



Programming Languages IEC61131-3

PHCGENIX
CONTACT

Instruction List (IL)

= Assembler model, using one accumulator

= Per line one command is allowed,
e.g. saving a value in the accumulator

LD A

ANDN B

ST C

EEHENIX

ONTACT
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Structured Text (ST)

= High-level language, structured through subprograms
= Syntax similar to PASCAL
= Complex and nested instructions

C :=AAND NOT B;

O SRR O @n

10-9



Programming Languages IEC61131-3 EgET'I‘\IC)I('

Notes:

10-10



Programming Languages IEC61131-3 EBIET'I‘\IC)I('

Sequential Function Chart (SFC)

= Powerful, graphical programming
language for describing the sequence
behavior of control programs

= Used for structuring control programs |

Step1 [ Action1 |

= Clearly arranged programming language,
allows for quick diagnostics =

= Basic elements: Steps with action blocks [ Step2 | Action2 |
and transitions

= Supports alternative and parallel -—{Transition 2]

sequences SteE 3

O SRR O @n
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Contents

This chapter gives basic information on the project structure in PC WORX. This includes inserting
and handling programming organization units as well as the presentation of the IEC 61131 standard

functions and function blocks.

Information
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)
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i

i Tip
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Program Organization Units

O SRR O @n
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Inserting POU

: Project Tree Window

E (] Data Types
BRI Lo
Insert... ©4] erogram fnsert x|
L - - :t'] Eunction &rm: oK
=] Function Block POU_Name
Expand All POU group o L Cancel

% Program L Help

- € Function £8T

(=) Properties... - N SFC ]

Function Block & Fa Inserting
LD agr .
Project tree —~POEs view o o C FFLD e position in
rr: Transiior € i5 project tree
= AR -
c J s
[ & Aor
Diatatype of return value
Only available ! B
for functions FLE bpe: Procestor bpe:
EI(mdependenl) 3 I<|ndependenl> 3

@

O SRR O @n

If the Main program, which is automatically inserted via the project template, is not to be
used, the first step for creating a programming is inserting a POU of the type Program.
When an element Logical POUs or an existing POU is selected, then inserting a POU can
be done via the context menu or the menu bar.

Depending on the element to be inserted (frame Type), several options are available. For
example, not all languages are selectable for every POU type (functions do not support
sequential function charts, programs do not support the Machine Sequential Function
Chart Language).

The option Datatype of return value is only active for functions. As already described in
section Variable structure according to IEC 61131, functions only have one output
parameter. The data type of this parameter is determined via this selection, its name via
the POU name.

The selection <independent> for PLC and processor type only has to be adapted if PLC-
or processor-specific functions and function blocks are to be used. If this option is used,
this POU can only be operated on a PLC or processor of the determined type.

The position of a POU in the project tree does not affect the execution order. The call of a
program in the form of a program instance through a task, or the call of functions
and function blocks in code worksheets determines the program sequence.
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POU Properties

I x
Name IType I PIc/PromorlRtﬂuaI Secuiyl
Name:
IPOU_Name

Description:
|This description is shown in the Edit Wizard

Last change at: 01.02.2012 12:45.08

I OK I Abbrechen Ubemehmen Hife

@D RRSRRT @ @

With the exception of the language, the POU properties can be subsequently adapted in
the POU properties dialog.

A change of type is possible, but, depending on the frequency of use of the POU, this
means more adaptation effort for the project. The reserve refers to the memory reserved
for the POU during the download for subsequent changes. As a standard, the resource
(hardware structure) is set in a way so that memory is available for every POU and an
individual reserve is not necessary.

About the PLC/Processor tab.

The Read only attribute is used for the multi-user function, but can also be used as a
protection against involuntary changes.

The security settings for a POU allow for the expertise protection for programming. The
protection is only activated after entering a password via the menu File - Enter
password.
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POU Groups

: Project Tree Window 3
=3 Data Types
&) sys_flag_types
=-E3 Logical POUs
Bk Layerl
g | ayer2
Insert... O_L'] Program
Delete ENTF nj Function
?i] Function Block
POU group

@D RRSRRT @ @

In order to keep the program organization units that you created yourself clearly
arranged in your project, it is recommended to use POU groups once a certain
project size has been reached.
The POU groups do not affect the programming assignments. They only serve
as a means for better organization and can be created in as complex an order

as you like.

POU groups are always listed as the highest elements in the Logical POU folder
and appear in alphabetical order on one level.
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Standard functions of IEC61131
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Standard Functions 1

Data type conversion ANY ANY
Functions with a
numeric variable ANY_REAL ANY_REAL
Standard arithmetic ANY_NUM ANY_NUM
functions
ANY_NUM
Standard bit §hiﬁ ANY_BIT ANY BIT
functions ANY_NT
ANY_BIT ANY_BIT

Bit-wise boolean

functions
ANY_BIT

OO RSRRE @ @an

After the installation of PC WORX, a variety of functions is available. These can be
viewed via the edit wizard. They are defined by IEC 61131. Due to the variety of data
types, especially the group of type converting functions is very large.
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Standard Functions 2

BOOL/ANY ANY

Selection functions
ANY

ANY BOOL

Comparison functions
ANY

ANY_BIT ANY_BIT
String functions

ANY_INT

. . ANY_DATE ANY_DATE
String functions

ANY_DATE/ANY_INT

COUD RN O aE

Details regarding the connection and function of the blocks can be obtained from the
individual HTML helps for each block in PC WORX.
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Standard Function Blocks
of IEC61131
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Standard Function Blocks 1

Falling
edge

F_TRIG_1

F_TRI
CLK

o]

Edge evaluation

Bistable blocks (flipflops)

setting

!

Primary
reset

O SRR O @n

IEC 61131 defines function blocks that can be divided into four groups as shown
above. As regards to the functions, there are deviations from blocks of classic
PLC programming systems. One example for this is the fact that the RS flipflop
is dominant in the reset and the SR flipflop dominant in the setting.
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Standard Function Blocks 2

Counter Counter
counting counting

Counter
counting

up/down CTUD_1 up down
> CU QU=
CTU_1
T P aEm TID
o RESET CVj= e CU QF> 3@ Q=
Counter +— LOAD & RESET CVf|= & LOAD CV|-—»
— PV — PV — PV
TP_1 TOF_1 TON_1
TP
Timers o IN Qf—= .
o~ PT ETfe> ~—
A
Impulse Switch-off Switch-on
encoder delay delay

COUN RGO @

Further information on wiring and function of function blocks and functions can
be obtained via the PC WORX HTML help.
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Contents

This chapter describes the programming in function block diagram. This includes inserting functions
and function blocks as well as accessing variables of different validities.
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Elements of Function Block Diagram

Green: 4 Feedback I
: FU call
Project- -
FBIFU ToggleFlpHop_FBD_l M
1_xSwitch1—{ IN_xTrigger 1 OUT_xSignal (e} QE
z IxSwitchz—] 4 RESET v
( 100— PV
FB call
—_—

5
Execution
order
Red:
Firmware FB/FU
of IEC

O SRR O @n

FB_THipflop_ST_1

IN_xTrigger 2 OUT_xSignal

(*comment in graphical editor*)

Yellow:
FB/FU not
found

This overhead gives an overview of the language elements available in function block
diagram. Basically, these are blocks and variables.
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Accessing Variables
m — e
+ Y Redo TF
"% paste STRG+V
Insert Columns STRG+3
Delete Columns STRG+4
e [_xSwitchl - Insert Rows STRG+1 Variable Properties x|
Delete Rows STRG+2 - [P o]
S ﬁi - & Local " Global
&) variable... F5 Data Type: Local Variable Groups: —,E
Open Variables Worksheets BOoL 5] | Bl | Help
Usage: Global Variable Groups:
Connectar/Jump...
o2 [VAR ~| I BETAN = (B Physical Hadware
Return RETURN) R & @8 STD_CNF
Text(Comment)... =@ STD_RES
EJ Defauit
Contact Network e 170 addiess: EJ System Variables
T £7 ———— E{Q] Man
= Descripion:
Open instance...
Ma rked Build Crogs References
Parameter % Compile Worksheet UMSCHALT +£9 oD [~ oPC F sy | I Shot sl vaiabls of rkchsets
Network Template Mode

O SRR O @n

In FBD, inserting a variable is carried out via the variable dialog. This dialog offers access
to local and global variables.

In the free FBD editor, first the insert mark has to be set or a connection point of a
function or function block has to be marked before the dialog can be shown.

The dialog can be activated via the context menu, the button shown above or via the F5
function button (default setting).
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Accessing Functions

Add to Favorites

[V show Descriptions
B/ LUIMIT_STRING
&N

4 LOAD_SAVE_RETAIN
&/ 1L0G

4 LREAL_TO_BOOL
B LREAL_TO_BYTE
B LREAL_TO_DINT
# LREAL_TO_DWORD
& LREAL_TO_INT

B LREAL_TO_REAL
W LREAL_TO_SINT
B LREAL_TO_STRING
& LREAL_TO_UDINT
W LREAL_TO_UINT
B LREAL_TO_USINT
# LREAL_TO_WORD
&; LT

W LT_STRING

M Max

B MAX_DINT

|

£
Group:
| <all FUs and FBs> |
Name | Desciption I |
& LE Less Than Equat <=
& LE_STRING Less Than Equal STR
W LEFT Leftmost Characters
& LEN Stiing Length
W LICENS Y Provides Information o
H
Help on FB/FU Limit Selection of DIN1

Limit Selection of INT
Limit Selection of LRE,
Limit Selection of REA
Limit Selection of SINT
Limit Selection of Strine
Natural Logarithm

Base-10 Logarithm
Converts LREAL to BC
Converts LREAL to BY
Converts LREAL to DI
Converts LREAL to D\
Converts LREAL to IN
Converts LREAL to RE
Converts LREAL to SII
Converts LREAL to ST
Converts LREAL to UL
Converts LREAL to Ul
Converts LREAL to US
Converts LREAL to W
Less Than: <

Less Than STRING: <
Maximum

Maximum of DINT &
>

OO RS @am

In order to access a function via the Edit Wizard, first of all the insert mark must be set on
the graphic worksheet. To insert a mark, make a double click.

As an alternative, you can use Drag'n Drop.

For each standard block, an HTML help is available, which can be called via the context
menu.

Via the "X button or the standard key combination Shift+F2, the edit wizard can be
shown/hidden.
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Accessing Function Blocks

Edit Wizard |

Group:

[<all FUs and FBs> | '

Name | Desciiption S |

M STRING_TO_LREAL Converts STRING to L e =
il sy b blisbogs X
4 STRING_TO_SINT Converts STRING to € Nare: ~ Definition e —
4 STRING_TO_TIME Converts STRING to T TP_1 vl & Local € Global =

+ & STRING_TO_UDINT Converts STRING to L T Local Variable Gioups: e

4 STRING_TO_UINT C ts STRING to L I_—;l [—_|

M STRING_TO_USINT CZnnz::t: STRING l:l. i ) B — LI

& STRING_TO_WORD
& sus

| SUB_T_T

& SWAP

/AN

& TASK_RETURN

& TIME_TO_BUF

& TIME_TO_DINT

& TIME_TO_STRING
&/ T0F

Help on FB/FU
Add to Favorites
& TRI —

| up| v Show Descriptions
4 UDINT_TO_BUF

& UDINT_TO_BYTE

& UDINT_TO_DINT

& UDINT_TO_DWORD

B UDINT_TO_INT

|

Converts STRING to\
Subtraction
TIME-Subtraction
Swap Less and Most ¢
Tangent

Converts TIME to BUF
Converts TIME to DIN
Converts TIME to STF
Timer Off-Delay

Timer Off-Delay Retair
Timer On-Delay

Timer On-Delay Retair

™ Show all variables of worksheets

n

 Retain
tes REAL to DI

its UDINT to BC
Conveits UDINT to BL
Converts UDINT to BY
Converts UDINT to DI
Converts UDINT to D\

Converts UDINT to IN vl
»

cates REAL to SIIJ

TP_1
TpA

N Q

PT ET

p mPHGNIX
A ICONTACT

Inserting function blocks is done in the same way as inserting functions. However, before
inserting a function block, its instance has to be declared. As an instance name, PC
WORX proposes the function block name plus an increment linked by an underscore.
This name can be selected individually, i.e. function-related, by the user, though.

For each standard block, an HTML help is available, which can be called via the context

menu.

Above example shows the inserting dialog of a project, in which a local variable group for
FB instances has already been created. Otherwise, only the Default group would be

available.
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Simplified Access via the Keyboard

to variables

~{Vaiiabid =1

keyboard input I

to functions

1 [~

to function blocks

Y |

FB type

I

* Variable

TON_1

— IN Qfe

| PT ETH>

O SRR O @n

The graphic editor in PC WORX allows you to access programming elements directly via
keyboard input, instead of access via dialogs. To this end, a formal parameter must be
highlighted or an insert mark must be set into the workspace so that you can type the
name of element to be inserted using the keyboard. In case of function blocks, this must

be the FB type, not the name desired for the instance.
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Editing the Formal Parameters

x
Hane: i —
I Cancel
Aw Data Type:
D | Help
Usage:
l'P—;I I~ RETAIN = Show ofl variabies of worksheet
EI Description: B
Height  [12
= -
2y 3
Name [ Datatype [ Negated [ Edge [ Hidden[ HiddenValue |
2] IN1 ANY_BIT a H B
AND +] IN2 ANY_BIT ] B @
AND (#out ANY_BIT ] = =]
L o | o
Delete Duplicate

O SRR O @n

This page shows the different options of editing the formal parameters of blocks
(operators, functions and function blocks).

These include (1) the adding of input parameters (which is generally supported by
operators only) and (2) the inverting of in- and output parameters of bit-based parameters
(not supported for all blocks). On selecting a parameter, the buttons presented on the
slide are released.

The (3) Properties dialog of standard blocks can be accessed via double-click, if blocks
are user-defined, access is given via the Properties option in the context menu.
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Exchanging a Block

E]
Giroup:
| <all FUs and B3> |
i Name [ Description Al
via the keyboard |RAICS Real Time Clock STRING
5 _BIT_IN BYTE Sets Single Bitin 2 BYTE
ZI & S_BIT_IN_DWORD Sets Single Bilin a DWORD
& S_BIT_IN_WORD Sets Single Bitin aWORD
4k 'S_MOBILE_RECEIVE Receives Data from the Mobie Radi
4 5_MOBILE_SEND Sends Data via the Moble Radio Mc
E JcEL Bir ion
4 SEL_BOOL Binary Selection of BOOL Inputs
& SEL_BYTE Binaty Selection of BYTE Inputs
B SEL_DINT Binaty Selection of DINT Inputs
& SEL_DWORD Binary Selection of DWORD Inputs
A SELINT Binary Selection of INT Inputs
4 SEL_LREAL Binary Selection of LAEAL Inputs
B SEL_REAL Binary Selection of REAL Inputs
B SEL_SINT Binary Selection of SINT Inputs
& SEL_STRING Binary Selection of Strings
& SEL_TIME Sinewy Selection of THE Inguss
& SEL_WORD Binaty Selection of WORD Inputs
W SET_LSB Set Less Significant BYTE inWORD
B SET_MSB Sel Most Signiicant BYTE in WORL
W SHL Shift Left
B SHL_BYTE Shift Leftin 3 BYTE
& SHL_DWORD Shilt Leftin 8 DWORD
B SHL_WORD Shift Leftin a WORD
. . - : -
via Edit Wizard | . off

OO RSRRE @ @an

A function or a function block can be exchanged via the Edit Wizard using Drag‘n Drop
or, if the block is highlighted, by double-clicking on the block. As an alternative, the
simplified access to blocks is given via the keyboard input.
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Function Blocks and Functions
Programmed by the User

Chapter 13
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Contents

This chapter describes how you can create function and function blocks, what has to be considered
and how these blocks can be used in the current project and made available to other projects.

Information

A Attention!
P
|_\ |

/ Ti
i p

13-3



User programmed FB and FU Eslﬁ'r'l‘\lé'

Notes:

13-4



User programmed FB and FU EBIET'I‘\%('

Creating Functions

O SRR O @n

13-5



User programmed FB and FU EBI.C‘ETIAIC)E_

Inserting into the Project Tree

00.00

E 3
Projec Tree Window 4
=24 Project : C:\Users\Public\Documents\PC WORX\Libraries\Voriagen_E_Doku B3 Project : C:\Users\Public\Documents\PC WORX\Libraries\Voragen_E_Doku
# [ Libraries (] Libranes
#-(3 Data Types -0 Data Types
- B3 Logical POUs
® Insert... )
=-@ Phys
"® paste STRG+V v
Delete
Expand Al
P Cut
Save As Network Template @: Copy
Define Placeholders @ paste
S Propertes... Expand All

Save As Network Template

Define Placeholders

(55 Propertes...
<5 Project Pous | (2 Libraries | FE Hardware | 2] nstances % Project Pous | () Livraries | F Hardware | 1] instances |
PHCENIX
oA an

Inserting a function into the project tree is possible when the Logical POUs folder or the
POU group is marked. Depending on the project size, it might make sense to organize
blocks you created in POU groups. These blocks can also be added to the groups later.
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Setting Function Properties
et S
. Name: ,TI
Functlon name <Funcion_name> —
= Name of the [ Tope- Language = 1
return value € Frogiam cu Help
& Function U
" Function Block. ;FBD
Lall:t ; gu) ™ UseRessive
€ Tre © MEFC
© Ste
(2 o
€ e o
£ De & A
Datatype of retum value:
Data type of the oot
return value 0o =]
bl Z -
USINT
UINT
UDINT
REAL
LREAL
TIME
STRING
BYTE
IRD
WORD
IBS_AR_1_2. W
IBS_AR_1_3_W
IBS_AR_1_128_W
IBS_ST_Devinfo
1B5_AR_1_512_Devinfo
IBS_AR_1_32000_
ST_Message
AR_1_10_Message
Task_Name_Typ
Extended_Task_Info
Tack_Name_elLR
Task_Info_eCLR
PND_I0_T2
T H
PND_I0_256 =l
PHCENIX
conTac @ -

Only few parameters have to be set in order to insert a function.

Function name

Later, the function name of the block will be listed for selection in the edit wizard.
Furthermore, this name will be used as a return value name for internal programming of
the block. The name has to correspond to the conventions for variable names.

Return value of the function

The type of the single output value of the function is determined via the data type of the

return value.

PLC and processor type
The properties only have to be determined if corresponding, specific blocks for the
selected type are to be accessed. This is unlikely as most specific blocks are function

blocks and thus cannot be called.
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Function in the Project Tree

Project Tree Window [editwizard |
. : : Growp
= L::‘ Emmf;mmww.c\mwswc WORX\Libraries\Vora |<aI FUs and FBo> LI
(] Data Types Standard names Name | Deseription -]
-3 Logical POUs 3 & FILE_REMOVE Removes a file on the parameterizati
E-{L¥ GRP_Functions™ of function elements 4 FILE_REMOVE_DIR Removes a Directory from the Contre
= {T] FU_Bample™ & FILE_SEEK Moves the file pointer of the opened
E] iﬂ-m\: W FILE_TELL Gets the current file pointer
= 4 FILE_WRITE Wiites data to the opened file
= FU_Bample | FIND Seaiches Substrin
=88 Physical Hardware® - 9
=148 STD_CNF : ARM_L_40° 1 FPID PID Control
=8 STD_RES : ILC370PN* 4 FTP_CREATE_USR Shares a Directory on the Contral IOIJ
=& Tasks W FTP_DELETE_USR Deletes an FTP User
@-{0) STD_TSK: DEFAULT By FI)_Example
473 Global_Variables & GE Grealer Than Equal >=
[ill 10_Configuration” W GE_STRING Greater Than Equal STRING: >=
W GET_CHAR Extracts one Character out of a Strin
& GET_ERROR Provides Information on Errars
18 GET_ERROR_CATALOG Provides Information on the Current ¢
4 GET_ERROR_eCLR Provides Information on eCLR Erors
& GET_EVENT Reads the state of an event input
W GET_LSE Load Less Significant BYTE of WOF
W GET_MSB Load Most Significant BYTE of WOF
| GET_SYM Searches for the Symbolic Name of ¢
4 GPRS_CONNECT Activates the GPRS Context
®|GT Greater Than: >
W GT_STRING Greater Than STRING: >
W HOT_RESTART Performs a Hot Restart
<§ Project POUs | YA Livraries | ] Hardware | ] instances ﬂ'l RIT IN RYTF Invm[: Sincle Ritin A RYTF Llll

O SRR O @n

After the function was inserted into the project tree, it is listed with the chosen name and
the names for the three basic elements that are based on the first name.

<Function name>T for the comment sheet
<Function name>V for the variable table
<Function name> for the first code worksheet

In addition to this, in the edit wizard the function shows up in the <all FUs and FBs>
group and in the group with the name of the current project.

Although they are functions, for functions created by the user there is not entry in the
@ <Functions> group.

At this point, the function cannot yet be called. The asterisks after the variable table and
the code worksheet indicate that these elements have not yet been compiled.
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Editing the Function
I bamocibameer .
E-1L» GRP_Functions s
E-{#] FU_Example
[{) FU_BampleT
FU_ExampleV
FU
2x ln,x5.gnau~‘ ! AU Beample
Imﬁqmm_ji
Variable Properties x|
Hame: [~ Dedinition scope: -“
wl3~| Ii [ -] & Locel € Gkl —
Variable Properties x| Dala Iyps: ;LTEW
[BoGL 2 | Help
l‘i"“: - "::ti’f“lm B Usage: Global Variable Groups:
In_sSignal E ez Llaba Concel [vaRwPOT *] I RETAN B3 Physical Hardware
DataType: éﬂ!mmm s =] STD_CHF
[ — P =] Hep - - STD.RES
£ Defoult
U Global Varisbl Growps: 10 sddiss: 9 System Vaisbles
AR INPUT] =] I BETam B Provicd Hadwar [ ©] Man
i vaboe: EHE STO_CKF Descrption:
&3 STO_RES
£ Defauk
1/D addiegs: Y System Vaiables
l— B-{0] Man
N
[—' il (el [Elfeals || WSS
oo o [ | Show o vaiable: of watkshets
RO GD @
OO ClesRE @

The function itself is edited in its worksheet(s) according to the standard procedure for
programming. As shown above, at least (1) one input parameter has to be declared.
Furthermore, the (2) return value (name = function name) has to be used to make the
value computed by means of the function algorithm available to the project.
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Use of the Function

=14 GRP_Functions . -
5[] FU_Bxample . Drag‘n Drop with
[i] FU_BxampleT Compiled your mouse or
% FiEemeey elements double click
=] ﬂ Main -
ﬂ MainT
_;] MainV

In_xSignalt

In_xSignal2
In_xSignal3
In_x5ignakt

Type the initial
characters on your
keyboard.

14] | L

O SRR O @n

The variable table is compiled by closing it.

The code worksheets can be compiled by closing them or by explicitly using the
corresponding button & or key combination (as a standard Shift+F9).

After successful compilation of the variable table, a function can be called for use in
another POU.

When inserting, you can choose between Drag‘n Drop and, if the insert mark is set,
double click. Additionally, it is possible to type on the keyboard. When the insert mark is
set, the available variables and parametrizable block types are listed in a combobox after
a valid character has been inserted, The inserted string is completed by PC WORX
automatically and the desired function can be inserted by pressing the Return key.

could not be compiled correctly. The reason for this can be the lack of input variables or a

:E If the asterisks remain behind the variable table after the function has been closed, then it
non-translated library.
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Creating Function Blocks
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Inserting into the Project Tree

OJ 0.] 0% O'E

T
53 Project : C:\Users\Public\Documents\PC WORX\Librares\V¢ E D = Elvpea C:\Users\Public\Documents\PC WORX\Libraries\Vorlagen_E_Doku
2% i ® Libraries
8o 58 oo
® g 2 Types CR=] POUSs
p e
-6 Insert... g Insert...
= {6)
'@ paste STRG+V o @m Py 2
Expand All ® Cut
& Copy
Save As Network Template ‘e Paste
Define Placeholders pe
[ Propertes... Sav
|®Pﬂ*ﬁ ﬁ POUs | () Libraries | Hardware | Eh“‘“m <5 Project POUs | (2 Livraries | Hardware | o] instances |

COUDERSRRE O .

Inserting a function block into the project tree is possible when the Logical POUs folder or
the POU group is marked. Depending on the project size, it might make sense to
organize blocks you created in POU groups. These blocks can also be added to the
groups later.
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Set Function Block Properties

Function block x|
name Name: 0K I

il( Function_block_name>|

Cancel [
~Type - Language
€ Progan CL I —
€ Function ::ST
% Function Block @ ?;g
o
- L.FI;LD ™ UseReserve
' MSFC
€ VAR Mod
C W } (g
€ De

I 17|
PLC type: Processor type:
[ <independent> _'_] I<independent> _'_]

@D RRSRRT @ @

For the insertion of function blocks, a larger variety of languages is available than for the
insertion of functions. The data type of the return values does not have to be specified.
Later, the function block name of the block will be listed for selection in the edit wizard.
The name is not used internally for programming the FB. The name has to correspond to
the conventions for variable names.
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CONTACT
Function Block in the Project Tree
Project Tree Window E E
= ‘:i gemmm\mmowswc WORX\Libraries\Vordagen_E_Doku Ifﬁs and FBo> ﬂ
@ (] Data Types escription -
= £3 Logical POUs :’; I [E)W - _I
-1 GRP_Function_blocks
= (5] FBE 2 1!‘ EQ_STRING EFMd STRINF: =
;ﬂ FB_Example T :! EVENT_INIT Linking of an input with an event tas
s3] FB_ExampleV” M EVENT_TASK Triggers the Execution of an Event T
] RP'E“IF FE_Example® Standard names of 4B EVENT_TASK_INIT Linking of an input with an event tas
78] . e function block oo Exporet -
[ FU_BrampleT elements 3!‘ EXPT Exponentiation
i3 FU_BxampieV EF_IRIG Faling Edge Detection
ﬁ FU_Example &
0] Main 4 FILE_CLOSE Close an opened file
i f’”’;’%”gﬁ;"“:m o 4R FILE_CREATE_DIR Creates a Directory on the Control's |
= g = S-TDleS \[(LZE?DPN‘ i FILE_MGMT_DIR Provides Information on the Contral's
55 Tasks & FILE_MGMT_INFO Provides Information on the Storage
E-{0) STD_TSK: DEFAULT 4 FILE_NOTIFY Gets the number of new, changed ol
&[] Main : Man 4 FILE_OPEN Opens a file on the parameterization
© Giobal EJ:‘:V :; FILE_READ Reads the data of an opened file
ﬁ )O_Dw-!‘»gumm :! FILE_REMOVE Removes a file on the parameterizati
1 FILE_REMOVE_DIR Removes a Directory fiom the Contr
1 FILE_SEEK Moves the file pointer of the opened
B FILE_TELL Gets the curent file pointer
1 FILE_WRITE ‘Wiites data to the opened file
2 FIND Searches Substring
<5 Project PoUs | U2 Libraries | EH Hardware | JE]instances & FPID PID Control
i FTP_CREATE_USR Shares a Directory on the Control for

i FTP NFIFTF 1SR
i

Neletes an FTP lser
i >

EPHGNIX
CONTACT

After the function block was inserted into the project tree, it is listed with the chosen name
and the names for the three basic elements that are based on the first name.

<Function block name>T for the comment sheet
<Function block name>V for the variable table
<Function block name> for the first code worksheet

In addition to this, in the edit wizard the function block shows up in the <all FUs and FBs>
group and in the group with the name of the current project.

Although they are function blocks, for function blocks created by the user there is no entry
in the <Functions block> group.

At this point, the function block cannot yet be called. The asterisks in the variable table
and code worksheet indicate that these elements have not yet been compiled.
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Editing the Function Block

Variable Properties i x
=-{Ls GRP_Function_blocks 3
=] [ﬁJ B_Example Concel
Hep

- i }

Variable Properties x|

FB_Cal

IN_xI nput1- IN Q| —OUT_xOuputt
In_xI nput2-
PT ET —OUT_tOutput2
In_xd nput:
In_xSensorl.

= [ Physical Hardwre
= M STD_CNF
= {8l STD_RES
£ Detma
Syitem Vaiables:

+ 0] Man

Feoo Foee B fisen | T Show ol veribles of worksheets

L0

O SRR O @n

The function block itself is edited in its worksheet(s) according to the standard procedure
for the programming. Unlike with functions, there is a significantly higher degree of
freedom regarding the design. Input (1) and output (2) parameters can be declared in any
number and function blocks also allow for the access to global variables (3).

') Remember that the function block name should not be used as a variable name during
i internal programming of the FB.
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Use of the Function block

553 Logeal POUS Compiled
- i'f?;“;‘;';l.;““‘” elements
(i) FB_EampleT

3 FB_ExampleV

N

Drag‘n Drop with
your mouse or

double click

FB_Example_1
BE

FB_Example
INxInputl  OUT_xOutputi
Inxdpu?2  OUT_tOupue2
In_xnput3

Type the initial
characters on your
keyboard.

r r E i I Shaw all varisbles of workshests:

O SRR O @n

The variable table is compiled by closing it.

The code worksheets can be compiled by closing them or by explicitly using the
corresponding button & or key combination (as a standard Alt+F9).

After successful compilation of the variable table, a function block can be called for use in
another POU.

When inserting, you can choose between Drag‘n Drop and, if the insert mark is set,
double click. Additionally, it is possible to type on the keyboard. When the insert mark is
set, the available variables and parametrizable block types are listed in a combobox after
a valid character has been inserted, The inserted string is completed by PC WORX
automatically and the desired function block type can be inserted by pressing the Return
key. After that, the type must be instantiated using the variable dialog.

could not be compiled correctly. The reason for this can be the lack of input variables or a

2 If the asterisks remain behind the variable table after the function has been closed, then it
non-translated library.
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Exporting a Block

%mmmwmm-) Tmport Rt x|
- New Project... STRG4+N
Proect :C. E O &
a & - €] open Project / nzip Project... STRG+O Cioss references ok I
@ () Data Types Save Project As / Zip Project As... E PLC sani file
5 &3 Logeal POUs S Close Project Cancel
24 GRP_Function_blocks '; Delete Progect... Project ianslation expor
= (3] FB_Example”
(1) F8_ExampieT Save As Template....
78_BxampieV. Delete Template...
3] FB_Example Sve A Netmork Tamolehs
@-(0] Men” —N
= &8 Prysical Hardware® [ Ewort...
& @l STO_CNF - ARM_L 40" Import...
B STO_RES : ILCITOPN" 4R
o a2 Tass Enter password. .. Description:
= (0] STD_TSK: DEFAULT (= TRG+ Export POUs, data types, global vai i jons, resources and 10
= (0] Msn:Msn® W sove s ration. B
. @ M ' Supported programening languages for POUs: IL, ST, FBD, LD, SFC, MSFC
Giobal_Varables
iﬁ 10_Corfiguration” ol o
X
Print Setup...
Print Project... il
1Ci\Users\,...Worlagen_E_Doku = » vm
2C:\users\,..\IB2061_E_complete - ° o
s \Users Nome -+ | . |
3¢ e W061 ) cened ). 182035 Test 27.01.201210:47  Deteirdner
ACiWsers,.. Prajects W520620 2061 E_complete 06.02.201208:51  Daterdner
scr 4. 32061 Loemrgen 06.02.201209:38  Dotecrcner
9 Propect 89 Pous | U Liranes | (] Haraware | 98] nstances 6 C:\sers), .. \Simulation )i 820610 06.02.201209:07  Dateircher
ST Smuaton 0202.201219:53  Dateordner
8LIB_IB2061_Loesungen
9 C:\Users\,..IB2045_Test
Ext
‘
@ Folder name:
[C:\Users\Pubic\Documents\PC WORX\Libvasies\ Browse..
_ Coca | 4 —
=] =
Datetyp. [PLCOpen XML V101 e ("omi) ./ Aobrechen

Y ol T

A block has to be marked in the project tree before it can be exported, saved as a file or
made available to other projects. In the File menu, select Export. You can then select
between saving the POU as (1) IEC 61131-3 file or as (2) PLC Open XML file.

IEC61131-3 files

GE-Datei

F‘DE_in_FEES_KDF‘_F'.S.GE 2KE GE-Datei 16.04.2007 15:13

IL-Datei

F‘DE_in_F'.'-.-'-.-'L.IL 1KE IL-Datei  16.04.2007 15:15
ST-Datei

F‘DE_in_ST.ST 1KE 5T-Datei 16.04.2007 15:15

PLC Open XML file (graphic editor)

XML Document

FEi_Beispiel.GE.me S5KE RML Document  16.04,2007 15:14
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s : Man
8 ManV

[T $TO_TSK: DEFAULT

< Praect |1 Pous | W Lorares | B Rareware | Q8] matances |

Block

|Ee] et view Prowect Buld Onine Extas 7
New Propct... STRG+#1
Gpen Praject | Unzp Project... STRG4O
Sawe Project s | Zp Profect As...
Close Project

Delete Project...

Save As Template...

Delete Templote...

(T

Import | Export x|

el A gl

Print Setp...

Impodt POUS, Datatypes, Physical Hardware, Configurstions. Resouces,
lglobal variables, I0 configueation to the pioject.

Pt Project...
1Ce\Wsersy,.. Worlagen_E_Dokas
2Cs\sers),..\[B2061_E_complete
3C:\Wsers\,.. UB2061_Loesungen
2C:\Users\,.. ProjectsB2061D
5Ce\Visersipygmis\peskiop\E2081
8C:\VIsers\,.. \Semation

ZUB 182061 1 _smal

8LIB_IB2061_Loesungen
2C:\sers\, .. UB2045_Test

Ext

 Data =i Documers =] [Mome [Fah Tipe
Giiad & Conlgs 78_Exmple ke Pk Documents P WOR Lixanes,  POU
g | Disge
@l . Disge NetScan
€ Physical Hardware Eigere Bider
Ei Muz.
€ Network Varisthes: EgueVideos
FOOMLID
My b
My Pehaes
My oo
B L OPCSamnr
€ Globe Varisbles B b PCWORE
€ [DConfguration 5 Rkl
g ——
1 PAGELAYOUTS o

[ |

| |

[F%_Eorsie
AL Pl o)

|

Lo |
=)

OO ResRA

In order to import a block from (1) an IEC 61131-3 file or a (2) PLC Open XML file, the
Logical POUs folder or one of its elements have to be selected. Selecting Import in the
File menu opens the dialog for selecting the type to be imported.
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Contents

This chapter shows how to program in instruction list in PC WORX. In addition to simple
instructions like operators and functions it is described how function blocks can be called and how
conditionally executed programming can be implemented via jump and return.

A Attention!
@ Information
F Y
| | .
N Tip
=]
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Language Element in Instruction List

Ld I_xInputl
Assignments AndN I_xInput2
and operators Not ~
l st Q_xOutputl 1d xPulse
St CTU_CountUp.CU
Ld iMax
A st CTU_CountUp.FPV
FUcalls || =0 2= Ld  xStop
and arguments Is“i’“lt i?::iezm FBaalls || St CTU_CountUp.RESET
andarguments || .; 1y countup
n Ld CTU CountUp.QV
Ld I_xInputl st iDi;play
JmpC - Jump 1d  CTU CountUp.Q
Conditional | st xFull
processing Ret
Jump :
Ld I_xInput2
I st Q xOutputl

O RGO @

The access to the language elements available in IL is mostly supported by the edit
wizard. In addition to the Functions and Function block groups, the group Operators is
available in instruction list.
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Assignment and Operators

Accumulator
content

Loading an operand Ld I xInputl o :

into the accumulator — P E :

| E1 .

Linking the accumulator content . i

to the operand AndN I_XInPu t2 E :

Ny 1E1 * E2 .

Linking the accumulator content E i

to the operand Or I_XInPut3 E _ :

\J-/L' 'El * E2 + E3|

Saving the accumulator content St Q x0Ou tput]_ E i

on the target operand - |E1 * E2 + E3E
I_xInputi
I_xInput2

Q_xOutputl

T_xInput3:

O RGO @

Instruction list in PC WORX uses an accumulator and a uniform pair of load and save
command for all data types.
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Operators in Instruction List

ANY ANY NUM ANY BIT
LD | Load ADD | Addition AND | And
ST | save SUB | Subtraction OR | or
MUL Multiplication XOR Exclusive Or
ANY NUM and ANY BIT DIV | pivision NOT | complement
GT | Greaterthan
GE | Greater or equal
Eaual BOOL
EQ | Equa s 1s JMP | Jump
N I et
NE ot equa R RET | Return
Reset
LE Less or equal CAL | FBecan
LT | Lessthan )
o CReTAG @ @l

This diagram gives an overview of the variables of data types and data type groups
operators can be used with. The formatting regarding an instruction in instruction list is

the same for all.

Exceptions are the complement NOT, the function block end RETURN and the closing
bracket, which can be used without an operand in the same line.

As is the standard in classic PLC programming, the operators S and R once write,
depending on a positive link, a boolean 1 or 0 to the connected operands.
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Modifying the Operators

LdN I xInputl
AndN I xInput2
And( I_xInput3

Not
Or I xInput4
)
St Q xOutputl —
I_xdnput1l—g
I _xdnput2—a
— Q_xOutputl
OR
I_xInput3—qg
1_xI nputd4—

O RGO @

By means of the modifier N, the operators for accessing the memory, LD and ST, can
implement an inverted access to bit-based operands. The same holds true for operators
for boolean operands.

The opening bracket as a modifier results in a prioritized processing of the code in the
brackets.

The closing bracket as an operator stands alone in one instruction line and triggers the
processing of the prioritized code.
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Function Calls

1st operand
explicitly loaded

Ld iMin iMi MN Limitedvalue
. . . . iMeasuredValue IN

Limit iMeasuredValue, iMax sae] i

St iLimitedValue

1st operand
Ld wMin from the

accumulator
Word To Int .
Limit iMeasuredValue, iMax
St iLimitedValue

O RGO @

The call of functions in instruction list only differs slightly from the syntax of standard
operations. The first parameter can be loaded explicitly via LD or be taken from the
accumulator.

A difference only becomes clear if functions with more than one input are used. The
absolute parameters following the second parameter are not written into separate lines
but behind the function name, in correct order and separated through commas.
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Editing in PC WORX
Inserting via the edit wizard
E|
Group:
| <all FUs and FBs> =l
Name Description AI
W ROL Rotate Left
Comments as Parameter name and :am_awe Rotate Leftin
H ROL_DWORD Rotate Left in
dummles data type 4 ROL_WORD Rotate Left in
E

(* IN as ANY BIT *)
(* N as ANY INT *)

LD wRawValue E
ROR  INT#8 ;
ST wRotated i

B ROR_BYTE

& ROR_WORD
&RS

W RS232_INIT

1 RS232_RECEIVE
4 RS232_SEND
W|RICS

W S_BIT_IN_BYTE
& S_BIT_IN_D

q° -

b Rotate Right i
& ROR_DWORD g Rotate Right

Rotate Right i
Reset Domin:
Patameterizat—
Reads the Re
Sends Data v
Real Time Clc
Sets Single Bi

Drag‘n Drop with
your mouse or
double click.

REsNAE @ @l

Editing a function in PC WORX can be carried out by entering the function syntax by
means of the keyboard. If the parameters, the function spelling or the order of arguments
are unknown, a syntax template can be inserted in the programming via the edit wizard.

The target variable and the arguments to be transmitted are inserted as comments by the
edit wizard and must be replaced by variables.

Especially the nesting of functions cannot just be carried out using the edit wizard. It has

L’ proven to be helpful to view the syntax in blank lines and then do the actual

programming.
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Function Block Call

'Ld I _xInput | Dataimport
'St TON_Signal.IN
'Ld  tDelay
St ___TON Signal.PT|
(Cal TON_Signal |
'Ld TON Signal.Q

'St Q xOutput
'Ld  TON_Signal.

__________________________________________

@) RESFAE @) G

The function block call in instruction list is carried out, as in all other languages, in three
phases:

1. Provision of values for the input parameters (data import).
2. Execution of block functionality, if necessary, by using saved data (calculation).

3. Saving the calculated values via the output parameters on variables created (data
export).
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CONTACT
- - -
Editing in PC WORX — .,
Hame: - Definition sc:
[fonsea 5] |Gl ” € Global
i £ A DataTypes Local Variable Groups: sl 2
Inserting o ol E— Y- | —
. ——= Usage:
via the :'.;TMEJU,STFIING 12:::%»,1 I ”rw =] I°IBETAIN
edit :WF Timer OftDel Initial vakae:
. u TOF_R Times Off-Del: L
wizard ;m?@ - V0 s g
;;ﬁj x:nam« Description: =:; L
4 TRUNC_DINT Truncates RE = S
B TRUNC_INT Twncates RE e J
B TRUNC_SINT Truncates RE
& UDINT_T0_BOOL Corwerts UDI
4 UDINT_T0_BUF Converts UDI —
M UDINT_TO_BYTE Convetts UDI I~ EoD OFE [ s
S UDINT_TO_DINT Convests UDI f
& UDINT_TO_DWORD Converts UDI o
i T il e .
LD xInput !
'LD  (* BOOL *) | 1 ST TON_Signal.IN:
i ST TON Signal. INE E LD TIME#250ms E
3 LD (* TIME *) i . 1 ST TON_Signal.PT!
/ST TON_Signal.PT| After editing i E
[CAL TON_Signal | > [CAL  TON Signal |
LD TON_Signal.Q : | |
IST (* BOOL *) : by the user 1 LD TON_Signal.Q .
!LD TON_Signal.ET! 1 ST xOutput E
: ?:T____(_*__F_:E@_f) ----- i : LD TON_Slgnal . ET:
1ST tElapsed E
PHCENIX
® EESRAT @ @l

Just as for the functions, editing a function block in PC WORX can be carried out by
entering the FB syntax via the keyboard. You have to keep in mind, though, that function
blocks, unlike functions, have to be instantiated. This can either be done manually via the
variable table or via the variable declaration dialog. The FB type is determined as data
type.

If the edit wizard is used to add an FB to the programming, then the declaration of the
instance is executed as in the graphical languages via the declaration dialog that opens.
As for functions, the syntax parts of the call to be replaced with variables are inserted as
comments.

The call of nested FBs cannot be implemented via the edit wizard. The wizard can only
show the syntax of an individual call.

@
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Conditional Code Execution JMP | RET

Conditional Ld iRawValue )
jump GT iMax Skip marker I
JmpC TooBig

Ld iRawValue )
POU LT iMin Skip marker
end JmpC TooSmal
Ret
TooBig: Ld iMax
St iRawValue
Ret
TooSmall: Ld iMin
St iRawValue

O RGO @

The jump operator JMP and the function block end operator RET allow for the execution
order deviating from the standard IL order and thus for the conditional execution of codes.
For the JMP, the jump address must be determined. The skip marker is not declared. As
a target it can be entered alone in one line or, as shown above, be placed in front of the
instruction.

The modifier C allows for the conditional execution of the operators JMP, RET and CAL.
The modifier N leads to an inversion of the execution condition.
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This chapter describes the language elements and their application required for programming in
ladder diagram. These include contacts and spoils with their options as well as power rails.

e- For programming in ladder diagram, which requires the use of non-boolean data types,
variables, functions and function blocks can be used as in FBD. For information on
editing, please refer to section FBD — Function Block Diagram.

Information

A Attention!
o

15-3



: PHCENIX
LD « Ladder Diagram CONTACT

Notes:

15 - 4



. i PHCGNIX
LD « Ladder Diagram CONTACT

Basic Elements

PO RGO an

15-5



LD « Ladder Diagram EB'ET'A?F

Editing in Ladder Diagram

Insert
elements

Ladder = = X Switch-through
bicd JHE KD JHE i S HE L options
e i ™\
coos Contact options
Cooo Co01 . ') °
I P!
ooz €002
— i/
- .
Coo2
) , I
Coil options
C003 C003

——Cr—o oD
003 Co03
(5 = R *

J

O RGO @

The ladder diagram basic elements can be inserted and edited via the LD menu bar.
Existing networks can also be extended and completed using these buttons. Depending
on the element selected in the worksheet, the corresponding buttons are enabled.
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CONTACT
Contact/Coil Dialog
X
oo i Defnbonsoope
° ik o II_xSwichl Ll & Local " Global e I
Data Type: Local Variable Groups:
& [BoOL =~ | B loetau | e I
Usage: Global Variable Groups:
IVAR 'I ™ RETAIN =@ Physical Hardware
Initial value: =8 STD_CNF
T = @ STD_RES
Default
1/0 address: Input
I Output
A Reserve
WLEE System Variables
#-{0] Main
I POD I OPC ? A | T Showalvaiabies o waksheets
- Contact / Coil — :
' Contact . —
© coi Type: |1 |
Additional options
compared to
variable dialog
PHCENIX
® BEERAS @ «

The dialog for setting the contact/coil properties only differs slightly from the standard
variable dialog. Additionally, control elements for setting the LD element are available.

Furthermore, only those data types that allow access to a boolean parameter can be

selected.

In addition to the Bool data type, this includes the other bit-based data types in case of an

~ implicit bit access, e.g. I_wFeedback.x13. and thus the access to the 13" bit of the
L/ Feedback input process data word. Elements of a user-defined data type can also be
=1 used (see section User-Defined Data Types).
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Functions and Function Blocks in Ladder

Diagram
OOII I_xInputl Q_xOutputl feditwaard £
TR ! . c Group:
1 ) ~
[ <all FUs and FBs> |
Name [ Desciiption ]
& TIME_TO_STRING Converts TIM
TON_in_LD &/ TOF Tiet Off-Dek
a7 ®|IOFR Timer OH-Del
I_xInput2 0
1 |
|IPR Puise Retain
& TRUNC_DINT Truncates RE
& TRUNC_INT Tuncates RE
& TRUNC_SINT Truncates RE
diDelay- W UDINT_TO_BOOL Convens UDI
4 UDINT_TO_BUF Converts UDI
B UDINT_TO_BYTE Converts UDI
2 UDINT_TO_DINT Converts UDI
4 UDINT_TO_DWORD Convents UDI
o ——
3 3 Function
Variables Functions

blocks

@D RRSRRE @ @

As the same editor is used, the elements of function block diagram (variables, functions
and function blocks) can be used without problems in ladder diagram. For details on
editing and handling function block diagram, please refer to section FBD — Function Block
Diagram.

Too much blending of the two languages within one network might lead to results that
A cannot be interpreted clearly by the compiler and thus to error messages.
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This chapter informs you on graphic step chain programming in PC WORX using the IEC 61131
language sequential function chart. First of all, the basic structure is described and afterwards the
basic elements of programming (step, action and transition) as well as the different ways to
program them.

0- Programming the details for transitions and actions is done in another IEC 61131
language. Therefore, the user needs to have knowledge of at least one further language
for editing these elements of the sequential function chart.

A Attention!

@ Information

Tip
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Basic Structure of the Sequential
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Sequential Function Chart POU in the Project
Tree

POU
base element FB_Example_SFC

(] FB_Example_SFCT Transition
3 FB_Example_SFCV folder
&) FB_Example_SFC

=3 Transtions

S| @ Transition_T001
5] Trenstion_T001 inIL
= Transition_T002
folder - Transmon_Toozﬂ
=43 Actions in LD

S @ Action_A001

[Z] Action_A001 Action
in FBD

@D RRSRRT @ @

Above example shows a function block in sequential function chart in the project tree.

The step chain is no further POU type. The sequential function chart allows for
programming POUs of the types function blocks and program.

@

Unlike the POU structure in the other IEC 61131 languages, the sequential function chart
includes additional elements. In addition to text sheet, variable table and code worksheet,
in which in SFC the actual step chain is programmed, there are two folders that contain
the existing transitions and folders.
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Basic Structure

Inserting the
basic structure/
further steps

SFC ]
e =

Feedback

| soot }}44{' N | AOD1 ]

TOO1
Action block

O SRR O @n

The basic structure, which can be inserted into a step chain worksheet via the button
shown above after setting the insert mark, consists of the two basic elements Step (here:
S001) and Transition (here: TO01) with an action block assigned to the step (here: A001).
The names of all elements can be adapted.

A step chain is also built from a sequence of step and transition. However, using actions
is not required (Step without action waiting step).
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The Step

Standard step

Step flag .
S001.x
E X
o ET—
Type Cancel
™ Iniisl step
E,ium e | (*Step comment*)
yi\\) ID; 1
/
Initial step Jump End step
5001 S003 018

® conac @O @

The first step is part of the basic structure and inserted automatically. Afterwards, the
system automatically only inserts standard steps. Via the step dialog a comment can be
entered for each step.

However, only the step flag <Stepname>. x is automatically declared for a step in a step
chain. This parameter represents the status, i.e. the activity of the step and can be read
and, for special requirements, also be written (not allowed according to IEC 61131). It is
valid within a POU.

Via the step dialog, the step can also be set to meet one of the versions required for
specific requirements.

Initial step

Each step chain (in case of more than one worksheet) must at least have one defined
initial step. If a start is implemented from a parallel branch, this is required for every
parallel branch. Action blocks can be assigned to initial steps.

Jump

Unlike the other step types, a jump does not represent a process situation. It has to be
regarded as a direct jump to the target step indicated above the jump name. For the jump
the exception holds true that it has to have the same name as another step.
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End step

For the program sequence, the jump represents a dead end. If it is reached once, a new
execution of the step chain can only be achieved by manipulating the step chain by
setting/resetting step flags.

A step chain ending with an end step is used for initialization. Action blocks can be
assigned to end steps.

For the jump as well as for the end step, the connection of the step chain structure has to
be interrupted. This change cannot be reversed later on.
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The Transition

4 Elements from
LD and FBD —
Transition as a
. direct connection
o I_xSwitchl @ - — -}- - - -

TON_1

0 -
S001.x N Q -y
T#500ms PT ET
002

I_xSwitchl 1_xSwitch2
| I - [ N I

1_xSwitch3
|

o J
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Direct connection

For this kind of programming on the step chain interface, the transition is switched to
Direct connection via the properties dialog. The transition is then no longer named, but
receives a terminal point as known with functions and function blocks. A boolean
parameter is to be assigned to this terminal point to implement the switching requirement.

For this, as shown above, the ladder diagram and function block diagram elements can
be used (variables, contacts, functions and function blocks).
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The Transition Detail

£ Transition
MName: [T001 0K | as detail
[ Type | Tool =
- pa _ Carcel |
_tep |

" Direct gonnection H _g E
22

Transition name as
—— variable name
Tope Language
CF CoL Help
c « &
[&] FB_Example_SFC D7 e
[{] FB_Bxample_SFCT ;EED - T T001:FB_Example_SFC*
ﬁ FB_Example_SFCV ;1.mm :FFLE 1 TOO1 := iState >= 1000:
gme—— [ -
Sgm (- ‘
& Tom | oo
[ =
| =[] =]
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Within a step chain, transitions implement the transition conditions of one process
situation into the following. There are two ways to program these conditions.

Transition detail

The transition detail represents one ore more worksheets that can be programmed in one
of the IEC 61131 languages, with the exception of SFC. After adapting the transition
name, you can open the insert dialog for the new element by double-clicking on the
transition name. When the language has been selected, the transition is inserted into the
POU transition folder. Concurrently, the first worksheet is opened. Programming in the
transition has to create the switching requirement, which — similar to the return value for
functions — has to be saved onto a variable with the name of the transition. Unlike the
function names, this parameter is not already saved in the variable dialog, but has to be
entered manually. The system nevertheless identifies the correctly entered name and
then blocks the control elements that are usually enabled for a variable declaration.

For later adjustments, the transition detail can be opened from the step chain or via the
corresponding element in the project tree.

') The detail can be copied in the project tree for similar programming of transition details.
. All that has to be done after changing the name, is adapting the transition name and
= programming the deviations in the detail.
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The Action Block

Inserting/Adding
an action block

AL

e =1 8

Action block
as action detail

]—-l N ComplexActson\'I

(N | Qxoutput1 )

{ %5 Action block
Action as boolean
qualifier parameter

@D RRSRRT @ @

Action blocks influence the process situation just as steps represent process situations.
They can be executed as action detail (standard color: light green). This means they can
be used as programming in separate worksheets or for controlling boolean parameters
(standard color: pale pink). The use can be set in the properties dialog of the action block.

In addition the status of the step, the action qualifier is important for executing the action.
Besides the N, the character mostly used (N = nonstored, action active as long as step is
active), all other characters according to IEC 61131-3 can be used:
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Action qualifier

S

SD

DS

SL

set

reset

time limited

time delayed

pulse

stored+
time delayed

time delayed+
stored

stored+
time limited

This action is continued until it is explicitly reset (even if the
corresponding step becomes inactive).

Terminates the execution of action previously started with
character S.

After activating the corresponding step, the action is
executed for the set time or until step becomes inactive.

Delay starts when step becomes active. After a set time
has passed, the action is executed until step is deactivated.
If the step becomes inactive before the set time has

passed, the action is not executed.

Starts when step becomes active/inactive and is executed
once.

The action is executed until reset, but only starts after time
delay has passed. Even if the step is active for less a time
than the time delay.

The action is executed until reset, but only starts after time
delay has passed. Unlike with the previous character, this
does not happen if the step becomes inactive before time
delay has passed

The action is executed for the set time, even if the step is
active for a shorter time. The action ca be reset with the
character R.

The time has to be set according to the standard of a time constant.
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Action Variable

j_

(N | Qxoutputt 3

x|
SO i
@ Local € Global I
Data Type: Local Vanable Groups:
[eooL <] | B [oca =l Hep |
Usage: Global Variable Groups:
IVAR "I ™ RETAIN =@ Physical Hardware
Inital value: = @8 STD_CNF
[ = @8 STD_RES
Default
1/0 address: Input
[ Output
T Reserve
Descriioe: System Variables
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As soon as an action is added to a step as a variable or the action is set to variable in the
properties menu of the action block, a variable has to be declared or called following the
known procedure.

For this, boolean variables or — as in ladder diagram — boolean parameters can be used
by implicitly accessing individual bits as in word, byte or dword variables, or boolean
parameters of structure and field variables.
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Action Detail

[mset x|
3—4 N |ComplexAction| I — - |
Type Language
23 I el Heb
o € sL
(s
c s
 Action o -
€ Trar (ol
~
c
P D
€ 0e
[&] FB_Example_SFC
i) FB_Example_SFCT :
15 FB_Example_SFCV [cindepenider
a FB_Example_SFC
{3 Transttions
=4 Actions
=) ComplexAction
3] ComplexAction” Ld iState

Add iInkrement
St State

Ld S001.x
St Q xOutputl
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If an action block is used as action detail, the name to be used for the complex action has
to be edited via the context menu in the properties dialog. In this context, complex action
refers to everything that exceeds controlling an individual boolean variable.

Once the name is assigned, the detail can be created by a double click. In the dialog
opening now, only the language for programming has to be selected. Except for the
sequential function charts, all IEC 61131 languages are available. With the opening of the
first action detail worksheet, the corresponding element in the Actions folder of the POU
is created. Now, the worksheets can be selected in the project tree or directly from the
step chain using the action block.

') The detail can be copied in the project tree for similar programming of action details. All
\t;' that has to be done after changing the name, is adapting the action block name and
programming the deviations in the detail.

P For above detail the step flag S001.x was used to activate a boolean variable for the
period of activity of the step. It would also have been possible to use an additional action
=] block with the corresponding boolean variable and action qualifier N.
p g q
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Branches

N A
—T |
| | S002P1 | ‘ 500202 I oA
Iﬂliohes Count: - — | Too1AZ
2 —
e [ ]
_| Too4 \
Parallel/simultaneous Alternative

\ branch ) \ branch /

O SRR O @n

The IEC 61131-3 sequential function chart allows for the creation of simultaneous and
alternative branches.

Simultaneous branch

For inserting a simultaneous branch, the step after which the branch is to start must be
selected The number of branches that can be inserted depends on the size of the
worksheet. The branches are executed independently. The execution is only grouped if
the end steps are active in all branches and the switching requirement of the grouping
transition is met.

Integrating jumps and end steps in simultaneous branches is rejected by PC WORX as
non-permissible programming.

Alternative branch

For inserting an alternative branch, the step after which the branch is to start has to be
selected The number of branches that can be inserted depends on the size of the
worksheet. The branch whose initial transition condition is met first is then executed. If
more than one condition is met at the same time, execution is done according to the
execution order in graphic worksheets, i.e. in prioritization from left to right.

@ It is possible to integrate jumps and end steps in alternative branches.

The insertion of parallel and alternative branches can also be done subsequently. For an
alternative branch, both transitions must be highlighted above which the branches have
to be inserted; for a parallel branch, both steps must be highlighted. The branch is
inserted using the button in the SFC toolbar.
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A high number of IEC 61131-defined data types are made available by PC WORX for declaring
variables. Moreover, the IEC provides for the declaration of user-defined data types for compliant
programming systems. These data types (UDTs) are a summary of standard data types.

This section informs you about the different classes of these data types, how they are declared and
how variables based on them can be used in programming.

£ The declaration of user-defined data types and thus the use of complex variables is

.‘E; efficient, especially in combination with the high-level language-specific program
structures of Structured Text. The programming examples are described for all
languages, though.

A Attention!

@ Information

./-_ l\.
| |

‘U Tip
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Worksheets for User-Defined Data Types

=3 Project : C:\Users\Public\Documents\PC WORX

] Libraries
=3 Data Types 5 UDT_Project* =101x|
- . 1 TYPE ﬂ
UDT_ijed 2 (*Array Declaration*)
flag_types g AR 1 8 B :  ARRAY [1..8) OF Byte:
£ 129t 2x 4 AR_1 10 W i ARRAY (1..10] OF Word:
15 AR_diO_di40000_DW H ARRAY [DINT#0..DINT#40000] OF DWord:
&
7 (*User String Declaration¥)
1 String200 H String (200):
9
10 (*Struct Declaration*)
11 ST_Machine H STRUCT
12 iTemperature H Int;
13 iSpeed H Int;
14 rPower H Real;
15 xBroken H Bool;
16 END_STRUCT:
17
18 (*Combined Datatype*)
19 AR_1_20_Machine :  Array [1..20) OF ST_Machine:
20 END_TYPE
| 1

O SRR O @n

The declaration of user-defined data types is carried out on worksheets of the Data Types
folder. The worksheet is included in each project template in PC WORX and is required
for the system data types of the control systems. The worksheet itself can be renamed
(SYSTEM), the data type declarations contained in it must not be amended, though.

% Basically, all declarations for one project can be done in one worksheet. However, to
Ig" keep everything clearly arranged, it is recommended to create function- related,
individual worksheets.
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User-Defined Data Type CONTACT
Principle
e-w\ariable01 -»
> wVariable02-»
s-arVariable-e
> wVariable03-»
> wVariableD4-»

Name example

<AR__LowerBound> <UpperBound> <BasicType>
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Data type declarations of the arrays class summarize elements in one basic data type.
The example shows the summary of four variables of the data type Word in one array
variable based on a new data type.

( \. The name of the new data type can be selected freely. However, just as with all other
\‘;f elements in programming, it is recommended to use a convention for the names of user-
defined data types. One example is shown above.
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User-Defined Data Types CONTACT
Declaration
Edit Wizard E]|
Group:
IDatatypes j
2% 3 3
o % i (*Typename*) : ARRAY [ (*From..To*)] OF (*DATATYPE*) ; |
2% | END_TYPE 1

After editing | |by the user
One-dimensional
array Vmype T TTTTTTTITTTTTTTTTTOTTTTTTmI o mmm T
AR_1_4_@ : Array [1..4] Of Word;

. . AR 1 814 W : A 1..8] of AR 1 4 W;
[ Two-dimensional —— rray [1..8] ===

: End_Type
array Do ooooooooooooooooooooooo !
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For declaring arrays, a certain format has to be used, which can be called as a help via
the edit wizard adapted to the data type declarations. The desired name for the data type,
the lower and upper bound of the array (in square brackets and as positive integer value)
and the basic data type have to be entered.

Declaring multi-dimensional arrays is usually possible following the procedure described
on the previous page. The example, however, shows that the declaration and thus the
later use of variables of these data types might lead to difficulties regarding clarity.

For data types based on one another, the declaration order within the worksheet has to
be adhered to (error message in PC WORX).

@p
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CONTACT
4 . ] ™
Assigning two array variables
x of the same dimension
ml—;l [ Tm”m @ Global arVariablel := arVariable2;
Dota Type: Local Variable Groups: I, K J
Il T — ; o
AR_1_20_Machine G"’bfvﬂ'i*"s'“m . . .
Ejﬂ%ﬁaﬁtmuw% & 8 PrvicuHudua Assigning a single value
BYTE =@ go-Ree to an element of an
Eerad Tk o ';:,:, array variable using a constant
LREAL =) Reserve
mg:;gﬂ?g * fil:t:"wmues wariable- rVariable[3]
b0 512
:’EJE(‘D*“ \ )
SINT B
2T Machine | I Show al variables of worksheets
STRING ]
e san 4 Assigning a single value
i et to an element of an
UDINT . . . .
unt array variable using an index variable
'WORD
Ld wVariable
\ St arVariable[iIndex] )
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After closing or compiling the data type worksheet (Alt+F9), the newly declared data
types are available in the data type selection list. Two variables of the same data type,
and this also holds true for arrays, can be assigned to each other.

Accessing individual elements can either be done after declaring the array variable in the

POU and using an integer constant or using an integer variable which operates as an
index for the array.

If variables are used for accessing single elements, it has to be assured through
programming that array bounds are not violated.
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- -
Principle
~ Merpersure =
- st =
ST_Machine o stMachine -

Name example

ST _<Function>
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Data type declarations of the Structures class can summarize elements of one ore more
basic data types. The example shows the summary of four variables of different data
types in one structure variable based on a new data type. As with arrays, elements of the
same type can be summarized if the access to the individual elements shall not be given
by an index but by individual designations.

'@ The name of the new data type can be selected freely. However, just as with all other
'\EJ' elements in programming, it is recommended to use a convention for the names of user-
defined data types. One example is shown above.
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User-Defined Data Types CONTACT
-
Declaration
— i
IGD'WDZ EI , (*Typename*) i
=i _ | STRUCT i
Name [ Desciption [ i (*Element 1 Name*) (*DATATYPE*) ; E
! (*Element 2 Name¥*) (*DATATYPE*) ; '
, (*Element 3 Name¥*) (*DATATYPE*) ; '
! (* *) '
: (* *) ; |
' (*Element n Name*) (*DATATYPE*) ; ,
i END_STRUCT ; E
| END_TYPE !
et '
after editing | | by the user
) Type E
; ST Machine : Struct '
! iTemperature : Int; '
- iSpeed : Int; '
! rPower : Real; |
- xBroken : Bool; '
1 End_Struct; 1
E End_Type E
BIeSRTAG @ -

@

For declaring structures, a certain format has to be used, which can be called as a help
via the edit wizard adapted to the data type declarations. The desired data type name is
to be entered and the named elements shown above have to be listed. The declaration of

multi-dimensional structures is supported.

For data types based on one another, the declaration order within the worksheet has to

be adhered to (error message in PC WORX).
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Use in Programming

x|
Hame:
,W‘
= Frtador Assigning two stru¢_:ture \a_farlables
“ o s of the same dimension
B Defaut
'5:'.:, stMachinel2 := stMachinel3;
S vbie N J
Q] Man
_ / Assigning a single value
T 0 i to an element of a structure
et scte variable using named parameters
Task_Name_Typ
o \ I_iSpeed_Machine12 —stMachine12.iSpeed
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After closing or compiling the data type worksheet (Alt+F9), the newly declared data
types are available in the data type selection list. Two variables of the same data type,
and this also holds true for structures, can be assigned to each other.

After declaration of the structure variable in the POU, single elements can be accessed
via the named parameter.
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Combined User-Defined Data Types

O SRR O @n

17-19



User-Defined Data Types EBIET'I‘\%('

Declaration and Use

ST_Machine : Struct

rTemperature : Real;
Structure -
. iSpeed : Int;
declaration
rPower : Int;

End Struct;

Array

I :
1 i
: :
3 xBroken : Bool; i
1 1
; H
declaration ‘ i

O SRR O @n

In many projects, the data type declarations of arrays and structures are combined. The
example shows the declaration of a data type that comprises variables that can acquire
the data of a pump. The declaration of an array is based on this declaration. The array
combines 20 elements, indicated 1 to 20, of the pump structure.
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CONTACT

Use in Programming

/

-

Assigning two complex
array variables of the dimension

aM achneParkimarM achinePark2

~

\

arMachinePark[12] :=

Assigning a structure variable
to an array element of a
complex array variable

stMachinel2;

J
S

Assigning a single value
to an element of a
complex array variable

Ld iSpeed Machinel2
St arMachinePark[12].iSpeed

J
\

J

[LeoRiac @ ©0 @l

The access to an element of a variable based on the pump array follows the motto "from
large to small". This means that first of all it has to be specified, which pump within the
array is to be accessed (INT variable or INT constant in square brackets) and then the
parameter of the specified pump (via named parameter) has to be specified.
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This chapter informs you about the programming possibilities in Structured Text. These include
elements like operators, functions and function blocks, which are also available in the other
languages, but also high-level language-specific elements for requests and loop programming.

A Attention!

@ Information

b T4 Tip
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Language Elements of Structured Text

. 1 Q_xOutputl := False;
Assignments, Operators Q_xOutput2 := I_xInput2 & Not I_xInput4;

If I _xInputl & I_=xInput2 Then
Q_xOutputl := True;

Requests ElsIf I_xInput2 & I_xInput3 Then
Q_xOutput2 := True;

End If;

FU calls and arguments [] iScaled := Limit(iMin, iBase, iMax);

CTU_Output (CU := xPulse,
PV := iMaxValue,
RESET xStop) ;

FB calls and arguments =

ivalue := CTU_Output.Qv;
xFull := CTU Output.Q;

Repeat

iLoop := iLoop + 1;
Until iLoop = 100
|| End_Repeat;

Loops

O SRR O @n

The access to the language elements available in Structured Text is mostly supported by
the edit wizard. In addition to the Functions and Function block groups, the group
Keywords is available in Structured Text.

18-5



ST « Structured Text Eslﬁr'l‘\lc)'(r

Notes:

18-6



ST e Structured Text EBIET’\IC)I('

Basic Programming

Operators, Functions
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Assignments and Operators

Assignment
operator

I_xInputl & Not I_xInput2
‘Or I_xInput3;

D s @
_xInput2
(1) Calculation 1 Qoupe
D Lxinput3 |

(2) Assignment A = S
o [REsRTAa @ @l

The major difference between graphical and textual languages is that the assignment of
expressions (constants, variables and calculations) is carried out from left to right in
graphical languages and from right to left in textual languages. Regarding the command
set, the operators and language elements, there are no differences between these two
types of programming languages.

The key elements that are the basis for the assignments are always the assignment
operator : = and the semicolon for ending an instruction. As shown in the example above,
instructions can run over several lines to increase programming clarity.
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CONTACT
Operator Hierarchy
Operation Symbol roun
4 Brackets Il ( ) |[ ANY ]
| Function evaluation || Function ( || |
| Potentialization || *ok |
NUM
Negation -
Complement NOT BIT
Multiplication *
Division /
Modulo MOD
2 NUM
5 Addition +
= Subtraction -
o -
[ Gomparson || < I >~ I <
Equality - ANY
Inequality <>
Boolean AND A;D
| Boolean exclusive OR || XOR | BIT
| Boolean OR || OR |
o contac @ @

The operators available in Structured Text are subject to a certain order in their
execution. This can be of significant importance if more than one operator is used in one
expression. Using brackets, the user can always change these priorities. However,
brackets can also be used to achieve higher clarity in programming and for relations.

The Data type group column in above list tells you for which data type or data type group

the operators can be used.

* If the option Enable DIN identifiers is activated via Tools = Options 2 Code, spaces

have to be entered for a clear interpretation of the source code.
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Function Calls

iLimitedValue := Limit (iMin,
/ iMeasuredValue,

iMax) ; Function
i arguments
Function

name

Return value of 1st function
as argument for 2nd function

O SRR O @n

The use of functions in Structured Text is subject to the same rules that apply to the other
languages. All input parameters have to be assigned to in the right order of the
arguments.

After the function name, the arguments to be transmitted follow in brackets, separated by
commas. It is recommended to follow above pattern — using one line per argument — if
lining up in one line is possible.

In the most simple application, the return value of the function is assigned to a target
variable via the assignment operator.

The second example shows the nesting of functions. The result of the Word_To_Int in
this example is used as a second argument for the Limit function.
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- - -
Editing in PC WORX
Edit Wizard A
Group:
| <all FUs and FBis> =l
Inserting via the edit wizard [ name Desciiption _~
W SHL_BYTE Shift Leftin a £
& SHL_DWORD Shift Left in a [
& SHL_WORD Shift Left in a '\
E )
W SHR_BYTE hift Right in &
& SHR_DWORD o0 it Right in a
& SHR_WORD Shift Right in &
/SN Sine -
Comments as Parameter name and & SINT_TO_B_BCD Converts SINT
. W SINT_TO_BOOL Converts SINT
dummies data type 4 SINT_TO_BUF Converts SINT .

After editing | |by the user

O SRR O @n

Editing a function in PC WORX can be carried out by entering the function syntax by
means of the keyboard. If the parameters, the function spelling or the order of arguments
is unknown, a syntax template can be inserted in the programming via the edit wizard.

The target variables and the arguments to be transmitted are inserted as comments by
the edit wizard and must be replaced by variables.

s Especially the nesting of functions cannot just be carried out using the edit wizard. It has

gy proven to be practical to have the syntax displayed in empty lines and then copy it to the
=] actual programming.

18-11



ST e Structured Text EBIE#\IC)I('

Function Block Calls

Data import
and calculation

'Q_xOutput := TON_Signal.Q <{ Data export

' tElapsed := TON Signal.ET;

' TON Signal.IN := I xInput; |
| TON_Signal.PT := tDelay;

Alternative
call

TON_Signal
-

'Q xOutput := TON_Signal.Q; |
tElapsed := TON_Signal .ET; i

O SRR O @n

The function block call in Structured Text is carried out, as in all other languages, in three
phases:

1. Provision of values for the input parameters (data import).
2. Execution of block functionality, if necessary, by using saved data (calculation).

3. Saving the calculated values via the output parameters on variables created
(data export).

With the first call version, the actual parameters within a bracket are connected to the
formal parameters of the function block instance. Therefore, the name of the instance
does not have to be located in front of them as it is the case with the alternative call.

In any case, the brackets during call of the block have to be entered, even if the data
import is done separately (see alternative call).
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CONTACT

Editing in PC WORX

@

Inserting [c=e

<all FUs and F82>

via the

[ Desciption =
& TME_TD_STAING Cormens TIM

4

ed |t H Ig:ﬁ Tines DIFDel

Times Off Dok

wizard #10NR

2 etsin
2 TRUNC_DINT 2x Truncates RE
= TRUNC_INT Trncates RE
& TRUNC_SINT Tuncstes RE
4 UDINT_TD_BOOL Corwerts LD
4% UDINT_TD_BUF Corverts UDI
& UDINT_TO_BYTE Corwens UDI
& UDINT_TO_DINT Conveds UDI
& UDINT_TD_DWORD Cormerts uiw'ﬂ
3

T

Declaration
dialog

Data type only

Comments
as dummies

i xDelay
'tElapsed

:= xActive,
= TIME#250ms) ;

:= TON_1.Q;
:= TON_1.ET;

[LeoRiac @ ©0 @l

Just as for the functions, editing a function block in PC WORX can be carried out by
entering the FB syntax via the keyboard. You have to keep in mind, though, that function
blocks, unlike functions, have to be instantiated. This can either be done manually via the
variable table or via the variable declaration dialog. The FB type is determined as data

type.

If the edit wizard is used to add an FB to the programming, then the declaration of the
instance is implemented as in the graphic languages via the declaration dialog that
opens. As for functions, the syntax parts of the call to be replaced with variables are

inserted as comments.

The call of nested FBs cannot be implemented via the edit wizard. Using the edit wizard,
though, the syntax of a single call can be inserted and the FB instance declared.
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FU Call and FB Call in Comparison

Assignment via Assignment

function via order

iLimitedValue  := Limit(iMin, :

FU iMeasuredvValue,

TON_Signal (IN := I_xInput,.
PT := tDelay) ;

FB ||

1Q_xOutput := TON Signal.Q; |
i tElapsed := TON Signal.ETﬂ Assignment via

named formal
parameters

Assignment via
output parameters

O SRR O @n

Above diagram is a comparison of the call structure for function blocks and functions. The
function is very restrictive as regards to its connection possibilities, the arguments are
assigned via the order. The various possibilities of the function blocks are based on the
access to named input and output parameters.
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Opening

keyword

If (* Boolean Expression *) Then

(* Statement *)

Instructions are only processed
by the control system if
condition is met

Closing
keyword

O SRR O @n

The structure built on the keyword If makes it possible for the programmer to have code
executed depending on a boolean condition.

(] This structure is an important supplement to the remaining elements known from the
=1 other languages, e.g. instructions, functions and function blocks. However, it should not
be used to replace them.

18-19



ST e Structured Text EB'ET'A%

If Extensions

If I xSensorl & Not I xSensor2 Then
(* Statement 1 *)
1sIf I xSensor2 & Not I _xSensorl Then
(* Statement 2 *)
Else
If ivalue < 100 Then
(* Statement 3 *)

Repeatedly
optional

One-time
optional

[ Nested }:>_Elslf iValue > 100 Then
condition (* Statement 4 *)
) End If;
End If;

O SRR O @n

The basic structure can be extended using two keywords:

ElsIf allows an alternative, conditioned request if the condition of the opening If is not met.
It can be used as often as you like. However, within an If structure, only the instruction
depending on the first condition met is executed.

Else, unlike Elslf, can only be used once. If within an If structure none of the previous
requests were completed via If and Elsif, the instructions depending on Else are
executed.

Above diagram also shows an example for a nested If structure. The second If block is
only executed if Else is activated and then again follows the rules of an independent If
structure.
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If Conditions

s

Implicit request \7 If I_xInputl Then

of a variable (* Statement 1 *)
\ J

-
Boolean result > E1sIf iMeasured >= iLimit Then

after operation (* Statement 2 *)
- J

Boolean \> ElsIf Byte To Bool(I_bSensor) Then

return value of a

L function ) (* Statement 3 *)

[ \> Else

unconditioned
(* Statement 4 *)

S v

End If;
- eSS @ -

Various programmings can be used as conditions for the elements and extensions
referred to earlier:

* Boolean variables (with NOT for inverted requests)

* Boolean results of operations (nested also possible)

*» Boolean return values of functions

+ Else without condition (use within an If structure only possible once)
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Case

Use for Process Values Integer operand

Case iProcessValue Of

ro1 : (* Statement 1 *)

-2..1 : (* Statement 2 *)

“Case definitions” < 5 4 . (* Statement 3 *)
8..16,

\. 20..30 : (* Statement 4 *)

 Else

One-time
optional

(* Statement 5 *)
End_Case;

O SRR O @n

The request structure built on the keyword Case requests the value of a variable of the
Integer data type. The example shows that individual values, values separated by
commas, value ranges and the combination of the last two can be used as case
definitions.

As with the If structure, the instruction block whose condition (value) corresponds to the
value of the variable requested is executed. Unlike with the If structure, in which
conditions do not have to be mutually exclusive (if If ... EIsIf structures are used ), an
overlap of case definitions in Case structures is read out as an error.

The instruction block depending on the optional Else is executed if the variable values do
not match the requested values.

@ All values have to be selected from the value range of the INT data type (-32.768 to
32.767).
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Case

Use for Control Values

Case iProcessStep Of

0] : (* Perform initialization¥)
If xInit finished Then iProcessStep := 10;
End If;

10 : (* Execute Process 1 *)
If xProcessl_finished Then iProcessStep := 20;
End If;

20 : (* Execute Process 2%)
If xProcess2 finished Then iProcessStep := 30;
End If;

(* etc *)

500 : (* Exception handling *)

iProcessStep := 0;
End Case;

O SRR O @n

If the Case structure is used to build a textual step chain programming, the requested
variable is used for controlling the sequence. Its status shows the current process step.

In above example, the variable iProcessstep is initialized upon PLC start with 0 and the
instruction block this value is assigned to is executed until the process reports the end of
the initialization sequence via the boolean variable xInit_completed. As a result, the
variable iProcessstep is set to 10 and in the next (!) PLC cycle, the action block the new
value is assigned to is executed.

(] One advantage of this kind of programming is the possibility of always being able to set
\EJ the step variable to a value via the end condition, which can be used to activate an
exceptional handling.
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High-Level Language Elements 2

The Loops
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For
Loop Start End Width of step
variable value value optional
1 For iIndex := 1 To 20 By 1 Do
(* The following instructions are executed with ¥*)
(* the values 1 to 20 for the variable iIndex *)
If arrMachine[iIndex].iTemp >= iLimit Then
arrMachine[iIndex] .xbroken := True;
xAlarm := True;
Exit;
End If; Early
abortion of
. loo
29 End For; P

execution

O SRR O @n

The For loop implements the repeated execution of instructions in a PLC cycle. All values
from the start value through to the end value are acknowledged for the loop variable
(here 1Index) under incrementation with the indicated step width.

All values (loop variable, start value, end value, step width) can be freely selected from
the INT data type group. Only positive values can be selected for the step width.

If the step width is not indicated, the standard value INT#1 is set. Then, the other values
have to be of the INT data type.

Once the loop has been run, the loop variable receives the end value plus step width (in
above example: INT#21).

@

Early abortion of the loop run can be achieved via the EXIT instruction.
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Repeat | While

“Repeat ... until...”

Head-controlled

0 Repeat

iIndex := iIndex + 10;

While
Until iIndex <= iLimit

iIndex >= iLimit

Do
2 End Repeat; iIndex := iIndex + 10;

End While;

Foot-controlled

“Asylong ay ..., do...”

O SRR O @n

The Repeat and While loops, unlike the For loop, are no predetermined loops. In
dependence on a boolean value it is decided if the depending programming is executed
again. Here, the request time makes the difference between the foot-controlled Repeat
loop and the head-controlled While loop. In the While loop, first of all the request is
carried out while in the Repeat loop the dependent instructions are executed once before
the loop is aborted due to non-compliance to the condition.

In the process and programming it has to be ensured that the loops are not executed
undefined as the PLC would then not be able to continue execution. In addition to this, a
watchdog error would be triggered due to the runtime monitoring.
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Contents

This chapter offers an overview of the project files in PC WORX, the memory concept of the
controllers as well as the different code forms and the project handling using different control
systems.

operating system. The controls of the 100 class have dialogs and storage concepts that
deviate from this presentation. Please read about the deviations in the related user
manuals.

2 This documentation and its description relate to the control using ProConOS as an
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Saving/Archiving

Save as ... Archiving

Desktop

Eigene Dateien
-
"

Arbeitsplatz

-

[~2 Options:
I~ Zip Frorterd Code ¥ Zip UserLibuaties ™ Zp Erontend Code
I~ Zp P Libraries

™ Zp Pagelayouts
4 4

~ e .
') Project name _d Project name.zwt

e p e
Project name.mwt 0O SN @ @l

For processing in PC WORX, the project files are unpacked and saved to selected
storage location on the hard disk of the PC. In addition to a header file of the extension
*.mwt, these files include a directory of the same name.

By selecting the Option Save as..., the project currently being processed in PC WORX is
saved with the selected name and these files are then used for further processing.

By contrast, when archiving, the header file and directory are combined in a zwt-file (with
new name if necessary). Work in PC WORX, however, is continued using the original
project (and name).
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CPU Control Dialog
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CPU Selection

L_Nen BGn

M Project control _ . El

Resource [ Configuration | Status Info [
RES_Training_PxC CNF_Training_PxC Offfine
CESRESETNSE CNF Training PYC_2  Run

Select al o |

@D RRSRRE @ @

After successful compilation of the control project (bus configurations and control
program), the code can be downloaded to the control system via the project control
dialog. In the case of a project, in which more than one control system has been
configured, the control system is to be selected via above dialog. Thus, the download is
not carried out to all systems at the same time. The individual control dialog can only be
called after the connection to the control system has been established via Connect.
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Temporary Project - Bootproject

1,

~ Project [ Bootproject -
[i Dowrload 1 Download |

Download Changes | betivate |

¥ Ensure realtime for Download Changes m x|l
¥ Inchide Bootpro Delete on T aiget | p =10] ]|

F Include Sources - - State:  Run

L, e e T
Download Source | Restore remanent data L. Heset l e
[ Userlibraies Het

™ Include User-Libraries
I~ Include Frontend Code

I” Include Pagelayouts
™ Include Backend-Code

Delete Source on Target | Download File

Close | Hep |

O RGO @

Project

Transmit

The compiled machine code (bus configuration and application program) is written to a
volatile main memaory.

Transmit changes

Changes to the programming (not to the bus configuration or the hardware structure incl.
tasks) are transmitted to the main memory during operation (if necessary, in real time if
the corresponding option is activated)

Include project

After downloading to the main memory, the bootproject is written to the parameterization
memory in a separate transmission.

Include project sources

After downloading to the main memory, the compressed source files are written to the
parameterization memory.

Include OPC data

With suitable control systems, after downloading to the main memory, the OPC
configuration can be written to the parameterization memory.

Only after the successful download of the source files, can the project be read back from
the parameterization memory. Decoding the machine code is not possible.
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Memory Concept

Download bootproject

Download project

=

E ) il

a -

] s Archiving project via
b
FTP Server
Compiled Decodable
machine code source code PHCENIX
® REsRE @ &=

When handling codes you differentiate between two code types:

Compiled machine code

This code can be interpreted by control systems or directly be executed. With PC WORX
it cannot be decoded. In the form of a boot simulation, it can be downloaded directly to a
control system as an executable code using Transmit project. Furthermore, it can be
saved as a bootproject in the parameterization memory of the control system. If the
control system is reset or the machine code is manually activated using PC WORX, the
machine code is loaded from the parameterization memory and executed on the control
system.

Decodable source code

This code corresponds to the archived project (<Projectname>.zwt) saved on the hard
disk of the programming device. This code cannot be interpreted by control systems, but
only serves as a project backup on the control system. With control systems of the
youngest generation, the up- and download of these files can be done via an FTP server.

If older control systems are used, the procedure described on the next page for saving
the source code using a standardized archive name has to be followed.
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Standard Archive

Download i x|

[~ Project B
[ Doinload ] Download |

D Activate
e E | i
vV Ensure real-time for Download Changes
P Bootproject Delete on Target |
¥ Include Sources
I™ Include OPC data

Download Source I Restore remanent data

Usegg-Libraries
UserLibraries
Include Frontend-Code

I” Include Pagelayouts
™" Include Backend-Code

Delete Source on Target E ! Download File

_Gee | e |

™ J
E== l 4—53 Project name.zwt =

I

<
@D RRSRRE @ @

The standard archive can be used for saving the source code to all control systems (even
to those without an integrated FTP server).

Via the Download source command in PC WORX, the current project is automatically
archived and written to the parameterization memory with the name ZipFile.zwt.

If the archive file ZipFile.zwt already exists, the Delete source on target button is enabled
for deleting the standard archive and the Upload button is enabled for uploading and
opening the project on the programming device.

Under earlier PX WORX version/earlier controls, the archive used to be downloaded as
ZipFile.zwt.
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This chapter informs you about the importance of libraries in PC WORX, how they are created,
which elements are part of a library and how libraries can later be used again in new projects.
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Libraries CONTACT
Library Directory
[Extres} ?
| Bagelayout Edtor Jootions x|
)
| Create OPC Visualization File Text edior | Text colors | Graphical editor
| GraphicalEditor (2) |  Graphicaleditorcolors | FFLD Edior
| Reset DA-Addresses Toolbars | Commands | General | Cross References | Pagelayouts | Buid
| R Directories | Debug | Backup | Tooltips | Logic Analyzer Colors | Variables Grid
} BootP/SNMP/TFTP-Configuration ... : _]
i Check Source Storages Lty Discton:
| Shortcuts. .. [co i Users\D __]
[_options... N Pagelayout Direclony:
% [c 0ok und Users\D _l
Network Template Base Directory:
[C:\Dok und E Users\D: _]
[ Abbiechen | (penchmen | e |

In PC WORX the term library refers to a project that contains program components which
can be used in future projects. Every PC WORX project can be used as a library, i.e.,

integrated in new projects.

Libraries are managed automatically by PC WORX and saved to a directory on the hard
disk. Via the options box, this directory can be adapted.
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Libraries CONTACT
Saving in the Library Folder
21
Speichemin: | () Libraries J3 [ s e
) Recent
- @ Desktop
(L) Eigene Dateien
i Arbeitsplatz
- J3 3%Diskette (&)
E’ <o WinkP (C))
2 DVD-RAM-Laufwerk (D:)
Desklop ) Gemeinsame Dokumente
) PCWORX
o &
I Eigene Dateien
Eigene Dateien ) Netzwerkumgebung
Bvass_Gk_20120416_ib.mwt
o
g 8
Arbeitsplatz
.
-
Netzwerkumoe JL G 0 Lib_te ) | Save |
i Dateityp: | Project Files (*.mut) = Abbrechen I
Zip Options
¥ Zip Us I” Zip Frortend Code
Z
O @ ) [TYPHENIX g @y
O REIRAT O @

If functions and function blocks of a current project are to be made available for use in
other projects via a library, the project must first be saved with a descriptive file name in
the library folder. As libraries are standard projects, the standard procedure for the saving

of projects is used.

In order to be able to access the libraries later on via the insert dialog, the directory
selected earlier via the option box should be used as the storage location.

If changes are implemented on the project before it was saved with the new name, the
deleted elements are irreversibly lost.
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Removal and Compilation
T ——
=43 Project : C:AD und All Users\D: WOR & @y Lb_IB2060€
(0 Libraries = [l 1LC 370 PN 2T%-1B 192.165.0.10
=3 Data Types =-R Resource
> R RES_Training_PxC ILC370PN
3] UDT_Messages 38 PROEINET.
% sys_flag_types 5y # INTERBUS 0. 0
=3 Logical FOUS =B #1151 24RET1.0
-4 Funktionen ol 2251 24R82.0
¥ Funklionsbausteine #3IB1L24D042.1
@[] PG_Beschaltung VAR #41BIL24D142.2
(0] PG_Main #SIBILAO 1USF2.3
Physical Haigware #6IBILAIZISF2. 4
CNF_Training_PxC : ARM_L_40 #71BILRS485/4222. 5
=-@8 RES_Training_PxC : ILC370PN ol 28mBs 1248130
& -0 Tasks #9IBIL24PWRINF-D3. 1
) Global_Variables £101B1L24D123.2
&ﬂ 10_Configuration 0@ #111LB1824DIBD084.0
5 Unconnected
oL Dot TR
= ICONTACT >

In principle, a library does not have to be explicitly created. Every PC WORX project can
be used as a library. In many cases, however, it is useful to remove non-library-specific
components from a project. These include the bus configuration as well as the controller
and hardware structure of the project tree.
As the main task of libraries is to provide functions, function blocks, and corresponding
user-defined data types, it is also useful to remove program POUs.

After removal you should be able to compile the project without receiving error messages
or warnings. The project using the library can then be compiled.
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Using Libraries

O SRR O @n
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Including User Libraries

Q-
2-E3 Dat  Insert.. & User Library...
5@ a @ paste STRGHV Ermware Library...
= ‘ﬁf’w Expand All

=

CTTTE 2

Suchenin |5 Libraries 2 e s A s

7x

j 4

< |
I(?Pwm IBPOU:[@muies]@mawue|Emum

-
Netzwerkumge
bung

Dateiname: [Lib_1B 2060 st | Inghode
Dateiyp: (] =

COUDERSRRE O .

Via the context menu of the project tree, a library can be included in the current project
that is to be worked on. You can include user-defined libraries and firmware libraries.
When inserting a user library, the system accesses the library directory where the
extracted projects are located (*.mwt).
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Including Firmware Libraries

Include library

Suchenin: | (3 BIT_UTIL

Recent

Desktop
Eigene Dateien
-
- '!—
Arbeitsplatz

Y.

Netzwerkumge
bung

JE2 [ e 5 A N

21|

vi.1.0
v1.2.0

Dateiname: Jerr_uTiLpwL

Dateityp: |Fi|mware Libraty (*.fwl)

=
i

=

ceah@

When including a firmware library, PC WORX accesses the fixed directory where

additional directories for firmware libraries are located.
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The Library in a User Project

Edit Wizard_

Name
& Bit_to_Byte
1 FB_TaktKaskade_FBS

[ Desoipon

1]

4 FB_Taktperiode_FBS
S inipFBS

palt_FBS
nktion_FBS

_|ps

T
nMax_FBS
nMax_ST
|_FBS

ST

BS

Included libraries can be viewed via the Libraries tab in the project tree. Each library is
available as a group in the edit wizard. As a standard, blocks from a library that are used

in a project will appear in blue.
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Using Projects With Libraries

x

Q Library already included!

Project Tree Window

=43 Project : C:\Dokumente und
=3 Libraries
(9 Lib_1B2080€ *

Uncompiled
library

@D RRSRRT @ @

A library can only be included in a project following successful compilation of the library
project. If necessary, the corresponding project in the library directory must be opened
and compiled.

The same procedure must be selected when a project archive is opened in which
libraries have already been integrated. An asterisk after an element in the project tree
generally indicates that the element has not yet been compiled. This also holds true for
libraries.

If on opening a project archive, one of its libraries already exists as a project in the library
directory, you must decide how to proceed with the two elements via a selection dialog
box.

You can use the properties dialog of the library to check which library is included in the
project.
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Help on Firmware Libraries

Help on Functions and Fu

=oix|
m e 2 & @
Awblenden  Zuick  Vorwitc  Dracken  Oplionen
e PC WorX coan
@ Heb on Funclions and Funcion Block.
(2 1EC 611313 funchions
3 ECE1131 Bit - overview
In addition to the standard functions firmware functions can be used if you have announced the firmware library in your
project.
Note: Announcing libraries is described in the general help.
The following bit manipulation functions are available:
[Function [Short description
[BIT TEST [reads the value of a single bit in 3 bit string
|GET_cHAR lextracts one character out of a string
[G.EL’LE& {read‘s the value of the less significant BYTE of a bit
string
[ET mse [reads the valus of the most significant BYTE of a
@ ibit string
= B swAP lemrmwe finverts a single bit in a bit sring
[paRITY * [checks if the number of set bits is even or odd
[RBrrm = [rest itin a bit string
[semrms [sets a single bit in a bit string
[m [wmes a value on the less significant BYTE of a bit
string
SET MsR [prites a value an the most significant BYTE of a bt
|string
|STRING TO BUFFER [copies characters of a string to a buffer
SWaP ’exch.nve: the most and the less significant BYTE
|of a bit string
e

COUDERSRRE O .

Unlike user-defined libraries, firmware libraries have a central help function, which can be
called via the context menu.
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Testing & Debugging

Appendix A3
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Contents

This chapter offers you an overview of the possibilities to observe and control a PX WORX project
and write data.

Information

A Attention!
==,
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Status in Worksheets

F_Cascade_

FB_Cascade cy OUT _xRed
I_xSwitch7—{ IN_xActive Q_xLED4
5 Active
tSwitchedOn— IN_tOn ste
.00 P g
llow*)
TIME#500ms—{ IN_tOff
S_RedYell* N OUT _xRed
f N OUT _xYellow
o 25.04.2012 strDate := Concat(strDay, '.'):
1 25.04.2012 strDate := Concat(strDate, strMonth):
2 25.04.2012 strDate := Concat(sctrDate, '.'):
3 25.04.2012 strDate := Concat(strDate, strYear):
4
5 10:45:12 strTine = Concat(strHour, ':'):
6 10:45:12 strTime := Concat(strTime, strMinute):;
7 10:45:12 strTime = Concat(strTime, ':'):
8 10:45:12 strTime = Concat (strTime, strSecond):
| | Name | Onine vale | Type | Usage | Desciiption | k|
| [E1o-variables
= User variables [Actual project]
xGlobalFlag FALSE [BOOL VAR_GLOBAL
StBS IBS_AR_1_51.. |VAR_GLOBAL INTERBUS Configuratio.
arMessageList |AR_1_10_Mes.. |VAR_GLOBAL Message list
[# System variables
= Inserted from "BIB_IBS_CFG_INFO_¥1_0_D', POE 'PG_I
iCounfOfDevicesByFW 0 INT VAR_GLOBAL
iStartTabulatorForDetail 10 INT VAR_GLOBAL 10
xCfgReadStart FALSE BOOL VAR_GLOBAL

In the status view you can select the display format of all worksheets via the debug
dialog. There is a differentiation between numeric, string- and bit-based data types.
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Overwriting/Forcing
[ Name | Onirevale | Type | Usage  [Descripton ]
|__| & Global varaibles ) )
1__l_x$wlch| _FALSE _BOOL ‘_VAR_E)GERNAL _Sw'tff-ldnck Schalter 1 (direct input)
|__jtSwitchedOn 2,000 TME VAR
2@
3 Ri|ocbug ResB200 x
Force/Overvite [ Breakpoint ]| Force/Overwite | | Breskpant I
[ tSwichedOn ] Ll | [ I_xSwitch ] Ll I|
Value - Value [
Fisel 21 BP @ [TRUE | € EALSE Fesnt o BF |
: ~Vahuediply : Vaedsplay =
| | Orerte | || 7 Sendd : | [ et | Ovsts || | & Sindad
Aese i | € Hexadecimal AR TR [ € Hezadecimal
€ iy € Binay
REAL values REAL values
Width: PBrecision: Width: Precision:
s s @l |
¥ IEEE format | ¥ IEEE format
Close | Info Help Close ] Info Heb |
PHCENIX
@ ResRnE @ el

The overwriting of a variable is only effective if the variable does not have a pre-
connected logic and is not connected to input process data. Overwriting results in writing

a value to a variable just once. With this procedure, according to formal standards, the
entry format for literals is to be used.

The forcing of variables is only supported for variables connected to process data

objects.

Forcing overwrites the values transferred by the sensor technology and represents a
serious intervention in the control program.

The state of forced variables on a control system can be read out via the
PLC_DEBUG_FORCE system variable and via the control dialog of the CPU.
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Powerflow (via Address Status)

miExtras Window ?
Debug F10

& Project Control...

s3 Else

0..63: For

stictualMessage.Neme  := 'PLC':

Case iPosition Of

iSNr := 1 To 512 Do
If stIBS[4SNr].Seg = iSegment &
3tIBS[1SNr] .Pos = iPosition Then

stictualllessage.Segment := iSegment:
stictualflessage.Position := iPosition;
stictualliessage.sDate := strDate:
stictualliessage.sTime := strTime:
stictualllessage.Name := stIBS[iSNr].Neme;

Graphic
power

flow

FB_TFlipflop_ST_1

IN_xTrigger OUT xSianal 0 XLED3

FB_Cascade_cycle_FBD_2
B Cascade cycle FBD
OUT _xSignal

IN xActive
IN_tOn
IN_tOff

@D RRSRRT @ @

By activating the address status, the powerflow can be implemented in graphical and
textual code worksheets that are online. A horizontal or vertical bar shows if the
corresponding program part is being processed. Furthermore, the interim values of
variables that are written to by various data sources ("scratchpad memory"”) are

displayed.

Enabling the address status can lead to a significantly longer cycle time and thus also to
an increased processor load. During operation it is absolutely necessary to observe the
warning message as activating the address status can lead to a PLC stop.
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Information on Mouse Pointer Tooltips

. Options X
TOOltlp Teut adtor | Tewt coker | Graphicsl edtor
Guphca Edtor2) | Grephcaledborcokes | FFLD Edier
Toobars | Commands | General | Cross References | Pagelwouts | Buld
Diecioies | Debuy | Backup Tookws | Logi Ansyzer Cokes | Vassbles Ged

(Check the vasables atsbutes (o be shown in tookpe.

IN_xTrigger OUT xSignal

—0 XED3
0 [ €03 = ©
Osta type: 80O
I(*LED 3%)
evice: # 12181824 018 008 5 . 0
Q- Q
[Conncton pot: 01 1.1

Data ype of the varibe

TON_On

IN O

BasEN
0.000

rDate := Concat(strDay, '.'):

g DstlDele'-25042012 (strDate, strMonth):
@02t type STRING | (strDate, '.'):

steDate := oncat (strDate, strYear):

33 25.04.2012

0 25.04.2012
31 25.04.2012
2 25.04.2012

blank
formal parameter

@D RRSRRT @ @

In addition to the displays offered by the graphic and textual editors in their worksheet
status, further information can be displayed when the mouse pointer is moved over
elements. Via the option box you can select the details for a variable or an FB instance
that are to be displayed.

@ In order to be able to display all selected details, it might be necessary to update the list
of cross-references (standard: function button F12).
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Tasks for the
PC WORX 6 - IEC 61131 Programming Course
Reference: PC WORX 6.00.25 SP3.73
Overview of tasks: 2
Tasks regarding communication path setting: TCP/IP 3
Com1 B Checking the IP address 3
Com 2 g Setting up the communication path 3
Com 3 g Using symbolic connection names 3
Tasks regarding INTERBUS bus configuration 4
IBS1 2% Bus configuration (online) 4
IBS2 & Extending the bus configuration (offline) (optional) 4
Tasks regarding PROFINET bus configuration 4
PN1 i Bus configuration (online) 4
Tasks regarding configuration and variables 5
pvi & Creating process data variables 5
Pv2 ¥ 1/0 control for process data variables 6
pva & Adapting variable names 7
pva G Use of direct inputs (optional) 8
PV5 ‘A Customization of the project 8
Tasks regarding programming in function block diagram 9
FBDa L2 First programming 9
FBDb & First function 10
FBD1 = Function FU_Xor3_FBD 11
FBD2 Function block FB_TFlipflop_FBD 12
FBD3 Function block FB_Cascade_cycle_ FBD 13
FBD4 Functions for analog value processing 14
[a] ] Basic functions: FU_Norm_FBD 14
[b] =] Extension by binary range selection: FU_NormSel FBD 15
[c] I Extension for user-defined scaling: FU_NormMinMax_FBD 15
Tasks regarding programming in ladder diagram 16
LD1 = Function FU_Xor3_ LD 16
LD2 Function block FB_TFlipflop_LD 17
Tasks regarding programming in instruction list 18
IL1 = Function FU_Xor3_IL 18
IL4 Functions for analog value processing 19
[a] 5] Basic functions: FU Norm_IL 19
[b] I Extension by binary range selection: FU_NormSel_IL 19
[c] T Extension for user-defined scaling: FU_NormMinMax_IL 19
IL3 Function block FB_Cascade_cycle_IL 20
IL2 Function block FB_TFlipflop_IL 21

Tasks regarding programming in sequential function chart 22|

12 1
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SFC5 Function block FB_Traff _light SFC 22
[a] Basic functions 22
[b] Extended functions with error flashing 23
Tasks regarding programming in structured text 24
st1  Zl Function FU_Xor3_ST 24
ST4 Functions for analog value processing 25
[a] =] Basic functions: FU_Norm_ST 25
[b] T Extension by binary range selection: FU_NormSel_ST 25
[c] 5] Extension for user-defined scaling: FU_NormMinMax_ST 25
ST3 Function block FB_Cascade_cycle_ST 26
ST2 Function block FB_TFlipflop_ST (optional) 26
ST5 Function block FB_Traffic_lights ST (optional) 27
ST6 Logging of INTERBUS errors with FIFO memory 28
[a] Data type definition 28
[b] (5] Program for error logging: 29
[c] Device name in plain text 32
Support for task ST6 34
Overview of tasks:
POU- FBD | LD L | SFC | ST |uDT/BIB
Type_Function_Language
1|70 _xor3_r CHECHES 3]
2 | FB Tflipflop * =] = | & =]
3 FB Cascade cycle * @ @ @
4[a] | FU_Norm_* @ @ @
4[b] | FU_NormSel * @] @ @]
4[c] | FU NormMinMax * @ @ @
5 FB Traff light * @ @
6[a] | UDT declaration z=
6[b] | PG_Messages @
6[c] | Library integration ﬁ
Symbol key
@ Function
Function block
Program
Data type worksheet
e’ Library
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Tasks regarding communication path setting: TCP/IP
Com1 ﬂ Checking the IP address

To establish a communication connection via TCP/IP, it is required that both communication
partners (i.e., PC WORX and the controller used) are assigned a valid IP address (including
the subnet mask). If this is not (yet) the case or not known for the controller used, the IP
address can always be checked via the serial interface located on the controller and be
set, if required.

First, set the IP address and the subnet mask on your controller according to the
specifications given by your speaker.

@ Documentation: Page 3-11
=4

After transmitting the desired IP address, ensure that it will be “enabled” on the
controller.

=)

Com 2 ﬂ Setting up the communication path

To exchange data between PC WORX and the corresponding controller, it is required to
select a communication path for each controller. Even though the serial interface is available
for all controllers, it is recommended to set the TCP/IP communication path, ensuring in this
way a faster data exchange.

Therefore, select TCP/IP as the communication path for the controller within the project.
Enter the IP address manually by selecting “Manual Input” from the “Connection Name”
dropdown menu (see COM 1 task) and test the connection.

O Documentation: Pages 3-7, 3-16
7

Com 3 ﬂ Using symbolic connection names

Once the connection has been established successfully, create a new symbolic connection
name in the “ibethdef.dat” assignment file for communication with your controller and select it
afterwards. Then test the connection to your controller again.

@ Documentation: Page 3-17
L= 4
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Tasks regarding INTERBUS bus configuration

IBS1 # Bus configuration (online)

Use the controller to view the connected bus configuration via the Connected Bus dialog box.
Copy this configuration (bus devices on basis installation platform) by selecting the
corresponding devices from the range of available devices.

@ Documentation: Pages 4-6ff.
=

IBS2 # Extending the bus configuration (offline) (optional)

After connecting the devices that are directly connected to the controller to the remaining
remote bus devices, use the device catalog to also extend the bus configuration in the
software. The devices to be added are shown in the screenshot below.

O Documentation: Page 4-10
=4

Tasks regarding PROFINET bus configuration

PN1 @ Bus configuration (online)

Read in the connected PROFINET devices using the training computer. Copy the devices
shown in the dialog box and make the configuration settings as specified by your speaker.

O Documentation: Pages 5-6ff.
L
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Tasks regarding configuration and variables

PV1 & Creating process data variables

In the Process Data Assignment view, you will create global variables based on the process
data objects that are provided by the configured devices. These automatically created
variables should be saved to “Resource”.

Documentation: Page 6-6
\ & Context menu for the process data objects of the modules

What is the relation between the automatically generated variable name and the process
data object used?

= @y 162051 _F_20120702
=l 1LC 370 PN 2Tx-IB 192.165.0.20

= R Resource

. R RES_IB2061 ILCI7ORM

HH PROFINET

=-g% # INTERBUS 0, 0

B #1EsIL24RE-TL . O

E-#21851L24RBLK2 i

: #IEI 2400421
#4BIL24DI42, 2
#EIBILAC LU/SF 2. 3
#EIEILATZ[SF 2. 4

o M #7IBILRS 4854222 . 5

EH#SIBSIqusK 3.0

;--E#QIBILHPWRINFDS. 1

#I0IBIL 2401235 .2
B #111EIB24DISD084 .0

Unconnected
Device Process Dat. .. | jf[e] | Data ... | Byte.Bi Port | Symbolfariable |
#11IEBIEZ4DIEDOS 4, 0 QuTn Q BCDL 0.0 o111 CHF_IEZ061 RES_IBZ061 Y ) xLED3
#11IEBIEZ4DIEDOS4 . O QUT1 Q BCOOL 0.1 01 21 CHF_IBZ2061 RES_IB2061 4% O_xLED4
#11IEBIEZ4DIEDOGE4 . 0 QuT2 o} B0l 0.2 o1 1.4 CHF_IB2061 RES_IBZ061 3 Q_4_0_0UTZ2
#11IBIE24DIEDOE4 . 0 OuT3 Q BOOL 0.3 o1 2.4 CHF_IBZ061 RES_IBZ061 3 Q_<_0_0UT3
#11IEBIEz4DIEDOS4 . 0O QuT4 Q BOOL 0.4 02 1.1 CHF_IEZ061 RES_IBZ061 3 Q_<_0_0UT4
#11IEBIEZ4DIEDOS4 ., 0 QuTS Q BOOL 0.5 0221 CHF_IBZ061 RES_IBZ061 % Q) 4 0 QUTS
#11IEBIEZ4DIEDOS4 . 0 QUTE Q B0 0.6 02 1.4 CHF_IBZ061 RES_IBZ061 % Q) 24 0 _OUTA
#11IBIE240I60084 .0  CUT? Q BOOL 07 02 2.4 CMF_IB206  colect al P
#111BIE24DIS0084. 0 IND I BOOL 0.0 1.1 CHF_IB206  cpmch,. ——-
#11IEBIE24DIEDOE4 . 0 M1 I BOOL 0.1 I1 2.1 CMF_IBZ06
#11IEBIEz4DIEDOS4 . O Mz I BOOL 0.2 I11.4 CHF_IEZ06  Filker b
#1LIEBIEZ4DIEDOS4 ., O MG I BOOL 0.3 I1 2.4 CMNF_IE206 o Color-coded wiew
#11IEBIEZ4DIEDOS 4 . O IM4 I B0l 0.4 1211 CMF_IB206  Conpect (hr| B
#111BIE24DIE00G4. 0 INS I EBOOL 05 1221 CHF_IB206  pisconmect P
#111BI524DISD0G4.0  ING I BOOL 06 214 CHF_IB20B  poake varisble e
#11IEBIE=4DIEDOE4 ., 0 M7 I BODL 0.7 12 2.4 CMF_IBZ06 search Variable il
#11IEBIEZ4DIEDOS4 ., O ~OI & I BY¥TE 0.0 T
#11IEBIEZ4DIEDOS4 . 0 ~D0 g Q BYTE 0.0
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PV2 @ 1/O control for process data variables

Once you have created variables for the process data objects to be used, compile the
project:

Click the icon above or the F9 function key.

After successful compilation, transmit the project to the main memory of your controller.

@ Documentation: Page A1-10

Change to Programming View (if not already done) and open the global variables table. The
variables that you created yourself have automatically been added to the Auto group.
Minimize all other variable groups (Default, System Variables) and activate the debug mode
(status indicator) of the controller.

\
5.9_'90!!9!,!2@999}\\?@
I 2 WA e &%

Click the icon above or the F10 function key.

Check the states of your input variables and click the button to the left of the variable names
to open the debug dialog box for individual variables. Check the functionality of your outputs
by controlling them.
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PV3 @ Adapting variable names

In the global variables table, modify the names of the automatically generated variables so
that they can easily be related to hardware connection.

Create a new Process Variables variables group and shift the variables to this group without
losing the connection to process data.

@ Context menu for a variables group

Project Tree Wk S| = lobyarTab:CNF _182061.RES 182061 =l0x
E-E Project : C:\Projects\IB2061_E_complete_back_1 Name | Type | Usage Description | Ini
(3 Libraries = Defaut
E]'E] Data Types -
- L[5 UDT_SYSTEM [ System variables
=43 Logical POUs [l Auto
’lgl’ PGT’SO?SS 0.4.0.0012 BOOL \VAR_GLOBAL
[SE wsical Hardware
B LHIE oot ARk 14002 BOOL VAR _GLOBAL
=@ RES_IB2061 : ILC370PN
B8 Tasks
i E-[0] P32_xxx: DEFAULT
@ |_Process : PG_Process
-3 GlobVarTab
“ffH 10_Configuration
& | = | @8] A
ik | | -
— In variables tables, contents can simply be overwritten after selecting the cell.
LYy, When a cell is selected, the cursor jumps to position 1 of the text when using
=] the Pos1 key, and to the end when using the End key.

To mark a row, the gray button in variables tables located left to the variable
name can be used. If a row is marked, it can be moved exactly using a red
target line (without losing process data connection).

You will find a complete list of all key functions when searching for “Shortcuts” in
0 the help system and selecting the “Shortcuts” hit in the variables worksheet
\_/l given in tabular form.
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PV4 @ Use of direct inputs (optional)

In the global variables table, direct controller inputs and outputs are available as system
variables. For reasons of compatibility, these variables must not be renamed. However, to
make them available to the project in a customized manner, it makes sense to copy these
signals to individually named variables in the program called first within a PLC cycle.

PV5 ‘3 Customization of the project

If a project template is used, the elements in the project tree always receive the same
standard names. Adapt these to the course standard using the Element Properties dialog
box.

Project Tree Window 3 |

El- ’a Project : C:\ProjectshIB2061_E_complete_back_1

El t—] Data Types
: . UDT_SYSTEM <——
E] Logical POUs
. ®-{0] PG_Process <—
@8 Physical Hardware
=-@8 CNF_IB2061: ARM_L_40  <—
=-@8 RES_IB2061 : ILC370PN <
588 Tasks
: E]@ P32_xxx: DEFAULT <—
T 7 (O] I_Process: PG_Process
iﬁ GlobVarTab <——
13 ] 10_Configuration

IEEEEE

' ) The Element Pproperties dialog box of the project tree can be called via the key
& combination Alt+Enter or via the context menu.
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Tasks regarding programming in function block diagram

FBDa [ First programming

In the worksheet of the PG_Course program, develop programming in such a way that the
requirements below will be met.

Switchl Switch2 Switch3 Lightl
Combination 1 True True True True
Combination 2 False True True True
Combination 3 True False True True
Combination 4 False False True True
Combination 5 True True False False
Combination 6 False True False True
Combination 7 True False False False
Combination 8 False False False False

To parameterize your logic connection, use your automatically created and renamed
variables instead of the names predefined in the table.

Documentation: Page 12-6
@ Documentation: Section 10
\—/ Block help from the context menu/edit wizard/appendix

Instead of using a NOT block, some blocks (e.g., those the Boolean logic can
be used for) allow input and output parameters to be inverted.



PHCENIX
CONTACT

FBDb =l First function

FU Start FBD
1 xSwitch3 IN x1 xLED2
1 xSwitch4 IN x2
1 xSwitch5 IN x3

Add a Functions POU group to your project tree. To this group, add a new function with the
name FU_Start_FBD using function block diagram as the programming language.

This function should provide the same logic as the previous programming and should be
called in the program (instead of the previous programming).

It is now required to internally use variables of the “VAR_INPUT usage” and the output
parameters of the function instead of global variables.

When assigning names to input parameters of function and function blocks, use
) more general names such as IN1 and IN2 instead of Switchl and Switch2. The
% | selection of a name should be based on the parameter function and not on the
process variable that is accidentally connected to the parameterizable block

within a project.

@ Documentation: Section 10 and pages 13-5ff.

10
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I xSwitch3—]
I xSwitchd—
I xSwitch5—

xLED2
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Add a function with the name FU_Xor3_FBD to your project tree. This function should meet
the following requirements:

FU Xor3 FBD
False
False
False
True
False
True
True

False

IN1 IN2 IN3

Combination 1 True True True
Combination 2 False True True
Combination 3 True False True
Combination 4 False False True
Combination 5 True True False
Combination 6 False True False
Combination 7 True False False
Combination 8 False False False
@ Block help from the context menu/edit wizard/appendix

p— Instead of using a NOT block, some blocks (e.g., those the Boolean logic can
() be used for) allow input and output parameters to be inverted.

=]

For a systematic approach, check the cases where the output parameter should

have the value True. Represent these cases separately.
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FBD2 Function block FB_TFlipflop_FBD
FB_TFlipflop_FBd_1

FB TFlipflop FBd
I xSwitché IN xTrigger OUT xSignal xLED3

Add a Function blocks POU group to your project tree. To this goup, add a new function
block with the name FB_TFlipflop_FBD
using function block diagram (FBD) as the programming language.

The function block should behave as follows:
If a rising edge is detected at the IN input parameter, then the OUT output parameter is to be
inverted.

@ Block help from the context menu/edit wizard/appendix

Divide the task in two subtasks and combine the solutions afterwards.
Formulate the task for yourself.

=

Blocks that can be helpful for creation (not all of them must be used):

W)
R_TRIG_1
NOT R_TRIG
Kk O

RS_1

RS
s SET il
RESET1

12
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FBD3 Function block FB_Cascade _cycle FBD

FB_Cascade_cycle_FBD_1
FB Cascade cycle FBD

I xSwitch? IN xActive OUT xSignal xLED4
tSwitchOnDelay IN tOn
TIME#500ms IN tOff

Add a function block with the name FB_Cascade cycle FBD to your project tree using
function block diagram as the programming language.

The function block should behave as follows:

If the IN_XxActive input parameter is set to True, the OUT_xSignal output parameter should
immediately follow and be set to True. As long as IN_xActive is set to True, the OUT_xSignal
should be set to True for the time specified for IN_tOn and then switch to False for the time
specified for IN_tOff. This switching shall continue until IN_xActive is set to False. In this
case, the OUT_xSignal should also change to False immediately.

This behavior is shown in the following diagram:

------- A~ - — > True
IN i
—— - - - mmmmmEmm e e e e ——————————— ;—: L Fa.fse
------- o — woo-o--- True
ouT :
__________________ S— Se— l—r__________n—n._________.:—b__ False
«—
— IN_ ton >
-~ t
IN_tOff

. Block help from the context menu/edit wizard/appendix
i

Use the time diagram to develop programming step by step, i.e. section by
section.

An alternative option is based on the idea of two overlapping signals: the
continuous activity signal and an alternating interference signal.

Blocks that can be helpful for creation:

TOM_1
AND TaN

N O
PT ET

MNOT

13
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FBD4 Functions for analog value processing

[a] [l Basic functions: FU_Norm_FBD

FU Norm FBD
I wvoltage IN wAnalog iScaledValue

Add a function with the name FU_Norm_FBD to your project tree. This function is to scale
an analog value provided by an analog input module according to the following scheme:

Analog input value Representation Scaled value

0-10V (<[ 1 [ teekeafatbslvaiiak | [=[x[x] 0. 100meims

@ Block help from the context menu/edit wizard/appendix
S Device data sheet

Please note that a conversion in data types is required for scaling. These data
types are intended for parameterizing arithmetic basic functions and provide a
=) value range sufficient for calculations.

Blocks that can be helpful for creation (not all of them must be used):

Y, TR 5L o VUL
Ul N WORD_TO_X R SR _TO_INT,
N N s

14
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[b] [l Extension by binary range selection: FU_NormSel FBD

IN wAnalog

IN xSelection

In the project tree, create a copy of the function programmed for task [a]. Change the POU
name to FU_NormSel_FBD and add the IN xSelection parameter to the programming.
This parameter causes the scaled value to be indicated in percent (with IN xSelection =
False) orin per mil (with IN xSelection = True).

Analog Scale Representation Scaled value

input value

0-10V False (x| [ [ 1eBitiadatbogfvalup | [x]x]x] 0..100000ima1

0-10V True [x[ | [ 1pRit{adatbgvalue | [x]x[x 0..1000400ina

Additional blocks that can be helpful for creation:

SEL
(& 0

IND
N1

[c] E Extension for user-defined scaling: FU_NormMinMax_FBD

U NormMinMax FBD

I wVoltage IN wAnalog iScaledValue
-20 IN iMin
80 IN iMax

In the project tree, create a copy of the function programmed for task [a]. Change the POU
name to FU_NormMinMax_FBD and add two INT input parameters - IN iMax and
IN iMin - to the programming. These allow the user to dynamically adjust the upper and
lower value of the scaled value via the defined values. Scaling should be linear.

Analog Min..Max Representation Scaled value
input value
0-10V -20..80 x| | | tpeietadatogvalue | [x[x[x] -20..804ecinal

Additional blocks that can be helpful for creation:

UL

15
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Tasks regarding programming in ladder diagram

LD1 = Function FU_Xor3_LD

Q xLED2

Add a function with the name FU_Xor3 LD to your project tree. This function shall perform
the same task as the function of task FBD1.

16
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LD2 Function block FB_TFlipflop LD

FB_TFlipflop LD 1

FB TFlipflop LD
I xSwitch& IN xTrigger OUT xSignal xLED3

Add a function block with the name FB_TFlipflop_LD to your project tree. This block shall
perform the same task as the function block of task FBD2.

Consider how you can realize and program an edge evaluation using the elements of ladder
diagram and, in addition to this, implement the inversion via contacts and caoils, in order to
not require the use of function blocks.

17
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Tasks regarding programming in instruction list

IL1 =l Function FU_Xor3_IL

Q xLED2

Add a function with the name FU_Xor3_IL to your project tree. This function shall perform
the same task as the function of task FBD1.

@ Documentation: Page 14-6
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IL4 Functions for analog value processing

[a] [Zl Basic functions: FU_Norm_IL

FU Norm IL
I wVoltage IN wAnalog iScaledValue

Add a function with the name FU_Norm_IL to your project tree. This function shall perform
the same task as the function of task FBD4[a].

@ Documentation: Page 14-10
L

For branches to be executed in parallel, use brackets or local variables
i (intermediate markers) in instruction list.

[b] Zl Extension by binary range selection: FU_NormSel_IL

FU NormSel IL

I wVoltage IN wanalog

iScaledValue
I xSwitchl

IN xSelection

Add a function with the name FU_NormSel_IL to your project tree. This function shall
perform the same task as the function of task FBD4[b].

[c] Zl Extension for user-defined scaling: FU_NormMinMax_IL

FU MormMinMax IL
IN wAnalog

IN iMin

IN iMax

Add a function with the name FU_NormMinMax_IL to your project tree. This function shall
perform the same task as the function of task FBD4[c].
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IL3 Function block FB_Cascade_cycle IL

FB_Cascade_cycle ST 1
FB Cascade cycle ST
I xSwitch? IN xActive OUT xSignal

tSwitchOnDelay IN tOn
TIME#500ms IN tOff

Add a function block with the name FB_Cascade_cycle_IL to your project tree. This block
shall perform the same task as the function block of task FBD3.

@ Documentation: Page 14-12
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IL2 Function block FB_TFlipflop_IL

FB_TFlipflop IL 1

FB THipflop IL
I xSwitchGA[ IN xTrigger OUT xSignal xLED3

Add a function block with the name FB_TFlipflop_IL to your project tree. This block shall
perform the same task as the function block of task FBD?2.

Consider how you can realize and program an edge evaluation using the elements of
instruction list and, in addition to this, implement the inversion via conditional execution, in
order to not require the use of function blocks.

@ Documentation: Page 14-15
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Tasks regarding programming in sequential function chart

SFC5 Function block FB_Traff light SFC

[a] Basic functions

Add a function block with the name FB_Traff light SFC to your project tree. This function
block is to be programmed in sequential function chart (SFC).

FB_Traff light SFC_Basic_1
FB Traff light SFC Basic

T#8s IN tRed OUT xRed xRed
T#ls IN tRedYellow OUT xYellow xYellow
T#10s IN tGreen OUT xGreen xGreen

T#3s IN tYellow

In the first step, the basic functions of a single signal device are implemented, i.e. the
sequence Red | Red-Yellow | Green | Yellow.

The input parameters (Time data type) are used to provide the block with the phase lengths.
The individual light controls are called via the output parameters.

The output parameters should be created as action variables (without using action zooms).
The transitions, however, should be programmed as transition zooms (any IEC 61131
language).

The sequence of the corresponding light phase is used as a transition condition.

O Documentation: Section 16
=4
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[b] Extended functions with error flashing

Add the IN_xInterrupt input parameter to the function block created for task [a]. Controlling
this input should enable direct jumping to an alternative branch which has been inserted in
parallel to the four previous action steps. Its sequence triggers a flashing yellow light (f = 1
Hz). This error mode is to be replaced by normal operation after resetting the IN_xInterrupt
input parameter.

FB_Traffic_lights SFC_2
FB Traffic Tights SFC h
I xSwitch8— IN xInterrupt OUT xRed f—xRed

T#8s— IN tRed OUT xYellow f—xYellow
T#1s— IN tRedYellow OUT xGreen —xGreen
T#10s— IN tGreen
T#3s— IN tYellow

The deactivation of the currently active step (all steps except for the error mode steps) and
the activation of the first error step is to be implemented via the StepName.x step flag (e.g.
S RedYellow.x) of the steps.

As each transition zoom is executed in each cycle, the required error logging
L) can be implemented in each zoom. It would make sense to implement this
i programming in the zoom of the initial step.

Use the following step scheme as an orientation help for programming:

[T

The step chain shown above uses four steps for traffic light control in normal
operation, two steps for error flashing and an additional step as the initial step.
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Tasks regarding programming in structured text

ST1 =l Function FU_Xor3_ST

xLED2

Add a function with the name FU_Xor3_ST to your project tree. This function shall perform
the same task as the function of task FBD1.

@ Documentation: Page 18-6
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ST4 Functions for analog value processing

[a] [l Basic functions: FU_Norm_ ST

FU Norm ST
I wVoltage IN whnalog iScaledValue

Add a function with the name FU_Norm_ST to your project tree. This function shall perform
the same task as the function of task FBD4[a].

O Documentation: Page 18-8
=

For functions to be executed in parallel and serially, you have to use brackets or
local variables (intemediate markers) in structured text.

=

[b] &l Extension by binary range selection: FU_NormSel_ST

FU NormSel ST
1 wVoltage IN whAnalog 1 ScaledValue
I xSwitch? IN xSelection

Add a function with the name FU_NormSel ST to your project tree. This function shall
perform the same task as the function of task FBD4[b].

[c] = Extension for user-defined scaling: FU_NormMinMax_ST

U NaormMinMax S
IN wAnalog

IN iMin
IN iMax

Add a function with the name FU_NormMinMax_ST to your project tree. This function shall
perform the same task as the function of task FBD4[c].
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ST3 Function block FB_Cascade _cycle ST

FB_Cascade cycle ST 1
FB Cascade cycle ST
IN xActive OUT xSignal

IN tOn
IN tOff

I xSwitch7
tSwitchOnDelay-
TIME#500ms:

xLED4

Add a function block with the name FB_Cascade_cycle_ ST to your project tree. This block
shall perform the same task as the function block of task FBD3.

@ Documentation: Page 18-10

ST2 Function block FB_TFlipflop_ST (optional)

FB_TFlipflop_ST 1

FB THipflop ST
I xSwitché IN xTrigger OUT xSignal xLED3

Add a function block with the name FB_TFlipflop_ST to your project tree. This function shall
perform the same task as the function block of task FBD2.

Consider how you can do without function blocks when using high-level language structures.

@ Documentation: Page 18-17

Re-read the formulation of functionality in task FBD2.

3
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ST5 Function block FB_Traffic_lights_ST (optional)

[a] Add a function block with the name FB_Traffic_lights_ST to your project tree. This block
shall perform the same task as the function block of task SFC5.

FB Traffic_lights ST
IN tRed OUT xRed
IN tRedYellow OUT xYellow
IN tGreen OUT xGreen
IN tYellow

Consider how you can implement the step chain following the example of the
=) alternative solution for FBD3.

@ Documentation: Page 18-23

[b] Extend programming by an IN_xInterrupt input parameter, in the same way as with
sequential function chart.

FB Traffic lights ST 1

*— IN xInterrupt OUT xRed f—=
*— IN tRed OUT xYellow f—=
*— IN tRedYellow OUT xGreen —*
*— IN tGreen
*— IN tYellow
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ST6 Logging of INTERBUS errors with FIFO memory

The target of the complex task ST6 is to log bus errors reported by the INTERBUS controller
(including date, time, segment, position and plain text information on the respective device).
This error message should be recorded in a FIFO (First In First Out) memory using ten
elements. Element 1 should always be used to output the current error message.

[a] Data type definition

| 1.  Definition of a structure data type according to the message requirements

ST _Message

L Date Type: String
L Time Type: String
L Segment Type: Int

L Position Type: Int

| 2.  Definition of an array data type according to the message list requirements

AR_1 10 Message

Type: Array [1..10] Of ST Message
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[b] [E Program for error logging:

Add a program with the name PG_Messages in structured text to your project tree. Once
completed, instantiate the program by calling the cyclic task available in your project under
the name |_Messages.

@ For information on functions required for the following tasks, please refer to the
& last pages of the task in hand.

The program should perform the following tasks in five steps:

1.  Processing values provided by the system variables and saving them to local variables.

Use two-digit values for day, month, hour, minute, and second. Use a four-digit value for the
year.

Variable Usage Data type
strDay VAR String
strMonth VAR String
strYear VAR String
strHour VAR String
strMinute VAR String
strSecond VAR String
iSegment VAR String
iPosition VAR String

2. Combining time and date values to string variables of the following format:

Use the standard formats for date and time:
Example for date: " 26.01.2007"
Example for time: 714:17:52"

Variable Usage Data type
strDate VAR String
strTime VAR String
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3.  Entering the compiled information of the previous steps in a local variable.

Variable

Usage

Data type

stCurrentMessage | VAR

ST Message

RTC_DAY

strTag

&

strDatum

e

RTC_YEAR

strdahr

MASTER_DIAG_STATUS_REG_HI

stAktuelleheldung

iISegment

Graphical overview of conversions and assignments (selection)
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the message list.

4. Creating a global variable for entering the current message. This variable represents

Variable Usage

Data type

arMessagelList | VAR _GLOBAL

AR 1 10 Message

To update the message list, first copy the content of element 9 to element 10, then from
element 8 to element 9, etc. Finally, the current message is entered in element 1.

arteldungsliste[1] é
0. €

arhleldungsliste[Z]

8.

arteldungsliste[3]

arkeldungsliste[4]

arkleldungsliste[S]

arkeldungsliste[6]

ariMeldungsliste[7]

arkleldungsliste[8]

arkeldungsliste[4]

ATATATATATATATA

arkleldungsliste[10]

stakiuelleMeldung

This update can be done manually by means of ten separate statements or
O implemented via a For loop and an additional assignment. The For loop is not
A 4 able to count down the control variable. This represents a special challenge
when programming the For loop.

| 5.  Conditional execution of the entry routine

The entry routine should only be executed, if the falling edge of the error-detecting bit and
the pending bus error bit of the INTERBUS master are detected by the program. With regard
to detection, use the system variables provided by the controller (additional information can

be found in the appendix).
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[c] I Device namein plain text

The following tasks enable the respective device name to be shown in plain text.

| 1. Extending the ST_Message data type by one parameter.

ST_Message
L Name Type: String
2. Integrating a user library.

Integrate the o BIB_IBS _CFG_INFO_V1_0_D.zwt library in the current project.

The library provides the following elements:

Data types:

IBS_ST_Devinfo

L Name Type: 1BS String20
L Segment Type: Int

L Position Type: Int

L Active Type: Bool

L Jumpered Type: Bool

LPF Type: Bool

IBS_AR_1_512_ Devinfo
LARRAY [1..512] OF IBS ST DevInfo

IBS_ST_Cifginfo

L DevCnt Type: Int
L DevinfoList Type: IBS AR 1 512 DevInfo
Programs:

PG_InterbusConfiguration

The program reads the active INTERBUS configuration from the INTERBUS master using
the Read_Complete_Configuration firmware service and determines the number of devices
within the configuration. The data acquired is entered in the stIBS structure variables
(module segment and position, active status and jumpered status, peripheral fault occurred).
The structure variables are sorted according to the consecutive number of the modules. In
addition, the program reads the Diag32 file saved on the memory card of the controller by
sending the boot project. In the stIBS variable, the station names for the IBS modules which
are saved in this file (with the initial value for the variable iStartTabulatorForDetail =
10) are added to the already acquired module information.
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3.  Program call and parameterization

Instantiate the program provided by the library and call the program via the cyclic task
available in your program.

In the context menu of the project tree, select the function for transforming VAR_EXTERNAL
into VAR_GLOBAL.

For the iStartTabulatorForDetail Vvariable, assign the value specified in the
description.

4.  Using the device name from the configuration structure variable.

Check the stIBS variable for entries with regard to segment and position and use the entered
name from the variable, on condition that both parameters match the values currently
provided by the IBS master.

segment (segment: 0) or an OUT1 or OUT2 device interface error has occurred.
In the event of interface errors, the segment variable indicates the segment of
the reporting remote bus device, the position variable has the value 80y for
OUT1 or 81y for OUT2.

: Consider the following situations: The IBS master is reported as a faulty
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Support for task ST6

o

@

For [b] 1. System variables, realtime clock, INTERBUS diagnostics

The following system variables provide information on the system time of the
ILC:

RTC_Year INT (four-digit)
RTC_Month  INT
RTC_Day INT

RTC_Hours INT (24h-indication)
RTC_Minutes INT
RTC_Seconds INT

The following variables provide information on the bus error, active bus error
diagnostics and the respective device:

MASTER_DIAG_PARAM_REG_HI BYTE (Segment)
MASTER_DIAG_PARAM_REG_LOW BYTE (Position)
MASTER_DIAG_STATUS_REG_BUS BOOL (IBS bus error)
MASTER_DIAG_STATUS REG_DTC BOOL (IBS diagnostics active)
For [b] 1. Data type conversion Word_To_Int

When converting a byte variable into an integer value, please note that the most
significant bit is the sign bit. If a byte without sign bit is to be converted, it is
recommended to use the word data type in a roundabout way. The call structure
is then as follows:

IntVar := Word to Int(Byte To Word(ByteVar));

This is the nested call of functions, as it is typical for structured text. Example for
conversion with sign bit:

Byte#2#1001 0101 = Byte To Int = -107
Byte#2#1001 0101 - Byte To Word => Word To Int => 149
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For [b] 1. Data type conversion Int_To_String

INT_TO_STRING is the function for converting an integer variable in a string
variable. This function requires two input parameters, i.e. the integer to be
converted (of integer type) and the format (of string type) into which the string is
to be converted. The call in structured text is as follows:

String := Int To String (INT Variable, Format);
Example:

INT_Value : 4

Format: r502d’

String: r04’

(The number is indicated with two digits and leading zeros.)

INT_Value: 2007

Format: r%044d’

String: r2007"

(The number is indicated with four digits and leading zeros.)

For [b] 2. Concat string concatenation

CONCAT is the function for combining two strings to a new string. It is used as
follows:

New string := Concat(stringl, string2);
Example:

String 1 : " PC WORX'

String 2: ' is awesome!’

New string: "PC WORX is awesome!’

Spaces in the string (as in front of 'is') are also used. Please consider that
only two values can be combined using CONCAT. To set up date and time,
CONCAT has to be called four times in each case.
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Solutions for the

PC WORX IEC 61131 Programming Course

Latest version: 5. Februar 2014
Reference: PC WORX 6.00.25 SP3.73

Solutions regarding programming in function block diagram

FBDa (] First programming

FBDb = First function

FBD1 @ FU_Xor3_FBD

FBD2 FB_TFlipflop_FBD

FBD3 FB_Cascade cycle FBD

FBD3 FB_Cascade_cycle_FBD (alternative solution)
FBD4[a] [ FU Norm_FBD

FBD4[b] =l FU_ NormSel FBD

FBD4[c] [ FU NormMinMax_FBD

Solutions regarding programming in ladder diagram
LD1 I FU_Xor3 LD

LD2 FB_TFlipflop_LD
Solutions regarding programming in instruction list
IL1 T FU_Xor3 IL
IL4[a] = FU_Norm_IL
IL4[b] = FU_NormSel_IL
IL4[c] = FU_NormMinMax_IL
IL3 FB_Cascade cycle IL
IL3 FB_Period_cycle_IL (alternative solution)
IL2 FB_TFlipflop_IL

Solutions regarding programming in sequential function chart

SFC2 FB_TFlipflop_SFC (no task assigned)
SFC5[a] FB_Traff_light SFC
SFC[b] FB_Traffic_lights SFC
Solutions regarding programming in structured text
ST1 T FU_Xor3 ST
ST4[a] @ FU_Norm_ST
ST4[b] @ FU_NormSel ST
ST4c] = FU_NormMinMax_ST

ST3 FB_Cascade_cycle ST

ST3 FB Period_cycle ST (alternative solution)
ST2 FB_TFlipflop_ST

ST5 FB_Traffic_lights ST

ST6[a] Data type declaration
STe[b+c] [I1PG_Messages
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Solutions regarding programming in function block
diagram

FBDa [ First programming

Variables table|

Marne Type Uzage Deszcription |
[l Global varaibles
|_xSwitch BOOL WAR_EXTERMNAL Swyitchblock: Schatter 1 (direct input)
|_xSwitch2 BOOL WAR_EXTERMNAL Swyitchblock: Schatter 2 (direct input)
|_xSwitch3 BOOL WaR_EXTERMAL Swvitchblock: Switch 3
|| xLEmM BOOL WaR_EXTERMAL LEL 1

lProgramming|

I xSwitchl
I xSwitch2 —OR
—0Q xLED1
I xSwitch3
e
FBDb = First function
Variables table|
Mame Tupe Uzage Drezcription
= H
M BOOL WAR_IMPUT
IM_x2 BOOL WAR_MPUT
M3 BOCL WAR_MPUT
IProgramming|
AND
I x1
I Start FED
IMN %3
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FBD1

Variables table]

@ FU Xor3 FBD

Mame Type zage Drezcription
= 1H
IM_x1 BOOL WAR_INPUT
IM_x2 BOOL WAR_INPUT
IM_x3 BOOL WAR_INPUT
IProgramming|
(AND ) (OR
IN xl—e—a — Xor3 FED
N x2—T—20
IN x3 +—
(AND
L
(AND )
I x1—
IM xz2—a
I ®3—=

S01-3



FBD2

FB_TFlipflop_FBD

Variables table]
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Mame I Type I Uzage |Descripti0n I
L]
IM_xTrigger [BooL [ aR_INPUT | |
= 0UT
_|ouT_xsignal [BooL [ &R_OUTPUT | |
=] FB-Instnces
R_TRIG_1 R_TRIG VAR
L |rsn RS VAR
IProgramming|
F_TRIG_1 RS_1
R_TRIG RS
IN_xTrigger CLK SET Q1 —OUT _xSignal
AND
RESET
QUT _xSignal b o
IAlternative programming|
F_TRIG_1
R_TRIG XOR,
IM_xTrigger K Q T _xSignal
CUT _xSignal—
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FBD3 FB_Cascade cycle FBD

Variables table]

Mame Type Uzage Dezcription
= IH
IN_xActive BOOL W AR_IMPUT
IN_tOm TIME WAR_IMPUT
INM_tCrit TIME WAR_IMPUT
5 ouT
CUT_xSignal BOOL W AR_CUTPUT
TON_Oft TOM AR
= FB-Instances
TON_On TOM WAR
IProgramming|
(*Logic FBD 3%)
IN xActive—e OUT xSignal
TON On ‘
IN 0
TON Off.0 IN ton—{ PT ET|e el e
IN 0

IN tOff PT ET
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FBD3 FB_Cascade _cycle FBD (alternative solution)

Variables table]

Mame Type Uzage Description
ElH
| mM_xactive BOOL WAR_INPUT
__|m_ton TIME WAR_INPUT
In_tOff TIME WAR_INPUT
= ouT
CUT_xSignal [BooL [WaR_CUTPUT | |
=l FB-Instances
TOM_Period [T [WaR | |
IProgramming|
(*Logic FBD 3%)
TON Period.Q—<
. TON_ Period
IN xActive— —TON )
- IN Q=
IN tOn— -
IN tOff—
—
—OQUT xSianal
IN tOn— IN xActive—
e et

FBD4[a] E FU_Norm_FBD

Variables table|

Hame

Type I Uzage IDescription

=N

IM_wwAnalog

[wioRD

[+var_pUT |12Bi-Analog value

IProgramming|

IN wAnaloa IN
3 N

Word#16#0FFF—

o oo

40.95—

—i —FUJ Norm FBD
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FBD4[b] = FU_NormSel_FBD
Variables table]
Mare Type lzage Diezcription
=l H
IM_ertnalog WORD WAR_IMPUT 1 2Bit-analog value
IM_xSelection BoOL WAR_IMPUT Switching percentthousandth
FU_Morm_FBD STRIMNG VAR
IProgramming|
SHR AND DIV
IN wAnalog IN —FU Norm FBD
3 N
Word#16#0FFF—— Mt
(O
—SEL )
IN xSelection—] G
40.95— INO
4.,095— IN1
P—




FBD4[c]

Variables table]

VE

= FU_NormMinMax_FBD
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Type Lzage Diezcription
=]
I _wwnalog WORD WAR_INPUT 12Bit-analog walue
I _ibdin IMT WAR_NPUT hin value
I ik IMT WAR_INPUT Max value
[ Local Wariables
r & mplitude |RE&L WA Amplitude of the scaled signal
Programming|
(*Logik FBS 4c¥*)
IN iMax —i —tAmplitude
IN iMin
IN wAnalog—— IN IN
1— N 4 N
—_—
4095.0— ramplitude—
eeeeee—— M
—FU NormMinMax FBD
- IN iMin
e
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Solutions regarding programming in ladder diagram

LD1 @ FU_Xor3_LD

Variables table|

Hame I Tupe |Jzage Dezcription
= IH
IM_x1 BOOL WAR_IMPUT
IN_x2 BOOL WAR_IMPUT
I BOOL WAR_IMPUT

IProgramming|

o0t IN x1 IN X IN X3 FU Xor3 LD |
. - - o
T T X TP
<M T/e P

S01-9



Solutions

PHCENIX
CONTACT

LD2 FB_TFlipflop_LD

Variables table]

Mame I Type I zage I Description I
= IH
IM_xTrigger [BooL [vaR_NPUT | |
=l Local variables
wdrigger BOOL VAR
*hemory BioCL AR
1 OUT
OUT_xSignal JBcoL W AR_OUTPUT
IProgramming|
no1 . .
IN_xTrigger xMemo xtrigger
xTrig lemory tiog
1 I | I | Yy
IN_xTrigger xMemo
| Pg #HYY
1 Lt
DD|2 xtrigger OUT _xSignal OUT _xSignal
{ | * { /1 Ky
xtrdi%ger
OUT_xSignal OUT_xSignal
[ | R
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Solutions regarding programming in instruction list

IL1 @ FU_Xor3_IL

Variables table|

Mame I Type Jzage Description
_[Em
I_x1 BOOL WAR_IMPUT
IN_x2 Bl AR _IMPUT
_ |3 Bl WAR_IMPUT

IProgramming|

1

2 Ld IN x1
3 Andl IN xz2
4 Andl IN_x3
5 Or | IN x1
& Mot

7 ind IN x2
g Andl IN x3
2 )

10 or| IN x1
11  Not

12 AndN IN xz2
13 ind IN x3
14

iz st FU Xor3 Il

11



IL4[a] @ FU_Norm_IL

Variables table]

Mame I Type I Uzage

I D escription

PHCENIX
CONTACT

=)

_m_wanalog [ioRD [ R _INPLIT

Programming|

L R o B o e

Ld IN winalog
ahr 3

And Word#16#0FFF
Word To Real

Diwr 40.95
Real To Int

a3t FU MNorm IL

[12Bit-analog value

12



IL4[b] EIFU NormSel IL

Variables table]

PHCENIX
CONTACT

Marie I Type |Jzane Dezcription
=SR]
I _se 2mizlong WORD AR _IMPUT 1 2Bit-analog walue
IM_x=election BOOL WAR_INPUT Swyitching percentthousandth

Programming|

1

2 Ld IN winslog

3 aShr 3

g And Word#16H#0FFF
5 Word To Real

=) Diw| IN xZelection
7 Zel 40.95, 4.095
=] ]

= Feal To_ Int

10 a3t FU MNormZel TL

13
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IL4[c] @ FU_NormMinMax_IL

Variables table]

MHane I Type Uzage IDescriplion
=N
1M _wie Ao WWORD WaAR_IMPUT 1 2Bit-analog value
I _itdir INT WAR_IMPUT hir value
IM_itax INT AR _IMPUT Mz valie
=] Local variables
r&mplitude REAL VAR Amplitude of the scaled signal

Programming|

1

2 Ld IN iMax

3 Sub IN iMin

g Int_To Real

5 3t rimplitude
&

T Ld IN winalog
& ahl 1

= Shr 4

10 WMord To Real

il Diw 4085.0

1z Mul rimplitude
13 Feal To Int

14 Adld IN iMin

- =B FU NormMinMax I
16
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IL3 FB_Cascade cycle IL
Variables table]
Marie I Type I |lzane IDescriptinn
EIH
IM_zictive BOOL WAR_INPUT
IM_t2n TIME WAR_INPUT
IM_totf TIME WAR_INPUT
= ouTt
QUT _Signal BOOL WAR_QUTPUT
=] FB-Instances
TOM_On ToM WAR
_ | Ton_Off TOM WAR

lProgramming|

1 [* Logic IL 3 #)

2

3 Ld TN xhActive
4 Andn TCH Off. o
5 a3t TON On. IN
&

7 Ld IN ton

= a3t TON On.PT
9

i0 Cal TCH_On

11

12 Ld TON On.Q
13 St TCH Off. TN
14

15 Ld IN roff

16 a3t TCON OLf.PT
17

15 Cal TGN _Off

19

20 Ld IN xbctiwve
21 Andn TON On.Q
22 3t OUT_x3ignal

15
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IL3 FB_Period_cycle_IL (alternative solution)

Variables table]

M ame I Type Llzage I Dezcription
=l Global variables
EIH
IM_=&ctive Bl AR _MPUT
IR _t2n TIME WAR_INPUT
I _tioff TIME WAR_IMPUT
= ouT
OUT_xSignal [BocL [vaR_OUTPUT |
=l FB-Instances
__|Ton_Period [Toom |'aR |

lProgramming|

1 [* Logic IL 3 )

2

3 LN TCH Period.Q
4 And IN =hctive

E St TCHN Period.IN
£

7 Ld IN ton

g Add IN toff

a St TCH Period.PT
10

11 Cal Tol Period

1z

13 Ld TCH Period.ET
14 Lt IN ton

15 And TN =hctive

16 3t OUT x3ignal

16
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IL2 FB_TFlipflop_IL

Variables table]

Mame | Type I Uzage IDescriptian I
= IH
IN_sTrigger [BooL [var_MPUT | |
= ouT
OUT _xSignal [BooL ['vvar_outPuT | |
=l Local variables
shemary |BooL ['aR | |

IProgramming|

1 [* Logic IL 2 ¥)

2

3 Ld IN =Trigger
4 Ardh xMemory

5 Jrap CM NoTrigger

=

7 Ld OUT_=3ignal
a SCH OUT x3ignal
=

10 NoTrigger:

11 Ld IN xTrigger
12 ot xMemory

i3

17
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Solutions regarding programming in sequential function
chart

SFC2 FB_TFlipflop_SFC (no task assigned)

Variables table|

Mame | Type | Uzage IDescription
EL]
IM_xTrigoer |BooL ['aAR_INPUT [
= out
SOT_xSignal |BCoL ["aAR_oUTPUT [

IProgramming|

!—Staﬁ‘l@rt—l

IN xTriaqer IN xTriager
QUT xSianal OUT xSianal

St |—{ 5 |[ouTxSignal ] | Resst |—{ R | OUT xSignal |

IN xTriqqer—|

IN xTriaaer

18
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SFC5[a] FB_Traff_light SFC

Variables table]

Mame I Type zage I Dezcription
BN
In_tRed TIME WAR_IMPUT
IN_tRedellow TIME WAR_IMNPUT
IN_tGreen TIME WAR_IMPUT
It ellow TIME WAR_IMPUT
E OUT
OUT_xRed BOOL AR _OUTPUT
OUT el BOOL AR _OUTPUT
OUT_xGreen BOOL " AR _CUTPUT
=l FB-Instances
TOM_Rexd TOM AR
TOM_Redelow TOM AR
TN _Green ToM AR
TOM_Vellowy TQM AR
IProgramming|
(*Red*)
| SRed | —{ N | OUT xRed |
_ | T_Red
(*Red yellow*)
|S_RedYell* |—{ N OUT xRed |
N | OUT xellow |
_ | T_RedYellow
(*Green)
| S_Green |—[ N | OUT_xGreen j
_ | T_Green
(*Yellow*)
| S Yellow |—[ N | OUT xYellow j
_ | T_Yellow
Detail programming|
1 (* Switching tiwme implementation red yellaow #)
(*Switching time implementation red*) 2 - 5 Reatellow.x
TON Rot 4 St TON_Red¥ellow.IN
DN 5 Ld IN_tRed¥ellow
5 Red.x IN O T Red & =14 TON_Red¥ellow.PT
7
IN tRed PT ET g cal TCH_RedYellow
9
10 Ld TON_RedVellow.Q
11 =t T Red¥elloy

(*Switching time implementation yellow¥)

001 TON_ Yellow
S Yellow.x T Yellow
| Yelo IN O L I
IN tYellow PT ET[=

e S e

T Green

TON_GreeniIN
FT

[(* Switching time implementation green ¥)

3 _Green.x,
IN_tGreen):

TON_Greehn. Q;

S01-19
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SFC[b]

Variables table]

FB_Traffic_lights_SFC

T_Redtelow
{*Green*)

I S _Green H I

| OUT_xGreen]

_ | T_Green
{*Tellow*)

| S Yelow I—[ M

| OUT_xYeIIow]

T Yelow

Mame | Type | Usage | Description
ElH
IM_xInterrupt BooL AR _MPUT
IM_tRed TIME WAR_INPUIT
IM_tRed Y ellow TIME AR _MPUT
IM_tGreen TIME AR _MPUT
I _t* ellowe TIME WAR_IMPUT
EouT
QUT_xRed BooL AR _CQUTPUT
CUT _xvellow BoOOL WAR_CQUTPUT
QUT _xGreen BoOL AR _CUTPUT
=l Local Variables
wInterrupt Trigger BoOOL WAR
xInterruptmemory BoOL AR
El FB-Instances
TOM_Red TN AR
TOM_RedYellow TN AR
TOMN_Green TOM WAR
TOM _ellow: TN AR
TOMN_ellowCn TN AR
TOM_¥ellowOft TOM WAR
lProgramming|
{*Logic SFC 5*)
{*Start*)
5 _Start
_ | T_Start _ | T_Interruption
(*Rpd*)
| sRed —{ N | OUT xRed | | s velow* |—{ N [ OUT xvelow |
T _Ped 1 T _YelowOn
{*Red yellow*)
[S_Redvel*—{ N QUT Red | | S_velowoff |
[N | OUT sxvelow | T velowort
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Detail programming (in addition to part [a])|

T_Start

(*Forwarding in normal operationt)

001
| IN xan[helrrunt T Start
002(“"fGene:r:ate the interrupt trigger*)
| IN xInterrupt xIntem,m’trpemorv xInterryptTriaaer
1 A
xInterruptTriqaer

003(“"Reset the steps and activate interrupt signal¥)
| xInterryptTrigaer Sggl.x

J S Re%IYEIIow X

S Greenx

S YSI gw.x
L
S Yegos\gOn.x

T_Interruption

(*Forwarding for interrupt*)

00|1 IN xInterrupt T Intgrryption |
11

T_YellowOn/YellowOff

(*Interrupt signal yellow active*) {(*Interrupt signal yellow inactiwve¥)

TON_YellowOn
TON_YellowOff
S YellowOn.x IN Q T YellowOn
TH#is PT ET S YellowOff.x IN Q T YellowOff

T#ls PT ET

S01-21
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Solutions regarding programming in structured text

ST1

@ FU Xor3_ ST

Variables table|

I ame I Type ! Uzage Description

ElIN

IM_x1 BOOL AR _IMPUT

IM_x2 BOOL AR _IMPUT
I [ BOOL AR _IMPUT
lProgramming|
.|
2 FU Xor3 =T = TN #1 & Mot IN =2 & Mot IN x3
3 or IN =2 & Mot IN =3 & Not IN x1
4 Oor IMN %3 & Mot IN =1 & Mot IN x&:

22
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ST4[a] @ FU _Norm_ ST

Variables table]

Mame I Type I Llzage | Diezcription I
B
IM_vnialog [woRD [war_nPUT |12Bit-analag value |
=l Local variables
rFormatedyalue |REAL [var | |

lProgramming|

1 rFDrmatEdUalud
2 FUO MNorm 3T

Word To Real (3hr(IN winalog, 3) & Word#le#OFFF):
Feal To Int (rFormatedvalue Fo4a0.98) ;

ST4[b] EFU _NormSel ST

Variables table|

Hame Type zage Dezcription
= IH
IM_weAnalog WWORD AR_IMPUT 12Bt-analog value
IM_xSelection BOOL YaR_INPUT Switching percentAhousancth
=l Local variables
rDivizor REAL WAR
tFormated'/alue REAL SR

IProgramming|

i rFormatedialue = Word To Real (3hr (IN winalog, 3) & Word#l1lcH#OFFF) ;
Z rhiwvisor = 3el(IN xbiuswahl, 40.95, 4.035);
3 FO Norm 3T = Real To Int (rFormatediValus / rDhivisor):

ST4[c] EFU_NormMinMax_ST

Variables table|

Mame Type Lzage Description
(=01
_|IN_wAnalog WIORD WAR_INPUT 1 2Bit-analog walue
_|IN_iMin IMT WAR_INPUT hdin walue
I _ibvtax INT WAR_INPUT iz walue
[l Local variables
ramplitude REAL WAR Amplitude of the zcaled signal

IProgramming|

1 kﬂmplitude i= Int_to_Real(IN_iMax - IN_iMin]:

Z

3 rFormatedValue := Word To Real (3hr (IN winalog, 3] & Mord#1a#0FFF) ;

4 FU NormMinMax 3T t= Real To Int(rFormatedValue * 4095.0 * ramplitude) + IN iMin:

23
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ST3 FB_Cascade cycle ST

Variables table]

Mame Type Uzage Dezcription
=1 IH
| _Active BOOL VAR _IMPUT
~mton TIME YAR_INPUT
I _tf TIME WAR_IMPUT
= ouT
QUT _xSignal BiooL AR _QUTPUT
[ FB-Instances

lProgramming|

1

z2

3 TON CM{IN := IN xictive & Mot TON_Off.Q,

q PT := IN tOn):

5

& TOI‘-I_Off(II'-I H TOI'-I_On.Q,

e PT := IN tOff):

g

9 OUT_:-: H II‘-I_:-:Active & Mot TOI‘-I_OI]!.Q:

ST3 FB_Period_cycle ST (alternative solution)

Variables table|

Mame I Type Uzage Descniption
EIH
IM_se ictive BOOL &R _IMPUT
I_tCm TIME AR _INPUT
I_tiCfe TIME AR _IMPUT
= ouT
OUT_xSignal |BooL |var_outPuT |
= FB-Ingtances
TON_Period [T [vaR |

IProgramming|

TON Period(IN := Not TON Period & IN xActive,
PT IN ton + IN tOff):

Lo T o

OUT x3ignal (TON Pericd.ET > IMN tOn) & IN xdctive:

24
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ST2 FB_TFlipflop_ST

Variables table]

Mame I Type I Uzage IDescriptinn I
=N
IM_xTrigmer [BooL [var_MPUT | |
= ouT
OUT _xSignal [BooL [var_outPut | |
[= Local Yariables
iMemary |BocL [var [ |

lProgramming|

1

2

I If IN xTrigger & Mot xMemory Then
3 OUT _x3ignal := MNot OUT x3ignal:
5 End If:

£

i xMemory := IN xTrigger:;

IAlternative solution|

OUT x3ignal := OUT _x3ignal Xor IN xTrigger & Not xXMemory:
IN xTrigger;

B

xMemory

25
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ST5 FB_Traffic_lights_ST

Variables table]

Nare | Type |  Usage  |Desciiption
=N
IN_xInterrup BOOL VAR _INPUT
IN_tRed TIME VAR _INPUT
IN_tRedYellow TIME VAR_INPUT
IN_tGreen TIME VAR _INPUT
IN_tYellow TIME VAR _INPUT
= ouT
OUT_xRed BOOL VAR_OUTPUT
OUT _xVYellow BOOL VAR _OUTPUT
OUT_xGreen BOOL VAR_OUTPUT
[ Local Variables
tEndRedPhase TIME VAR
tEndRedYellowPhase TIME VAR
tEndGreenPhase TIME VAR
tEndYelowPhase TIME VAR
= FB-Instances
TON_Phase TON VAR
TON_Yellow TON VAR
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IProgramming|

1 (w-xxxxxxxxxxxvn:xaaa7:7:7:7:a7:7:a7:7:xxwwwwwwwwwxxxxxwzxxxtaaaaa7:7:7:7:aaaaxaxwwtwwwwwwtttxv:xt}
2 (* Resetting of the signals controlled by the textual step chain )
3 ,:wxwww*x*txxx**xxxxx*aa-wwa-axw1:1:1:wwxwxwwwww*xtt*-x*-x*xxxaxa1:a-aaww#xw*wtwtw*w*wwwtx**x)
4 OUT_xRed := False:

5 OUT_xYellow = False:

& OUT_xGreen = False:

7

8 (x****************x*aaxa-a-a-a-xxz-a-a-xrtt******************x*xa*a-a-a-*x*xt*rrtt***********)
=] (* Period creation for standard mode )
10 (t*************tt%tttt*a'a'**a‘ttt‘x“t‘t‘t**************ttttttttt*a'****tttttr************x)
11 TON_Phase (IN = Not IN_ xInterrup & Not TON_ Phase.Q,

12 PT = IN_tRed + IN_tRedYellow + IN_ tGreen + IN_t¥ellow):;

13

14 (**tttttttttttta’*tttt*a'a'a'a'a'a'a'a'a"#*******tttttttttttt**tttt*a'a'***************tttttttt)
15 (* Period creation for error mode *)
16 (xwwwwv:ﬁxzxwthwttttw1:a-1:a-a-a-a-a-a-n-ww1:1;wxwwwwwzﬂvxttwwwtwttttw1:a-1:**x**xrw*x*wxwwwﬁwﬁ*xﬁx)
17 TON_Yellow(IN := IN_xInterrup & Not TON_Yellow.Q,

18 PT := TH#500ms) ;

19

20 ,:wwwxxxxxxxxxxaxaaxxaa-a-aaaaaxwwwwwwwwwwwxv:xxxxxxxtxaaaxxxaaaaaaaxwwtwwwtwtwwwtxaxzx;
21 (* Creation of the switching times *)
22 ,:xwx**x******x**xtx:**wswa-w#xww1:1:xwxwtx*************tt:x***a-wa-wv:w#xw*xw*xtw*******x)
23 tEndRedPhase := IN tRed;

124 tEndRedYellowPhase := IN tRed + IN_ tRedYellow;

25 tEndGreenPhase = IN tRed + IN_tRedYellow + IN tGreen;

2 6 tEnd¥ellowPhase = IN_tRed + IN_tRedYellow + IN tGreen + IN_t¥ellow;

27

28 (t*#*********ttttttttt*a'a'**a‘*ttt‘t‘t***************ttttttttt*a'****tttttr*************)
29 (* Signal control after time elapsed and error state )
30 (***t##t***ttttttttttt*a'a'a'a'a'ttt*t*********ttt**tttttttttt*a'a'****ttttt*********#tt**)
31 If IN _xInterrup Then

32

33 OUT_xYellow := TON_Yellow.ET < DIV _T AI(TON_ Yellow.PT, 2):

34

35 Else

36 If TON_Phase.ET < tEndRedPhase Then

37

38 OUT_xRed 1= True;

33

40 ElsIf TON_ Phase.ET >= tEndRedPhase &

41 TON_Phase.ET < tEndRedYellowPhase Then

42

43 OUT_xRed 1= True:;

44 OUT_xYellow := True;

45

46 ElsIf TON_Phase.ET >= tEndRedYellowPhase &

47 TON_Phase.ET < tEndGreenPhase Then

45

43 OUT_xGreen := True;

50

51 ElsIf TOMN_Phase.ET >= tEndGreenPhase &

52 TON_Phase.ET < tEndYellowPhase Then

53

54 OUT_xYellow := True;

55 End If:

56 End If:
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ST6[a] Data type declaration

Worksheet for user-defined data types|

28
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1 Type

2 ST_Message : 3truct

3 zhate Ftring:
g 2Time String:
5 Segment Int;

& Position Int:

7 Iame Ftring:
g End Struct;

=

ia AR 1 10 Message : Array [1..10] ©Of 3T Message:
11 End Type
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ST6[b+c] [l PG_Messages
lLocal variables table]
tame Type Usage D escription I
= Global variables
=tBS BS_AR_1_512_Devinfo WAR_EXTERMAL
arMessagelist AR _1_10_Message WAR_ERTERMAL
[=] Local variables [Date]
strDate STRING WAR
strear STRING WAR
stridonth STRING WAR
strDay STRING W AR
= Locla variables [Time]
strTime STRING W AR
strHour STRING WAR
steMinute STRING AR
strSecond STRING WAR
= Local variables [Messages]
sthctualveszage 5T_Message WAR
i=Zegment INT W AOR
iPosition INT WAR
= Local variables
¥FauttSearchEnd BOOL WAR
*FautSearchictive Bl W AR
iSMr T WAR
iInclesx INT Y AR
iTaret T WAR
iSaurce IMNT W AR
= Sy=tem variables
MASTER_DIAG_PARAM_REG_HI BYTE Y AR_EXTERMAL
MASTER_DIAG_PARLM_REG_LOWY BYTE WAR_EXTERMAL
MASTER_DI&AG_STATUS_REG_BIUS BOOL Y AR_EXTERMAL
MASTER_DIAG_STATUS_REG_DTC BOOL WAR_EXTERMAL
RTC_HOURS INT Y AR_EXTERMAL
RTC_MINUTES INT WAR_EXTERMAL
RTC_SECOMDE INT Y AR_EXTERMAL
RTC_DAY INT WAR_EXTERMAL
RTC_MOMTH INT WAR_EXTERMAL
RTC_YEAR INT WAR_EXTERMAL
IGlobal variables table (extract)|
= User variables [Actual project]
stiBS IBS_AR_1_512_Devinfo VAR_GLOBAL INTERBUS Configuratio...
arMessageList AR_1_10_Message VAR_GLOBAL Message list
=l Inserted from ‘BIB_IBS_CFG_INFO_Y¥1_0_D’, POE 'PG_InterbusConfiguration®
iCounfOfDevicesByPW INT VAR_GLOBAL
iStartTabulstorForDetail INT VAR_GLOBAL 10
xCfgReadStart BOOL VAR_GLOBAL
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IProgramming|

LT R ¥ B R

L S ST R R R R B T L NS S et R T R R o o e T e o e o e e o o e Y
Ton b W MNEFEOWOW-J0OWm&HODREFEOWO-00m0&G60RRFEOWD-J0 0O &0MHF20

1* Troublezhooting ended at INTERETS *1

t*,.,,.,,.,,.,,.,_,.,_,.,_,.,_,.,_,._,NNNNNNNNNNNNNNNNNNNNNNNN,.,,.,,.,,.,_,.,_,.,_,.,_,.,_._,_.,_,._,,._,,._,,._,,._,,.,,.,,.,,.,,.,_,.,_,.,_,.,_,.,_,.,_,._,_,._,,._,,._,,._,,._,,._,,.,,.,,.,,.,,.,_,.,_.,NNNNNNNNNNNNNNNNN*:|
®FaultBearchEnd = MASTER DIAG STATUZ REG _BUS

4 Mot MASTER DIAC STATUZ DEG DTC

& xFaultZearchictive;

If xFaultSearchEnd Then

t* ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ *:|
(* Conwvert the EYTE walues to INT for the location *
t*NNNNNNNNNNNNNNNNNNNN_,.,_,.,_,._,_,._,,.“._,,.“._,,.“.,,.,,.,,.,,.,_.,_.,_.,_.,_,._,_,._,_,.“._,,.“._,,.“.,,.,,.,,.,,.,_.,_.,_.,_.,_,.,_,._,_,.“._,,.“._,,.“._,,.,,.,NNNNNNNNNNNNNNNNNNNNNN*:|
iBement := TWord To_Int(Byte To_Word(MASTER DIAG PARAM REG HI)):
iPosition := Word_To_Int(Byte To Word(MASTER DIAG PARAM REG LOW)):

[ e e S S A e ]

(* Conwvert the INT walues of the real time clock to STRING *

[ e et e e A A A Y A U 0 U A T 0 U A e e e e )

strDay := Int_To_String(RTC_DAY, '$02d4');

strMonth := Int_To_String(RTC_MOMTH, ':0zd'};

striear := Int_To_String(RTC_YEAR, '%0z2d4'};

strHour := Int_To_String (RTC_HOURE, ':0zd4'};

strMinute := Int_To_String (RTC_MINUTES, ':$02Zd');

striecond := Int_To_String (RTC_SECONDS, '$02d4');

t* ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ *:|

(* Assemble the converted STRING walues

[ e A Y R A R R R Y A Y A R A R A A R e e e e ]

strlate := Concati{strDay, '.'};
strDate Concat {strDate, strlMonth);
strlate Concat (strDate, '.');

strlate = Concati{strDate, strTear):

strTime Concat {strHour, ':-');
strTime Concat (strTime, strMimate);
strTime := Concat (strTime, ':')1;
strTime := Concat(strTime, striecond);

PR L |
(* Insert date and Time into the Message structure *h
[ et e e e ¢ A A A Y A U 0 P A AT 0 U T e e e e )
stlActualMessage. shate = strDate;
sthotualMeszage. stime = strTime;

[ e A Y R A R R R Y A Y A R A R A A R e e e e ]

30
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47
48
49
50
51
5z
53
54
EE
5&
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
7z
73
74
75
76
77
78
75
80
g1
82
83
54
8E
86
87
88
&9
20
91
9z

93

94

95

=]

a7

2z

93

100
101
10Z
103
104
105
106
107
10s
103
110
111
1l=
113
114
115
11e
117
115
113
1z0
121

{* Bead the nawe frowm the IBS configuration structure

PHCENIX
CONTACT

If ifegment = 0 and iPosition = 0 Then
stActualMessage. Seqment = iSecment;
stActualMessage. Position = iPosition;
stActualMessage Name = 'PLC' ;
Else
l:* NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN *:|
(* consider of OUTl- and OUTZ-faults 3
c* NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN *:|
Casze iPosition 0Of
0. _&3: For i8Nr := 1 To 512 Do
If stIBS[if8Nr]l.Seg = iSegment &
sIBS[i8Ne] . Pos = iPosition Then
sthictualMezsages . Sequent = iSeqment;
sthctualMeszsage. Position = iPosition:
sthctualMessage . sDhate = strDate;
sthctualMessage. =Time = strTime;
sthctualMessage. Name := stIES[i3Nr].Name:
Exit;
End If;
End_For;
1za: For i8Nr := 1 To E1Z Do
If s£IBS[i8Nr].Seg = iSegment 4
sLIBE[i8Nr]l .Pos = 0 Then
sthctualMessage . Segment ©= iSeqment ;
sthctualMessage . Position = 0;
sthctualMeszsage. sDate = strlate;
sthActualMessage . sTime = strTime;
sthctualMessage Name = Concat (stIBE[i8Nr] MName, '-00T1');
Exit;
End Tf;
End For;
1z9: For i8Nr := 1 To 512 Do
If seIBS[iSNr]l.Seg = ifegment &
stIBS[i8Nr] .Pos = 0 Then
sthictualMeszsage . Sequent = iSeqment;
stictualMessage . Position = 0;
sthctualMessage . sDate = strDate;
sthActualMeszage. sTime = strTime;
sthActualMessage Name = Concat (stIBS[i5Nr]  MName, '-0UTZ');
Exit;
End If;
End Feor:
End Case;
End If:
|:* NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN *:|
(* Update the message list 1
|:‘k NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN *J
For iIndex := 1 To 9 Do
ifource = 10 - iIndex:;

iTarget := ifSource + 1;

arMessagelist [iTarget] =
End For;

arMessagelist [

iSourecel] ;

§ T e e A A A A A R A A Y A A A A A A A A Y U A A AT R A A e e e e e e ]

(* enter the actual message into the message

arMessagelList[1] =
End Tf;

xFaultfearchicotive = MASTER DIAG STATUE REC DTC;

lis=t
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