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BEGKHOFF Foreword

1 Foreword

1.1 Notes on the documentation

This description is intended exclusively for trained specialists in control and automation technology who are
familiar with the applicable national standards.

The documentation and the following notes and explanations must be complied with when installing and
commissioning the components.

The trained specialists must always use the current valid documentation.

The trained specialists must ensure that the application and use of the products described is in line with all
safety requirements, including all relevant laws, regulations, guidelines, and standards.

Disclaimer

The documentation has been compiled with care. The products described are, however, constantly under
development.

We reserve the right to revise and change the documentation at any time and without notice.

Claims to modify products that have already been supplied may not be made on the basis of the data,
diagrams, and descriptions in this documentation.

Trademarks

Beckhoff®, TwinCAT®, TwinCAT/BSD®, TC/BSD®, EtherCAT®, EtherCAT G®, EtherCAT G10°, EtherCAT P®,
Safety over EtherCAT®, TwinSAFE®, XFC®, XTS®, and XPlanar® are registered and licensed trademarks of
Beckhoff Automation GmbH.

If third parties make use of the designations or trademarks contained in this publication for their own
purposes, this could infringe upon the rights of the owners of the said designations.

EtherCAT.

EtherCAT® is a registered trademark and patented technology, licensed by Beckhoff Automation GmbH,
Germany

Copyright

© Beckhoff Automation GmbH & Co. KG, Germany.

The distribution and reproduction of this document, as well as the use and communication of its contents
without express authorization, are prohibited.

Offenders will be held liable for the payment of damages. All rights reserved in the event that a patent, utility
model, or design are registered.

Third-party trademarks

Trademarks of third parties may be used in this documentation. You can find the trademark notices here:
https://www.beckhoff.com/trademarks.

TwinCAT 3 Version: 1.1.5 5
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1.2 For your safety

Safety regulations

Read the following explanations for your safety.
Always observe and follow product-specific safety instructions, which you may find at the appropriate places
in this document.

Exclusion of liability

All the components are supplied in particular hardware and software configurations which are appropriate for
the application. Modifications to hardware or software configurations other than those described in the
documentation are not permitted, and nullify the liability of Beckhoff Automation GmbH & Co. KG.

Personnel qualification

This description is only intended for trained specialists in control, automation, and drive technology who are
familiar with the applicable national standards.

Signal words

The signal words used in the documentation are classified below. In order to prevent injury and damage to
persons and property, read and follow the safety and warning notices.

Personal injury warnings

A DANGER

Hazard with high risk of death or serious injury.

Hazard with medium risk of death or serious injury.

A CAUTION

There is a low-risk hazard that could result in medium or minor injury.

Warning of damage to property or environment

The environment, equipment, or data may be damaged.

Information on handling the product

d This information includes, for example:
1 recommendations for action, assistance or further information on the product.

Version: 1.1.5 TwinCAT 3
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1.3 Notes on information security

The products of Beckhoff Automation GmbH & Co. KG (Beckhoff), insofar as they can be accessed online,
are equipped with security functions that support the secure operation of plants, systems, machines and
networks. Despite the security functions, the creation, implementation and constant updating of a holistic
security concept for the operation are necessary to protect the respective plant, system, machine and
networks against cyber threats. The products sold by Beckhoff are only part of the overall security concept.
The customer is responsible for preventing unauthorized access by third parties to its equipment, systems,
machines and networks. The latter should be connected to the corporate network or the Internet only if
appropriate protective measures have been set up.

In addition, the recommendations from Beckhoff regarding appropriate protective measures should be
observed. Further information regarding information security and industrial security can be found in our

https://www.beckhoff.com/secquide.

Beckhoff products and solutions undergo continuous further development. This also applies to security
functions. In light of this continuous further development, Beckhoff expressly recommends that the products
are kept up to date at all times and that updates are installed for the products once they have been made
available. Using outdated or unsupported product versions can increase the risk of cyber threats.

To stay informed about information security for Beckhoff products, subscribe to the RSS feed at https://
www.beckhoff.com/secinfo.

TwinCAT 3 Version: 1.1.5 7
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2 Overview

The TE1000 XAE (eXtended Automation Engineering) is the TwinCAT 3 development environment. Beckhoff
controllers can be programmed, diagnosed and debugged with this software. A controller is thereby mapped
by a TwinCAT project. Several TwinCAT projects can be combined in one Solution.

A TwinCAT project includes all settings relevant for commissioning and operating a controller, the sub-
projects for creating and instantiating application programs (PLC and C++), and the description and
parameterization of the I/Os in order to interact with the process to be controlled. The following
documentation explains the individual parts of a TwinCAT project in more detail.

8 Version: 1.1.5 TwinCAT 3
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3 SYSTEM

Function: This node contains the system configuration. This contains, among other things, the real-time
settings, the configuration of the tasks, the ADS routes as well as the type definitions and required licenses
of the project.

Call: Click on the arrow in front of SYSTEM.

Solution Explorer * A X
@& o-a L=
Search Selution Explorer (Ctrl+a) P~

fa] Solution ‘TwinCAT Project’ (1 project)

Fi !li TwinCAT Project

¥ License
b @ Real-Time
b B Tasks
=t= Routes
¥[n Type System
[&8] TcCOM Objects
MOTION
of PLC
SAFETY
E C++
B e

The individual sub-nodes are explained in more detail below.

3.1 System

Function: This node contains general information and settings for the present TwinCAT project. These are
presented in three tabs.

Call: Double-click on the node SYSTEM.

Solution Explorer * 0O X
@& o-a L=
Search Selution Explorer (Ctrl+a) P~

fa] Solution ‘TwinCAT Project’ (1 project)

4 “i TwinCAT Project

MOTION

o pPLC
SAFETY

E C++
b 170

TwinCAT 3 Version: 1.1.5 9
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3.1.1 General tab
WwinCAT Project] = % [

General  Settings  Additional Files

= TwinCAT System Manager Choose Target...
! v3.1 (Build 4440)

Wersion

Engineerng  +3.1 (Build 4026.1)
Target v3.1 (Build 4026) Local v2.1 (Build 4026)

Project v3.1 (Build 4026.1) [ Pin Version

Copyright BECKHOFF = 1596-2021
it/ S beckhoff .com

Choose Target.. Opens the Choose Target System dialog.

Version

Engineering TwinCAT Engineering version

Target TwinCAT Runtime version of the target system

Project TwinCAT version with which the project was created.

Local Local TwinCAT Runtime version

Pin Version Pins the currently used version of TwinCAT XAE Engineering to the project.

If the project is opened by double-clicking from the File Explorer or with the TwinCAT
version not yet selected (in the Remote Manager toolbar in the XAE no version is yet
marked as "Loaded"), the pinned version is automatically loaded if it is installed. For

more information, please visit in the PLC documentation the chapter Project delivery.

Choose Target System:

The TwinCAT 3 runtime system that is to be parameterized and programmed with the current project is
referred to as the target system. To select the target system, proceed as follows:

1. Press the Choose Target... button.

10 Version: 1.1.5 TwinCAT 3
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= The Choose Target System dialog opens.

Choose Target System

e 2l <Local> [17217.130.75.1.1]

Cancel

Search [Ethernet]...

Search [Fieldbuz]...

[] 5et as Default

Connection Timeout [z]: 4 Iil

2. Select the target system you want to program from the list of target systems connected to your computer.

3. If the desired target system does not yet exist, add it to the list. See also Target systems.

TwinCAT 3 Version: 1.1.5 1
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3.1.2 Settings tab

TwinCAT Project20 & X

General Settings Additional Files

Boot Settings
Auto Boot: (") Run Mode (Enable)

© Config Mode

Logon Settings
(] Auto Logon

User Name

Apply

Apply

Password

Multiuser

User Database

Boot Settings

Enable Multiuser

Multiuser URL:

Encrypted

U

Init

Connect with current user database

Encryption Key:

AML Support
Enable AML IDs ()

Simulation Mode
Enable Simulation (]

Boot File Encryption Method

None

Auto Boot * Run Mode (Enable): TwinCAT starts in Run Mode as soon as a user logs on to the
Windows system.
» Config Mode (default setting)

Auto Logon If, in addition to the "Run Mode (Enable)" option, the "Auto Logon" option is also
enabled, TwinCAT starts in Run Mode and the loaded and enabled boot projects are
processed independently.

User Name User name and password

Password If you are working with an IPC, you can find more information about logging into a
system in the Windows 10 loT Enterprise (LTSB/LTSC) documentation in the General
information chapter.

Apply The settings will be transferred.

Multiuser

Enable Multiuser Turns on the multiuser function for the System Manager.

Multiuser URL Displays the multiuser URL for the Remote Repository or offers the possibility to
change it.

Init Initializes the multiuser function.

User Database

Connect with
current user
database

Connects the project with a user database.

12
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AML Support

\Enable AML IDs ‘Turns on the support of AML IDs. The AML IDs are stored in the project.

ADS Symbolic

UTF-8 Encoding The ADS Symbolic uses a UTF-8 encoding (this option is fixed from version 3.1.4026,
so this selection option is omitted from this version).

Simulation Mode

Enable Simulation |Activates the simulation mode.

Boot File Encryption Method

Encryption Key Encryption of the boot file
° IlNonell
» "User DB Key"

3.1.3 Additional Files tab

This tab allows adding further files to the archive files of the TwinCAT project.

TwincaT sampleproiect = < [

General Settings Additional Fles

File Path | Relative

File Double-click in the input area opens a dialog that allows you to select files you want to
add to the archive.

Path Display the path to the selected file.

Relative Selection whether the file should be included with the absolute path or relative to the
System Manager project.

3.2 License

d Detailed information on licensing can be found in the corresponding documentation in the Beckhoff
1 Information System TwinCAT 3 Licensing

Function: This node contains information and setting options for your TwinCAT 3 license.

TwinCAT 3 Version: 1.1.5 13
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Call: Double-click on the node License.

Solution Explorer * B X
@i~ o-a|p=
Search Solution Explorer (Ctrl+ Q) P~

fa] Solution TwinCAT Project’ (1 project)
4 o TwinCAT Project

4 0 SYSTEM
El License

b @ Real-Time
& Tasks
== Routes
2ln Type System
[88] TcCOM Objects
MOTION

0 pLC

& SAFETY

E C++
b e}

Solution Explorer EETGNEEE G,

A window opens containing four different tabs whose functions are briefly described in the following chapter.

Order Information {Runtime)  Manage Licenses  Project Licenses  Online Licenses

License Device Target (Hardware Id)

System Id:

o Add...

Platform:

27ABEI03-5115-364F-CESE-DE17942290A5

| other (91}

License Request
Provider: Beckhoff Automation

License Id: | Customer Id:

e Generate File...

Comment: |

License Activation

7 Days Trial License...

License Response File...

14
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Context menu

Solution Explorer x

> B3
@& o-a s
Search Selution Explorer (Ctrl+a) P~
fa] Solution TwinCAT Project’ (1 project)
4 o0 TwinCAT Project
4 (1 SYSTEM

%9 Add New ltem... Ins

@ Real-Time
b [ Tasks
=tz Routes
¥[n Type System
[E8] TeCOM Objects
b PLC
SAFETY
E C++
4 ]
L Devices

ﬁj Mappings

Rename

Add New Item... Adds a new license dongle.

Rename Rename element.

3.21 Order Information (Runtime) tab

The Order Information tab is used to activate licenses, i.e. create a "License Request File", import a
"License Response File" or create trial licenses.

Order Information (Runtime) | Manage Licenses ProjectLicenses Online Licenses

License Device Dongle 1 (Hardware Id) W Add...
System Id: Platform:
00000000-0000-0000-0000-000000000000 | other (90) v

License Request

Provider: Beckhoff Automation ~ Generate File...
License Id: LicenselD Customerld: |CustomerlD |
Comment Comment |

License Activation

7 Days Trial License... License Response File...

The current license status of the system can be found in the "Online Licenses" [P_17] tab.

A detailed description of the functions of this tab can be found here: Activating standard licenses manually.

TwinCAT 3 Version: 1.1.5
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3.2.2 Manage Licenses tab

Licenses can be added or deselected for the creation of a "License Request File" in the Manage Licenses
tab. You can add licenses manually only if you have checked the box at Disable automatic detection of
required licenses for project.

Order Information {Runtime)[ Manage Licenses Project Licenses Online Licenses

Disable automatic detection of required licenses for project

Order No License ‘ P‘ Add License ‘ e
TC1000 TC3 ADS B... l_ cpu license
TC1100 TC3 10 B.. | cpulicense
TC1200 TC3 PLC B.. [¥ cpu license
TC1210 TC3 PLC / C++ B.. [ cpulicense
TC1220 TC3 PLC / C++ / MatSim B.. [ cpu license

< >

Disable automatic

detection of required Disables the automatic search for required licenses.

licenses for project By selecting the option Disable automatic detection of required licenses for

project the licenses required in the project are no longer automatically detected
and removed from the selection. This can be useful if you want to add licenses in
a separate license file. When selecting this option, the user is responsible for
ensuring that all required licenses are appropriately included in the license files.
Non-existing licenses can lead to TwinCAT not starting or unlicensed functions
not being executed during runtime.

Add License Adds licenses to the project manually.

@® Licenses marked manually in this menu will be taken over as part of the required "Project Licenses
[»_16]". Licenses that are automatically detected by the system are automatically selected and
grayed out so that they cannot be deselected.

Related links: Quick start

3.2.3 Project Licenses tab

In the Project Licenses tab the licenses required for the project are displayed.

16 Version: 1.1.5 TwinCAT 3
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Order Information (Runtime) Manage Li Project Licenses Licenses
Order Mo License Instances Im Use By
TC1200 TC3 PLC cpu license <manually added>

Since not all required licenses can be determined at any time (e.g. in Config Mode), this list may be
incomplete.

[
1 Licenses added manually in the Manage Licenses [P_16] tab are also displayed here as "required”.

3.24 Online Licenses tab

The Online Licenses tab displays the currently recognized licenses in the system.

Order Information (Runtime) Manage Licenses Project Lioense{ Online Licenses

Order No License Instances Status

TC1200 TC3 PLC cpu license  pending (dongle)
TE1300 TC3 Scope View Professional cpu license  pending (dongle)
TF2000 TC3 HMI Server cpu license  pending (dongle)

® The license status is not displayed in real-time

1 The license information is determined when the runtime is started and then approximately every two
minutes. If you add a license file (or a dongle with licenses), the license status is displayed with a
delay or only when TwinCAT Runtime is started.

3.2.5 Determining the license status

You can display the TwinCAT 3 license status both in TwinCAT 3 Engineering and in the TwinCAT 3
Runtime.

3.2.5.1 License overview in TwinCAT 3 Engineering (XAE)

® Correcttarget system
1 Note that the license manager always applies to the target system for the TwinCAT 3 project!

In the TwinCAT 3 development environment, you can determine the license status in the TwinCAT 3 license
manager on the Online Licenses tab.

TwinCAT 3 Version: 1.1.5 17
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v' The TwinCAT 3 development environment has been started and a project is loaded.

1. Set the desired target system. To do this, select the target system from the Choose Target System
dropdown list in the TwinCAT XAE Base Toolbar Options:
If the target system is the local computer, select <Local>.

FILE EDIT VIEW PROJECT BUILD DEBUG  TWIMNCAT
i0-0|B-o-@WH - Q-
B B2 f._-, [<Lm:a|:- -]

If the target system is a remote computer, select it from the list or select "Choose Target System" and
configure the target system. (If necessary, a new ADS route will be created.)

FILE EDIT VIEW PROJECT BUID DEBUG  TWINCAT
- d - -l i - -
w B B2 ® 6] [ cxasans -]

= The licensing settings in the license manager refer precisely to the target system set here. When the
project is activated on the target system, the corresponding TwinCAT 3 licenses are automatically
copied to this system.

2. Open the TwinCAT 3 license manager by double-clicking License in the System subtree of the
TwinCAT project tree.

fa] Solution TwinCAT Projectl’
4 o TwinCAT Projectl

Real-Time
[&1 1O Idle Task
% Tasks
=t= Routes
[E8] TcCOM Objects
MOTION
Ol PLC

3. Open the Online Licenses tab.

= The overview shows which licenses are activated for this project (through one or more License
Response Files).

| Order Information (Runtime) | Manage Licenses | Project Llc:ermaau Online: Licenses |

Order Mo Licensze Instances Status

TC1000 TC3 ADS cpu license expires on Oct 14, 2020 (trial license)
TC1100 TC3IO cpu license expires on Oct 14, 2020 (trial license)
TC1200 TC3 PLC cpu license expires on Oct 14, 2020 (trial license)

18 Version: 1.1.5 TwinCAT 3
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If these are License Response Files for TwWinCAT 3 license dongles, the status "Pending" may be displayed
there (before the TwinCAT 3 Runtime is started). This means that the License Response File has been
detected as valid in principle, but the content cannot yet be released because there is no connection to the
associated TwinCAT 3 license dongle. The connection to the TwinCAT 3 license dongle is only established
when the TwinCAT 3 Runtime is started and the EtherCAT bus has "OP" status, for example.

3.25.2 License overview in the TwinCAT 3 Runtime (XAR)
If you do not have access to the TwinCAT 3 development environment and the current project, you can
determine the license status of your control computer via the TwinCAT 3 Runtime.

v You have access to the Windows Desktop (via remote desktop or a connected monitor and mouse) on
the control computer.

1. Right-click on the TwinCAT Runtime icon in the Windows taskbar.

5 8w O G aff) b

2. Click on the entry About TwinCAT in the menu that opens.
&) About TwinCAT...

E Event Viewer

ﬂ TwinCAT XAE (TcXaeShell)

H TwinCAT XAE (TcXaeShellgd)

.: TwinCAT XAE (Visual Studio 2022)
Tools b

Bealtime Settings...

Router L4

I Start/Restart
1 Config

TwinCAT 3 Version: 1.1.5 19
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= The About TwinCAT System window opens, showing a list of the licenses contained in this TwinCAT 3
Runtime, the Hardware Platform Level, the System ID and Device Type ID of the computer. If the
computer is equipped with a volume license, the Volume System ID will also be shown here.

About TwinCAT Systemn
TwinCAT Spstermn Service  v3.1.0.2402
@ TwinCAT v3.1.4022.4

Copyright BECKHOFF Automation € 1996-2017 AMS Met 1d: | 17217.60.144.11 |
Logaon L ser: [Heso | Hw/ Platfarr: [&1 |
User Group: | | System |d: [12EBE4C2-8C07-7933-6225-3381924C1529 |
Wolume Mo: [1421 | Wolume |d: |9BAEAE 92-0729-9790-F924- 385246800906 |
Licenzes: Device Typeld  [COFEAES4-6529-179F-FOE3- 192492440901 |
Order No &‘ License Instances | Status |V0|U |

TCIMNC PTP f&xis 25 instances (0 in u... wahd 1421

TC1000 TC3 ADS cpu license wvalid 1421

TC1100 TC3 10 cpu license wvalid 1421

TC1200 TC3 PLC cpu license wvalid 1421

TF5000 TC3IMNCPTP cpu license valid 1421

T30 TC3 NC PTP Axes Pack 253 cpu license valid 1421

With a TwinCAT 3 license dongle the license status is "Pending" if there is no connection to the associated
TwinCAT 3 license dongle.

The Device Type ID is displayed from TwinCAT Version 3.1 Build 4022.4. This is an item of internal
information that identifies the device type.

@® Only validated TwinCAT 3 licenses switch the EtherCAT bus to status "OP". If the EtherCAT bus in
TwinCAT 3 Run mode is not in "OP" state, the required TwinCAT 3 licenses could probably not be

1 validated. This may be the case if a TwinCAT 3 license dongle is used, for example, and the
License Response File does not match the TwinCAT 3 license dongle used.

See also: Tc3 license dongle

3.3 Real-Time

Function: Real-time setting of the (project-related) TwinCAT 3 Runtime

Call: Double-click on the node Real-Time.

20 Version: 1.1.5 TwinCAT 3



BECKHOFF

SYSTEM

Soluticn Explorer 0 X

coME-|o-a| s
Search Solution Explorer (Ctrl+ ) P~

fa] Solution TwinCAT Project’ (1 project)
4 o TwinCAT Project
4 | SYSTEM

# Real-Time
% Tasks

o= Routes
¥= Type System
[8] TcCOM Objects
k=] MoToN
PLC
SAFETY
ﬂ C++

= RV}

Sclution Explorer IIEETNSTE LT

License
i ]

Further information about TwinCAT 3.1 Real-Time can be found in the documentation Basics in chapter

Real-Time.

3.31

Settings tab

Settings  Online Core Boost  Priorities  C++ Debugger

Router Memary Global Task Config
Conrfigured Size [ME]: 32 lﬁl Maximal Stack Size [KB] G4KB ~
Allocated / Available:
Awvailable Cores
Shared / Isolated: [4 B2 14| | PReadfomTamet | | Seton Tamet
TwinCAT Core Boost
Core RT-Core | Base Time | Core Limit Latency Warning | Core Memory | Core Frequency |
0 (Shared) Tms v [e0% [~ tnone) v S12KBwith 2KBlimit |~ | 3500 MHz Iv]
1 (Shared) Defaut | 1ms |v 80% | (none) 512 KB with 2 KB limit Base Frequency
2 (Shared) | 800 - 2600 MHz
3 (Shared) |[] 200 - 2600 MHz
4 (1solated) Tms v 100% 20 s 512 KB with 2 KB limit 3500 MHz
5 (Isolated) Tms |v|100% (none) 512 KB with 2 KB limit 3500 MHz
Object RT-Core | Base Time (ms) | Cycle Time (ms) | Cycle Ticks | Priority &|
El. 1/0 Idle Task Default (1) ! 1ms 1ms 1 1
&1 PicTask Default (1) 1ms 1 ms 1 20
El. AuxTask Default (1) 1ms (none) 0 50
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Router Memory (MB)

Size of the router memory:
Used to set the size of the router memory (see also note below the table).

Global Task Config/
Maximal Stack Size [KB]

Sets the stack size per task in kilobyte. This setting applies to all tasks in the
system.

Isolated)

Available Cores (Shared/

Number of available cores (Windows cores and isolated cores)

Read from Target

Reads the number of available cores from the target system or from the local
system.

Set on Target

Sets the distribution between shared and isolated cores on the target system
or on the local system.

TwinCAT Core Boost

Available from TwinCAT 3.1 Build 4026

Activates the TwinCAT feature Core Boost. If this function is active and is
supported by the current target system, the clock frequency can be fixed for
each real-time kernel used by TwinCAT. The choice is made in the Core
Frequency column.

Core

Contains the number of a core that can be selected for runtime operation.
Brackets after the number indicate whether the core is shared or isolated.

RT-Core

Cores can be selected and deselected row by row in the RT-Core column of
the upper table. The selected cores can then also be selected in the drop-
down lists in the RT-Core column of the lower table. In this way, a task in a
row can be assigned to one core at a time.

Base Time

Base time of the core:
All tasks that are processed on this core can only use cycle times that are
equal or integer multiples of the base time.

Drop-down menu options: no base time, 1 ms, 500 ys, 333 s, 250 ys,
200 ps, 125 us, 100 ys, 83 us, 3 ys, 76.9 ys, 71.4 s, 66.6 ps, 62.5 ys and
50 us.

If the value of the base time is set to "(none)", then it is possible to use
TwinCAT without real-time. Versions that do not require real-time, such as
AMS Router, TWinCAT Scope, ADS OCX, continue to operate without
restrictions. Execution of real-time tasks is not possible with this setting.

Core Limit

Maximum percentage of core occupied by TwinCAT real-time.

Drop-down list options: 10 %, 20 %, 30 %, 40 %, 50 %, 60 %, 70 %, 80 %,
90 % and 100 %.

The rest of the CPU is guaranteed to be reserved for the operating system
and thus also for user interface programs on shared cores. The value "Core
Limit" can be set very high since it is automatically reset to Windows when
the real-time task has completed its cycle.

Latency Warning

The TwinCAT real-time cyclically measures the actual length of the base
time. Due to the PC architecture, this may show slight fluctuations compared
to the set base time. A limit value can be set in the drop-down menu; if this
value is exceeded, a warning is generated by the TwinCAT system.

Drop-down menu options: "(none)", 20 us, 50 ps, 100 ps, 200 s, 250 ys and
500 ps.

Core Memory

Size of real-time memory reserved for this core
All memory requests from this core are first processed by this memory and
only if it is not sufficient, memory is requested from the router.

Core Frequency

If the TwinCAT feature Core Boost is active and is supported by the target
system, a drop-down menu with the possible clock frequencies that can be
set for this core is displayed in this column for each real-time kernel.

If this function is deactivated, Base Frequency is displayed in this column.

Object Name of the TwinCAT object that is called cyclically.

Cycle Time (ms) Cycle times of the tasks

Cycle Ticks Number of ticks in a cycle
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Priority Priority of the respective task in the TwinCAT system:

The smaller the number specified here, the higher the priority of the task
within the TwinCAT system.

Router memory:

TwinCAT 3.1 versions up to and including Build 4024:

There is a global real-time memory that is used for ADS communication and for memory requests from real-
time. The size of the memory can be defined via the above mentioned option in the System Manager and
becomes active after a reboot of the computer.

TwinCAT 3.1 from Build 4026:

The router uses separate memory areas for ADS communication between the devices and for memory
requests from the real-time. The memory area for requests from real-time can be set via the above
mentioned option in the System Manager and becomes active when the Solution is activated. The ADS
communication memory is created when the system boots and is approximately 25 % of the size of the
memory previously set up for real-time requests. The size is limited between 4 MB and 32 MB. This memory
remains permanently until the next restart of the system.

TwinCAT Core Boost

d Prerequisite: Both the engineering environment and the runtime environment must use at least

TwinCAT version 3.1.4026.6.

If the TwinCAT feature Core Boost is supported for a given target system and is active, this is displayed in
the TwinCAT Core Boost selection box after pressing the Read from Target button. To activate or
deactivate the function, these settings must be activated on the target system using the Set on Target
button. You must restart the computer after changing this setting.

If the TwinCAT Core Boost function is not supported by a given target system, the following message
appears after pressing the button Set on Target:

TcXaeShell

Error: Target does not support remote (deactivation of TwinCAT Core
Boost!

0K

If the TwinCAT Core Boost setting is activated, a clock frequency can be defined for each real-time core. If
no clock frequency is defined for a real-time core, the Base Frequency is automatically selected.
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Core | RT-Core | Base Time | Core Limit | Latency Warning | Core Memory Core Frequency
0 1ms [v|80% '~ (nene) '~ 512 KB with 2 KE limit ~ [ 3500 MH v
1 1ms |v|80% (none) 512 KE with 2 KB limit ~ [1700 MRz ~
5 O 11200 MHz
1300 MHz
3 O 1400 MHz
: -~ 11500 MHz
4 1ms |v|80% ~| (nene) | 512 KB with 2 KE limit i
5 Default 1ms |~ |80% (none) 512 KB with 2 KB limit '~ (1700 MHz

Object RT-Core | Baze Time (ms) | Cycle Time (ms) | Cycle Ticks
El- 170 Idle Task Default (3) |i| 1ms Tms 1

El- PlcTask Default (3) 1ms 1ms 1

El- AuxTask Default (3) 1ms (none)

1800 MHz
1900 MHz
2000 MHz
2100 MHz
2200 MHz
2300 MHz
2400 MHz
2500 MHz
2600 MHz (Base Frequency)

ji o

Correct selection of the core frequency

TwinCAT automatically monitors the clock frequencies of the individual cores based on the limits
stored in the system for the temperature of the individual cores or the power consumption of the

individual packages. If these limits are exceeded, TwinCAT reduces the clock frequencies of the
individual cores accordingly (see also chapter Core Boost [P 29] tab). If TwinCAT is forced to

reduce the clock frequencies of individual real-time cores, this may have an influence on the real-
time behavior set in TwinCAT. The tasks executed on this real-time core then have longer execution
times, which may lead to cycle timeouts. You therefore share the responsibility for selecting the
clock frequencies of the real-time cores in such a way that TwinCAT is not permanently operated in
throttle mode. If the temperature limit is permanently exceeded, the system may shut down.

Configurable clock frequencies:

Processor |Processor generation Base clock |Configurable Core
Boost clock

Core Intel® Celeron®, Intel® Core™ i3/i5/i7 11th 2.20 GHz 3.70 GHz

i3-1115G4E |generation processors, U series

Core Intel® Celeron®, Intel® Core™ i3/i5/i7 11th 1.50 GHz 3.90 GHz

i5-1145G7E |generation processors, U series

Core Intel® Celeron®, Intel® Core™ i3/i5/i7 11th 1.80 GHz 4.20 GHz

i7-1185G7E |generation processors, U series

Core Intel® Celeron®, Intel® Core™ i3/i5/i7 11th 2.40 GHz 4.00 GHz

i3-11100HE |generation processors

Core Intel® Celeron®, Intel® Core™ i3/i5/i7 11th 2.60 GHz 4.10 GHz

i5-11500HE |generation processors

Core Intel® Celeron®, Intel® Core™ i3/i5/i7 11th 2.60 GHz 4.20 GHz

i7-11850HE |generation processors

Core Intel® Celeron®, Intel® Pentium®, Intel® Core™  |3.30 GHz 4.20 GHz

i3-13100E i3/i5/i7/i9 12th/13th generation processors

Core Intel® Celeron®, Intel® Pentium®, Intel® Core™  |2.40 GHz 4.10 GHz

i5-13400E i3/i5/i7/i9 12th/13th generation processors

Core Intel® Celeron®, Intel® Pentium®, Intel® Core™  [1.90 GHz 4.00 GHz

i7-13700E i3/i5/i7/i9 12th/13th generation processors

Core Intel® Celeron®, Intel® Pentium®, Intel® Core™ |1.80 GHz 3.90 GHz

i9-13900E i3/i5/i7/i9 12th/13th generation processors
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Special tasks:
1/0 Idle Task:

The 1/0O Idle Task executes the asynchronous mappings and is also responsible for the acyclic
communication with the EtherCAT devices (e.g. writing of parameters).

From TwinCAT 3.1 Version 3.1.4026 there can be a separate /O Idle Task for each EtherCAT master. This
can be selected in the adapter settings of an EtherCAT master in the I/O Idle Task selection box.

General Adapter  EtherCAT Online  CoE - Online

(®) Network Adapter
OO0s(NDIS)  @FC O DPRAM
PCI Bus/Slot: |4/0 (0xF0410000) | Search...
MAC Address: |00 01 05 34 56 78 | | Compatible Devices...
IP Address: 0.0.0.0 0.0.0.0) |
[ ] Promizcuous Mode juse with Wireshark only) Capture

[ ] Virtual Device Names

() Adapter Reference
Freerun Cycle (ms): 4 = 170 Idle Task: |10 Idle Task w
PlcAuxTask:

The PIcAuxTask is used for communication between the PLC editors and the PLC runtime modules. This
includes the download and Online Change of PLC control code as well as debugging (monitoring of values,
setting of breakpoints, etc.). In addition, the PlcAuxtask also processes the ADS messages that are sent to
the runtime system independently of the development environment (TcXaeShell) (e.g. from an HMI).

3.31.1 Core Management

TwinCAT 3 offers extensive support for multi-core systems.
1. Select the number of cores you want to use for the TwinCAT Runtime. (Marked in red in the graphic.)
2. Select the number of cores that Windows can access and use. (Marked in orange in the graphic.)
3. Define which CPUs of TwinCAT are to be used as real-time kernels (RT core).
= The cores are set appropriately.
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Settings  Online Core Boost  Priorities  C++ Debugger
Router Memory Global Task Canfig
Configured Size MB]:  [32 % Maximal Stack Size [KE] | 64KB v
Alocated / Available:

Available Cores

Shared / Isolated: 14| :-I Read from Target Set on Tanget

TwinCAT Core Boost
| Core | RT-Core | Base Time | Core Limit | Latency Warning Core Memory Core Frequency

0 (Shared) Tms ~ 180 % ~ | (none) ~ | 512 KB with 2 KB limit ~ | 3500 MHz ~
1 (Shared) . Default  1ms ~ |80 % ~ | (none) ~ | 512 KB with 2 KB limit ~ | Base Frequency ~
2 (Shared) [ 800 - 2600 MHz

3 (Shared) [ 300 - 2600 MHz

4 (Isolated) Tms |~ |100% 20 ps ~ | 512 KB with 2 KB limit ~ | 3500 MHz ~
3 (Isolated) Tms ~ | 100 % (none) ~ | 512 KB with 2 KB limit ~ | 3500 MHz ~

@ RT cores are required by real-time tasks like PLC tasks, software tasks and I/O tasks (EtherCAT,
1 Profibus, ...). If no RT core(s) are selected, only tasks that do not require real-time can be executed.

» Select the RT core(s) to use the real-time.

Further information about TwinCAT real-time can be found in the documentation Basics in chapter Real-
Time.
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By a synchronous basic tick on all real-time kernels, the scheduling
| Base Time | Base Time for each real-time kernel is calculated independently in TwinCAT 3
Tms v | e Real-Time. The Base Time is the time after which scheduling is
| triggered on a core.
1ms w (none) Note:
500 ps » Cycle times smaller than the Base Time set on a core are not
333 ps possible.
Tms |w 20 ps » The cycle times of the tasks are integer multiples of the Base
e igg :jz Time set on the respective core.
100 ps + If the application does not require it, the Base Time on Shared
83.3 us Cores should not be set below 1 ms. This could slow down the
76.9 ps performance of the Windows system without noticeable
714 ps performance benefits for the real-time kernel.
66.6 s « Base times far below 1 ms require PC systems with sufficient
23-5 Hs performance.
= + Setting Base Time to "None" means that you can only execute
tasks that do not require real-time (AMS Router, TwinCAT
Scope, ADS OCX, ...).
On shared cores, this value defines the maximum percentage of
Core Limit Core Limit base time that the scheduler can use for real-time tasks. The
0% v | anes - remaining percentage is available for Windows.
20 % v o= After completion of a real-time task cycle, the scheduler switches
20 % back to Windows. So the remaining time of the cycle of the real-
0 % time task is not blocked, but available for Windows.
100 % 453 i
100 % 80 =
70 %
20 %
F— [ TwinCA_T req!—time itself oper_ates with very Iow.real-time
o) = (:o:”;’ s fluctuations (jitter). The total jitter depends on different components
(e} » of a PC (hardware, BIOS, drivers, ...). TwinCAT measures and
20 ps monitors the jitter and issues a warning if a preset limit value is
s exceeded.
iou) 523:: We recommend to run TwinCAT on Beckhoff IPCs, because
LT they are optimized in detail for low jitter.
With TwinCAT Version 3.1.4026 it is possible to provide a separate
%’t | Core Memory memory area for each real-time kernel. This memory is
sikewmnzkeimt ~ | | (nonel| y automatically used first by runtime modules that run on these cores
M and allocate memory at runtime. When this memory is used up, the
memory to be allocated is used from the shared memory area held
512 (B with 2K8 imit - 1ME in the router.
S12KBwith 2KBlimit  ~ | |2 MB
AME With Version 3.1.4026, the memory for communication and the
& ME memory that runtime modules can use to allocate memory are
2 ME separated. A maximum of 25% of the defined router memory is
12 ME used for communication.
16 MB
32 MEB
43 MB
&4 MB
128 MEB
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_— = From TwinCAT version 3.1.4026.6 it is possible to use the TwinCAT
ore Frequency ore Frequency

1500 Wi 3500 ] E Core Boost feature (see chapter Core Boost tab [P 29]). If
Base Frequency 1100 MHz ~) | TwinCAT Core Boost is supported on a target system and is
€00 - 2600 MHz oo activated, it is possible to set the clock frequency for the individual

AD-ZilliE 1400 Mz real-time kernels.

3500 MHz 1500 MHz
1600 MHz
3500 MHz

1700 MHz
1800 MHz
1900 MHz
2000 MHz
2100 MHz
12200 MHz
2300 MHz
2400 MHz
2500 MHz
2600 MHz (Base Frequency)
2700 MHz
2800 MHz
2900 MHz
3000 MHz
3100 MHz
3200 MHz
3300 MHz
3400 MHz

AR0N MH=

[<T<

[<T<l

3.3.2 Online tab

The Online tab displays the real-time load and system latency.

The online display provides information about the current and recent CPU load. This is the load caused by
the real-time tasks. The bright green line indicates the pre-set "CPU Limit" value.

The current and recent system latency is shown in the lower displays.

TwinCaT sampleproject = [
Settings  Online  Core Boost  Priorities  C++ Debugger
Real Time Usage:
- ™ T T T - T T ™ T
1002 CPUD o || 100% CPUT o | | 100% cPU 4 0% || 0% CPUS 0%
0% — o 0% . 0% . 0% —
System Latency:
T ™ T T
1000 p= 015 1000 p= 315 1000 p= 0s 1000 p= e
0ps Dps Dps a 0 s .
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3.3.3

Core Boost tab

TwinCaT sermpleproject = |

Settings Online Core Boost  Priorties  C++ Debugger

Core Configured Frequency R... | Current Frequency | Current/Max Core Ternperatur (Li... | Package Power Consumpticn (Limit 60 ... | Core Throttling |
0 fixed to 3500 MHz 3500 MHz 35°C/ 46 °C max 10.9 Watts
1 fixed to 2900 MHz 25900 MHz 39°C/ 48 °C max 10.9 Watts
2 800 - 2600 MHz 2000 MHz 38°C/ 47 °C max 10.9 Watts
3 800 - 2600 MHz 2000 MHz 36°C/ 45 °C max 10.9 Watts
4 fixed to 3500 MHz 3500 MHz 37 °C/ 45 °C max 10.9 Watts
5 fixed to 4000 MHz 4000 MHz 3T ¢/ 51 °C max 10.9 Watts

Core Contains the ID of the CPU core.

Configured Frequency Range Configured clock frequency of the CPU core. The possible
clock frequency range of a CPU core is displayed for non-
real-time cores.

Current Frequency Current clock frequency of the core

Current/Max Core Temperature (Limit X°C) Current and maximum measured temperature of the CPU

core. The maximum permissible temperature is shown in
brackets in the column description.

Package Power Consumption (Limit X Watts) |Power consumption per package: The maximum

consumption is shown in brackets in the column
description. The individual lines of the CPU cores each
contain the total consumption of the package.

Core Throttling Indicates when the clock frequency is throttled due to

exceeding the temperature or power consumption limit. If
the value falls below the respective limit, the clock
frequency is increased again.

i

Exceeding the limits for temperature and power consumption

The limits for the permissible temperature or the permissible power consumption are shown in
brackets in the column description. These limits are platform-dependent and can therefore differ
between different target systems. If these limits are exceeded, throttling will occur. The behavior
differs depending on which limit is exceeded. If the power consumption of the package exceeds the
limit, the processing power of the non-real-time cores is throttled first to bring the power
consumption back below the limit. If this is not sufficient, the processing power of the real-time
cores is throttled. However, if the temperature limit of a real-time core is exceeded, the clock
frequency of that specific core is reduced. If the current value falls below the limit, the configured
clock frequencies of the cores are restored.

Supported hardware:

Motherboard Processor generation Minimum BIOS version |TwinCAT Build

CB6472 Compact motherboard for Intel® |0.64 3.1.4026.6

Celeron®, Intel® Core™ i3/i5/i7
11th generation processors

CB3072 3%2-inch motherboard for Intel® 0.67 3.1.4026.6

Celeron®, Intel® Core™ i3/i5/i7
11th generation processors

CB7476 Compact motherboard for Intel® 0.13 3.1.4026.14

Celeron®, Intel® Pentium®, Intel®
Core™ i3/i5/i7/i9 12th/13th
generation processors

CB1076 ATX motherboard for Intel® 0.13 3.1.4026.14

Celeron®, Intel® Pentium®, Intel®
Core™ i3/i5/i7/i9 12th/13th
generation processors
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3.34 Priorities tab

o
1 Manual priority management should only be performed by experienced TwinCAT 3 users.

TwinCAT SampleProject & X
Settings  Online Core Boost Priorities  C++ Debugger

Prioity ~ Cycle Core  Task Comment i
7
8
9
10

B 10 5 1/0 Idle Task
12
13
14
15
16
17
18
15

B2 10 5 PlcTask
21
2
23
24
25 v

[ Automatic Priority Management Move Up Move To:

Optimize manually Move Down 1 S

Priority Priority of the respective task in the TwinCAT system

The type of tasks is differentiated by different icons. The smaller the number specified
here, the higher the priority of the task within the TwinCAT system. A task that serves
ADS communication should have the lowest priority for data consistency reasons.

Cycle Cycle time of the respective task in milliseconds (ms).

Core The core on which the task will be executed, i.e. the CPU selected in the drop-down list
of the RT-Core column of the table.

Task Name of the task

Comment Comment

Automatic Priority

Management The priorities of the existing tasks are prioritized automatically.

Optimize manually |Automatically optimizes the priorities of existing tasks.

Move Up Moves a selected task up to the next free row. This will give the selected task a higher
priority.

Move Down Moves a selected task down to the next free row. This will give the selected task a
lower priority.

Move To Moves a selected task to a selected location.

The numbers 1 to 61 can be selected for the 61 rows in the priority table.

If a task to be moved is marked and a free row is selected, the marked task will be
moved to the free selected row when the button is pressed.

If a task to be moved is selected and a row is selected that already contains a task, the
button is grayed out and disabled.

3.3.5 C++ Debugger tab

Settings  Online Core Boost Priorties  C++ Debugger

[ Enable C++ Debugger
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Enable C++ Debugger
The C++ Debugger is supported on the TwinCAT Runtime.

When the C++ Debugger is enabled, the overhead associated with the
debugger can affect system performance. The checkbox should not be
checked in the release version of your project.

3.4 Tasks

Function: Task settings

Call: Double-click on the node Tasks.

Solution Explorer * B X
@E-|o-a s
Search Solution Explorer (Ctrl+ Q) P -

fa] Solution TwinCAT Project’ (1 project)
4 0 TwinCAT Project

4 | SYSTEM
* License
b @ Real-Time
"= Tasks
=i= Routes

2= Type System
[E8] TeCOM Objects
MOTION
PLC
SAFETY

E C++
B /0

Solution Explorer EETGNET G,

TwinCAT 3 Version: 1.1.5
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Context menu

Solution Explorer

Search Selution Explorer (Ctrl+ Q)

4 o] TwinCAT Project
4 G sYsTEM
R License
4 ) Real-Time
[ 170 Idle Task
@ Tasks
=t= Routes
35 Type System
(28] TcCOM Objects
MOTION
PLC
SAFETY

EC++
b & o

Solution Explorer | Team Explorer

ag o-8 F=

B4 Solution "TwinCAT Project’ (1 of 1 project)

o~

11 Add New ltem... Ins
171 Add Existing Item.. Shift+ Alt+A
Add Job Pool...

Add New ltem... The Insert Task dialog opens. (See chapter Task Management [»_40].)
Add Existing Item ... Inserts a task based on the description of an XTI file.

Rename Rename task.

Add Job Pool... Adds a Job Pool.

3.41 TwinCAT Task

The following chapter describes the settings and menus of a TwinCAT Task.

32
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Context menu of a TwWinCAT Task

Solution Explorer * B X
@& o-a s
Search Selution Explorer (Ctrl+a) P~
fa] Solution TwinCAT Project’ (1 project)
4 o0 TwinCAT Project
4 [ SYSTEM

® License
b @ Real-Time

i [ Tasks
a PlcTask

=t= Routes
(= Type System
[25] T<COM Objects
P PLC
P Untitled
b g=l Untitled Project
O} Untitled Instance

SAFETY

B > o of

Add Mew [temn...

Add Existing ltem...

Remove

Rename
Save PlcTask As...
Disable

Ins
Shift+Alt+A
[rel

E C++
4 /0
L Devices

ﬁ:l Mappings

Add New Item... Opens the Insert TcCom Object dialog for adding TcCOM objects
directly under the task.

Add Existing Item Importing a TcCOM object from an XTI file.

Remove Removing the task.

Rename Renaming the task.

Save <Task-Name> As... Saves the task settings in an XTI file.

Disable Disabling the task. (The task is not created when the configuration is
enabled)
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3411 Task tab

Task  Onlne  Parameter (Onling)

Name: | PlcTask

Auto start
[] Auto Pricrity Management

Priciity: |2'|]

Cycle ticks: |'H] Ii" |1ﬂ.ﬂ'|]'|] |ms

Part: |35'D Ii"
Object Id:  |(:02010030 |

Options
[] Disable

[ Create symbols

Start tick {modula): 0 Include external symbaols
Separate input update
Pre-ticks; 0

[ ] Waming by exceeding

Message box
Floating point exceptions

Watchdog C : 1]

og Cycles [ Watchdoa stack
Comment:
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Name Internal name of a task

Port Defines the AMS port number of the task. This value must be specified. For
some tasks, such as PLC tasks, this value is preset.

Object Id A task represents an object in TwinCAT. The Object Id text box contains the
TwinCAT object identification number.

Auto start

TwinCAT generates the start command for the task so that the task is
automatically started with the specified data when TwinCAT is restarted.

Auto Priority Management

The priorities are assigned automatically. Sorting is carried out based on
the cycle time of the tasks. As a rule, the faster a task is, the higher its
priority.

Priority The priority valid in TwinCAT for the task
Priorities may not be assigned twice.
Cycle ticks Refresh time of the task and any variables associated with it

The cycle time of the task is defined in ticks and thus depends on the set
TwinCAT base time. The text box to the right shows the cycle time. It results
from the product of cycle ticks and base time.

Start tick (modulo)

Shifting the start time of a task compared to the actual sheduling in ticks of
the base time.

Separate input update

Before the task execution starts, the inputs can be refreshed. This function is
to ensure that all inputs are up to date before the cyclic processing of the
task is started.

Pre-ticks

Enabled if the checkbox Separate input update is checked.

Specifies how many ticks before the task starts execution the inputs are to
be refreshed.

Warning by exceeding

The TwinCAT system issues a message if the set task cycle time is
exceeded.

Message box

The warning that the set task cycle time has been exceeded is
additionally output as a message box.

Watchdog Cycles

Specifies how often the cycle time may be exceeded before a warning is
triggered.

Options

Disable

Disables or enables the task.

A disabled task is not taken into account when generating the I/O
information. This can be useful during commissioning, for example. The
created link information of the Task is preserved when disabling it.

Create symbols

Variables of the task can be accessed via ADS. Create symbols means
here that these variables are created as symbolic names.

Include external symbols

This task is synchronized with a configured device with "Master Sync
Interrupt". (e.g. a SERCOS card).

Floating point exception

Enables Floating Point Exception. Thus an exception is generated for
division by zero and "Invalid Operations" (e.g. root of -1).

Watchdog stack

The task creates an object for managing nested watchdogs. This is required
internally by TwinCAT Vision. This option has no influence on the "normal"
watchdog function.

Comment

Comment on the task

TwinCAT 3
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3.41.2 Online tab

® Online View

The task must be downloaded and activated on the target system to enable online display of task
values.

Task  Onlne  Parameter (Online)  Add Symbols

I | I
1 10000 us Cpu 1I2.DITIS_
Total 17.2 us
Ous
Exceed counter: 0 | | Reset |
CPU display The curve records the pure CPU time that was needed for the execution of the task.
Total display The curve records the time that has elapsed between the start and end of task
execution. The difference between pure CPU execution time and absolute (total)
execution time can result, for example, from an interruption of the task by tasks that
have a higher priority or by Windows.
Exceed counter The number of times the task has exceeded the cycle time is counted in the Exceed
counter.
Reset Resets the Exceed counter to zero.
Online

| Task | Onime |Parameter Onine)

10000 ps Total 4788 pe
1T T 1 | CPUT3EE ue |

& Zoom vertical in
=l Zoom vertical out
Step
Settings...

Ops

Euceed counter: )
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Zoom vertical in

Enlarges the view.

Zoom vertical out

Reduces the view.

Stop

As long as this option is active, the recording of the curve is stopped.

Settings

Opens the History Settings dialog.

History Settings

[ History Settings
Mawimie =
L =
Ginel ¥ 10 B
Gird 1200 =
Welacily: 2 :[
Maximum Defines the maximum value for the History Trace View (upper row).
Minimum Defines the minimum value (bottom row).
Grid X Defines the grid scaling of the time axis (horizontal). Default value is "10".
GridY Defines the vertical grid scaling of the Trace View.
Maximum / Grid Y = Number of vertical fields
Example: Maximum value = 100000, Grid Y value = 20000 => 5 vertical fields are
displayed.
Velocity Sets the feed rate of the trace. The default velocity is "2".
OK Saves the changes and closes the dialog.
Cancel Closes the dialog without saving the changes.
3413 Parameter (Online) tab

® Online View
The task must be downloaded and activated on the target system to enable online display of task

values.

Task  Online Parameter (Online)  Add Symhbols

Name
TaskCallees
- TaskloCallees

TaskPostCallees

Online cs Unit Type PTCID Comment
=1 1 (Array Elements) w~ 003002002

[ =1 0 {Array Elements) - 003002001
[

(%x03002003

[l 0 {Array Elements) ~

[ Orline Values

[ Structured View

[[] Show Hidden

TwinCAT 3
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Name Name of the parameter

Online Online value of the parameter

CS Option Create Symbol
If this is active for the parameter, the parameter can be accessed
symbolically (by name) via ADS.

Unit Unit of the parameter

Type Type of the parameter

PTCID ID of the parameter

Comment Comment on the corresponding parameter (if available)

3414 Add Symbols tab

This tab is used to create Forward(-ADS) symbols to which ADS symbols can be forwarded. This function is
currently only suitable for internal Beckhoff use.

Task  Online Parameter (Online)

Add Symbols

Forward Symbol Mame

Data Type

Size

GUID

Forward Symbol Name Name of the Forward Symbol
Data Type Data type

Size Data type size

GUID GUID of the data type

3.4.2 TwinCAT Job Pool

The following chapter describes the settings and menus of the TwinCAT Job Pool.

The TwinCAT Job Pool is a collection of Job Tasks that are managed by the Job Pool. If a task is assigned
to the Job Pool from an application, the Job Pool automatically distributes the task to the next available Job

Task from its pool.
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Context menu

Solution Explorer * 0O X
i -3 K
Search Selution Explorer (Ctrl+ Q) P -
B4 Solution "TwinCAT Project’ (1 of 1 project)
4 o] TwinCAT Project
4 G sYsTEM
A License
4 ) Real-Time
[ 170 Idle Task
4 B Tasks
=t= Routes E Add Mew [tem... Ins
¥ Type System Add Existing Item Shift+ Alt-+ A
[2B] TcCOM Objects % Remove Del
el
MOTION =} Rename F2
PLC
SAFETY Change Id...
E C++
b 170
Selution Explorer | Team Explorer
Add New ltem... Creates a new Job Task.
Add Existing Item... Loads an existing Job Pool configuration from an XTI file.
Remove Removes the Job Pool from the configuration.
Rename Rename the Job Pool.
Change Id... Change the ID of the Job Pool.
3.4.21 General tab
General
Mame: |Dﬂc1.|..|ﬂb|:'ﬂﬂ| | Id:
Object ld: | (x02050020 |
Type: | |
Comment:
Disabled Create symbols
Name Job Pool name
Id Id of the Job Pool
Object Id TwinCAT Object Id of the Job Pool
Type -
Comment Optional comment on the Job Pool
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3.4.2.2 TwinCAT Job Task (Worker Task)

A Job Task is a task that is executed on demand. It is called from an application and is NOT executed
cyclically. A Job Task can be created directly under Tasks or in a Job Pool. If you create the Job Task
directly under Tasks, tasks (jobs) can be passed to it directly from a client application.

However, if you create the Job Task under a Job Pool, the tasks are transferred to the Job Pool from the
application. This then assigns the task to the next Job Task in its pool that is next available.

Job Task
Name: |JobTask3 | Object Id:  |(02010030
Priorty: 1 = Foating paint exceptions
Comment :
Name Name of the Job Task
Object Id Object ID of the Job Task
Priority Priority of the Job Task
Floating point exception Specifies whether or not TwinCAT checks for floating point exceptions.
Comment Optional comment on the Job Task
(

1 Select the setting Floating point exception for the calling task and for the Job Task.

3.4.3 Task Management
Create new task

&1 Solution “SampleDocumentation” (1 project)
4 O SampleDocumentaticn
a @l svsTEM
T Licenze

= MoTION

B rLcC
] sareTy
fiad C++

r B0

Add New ltem Opens the dialog Insert Task, where a new task can be configured.

Add Existing Item Opens the standard dialog for selecting a file, via which an already existing task can
be added to the project.
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fal Solution “SampleDocumentation’ (1 project)
4 Gl SempleDocumentation
4 (Jl SYSTEM
H License
@ Real-Time
a4 B Tasks

= Foutes. O AddNewltem.. Ins
[ TcCOM1 % Add Existing Rem... Shift-Alt=A
g

£5| MOTION Remove el
v rLC
[ sareTy Sawve PlcTask As...
i C++ = Disable
r & o
Add New Item Opens the dialog Insert Task, where a new task can be configured.
Add Existing Item Opens the standard dialog for selecting a file, via which an already existing task can
be added to the project.
Remove Removes the selected task from the project.
Save Plc Task as Saves the task with the possibility to change the name.
Disable Sets the selected task to the inactive state (not considered for the project creation),
but the configurations and shortcuts are preserved and can be reactivated.

Dialog Insert Task

Insert Task ﬁ

(8]:8

(@) TwinCAT Task

Mame:

() TwinCAT Task With Image

() TwinCAT Job Task (Worker Task)

() TwinCAT Yirtual Task

b

Name Name of the task

OK The task is created.

Cancel The process is canceled and the dialog is closed.
TwinCAT Task Selection of a "normal" TwinCAT Task.

TwinCAT Task With Image Selection of a task with its own process image.
TwinCAT Job Task (Worker Selection of a Job Task.

Task)

3.5 Routes

Function: Routing settings (See also documentation Basics, chapter Routing.)

Call: Double-click on the node Routes.
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Soluticn Explorer 0 X
@~ o-a|p=
Search Solution Explorer (Ctrl+ ) P~

fa] Solution TwinCAT Project’ (1 project)
4 o TwinCAT Project
4 | SYSTEM
A License
b @ Real-Time
% Tasks
¥= Type System
[8] TcCOM Objects
MOTION

PLC

Solution Explorer IEETHNSTH I

3.51 Current Routes tab

Current routes are routes that are currently active in the router.
TwincaT Projects+ [

Cumert Routes  Static Routes  Project Routes  Netld Management

Route AmsMetld Address Type MaxFragment Comment
C¥-8D5ESF 51055415511  17217.28.165 TCP_IP
CX-41CEB6 172173013411 1721730134 TCP_IP
CX-41CEDE 172172818511 1721728185 TCP_IP
Remove
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Route Name of the possible target system logged on to the current TwinCAT router. The name is
freely selectable.
AmsNetld AmsNetld of the listed target system
Address Address of the listed TwinCAT target system
The address depends on the transport protocol being used. In addition to TCP/IP
addresses, addresses of Profibus devices are possible, which in turn must support the
ADS protocol in order to be addressed as "target system" or "remote system".
Type Protocol used for communication with the target system.
MaxFragment |Max. fragment size of the Ams commands. If this size is exceeded, the Ams command is
automatically split into several fragments by the router.
Comment Comment for the respective system, if configured.
Add Calls the Add Route dialog, which can be used to add further TwinCAT target systems to
the routing table.
Remove Activated when an element has been selected in the list.
If the button is pressed, a dialog opens asking whether the element should be deleted. The
button Cancel cancels the deletion. The button OK confirms the deletion and the entry
marked in the list is deleted from the routing table of the local TwinCAT router.
3.5.2 Static Routes tab
Static routes are routes that are already configured in the currently selected router.
ncar P+ [
Cumert Routes  Static Routes  Project Routes  Metld Management
Route AmzMetld Address Type Max Fragment Comment
C¥-6D5ESF 510958415911 1721728165 TCP_IP
Cx-41C2B6 172173013411 1721730134 TCP_IP
Cx-41CEDE 172172818911 1721728189 TCP_IP
Add... Remove
MQTT Broker MName Tapic |zer Security
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Route Name of the possible target system logged on to the current TwinCAT router
The name is freely selectable.

AmsNetld AmsNetld of the listed target system

Address Address of the listed TwinCAT target system
The address depends on the transport protocol being used. In addition to TCP/IP
addresses, addresses of Profibus devices are possible, which in turn must support the
ADS protocol in order to be addressed as "target system" or "remote system".

Type Protocol used for communication with the target system.

MaxFragment |Max. fragment size of the Ams commands. If this size is exceeded, the Ams command is
automatically split into several fragments by the router.

Comment Comment for the respective system, if configured.

Add Calls the Add Route dialog, which can be used to add further TwinCAT target systems to
the routing table.

Remove Activated when an element has been selected in the list.
If the button is pressed, a dialog opens asking whether the element should be deleted. The
button Cancel cancels the deletion. The button OK confirms the deletion and the entry
marked in the list is deleted from the routing table of the local TwinCAT router.

The configuration of ADS-over-MQTT is currently done via XML files. For more information, see chapter

ADS-over-MQTT.

MQTT Broker

Address of the MQTT Broker

Name

Broker name

Topic Topic to be connected to.
User User name

Security Securing communication
3.5.3 Project Routes tab

Project Routes are only stored in the project. When a new project is created, new routes are created.

TwinCAT Projects -+ > [
Cumert Routes  Static Routes  Project Routes  Netld Management
Route AmsMNetld Address Type Comment
<Device 2 (EtherCAT)= 17217.60.204.3.1 PCI_ISA_BLS
<Tem 3 (EL66S2): 1721762134 3. ETHERCAT
Add... Remove
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Route Name of the possible target system logged on to the current TwinCAT router. The
name is freely selectable.

AmsNetld AmsNetld of the listed target system

Address Address of the listed TwinCAT target system
The address depends on the transport protocol being used. In addition to TCP/IP
addresses, addresses of Profibus devices are possible, which in turn must support the
ADS protocol in order to be addressed as "target system" or "remote system".

Type Protocol used for communication with the target system.

MaxFragment Max. fragment size of the Ams commands. If this size is exceeded, the Ams command
is automatically split into several fragments by the router.

Comment Comment for the respective system, if configured.

Add Calls the Add Route dialog, which can be used to add further TwinCAT target
systems to the routing table.

Remove Activated when an element is selected in the list.
If the button is pressed, a dialog opens asking whether the element should be deleted.
The button Cancel cancels the deletion. The button OK confirms the deletion and the
entry marked in the list is deleted from the routing table of the local TwinCAT router.

3.54 Netld Management tab

® Address conflict

1 All changes to AmsNetlds must not result in two or more identical AmsNetlds within a system. Two
AmsNetlds representing the same address are identical even if one is defined absolutely and the
other relatively.

TwinCAT Projects -+ > [
Cumert Routes  Static Routes  Project Routes  Netld Management

Local Metld: | Change

Target Netld: |Local |

Project Metlds:
Metld Cwner Type
172176020431 Device 2 (BherCAT) EtherCAT Master
17217621343, Tem 5 (ELGESZ) EL6652 EtherCAT Bridge ter...

[]U=ze Relative Netlds Change Project Netld
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Local Netld AmsNetld of the local system
Change Change the local AmsNetld.
Target Netld AmsNetld of the target system

If the local system has been selected as the target system, then the "Local" entry
indicates that the "Target Netld" matches the AmsNetld of the local system.

Project Netlds Lists the AmsNetlds of the projected 1/0 devices.

If an entry is selected in the "Project Netlds" table, then the Change Project Netld
button becomes active.

Netld AmsNetld of the device listed in the respective table row
Owner Name of the device to which the AmsNetld in the respective table row belongs.
Type Type of the device to which the AmsNetld in the respective table row belongs.

Use Relative Netlds |Converts AmsNetlds to relative AmsNetlds

In order for an AmsNetld to be converted to a relative AmsNetld, the first four
numbers of an AmsNetld must match the first four numbers of the "Target Netld".

For the AmsNetlds listed in the table column "Netld" for which this match is fulfilled, if
the checkbox Use Relative Netlds is checked, the respective first four numbers are
combined into a group. This related group is identified by being enclosed in square
brackets. Also in the Project Routes tab, AmsNetlds are recognizable as relative
Netlds by the fact that square brackets enclose the first four numbers.

The square bracket surrounding the first four numbers of a relative Netld means that
these numbers are set equal to the first four numbers of the Target NetID. In this
way, addressing is based on the fifth and sixth numbers relative to the "Target
Netld". For a configured I/O device, the first four numbers of a relative Netld are
internally represented as zero. For example, the relative Netld [172.17.12.1].2.1 is
stored internally as 0.0.0.0.2.1.

You can change an absolute AmsNetld into a relative AmsNetld for a projected 1/0
device in the dialog Change Netld if you set its first four numbers to the value zero.
As a consequence, the AmsNetld of the corresponding projected device is displayed
in the table column "Netld" and also in the Project Routes tab as relative Netld.

On a local system, a Netld is registered with a local router and can be used locally.
In contrast, a remote router generally does not know a Netld. It tries to find a remote
computer where the first four digits of the remote computer's address match the first
four digits of the projected 1/O device's Netld. Therefore a changed value compared
to the "Target Netld" within the first four numbers of the AmsNetld generally results
in the fact that the projected I/O device cannot be addressed remotely unless all four
first numbers carry the value zero internally.

If one of the first four numbers has been changed from the "Target Netld" and a
relative Netld has not been defined, then this AmsNetld cannot be converted to a
relative "Ams Netld". The use of relative Netlds ensures that configured 1/O devices
are addressed with valid AmsNetlds, provided that the fifth and sixth numbers of the
assigned AmsNetlds exclude ambiguities. The fifth and the sixth number of a
respective relative AmsNetld must make a respective relative AmsNetld
distinguishable from all other assigned relative AmsNetlds.

Change Project Netld |Opens the Change Netld dialog to change the AmsNetld of the entry marked in the
"Project Netlds" table.

Open "Change Netld" dialog
1. In the Project Netlds table, select the projected device whose Netld you want to change.
= The button Change Project Netld is activated.
2. Click on the button Change Project Netld.
= The Change Netld dialog opens.

Alternative:

1. Right-click on the device in the 1/0 tree whose AmsNetld you want to change.
= A context menu opens.
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2. From the context menu, select the command Change Netld....
= The Change Netld dialog opens.

= The button OK of the dialog Change Netld changes the AmsNetld and closes the dialog. The Cancel
button below closes the dialog without changing the AmsNetld.

3.5.5 Adding routes

If you want to add a new route, this is done via the Add Route dialog.

N Add Route Dialog

| Enter Hozt Mame / P | | Refresh Status Broadcast Search
Hozt Marme Connected  Address A5 Metld TwinCaT 05 Yersion Fir ™
Cx-6D5ESF F217.28168 51039415311 314024 Windows 10 1607 i
Cx-RACTIC 1721728208 59013315611 314025 TwinCAT/BSD [13.2] &
Cx-BEE126 1721728153 BBBA7.381.1 314025 TwinCAT/BSD [13.1] &L
Cx-4313EE 1721728147 B7313.2381.1 214024 Windows 10 1607 2
Cx-4476FD 1721728130 RE2118.25311 314024 Win CE (7.0 g:
Cx-41C8DE (i 1721728183 172172818311 314026 Windows 10 1607 B
Cx-41CEBE 1721730134 172179816611 314024 Windows 101803 9t
Cx-3FD118 1721728195 5632092411 31,4024 Windows 10 1607 Aty
< >
Route Mame [Target]: |D<-ED AESF | Route Mame [Remate]: | Laptop
AmsMetid: | 5.103.34.153.1.1 | Target Route Remote Route
Virtual Amshetid (NAT) | | O Project O None / Server
(®) Static (®) Static
leg=enlze: UL 7 - () Temporary () Temporary
Address Info; [172.17.28.165 |
(JHost Name  (8)IP Address Advanced Settings [ ] Unidirectional
Connection Timeout [=]: |5 =
i aw Fragment Size [kBute]: |EI = Add Boute Cloze
Search for target systems:
Enter Host Name / IP Enter a host name or IP address in the input field and press the button to
search for a TwinCAT target system or a remote system in the network
(subnet).
Refresh Status Updates the list of potential target systems.
Broadcast Search Search for all TwinCAT systems connected to the current subnet. The targets
must be in TwinCAT configuration mode or run mode.

TwinCAT 3 Version: 1.1.5 47



SYSTEM

BECKHOFF

List of target systems

Host Name Name of the target or remote system found

Connected Shows the status of the connection to the target system.

Address Address of the device
The type of address depends on the transport protocol used. In the case of
"TCP/IP" it is the TCP/IP address.

AmsNetld The TwinCAT identification address of the device for the TwinCAT Router

TwinCAT Version and build number of the TwinCAT target system

OS Version Operating system on the target

Data of the selected target system

When a target is selected from the list, these fields display the associated connection data. The fields can be

edited.

Route Name (Target)

Name of the selected target system

AmsNetld

AmsNetld of the selected target system

Virtual AmsNetld (NAT)

Transport Type

Transport type of the selected target system

Address Info

Either the name or the IP address of the corresponding target system in
the network. If the name cannot be recognized, switch to the IP address.

Host Name

Selection that the route should be saved by target system name.

IP Adress

Selection that the route should be saved by IP address.

Connection Timeout (s)

Setting the connection timeout in seconds

Max Fragment Size (kByte)

Max. fragment size of the Ams commands. If this size is exceeded, the
Ams command is automatically split into several fragments by the router.

Route related settings

Route Name (Remote)

Name with which the route is entered on the remote system.

Target Route

Route from the local system to the target system
* Project

« Static

* Temporary

Remote Route

Route from remote system to local system
* None

« Static

* Temporary

Project Saves the route in the project.

Static Saves the route on the system (project-independent).

None Only Secure ADS routes can be added. These are stored on the target system
as a server with the corresponding certificate or preshared key (PSK).

Temporary Route is saved only until the next restart of the target system.

Advanced Settings

Displays or hides the route settings described in this chapter.

Unidirectional

Create a directed ADS communication (ADS command calls received from the
opposite system).

Adding route

Add Route Adds the selected target system with the settings made to the "Routes" (list of
configured target systems).

Close Closes the dialog box.
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Login Information

To access and configure a target system, you must be logged on to it. After clicking the button Add Route
you can enter user name and password. This data is stored in the route, so you only have to enter it once. If
you use a TwinCAT version > 3.1.4024 or if you do not want to use Secure ADS, the dialog for entering the
login information is as follows:

B Add Remote Route >

[[]5ecure A0S [TwinCAT 3.1 »= 4024

Rermate Uszer Credentials

IJzer |.-'1'-.|:Iministratn:-r Pazsward: |
[ ] TwinCAT 2.2 Password Format
User User name with administrator rights, which should
add the route.
Password User password

Starting from a TwinCAT 3.1.4024 version, if the option Secure ADS is switched on, the dialog appears as
follows:

B Add Remote Route >

Secure ADS  [TwinCAT 3.1 »= 4024]
(®) Self Signed Certificate
Check Fingerprint: | 050 3F2E1EE 74 7DENDSECBE4EDEREYAEEE 9113440522301 A1 701 BEST 28823428 4 |

Compare with: | |

() Shared Certificate Autharity [Ci) [ lgrore Carmman Narme
i) Preshared Key [PSE)

Remate Uszer Credentials

Idzer: |.-'1‘-.|:Iministrah:|r Paszward: |

Further information can be found in the documentation Secure ADS.

Secure ADS offers three ways of providing the keys required for the encryption:

+ Self Signed Certificate
» Shared Certificate Authority (CA)
* Preshared Key (PSK)

The configuration of a Secure ADS Route is described in the documentation Secure ADS.

3.6 Type System

Function: Data type management
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Call: Double click on the object Type System.

Solution Explorer * B X
@E-|o-a s
Search Solution Explorer (Ctrl+ Q) P -

fa] Solution TwinCAT Project’ (1 project)
4 0 TwinCAT Project
4 | SYSTEM
¥ License
b @ Real-Time

& Tasks

=iz Routes

=[ Type System
[&8] TcCOM Objects
MOTION
PLC
SAFETY

E C++
B /0

Solution Explorer EETGNET G,

See also Type System.

Context menu

Soluticn Explorer * A X
@&~ o-a|F-
Search Selution Explorer (Ctrl+d) P~

fa] Solution TwinCAT Project’ (1 project)
4 o TwinCAT Project
4 [ SYSTEM
¥ License
b @ Real-Time
[ % Tasks
== Routes

[&] TcCOM Objects
b PLC

#1 Add Mew ltem...
'O  Add Existing ltem...

Rename

Ins

Shift+Alt+4

4 M)
*f'g Devices

ﬁ:l Mappings

Add New Item... Add a new configuration.

Add Existing Item...

Add an existing configuration.

Rename

Rename element.
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3.6.1 Data Types tab

Data Types |Im.erfaces | Functions | EvenlCIasses|

MName ‘ Namespa... ‘ GUID ‘ Size ‘Type | Unit | Comment | RefCount ‘ FormatStr | Relations | Properties ‘ -~
_Implicit_litter_Distribution EDD2202.. 6 Tmp, Struct 1 0 1
_Implicit_KindOfTask 67FAS9CB.. 2 Tmp, Enum 1 4] 1]
_Implicit_Task_Info E8B02D85.. 112 Tmp, Struct 1 0 1
ADMSYNC_COPYINFO 18071995.. 32 Struct, Hid.. [0] Size: %d, .. 0 0
AdsAddInitCommand F6F369BF-... 40 Struct [0] 0 0

AMSADDR 18071995.. 8 Struct [16] %d.%d.%.. 0 0

AMSHEAD 18071995.. 32 Struct [0] 0 0

AMSNETID 18071995.. 6 Array, Hid.. [1] %d.%d.%... 0 0
AMNALYTICS_FORMAT 96505AD... 4 Enum [0] 0 0

ARRAY [0..0] OF OTCID 18071995.. 4 Tmp, Arra... 2 0 0 ~
[ show All Types || show Hidden Types Delete all unused Types.

Name Name of the data type

Namespace Namespace of the data type

GUID GUID of the data type

Size Data type size

Type Type of the data type (structure, array, ...)

Unit Unit of the data type

Comment Comment

RefCount Reference Counter of the data type

FormatStr Formatting string of the data type

Relations Number of relations to other data types

Properties Number of attributes that specify the use of the data
type.

IEC Dropbox to toggle the view of the data type in the

display field below. The representation as XML, PLC
code (IEC) or C++ code can be selected. In addition,
you can display the source from which the data type
originates.

Show All Types

Shows all data types.

Show Hidden Types

Also shows hidden types, i.e. the data types from
which others have already been derived.

Delete all unused Types

Deletes all unused data types.

TwinCAT 3
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3.6.2 Interfaces tab

Data Types | Interfaces | Functions EventCIasses|

Name ‘ Namespace 1D Methods Extends Ref Cnt -~
ITcUnknown 00000001-0000-0... 3 [71]
ITComObjCon 00000016-0000-0... 3 ITcUnknown (00000001-0000-0000-E0... | [3]
ITComObjRes 00000014-0000-0... 4 ITcUnknown (00000001-0000-0000-E0... | [3]
ITComObjind 00000013-0000-0... 5 ITcUnknown (00000001-0000-0000-E0... | [2]
ITcBaseClassFactory 00000018-0000-0... 3 ITcUnknown (00000001-0000-0000-E0.. | [1]
ITComObjectServer 00000030-0000-0... 12 ITcUnknown (00000001-0000-0000-E0... | [7]
ITcTask 02000002-0000-0... 5 ITcUnknown (00000001-0000-0000-E0... | [10]
ITcCyclic 03000010-0000-0... 1 ITcUnknown (00000001-0000-0000-E0.. | [3]
ITcPostCyclic 03000025-0000-0... 1 ITcUnknown (00000001-0000-0000-E0... | [3]
ITcFastCyclic 03000029-0000-0.. 1 ITcUnknown (00000001-0000-0000-E0.. | [2] -
IEC M Show Hidden Interfaces Delete all unused Types...

Name Interface name

Namespace Namespace of the interface

11D GUID of the interface

Methods Number of methods of the interface

Extends "Parent" interfaces

Ref Cnt Reference counter of the interface

3.6.3 Functions tab

Data Types | Interfaces | Functions ‘Evenlclasses|

IEC hd || show Hidden Functions

Name ‘ Namespace | GUID Type Meth/Act/Prop BExtends/Return Type | Ref Cnt
SR Tc2_Standard C004328F-09D.. FB 0/-1/0 1
TON Tc2_Standard C6F1102F-BF6A... FB 0/-1/0 6

Delete all unused Types...
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Name Name of the function

Namespace Namespace of the function

GUID GUID of the function

Type Type of the function

Meth/Act/Prop Number of methods/actions and properties

Extends/Return Type Parent function/ return value

Ref Cnt Reference counter

IEC Representation of the function in the display window
below as PLC code (IEC), XML or C++ code or the
source of the function (TMC file in which it is
declared).

Show Hidden Functions Shows hidden functions.

Delete all unused Types... Deletes unused types.

3.6.4 Event Classes tab

TwinCAT Projectb F X

Data Types | Interfaces | Functions | Event Classes |

Name ‘ Namespace GUID Eventld Cnt Ref Cnt
TcSystemEventClass 11F7FC20-DBF4-4.. 28 [21
TcGeneralAdsEventClass 80937C5B-9A96-4.. 60 [2]
TcRouterEventClass E3D84344-4CB3-4.. 14 [21
TcRTimeEventClass B63588AE-B30A-4.. 16 [2]
Win32EventClass 3FEAA93E-D042-4.. 1739 [2]

IEC - Show Hidden Events Classes Delete all unused Types...
Name Name of the Event Class
Namespace Namespace of the Event Class
GUID GUID of the Event Class
Eventld Cnt Number of event IDs
Ref Cnt Reference counter
IEC Representation of the event class in the display

window below as PLC code (IEC), XML or C++ code
or the source of the function (TMC file in which it is

declared).
Show Hidden Events Classes Also shows hidden Event Classes.
Delete all unused Types... Deletes types that are no longer used.
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3.7 TcCOM Objects

Function: Used to configure and handle TcCOM objects in the project (add, load, Online Change, state
switching).

Call: Double-click on the node TcCOM Objects.

See documentation TcCOM objects.

Context menu

Solution Explorer * B X
@~ o-a|p=
Search Solution Explorer (Ctrl+0) P~

fad Solution TwinCAT Project’ (1 project)
4 o TwinCAT Project
4 [ SYSTEM
A License
b @ Real-Time
b B Tasks
=t= Routes
2lm Type Systemn

| TcCOM Objects "

b PLC id Add Mew ltem... Ins
&7 SAFETY 0  Add Existing ltem... Shift+Alt+4
E Ca+ Rename
4 =@V Add New Folder...
L Devices
ﬁil Mappings Reload System TMC Files...
Paste Ctrl+V
Paste with Links

Add New Item... Add new TcCOM object.

Add Existing Item... Add existing TcCOM object.

Rename Rename TcCOM obiject.

Add New Folder... Add new folder.

Reload System TMC Files... Reloads the TMC files. This is necessary if the TMC
files have been changed in the background, e.g. by a
generation of new TMC files by the code generation
targets that are not triggered from TwinCAT. (See
e.g. TE1400)

Paste Copy TcCOM object.

Paste with Links Copy TcCOM object with links.

3.71 Online Objects tab

The Online Objects tab shows all TcCOM objects that are currently loaded at runtime.
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Online Objects  Project Objects  Online Changeable Objects  Class Factories “
OTCID Name CTCID State RefCnt Parent
03000000 10 03000000-0000-0000-FODD-000000000064 ap 2
E 08500000 PlcCtrl 08500000-0000-0000-FOD0-000000000064 ap 9
08500010 AuxTask 02000002-0000-0000- FODO-000000000064 ap 4 08300000
=1 02000000 RTime 02000000-0000-0000-FODO-000000000064 ap a0
03000011 170 Idle Task 01020001-0000-0000-FOD0-000000000064 ap 4 02000000
02010040 PlcTask 01020001-0000-0000- FODO-000000000064 ap 10 02000000
01010010 Object] (TempContr_Stateflow_OnlineChange) 83600ATA-0DOF-4CE4-AGY1-EFEAEBSTOBOF QP 5
& 01000000 Router 01000000-0000-0000-FOD0-000000000064 ap 21
01000001 TeLoader 01000001-0000-0000- FODO-000000000064 ap 4 01000000
01000010 TComServerTask 01000010-0000-0000- FODO-000000000064 ap 4 01000000
01000070 TcEventlLogger 01000070-0000-0000-FODO-000000000064 ap 2 01000000

MName Type
[E object1 (TempCantr_Stateflow_Online...

OTCID Object Id of the TcCOM object

Name Name of the TcCOM object

CTCID Class-Id of the TcCOM object

State State of the TcCOM object

RefCnt Reference counter of the TcCOM object
Parent Parent object

3.7.2 Project Objects tab

This tab contains a list of all TcCOM objects that have been added to the project.

~
Online Objects  Project Objects  Online Changeable Objects  Class Factories
OTCID Mame Version TMC Filename Parent TMI to Target
01010010 | Object] (TempCentr_Stateflow_OnlineChange) 0.00.5(C... |~ CA\ProgramData\Bec...
v
Name Type
[ Object1 (TempCantr_Stateflow_Online...
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OTCID Object ID of the TcCOM object

Name Name of the TcCOM object

Version Drop-down menu for selecting the version of the TcCOM object to be loaded in the
project.

TMC Filename Name of the added TMC file

Parent Parent TcCOM object

TMI to Target Selection whether the TMI file (TwinCAT Module Instance) should also be written to
the target system.

3.7.3 Online Changeable Objects tab

This tab lists all TcCOM objects that are capable of an Online Change. If several versions of a TcCOM object
are contained in the target system repository, you can select a version to be loaded from the drop-down

menu Online Version.

Online Objects  Project Objects  Online Changeable Objects  Clags Factories

QTCID Mame Yerzion Online Yerzion ‘
01010010 | Object] (TempContr_Stateflow_OnlineChange) 0.0.0.5 0.0.0.5 (Current)

Marme Type
Object] (TempContr_Stateflow_Online...

OTCID Object ID of the TcCOM object
Name Name of the TcCOM object

Version Loaded version of the TcCOM object
Online Version Selection of the version to be loaded.

3.74 Class Factories tab

Each TwinCAT driver contains exactly one Class Factory. When TwinCAT is loaded, these register with the
TwinCAT object server. The Class Factories that are available on a system are listed in this tab. If these are
to be loaded when TwinCAT is started, even if no TcCOM module exists in the project yet, this can be set

accordingly on this tab.
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Online Objects  Project Objects  Online Changeable Objects  Class Factories

Class Factory

Load

TC Loader Referenced by &

Telo

TePlc30

TeRTime

TeRtsObjects

TE140x Module[TempCentr_Stateflow_OnlineChange|0.0.0.5
Beckhoff Autornation GrnbH|Simulationl0[1.0.0.433
Beckhoff Automation|Simulation!O1.0.0.22%
SIPHandlerSolverPlugin

SIPHandlerSolverPlugin_2
SIPHandlerSolverPlugin_3
SIPHandlerSolverPlugin_4

TcAnalytics

TelotDrivers

Jooooood

PLC2*AuxTask

TIRC*TcCOM Objects* Object (TempContr_Stateflow_OnlineChange)

MName Type
Object] (TempContr_Stateflow_Online...

Class Factory

Name of the Class Factory

Load Selection whether this Class Factory should be
loaded.
TC Loader Selection of whether the Class Factory is to be

loaded via TwinCAT or via Windows Loader.

Referenced by

Display in which TcCOM module this Class Factory is
referenced.
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4 MOTION

Function: This node contains the configuration for linking with drive technologies.

Call: Select Add New Item... in the context menu and create a new Motion configuration.

Context menu

Solution Explorer * B X

AE-|o-a| L=
o~
fa] Solution TwinCAT Project’ (1 project)
4 o0 TwinCAT Project

P |g SYSTEM
#*.

B PLC J
SAFETY a

E C++
b /0

Search Solution Explorer (Ctrl+ Q)

Add Mew ltem... Ins

Add Existing ltem... Shift+Alt+4
Rename

Paste Ctrl+V

Paste with Links

Solution Explorer [RITel=slay=s Hide MOTION Configuration

Add New Item... Create new Motion configuration.
Add Existing Item... Add existing Motion configuration.
Rename Rename Motion configuration.
Paste Paste Motion configuration.

Paste with Links

Paste Motion configuration with linked devices.

Hide MOTION Configuration

Hide Motion configuration.

The connection as well as the use of drive technologies in a TwinCAT project are described in detail in the
TF5500 section of the Beckhoff Information System:

e TF50x0 | TwinCAT 3 NC PTP

« TF5100 | NCI

« TE1500 | Valve Diagram Editor
« TE1510 | CAM Design Tool

4.1

NC/PTP NCI Configuration

A NC/PTP NCI Configuration is divided into the following sections:
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NC-Task 1 SAF [» 59]

NC-Task 1 SVB [» 61]

Image [P 62]

Tables [P 62]

Objects [» 62]
Axes

SAF task
Task for the block execution
Task in which the setpoint generation takes place.

Task that serves the fieldbus 10 of the NC.
SVB task

Task for the block preparation
Linking and "Look-ahead" function of NCI segments
no effect on single-axis movements (PTP)

not responsible for the fieldbus IO of the NC
NC process image

Tables, e.g. for cam plates
additional TcCOM objects
NC axis configuration.

Additionally, channels of the following types can be added to the configuration:

NC Channel (for
Interpolation)

« TF5100 | TwinCAT 3 NC |

NC Channel (for FIFO . TF5055 | TwinCAT 3 NC FIFO Axes

Axes)

NC Channel
(for Kinematic
Transformation)

e TF511x | TwinCAT 3 Kinematic Transformation

411 SAF task

The block execution task (SAF task) directly executes commands that do not require preprocessing or have

been prepared by the SVB task [P _61] and handles cyclic communication with the drive devices.

* motion commands of the Tc2 MC2 library, like MC_MoveAbsolute, MC_MoveRelative,

MC_MoveVeloctiy etc.

* coupling axes

« cyclic setpoint generation for all axes and output to drives

+ cyclic acquisition of the actual position and position control, if not directly controlled by the drive
* 1/0 communication, e.g. for the evaluation of latch positions

Task tab

The SAF task is configured via the NC/PTP NCI Configuration node below the MOTION node, which is

called NC-Task 1 SAF by default. Details about the task dialog, see TE1000 | The TwinCAT Project.
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Task  Settings Online  Add Symbols

Name: NC-Task 1 SAF Port: [501 :
Auto start Object Id:  |3x05000010
[ ] Auto Pricrty Management Options
Priority: |5 - [ ] Disable
Cycleticks: 2 |5 |2-DM | ms [ Create symhaols
Start tick (modula): 0 = Include extemal symbaols
[] Separate input update
Pre-ticks: 0 =
[ ]Waming by exceeding 1/0 at task begin
Message box
High Prio ADS commands
Watchdog Cycles: 0 =
Comment :

High Prio ADS commands

As of TwinCAT 3.1 Build 4026, ADS communication takes place at the start of an SAF task cycle by default.
This corresponds to a higher prioritization of ADS communication.

Up to and including TwinCAT 3.1 Build 4024, ADS communication takes place at the end of an SAF task
cycle. By unchecking High Prio ADS commands, ADS communication also takes place on a
TwinCAT 3.1 Build 4026 system at the end of an SAF task cycle.

Settings tab
Task  Seftings  Online  Add Symbols

Retain Data Scheduling

(®) None Sort Order:
() Store only

() Load / Store

() Load {f available) / Stare

Symbel Mames
[] Language independent

Retain data

TwinCAT-NC uses retain data to restore the position of individual axes with absolute measured value system
at system startup. The Retain setting determines globally whether data required for this purpose is saved
when the system is stopped and loaded when the system is started. In addition, the storage must be

parameterized for each axis that requires such data (see Data Persistence [P_80]).

Prevent data loss

If retain data is used, it is recommended that the system is backed up with a UPS so that the data can be
stored safely even if the supply voltage fails.

» None: No retain data is saved or loaded.
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 Store only: No retain data is loaded at system startup. Retain data is saved when the system is
stopped. This setting is only used for compatibility with old configurations.

» Load/Store: Retain data is stored at system stop and loaded at system start. If there is no data or only
corrupt data at system startup, the system aborts the startup process with an error.
The system cannot be started in this mode when the retain data is configured for the first time, so the
Mode Load (if available)/Store should be set first and then reset to Load/Store after a successful
system start.

» Load (if available)/Store: Retain data is stored at system stop and loaded at system start. If there is no
data or only corrupt data at system startup, the system starts without retain data.
Axes that rely on retain data are in the "not referenced" state. The application should check this state
and take action.

Symbol Names

The setting Symbol Names, Language independent specifies that the generic part of the symbol name is not
changed. This is then always held in English.

For example, without this setting Axes.Axis 1.SetPos would change to Achsen.Axis 1.SetPos when switching
language from English to German, while with the setting it would remain English.

Online tab

The Online tab shows the utilization of the task over time and indicates the number of cycle time overruns.
Details can be found in the TE1000 | TwinCAT 3 XAE documentation.

Task  Settings Online  Add Symbullg‘f

S
UL LS

Cpu 0.0us

=

Total 0.0 us

o
U us

Exceed counter: Reset

41.2 SVB task

The block preparation task (SVB task) prepares selected commands so that they can subsequently be

executed quickly in the SAF task [»_59].
These are for example:

+ Operation of the axes in the development environment via the Axis online dialog [P 81].

« Homing sequence, which can be started e.g. with MC Home.
» Group commands for kinematic, FIFO and NCI groups
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Task  Orline  Add Symbals

Name: [NC-Task 15VE Port: |511 =
Auto start Object Id: |{b¢ﬂ-5'|]-|]-|]-|}2ﬂ
[] Auta Priority Management Options
Priority: |5 = [] Disable
Cycle ticks: |'H]' = |1ﬂ'.ﬂ'|]'|]' | ms []create symbols
Start tick {modulo): E = Include extemal symbaols

[] Separate input update

[
1k

[ Waming by exceeding

Message box

Watchdog Cycles: |{|'

4k

Comment:

Settings in relation to the SAF task

In relation to the SAF task, a higher cycle time and a lower priority should be selected for the SVB task, as is
also the case by default.

41.3 Image
Under Image the process image of the SAF task is displayed.

General information on the process image of a task, see SAF task [»_59].

41.4 Tables

Electronic cam plates describe a nonlinear relationship between a master and a slave axis in a coupled axis
system.

Valve characteristic curves are required for the control of hydraulic axes. They describe a non-linear
relationship between the target velocity of an NC axis and the variable output to the controlled device.

Electronic cam plates and valve characteristic curves can be managed under Tables.

Further information:

* Motion Diagrams
TE1510 | TwinCAT 3 CAM Design Tool
TF5050 | TwinCAT 3 NC Camming

* Valve Diagrams
TE1500 | TwinCAT 3 Valve Diagram Editor

41.5 Objects

TwinCAT 3 has a modular structure.
This modular structure is also used for Motion Control.

The individual motion objects can be channel-dependent, e.g. axes in the axis channel or kinematic
transformations from the "NC Channel (for Kinematic Transformation)" or channel-independent.
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The independent objects are managed via the Objects node. These are, for example, the Collision
Avoidance and Coordinated Motion groups.

4.2 Axis dialog box

421 General
General  Settings  Parameter Dynamice Online  Functions Coupling Compensation
Mame: | | Id:
Object Id: | 205010010 |
Type: |Cu::r|tinunu5 Auis |
Commert :
[ ] Disabled Create symbols
Property Description
Name Selected name of the object.
Do not assign an object name more than once!
Object Id 32-bit identification number that is automatically assigned and unique within a
project.
Type Axis type
The axis type is defined when the axis is created and cannot be changed later.
Comment Freely editable field for user notes.
Id Identification number of the axis, which is assigned consecutively. When an axis is
deleted, the number becomes free again and can be assigned to a new axis.
Disabled Option to disable an axis
Create symbols This option generates typical symbol names that are used in TwinCAT Scope, for
example.

4.2.2 Settings

In the Settings tab, essential settings like linking the NC axis with hardware and PLC as well as type and
unit can be executed.

TwinCAT 3 Version: 1.1.5

63


https://infosys.beckhoff.com/content/1033/tf5410_tc3_collision_avoidance/index.html?id=6322849529448397858
https://infosys.beckhoff.com/content/1033/tf5410_tc3_collision_avoidance/index.html?id=6322849529448397858
https://infosys.beckhoff.com/content/1033/tf5420_tc3_advanced_pick_and_place/8892195851.html?id=7623445075457225423

MOTION BECKHOFF

General Settings  Parameter Dynamics Orline  Functions Coupling Compensation

[Link To 170 | [Tem 3 (ELM7231-0010) |
Link To PLC... | |
Axis Type: | CANopen DS402/Profile MDP 742 e.g. EtherCAT CoE Diive) v
[ ] Simulation
it - MM et Display {Cnly)
Postion:  [_]pm [ ] Medulo

Velocity: ] mm/min

Result
Position: Welocity: Acceleration: Jerk:
|mm | |mm;’s | |mm;’52 | |mm;’53 |

Axiz Cycle Time ¢ Access Divider

Divider: 1 | Cycle Time {ms):
Madula: 0 =
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Setting Description

Link To l/O... The Link button opens a dialog for linking the NC axis with the
drive hardware under I/O.
The link is displayed in the field on the right.

Link To PLC... The Link button opens a dialog for linking the NC axis with the
PLC instance of the axis.
The link is displayed in the field on the right.

Axis Type Type of connected drive hardware and protocol used.

Simulation From TwinCAT 3.1 Build 4026
Enables the axis to be set to simulation mode. If simulation
mode is active, the link to the 1/O is ignored and a simulation
drive and encoder are used instead of the configured axis type.
If simulation mode is active, the axis is marked with a light blue
symbol in the project tree St

Unit Physical unit of the position of the axis. The unit can be chosen

arbitrarily and edited in the Unit input field. It should be noted
that the scaling factor of the axis must be set accordingly (see
Encoder parameters).

Standard: Millimeter (mm)

Display (only)

Adjustments to the display in the online axis dialog. These
settings do not affect data in the process image.

Position Changes the position display by one thousand place value
(mm/pm)

Velocity Display of velocity in mm/min instead of mm/s.
The default time reference in NC and PLC remains the second
regardless of the display setting.

Modulo Display of the modulo position instead of the absolute position.

Result

Position Position

Velocity Velocity

Acceleration Acceleration

Jerk Jerk

Axis Cycle Time / Access Divider

Divider The axis is executed in every nth cycle of the NC-SAF task
with the cycle time divider. The divider can be set to a value
greater than 1 to reduce the system load for low-priority axes.

Modulo With a cycle time divider greater than 1, the modulo value
determines in which NC-SAF cycle the axis is processed. Axes
with the same modulo are processed in the same cycle. For
even distribution of the system load, the axes should be
distributed to different modulo values.
Example: Divider=4, Modulo 0..3

Cycle Time (ms) Axis cycle time

4.2.3 Parameter

Various axis settings can be made via the Parameter tab, which are described below.
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General Settings Parameter Dynamice Online

Parameter Offline Value Online Value Type Unit

- Maximum Dynamics:

Functions

Coupling Compensation

Reference Velocity 2200.0 2200.0 F mim,’s
Maximum Velocity 2000.0 2000.0 F mm;,’s
Maximurm Acceleration 15000.0 150000 F mm,s2
Maximum Deceleration 15000.0 15000.0 F mm,’s2

- Default Dynamics:
Default Acceleration 1500.0 1500.0 F mm,s2
Default Deceleration 1500.0 1500.0 F mm,s2
Default Jerk 2250.0 2250.0 F mm,’s3

+  Manual Meticn and Homing:

+ | Fast Axis Stop:

+ | Limit Switches:

+ | Moenitoring:

+ | Setpoint Generator:

+ | NCI Parameter:

+ | Other Settings:

Download Upload . Expand Al || Collapse Al | Select Al
4.2.3.1 Maximum Dynamics, Default Dynamics

|- Maximurn Dynarnics:

| Reference Velocity

Maximum Velocity
Maximum Acceleration

Maximum Deceleration

2200.0

2000.0
15000.0
15000.0

mm;s

mmy’s
mimysd
mimysd

|- Default Dynarnics:

Default Acceleration

Default Deceleration

Default Jerk

Dynamic-Parameters
» Velocity Vel,
» Acceleration Acc,
* Deceleration Dec,
« Jerk.

1500.0
1500.0
2250.0

F

mimysd
mmysd
mimys3

The jerk is the derivative of acceleration or deceleration with respect to time. Thus, it describes how quickly
acceleration or deceleration change.
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Reference Velocity

For drives that are not directly controlled by a digital velocity value, e.g. a voltage or current interface, the
Reference Velocity is used to scale the drive output. The Reference Velocity is at the same time an upper
velocity limit that cannot be exceeded in addition to the maximum velocity. For all drive types, the Reference
Velocity must be set greater than or equal to the maximum velocity.

(Strictly speaking, the velocity upper limit is the Reference Velocity divided by the Output Ratio, if an Output
Ratio smaller than 1.0 is parameterized)

For details, see the Drive Parameters > Reference Velocity.

"Maximum Dynamics" and "Default Dynamics"

The dynamic parameters are absolute, unsigned values. The default values are used if the user has not
specified any values, e.g. for a motion command. The maximum values limit the axis dynamics and must be
parameterized greater than or equal to the default dynamics.

The maximum values are observed by newer products like the Tc3_McCoordinatedMotion Library. However,
for some products, such as the Tc2_MC2 library, the maximum acceleration and the maximum jerk are not
taken into account.

Tc2_MC2 library

Default Dynamics + If the input value "0.0" is assigned to one of the dynamic parameters "Acceleration,
Deceleration, Jerk" at a motion function block or this input is left empty, then a
default value is used instead.

Maximum Dynamics < Velocity values that exceed the maximum velocity will not be accepted and will
result in an error.

» Values for Acceleration, Deceleration and Jerk are not checked for exceeding the
maximum parameters, but are accepted.

Coupled axes * In the case of a coupled slave axis, its dynamics depend exclusively on the master
movement and maximum values are not checked.

» When decoupling a slave axis, various measures are taken to prevent the maximum
velocity from being exceeded or the direction of movement from being reversed.

» Examples of such measures are increasing the jerk or increasing the acceleration or
deceleration to the maximum value.

Tc3_McCoordinatedMotion Library, Tc3_McCollisionAvoidance Library

Tc3 Mc « If for one of the dynamic-parameters “Acc, Dec, jerk” the input value “0.0” is
CoordinatedMotion assigned to a motion function block, this assignment leads to an error that means
Tc3 Mc that this value is not allowed.

CollisionAvoidance

« If for one of the dynamic-parameters “Acc, Dec, jerk” you would like to refer to a
default value at a motion function block, this parameter has to be set to the constant
value “MC_Default’.

Default Values
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Tc3 Mc Vel, Acc, Dec
CoordinatedMotion

Te3_Mc
CollisionAvoidance * For the dynamic-parameters “Vel, Acc, Dec” maximum values can be

Maximum Dynamics ~ Parameterized at a motion function block using the constant value *“MC_Maximum’.
Jerk
* There is no maximum value for the jerk.

» For the dynamic-parameters “Vel, Acc, Dec” the parameterized values are used.

* The jerk is set to the value “unlimited”. Simultaneously, a three-phase-profile or a
three-phase-acceleration-setter is applied for motion.

Default Values

* ltis allowed to parameterize default values that exceed their corresponding
maximum values.

 If a default value is parameterized that exceeds ist corresponding maximum value,
a warning will be given, but no error is thrown.

* At a Tc3_McCoordinatedMotion-function block or a Tc3_McCollisionAvoidance-
function block parameterized default values using the constant value MC_Default
will be mutually limited to the corresponding maximum values without giving an
error message.

4.2.3.2 Manual Motion and Homing

Homing Velocity

| Parameter Offline Value OnlineValue | Type |Unit

|- Manual Moticn and Homing:

Homing Velocity (towards ple carn) | 300 F mm,’s
Homing Velocity (off plc cam) 30.0 F mm,’s
bCalibrationCam

A boolean input of MC Home. It evaluates the signal of a referencing cam. This reference signal can be
coupled into the control unit via a digital input.

Homing Velocity (towards plc cam)

Velocity used by a MC Home function block when homing to a referencing cam in the standard homing
sequence when the HomingMode MC_DefaultHoming is selected and the bCalibrationCam inputis
evaluated.

Homing Velocity (off plc cam)

Velocity used by a function block MC_Home when moving away from a referencing cam in the standard
homing sequence when the HomingMode MC DefaultHoming is selected and the bCalibrationCam
input is evaluated.

Manual Velocity

| Pararmeter Offline Value OnlineValue |Type |Unit

|- Manual Motion and Homing:

Manual Velocity (Fast] 600.0 F mm,s
Manual Velocity (Slow) 100.0 F mm;s

Manual Velocity (Fast)
Online Dialog:
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» Used velocity for MOTION | NC-Task 1 SAF | Axes | Axis 1 | Online | -- F1.
» Used velocity for MOTION | NC-Task 1 SAF | Axes | Axis 1| Online | ++ F4.
+ Similar for other identifiers

MC_Jog:

+ Velocity used by a function block MC Jog applied to the axis when its input is JogForward or its input
is JogBackwards TRUE and selected as its Mode MC_ JOGMODE _STANDARD FAST.

Manual Velocity (Slow)

Online Dialog:
» Used velocity for MOTION | NC-Task 1 SAF | Axes | Axis 1 | Online | - F2.
» Used velocity for MOTION | NC-Task 1 SAF | Axes | Axis 1 | Online | + F3.
« Similar for other identifiers.

MC_Jog:

* Velocity used by a function block MC Jog applied to the axis when its input is JogForward or its input
is JogBackwards TRUE and selected as its Mode MC JOGMODE STANDARD SLOW.

Buttons in the Online dialog

In the "MOTION | NC-Task 1 SAF | Axes | Axis 1 | Online" dialog, there are the buttons -- F1, - F2, + F3 and
++ F4.

AR Ay
F1 | F2| F3| F4 F8 | _F9

Jog Increment

|- Manual Moticn and Homing:

log Increment (Forward) 5.0 F i

Jog Increment (Backward) 5.0 F i

Jog Increment (Forward)
Not used.

This parameter is not currently used explicitly in TC3 Motion libraries. However, the parameter itself can be
read or written or inserted indirectly by the user, e.g. in a function block created by the user or in an HMI.

Jog Increment (Backward)
Not used.

This parameter is not currently used explicitly in TC3 Motion libraries. However, the parameter itself can be
read or written or inserted indirectly by the user, e.g. in a function block created by the user or in an HMI.

MC_JOGMODE_INCHING

The function block MC Jog enables an axis to be moved via manual keys. The key signal can be connected
directly to the JogForward or JogBackwards input. The desired operation mode is specified by input
Mode. When using the MC JOGMODE INCHING mode, a rising edge at one of the jog inputs moves the axis
over a certain distance that is assigned at input Position.

More Information:

« MC Jog (PLC library Tc2_MC2)
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4.2.3.3 Fast Axis Stop

Fast Axis Stop

I_ Parameter Offline Value Online Value Type |Unit
|- Fast Axis Stop:

Fast Axis Stop Signal Type (optional) | 'OFF (default)’ LI E

Fast Acceleration (opticnal) 0.0 F mm,sd
Fast Deceleration (opticnal) 040 F mm,s2
Fast Jerk (optional) 0.0 F mm;s3

A stop is usually triggered by PLC code using MC_Stop. However, there are special applications that require
the time delay for the stop to be as small as possible. Here, bit 7 of Drive.lnputs.In.nState4 comes into play.
This bit can trigger a stop directly without having to go through the PLC process image.

Solution E:-:ZFIlDI'EI' * [ X TwinC }':'._T_F' r|:|_i ectl
™ - = —- R
tay | - g | & Variable | Flags | Online
Search Solution Explorer (Ctrl+a) R~
: Stated
4 = moToN Af| Neme i
¥ NC-Task 1 SAF Type: USINT
?@. MC-Task 1 SVB Group: Inputs Size: 1.0
5% Image
] Tables Address: 173 (B3) User ID: 0
[&] Objects
Linked to...
4 S Axes 4 2
4 i Axisl Comment: Drive Status 4 (automatically linked):
b 4, Enc 01 {0000 0001} = 10 data invalid (2.g. BtherCAT WiState’)
. (<02 (D000 0010) = 10 data input toggle (2.g. BtherCAT ‘Input Toggle?)
4 =] Drive
4 Inputs Drive Status 4 {manually linked):
4 #In (B0 (1000 DO00) = Fast axs stop (digital 10 intermupt)
b # nDatalnl
b # nDataln2
¥ ndtatel ADS Irfo: Port: 501, IGm: (xF020, IOffs: 1xB3, Len: 1
# nState?
#| nStated
¥ nStated Ful Name:  TINC™NC-Task 1 SAF /uces™fuis 1 Drive Inputs “In"nStated
b # nDataln3
b # nDataln4
B 5 nDatalns -

Drive Status 4 (manually linked):
Bit 7 = 0x80 (1000 0000) = Fast Axis Stop (digital 10 interrupt)

nState4->Bit 7 variable
Bit 7 of Drive.Inputs.In.nState4 can be assigned to any event source.
Fast Axis Stop Signal Type

The "Fast Axis Stop Signal Type (optional)" list comprises six elements:
* OFF (default)
No Fast Axis Stop is executed via the Drive.Inputs.In.nState4.7 bit.
» Rising Edge
A Fast Axis Stop is executed on a rising edge of bit 7 of Drive.Inputs.In.nState4.
« Falling Edge
A Fast Axis Stop is executed on a falling edge of bit 7 of Drive.Inputs.In.nState4.

» Both Edges
A Fast Axis Stop is executed on a rising or falling edge of bit 7 of Drive.Inputs.In.nState4

« High Active
A Fast Axis Stop is executed if bit 7 of Drive.Inputs.In.nState4 is set.
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* Low Active
A Fast Axis Stop is executed if bit 7 of Drive.Inputs.In.nState4 is not set

Fast Acceleration, Fast Deceleration, Fast Jerk
This parameterization is optional. If no values are specified, the default dynamics are applied.

Further Information:
* MC Stop (PLC library Tc2_MC2)

4234 Limit Switches
The Limit Switches parameters can be set under MOTION | NC-Task 1 SAF | Axes | Axis 1 | Parameter.

Alternatively, the Limit Switches parameters can be set under MOTION | NC-Task 1 SAF | Axes | Axis 1 |
Enc | Parameter.

Similar for other identifiers.

Soft Position Limit Minimum Monitoring

| Parameter | Offline Value | Online Value Type |Unit
|- Lirnit Switches:

Soft Position Limit Minirmum Monitoring | FALSE LI B

Pinimum Position 0.0 F mm

FALSE: Soft Position Limit Minimum Monitoring is not enabled.
TRUE: Soft Position Limit Minimum Monitoring is enabled.
Minimum Position

Position lower limit for the axis, which must not be violated when Soft Position Limit Minimum Monitoring is
enabled. Commands that violate this lower limit will be rejected.

Soft Position Limit Maximum Monitoring

| Parameter | Offline Value | Online Yalue Type |Unit
|- Limit Switches:

Soft Position Limit Maximum Monitoring | FALSE LI B

Maximum Position 0.0 F mm

FALSE: Soft Position Limit Maximum Monitoring is not enabled.
TRUE: Soft Position Limit Maximum Monitoring is enabled.
Maximum Position

Position upper limit for the axis, which must not be violated when Soft Position Limit Maximum Monitoring is
enabled. Commands that violate this upper limit will be rejected.
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4.2.3.5 Monitoring

Position Lag Monitoring

I_ Parameter Offline Value | Online Value Type |Unit
|- Maonitaring: |

Position Lag Monitoring TRUE LI B
Mazximurmn Position Lag Value 5.0 F mm
Maximum Position Lag Filter Tirme 0.02 F 5

The position lag monitoring monitors the position lag value. If the parameterized limits for position and time
are exceeded, a runtime error is output.

Position lag value = current set position - actual position

TRUE: Position Lag Monitoring is enabled.

FALSE: Position Lag Monitoring is not enabled.

Maximum Position Lag Value and Maximum Position Lag Filter Time

The Maximum Position Lag Value is the upper limit, which must not be exceeded for longer than the
Maximum Position Lag Filter Time. Otherwise the NC axis is stopped immediately by direct shutdown and
set to the logical state "Error", whereby the error 0x4550 is output.

Position Range Monitoring

| Parameter Offline Value Online Value Type | Unit
|- Monitoring: |

Position Range Monitoring TRUE ;I B

Position Range Window 5.0 F rm

Position Range Monitoring monitors whether the actual position of the NC axis reaches a window around the
target position. Once the window is reached, the status flag Axis.Status.InPositionArea is setto
TRUE.

TRUE: Position Range Monitoring is enabled.
FALSE: Position Range Monitoring is not enabled.
Position Range Window

Specifies the tolerance of the actual position of the NC axis with respect to the target position so that the
status flag Axis.Status.InPositionArea is setto TRUE.

® NC-Online: “In Pos. Range” — Axis.Status.InPositionArea

The value of variable Axis.Status.InPositionArea corresponds to the state of the checkbox
“In Pos. Range” within the group box “Status (phys.)” of the NC-Online dialog. If the variable
Axis.Status.InPositionArea is set on TRUE, the checkbox “In Pos. Range” is checked.

Graphic example

72 Version: 1.1.5 TwinCAT 3



BECKHOFF MOTION

[5]

[6] [7]
[9]

[8]

-
[1]
2] [3]
Fl -
[4]
-
[1] * Nominal value of the target position.
[2] » Position Range Window.
[3] » Position Range Window.
[4] Variable Axis.Status.InPositionArea:
Position Range + If the parameter "Position Range Monitoring" is set to TRUE and ...
Monitoring

+ ... if the actual position is in this range [4],
» then the variable Axis.Status.InPositionArea is setto TRUE.

Target Position Monitoring

| Parameter Offline Value Online Yalue Type Un'rt
|- Menitoring: |

Target Position Monitoring TRUE ;I B
Target Position Window 2.0 F [l
Target Position Menitoring Time 002 F 5
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Target Position Monitoring monitors whether the actual position of the NC axis reaches a window around the
target position and also remains in this window for a minimum time. After that the status Flag
Axis.Status.InTargetPosition is setto TRUE.

TRUE: Target Position Monitoring is enabled.
FALSE: Target Position Monitoring is not enabled.
Target Position Window

The Target Position Window specifies the tolerance of the actual position of the NC axis in relation to the
target position, which is to be taken into account in Target Position Monitoring.

Target Position Monitoring Time

The Target Position Monitoring Time specifies the time in which the actual position of the NC axis must be at
least within the tolerance range of the target position (Target Position Window) so that the status flag
Axis.Status.InTargetPosition is setto TRUE.

® NC-Online: “In Target Pos.” — Axis.Status.InTargetPosition

1 The value of the variable Axis.Status.InTargetPosition corresponds to the state of the
checkbox “In Target Pos.” within the group box “Status (phys.)” of the NC-Online dialog. If the
variable Axis.Status.InTargetPosition is set on TRUE, the checkbox “In Target Pos.” is
checked.

Graphic example

[5]

[6] [7]
[9]

[8]

[1]
[2] [3]

[4]
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[5] * Nominal value of the target position.

[6] » Target Position Window.

[7] » Target Position Window.

[8], [9] Target position:

Target Position « If the parameter "Target Position Monitoring" is set to TRUE and ...
Monitoring

+ ... if the actual position is in this range [8] at least for the duration"Target Position
Monitoring Time" [9] without interruption up to the actual time,

 then the variable Axis.Status.InTargetPosition is setto TRUE.

In-Target Alarm

I_ Parameter Offline Value | Online Value Type |Unit
|- Monitoring: |

In-Target Alarm FALSE | B
In-Target Timeout 5.0 F 5

The In-Target Alarm monitors whether the axis reaches the Target Position Window within the In-Target
Timeout.

TRUE: The In-Target alarm is enabled.
FALSE: The In-Target alarm is not enabled.
In-Target Timeout

If the NC axis does not reach the Target Position Window within the In-Target Timeout, the Nc axis reports
the error 0x435C. The time measurement is started when the set position of the axis has reached its nominal
position.

Motion Monitoring

I_ Pararmeter Offline Value | Online Value Type |Unit
|- Monitoring: |

Motion Monitoring FALSE R4 B
Motion Monitoring Window 01 F lyy!
Motion Menitering Time 0.5 F 5

Motion Monitoring checks whether an axis is actually moving while it is executing a motion command. This
makes it possible, for example, to detect the mechanical blocking of an axis at an early stage.

TRUE: Motion Monitoring is enabled.
FALSE: Motion Monitoring is not enabled.
Motion Monitoring Window

The Motion Monitoring Window defines the distance that the encoder (actual position) should be expected to
travel during one cycle of the NC SAF task. Here a value/distance/length of some encoder increments can
be set.

Motion Monitoring Time

Monitoring starts as soon as the axis executes a motion command and ends when the axis comes to a
logical standstill. If its actual position does not change by more than the Motion Monitoring Window in at least
one NC cycle during the Motion Monitoring Time, the NC axis outputs the error 0x435D.
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4.2.3.6 Setpoint Generator

Setpoint Generator Type
| Parameter Offline Value Online Yalue Type |Unit
|- Setpoint Generator:

| Setpoint Generator Type 7 Phases (optimized) LI E

7 Phase (optimized)

Only an optimized 7-phase setpoint generator is supported.

Velocity Override Type
| Pararmeter Offline Value Online Value Type |Unit
|- Setpoint Generator:

| Velocity Override Type Reduced (iterated) ;I E

The NC axis supports a speed override. This means that changing the override creates a new velocity, but
does not affect the ramps (acceleration or jerk). The used override types only differ in terms of reference
velocity.

More information about override types can also be found in Path Override (Interpreter Override Types).
Reduced (iterated)
The override refers to the maximum velocity of the profile calculated by the setpoint generator.

Example: A motion command with 1000 mm/s with a short travel distance is assigned. This velocity cannot
be reached on this route and a travel profile with 700 mm/s at 100% override is calculated. With a smaller
override value, the actual travel velocity is further reduced.

Original (iterated)
The override refers to the parameterized velocity of the executed motion command.

Example: A motion command with 1000 mm/s with a short travel distance is assigned. This velocity cannot
be reached on this route and a travel profile with 700 mm/s at 100% override is calculated. Since the
override refers to the velocity of the motion command, the actual velocity is only reduced here below an
override value of 70 %.

4.2.3.7 NCI Parameters

Rapid Traverse Velocity (G0)

| Parameter Offline Value Online Yalue Type |Unit

|- MCI Parameter:

| Rapid Traverse Velocity (G0) 2000.0 F mmy’s

The Rapid Traverse Velocity is used when an interpreter command GO0 is executed. See section Rapid
traverse velocity for a brief description of the interpreter command GO.

Velo Jump Factor

| Parameter Offline Value Online Value Type |Unit

|- MCI Parameter:

| Velo Jump Factor 0.0 F
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The reduction factor c0[1i] is the Velo Jump Factor.

Background information
Segment transitions

Segments are geometric objects. We consider them as curves in the sense of differential geometry,
parameterized by means of their length arc.

A segment transition from a segment S_in to a segment S_out is called of geometric type Ck, where k is a
natural number (including 0) describing k continuous arc length differentials for each segment and the
corresponding k~th derivatives at the transition point.

CO transitions: Have a knee-point at the transition point.

C1 transitions: Appear smooth, but are not smooth in dynamic terms. At the segment transition point, there is
a jump in acceleration.

C2 transitions: Are dynamically smooth and their smoothness is only jerk-limited.
Ck transitions: are dynamically smooth.
Segment dynamics

Velocity v: The segment set velocity v changes at the segment transition from v_in to v_out. At the
segment transition the set velocity is always reduced to the lower of the two values.

Acceleration a: At the segment transition, the current path acceleration is always reduced to zero.

Jerk j: At the segment transition, the jerk changes according to the geometry of the segment transition. This
jerk change can cause a noticeable dynamic jump.

Velocity reduction modes for CO transitions

Several reduction methods are available for c0 transitions. One of them is the reduction method
VELOJUMP. The reduction method VELOJUMP reduces the velocity after permitted velocity jumps for each
axis.

The VELOJUMP reduction method for C0 transitions

Basically v_1ink = min(v_in, v _out) applies. For the axis [1], the allowed absolute velocity jump is
v_jump[i] = CO[i] * min(A+[i], -A-[i]) * T,where co0[1i] is the reduction factor, a+[i], A-
[i] is the acceleration or deceleration limits for the axis [i], and T is the cycle time. The VELOJUMP
reduction method ensures that the path velocity is reduced at the segment transition v_1ink until the
absolute step change in the set axis velocity of axis [i] is at most v_jump[i]. However, v_min has
priority: if v_1ink is smaller than v_min, then v_1inkis setto v_min. In the case of motion reversal with
no programmed stop, there will be a step change in axis velocity.

Tolerance ball auxiliary axis

| Parameter Offline Value | Online Value Type |Unit
|- MCI Parameter:

| Tolerance ball auxiliary axis 0.0 F
See section Tolerance Ball for further information.

Max. position deviation, aux. axis

| Parameter Offline Value Online Value Type |Unit
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|- MCI Parameter:

| Max. position deviation, aux. axis | 0.0 F

Introduced for future extensions.

4.2.3.8 Other Settings

Position Correction

Pararneter Offline Value Online Value Type |Unit
|- Other Settings:

Position Correction FALSE | B
Filter Time Pasition Correction (P-T1) 0.0 F 5

The Position Correction can be activated under MOTION | NC-Task 1 SAF | Axes | Axis 1 | Parameter.

Alternatively, the Position Correction can be activated under MOTION | NC-Task 1 SAF | Axes | Axis 1 | Enc
| Parameter.

Similar for other identifiers.
FALSE: The Position Correction is disabled.
TRUE: The Position Correction is enabled.

The variable axis.P1cToNc.PositionCorrection is of data type LREAL and belongs to the structure
PLCTONC_ AXIS REF. If Position Correction is enabled, this variable adds an additional offset to the target
position. It should be noted that this correction does not affect the software end positions.

Filter Time Position Correction (P-T1)

The filter time for the PT-1 filter, which filters fluctuations within the Actual Position Correction with the filter
time set here. See section PT1 Filter for further information on the PT1 filter.

See also:

MC_PositionCorrectionLimiter

e TwinCAT 3 PLC Lib: Tc2 MC2

The function block MC PositionCorrectionLimiter adds the correction value
PositionCorrectionValue to the actual position value of the axis. Depending on the CorrectionMode
the position correction value is either written directly or filtered.

®  15usethe MC PositionCorrectionLimiter function block successfully the Position
Correction has to be enabled by setting the parameter Position Correction TRUE.
Backlash
= Other Settings:
Backlash 0.0 F mim

This parameter is only present for compatibility reasons. For more information, visit NC Backlash
Compensation.
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Error Propagation Mode

Parameter Offline Yalue Online Yalue Type [Unit
|- Other Settings:

Error Propagation Mode TMSTANTANEOUS ;I E

Error Propagation Delay 0.0 F 5

For the slave axis the error transmission can be delayed.

‘INSTANTANEOUS’ : The error transmission is not delayed.

‘DELAYED’: The error transmission is delayed by the Error Propagation Delay.
Error Propagation Delay

The delay time by which error propagation for the slave axis is delayed when Error Propagation Mode
‘DELAYED’ is selected.

If an error occurs at a slave axis during runtime, the corresponding master axis is not set to error state until
the time assigned here has elapsed. A state of interest of the slave axis, especially its error state, can be
observed by PLC code. In this way, the faulty slave axis can be safely decoupled to safely prevent the entire
axis combination from entering the error state.

Couple slave to actual values if not enabled

Parameter Offline Value Online Value Type [Unit
|- Other Settings:

Couple slave to actual values if not enabled FALSE ;I B
WVelocity Window 1.0 F mm,’s
Filter Tirne for Velocity Window 0.01 F 5

FALSE: Not coupled.

TRUE: Coupled. The slave axis follows the master actual position while and also when the master is
disabled.

Velocity Window und Filter Time for Velocity Window

The coupled slave axis follows the master axis within the Velocity Window. If velocity deviations exceed
Filter Time for Velocity Window beyond velocity Window, an error is output.

Allow motion commands

Parameter Offline Value Online Value Type |Unit
|- Other Settings:

Allow motion commands to slave axis TRUE ;I

Allow motion commands to external setpoint axis FALSE ;I

Allow motion commands to slave axis

In general terms, an axis is in PTP mode all the time. This is about indirectly converting a slave axis into a
master axis. Thus it is implicitly decoupled without the need to call on MC_GearoOut from the PLC code.

TRUE: A PTP command can be triggered to the slave axis without first setting the axis to PTP mode.
FALSE: Before a PTP command can be triggered to the slave axis, the slave axis must be set to PTP mode.

Allow motion commands to external setpoint axis
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FALSE: Before a PTP command can be triggered to the external setpoint axis, the external setpoint axis
must be set to PTP mode.

TRUE: A PTP command can be triggered to the external setpoint axis without first setting the axis to PTP
mode.

Dead Time Compensation (Delay Velo and Position)

Pararneter Offline Value Online Value Type |Unit
|- Other Settings:

| Dead Time Compensation (Delay Velo and Position) | 0.0 F 5

This parameter is only present for compatibility reasons. Do not use it on new projects.

Data Persistence

|- Other Settings:

| Data Persistence FALSE ;I B

Data Persistence is used for special encoder problems.
FALSE: Data Persistence is not enabled.

TRUE: Data Persistence is enabled.

4.2.4 Dynamics
The axis dynamics can be configured via the Parameter tab as well as via the Dynamics tab.

General Settings  Parameter [Oynamics Opline  Functions Coupling Compensation

() Indirect by Acceleration Time

Maximum Velocity [V max ) |2'I]D'I] | mim.s
Acceleration Time: |2 | B
Deceleration Time: as above |2 | ]
smooth stiff
Acceleration Characteristic:
Deceleration Characteristic:
alt): A F 1
vit): A7 e d
{®) Direct
Acceleration: |15‘|]'|] | mm./s2
Deceleration: as above |15‘D'|] | mm.‘s2
Jerk: |225‘|] | mm.‘s3
| Download | | Upload |

In this dialog the default axis dynamics is set. The default values are used if no explicit dynamics data are
given to a travel command.
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The dynamics data Acceleration, Deceleration and Jerk can be entered here either directly or they are
determined indirectly via an acceleration time to the maximum velocity. In addition to the acceleration time,
the slider is used to determine the ratio of jerk and acceleration, thus selecting a rather stiff or smooth
setting.

425 Online

The Online tab is the main dialog for online axis operation. Here the enable can be set and after this the
corresponding axis can be moved manually. In addition, the most important axis states are displayed when
the configuration is active.

A DANGER

Risk of injury due to movement of axes!
The commissioning results in a movement of axes.

* Make sure that neither you nor others are harmed by the movement, e.g. by maintaining a suitable
safety distance.

» Do not perform any action whose consequences you cannot estimate

Incorrect axis position during initial commissioning

Without referencing / calibrating the axis position, the displayed axis position may deviate from the actual
axis position.

» Perform a homing to determine the correct actual position using a reference signal.

General Settings Parameter Dynamics Online  Functions Coupling Compensation

Setpoint Position: [mm]

Lag Distance fmin/max):  [mm] Actual Velocity: [mmss] Setpoint Velocity:  [mm.s]

0.0000 (0.000, 0.000)) | 0.0000| | 0.0000|
Cvemide: [%] Total / Cortrol Qutput:  [%] Emor:
| 0.0000 % | 0.00 / 0.00 %] | 0 {0x0)|

Status log.) Status phys.) Enabling

Ready NOT Moving [ ] Coupled Mode []Cantraller Set
[ Calibrated [] Moving Fu [ ]In Target Pos. []Feed Fw
[]Has Job [] Moving Bw [ ]In Pos. Range []Feed Bw
Cortroller Kv-Factar: [mm.5/mm] Reference Velocity: [mm.s]
L 4 [z Ky
Target Position: [mm] Target Velocity: [mm.s]

0 4 P |
—

+ ®
F8 | _F9

F3
The dialog is divided into the display of the most important axis states, the setting of the axis enable, input
fields as well as function keys for controller settings and travel commands. The units of the values depend on
the set "Base" unit.

Fi F2

++
F4

Display

The actual position of the axis is determined from the feedback of the encoder system and displayed in the
large unlabeled field.
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Setpoint Position The target position is specified by the NC during a movement.

Lag Distance The lag error is the difference between the nominal and actual position.

Actual Velocity The actual velocity of the axis is determined by deriving the actual position.

Setpoint Velocity The target velocity is calculated by the NC during a movement.

Override The override set by the user (0..100%) is displayed here.

Total/Control Output Total output of the NC axis to the drive in % and position control portion of the
output in %.

Error Axle error code. An axis error can be deleted with the reset key.

Set enables

Via the button Set the controller enable, the feed enables and the override of the axis can be set.

Input fields for position controller setting

If the NC axis is operated in velocity mode (CSV), the position is controlled by the NC. At this point the two
most important parameters, the gain factor Kv and the reference velocity, can be set. Further setting options
can be found in the parameters of the axis.

Input fields for travel commands
Target Position: Target position for a subsequent travel command (F5)

Target Velocity: Velocity of a subsequent travel command (F5)
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Function button

Button Key Description
F1 Reverse travel with Manual Velocity (Fast)
_F1
F2 Reverse travel with "Manual Velocity (Slow)"
_F2
+ F3 Forward travel with "Manual Velocity (Slow)"
_F38
F4 Forward travel with "Manual Velocity (Fast)"
++
F4
- F5 Start, with the values set in the input fields and the set dynamics.
- F6 Stop
® F8 Reset
_F8
F9 Calibrate with the values set in the "Global" menu.
—_—
F9 m The signal source of the referencing cam can be set in the encoder
_ parameters (Homing Sensor Source). In the default setting, the referencing
cam signal must be mapped into the axis data structure
(Axis.PlcToNc.ControlDword.5) by the PLC so that the sequence triggered
with F9 can react to the cam.
4.2.6 Functions

In the Functions tab the most important commands for commissioning can be given to the axis.

TwinCAT 3
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General Settings  Parameter Dynmamice Online  Functions  Coupling Compensation

\ 0 . 0000 |Setpoint Position: ﬂ.ﬁ

Extended Start
Start Mode: Absolute w Start
Target Posttion: 0 [mm] Stop
Target Velocity: 0 [mmys]
[ ] Acceleration: 0 [mm.s2]
[ ] Deceleration: 0 [mm/22]  Last Time: =]
[ Jerk: 0 [mm.53] | ﬂ_ﬂ-l]-l]-l]-l}|
Raw Drive Output
Cutput Mode: Percent “ Start
Output Value: |ﬂ' | [%] Stop
Set Actual Position
Absolute w |{|' | Set
Set Target Position
Absolute o |ﬂ' | Set

Different travel commands like absolute start, relative start or endless travel can be selected in the Extended
Start frame . The necessary parameters below will adjust according to the selection of the start type. Thus, in
reverse mode, there are two target positions between which the axis moves back and forth.

The drive output can be set to a fixed value for commissioning in the Raw Drive Output frame. This setting
must be used very carefully.

The axis position can be set to a new value in the Set Actual Position frame.

Set Target Position changes the target position of the axis during a travel command.

4.2.7 Coupling

Two axes can be coupled with each other in the Coupling tab. To do this, first select the master axis and the
desired coupling method, e.g. linear coupling. Afterwards, necessary parameters, such as the gear ratio, can
be entered. The Couple button executes the coupling, Decouple decouples the axes again.
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MOTION

General Settings  Parameter Dynmamice Online  Functions Coupling  Compensation

N

ODOOO |Setpuirrt Pns.*:lmlurl:;]|

Master/Slave Coupling

Master Axis: e Couple

Coupling Mode: Linear e Decouple

Coupling Factor: 1 Change Factor

Farameter 2 0 Stop

Farameter 3: 0

Pararmeter 4; 0

Table |d: 0

Irterpolation Twpe: Linear

Slave Offzet: 0 Bhsolute

M aster Offzet: 0 Absolute
4.2.8 Compensation

A superimposed travel command can be triggered during the travel of an axis in the Compensation tab
(position compensation or superposition).

General Settings Parameter Dynamics Orline  Functions Coupling Compensation

N

00000 Setpoint Pusﬁ_ﬂ:ﬂn&

Distance Compensation
Compensation Mode:

Max. Acceleration Boost:

Max. Deceleration Boost:

Max. Boost Velocity:
Process Velocity:
Compensation Delta:

Compensation Range:

TwinCAT 3

Velo Red. Additive Start
0 |imm/s2]  [Stop
[ | imm/s21
0 | imms]
0 | fmm/)
0 | o]
0 | mm]
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5 PLC

Function: Configuration and programming of PLC projects

Call: Select Add New Item... in the context menu and create a new PLC project.

Context menu

Solution Explorer * B X
@& o-a s
Search Selution Explorer (Ctrl+a) P -
fa] Solution TwinCAT Project’ (1 project)
4 o0 TwinCAT Project
b @ SYSTEM
% MOTION
| SAFETY 3 Add New Item... Ins
E I:++ Y - -
id Add Existing ltem... Shift+Alt+ A
(=
Rename
Add Project from Source Control...
Paste Ctrl+V
Paste with Links
O] Hide PLC Configuration
Add New Item... Create new PLC project.
Add Existing Item... Add existing PLC project.
Rename Rename project.
Add Project from Source |Add existing PLC project from source control.
Control...
Paste Paste PLC project.
Paste with Links Paste PLC project with links.
Hide PLC Configuration |Hide PLC configuration in Solution Explorer.

For detailed information on PLC configuration and programming, refer to the PLC documentation in the
Beckhoff Information System:

« PLC

5.1 Your first TwinCAT 3 PLC project

Contents of your first project

In this tutorial, you will program a simple refrigerator control.

» As with a conventional refrigerator, the set temperature is set by the user via a control knob.

» The refrigerator detects the actual temperature via a sensor. If this is too high, the refrigerator starts the
compressor with an adjustable delay.

» The compressor cools until the set temperature minus a hysteresis of 1 degree is reached. The
hysteresis is intended to prevent the actual temperature from oscillating too much around the set
temperature, and to prevent the compressor from continuously switching on and off.

* When the door is open, a lamp lights up inside the refrigerator.
« If the door is open for too long, a timed acoustic signal will sound.
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« If the compressor does not reach the set temperature for an extended period of time despite the
motor's activity, the beeper emits a continuous acoustic signal.

Project planning:

The cooling activity is controlled in the main program of the PLC project, the signal management take place
in another program block. The required standard function blocks are available in the Tc2_Standard library.
Since no real temperature sensors and no real actuators are connected in this example project, you will also
write a program for simulating the rise and fall in temperature. This allows you to monitor the operation of the
refrigerator control unit in online mode. You define variables that are to be used by all function blocks in a
global variable list.

Creating the PLC project
1. In the File menu, select New > Project to create a new TwinCAT project file.
= A new Solution with the TwinCAT project tree opens in the Solution Explorer.

2. In the Solution Explorer select the PLC node and the command Add New Item, in order to add a PLC
project to the TwinCAT project.

= The dialog Add New Item — TwinCAT <project name> opens.
3. In the category Plc Templates select the Standard PLC project template.
4. Enter a name and storage location for the project and click the Add button.

= The selected template automatically creates a MAIN program, which is called by a task. "Structured
Text (ST)" is automatically selected as the programming language.

Solution Explorer * A8 X

D o-a| &=

Search Solution Explorer (Ctrl+0) P~

m Solution TwinCAT SampleProject’ (1 project)
4 lia TwinCAT SampleProject
P[] SYSTEM
k=1 MOTION
4 PLC
4 @ PlcSampleProject
4 L;ﬂ PlcSampleProject Project
b External Types
b -2 References
_J DUTs
 GVLs
4 | POUs
@i] MAIN (PRG)
J WVISUs
{: PlcSampleProject.tmc
b &9 PlcTask (PlcTask)
U} PlcSampleProject Instance
| SAFETY
E C++
p & vo

The Library Manager with some important default libraries is automatically selected under
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References. The Tc2_Standard library contains all the functions and function blocks described by the
IEC 61131-3 standard.

4 | 7 References
1 Te2_Standard
13 Ted_Systemn
13 Te3_Module

Declaring global variables
First, declare the variables that you want to use throughout the PLC project. To do this, you create a global
variable list:

1. Select the subfolder GVLs in the PLC project tree.

2. In the context menu select the command Add > Global Variable List.

3. Change the automatically entered name "GVL" to "GVL_Var".

4. Confirm with Open.

= The object “GVL_Var” (H ) appears in the PLC project tree in the subfolder GVLs. The GVL editor
opens.

= When the textual view appears, the keywords VAR_GLOBAL and END_VAR are already included.

5. Activate the tabular view for the example by clicking on the & button in the right sidebar of the editor.
= An empty row appears. The cursor is located in the column Name.
6. Enter “fTempActual”’ in the Name field.

= At the same time, the scope VAR_GLOBAL and the data type BOOL are automatically entered in the
row.

7. Double-click the field in the Data type column.

= The field is now editable, and the button .~ appears.
8. Click the button and select Input Assistant.
= The Input Assistant dialog opens.
9. Select the data type REAL and click OK.
10. Enter a numerical value in the Initialization column, for example “8.0”.
= Declare the following variables in the same way:

Name Data type |Initialization Comment

fTempActual REAL 1.0 Actual temperature

fTempSet REAL 8.0 Set temperature

bDoorOpen BOOL FALSE Door status

timAlarmThreshold TIME T#30s Compressor running time after which an alarm
sounds.

tDoorOpenThreshold TIME T#10s Time from door opening after which an alarm
sounds.

bCompressor BOOL FALSE Control signal

bSignal BOOL FALSE Control signal

bLamp BOOL FALSE Status message

Creating the main program for cooling control in the CFC editor

In the MAIN program block created by default, you describe the main function of the PLC program: The
compressor becomes active and cools when the actual temperature is higher than the set temperature plus a
hysteresis. The compressor is switched off when as the actual temperature is lower than the set temperature
minus the hysteresis.
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Perform the following steps to describe this functionality in the implementation language "Continuous
Function Chart (CFC)":

v' Since the automatically created MAIN program block is created by default in the implementation
language "Structured Text (ST)", you must first delete this program. With the context menu command
Add > POU... you create a new MAIN program in the implementation language "Continuous Function
Chart (CFC)".

1. Then double-click on the MAIN program in the PLC project tree (subfolder POUSs).

= The CFC Editor opens with the MAIN tab. The Declaration editor in textual or tabular representation
is displayed above the graphical editor area. On the right is the Toolbox view. If the toolbox does not
appear, you can use the command Toolbox in the View menu to place it on the desktop.

2. In the Toolbox view, click the Input element and drag it with the mouse to a position in the CFC Editor.

= The nameless input ??? has been inserted.

3. In the CFC Editor, click the input ??? and open the Input Assistant by clicking (o] .
4. Select the variable fTempActual from the category Variables at Project > GVLs.
5. Confirm the dialog with OK to reference the global variable fTempActual.

6. As in step 3, create a further input with the name of the global variable rTempSet.
7. Create another input.

8. Click ??? and replace it with the name fHysteresis.

= Since this is not the name of an already known variable, the Auto Declare dialog appears. The name
is already included in the dialog.

9. Complete the fields in the Auto Declare dialog with the data type REAL and the initialization value "1".
10. Click the OK button.
= The variable fHysteresis appears in the declaration editor.

11.Now add an addition function block: In the Toolbox view, click the Function block element and drag it
with the mouse to a position in the CFC Editor.

= The function block appears in the CFC Editor.
12. Replace ??? with ADD.
= The ADD (Addition) function block adds all inputs that are connected to it.

13. Connect the input GVL_Var.fTempSet with the ADD function block: To do this, click on the output
connector of the input and drag it to the upper input of the ADD function block.

14.Connect the fHysteresis input to the lower input of the ADD function block in the same way.
= The two inputs fHysteresis and fTempSet are now added by ADD.

15.If you want to move an element in the editor, click on a free space in the element or on the frame so that
the element is selected (red frame, shaded red).

16. Keep the mouse button pressed and drag the element to the desired position.
17. Create another function block to the right of the ADD function block.

= ltis intended to compare "GVL_Var.fTempActual" with the sum of "GVL_Var.fTempSet" and
fHysteresis.

18. Assign the function GT (Greater Than) to the function block.

= The GT function block works as follows:
IF (oberer Eingang > unterer Eingang) THEN Ausgang := TRUE;

19. Connect the input "GVL_Var.fTempActual" with the upper input of the GT function block.
20. Connect the output of the ADD function block with the lower input of the GT function block.

21.Now create a function block to the right of the GT function block that starts or stops the cooling
compressor depending on the input condition (Set - Reset).

22.Enter the name "SR" in the ?7?? field.

23. Close the open input field above the function block (SR_0) with the Enter key.
= The Auto Declare dialog appears.

24. Declare the variable with the name "fbSR" and the data type SR.
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25. Click the OK button.

= The SR function block, which is also defined in the library Tc2_Standard, determines the THEN at
the output of the GT function block. The inputs SET1 and RESET appear.

26. Connect the output connection on the right of the GT function block to the SET1 input of the fbSR
function block.

= SR can reset a Boolean variable from FALSE to TRUE. If the condition applies at input SET1, the
Boolean variable is set to TRUE. If the condition applies to RESET, the variable is reset. In our
example, the Boolean (global) variable is "GVL_Var.bCompressor".

27.Create an Output element and assign the global variable "GVL_Var.bCompressor" to it. Draw a
connecting line between "GVL_Var.bCompressor" and the output connection from Q1 to SR.

Now enter the condition under which the compressor should switch off again, i.e. under which the RESET
input of the SR function block receives a TRUE signal. To do this, formulate the opposite condition as
described above. Use the function block SUB (Subtract) and LT (Less Than) for this purpose.

The following CFC plan is created:

1 PROCRAM MAIN ~
= 2 VAR
fHysteresis: REAL := 1; D
fbSR: SR;
5 END_VAR ronon @~
e
i
ey fbSR =)
GT '— SR — 5
SET1 Q1—— GVL_Var.bCompressor E]
GVL_Var fTempActual }—]j RESET
.»!tDD[:4
—| 5
GVL_VarfTempSet | LT
Signals
|
—®
SUB
h|-+Q) 1000 €&

Creating a program block for signal management in the Ladder Diagram editor

Now implement the signal management for the alarm buzzer and for switching the lamp on and off in a
further program block. The implementation language "Ladder Diagram (LD)" is suitable for this purpose.
Use separate networks for the following signals:

» A continuous acoustic signal sounds if the compressor runs too long because the temperature is too
high.

» A pulsed signal sounds if the door is open too long.
» The light is on as long as the door is open.

1. In the PLC project tree (subfolder POUs) create a POU object of type Program with the implementation
language "Ladder Diagram (LD)".

2. Name the POU object "Signals™.

= "Signals" appears in the PLC project tree below MAIN. The Ladder Diagram editor opens with the
Signals tab. The declaration editor appears in the upper part of the screen, the Toolbox view on the
right. The LD contains an empty network.

3. In the network, you program that an acoustic signal sounds if the cooling compressor runs for too long
without reaching the set temperature. To do this, insert a TON timer function block.
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= It switches a Boolean TRUE signal to TRUE after a specified time.

4. Select a TON in the Toolbox view under Function blocks and drag it into the empty network to the
Start here rectangle, which appears.

5. Release the mouse button when the field turns green.

= The function block appears as rectangle with inputs and outputs and is automatically assigned the
instance name TON_O0. The line editor is open and the cursor is blinking.

6. Confirm the instance name with Enter key.

= The Auto Declare dialog opens.
7. Declare the variable with the name "fbTimer1" and the data type TON.
8. Click the OK button.

d If you want to read the help for the function block, mark the complete name of the function block

with the cursor and press [F1].

9. To program that the function block is activated as soon as the cooling compressor starts running, name
the contact at the upper input of the function block "GVL_Var.bCompressor".

= You have already defined this Boolean variable in the global variable list "GVL_Var".

@® \When you start entering a variable name at the input position, you will always automatically receive
a list of all variables whose names begin with the characters entered and which can be used at this
point. This feature is a default setting in the TwinCAT options for Smart Coding.

10. Insert the signal you want to activate: To do this, drag a Coil from the Toolbox view, category Ladder
Diagram elements to output Q of the TON function block. Name the coil "GVL_Var.bSignal".

11.Add the variable "GVL_Var.timAlarmThreshold" to the PT input of "fbTimer1" to define the time from
activation of the TON device after which the signal should sound. To do this, click on the rectangle with a
border to the right of the input connection.

12. Enter the variable name.

13. Click the TON function block and in the context menu select the command Remove unused FB call
parameters.

= The unused output ET was removed.

14.1n the second LD network, you program that the signal should sound intermittently when the door is
opened too long.

15. First, create a new POU object of type Function Block in the implementation language "Function Block
Diagram (FBD)" in the PLC project tree, subfolder POUs.

16.Name it "FB_Blinker".

= The function block FB_Blinker appears in the PLC project tree above MAIN. The FBD editor opens
with the FB_Blinker tab. The declaration editor appears in the upper part of the screen, the Toolbox
view on the right. The FBD contains an empty network.

= The flasher is to be realized by an AND operator and two TON function blocks.

17. Select a function block in the Toolbox view under General and drag it into the empty network to the
Start here rectangle, which appears.

18. Release the mouse button when the field turns green.

= The function block appears as a rectangle with inputs and outputs.
19. Click ??7? within the function block and enter the keyword AND in the field, which is now editable.
20. Confirm with Enter key.

= Since it is a function, no instantiation is required.

21.Select a TON function block in the Toolbox view under Function blocks and drag it into the network to
the output of the AND function block.

22.Release the mouse button when the field turns green.

= The function block appears as rectangle with inputs and outputs and is automatically assigned the
instance name TON_0.
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23. Close the open input field above the function block (TON_0) with the Enter key.
= The Auto Declare dialog opens.

24 . Declare the variable with the name “fbTimerA” and the data type TON.
25. Click the OK button.

26. Select a further TON function block in the Toolbox view under Function blocks and drag it into the
network to the output of the TON function block "fbTimerA".

27.Release the mouse button when the field turns green.

= The function block appears as rectangle with inputs and outputs and is automatically assigned the
instance name "TON_0".

28. Close the open input field above the function block (TON_0) with the Enter key.

= The Auto Declare dialog opens.
29. Declare the variable with the name “fbTimerB” and the data type TON. Click the OK button.

= The first input of the AND function block is to be connected to a Boolean variable "bStart".
30. Click ??7? and enter the variable name.
31. Confirm with Enter key.

= The Auto Declare dialog opens. The name and the data type are recognized automatically.
32. Select the entry VAR _INPUT as Scope.
33. Confirm the dialog with OK.

= The second input of the AND function block is to be connected with the output Q of the second TON
function block "fbTimerB".

34.Click ??? and open the Input Assistant via ] .
35.In the category Variables select the function block "fbTimerB" and the output Q.
36. Confirm the dialog with OK.
= The variable "fbTimerB.Q" is added at the second input.
37. Select the second input and open the context menu with a right-click.
38. Select the command Negation to negate the input.
= A circle appears at the corresponding input.
39. Set the time until output Q is set via the PT inputs of the TON function blocks.

40. Declare the input variables "tSignalTimeOn" and "tSignalTimeoff" for the TON function blocks "fbTimerA"
and "fbTimerB" via the Auto Declare dialog.

41. Select the entry VAR_INPUT as Scope.
= The generated clock pulse is to be output at output Q of the TON function block "fbTimerA".

42.To do this, select an assignment in the Toolbox view under General and drag it into the network to the
output of the TON function block "fbTimerA".

43. Release the mouse button when the field turns green.
= The assignment is added between the function blocks "fbTimerA" and "fbTimerB".
44 Click ??? and enter the variable name "bOut".
45, Confirm with Enter key.
= The Auto Declare dialog opens.
46. Select the Scope VAR_OUTPUT and the data type BOOL.
47. Confirm the dialog.
48. Finally, remove the ??? at the unused inputs and outputs of the function blocks.
= The completed function block FB_Blinker can now be instantiated and called.
49. Open the program "Signals" in the FBD/LD/IL editor.
50. Click below the first network in the editor window.
51.In the context menu, select the command Insert network.
= An empty network with number 2 appears.
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52. As in the first network, implement a TON function block for time-controlled activation of the signal, this
time triggered by the global variable "GVL_Var.bDoorOpen" at input IN.

53. Add the global variable "GVL_Var.timDoorOpenThreshold" at the input PT.

54.In addition, add the function block FB_Blinker to output Q of the TON function block in this network.
= The function block FB_BIlinker clocks the signal forwarding Q and therefore "GVL_Var.bSignal".

55.To do this, drag a Contact element from the Toolbox view to the OUT output of the function block.

56. Assign the variable "fbTimer2.Q" to the contact.

57.Insert an element Coil after the contact and assign the global variable "GVL_Var.bSignal" to it.

58. Assign the value T#1s to the two input variables "tSignalTimeOn" and "tSignalTimeOff" of function block
FB_Blinker.

= The cycle time is then 1 second for TRUE and 1 second for FALSE.
59. Click on the TON function block.
60. Select the command Remove unused FB call parameters in the context menu.
= The unused output ET was removed.
= In the third network of the LD, program the lamp to light up while the door is open.

61. To do this, add another network and at the left a contact "GVL_Var.bDoorOpen", which leads directly to
an inserted coil "GVL_Var.bLamp".

= TwinCAT processes the networks of an LD in succession.

62.To ensure that only network 1 or only network 2 is executed, add a jump to network 3 at the end of
network 1.

63. Select network 3 by clicking into the network or into the field with the network number.
64. From the context menu select the command Insert label.
65. Replace the text Label: of the label in the upper left section of the network with "DoorlsOpen".
66. Select network 1.
67.Drag the Jump element into network from the Toolbox view, General category.
68. Position it on the Output rectangle that appears, or at Insert jump here.
= The jump element appears. The jump destination is still shown as ???.

69. Selecting ??? and click [/ .
70. Select “DoorlsOpen” from the possible label identifiers.
71. Confirm with OK.
= The label to network 3 is implemented.
= The LD program now looks as follows:
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Signals ® X -
1 PROGREM Signals A
= 2 VAR
3 fbTimerl: TCN; D
4 fbTimer2: TON;
5 END VAR
3 B innos. R ¥
-
1 fbTimerl
GVL_Var.bCompressor TON GVL_Var.bSignal
11 w @ e )
GVL Var.tImAlarmThreshold —PT
LDOOI IsOpen
2 foTimer2
GVL_Var .bDoorOpen TON FB Blinker fbTimer2.Q GVL _VAR.bSignal
11 IN @ ol —|estars bout 11 ()
GVL_Var.tImhlarmThreshold — BT
T§1ls —tSignalTimeCn
T§ls —|t3ignalTimeOff

[

DoorIsOpen:

GVL_Var .bDoorOpen GVL_Var .bLamp

11 )

kAl [100% &

4 »
FB_Blinker & X v
1 PROGRAM FE_Elinker A
= 2 VAR INPUT
3 bStart: BOOL; D

tSignalTimeOn: TIME;
tSignalTimeQff: TIME;
END_VRR
= 7 VAR OUTPUT
] bOut: BOOL;
i END VAR
= 10 VAR
11 fbTimerL: TON;
12 fbTimerB: TON;
12 END VAR

oo

1 foTimera foTimerE

TON TON

AND
bStart — & 1IN Q L IN Q—
fhTimerE.Q —O) ET bout ET |-

t8ignalTimeOn —PT

tS8ignalTimeOff — BT

Calling the “Signals” program in the main program

In our sample program, the MAIN program should call the “Signals” program for signal processing.
1. In the PLC project tree double-click on the MAIN program.
= The MAIN program opens in the editor.
2. Drag a Box element from the Toolbox view into the editor of MAIN.

3. Use the Input Assistant to add the "Signals" program call to this function block from the Module Calls
category.

Creating an ST program block for a simulation

Since this sample project is not linked to real sensors and actuators, write a program for simulating the rise
and fall in temperature. This allows you to monitor the operation of the refrigerator control unit in online
mode.
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Use "Structured Text (ST)" to create the simulation program.

The program increases the temperature until the MAIN program detects that the set temperature has been
exceeded and activates the cooling compressor. The simulation program then lowers the temperature again
until the main program deactivates the compressor.

1. Add a POU function block called "Simulation" of type Program and written in the implementation
language "Structured Text (ST)" to the PLC project tree.

2. Implement the following in the ST editor:
PROGRAM Simulation

VAR
fbT1 : TON; //

The temperature is decreased on a time delay, when the compressor has been activated
tCooling : TIME := T#500MS;
bReduceTemp : BOOL; //Signal for dereasing the temperature
fbT2 : TON; //

The temperature is increased on a time delay, when the compressor has been activated
tEnvironment : TIME := T#2S; //Delay time when the door is closed
tEnvironmentDoorOpen : TIME := T#ls; //Delay time when the door is open
bRaiseTemp : BOOL; //Signal for increasing the temperature
tImTemp : TIME; //Delay time
nCounter ¢ INT;

END_VAR

// After the compressor has been activated due to fTempActual being too high, the temperature de
creases.
// The temperature is decremented by 0.1°C per cycle after a delay of P Cooling
IF GVL_VAR.bCompressor THEN
fbT1 (IN:= GVL Var.bCompressor, PT:= tCooling, Q=>bReduceTemp) ;
IF bReduceTemp THEN

GVL Var.fTempActual := GVL Var.fTempActual-0.1;
fbT1 (IN:=FALSE) ;
END IF

END IF

//If the door is open, the warming will occur faster; SEL selects tEnvironmentDoorOpen
tImTemp:=SEL (GVL Var.bDoorOpen, tEnvironment, tEnvironmentDoorOpen) ;

//If the compressor is not in operation, then the cooling chamber will become warmer.
//The temperature is incremented by 0.1°C per cycle after a delay of tImTemp

fbT2 (IN:= TRUE, PT:= tImTemp, Q=>bRaiseTemp) ;

IF bRaiseTemp THEN

GVL_Var. fTempActual := GVL_Var.fTempActual + 0.1;
fbT2 (IN:=FALSE) ;
END IF
nCounter := nCounter+l; // No function, just for demonstration purposes.

® Visualization

1 For convenient operation and monitoring of the entire control program, a visualization can be used
that displays the refrigerator and shows the operation of the simulation program. In TwinCAT, you
can also program a visualization in the PLC area. When the project is started on the controller, the
visualization starts without you having to make an entry. Depending on the programming, you can
trigger opening and closing of the door by clicking an on/off switch, for example, or by adjusting the
temperature preselection using the needle of a control knob. The process of creating a visualization
is not described here.

Defining the programs to be executed in the task configuration
The preset task configuration contains the call for the MAIN program. For our sample project you have to
add the call for the program "Simulation".
1. In the PLC project tree, drag the "Simulation" entry to the task reference (PlcTask).
= The "Simulation" program is added to the task configuration.
2. To view the task configuration, double-click the PlcTask entry in the PLC project tree.
= In the Solution Explorer the referenced task (PlcTask) is enabled under SYSTEM > Tasks.
3. Double-click the task to open the task's configuration in an editor.
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= In the PLC project tree at PlcTask you see the POUs that are called by the task: MAIN (entered by
default) and Simulation. The editor of the PlcTask node in the SYSTEM area shows the corresponding
cycle time for the referenced PlcTask. In this sample, the interval is 10 milliseconds. In online mode, the
task will process the two function blocks once per cycle.

Solution Explorer v I > | TwinCAT Projectb + X
™) ‘ o-g | &= Task |On|ine|Parameter(0n|ine}|
Search Solution Explorer (Ctrl+0) P Name: PlcTask
m Solution TwinCAT Projecté’ (1 project) [¥] Auto start
“ Hi TWIHCAT Project6 [] Auto Pricrity Management
4 || SYSTEM oror 2 _
¥ License rlonity: =
b @ Real-Time Cycle ticks: [ 10000 ms
4 & Tasks Start ick (madulo): 0 =
[Z1 PIcTask
%= Routes [ ] Separate input update -
{: Type System Fre ticks:
B-I TcCOM Objects [ ]warning by exceeding
k2 MOTION
Message box
4 [ pLC
4 ] pProject6 Watchdog Cycles: 0 =

4 :—:_'I Projectb Project
b 1 External Types
P .a References
L DUTs
1 GVLs
4 POUs
[ VISUs
G5 PlcTask (PlcTask)
E_': Projecté.tmc
81 Project6 Instance
© | SAFETY
IEH C++

|8l ANALYTICS

b & 1o

Comment:

Defining the active PLC project

A TwinCAT controller can run multiple PLC projects. The first entry in the Active PLC Project drop-down list
in the TwinCAT PLC Toolbar Options shows the currently active PLC project. If several PLC projects are
present, you can select a PLC project via the drop-down list.

Checking the PLC project for errors

While entering code, TwinCAT immediately alerts you to syntax errors by means of a squiggly red line.

1. To get a syntax check over the whole PLC project, select the PLC project object "<PLC project
name> Project".

2. Choose the command Check all objects from the context menu or from the Build menu.
= The results of the check are displayed in the Error List view.

3. If necessary, open the Error List view with the command Error List from the View menu.

4. You can then double-click the message to jump to the corresponding code position.

96 Version: 1.1.5 TwinCAT 3



BECKHOFF PLC

The command Check all objects can be used to check and compile all function blocks in the PLC node. An
error is generated if the compilation reveals function blocks in the tree that are uncompilable, for example
because they may only have been included for testing purposes. It is therefore advisable to run the
command Check all objects, particularly for checking library function blocks.

The commands Build or Rebuild can be used to limit checking and compiling to function blocks that are
actually used in the PLC project.

Further checks of the PLC project are performed when it is loaded onto the controller.

Only error-free PLC projects can be loaded onto the controller.

Compiling the PLC module

The commands Build or Rebuild can be used to compile your code used in the PLC project and check for
syntactic accuracy.

Choose Target System

Now select the target device for your control program from the Choose Target System drop-down list in the
TwinCAT XAE Base Toolbar Options:

» Select <Local> to load the control code directly into the local runtime of your programming device.
(Select this options for the present sample.)

+ If you want to select another target device, select Choose Target System from the drop-down list.
Then select a preconfigured target device or browse the network for a target device, configure it and
then select it.

Activation of the configuration

1. Click £ in the TwinCAT XAE Base Toolbar Options.
= A dialog appears asking whether you want to activate the configuration.

2. Click on OK.
= A dialog appears asking whether TwinCAT should be restarted in Run mode.

3. Click on OK.

= The configuration is activated, and TwinCAT is set to Run mode. In the taskbar shows the current status:
1 . Activation also transfers the PLC project to the controller.

Loading the PLC project onto the PLC
v The PLC project was compiled without errors. See step_Checking the PLC program for errors [P 96],

1. Select the Login command in the PLC menu or click on "2 in the TwinCAT PLC Toolbar Options.
= A dialog box appears asking whether the application should be created and loaded.
2. Click Yes.

= The PLC project is loaded onto the controller. The engineering environment is now in online mode. The
PLC modules are not yet in Run mode. In the Solution Explorer the following symbol appears before

the PLC project object: i . During the loading process, the Error List view displays information about
the generated code size, the size of the global data and the resulting memory requirements on the
controller.

Starting the program

If you have followed the entire tutorial up to this point, you can now use the PLC project on the PLC device.

1. Select the Start command in the PLC menu or click on '* in the TwinCAT PLC Toolbar Options
([FS]).
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= The program is running. The PLC modules are in Run mode. In the Solution Explorer the following

symbol appears before the PLC project object: i .

Monitoring and writing variable values once at runtime

The following section illustrates the monitoring of the variable values in the various program blocks, and you
are invited to set a certain variable value on the controller once from TwinCAT.

The actual values of the program variables can be seen in the online views of the function block editors or in
watch lists. This sample is deliberately limited to monitoring in the function block editor.
v" The PLC program runs on the controller.

1. Double-click the objects MAIN, "Signals", "Simulation" and "GVL_Var" in the PLC project tree to open the
online views of the editors.

= In the declaration part of each view, the table of expressions in the Value column shows the actual
value of the variables on the controller.

Simulation [Online] + X

TwinCAT_Device.Project6.Simulation

Expression Type Value Prepared value Address Comment E
® & Tl TON The temperature is decreased on ..e delay, when the comepresso... D
# tCooling TIME T#500ms
% bReduceTemp BOOL Signal for dereasing the temperature
+ 9 fbT2 TON The temperature is increased on ...e delay, when the compressor ...
% tEnvironment TIME T#2s Delay time when the door is closed
@ tEnvironmentDoorOpen TIME T#ls Delay time when the door is apen
% bRaiseTemp BOOL Signal for increasing the temperature
@ tImTemp TIME T#OMS Delay time
% nCounter INT 0

//nCounter := nCounter+1; // No function

= 5 IF GVL_VAR.bCompressor[giigg THEN

& £oT1 (INIER:= GVL_Var.bCompressorffies, =T| T#Dms J:= tcooling] T#500ms | ENEE>rreduceTenpFIER) ;
= 7 IF bReduceTempliEg THEN

8 GVL_Var.fTempActual] 8 | := GVL_Var.fTempiActual[ 8  |0.1;
g fbTl (IW::EALSE) ;

10 END_TIF
11 END_IF
12
3| //If the door is open, the warming will occur faster; SEL selects tEnvironmentDoorOpen
tImTemp[ T#0ms  |:=SEL(GVL_Var.bDoorOpen|fi§d, tEnviromment[  T#s | tEnvironmentDoorCpsn[  T#s _ |);

o

//If th

/T

£for2 (In|FIEE:
IF bRaiseTemp|fiigF THEN

GVL Var.fTempactual[ 8 | := GVL Var.fTempActuall 8 |+ 0.1;
£oT2 (INER: =rr1sE) ;

END_IF

nCountexr[ 0 | := nCountex[ 0 p1; /¢ Ne function, just for demonstration purposes.[RETURN

o

R I e T el el el v
G e e =g o G

= The monitoring in the implementation part depends on the implementation language: For non-
Boolean variables, the value is always in a rectangular field to the right of the identifier. In the ST
editor, this also applies to Boolean variables. This display is named "Inline Monitoring". In the
graphical editors, the value of a Boolean variable is indicated by the color of the output link line: black
for FALSE, blue for TRUE:

2 fbSR (2]

GT 2] SR — -

— SET1 Q1= GVL_Var.bCompressor Em
— I—RESET

= Note how the variable values in the different function blocks change. For example, the global variable list
"GVL_Var" shows how the values of "fTempActual" and "bCompressor" change when the simulation
program is executed.

One-time setting of variable values on the controller:
1. Set the focus to the online view of the global variable list "GVL_Var".
2. To specify a new setpoint, double-click the column Prepared value under the expression "fTempSet".
= An input field opens.
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3. Enter the value "9" and exit the input field.
4. To set the door to open, click once in the Prepared value field of the "bDoorOpen" expression.
= The value TRUE is entered.

5. Click three more times to see that you can use this to set the prepared value to FALSE, then to empty
again and then to TRUE again.

6. To write the prepared value TRUE once to the variable, select the command Write values in the PLC

menu or click & in the TwinCAT PLC Toolbar Options.

= The two values are transferred to the Value column. The variable "bDoorOpen" no longer changes its
value and the set temperature is now 9 degrees. The variable "tImTemp" changes to the value 1 s,
because the refrigerator door is now "open" and thus the heating by simulation should be faster than
before (2 s).

Setting breakpoints and step-by-step execution at runtime
Debugging: For troubleshooting, you want to check the variable values at certain code positions. To do this,
you can define breakpoints for processing and initiate step-by-step execution of the instructions.

v' The PLC program is loaded onto the controller and is running.

1. Double-click the "Simulation" object to open the program in the editor.

2. Place the cursor in the code line nCounter:=nCoutner+1; and press [F9].

= The symbol ® appears before the code line. It indicates that a breakpoint is set at this line. The

symbol immediately changes to @ . The yellow arrow always points to the next instruction to be
executed.

3. Consider the value of the variable "nCounter" in the inline monitoring or in the declaration part of the
Simulation program.

= The variable value no longer changes. The execution was stopped at the breakpoint.
4. Press [F5] to restart the execution.

= The program stops again at the breakpoint after one cycle. "nCounter" was incremented by 1.
5. Press [F11] to execute the next step

= RETURN at the end of the line nCounter:=nCounter+1; the instruction is highlighted in yellow
6. Press [F11] again to execute the next step.

= The execution jumps to the editor of MAIN. Pressing [F11] repeatedly shows how the program is
executed step-by-step. The instruction to be executed is again marked with a yellow arrow.

7. To disable the breakpoint and return to normal execution, move the cursor into the code line again and
press [F9]. Then press [F5] to restart the program execution.

= You can run through the program step-by-step and check variable values at certain code positions.

Executing a single cycle at runtime
v The PLC program is loaded onto the controller and is running.
1. Observe the line nCounter:=nCounter+1; again in the Simulation program.

2. Click O in the TwinCAT PLC Toolbar Options to execute a single cycle.

= The execution runs through a cycle and stops again at the breakpoint. "nCounter" was incremented
by 1.

3. Click the button three more times to see the individual cycles. Then press [F5] again.

= The program runs again without stop and without forced values. The variable "timTemp" has the value
1 s again.

5.2 PLC project node

Function: This node encloses the PLC project and contains both the source code and the instances
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Call: Right click on the node of the PLC project.

Solution Explorer
@& s -
Search Solution Explorer (Ctrl+a)

fa] Solution 'DocuSample?’ (1 project)
4 Iil_l DocuSampled
b @ SYSTEM
MOTION

4 PLC

B ;—Q PlcSample Project
b O PlcSample Instance
SAFETY
E C++

AMNALYTICS
b 170

Context menu

£ Activate Boot Project...
v Autostart Boot Project
Change ADS Port...
Install Project Libraries
Install Project Libraries (Unknown versions)
Update Project Library Folder...
X Remove
Rename

Change Project...
3 Add Mew Item...

Save PlcSample As...

E_I Save PlcSample as Archive...

_J Send PlcSample by E-Mail...
Compare PlcSample with Target...

Update PlcSample from Target
[l Independent Project File

= Disable

Del

Ins
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Activate Boot Project...

Activate the boot project. (Writing the generated code to the target
system.)

Autostart Boot Project...

Enable/disable the option for an automatic start of the boot project.

Change ADS Port...

Change the ADS port of the PLC project.

Install Project Libraries

Installing the libraries stored in the project.

Install Project Libraries (Unknown
Versions)

Installs only the versions of the libraries used in the project that are
unknown to the engineering system.

Update Project Libraries Folder...

Updating the libraries stored in the project.

Remove

Remove the PLC project.

Rename Rename the PLC project.
Change Project... Change the PLC project used in the project.
Add New ltem... Add another instance of the PLC project. (Only possible if this is

already compiled)

Save <PlcSample> As...

Saves the contents of the PLC project to a new folder.

Save <PlcSample> as Archive...

Saves the content of the PLC project to a *.zip archive.

Save <PlcSample> by E-Mail...

Saves the content of the PLC project to a *.zip archive and opens
an e-mail in the default e-mail program with the generated archive
as attachment.

Compare <PlcSample> with Target...

Compares the PLC project with the project stored on the target
system. (Provided that storing the source code on the target system
is enabled)

Update <PlcSample> from Target

Loads the state of the project stored on the target system and thus
replaces the local state of the PLC project.

Git

Opens the Git sub-context menu. (This entry is only present when
Git is selected as the Source Control system)

Independent Project File

Saves the PLC project as an independent project file.
(All information concerning the PLC project is stored in a *.xti file,
which in turn is referenced in the TwinCAT project)

Disable

Disables the PLC project.

5.3

PLC project source code node

Function: This node contains the source code of the PLC project.

Call: Right-click on the <PIcSample> Project node.

Solution Explorer

Search Selution Explorer (Ctrl+a)

4 Iila DocuSampled
b @ SYSTEM
MOTION

4 PLC

4 [0 PlcSample

P % PlcSample Project
b O PlcSample Instance
[ SAFETY
m C++
AMNALYTICS
b 170

@ o] p= -

fa] Solution 'DocuSample?’ (1 project)

* 0 x
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Context menu

Legin
Compile Change Details...

kid Build
Rebuild
Check all objects
Clean
& Run Static Analysis
&  Run Static Analysis [Check all objects]
BB View Standard Metrics
BB View Standard Metrics [Check all objects]
Add
Export to ZIP
Import from ZIP
g8 Export PLCopenXML...
gf Import PLCopenML...
Remaove Del
Save as library ...
Save as library and install ...
Save as PLC Ternplate...
@_r Generate Docurmentation
* Open Folder in File Explorer
A Properties Alt+Enter
Convert To Mew Ladder
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Login

Login (go online) with the PLC editors.
If there are changes in the PLC code, an Online Change or
download is offered. (You can find more information in the PLC

documentation in chapter Loading program code, logging in and
starting PLC.)

Compile Change Details...

Detail information about changes after compilation.

Build Create/build the PLC project.
Rebuild New build of the PLC project.
Check all objects Check all objects.

Clean Cleaning

Run Static Analysis

Run the static code analysis.
(See TE1200 Tc3 PLC Static Analysis)

Run Static Analysis [Check all objects]

Run static code analysis on all objects.
(See TE1200 Tc3 PLC Static Analysis)

View Standard Metrics

View standard metrics.
(See TE1200 Tc3 PLC Static Analysis)

View Standard Metrics [Check all
objects]

Display standard metrics considering all objects.
(See TE1200 Tc3 PLC Static Analysis)

Add

Adding PLC objects.

Export to ZIP

Export selected objects to a *.zip file.

Import from ZIP

Import objects from a *.zip file.

Export PLCopen XML...

Export selected objects to a PLCopen xml file.

Import PLCopen XML...

Importing objects from a PLCopen file.

Remove

Remove the PLC project source code node. (The instance of the
PLC is preserved)

Save as Library

Save the PLC project as a library.

Save as Library and install...

Save the PLC project as a library and install the created library.

Save as PLC Template

Save the PLC project as a template.

Generate Documentation

Generates documentation of the source code using markups and
the project structure. (License of TE1030 Documentation
Generation required.)

Open Folden in File Explorer

Opening a Windows Explorer in the path of the PLC project

Properties

Properties of the PLC project

5.4

PLC instance node

Function: The PLC instance node represents the runtime module (the instance) that is generated from the
PLC project. On the individual tabs described in the following you can see the information about the PLC
runtime module divided into categories as well as set options and parameters and thus influence the

behavior of the runtime module.

Call: Double-click on the node <PLC name> Instance.
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Solution Explorer * [0

Qe |o-a|p= -
Search Solution Explorer (Ctrl+ ) P~

fa] Solution 'DocuSample (1 project)
P Iili DocuSampled
b @ SYSTEM
MOTION
i PLC
P PlcSample

4 |—|ﬂ PlcSample Project

AMALYTICS
B e

Context menu

0 Add New ltem... Ins
*3  Add Existing ltem... Shift+Alt+A
Insert Mew ltem...
Insert Existing ltem...
Renarne
Paste Ctrl+V
Paste with Links
Save PlcSample Instance As...
Change ADS Port...
TMI/TMC File 3
[dl Independent Project File

Dizable

Add New ltem... Create new PLC instance.

Add Existing Item... Add existing PLC instance.

Insert New Item... Inserting a new TcCOM module below the PLC instance.

Insert Existing Item... Insertion of an existing TcCOM module instance below the PLC instance
node.

Rename Rename the instance name.

Paste Paste

Paste with Links Paste with linking information.

Change ADS Port...

Change the ADS port of the instance.

TMI/TMC File

Submenu for handling the TMI/TMC information.

Independent Project File

Saving the instance as an independent project file (*.xti file).

Disable

Disable the PLC instance.

5.4.1 Object

Information about the PLC runtime module is displayed in the Object tab of the PLC instance. In addition, a

few common settings concerning the PLC runtime module can also be set.
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DocuSample + X

Object Context Parameter (Int) Data Area Ewvent Classes  Unrestored Links

Object Id: |m | []Copy TMIto Targst

Object Name: |DocuSampIePIc Instance | ] Share TMC Description

Type Name: |C:'atemp'-.DocuSampIe'-.Dn(| [m] Keep Unrestored Link Info
GUID: | BC2ED4ES-F19A-4422-AZED-5655160456FF |
Class Id: |DEE-DI}DD‘I-DDDD—DDDD—FDDD—DDDDDDDDDDM |
Class Factary: |TcPI:33D |
Parent Id: | 103500000 | [JAuto Reload TMI/STMC

Init Sequence: P ~

Information concerning the PLC runtime module:

Object Id TwinCAT Object ID of the PLC runtime module

Object Name Name of the PLC runtime module/the PLC instance

Type Name Type name of the runtime module (Corresponds to the project name in the
PLC.)

GUID GUID of the PLC runtime module

Class Id Class ID of the PLC

Class Factory Class Factory of the PLC

Parent Id The ID of the parent runtime module. For the PLC this is a PLC Control
instance that manages the PLC runtimes.

In addition, some settings can also be made:

Init Sequence Defines the startup behavior of a runtime module.

Copy TMI to Target Defines whether the TMI file is copied to the target.

Share TMC Description Defines whether the TMC file is copied to the target.

Keep Unrestored Link Info  |Enables the Unrestored Links option (see Unrestored Links [»_109]).

Auto Reload TMI/TMC Defines whether the TMC file should be reloaded when a change is made
externally.

The option Keep Unrestored Link Info is an option with 3 states:

Checked Link information is retained.
Not checked Link information is discarded.

Intermediate (filled with a It will ask each time if the link information should be kept.
rectangle)

The option Auto Reload TMI/TMC defines whether the TMC file should be re-read in case of a change from

outside. This is important when using the stand-alone PLC (see Use stand-alone PLC project), because then
the TMC file is recreated by recompiling the PLC in another TwinCAT project.
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5.4.2 Context

The (time) contexts of the PLC module are listed in the Context tab. These are the tasks used in the PLC,
which are shown in this tab in table form with their settings.

DocuSample & X

Object Contexdt  Pammmeter (Int) Data Area
Context: 0 PlcTask’ v|
Depend On: | Manual Corfig w |
Data Areas: Interfaces:
[+]0 ‘PlcTask Inputs’
[+]1 'PleTask Outputs’
[+]3 PleTask Intemal’
Data Pointer: Interfface Pointer:
Result:
D Task Mame | Prior... | Cydl... |Tas|-:... ‘ Sym... | Sort Order |
0 02010030 PlcTask 20 10000 (350 851 |0 (default..
Context Depending on the context selected here, the Data Area displays which
Data Areas are updated by the selected context.
Depends On Defines the dependencies of a context (task). For the PLC this is "Manual
Config".
Data Areas Existing Data Areas of the PLC Instance
Interfaces Interfaces of a TcCOM module
(irrelevant for a PLC instance)
Data Pointer Data Pointer of a TcCOM module
(irrelevant for a PLC instance)
Interface Pointer Interface Pointer of a TcCOM module
(irrelevant for a PLC instance)

The contexts are listed sorted by their ID in the table Result.

ID Context ID of a task

Task Here a TwinCAT task can be assigned to a Referenced Task in the PLC.
(Happens automatically, but can be adjusted manually here)

Name Name of the assigned TwinCAT tasks

Priority Priority of the assigned TwinCAT tasks

Cycle Time (us) Cycle time of the assigned TwinCAT tasks

Task Port Task Port of the assigned TwinCAT tasks

Symbol Port Symbol Port of the assigned TwinCAT tasks

Sort Order Sequence position at which the PLC is to be called by this task. The lower,
the more likely the module will be called. This option is only needed if
multiple runtime modules are called by this task. By default, modules are
executed in the order they are added to a task.
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543 Parameter (Init)

The Parameter (Init) tab shows the initialization parameters of the PLC runtime module. Checking the box in
the column CS (Create Symbol) will create an ADS symbol for the selected parameter.

DocuSample + X

Object Context Parameter (Init) Data Area Event Classes  Unrestored Links

[ Show Orline Values [ ] Show Hidden Parameter | Expand Al | | Collapse Al

MNarme Value cs Unit Type PT...
Project Mame DocuSamplePlc I_ STRING(13) | Ox0D...
Application Port 851 I_ UINT Ox0...
Auxtask Object Id 08500010 I_ PlcAuxTask OTCID 0.,
Application Timestarmp 2019-05-27T13:14:44 I_ DT [L{1N
Symbelic Mapping TRUE I_ BOOL D0,
Application Name Port_851 I_ STRING(8)  OxD...
Task Module OIDs [08502001] I_ DocuSam...  ARRAY [0.... Ox0...
Task Module SortOrders [0] I_ ARRAY [0....  Ox0...
Task Module Names ['PlcTask'] I_ MSTRING(... | DxD...
Task Caller QIDs [02010030] I_ PlcTask ARRAY [0.... | Ox0...
Task Module ADI Indices [Owcffff, De0001] I_ ARRAY [0.... | Ix0...

5.4.4

The Data Area tab shows the data areas of the PLC runtime module.

Data Area

TwinCAT 3
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DocuSample & X

Object Context Parameter (Init) Data Area  Event Classes  Unrestored Links

Area Mo | Name Type Size cs CD / Elernents
+ 10 PlcTask Outputs OutputSre sa4288 v [ 3Symbols
+ 30 PlcTask Internal Internal sa4288 v [ 17 Symbols

5.4.5 Symbol Initialization

All initialization parameters defined in the PLC project are displayed in a table in the Symbol Initialization
tab. (See also Attribute 'TcInitSymbol'.)

5.4.6 Event Classes

Event classes are groups of events (possibly for a theme) and, in the sense of the TwinCAT type system,
data types that can be used in different modules. For this reason they are created as data types in the
TwinCAT type system (System > Type System > Event Classes).

All known event classes are listed on the Event Classes tab in the TwinCAT type system. The TMC editor, in
which the event classes can be defined and edited, can be opened via the context menu commands Edit
and New.
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DocuSample + X

Object Context Parameter {Int) Data Area Ewvent Classes  Unrestored Links

Marme MNames... | GUID Eventld Cnt
TeSystemEventClass TF7FC20-.., |28
TeGeneralAdsEventClass G8BCB284-... |61
TeRouterEventClass E3DE4344-4.. |14
TeRTimeEventClass BG3588BAE-.. |16
Win32EventClass 1DOC4BAC.. |37

547 Unrestored Links

Keep Unrestored Link Info

If not set otherwise, TwinCAT only saves the required information so that the project repository is not
unnecessarily loaded. In association with this, TwinCAT also checks whether links are still valid. Any invalid
links found are automatically deleted. This mechanism is obstructive when merging projects, since only the
code and the links can be merged, but the updated process image is only available after recompiling the
code that has now been merged. It is thus possible for the link information to be newer than the process
image and the automatic optimization function would delete all links to the new variables in the process
image. With the option Keep Unrestored Link Info, the link information marked for deletion is retained and
automatically restored as soon as the variables show up in the process image.

Solution Explorer Al DocuSample & X
2. | Ty . ;
OO G aE | @~ | > |E| Object Contest Parameter (nit) Data Area  Event Classes  Unrestored Links
Search Solution Explorer (Ctrl+d) PRl
Object Id: [ Copy TMIta Target
] Solution 'DocuSample’ (1 project) .
4 5 Docusample Object Name: DocuSamplePle Instance [] Share TMC Description
b SYSTEM Type Name: C:temp \DocuSample’\Doc I [ Keep Unrestared Link Info
4 E‘L?Z-n ON GUID: |EC2ED4EB—F19&MZZ—&2ED-56951 G0456FF
4 [ DocuSamplePlc Class Id: | 03500001-0000-0000-F00C-000000000064 |
b fﬂ] DocuSamplePlc Project Class Factory: |TcPIc3CI |

b 1] DocuSamplePlc Instance
b I DocuSamplePlc Instance Parent Id: [ Auto Reload TMLATMC
o S

The unrestored links are displayed in the Unrestored Links tab. They are grouped there according to the
date of "disappearance”.
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DocuSample # >

Object Context Parameter (Init)

Data Area  Evert Classes Unrestored Links

From | To | Reason

|7 Thursday, February 2...
|7 MAIMN.ICount TID"Device 1 (EtherCAT) " Term 1 (EK1100)" Term 2 (EL2008) “Channel 1" Cutput ‘from’ variable ('MAIN.IC...
|7 MAIM.ICount TID*Device 1 (EtherCAT)*Term 1 (EK1100)*Term 2 (EL2008)*Channel 2*CQutput ‘from' variable ('"MAIMN.IC...
|7 MAIM.iCount TID"Device 1 (EtherCAT)"Term 1 (EK1100)"Term 2 (EL2008) *Channel 3" CQutput ‘from’ variable ('MAIN.IC...
|7 MAIMN.ICount TID"Device 1 (EtherCAT) " Term 1 (EK1100) " Term 2 (EL2008) “Channel 4" Cutput ‘from’ variable ('MAIN.IC...
|7 MAIM.ICount TID"Device 1 (EtherCAT)"Term 1 (EK1100)"Term 2 (EL2008)*Channel 3" Cutput ‘from’ variable ('MAIN.IC...
|7 MAIM.iCount TID*Device 1 (EtherCAT)*Term 1 (EK1100)*Term 2 (EL2008)* Channel 6+ CQutput ‘from' variable ('"MAIN.IC...
|7 MAIMN.ICount TID"Device 1 (EtherCAT)"Term 1 (EK1100) " Term 2 (EL2008) “Channel 7" Cutput ‘from’ variable ('MAIN.IC...
|7 MAIM.ICount TID"Device 1 (EtherCAT) " Term 1 (EK1100)"Term 2 (EL2008)*Channel 8" Cutput ‘from’ variable ('MAIN.IC...

Select Al

Delete unrestored links permanently

If unrestored links are not needed, they can be permanently deleted. Proceed as follows:
1. Select the links you want to delete.
2. This selection can be done individually by placing a check mark in front of the variable name.

3. You can also select a whole group by checking the box in front of the "Delete" date or select all deleted
links by pressing the Select All button.

4. Use the Remove Selected button to delete the selected links.
= The selected links will be permanently deleted.

Edit unrestored links

If the links could not be restored due to renaming, you can edit the unrestored links. Proceed as follows:

1. Use the context menu entry Edit to open the unrestored links in the Windows text editor.

DocuSample & X

Object Cortext Parameter (int) Data Area  Event Classes  Unrestored Links

From To Reason

|7 Thursday, February 2...
|7 MAIN.ICount TID*Device 1 (EtherCAT)"Term 1 (EK1100) " Term 2 (EL2008)*Channel 1" Output ‘from' vanable ('MAIN.IC...
|7 MAIN.ICount THD"Device 1 (EtherCAT)"Terrn 1 (EK1700) " Term 2 (EL2008) *Channel 2" Output ‘from' vanable ('MAIN.IC...
|7 MAIMN.ICount TID"Device 1 (EtherCAT) " Term 1 (EK1100)~Term 2 (EL2008)*Channel 3" Output ‘from' variable ('MAIM.IC...
|7 MAIN.ICount TIDDevice 1 (EtherCAT)"Term 1 (EK1100)~Term 2 (EL2008) " Channel 4" Output ‘from' vanable ('MAIN.IC...
|7 MAIN.ICount THD*Device 1 [EtherCA'I']-""EermJ_LEKJJ.[ﬂ]ﬂer_m.E (EL2008) ~Channel 5" Cutput ‘from' variable ('MAIM.IC...
|7 MAIMN.ICount TID*Device 1 (EtherCAT)" Edit (EL2008)*Channel 6" Output ‘from' variable ('MAIM.IC...
|7 MAIN.ICount TID"Device 1 (EtherCAT) " Term 1 (EK1100) " Term 2 (EL2008) " Channel 7" Output from' variable ('MAIN.IC...
|7 MAIN.ICount THD"Device 1 (EtherCAT)"Terr 1 (EK1100) " Term 2 (EL2008) *Channel 8" Output ‘from' vanable ('MAIMN.IC...
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2. Use the commands Search and Replace to perform renaming operations within the file.

.m Xml7F01 .tmp.xml - Editor

Datei Ansicht
<2xml version="1.8"2?>
<UnrestoredVarLinks ImportTime="20818-82-22T15:56:88">
<Ownerd Name="OutputSrc” Prefix="TIPC"DocuSamplePlc*DocuSamplePlc Instance™ Type="2"»
<OwnerB Name="TIID"Device 1 (EtherCAT)"Term 1 (EK1188)"Term 2 (EL2888)">

Bearbeiten Format Hilfe

6600-0000-0000000R00EG 1"
6608 -0000 -0000A00B0086 "
0600-0000-000000000006 1"
6608 -0000 -0000A00B0086 "
0600-0000-000000000006 1"
6608 -0000 -0000A00B0086 "
9600-0000-000000000006 1"
0608 -0000 -0000800B0086 "

</OwnerB

< fOwnerds
</UnrestoredVarlLinks>

<Link VarfA="MAIN.iCount"
VarB="Channel 1*0utput”
<Link VarA="MAIN.iCount"
VarB="Channel 2"0utput"”
<Link VarfA="MAIN.iCount"
VarB="Channel 3"0utput”
<Link VarA="MAIN.iCount"
VarB="Channel 4"0utput"”
<Link VarfA="MAIN.iCount"
VarB="Channel 5"0utput”
<Link VarA="MAIN.iCount"
VarB="Channel 6™0utput"”
<Link VarfA="MAIN.iCount"
VarB="Channel 7"Qutput”
<Link VarA="MAIN.iCount"
VarB="Channel 8"0utput"”

>

TypeA="INT" InOutA="1" GuidA-"{18671995-0860-
Size="1" Restorelnfo="ANotFound" />

TypehA="INT" InOutA="1" GuidA="{18871995-0808-
Size="1" OffsA="1" Restorelnfo="ANotFound"/»
TypelA="INT" InOutA="1" GuidA="{18671995-0660-
Size="1" OffsA="2" Restorelnfo="ANotFound"/»
TypehA="INT" InOutA="1" GuidA="{18871995-6808-
Size="1" OffsA="3" Restorelnfo="ANotFound"/»
TypelA="INT" InOutA="1" GuidA="{18671995-0660-
Size="1" OffsA="4" Restorelnfo="ANotFound"/»
TypehA="INT" InOutA="1" GuidA="{18871995-6808-
Size="1" OffsA="5" Restorelnfo="ANotFound"/»
TypelA="INT" InOutA="1" GuidA="{18671995-0660-
Size="1" OffsA="6" Restorelnfo="ANotFound"/»
TypeA="INT" InOutA="1" GuidA="{18871995-0868-
Size="1" OffsA="7" Restorelnfo="ANotFound"/»

3. Save the changes and close the text editor.
= The links will be restored during the next build process.

TwinCAT 3
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6 SAFETY

Function: The TwinCAT Safety PLC realizes a safety-related runtime environment on a standard industrial
PC. Currently only Beckhoff IPCs can be used. Further information on permitted configurations can be found
in the document "List of approved system configurations" on the Beckhoff website.

The safety-related logic can be created in Safety C, in future also via the graphical TwinSAFE Editor.

Call: Select Add New Item... in the context menu and create a new safety configuration.

Context menu

Solution Explorer * B X
@i o-a|p=
Search Solution Explorer (Ctrl+ ) 2~

fa] Solution TwinCAT Project’ (1 project)
4 o0 TwinCAT Project
b @ SYSTEM
MOTION
O PLC

[fid C++ 1 Add New ltem... Ins
b & o *7  Add Existing ltem... Shift+ Alt+ A
Rename

Hide SAFETY Configuration

Sclution Explorer EETHNSTH LIS

Add New Item... Add new item.

Add Existing Item... Adding an existing item.
Rename Rename configuration.
Hide SAFETY Configuration Hide configuration.

More information on the Safety topic can be found here:
» TwinSAFE
+ TwinCAT 3 Safety
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7 C++

Function: TwinCAT 3 C++ implements a real-time execution of C++ code on an industrial PC. For

programming, the widely used programming language C++ is supported, which is connected to the real-time
via the TwinCAT SDK and CRT.

Call: Select Add New Item... in the context menu and create a new C++ configuration.

Context menu

Solution Explorer * B X
AeE-|o-a| s
Search Selution Explorer (Ctrl+ Q) P~

fa] Solution ‘TwinCAT Project’ (1 project)
4 0 TwinCAT Project
B[] SYSTEM
MOTION
b PLC
(& SAFETY
F C++

. /0 Add Mew ltem... Ins
Add Existing ltem... Shift+Alt+A

Rename

E Hide C++ Configuration

Sclution Explorer IEETRNSTE LT

Add New Item... Add new item.

Add Existing Item... Adding an existing item.
Rename Rename configuration.
Hide C++ Configuration Hide configuration.

Further information can be found in the Beckhoff Information System:
* TwinCAT 3 C/C++
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Function: Using TwinCAT 3 /O, cyclic data can be collected by different fieldbuses in process images.
Cyclic tasks drive the corresponding fieldbuses. Various fieldbuses can be operated with different cycle
times on one CPU. Applications can directly access the process image. The fieldbuses and the process
images are configured in TwWinCAT 3 Engineering.

Call: Click on the arrow in front of 1/O.

Devices context menu

Solution Explorer * O X

@E-|o-a| L=

fa] Solution ‘TwinCAT Project’ (1 project)
4l TwinCAT Project
B[] SYSTEM
MOTION
b PLC

#*.
ﬁ:l Mappings +|:|
[m]

Solution Explorer EETGNET I,

+
4
+

Search Selution Explorer (Ctrl+ Q) P~

Add Mew [tem... Ins
Add Existing ltem... Shift+Alt+A
Rename

Add Mew Folder...
Export EAP Config File
Scan

Paste Ctrl+V
Paste with Links

Add New Item... Add new item.
Add Existing Item... Adding an existing item.
Rename Rename configuration.

Add New Folder...

Add new folder.

Export EAP Config File

Export the EtherCAT EAP configuration

Scan

Scan for devices.

Paste

Paste configuration.

Paste with Links

Paste configuration with links.
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Mappings context menu

Solution Explorer * B X
@E-|o-a s
Search Selution Explorer (Ctrl+ Q) P -

fa] Solution TwinCAT Project’ (1 project)
4 o0 TwinCAT Project
b @ SYSTEM
MOTION
b Ef PLC
SAFETY
E C++
P /0
*IL Devices

il V) Ings

+ lenerate Mappings

Solution Explorer BIEETLNSTLTE Export Mapping Infos...

Import Mapping Infos...

Clear All Mapping Infos...

Generate Mappings Generate mappings.

Export Mapping Infos... Export mapping information.
Import Mapping Infos... Import mapping information.
Clear All Mapping Infos... Clear all mapping information.
Solution Explorer * 1 X

o -5

Search Selution Explorer (Ctrl+ ) P~

f@ Solution 'DocuSample? (1 of 1 project)
4 “i DocuSampled
b @l SYSTEM
MOTION
B PLC
SAFETY
E C++

ANALYTICS
4 /0
*T Devices

a ﬁ:l Mappings

ﬂ Online Change...

‘Online Change... ‘Online Change of mapping information is performed

@® An Online Change of the mapping changes the copy rule of the data. The Online Change can only
be performed if the process images themselves do not change. Changing process images always
1 requires reactivating the configuration. An exception to this is the process image of a PLC.

Further information can be found in the TwinCAT 3 I/O documentation.
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8.1 Quick start

This guide explains the individual steps required to set up access by means of TwinCAT I/O to inputs/outputs
that are provided by an appropriate 1/0 card.

v' A created solution with TwinCAT 3 project.

1. Configure the hardware in the /O area.
When the target system is in Config mode, select the "Scan" mechanism:

fa] Solution ‘TwinCAT IO-Project’ (1 project)
4 ) TwinCAT I0-Project
4 [ SYSTEM
¥ License
@ Real-Time
% Tasks
== Routes
TcCOM Objects
MOTION
PLC
(3 SAFETY

E C++

B M; 3 Add New tem... Ins
*3  Add Existing Item... Shift+Alt+A

Export EAP Config File
Scan
Paste Ctrl+V

Paste with Links

2. Add a TwinCAT Task With Image via right click on System->Tasks:

Insert Task @

() TwinCAT Tazk
@ TwinCAT Task “with lmage

= The task contains a map for inputs and outputs.
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3. Set the Create Symbol on the task so that symbolic access is possible:

Task | Online | Parameter (Online) |

Name: Task 1 Port: M =
Auto start Object Id: (02010010
[7] At Priorty Managemert Options
Priarity: 1 o [7] Disable
Cycle ticks: 0 = 10000  ms I Create symbols I
Start tick (modulo): 0 = [ ] Include extemal symbols
[ Separate input update
Pre ticks: 0 5
re ticks [ Extem sync
[ Waming by exceeding
Message box
Floating point exceptions
Watchdog Cycles: 0 =
Comment:

4. Create a symbol with Add New Item by right-clicking on Inputs or Outputs. To do this, select the
appropriate type. Additionally, you can assign a name.

Insert Variable

Mame: War 1 Multiple: 1 =
Start Address: Bute: 0 = Eit 1] :
(] Sk &

Data Type »Size I ame Space i
BIT 01 L4
BITS 1

BOOL 1

BYTE 1

E_axB000_P_0275 ActiveFeedbackdnd.. 1 AxB000
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5. Open the symbol that you have created by double-clicking and link a variable to the 1/0 with "Linked
To...":

B | Attach Variable Var1 (Input)

Search:

Elﬁg Devices
-4 Device 1 [EtherCAT]
E-2% Syncllnits
- 2% cdefaulty
-2 <ureferenced:
L] wicState > 15260, BIT [0.1]

- % Tem 2 (EL1004)

%%

Input >[4 39.0, BIT [0.1]
Input >[4 3971, BIT [0.1]
Input >[4 392, BIT [0.1]

lnput > 1339.3, BIT [0.1]
WwieState > 1% 15221, BIT [0.1]
IhputTagagle > [ 15241, BIT [01]
= Term 3 [EL2002)

L] WwieState > 1¥ 15220, BIT [01]

Ll

g

Show Wariables

@ Unused

) Uzed and unuzed

[T Exclude dizabled
Exclude other Devices
Exciude same Image
Show Toaoltips

[T] Sort by Address

Show Y ariable Types
[ Matching Type
b atching Size
80 Types

Array Mode
Offzetz

[ Continuaus
[] Show Dialog
Yarable Mame / Comment

! Hand ower
i T ake aver

Cancel ] [ s

= Start the system. The variables can be accessed by ADS.

= The required symbol information can be read off from the symbols.
= The "Target Browser" (from Scope -> Target Browser) can be used.

= To do this you must configure the respective port for the display via the Server Settings Dialog in the

target browser, depending on the ADS port used for the task.
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9 Renaming a project

Scenario

An existing project is to be reused for a new machine. For this purpose, the project is to be given the name
of the new machine.

Challenge

When creating a project, you will be asked whether a Solution directory should be created. This option is the
default behavior. If it is selected, the TwinCAT 3 project will be created in this directory.

Mew Project ? x
b Recent Sort by: | Default -] Search (Ctrl+E) p-
4 Installed .
j TainCAT XAE Project (XML format)  TainCAT Projects  1YPe TwinCAT Projects
TerinCAT Controller TwanCAT XAE Systern Manager
b TwinCAT Measurement Configuration

TeanCAT CAD Interface Beta Version

TwinCAT Projects

TeanCAT PLC

TcXaeShell Solution

Mot finding what you are logking for?

Open Visual Studio Installer

Mame: [Sample Project |
Location: ': Browse..,
Solution narme: Sample Project |7 Create directony for solution

L Add to Source Control

| QK | Cancel

The Solution file (*.sIn) for the project contains a reference to all subprojects. If a TwinCAT 3 project is
renamed, only the project file is renamed, not the folder. Thus, after renaming the project, the old folder
name of the TwinCAT 3 XAE project will still exist on the hard disk, even though it is not located in the
solution.

Solution options
» Select generic folder names that have no reference to a project.

» Disable the option Create directory for solution, then the solution file is stored next to the project file
of the TwinCAT 3 XAE project.

« If the Solution file only contains one TwinCAT 3 project, then the TwinCAT 3 project can be copied
manually to another folder without the *.sIn file and the folder in which the TwinCAT 3 project is saved.
Double-clicking the *.tsproj file also opens the TwinCAT 3 XAE Shell. You can rename the project
accordingly in the XAE Shell. When saving the project, you will automatically be asked whether a new
Solution file should be created.

» Copy the entire directory and adapt the folder names of the subprojects manually. Subsequently, these
folder names must also be manually swapped in the *.sIn file.
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