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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®, ATRO®, EtherCAT®, EtherCAT G®, EtherCAT G10°®, EtherCAT P®, MX-System®, Safety over
EtherCAT®, TC/BSD®, TwinCAT®, TwinCAT/BSD®, TwinSAFE®, XFC®, XPlanar® and XTS® 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. ™ P

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.

TF55xx Version: 1.1.0 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: 1.1.0 TF55xx
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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.

TF55xx Version: 1.1.0 7
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2 Introduction to TwinCAT MC3

TF55xx | TwinCAT 3 MC3 is the new generation of motion control that integrates seamlessly with TwinCAT,
providing a seamless and efficient automation solution.

Complete system integration

TF55xx | TwinCAT 3 MC3 is seamlessly integrated into the TwinCAT system, which means that this motion
control solution can be operated in parallel with the other TwinCAT functions in one system and can also
interact with the other TwinCAT functions.

Multi-core support

TF55xx | TwinCAT 3 MC3 can be distributed to several CPU cores as required. Movements can be
synchronized across all CPU cores in use.

Multitasking support

Axes with different cycle times can be operated on a single CPU core, precisely matching the velocities and
tasks of the respective axes. This facilitates optimum utilization of a CPU core, as the fastest axis does not
necessarily dictate the clock rate for all axes. The axes of a conveyor belt with a delta picker can thus be
operated at a cycle time of 1 ms to ensure that the workpieces are picked up quickly, while the axes for width
adjustment of the conveyor belt are operated at a cycle time of 4 ms on the same CPU core.

Modular configuration

Functional extensions using TcCOM objects and flexible interfaces enable a future-proof architecture and a
modular project configuration. The web-based commissioning interface can be customized for specific
applications.

Hardware independence

As with the previous Motion Control solution, axis objects separate the hardware from the programming. This
creates hardware independence.

Fluid power (hydraulics) support

TF55xx | TwinCAT 3 MC3 ensures equally deep integration of electrical and hydraulic axes and enables
seamless interaction, precise synchronization, and flexible integration across different hardware platforms.
With the scalable platform, TF5560 | TwinCAT 3 MC3 Fluid Power can be used for a wide range of
applications, from isolated hydraulic solutions to complete machine control systems.

2.1 Installation

TF55xx | TwinCAT 3 MC3 is installed only on the engineering side. On the runtime side, a TwinCAT
Standard installation version 3.1 Build 4026.23.1 or later is required. When the configuration is activated,
specific MC3 components are transferred from the engineering system to the runtime system. The operating
system on which the runtime system is based is automatically detected and taken into account.

engineering system activate configuration:
with automatic deployment of
TwinCAT 3 MC3 runtime components to target

8 Version: 1.1.0 TF55xx
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Engineering installation (Windows)

From TwinCAT 3.1 Build 4026, TwinCAT products are installed via the TwinCAT Package Manager. Detailed
instructions on installing products can be found in the chapter Managing TwinCAT software in the
TwinCAT 3.1 Build 4026 setup instructions.

You can obtain a basic TwinCAT XAE installation using the following workload:
+ TwinCAT.Standard.XAE

Basic MC3 components are installed with the following workload:
» TF5500.MC3.Base.XAE

Additional MC3 components can also be installed using the following workloads:
» TF5550.MC3.Camming.XAE
* TF5560.MC3.FluidPower.XAE

In addition, we recommend installing Drive Manager 2 for using and parameterizing Beckhoff Motion
hardware, as well as TwinCAT Scope:

» TE5950.DriveManager2.XAE (Engineering) (v1.1.114.0 or later recommended)
» TE1300.ScopeViewProfessional. XAE (Engineering)
» TF3300.ScopeServer.XAR (Runtime)

Runtime installation

On the runtime side, only a TwinCAT Standard installation version 3.1 Build 4026.23.1 or later is required. All
necessary TwinCAT MC3 components are transferred from the engineering system to the runtime system
when the configuration is activated.

Windows XAR installation via the TwinCAT Package Manager using the following workload:
» TwinCAT.Standard. XAR

Beckhoff RT Linux® Runtime installation via the Beckhoff Linux package server using the following package:

e tc31-xar-um

TwinCAT/BSD Runtime installation:
¢ The TwinCAT Runtime installation is included in the TwinCAT/BSD installation.

2.2 License model

The TwinCAT 3 MC3 licensing model consists of a base license, axis extension licenses, and function
extension licenses.

TF5500 | TwinCAT 3 MC3 Base
The TF5500 | TwinCAT 3 MC3 Base license is a prerequisite for any MC3 axis application.

TF5500 | TwinCAT 3 MC3 Base includes 10 axis licenses. An axis license is initially only valid for Beckhoff or
simulation axes. The number of licensed axes can be expanded flexibly using an MC3 Axes license
(TF551x).

Axes from other manufacturers can also be controlled. However, they require a multi-vendor license in
addition to an axis license. Five multi-vendor licenses are included in the MC3 Base license, and more can
be added through an additional TwinCAT 3 MC3 Multi Vendor license (TF553Xx).

This results in possible configurations consisting of five Beckhoff or simulation axes and five axes from other
manufacturers (for a total of 10 axis licenses). The key factor is a total of no more than 10 axes, with a
maximum of five axes from other manufacturers that can be used. It is not possible to combine four Beckhoff
or simulation axes with six axes from other manufacturers without an additional TwinCAT 3 MC3 Multi
Vendor license and a TwinCAT 3 MC3 Axes license. The Axes license is required because a Multi Vendor
license always requires at least one Axes license of the same size.

TF55xx Version: 1.1.0 9
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In addition to axis licenses, the MC3 Base license includes the functionality needed for the implementation of
point-to-point (PTP) applications and couplings, such as the flying saw. Further functionalities are available
through supplementary products (TF5550, TF5560).

TF551x | TwinCAT 3 MC3 Axes
TwinCAT 3 MC3 Axes expand TF5500 TwinCAT 3 MC3 Base with additional axis licenses.

Depending on the TF551x license and platform, the number of axes can be increased to 25, 50, 75, 100,
150, 250, 500, 1000, or 1500. The number of axes from the TwinCAT 3 MC3 Axes license is considered the
new maximum number of axes. The 10 axis licenses included in TwinCAT 3 MC3 Base (or up to five of those
axes from other manufacturers) are already included in the total and are not added to it. It is not possible to
combine TwinCAT 3 MC3 Axes licenses.

An axis license is initially only valid for Beckhoff or simulation axes. Axes from other manufacturers can also
be controlled. However, they require a multi-vendor license in addition to an axis license. Five multi-vendor
licenses are included in the MC3 Base license, and more can be added through an additional MC3 Multi
Vendor license (TF553x).

TF number Name

TF5510 TwinCAT 3 MC3 Axes 25
TF5511 TwinCAT 3 MC3 Axes 50
TF5512 TwinCAT 3 MC3 Axes 75
TF5513 TwinCAT 3 MC3 Axes 100
TF5514 TwinCAT 3 MC3 Axes 150
TF5515 TwinCAT 3 MC3 Axes 250
TF5516 TwinCAT 3 MC3 Axes 500
TF5517 TwinCAT 3 MC3 Axes 1000
TF5518 TwinCAT 3 MC3 Axes 1500

® More than 1500 axes

1 The TF5518 | TwinCAT 3 MC3 Axes 1500 license does not represent the actual maximum possible
number of axes. If you need to control more than 1500 axes, please contact your Beckhoff
representative.

TF553x | TwinCAT 3 MC3 Multi-Vendor

In addition to the control of Beckhoff axes, TwinCAT 3 MC3 also supports the control of axes from other
manufacturers.

However, these require a multi-vendor license in addition to an axis license. Five multi-vendor licenses are
included in the MC3 Base license, and more can be added through an additional TwinCAT 3 MC3 Multi
Vendor license.

A variant of TF551x TwinCAT 3 MC3 Axes is also required to obtain the necessary axis licenses.

TF number Name

TF5530 TwinCAT 3 MC3 Multi Vendor 25
TF5531 TwinCAT 3 MC3 Multi Vendor 50
TF5532 TwinCAT 3 MC3 Multi Vendor 75
TF5533 TwinCAT 3 MC3 Multi Vendor 100
TF5534 TwinCAT 3 MC3 Multi Vendor 150
TF5535 TwinCAT 3 MC3 Multi Vendor 250

TF5550 and TF5560 function extension licenses

The TF5500 enables the implementation of PTP applications with simple couplings. The following licenses
can be used to expand the range of functionality.

10 Version: 1.1.0 TF55xx
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TF number Requirement Description
TF5550 TF5500 TwinCAT 3 MC3 Camming

Extension with non-linear couplings (cam plates).
TF5560 TF5500 TwinCAT 3 MC3 Fluid Power

Extension with Fluid Power functionality.

TF55xx Version: 1.1.0 1
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3 Development environment

TwinCAT MC3 is seamlessly integrated into the TwinCAT development environment (XAE) based on
Microsoft Visual Studio. Within a TwinCAT project, the MOTION [P_15] node is the most important project

node for TwinCAT MC3. In addition, the SYSTEM [P_12] node is relevant for general settings. Both nodes are
described below in the context of TwinCAT MC3.

3.1 SYSTEM

The SYSTEM node in the tree view of the TwinCAT project in Solution Explorer contains the system
configuration. These include, among other things, real-time settings, task configuration, and licenses. This
documentation discusses the SYSTEM node only in conjunction with TwinCAT 3 MC3.

For general information about the SYSTEM node, see the TE1000 XAE Documentation.

Solution Explorer

8 o-0 &=

Search Solution Explorer (Cirl=a) P~
B9 Solution TwinCAT Project’ (1 of 1 project)
4 of] WinCAT Project
2 License
b @ Real-Time
B Tasks
=i= Routes
fi= Type System
[l] TcCOM Objects
MOTION
PLC
[& sareTy
E C+s
VISION
& Anaymcs
B YO

3.1.1 Real-Time

The axis calculations of TwinCAT MC3 can be distributed across multiple CPU cores as required. Each axis
is assigned to a cyclic task. A task can be assigned to multiple axes. Cycle times and priorities can be set
based on the assignment of axes to a task. Movements can be synchronized across all CPU cores in use.

Object RT-Core Base Time (ms) | Cycle Time (ms) | Cycle Ticks | Prionity ",
%I M C-Task (MET) Core0 ~ 1ms 2ms 2 3

[E1 MC-Task (MET)_1 |[Corel ~1ms 1ms 1 4

EI MC-Task (MPT) Corel ~ 1ms 10 ms 10 a

EI MC-Task (MPT)_1 | Core 1 ~ | 1ms FIms 5 g9

[£1 1/0 Idle Task Cored ~ 1ms 1 ms 1 1

IEI Job Task Cored ~ 1ms (none) 0 32

The assignment of tasks to CPU cores takes place in the TwinCAT project under SYSTEM > Real-Time >
Settings. To display the current CPU core configuration of the target system, click Read from Target. The
tasks can then be distributed across the appropriate cores.

12 Version: 1.1.0 TF55xx
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To change the CPU core configuration of the target system, click Set on Target and select the desired
distribution of divided and isolated cores.

Even on the same CPU core, axes with different cycle times can be operated by assigning them to different

contexts [P_19]. The “fastest” axis therefore does not determine the cycle time for all axes. This allows for
optimized utilization of a CPU core - even with only a few axes.

3.1.2 Tasks

The configuration of tasks is not specific to TwinCAT Motion, but is the same for all TwinCAT components.
The following describes the relevant settings related to TwinCAT Motion.

Basically, all cyclic tasks required for TwinCAT Motion are created automatically. These tasks together form
a context:

» Motion Execution Task (MET)
* Motion Preparation Task (MPT)
» Job Task
The MET processes commands and performs cyclic setpoint generation. This task also handles 1/0

communication. Preliminary calculations are performed in the MPT. The Job Task is currently not used and
is intended for future non-cyclic calculations.

4 @ sysTEM
% License
b @ Real-Time
P %Tasks
[ Job Task

[B1 MC-Task (MET)
[B1 MC-Task (MPT)

By default, the MET is created with a cycle time of 2 ms and the MPT with a cycle time of 10 ms. You can
change the task settings under SYSTEM > Tasks > [TaskName]. MET and MPT must run on the same
core.

Specifically, axes that require shorter cycle times can be assigned to a context with a MET that has, for
example, a 1-millisecond cycle time. Axes that require a lower clock frequency can then be assigned to
another context with a second MET, for example, with a 4-ms cycle time, which can run on the same or a
different core. Creating the context and assigning the axes is done in the Context dialog of the Motion

project [»_19].

3.1.3 TcCOM Objects

All TcCOM objects in the project are listed in the SYSTEM > TcCOM Objects node under the Project
Objects tab. Among other things, an MC3 axis or a cam plate object in MC3 corresponds to a TcCOM
object.

In the Version column, you can see the version of each object. For new projects, the object versions are
automatically set to the latest version; no user action is required. If a project created with an older software
version is to be migrated to a newer version, the setting can be configured here. Alternatively, the version

can be set using the Motion Versioning extension [»_190].

@ Different versions of hierarchical objects

Different versions between child objects and their parent object can cause errors when activating
the project.

* Make sure that the same version is set and active for the parent context element and all child
Motion Control objects.

TF55xx Version: 1.1.0 13
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3.1.31

Multiple versions of the TwinCAT MC3 packages can be installed on your engineering system at the same
time. This is especially the case if your machines are deployed in the field with different software versions.
The following sections explain how to work with different versions.

Version control

Alternatively, the version can be set using the Motion Versioning extension [P_190].

Requirements
* A TwinCAT project with an MC project has been created;
see Creating an MC Project [»_17].

» Optionally, an axis may already have been created within the MC project. If you are not yet familiar with
creating an axis within the MC project,

please refer to the chapter Creating an Axis Object [P 25].

Add an axis to the MC project in a specific version
1. Right-click Axes > Add New Item...

2. In the Insert TcCOM Object dialog box, under Type, select the axis type and the version of the desired
object.

3. To do this, expand the desired object by clicking the +.
= All installed versions are displayed.

= The default setting uses the latest (highest) installed version of the object. In this case, the view does
not need to be expanded.

Solution Explorer ~ # X [W1 Insert TcCom Object X
8 oy - oa £=] o
- - = = Search: Marme: Azl [Auxis) [T]
Search Sclution Explorer (Ctrl+ ) Q v
&7 Solution TwinCAT Project37 (1 of 1 project) = B Beckhoff Automation GbH & Co. K& Eancel
~ il TwinCAT Project37 Muliple: 1 D
> (@l svsTEm . o
~ @ MoTion o e i [4.0.1.0]
v [ MC Project H. Encoder &is [Module, 4.0.6.0] lisstinstance
I B Aves #I FluidPower Axis [Configuration, 4.0.6.0] Fieload
= Groups
7] Tables
Objects

4. Finally, under Multiple, enter the desired number. Then click OK to confirm your entries.

= The object has been created and is located under the Axes node.

Set the version for motion objects in existing projects

@ Different versions of hierarchical objects

Different versions between child objects and their parent object can cause errors when activating

the project.

* Make sure that the same version is set and active for the parent context element and all child

Motion Control objects.

1. Select the SYSTEM > TcCOM Objects node (1).

2. Go to the Project Objects tab (2).

= All of the project's TcCOM objects are listed there. Among other things, an MC3 axis or a cam plate
object in MC3 corresponds to a TcCOM object.

3. In the Version column, select the desired version of an object.

= The currently loaded and active version of an object is identified as x.x.x.x (Current), as opposed to

the selected version x.x.x.x (3).

= Versions of an object for which a newer version is installed on the development system are

highlighted in yellow.

14
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0 (WL W 57 (o e i W Sl TwinCAT Project = X

Online Ohbjects Online Changeable Objects Class Factories
2

£ -3 K=
Search Solution Explorer (Ctrl+a, 2O -

B3 Solution "TwinCAT Praject' (1 of 1
4 o] TwinCAT Project
p SYSTEM
B License
b @ Real-Time
b B Tasks
st= Routes
Type Systemn
1 TcCOM Objects
MOTION
4 MC Project1
4 Tt Axes
BB Axis] (Axis)
BB Axisd (Axis)
P Beb Axis3 (Axis)

OTCID |Name Version 2 TMC Filename
= 05100010 Context] 4.0.6.0 (Current)  ~ | C\ProgramData...
05110010 Aoas] (Axis) 4.0.1.0 (Current)  ~ | &\ProgramData...
05110020 Ais2 (Axis) 4.0.1.0 (Current) | C\ProgramData...
= 05110030 Axis3 (Axis) 4.0.6.0 (Current) | C\ProgramData...
01010030 SimEncoderDriv., [4.06.0 (Current) - | C\ProgramData...
01010040 CoE D5402 Drive  |4.0.6.0 (Current) -~ | ChProgramData...

4. You can apply a modified version to multiple objects. Select Change version for all with same TMI/
TMC Description to apply the version of one axis to all other axes (objects of the same type). With the
Change version for all with same TMI/TMC File option, you apply the version to all objects from the
same TMC file, for example, to axes and their subordinate drive/encoder objects (4).

5. Finally, a modified version of an object must be activated. To do this, reload the object with the updated
version and the associated TMC object description. Select Reload TMI/TMC Description(s) with

changed version (5).

0] (Ve W] (a7 e A W Sl TwinCAT Project = X

B o-3 Fl=
Search Solution Explorer (Ctrl+a, 2 =

B3 Solution ‘TwinCAT Project’ (1 of 1
4 o] TwinCAT Project

4 SYSTEM
[ License
b @ Real-Time
b B Tasks
== Routes
In Type Systern
TcCOM Objects
p MOTION

4 MC Project]
4 Sh foes
b ok Axis] (Axis)
P ok Axis2 (Axis)
b s Axis3 (Axis)

3.2 MOTION

Online Objects  Project Objects  Online Changeable Objects  Class Factories
OTCID Mame Wersicn TMC Filename
E 05100010 Context1 40,60 (Current] -~ C\ProgramData...
05110010 Azl (Axiz) 4.0.6.0 ~  C\ProgramData...

Select all with same TMI/TMC Description

El 05110030
01010030 Select all with same TMI/TMC File
01010040 Unselect all

Change version for all with same TMI/TMC Description
Change version for all with same TMI/TMC File

Reload TMI/TMC Description(s)

5 | Reload TMI/TMC Description(s) with changed version

The NC2, MC3, and CNC configurations are managed via the MOTION node in the TwinCAT project's tree

view in Solution Explorer.

1 This documentation focuses exclusively on the MC3 configuration.

TF55xx
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Display MOTION nodes

If the MOTION node is not displayed in the TwinCAT system, you can show it by right-clicking on TwinCAT
Project > Show Hidden Configurations > Show MOTION Configuration.

Soluticn Explorer
J o-8 &
Search Solution Explorer (Ctri+)

53 Solution "TwinCAT Project' (1 of 1 project)

P ﬂ SYSTEM @ Save TwinCAT Project as Archive...
PLC Save Al Ctrl+Shift+5
SAFETY . . _
Q Cos . Send TwinCAT Project by E-Mail...
VISION Vv Auto Save TwinCAT Project to Target as Archive
AMALYTICS :ﬁj Compare TwinCAT Project with Target...
b 110
| Show Hidden Configurations 3 || Show MOTION Configuration
X Remove Del bl Show CAM Configuration
=[ Rename F2 Show LINE Cenfiguration
LJ,',I Build TwinCAT Project Ctrl+B

Rebuild TwinCAT Project

Unload Project

Motion Settings tab

The Motion Settings tab allows you to configure motion settings that apply to all child projects (of a given
type).

Solution Bxplorer oot i e O TwinCAT Project & X
=R
PRI j’ General Motion Settings

Search Selution Explorer (Ctrl+ Q) P~
B4 Solution 'TwinCAT Project’ (1 of 1 project)
F “i TwinCAT Project
b Gl SYSTEM
MOTION
PLC
SAFETY

E C++
VISION

ANALYTICS
B 170

[+] Add MC Project Name to Symbol Mames

Add MC Project Name to Symbol Names
O Default setting

If there is only one MC project in a TwinCAT project, the name of the MC project is not included in ADS
symbol names.

If a TwinCAT project contains multiple MC projects, the ADS symbol names for an MC project begin
with the name of the MC project to avoid duplicate ADS symbol names.

The ADS symbol names of an MC project begin with the name of the MC project.

€]

N The ADS symbol names of an MC project do not include the name of the MC project. If there are
multiple MC projects within a TwinCAT project, it is the user's responsibility to prevent duplicate ADS
symbol names.
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3.21 MC Project

An MC project is an organizational unit consisting of MC3 components, such as axis objects, groups, tables,
and other objects.

Multiple MC projects can be created within a TwinCAT project. For example, one MC project for each
machine module, as shown in the following diagram. It is still possible to manage all axes through an MC
project.

A kit Fu AT Bl lligloied’ 1 i)
o ol i T B Filliagl img
O Rt
o g om0
FE g
4 D w

Station B
= Capping

Station C
Pick and place

3.211 Creating an MC project
v' A TwinCAT project has been created.
1. In the tree view, right-click MOTION > Add New Item...
B4 Solution ‘TwinCAT Project’ (1 of 1 project)

4 o] TwinCAT Project
b Gl SYSTEM

= MOTION
PLC [ Add New ltem.. Ins |

SAFETY |+ Add Existinlitem.. Shift+ Alt+A
E C++
VISION

ANALYTIC
b 10

Hide MOTION Configuration
= The Insert Motion Configuration dialog opens.

2. Select MC Configuration.
3. Assign a project name.

TF55xx Version: 1.1.0 17
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4. Confirm your entries by clicking OK.

Insert Moticn Configuration >

Type: MCAFTF WCI Configuration Ok
@ CHC Configuration

(FENf 14 C Configuration Cancel

M amne: | MC Praject]

Create new tazks

= A MC project with the selected name is created.

B3 Solution TwinCAT Project’ (1 of 1 project)
4 o] TwinCAT Project

4 SysTEM
¥ License
b @ Real-Time
i B Tasks
(21 Job Task

(1 MC-Task (MET)
[&1 MC-Task (MPT)
== Routes
¥= Type System
[&8] TcCOM Objects
4 MOTION
e Axes
i Groups
7] Tables
[] Objects

® “Create new tasks” option selected
A new MET task and an MPT task will be created for the MC project.

* If you do not want a new set of tasks, clear this option. The first-created tasks will be used for the
new MC project.

3.21.2 General tab

General  Cortesxt

Mame: ||"-I'|C Project1
Object ld: | (x051F0010 |
Type: | |
Comment:

[ ] Dizabled Create symbols
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Property Description

Name The selected name for the MC project.
Do not use the same project name more than once.

Object Id 32-bit identification number that is automatically assigned and unique within a TwinCAT
project.

Type

Comment Freely editable field for user notes.

Disabled Option to disable an MC project.

3.21.3 Context tab

In TwinCAT MC3, the execution of the axes can be assigned to different task contexts. Contexts make it
possible to distribute axis execution across multiple CPU cores and to specify different cycle times for
different axes, even on a single core. In the MC project, you can configure the settings on the Context tab.
A task context always consists of three tasks:

* MET — Motion Execution Task

* MPT — Motion Preparation Task

* Job Task

The MET and MPT tasks of a context must always be assigned to the same core, and both tasks may only
be used in one context. Conversely, a job task may be assigned to multiple contexts.

Task cycle times are configured via the respective task object under SYSTEM > Tasks [P_13]. CPU core
allocation is configured under SYSTEM > Real-Time [P_12].

General Cortext

MName |T}rpe |Taslc | Pricrity ‘ Cycle Ti... ‘Task Port | RT-CPU | Sort Order Scheduling
Contextl METO 02010030 (MC-Task (MET)}  ~ 3 2000 521 CPUD |0 (default=100) ~ Stable(.. ~
MPT O 02010040 (MC-Task (MPT))  ~ & 10000 531 CPUD O (default=100) -~
WIT O 02010020 (Job Task) w32 CPU2 O (default=100) -~
Context2 MET 1 02010030 (MC-Task (MET)_1} ~ 4 1000 522 CPU1  O(default=100) -~ Stable (.. -~
MPT 1 02010060 (MC-Task (MPT)_1) ~ 5000 532 CPU1 O (default=100) -~
WMIT 1 02010020 (Job Task) ~ 32 CPUZ2 O (default=100) -~
Add Remove [C] Show Contexts in Tree
Entity | Context
Azl (Axis) Contextl e
Aos? (Aoas) Contextl e
Aosd (Aoas) Contextl e
Axisd (Axis) Context2 ~
Axis5 (Aodis) | Context2 v

Alternatively, the task context for an axis can be configured on the axis's Settings tab.

Scheduling

An MC3 axis is a TcCOM object. The basics of TcCOM real-time module execution are explained in the
“Basics” documentation at the end of the Real-Time > Differences in execution between PLC and TcCOM

runtime modules chapter. Based on this, the following configuration options can be used to influence the
internal execution sequence of command processing and setpoint generation.

Stable (Output — Commands — Exec)
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This setting corresponds to “IO at the start of the task”. Command processing and setpoint generation are
performed during the “post-cycle update” and therefore after the “output Update”. Select this setting to
reduce jitter in the “output update”. Calculated setpoints are written to the output process image in the next
cycle.

Fast Reaction (Commands - Exec - Output)

With this setting, the commands and setpoints are processed or calculated during the “cycle update”
between the “input update” and the “output update”. Please note that the “Output Update” option has higher
jitter than the “Stable” option. Calculated setpoints are written to the output process image immediately after
their generation (in the same cycle).

® Scheduling when using the SAF NC task

Please note that this setting has no effect on instances that use the NC SAF task. In this case, Fast
Reaction (Commands — Exec — Output) is used regardless of the parameter settings.

3.21.3.1 Create a new context

v A TwinCAT project with an MC project has been created;
see Creating an MC project [P 17].

A Motion project can consist of 1 to n task contexts. You can add an additional context to a Motion
project by following the steps below.

1. In the Context [»_19] tab of the Motion project, click Add.

General Context

MName |Type |Task | Pricrity |Cyc|e Ti... |Task Port ‘ RT-CPU |Sort Order Scheduling
Context1 MET O 02010030 (MC-Task (MET))  ~ 3 2000 521 CPUO | O(default=100) -~ Stable(.. ~
MPT O 02010040 (MC-Task (MPT))  ~ 8 10000 531 CPUO O (default=100) -~
WIT O 02010020 (Job Task) ~ |32 CPU2 0 (default=100) -

Remove [] Show Contexts in Tree

= You are then prompted to specify whether tasks should be created for the new context. Each context
requires its own MET and MPT task.

2. If no tasks have been created for the new context yet, click the Yes button to have TwinCAT create the
tasks.

TcKaeShell >

o Create new tasks?

Yes Mo Cancel

= A new context is created.
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= When new tasks have been created, they are assigned directly to the context.

General Context

Marme |Type |Task |Priority | Cycle Ti... |Task Port | RT-CPU |Sort Order Scheduling
Contextl MET 0 02010030 (MC-Task (MET)) 3 2000 521 CPUD  0(default=100) -~ Stable (.. ~
MPT 0 | 02010040 (MC-Task (MPT))  ~ 8 10000 531 CPUD  0idefault=100) -~
MIT O 02010020 (Job Task) ~ 32 CPUZ2  0idefault=100) -
Context2 | MET 1 02010070 (MC-Task (MET)_Z} ~ 3 2000 523 Default... 0 (default=100) - Stable (.. ~
MPT 1 | 02010080 (MC-Task (MPT)_Z} ~ 10 10000 533 Default... 0 (default=100) -
MIT 1 02010020 (Job Task) ~ 32 CPUZ2  0idefault=100) -

|
Remove [] Show Contexts in Tree

3. Assign tasks to the new context if no tasks have been created yet.

4. The tasks must be configured according to the intended use of the context and assigned to the
appropriate CPU core.

5. In addition, axes must be assigned to the context; see Assign axes to a context [P 21].

3.21.3.2 Assign axes to a context

Requirements

« An additional context has been added to the MC project;
see Create a new context [P 20].

* There is at least one axis in the MC project;
see Create axis object [P 25].

« Each axis must be assigned to a task context. By default, every Motion project contains one context,
and all axes are assigned to this first context.

« If a Motion project contains more than one context, its axes can be explicitly assigned to different
contexts. This setting can be applied to a single axis or to multiple axes simultaneously.

General Context

MName |Type |Task | Pricrity ‘ Cycle Ti... ‘Task Port | RT-CPU | Sort Order Scheduling
Context] MET O 02010030 (MC-Task (MET))  ~ 3 2000 521 CPUD  O(default=100) -~ Stable (.. ~
MPT O 02010040 (MC-Task (MPT)) ~ & 10000 531 CPUD  O(default=100) -~
WUT O 02010020 (Job Task) w32 CPUZ2  O(default=100) -~
Context2 MET 1 02070030 (MC-Task (MET)_1} ~ 4 1000 522 CPU1  O(default=100) - Stable (.. ~
MPT 1 02010080 (MC-Task (MPT)_1) ~ @ 5000 532 CPUT O (default=100) -
WIT 1 02010020 (Job Task) w32 CPUZ  O(default=100) -
|
Add Remove [C] Show Contests in Tree
Entity | Context
AxisT (Axis) Context] e
Axis2 (Axis) Context] w
Axis3 (Axis) Context1 i
Axisd (Axis) Context2 w
Bis5 (Axis) | Context2 v

Option 1: Context tab - Multiple selection and right-click
1. In the axis list on the Context tab, select the axes that you want to assign to a different context.
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2. Right-click the selection.
= A context menu with the available contexts appears.

Entity Context
HAocis (Axis) Contextl v
HAucizd (Axis) Context] w

Contextl w

Contextl v

Contextl w

3. Select the required context.
= All selected axes have been assigned to the selected context.

Option 2: Context tab - Individual selection using the combo box
1. In the axis list on the Context tab, double-click the context assigned to the axis that you want to change.
= The combo box opens with a list of the available contexts.

Entity I Context
HAucis] (fxis) Contextl w
Aocisd (Bois) Context w
Aucis3 (Axis) Context] w
Aocisd (Aocis) Context] w
Acis5 (Axis) Context

2. Select the required context.

= The axis has been assigned to the selected context. If multiple axes are to be assigned to the context,
the process must be repeated for all axes.

Other variants:

+ Using the axis settings [P 27].

3.2.2 AXxes

The Axes section displays an overview of all axes in the MC project. You can use this to enable axes and
jog them.

If the project also includes movers, you can view an overview of all movers on the “Mover” tab. Further
information on this topic can be found in the XPlanar documentation.

It is also possible to link the axis objects directly to the PLC and the hardware (I/O) on this page.
Alternatively, you can link each axis under the Settings [P 27] tab.

Axes =

> Basic Contrals
Filter axes by name Link /0 Link PLC

Enable ||  Disable |

Name Enabled  State 7o PLC Act. Position Set. Position Set. Velocity Error
Jogging
Axis1 (Axis) EPN Disabled = 0.00 0.00 0.00
LK} [ . [ » [ e \
Axis2 (Axis) EPN Disabled 0.00 0.00 0.00 4 Negative Positive »
Axis3 (Axis) EPN Disabled 0.00 0.00 0.00 S e ‘
set
Axis4 (Axis) EPN Disabled 0.00 0.00 0.00 ]
@ Halt

Using the Axes Ul

To enable or move axes from this view, select the desired axes. You can then control and operate the axes
using the Sidebar.
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You can minimize or collapse the Sidebar using the arrow in the upper-left corner and expand it to its normal
size again.

Load Links
The Load Links button retrieves the current I/O and PLC links and displays them in the table.

Y

If an object is linked, the green ¢ icon appears.

Link I/0 and Link PLC - Linking Manager

Clicking on Link I/0 or Link PLC opens the Link Manager. Using Link PLC, you can link axis objects to
AXIS_REF instances in the PLC or unlink them again. Link 1/O can be used to link axis objects to hardware
components. The axes are linked in the order in which they are selected.

Example: In the system configuration (left table), select Axis2, Axis4, and Axis3. In the PLC configuration
(right table), select MAIN.axis[4], MAIN.axis[2], and MAIN.axis[3]. This results in the following links: Axis2 +
MAIN.axis[4], Axis4 + MAIN.axis[2], and Axis3 + MAIN.axis[3].

Linking Manager
Manage the Item Links

Filter Axes by name. .. @ All O Unused Filter Links by name... O All @ Unused

Name Current Link  New Link Link Name

Axis1 (Axis) MAIN.axis[1] (Untitled Instance) MAIN.axis[1] (Untitled1 Instance)

Axis2 (Axis) MAIM axis[2] (Untitled1 Instance)

Axis3 (Axis) MAIM axis[3] (Untitled1 Instance)

Axisd (Axis) MAIMN.axis[4] (Untitled1 Instance)

Link Unlink

Link Changes

Name MNew Link
AxisT (Axis) MAIN.axis[1] (Untitled1 Instance)
Accept  Cancel
Settings

Under “Settings”, you can configure various settings for the Motion Ul. Clicking Save saves the settings you
have configured within the project.

TF55xx Version: 1.1.0 23



Development environment | MOTION BEGKHOFF

Settings
Comman i3 Raolling St
Numbser Of Digits 2
XAR Interval [mz] 100
(AE Interval [rms] | 500
Feedback Duration [5]
Sewenty of Feedback Warming
Error Code Format Hex
show Full Marme ‘)
Common
Selection Description
Number Of Digits Number of decimal places to display.
XAR Interval [ms] Specifies the interval at which data is read from the runtime environment.
XAE Interval [ms] Specifies the interval at which data is read from the engineering
environment.
Feedback Duration [s] Sets the duration for which the feedback window (pop-up) is displayed.
Severity of Feedback Specifies from which level events are displayed in the feedback window.
Error Code Format Options: Hex, Decimal
Specifies the format in which the error code is displayed (as a
hexadecimal or decimal number).
Show Full Name If necessary, enlarges the axis name display so that it is shown in its
entirety.
Storage unit
Selection Description
Layouts and Inputs Clicking Clear resets the layout to the default view and clears any entries
made in the Ul.
Settings Clicking Clear clears the settings you have configured for this interface.
Polling State
The polling state displays data from the Ul's last request to the Motion driver for diagnostic purposes.
Selection Description
Polling State Idle / Polling / No Connection / Error
Error message Error message that appears if an error occurs in the communication
between Motion Ul and the driver.
Last Fetch Duration Total duration of the Ul's most recent request to the motion driver.
Last Bundled Response Final response from the driver to the Ul.

Zoom In/Out

You can zoom in and out by holding down the [CTRL] key on your keyboard and scrolling the mouse wheel
at the same time.
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3.2.3 Default Axis

The following section contains information about the standard axis object. The various configuration options
and available expansion modules are presented.

3.2.31 Create an axis object

v" A TwinCAT project with an MC project has been created,;
see Creating an MC project [P 17].

1. Right-click the node in the structure tree labeled Axes > Add New Item...

Solution Explorer * 0 x
= e

& -0 &=

Search Solution Explorer (Ctrl+0) P~

3 Solution "TwinCAT Project’ (1 of 1 project)
4 o] TwinCAT Project

b @l SYSTEM

4 MOTION

4 MC Project!

:i GTI:ILIPS % Add Mew ltem... Ins
7] Tables {7 Add Existing ltem... Shift+Alt+4
[BH] Objects

PLC Add New Folder...

SAFETY

E C++

VISION

ol Tl & Save Project As Archive...

b e

_Jd Send Project By E-Mail...

2. In the Insert TcCOM Object dialog box, select the axis type from the Type list and specify the desired
number of axes under Multiple.

Axis
Standard axis

Encoder Axis
Encoder axis

FluidPower Axis
Special configuration of the standard axis, expanded with additional modules for use with FluidPower.

Planar Mover
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For use with the Beckhoff XPlanar Mover

(B Insert TcCom Object e
Search: M ame: Auizd [Axiz)] (]
2= a----El Beckhoff Automation GmbH & Co. KG Cance
EI b ation Contral
hultiple: 1 =
- T Auis [Module, 4.0.6.0]
H- Encoder Axiz [Module, 4.0.6.0]
----- .ﬂ FluidPower iz [Configuration, 4.0.6.0] Inzert Instance...
Relnad

File: I:\ProgramD ataBeckhofsTwinCAT43.14F epositonyBeckhoff Automation GmbHA T3k

3. Confirm both by clicking the OK button.

= The axis/mover has been created and is located below the Axes node. Until the axis type is selected, it is

automatically a simulation axis “* , or, until it is linked to hardware, a simulation mover.
The axis type can be configured on the Settings tab [P 27] of the axis object.

Solution Explorer * 0 X
= =]

f o-0 Fl=

Search Selution Explorer (Ctrl+ Q) P~

F3 Solution TwinCAT Project’ (1 of 1 project)
4 o] TwinCAT Project

b @l SYSTEM

y MOTION

4 MC Project]
4 Shy Axes

P ool Aois] (Axis)

S Groups
7] Tables
[BB] Objects
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3.2.3.2 Object tab

The same properties apply to the Object tab as to the Instance node of the PLC.

Object Settings Inil Parameler Onlne Parameler Dala Area  Maotion UI

Object Id: 0x05110020 | Copy TMI to Target
Object Name Axis2 (Auds) 8 share TMC Description
Type Name Axis [} Auto Reload TMITMC
GUID: 1437754E-F772-4FD4-ADZ2D-3E16CDF29D72
Class |d: 05030088-0000-0000-F000-O00000MM0064
Class Factory: Tc3_Mc3Ptp_Core (Beckhoff Automation GmbH |Te3_Mc3Ptp_Core
TMITMC C-\ProgramData\BeckhoifTwinCAT\3. 1'\Repository\Beckhofl Automation GmbH\Te3_MedPtp_Core\d 0.6 0\Te3_Me3Ptp_Core tme
Parent Id 0x05100010 B Keep Unrestored Link Info
Init Sequence: PSO
3.2.3.3 Settings tab

In the Settings tab, you can configure key settings for the axis.

Object Settings  |nit Parameter  Online Parameter Data Area  Mation LI

Link To 110 |Drhre 2 (AX8103-0000-0107)
JLink To PLC... | |I'L'1AIN.axis {Untitled 1 Instance)
Puiz Type: CoE DS402 Drive it
Add. Encoder Type: {naone) ki
Task Contet: Context1 o
] Simulation
Property Description
Link to 1/0... The Link button opens a dialog box for linking the MC axis to the drive hardware
under the 1/0 node.
The linked item is displayed in the field to the right of it.
Link to PLC... The Link button opens a dialog box for linking the MC axis to a PLC instance of
AXIS_REF.
The linked item is displayed in the field to the right of it.
Axis type Specifies the protocol for communicating with the connected drive hardware.

Details on the axis types can be found in Drive modules [P 41].

Add. Encoder Type

Option to add an additional encoder to the axis. Details about the encoders can be
found at Encoder modules [» 80].

Example: Use this when connecting an Analog Drive that does not have its own
encoder system.

Task Context

Each axis must be assigned to a task context. If a MC Project [»_17] has more than
one context, you can use the combo box to change the axis's context.

New contexts are created and configured using the MC Project's Context tab
P19l

Simulation

- If simulation mode is active, the link to the I/O is ignored, and a
=t |simulation object (drive and encoder) is used instead of the
configured axis type.
+ If the Axis Type is set to (none), the axis is always a simulation axis,
and the setting cannot be changed.
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Property Description
n - The configured Axis Type and the link to the I/O are used.
3.2.34 Init Parameter tab
General
Name Default value Unit Type
Simulation Mode TRUE BOOL
Position Unit mm [PosUnit] MC.EPositionUnit [» 202]
Is Modulo Axis FALSE BOOL
Position Modulus 360.0 [PosUnit] LREAL
Position Modulo 0.0 [PosUnit] LREAL
Tolerance Window

Simulation Mode

The Simulation Mode indicates whether the I/O connection to the drive and encoder should be active
(FALSE) or simulated (TRUE). The parameter can be written at runtime if the axis is not enabled by the
controller.

Position Unit

The Position Unit field is used for display purposes, such as on the commissioning interface. Inputs and
outputs on function blocks are not converted.

Is Modulo Axis

Enable this parameter to use modulo functionality in function blocks for this axis. The setpoint and actual
values are calculated as absolute and modulo values in the cyclic interface. To exchange Modulo

information - for example, with the PLC - you must enable the Modulo data area [P 32] .

* Position Modulus
Modulo value used to calculate the modulo position

¢ Position Modulo Tolerance Window

Movement in the opposite direction to the specified direction is permitted, provided that the target
position lies within this position tolerance of the command's starting position. This parameter affects the

behavior of MC MoveModulo [P 282]. It interacts with the setting selected at the Direction input of
the function block.

Maximum Dynamics

Name Default value Unit Type

Maximum Velocity 2000.0 [PosUnit]/s LREAL
Maximum Acceleration 10000.0 [PosUnit]/s? LREAL
Maximum Deceleration 10000.0 [PosUnit]/s? LREAL
Maximum Jerk 100000.0 [PosUnit]/s® LREAL

Maximum Velocity

Maximum speed taken into account during profile generation. Input values for function blocks are
automatically reduced to this limit if values that are too high are specified. If the constant #Maximum is
specified at the Velocity input of a function block, the value defined here is used as the limit value for the
velocity.

Maximum Acceleration
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Maximum acceleration taken into account during profile generation. Input values for function blocks are
automatically reduced to this limit if values that are too high are specified. If the constant #Maximum is
specified at the Acceleration input of a function block, the value defined here is used as the limit value for
acceleration.

Maximum Deceleration

Maximum delay taken into account during profile generation. Input values for function blocks are
automatically reduced to this limit if values that are too high are specified. If the constant #Maximum is
specified at the Deceleration input of a function block, the value defined here is used as the limit value for
the delay.

Maximum Jerk

Maximum jerk taken into account during profile generation. Input values for function blocks are automatically
reduced to this limit if values that are too high are specified. If the constant #Maximum is specified at the
Jerk input of a function block, the value defined here is used as the limit value for jerk.

Default Dynamics

Name Default value Unit Type

Default Acceleration 2000.0 [PosUnit]/s? LREAL
Default Deceleration 2000.0 [PosUnit]/s? LREAL
Default Jerk 4000.0 [PosUnit]/s® LREAL

Default Acceleration

This value is used as the acceleration at the Acceleration input on function blocks, unless it is explicitly
set. If the constant #Default is specified at the input of a function block, the value defined here is used as
the limit value for acceleration.

Default Deceleration

This value is used as the delay at the Deceleration input on function blocks, unless it is explicitly set. If
the constant #Default is specified at the input of a function block, the value defined here is used as the
limit value for the delay.

Default Jerk

This value is used as jerk at the Jerk input on function blocks, unless it is explicitly set. If the constant
#Default is specified at the input of a function block, the value defined here is used as the limit value for
jerk.

Manual Motion

Name Default value Unit Type
Jog Velocity Slow 100.0 [PosUnit]/s LREAL
Jog Velocity Fast 250.0 [PosUnit]/s LREAL

Jog Velocity Slow

This target velocity is used for slow movement of an axis using manual control buttons. This procedure can
be performed using MC_Jog as well as through the commissioning interface.

Jog Velocity Fast

This target velocity is used for rapid movement of an axis using manual control buttons. This procedure can
be performed using MC_Jog as well as through the commissioning interface.
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Monitoring
Name Default value Unit Type
Position Limit FALSE BOOL
Enforcement Enabled
Minimum Position #lgnore [PosUnit] LREAL
Maximum Position #lgnore [PosUnit] LREAL
Position Lag Monitoring | TRUE BOOL
Enabled
Maximum Position 5.0 [PosUnit] LREAL
Lag Value
Maximum Position 0.02 s LREAL
Lag Filter Time
Position Lag Calculation |HardwareProvidedIfAvaila MC.EPositionLagSource
ble [»_201

Position Limit Enforcement Enabled

This parameter specifies whether position limits are taken into account when generating motion profiles. If
the value is TRUE, the following two parameters must be set.

¢ Minimum Position
: The minimum allowed position for the axis. Use # Ignore to disable enforcement of the position limit
in this direction of motion. It is not possible to move an axis beyond this limit. If an axis is outside its
position limits when TwinCAT starts up, it can move toward the valid position range. Commands with a
target position outside this lower limit will be rejected.

+ Maximum Position
: The maximum allowable position for the axis. Use #Ignore to disable enforcement of the position
limit in this direction of motion. It is not possible to move the axis beyond this limit. If an axis is outside
its position limits when TwinCAT starts up, it can move toward the valid position range. Commands
with a target position outside this lower limit will be rejected.

Position Lag Monitoring Enabled

This parameter specifies whether the position lag for the axis should be monitored. If the value is TRUE, the
following two parameters are displayed for configuring position and time. If the parameterized limits are
exceeded, a runtime error is output.

The calculation is performed as follows:

Position lag value = current target position - actual position

* Maximum Position Lag Value and Maximum Position Lag Filter Time
The Maximum Position Lag Value is the position lag value that must not be exceeded for longer
than the specified time (Maximum Position Lag Filter Time) ). Otherwise, the axis is stopped
immediately by direct shutdown, and an error is generated.

Position Lag Calculation

This parameter specifies whether the position lag is calculated by the software from the MC axis
(InternallyCalculated) or read directly from the linked hardware
(HardwareProvidedIfAvailable). If HardwareProvidedIfAvailable is set but no hardware is
available, the system falls back to the internally calculated value. For a simulation axis,
HardwareProvidedIfAvailable uses data from the simulation drive.

Error event handling

Name Default value Unit Type
Control Error Setpoint HardStop MC.EControlErrorSetpoint
Mode Mode [»_196
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If there is a hardware error (e.g., in the control loop) and the MC no longer has control over the axis, you can
configure the behavior of setpoint generation here. HardStop causes the axis to stop abruptly in the event
of a fault.

Diagnostics
Name Default value Unit Type
TracelLevel tiWarning TcTracelLevel

Specify which messages should be sent to the TwinCAT error list.

Additional Encoder

Name Default value Unit Type
Main Position Encoder OTCID_PositionEncoder
Load Control Type None MC.ELoadType [P 200]

Main Position Encoder
If an additional encoder is available, select its object ID here.
Load Control Type

Set the type of load to be controlled here.

3.2.3.5 Online Parameter tab

The following online parameters are available:

Monitoring

Name Unit Type

Minimum Position Lag [PosUnit] LREAL

Maximum Position Lag [PosUnit] LREAL

Trigger Minimum/Maximum Trigger Minimum/Maximum
Position Lag Reset Position Lag Reset

Minimum Position Lag

This read-only online parameter displays the minimum detected position lag for informational purposes.
Maximum Position Lag

This read-only online parameter displays the maximum detected position lag for informational purposes.
Trigger Minimum/Maximum Position Lag Reset

A rising edge at this parameter input resets the stored minimum and maximum position lags.

Additional Error Event Information

Name Unit Type
Originating Error Event Sender ID OTCID
Original Error Id HRESULT

Originating Error Event Sender ID

If a subsequent error occurs - for example, due to coupling - this parameter displays the object ID of the axis
from which the error originated.

Original Error Id
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If a subsequent error occurs - for example, due to a coupling - this online parameter displays the original
error number.

Override
Name Unit Type
Velocity Override Factor LREAL

Velocity Override Factor

The current velocity override for the axis is displayed here.

3.2.3.6

Data Area tab

In general, TcCOM objects can contain data areas that can be used by the environment (e.g., by a PLC
instance or by the TwinCAT 1/O area). For TwinCAT MC3 TcCOM objects, you have a choice of data
structures to use via the Data Area tab.

NOTICE

Unlinked CDTs can cause a floating-point exception when accessed

Comparisons with NaN values can lead to an exception, which results in the runtime stopping and
potentially causing machine damage.
Valid data can only be expected if IsConnected = TRUE. Otherwise, there is a risk of an inconsistent or
invalid data set, which may lead to unpredictable consequences and unexpected behavior. Arithmetic
operations using invalid values can cause floating-point exceptions in the processor's floating-point unit.

» Switch off the Floating Point Exceptions if NaN values are to be used and processed in the application.
» Before accessing a CDT (e.g., from the PLC), check the CDT's IsConnected.

» Familiarize yourself with how to handle named constants and NaN values.

PlcToMc (Input)

Enable (de- Name Type Description
fault)
Std POINTER TO Standard cyclic data structure for

MC.CDT PLCTOMC AXIS STD
» 210]

enabling the axis and setting the velocity
override.

McToPlc (Output)

Enable (de- Name Type Description
fault)

Std POINTER TO Standard cyclic data structure containing
MC.CDT MCTOPLC AXIS STD the axis Oid and key status information.
[»_207

Set POINTER TO Optional cyclic data structure containing
MC.CDT MCTOPLC AXIS SET information about the axis's current
> 206] setpoints.

M Valid data can only be expected
if IsConnected = TRUE. Valid data
must be validated in accordance with
the following chapter: Constants
(Named Constants)

Act POINTER TO Optional cyclic data structure containing
MC.CDT MCTOPLC AXIS ACT information about the axis's current actual
> 204] values.
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Enable (de-
fault)

Name

Type

Description

M Valid data can only be expected
if IsConnected = TRUE. Valid data
must be validated in accordance with
the following chapter: Constants
(Named Constants)

Modulo

POINTER TO
MC.CDT MCTOPLC AXIS MODUL

O [» 206

Optional cyclic data structure containing
information about the axis's module
position. To calculate the module position
accurately, set the Is Modulo Axis
parameter to TRUE in the Axis

Parameters (Init) [» 28] section, and
configure the Position Modulus and
Position Modulo Tolerance Window
parameters accordingly.

M Valid data can only be expected
if IsConnected = TRUE. Valid data
must be validated in accordance with
the following chapter: Constants
(Named Constants)

LoadControl

POINTER TO
MC.CDT MCTOPLC AXIS LOADCO

NTROL [» 205

Optional cyclic data structure.

M Valid data can only be expected
if IsConnected = TRUE. Valid data
must be validated in accordance with
the following chapter: Constants
(Named Constants)

Fluidpower

POINTER TO
MC.CDT MCTOPLC AXIS FLUIDPO

WER [»_205

Optional cyclic data structure.

M Valid data can only be expected
if IsConnected = TRUE. Valid data
must be validated in accordance with
the following chapter: Constants
(Named Constants)

3.2.3.7

Motion Ul tab

The Motion Ul tab contains a commissioning interface (Motion Ul) for the axis, intended for commissioning
and testing purposes. It provides basic commands as well as information about the axis and its state. Motion
Ul can be customized to suit individual users.

In this documentation, Motion Ul is divided into two sections:

1. Widget bar with status information and quick access icons at the top

2. Cards in the main section

TF55xx
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Paosition Velocity Status Error T
Axis1 (Axis) 0.00 mm 0.00 mmis @ Disabled 0x0 Halt | 8 =
Basic Controls <
Motion Information Default Movements
® fhable @ Al
@  Negaive @  Positive Cyclic Information Mc_v.e Absolute .
Name Setpoint Actpoint Position it
Override [%] 0 mm 0 mmy/s
Set/Act (3) v
Y Start £33
Online Position (mm) 0.00 0.00
100 % Velocity (mmys) 0,00 0.00 Reversing Sequence
Move Command 1 3 Move Command 2 i3
Jog Acceleration (mm... 0.00 0.00 Position Position
| a4 || ‘ ” » | L Lag (3) > 1] mm 0 mm
4 Negative Positive » Velacity Velocity
Modulo (2) ? ) |l ¢
Q mmyfs 0 mmy's
| ® Halt ‘ . Idle Time Idle Time
Lag Information [mm)] ) .
5 5
| O Reset l Minimal Maximal
0.00 0.00 Start
Clear Lag
3.2.3.71 Setting options
In the upper-right corner, there are controls that allow you to personalize and customize the interface.
Icon Meaning
You can use this icon to add new cards to the main section.
This icon opens the menu with advanced settings.
Menu —
The menu offers various actions and settings:
Selection Description
Reconnect This reestablishes the connection between the Ul and the object to be
displayed and reloads the data.
Settings This opens the settings.
Open Widget Catalog Opens the widget catalog for the status bar.
Save Layout Saves the current Ul layout. You must enter a custom name. The saved
layout can only be used in the current project.
Apply Layout Applies an existing layout to the current view. The following layouts are
predefined by default:
* Default,
* Modulo,
* Fluid Power.
Additional layouts that have been saved using Save Layout are also
available here.
Layout Manager Opens the Layout Manager.
Reset Layout Resets the Ul so that the default layout is used again.
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Selection Description

Theme You can choose from the following themes for the color scheme:
» System,
« Light,
» Dark.

Settings

Under “Settings”, you can configure various settings for the Motion Ul. Clicking Save saves the settings you
have configured within the project.

Settings

Common  Axis Ui Storage

Number Of Digits
XAR Interval [ms]
XAE Interval [ms]

Feedback Duration [s]
Severity of Feedback

Error Code Format

Polling State

2
100
500

3
Warning

Hex

Show Full Name O

Save

Common
Selection Description
Number Of Digits Number of decimal places to display.

XAR Interval [ms]

Specifies the interval at which data is read from the runtime environment.

XAE Interval [ms]

Specifies the interval at which data is read from the engineering
environment.

Feedback Duration [s]

Sets the duration for which the feedback window (pop-up) is displayed.

Severity of Feedback

Specifies from which level events are displayed in the feedback window.

Error Code Format

Options: Hex, Decimal

Specifies the format in which the error code is displayed (as a
hexadecimal or decimal number).

Show Full Name

If necessary, enlarges the axis name display so that it is shown in its
entirety.

Axis Ul

Selection

Description

Allow PLC Override

This option is disabled by default. In that case, axis limits and overrides
cannot be changed in the Ul as long as the axis is controlled by the PLC.
If this option is enabled, the user can override the axis enable settings and
the override in the user interface.

Allow Keyboard Control

This option is disabled by default. In that case, axes cannot be moved
using the keyboard.

If this option is enabled, you can jog the axes using the arrow keys.
Pressing the spacebar stops the axis.

Storage unit

TF55xx
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Selection Description

Layouts and Inputs Clicking Clear resets the layout to the default view and clears any entries
made in the Ul.

Settings Clicking Clear clears the settings you have configured for this interface.

Polling State

The polling state displays data from the Ul's last request to the Motion driver for diagnostic purposes.

Selection Description

Polling State Idle / Polling / No Connection / Error

Error message Error message that appears if an error occurs in the communication
between Motion Ul and the driver.

Last Fetch Duration Total duration of the Ul's most recent request to the motion driver.

Last Bundled Response Final response from the driver to the UI.

Layout Manager

The Layout Manager displays your saved layouts and offers additional options.

Layout Manager

Manage the Ul layouts

Import Layout 3 Save Layc-ut[a

Layout Action

LayoutMachine1 ™M X &

LayoutMachine2 ™M X &
Selection Description

Imports an existing layout into the project.
Impart Layout =

Saves the current Ul layout within the project. Another window will open so you

Save l.a}-a..t[E] can enter a name. If an existing layout name is used, the existing layout will be
overwritten.
Changes the order of your layouts. You can use the arrow keys to move a layout
T up or down in the list.

Deletes the corresponding custom layout.

Export the layout you created so that it can be used in other projects as well.
Next, you must specify the storage location.

[=+

Zoom In/Out

You can zoom in and out by holding down the [CTRL] key on your keyboard and scrolling the mouse wheel
at the same time.
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3.2.3.7.2 Widget Bar

The widget bar is located at the top of the Motion Ul. The standard layout already includes some information
there, such as the axis name, axis position, and axis status. In addition, the stop button, which stops the
axis, is located on the right.

Position Errof m

&) Status Halt s =

Axis1 (Axis) 0.00 mm  0.00 mms ! Disabled ox0

The bar is divided into a left and a right half. When the available width is reached, the left half of the status
bar is automatically expanded by one additional line.

Customizing the Widget Bar

You can customize the widget bar; both halves can be arranged as you like. To do this, select Open Widget
Catalog from the menu. You can add and remove widgets from the toolbar using drag and drop.

Velocit ~ Status Error i
o Halt ')

. . Pasition W y
Axis1 (Axis) 0.00 mm 0.00 mm/s = Disabled ox0

Widgets

C - = Close Catalog
Drag and drop Widgets from the Catalog to the app bar, Drag Widgets from the app bar te the Catalog to remove them,

Information nfa nfarmation nformation

Error tspiay the current Status Position Mu.dl.Jlo o
x5 o Pasition '
|!I"\..I"'.I|I\.III I'J.:ll mation Command Cormim ..II\]
Act, Diisplay the current . Display the current Send a Halt send a Reset
Turns Sk TurT Velocity et Aiock Halt Sy Reset T —
Command Command Command nformation
S— XAR
Inching - .l. Jogging | ; Enable '!. " Data
! State

The following widgets are available:

Widget Description

Error Displays the current axis error.

Status Displays the current axis status.

Position Displays the current axis position (Act Pos).

Modulo position Displays the current axis position in the modulo range.

Act. Turns Displays the current revolutions (modulo).

Velocity Displays the current axis velocity (Act Velo).

Halt Pressing the Stop button aborts the current motion, and the axis transitions to
standstill.

Reset If an axis error is present, it can be cleared using Reset.

Inching If this control is integrated, it can be used to manually initiate discrete (incremental)
movements.

Jogging If this control is integrated, it can be used to manually initiate continuous movements
(= the axis is jogged).

Enable The Enable option allows the axis to be enabled in both directions.

XAR Data State Displays the current polling state. The polling state indicates whether Motion Ul is
receiving current values (polling) or whether the connection to the driver has been
interrupted.

3.2.3.7.3 Side Bar

The sidebar is located on the left edge of Motion Ul. It contains the Basic Controls and can be collapsed by

clicking the small arrow labeled < inthe upper-right corner.
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The sidebar cannot be customized, and its content is predetermined.

Basic Controls ¢

c‘ Enable D Al
D‘ MWegat UD Positive

Override [%&]
s
Online
100
Jog
4 4 L [ ] L
4 Megative Positive »
(W) Halt
D Reset

Manual movement via keyboard controls

You can also use the keyboard instead of the jog buttons. The user must first enable this option in the

settings. The following keys are assigned to the actions:

Action

Optional keyboard operation

Slow movement in the positive direction using the manual
control buttons

— (Right arrow key)

Rapid movement in the positive direction using manual control
buttons

1 (Up arrow key)

Slow movement in the negative direction using the manual
control buttons

« (Left arrow key)

Rapid movement in the negative direction using the manual
control buttons

| (Down arrow key)

Halt

Space bar

3.2.3.74 Cards

The various dialogs in the main section of Motion Ul are referred to as cards. In the standard layout, this
allows you to set axis enable flags and perform simple motion sequences. In addition, information on the

current dynamic values, for example, is listed.

38 Version: 1.1.0

TF55xx



BEGKHOFF Development environment | MOTION

Mation Information
Cyelic Information
Name Setpoint Bctpoint
SaksAct (3)
Position (mm) 98,00 29,00
Velacily {rers)
Accelaration (mm/s%) 0o 000
Lag (3]
Modula [2] &

Lag Information [mmj]

Minimal Maximal
00D 000

Clear Lag

Moving and resizing the cards

You can change the position of the cards on the page using drag and drop. To do this, click on the card's
header/title bar and, while holding down the mouse button, select a new position.

You can also change the size of each card by dragging and dropping the bottom-right corner of the card.

Customizing card content

You can name and fill the cards however you like, and you can manually adjust the order of the content. To
switch to edit mode for the cards, use the three dots in the upper-right corner to open the card menu

Edit Card

and select . If this option is selected, the text in the menu is highlighted. The

r

individual sections of the card can now be rearranged using the displayed arrows In

addition, individual sections can be easily removed from the card using the trash can icon . .

You can also edit the card name by clicking the pencil icon , which appears next to the card name in
edit mode. To exit edit mode, click Edit Card again in the menu.

Add more cards

(&

You can add more cards to the Motion Ul via . The user can choose between a predefined standard
card type or a blank card, which they can then fill with content themselves. Use the arrow keys to switch
between the predefined card types in the selection.
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Add Card Dialog

Empty Card

[ada]

Under “Name”, the user can give the card a title.

3.2.3.7.5 Moving an axis using Motion Ul

A DANGER

This example requires simulation axes - improper use of real axes can result in fatal or
serious injury!

This example creates an axis movement. When using real axes, different safety requirements apply. There
is a risk of fatal or serious injury due to unintended movement of real axes.

* In any case, make sure that neither you nor others can be harmed by the movement, e.g. by maintaining
a suitable safety distance.

* Do not perform any action whose consequences you cannot estimate.

v An axis object has been created;
see Create an axis object [P 25].

1. Activate the TwinCAT project.

2. Enable the axis using All in the Enable dialog.

= The sliders in the Enable dialog should now be highlighted in green. In addition, the axis status in the
widget bar should be highlighted in green and display the status Standstill.

N | | N N N
3. Move the axis by clicking and holding one of the jog buttons in the
sidebar.

= While you hold down the button, the axis state Discrete Motion should be displayed. The
displayed position changes as the object moves, and the current velocity is shown.

4. Now perform an absolute movement. To do this, you need to enter values in the Move Absolute dialog
box. For example, enter the value “1000” for Position and the value “750” for Velocity.

Default Movements

Move Absolute
Position Velocity

0 mm_ 0 mmy's

Start £22
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€3

5. To specify motion dynamics, you can use the gear icon to open additional settings and configure

the parameters.

Command Dynamics X

Set the dynamics for this command.

+* Use custom Dynamics

Acceleration Deceleration
1300 2200

Jerk

8000

Adaopt as default “Parameter (Init)"

= If user-defined parameters are stored for a command, the gear icon turns green: 553
Cllcklng the Adopt as default ‘Init Parameter’ button applies the parameters defined here to the
axis’s parameter list, overwriting any settings previously configured there.

6. Click the Start button to begin the movement.

= The green bar on the dialog box indicates that the movement is active. During the motion, the axis
state is displayed as Discrete Motion.
The current position changes, and the velocity is also displayed.

Position Velocity Status Error n =
Axis1 (Axis > ; ; Halt =
(Axis) I 54.50 mm 376.68 m/s DiscreteMotion 0x0 B
Basic Controls <
Motion Information Default Movements
@ e @ w
. Cyclic Information Move Absolute
o Negaliveo Positive y . )
Name Setpoint Actpoint Position Velacity
Override [%] 1000 mm 750 mmys
Set/Act (3) v
o Halt o]
Online Position (mm) EEIT 54.50
o Reversing Sequence
100 Velocity (mm/s) 373.25 376,68 939
Move Command 1 2 Move Command 2 b
Jog Acceleration (mm... 1728.00 172000 Position Position
| YE || . H L | DL Lag (3) b [ mm 0 mrn
4 Negative Positive ® Velocity Velocity
Module (2) ? . |l
0 mm/s 0 mmy/s
I ® Halt ‘ . Idle Time Idle Time
Lag Information [mm] 0 .
5 5
| O Reset l Minimal Maximal
0.00 0.00 Start
Clear Lag

7. Click the Stop button to stop the axis from moving. This aborts the motion command.

3.2.3.8 Drive modules

Each axis is equipped with an Simulation Drive [P 42] module. This allows the axis to be used without real
drive hardware. By default, this module is hidden. Configuration is always performed directly through the axis
parameters.

As soon as an axis type is selected on the axis Settings tab [»_27], the axis has an additional drive module
that serves as an interface to the real drive hardware. This drive module is also hidden by default. As long as
it is hidden, parameterization is performed via the axis |nit Parameter tab [P 28], and the cyclic interface to
the hardware is configured via the axis Data Area tab [P 32].

When the drive module is displayed, parameterization and configuration are performed via the drive module.
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o
1 You can find the available drive modules in the following sections of this chapter.

Show drive modules
v The drive modules for an axis are hidden by default.
1. Right-click on Axes > Axis > Show Hidden Children to display them.

B3 Solution ‘TwinCAT Project’ (1 of 1 project)
4 o] TwinCAT Project

b Gl SYSTEM

y MOTION

4 MC Project
4 S Aes

2 Groups 1 Add New ltem... Ins
[T Tables 11 Add Existing Item... Shift+Alt+A
@ Objects Insert Mew Itern...
b L Insert Existing ltem...
g Ve > Remove Del
=l Rename F2
H Copy Ctrl+C
d Cut Ctrl+X

Save Aoas1 (Aoas) As...

AML 3

TMISTMC File b
B Addto Scope

= Independent Project File

| Show Hidden Children

2 Simulation Mlﬁ%e

= [Disable

Change Id...

Change Axis |0 Links...
Change Axis PLC Links...

3.2.3.8.1 Simulation Drive

Each axis is equipped with a simulation drive module. This allows the axis to be used without real drive
hardware. By default, this module is hidden. Configuration is always performed directly using the axis
parameters.
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View of subordinate objects

o

1 Depending on the Show Hidden Children setting in the context menu of an overlying parent object,
child objects are hidden. Parameters and data areas of the child object are visible in the parent
object when this setting is disabled.

 To display child objects, right-click the parent object (context menu) > and click Show Hidden

Children.
3.2.3.8.1.1 Init Parameter
Name Default value Unit Type
Encoder Mounting Offset  |0.0 [PosUnit] LREAL

Encoder Mounting Offset

Encoder Mounting Offset specifies the permanent correction value for the physical encoder alignment.
Set this value during commissioning.

3.2.3.8.1.2 Online Parameter

Scaling

Name Unit Type
Work Zero Offset [PosUnit] LREAL
Active Homing Offset [PosUnit] LREAL

Work Zero Offset

Non-persistent offset that can be set using the MC_SetPosition function block. If MC_SetPosition is executed
multiple times, the individual offsets are combined, taking the sign into account.
The offset is active at runtime and is reset when TwinCAT is restarted.

Work Zero Offset = Specified new position - Current target position
Active Homing Offset

Displays the temporary offset calculated during the last homing procedure. This value is not permanently
saved.

3.2.3.8.2 MDP742 Drive
Module for linking an MC3 axis to a drive with the MDP742 drive profile.

® View of subordinate objects

1 Depending on the Show Hidden Children setting in the context menu of an overlying parent object,
child objects are hidden. Parameters and data areas of the child object are visible in the parent
object when this setting is disabled.

» To display child objects, right-click the parent object (context menu) > and click Show Hidden

Children.
3.2.3.8.2.1 Init Parameter
General
Name Default value Unit Type
Position Interpretation Incremental MC.EEncoderlnterpretation [» 198]
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Name Default value Unit Type

Maximum Absolute 1048575 INC UDINT
Counter Value

(Visibility depends on
position interpretation)

Position Data Range FullRange MC.EEncoderDataRange [P 198]
Minimum Counter 32-bit encoder system INC LINT
Value

* unsigned: 0

(Visibility depends on |, signed: -2147483648
the position data range

setting)
Maximum Counter 32-bit encoder system INC LINT
Value + unsigned: 4294967295

(VISIbIlIty dependS on . Signed: 2147483647
the position data range

setting)
Feedback Velocity Source HardwareProvidedIfAvailabl MC.EEncoderFeedbackVeloSource

e [» 198

Position Interpretation

The Position Interpretation parameter defines the semantics according to which the values are
transmitted by the position encoder and interpreted by the MC3 axis.

Incremental

The Incremental setting does not use the absolute properties of the physical feedback system, but can be
used with both incremental and absolute encoder systems. After starting the controller, homing is required to
initialize the actual position of the axis (IsPositionValid = FALSE).

AbsoluteFullRange

The AbsoluteFullRange setting is typically used with multi-turn or single-turn absolute encoders. The
MC3 axis takes into account the entire data range of the data type in the I/O mapping (FullRange). The
maximum number of increments corresponds to the upper limit of the data type. The size of the data type is
specified in the protocol used.

When the controller is powered on or restarted and position limits are enabled, the axis signals
IsPositionValid = TRUE. Configuring and enabling the software-based position limits for the axis allows
the axis position to be restored after a controller restart. This applies to a maximum of one overflow of the
transmitted increments. The position limits must be selected such that the resulting possible travel range of
the axis is less than the encoder’s counting range (FullRange).

If the position limits are disabled, the axis signals this with IsPositionvalid = FALSE. A homing runis
not required for AbsoluteFullRange.

AbsoluteUserDataRange

The same boundary conditions apply as for the setting. AbsoluteFullRange. In addition, the parameter
Maximum Absolute Counter Value is displayed and taken into account:

* Maximum Absolute Counter Value
Unique maximum number of increments that the encoder system transmits (within the limits of the data
type used). For example, the default value is set to 220-1.

AbsoluteModulo

The position increments are transmitted by the 1/0 device using modulo logic. For example, if one revolution
of the encoder system corresponds to the modulus of the MC3 axis, the position is unique within this range.
The axis indicates IsPositionValid = TRUE.

Position Data Range
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The Position Data Range parameter defines the value range of the encoder system that is used for
position calculation. This refers to the raw value received from the drive or encoder via the process data
(PDO mapping) and enables the detection and handling of overflows. The parameter can only be changed at
configuration time, not at runtime.

FullRange

Position overflow is based on the data type limits of the respective encoder system. For a signed 32-bit
encoder system (e.g., CoE DS402 Drive (AX8000), SoE Drive (AX5000), EtherCAT encoder), this implicitly
means a value range from -2147483648 to 2147483647. For an unsigned 32-bit encoder system (e.g.,
MDP742 Drive (selected ELM72xx), SSI encoder), this implies a value range from 0 to 4294967295.

UserDefined

This parameter value allows you to manually enter the range limits used to determine an overflow. Two
additional parameters for entering the upper and lower limits will be displayed:

¢ Minimum Counter Value
e Maximum Counter Value

Feedback Velocity Source

Specifies the source of the actual velocity (AXIS_REF.McToPIc.Act.Velocity). The velocity can either be
obtained from the hardware being used or calculated internally by differentiating the actual position value.

HardwareProvidedIfAvailable (Default value)

Uses the velocity provided by the hardware. If no entry for the actual velocity is mapped in the process data,
it is automatically calculated internally.

InternallyCalculated

Velocity is always calculated from the derivative of the actual positions. Actual hardware velocities are
ignored, even if they are available.

HardwareProvided

The velocity is always taken directly from the hardware feedback. This requires linking the actual velocity via
process data (PDO mapping). If the mapping is missing, this will result in an error when the configuration is
started.

Scaling

Name Default value Unit Type
Position Scaling Numerator from 360 [PosUnit[/INC LREAL
Hardware

Position Scaling Denominator from 1048576.0 LREAL
Hardware

Encoder Mounting Offset 0.0 [PosUnit] LREAL
Velocity Scaling Numerator to 1.0 INC/([PosUnit]/s) LREAL
Hardware

Velocity Scaling Denominator to 1.0 LREAL
Hardware

Direction Inverted FALSE BOOL
Torque Scaling from Hardware 0.1 INC/([TorqueUnit]) LREAL

The position scaling factor is divided into a numerator and a denominator. It is used to convert the path
increments into axis positions or to calculate a user unit from encoder increments.

Position Scaling Numerator from Hardware

Position Scaling Numerator From Hardware is the feed rate that the application applies when the output
shaft has completed one revolution.

Position Scaling Denominator from Hardware
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Example 1 on position scaling:

Motor without gear unit with 100 mm pinion on AX5000 with default settings:
¢ Numerator: 100 mm
* Denominator: 1048576

Example 2 on position scaling:

Motor with gear unit with i=10 on turntable on AX5000 with default settings:
* Numerator: 360° / 10 = 36°
* Denominator: 1048576

Encoder Mounting Offset

An offset used to correct the position of an encoder system or align it within the machine coordinate system,
thereby defining the machine-specific zero point. This offset is restored when the controller is restarted.

Velocity Scaling Numerator to Hardware

This value is used to calculate the target and actual velocity values based on the encoder's pulse count.
Velocity Scaling Denominator to Hardware

This value is used to calculate the target and actual velocity values based on the encoder's pulse count.
Direction Inverted

The Direction Inverted parameter can reverse the counting direction of the encoder or drive:

* FALSE: The polarity of the axis movement agrees with the counting direction of the acquisition
hardware.

* TRUE: The polarity of the axis movement is in the opposite sense to that of the counting direction of the
acquisition hardware.

Risk of injury from unexpected movements

If the counting direction of the encoder and the motor polarity do not match, the axis will perform
unexpected movements.

* When commissioning the system, make sure that the drive's direction of rotation is set correctly.

» Always maintain a safe distance.

Torque Scaling from Hardware

A factor used to scale the torque reading to the desired unit.

Connection
Name Default value Unit Type
AMS address 0.0.0.0.0.0:0
.netld 0.0.0.0.0.0 AMSNETID
.port 0x0000 WORD
Channel Number 0 UDINT
EtherCAT Slave Oid 00000000 OTCID

AMS address

Information about the address of the assigned hardware drive (read-only); no manual configuration is
required. It is used for communication purposes.
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Channel Number

Information about the channel number of the assigned hardware drive (read-only); no manual configuration
is required. It is used for communication purposes.

EtherCAT Slave Oid
Object ID of the EtherCAT slave.

Dead Time Compensation

Dead times are automatically determined during EtherCAT initialization and taken into account in
TwinCAT MC3. The calculated values generally do not require any manual adjustment. Nevertheless, a
manual configuration can be necessary, for example to compensate the drive's internal dead times.

Name Default value Unit Type
Dead Time Compensation from |NonlinearShift MC.EDeadTimeCompensationMode
Hardware [) 197]

Additional Time Shift from |0.0 ms LREAL

Hardware
Dead Time Compensation to NonlinearShift MC.EDeadTimeCompensationMode
Hardware J} 197]

Additional Time Shift to 0.0 ms LREAL

Hardware

Dead Time Compensation from Hardware

Set how the compensated actual position should be calculated. The dead time is automatically determined
during EtherCAT initialization.

Additional Time Shift from Hardware
Additional offset of the automatically calculated dead time to compensate for the current position.
Dead Time Compensation to Hardware

Specify how the compensated target position is to be calculated. The dead time is automatically determined
during EtherCAT initialization.

Additional Time Shift to Hardware

Additional offset for the automatically determined dead time used to compensate for the target position.
Negative values result in a delay time in the output to the drive amplifier.

Touch probe

Name Default value Unit Type

TouchProbe1 Source DriveDefault MC.ETouchProbeTriggerS
ource [ 203]
TouchProbe2 Source DriveDefault MC.ETouchProbeTriggerS

ource [» 203

TouchProbe Source

Selection of the input for the touch probe.

Actual Position Filter

Name Default value Unit Type

Filter Type None MC.EFilterType [»_199]
Filter Time Position 0.0 S LREAL
Filter Time Velocity 0.0 S LREAL
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Name Default value Unit Type
Filter Time 0.01 s LREAL
Acceleration
Filter Time 0.001 s LREAL

Filter Type

None

No filter is applied.
PT1-Filter

This is a first-order delay element (digital low-pass filter, proportional element with first-order delay) used to
smooth out noisy signals (actual value). The PT1 filter is applied independently to the three actual values:
position, velocity, and acceleration. Each variable has its own filter time constant. The filter time constants
should be selected from the positive range of values. The value 0. 0 disables filtering for the corresponding
variable. The larger the filter time constant, the more the actual value is smoothed, and the greater the delay.
Because the variables are filtered separately, the output values are not necessarily consistent with each
other.

MovingAverage-Filter

The moving-average filter calculates the arithmetic mean over a sliding time window of the last N input values
and is thus a simple FIR low-pass filter (with a finite impulse response).

The moving-average filter is applied independently to the three actual values: position, velocity, and
acceleration. Each variable has its own window length: N. The window length is calculated as the quotient of
the parameterized filter time and the cycle time. The maximum window length is 1000 data points. The dead
time is equal to half the window length.

Since the variables are filtered separately, the output values are not necessarily consistent with one another.
With a filter time of 0. 0, the actual value is processed immediately and is not filtered. A long filter time
results in significant smoothing and increases the dead time.

KalmanFilter3x1l

The 3x1 Kalman filter estimates a set of position (s), velocity (v), and acceleration (a) values based on the
continuous actual position values. On the one hand, this serves to reduce noise; on the other hand, the
calculation of (s, v, a) is performed consistently, i.e., taking into account the interdependence of these
variables. 3x1 indicates that the filter has three output variables (s, v, a) and one input variable (s).

It is often advantageous for (s, v, a) to be consistent with one another. In particular, the Kalman filter is
recommended when coupling an axis to an encoder signal.

The 3x1 Kalman filter is configured using the “Filter Time” parameter, which defines the time scale used to
calculate (s, v, a). The choice of this parameter represents a trade-off between noise reduction and dynamic
response. A longer filter time results in greater noise reduction but a decrease in responsiveness, and vice
versa (see the Filter Time parameter below).

Filter Time Position

This parameter is enabled when the Filter Type issetto PT1 or MovingAverage . The value
0.0 disables position filtering. The filter time constant must be selected from the positive range of values.
The larger the filter time constant, the more the actual value is smoothed, and the greater the delay.

Filter Time Velocity

This parameter is enabled when the Filter Type issetto PT1 or MovingAverage . The value
0.0 disables velocity filtering. The filter time constant must be selected from the positive range of values.
The larger the filter time constant, the more the actual value is smoothed, and the greater the delay.

Filter Time Acceleration

This parameter is enabled when the Filter Type issetto PT1 or MovingAverage . The value
0.0 disables acceleration filtering. The filter time constant must be selected from the positive range of
values. The larger the filter time constant, the more the actual value is smoothed, and the greater the delay.

Filter Time
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The parameter is active when the Filter Type issetto KalmanFilter3xl . The Kalman filteris
adapted to the application using a simplified parameterization with a single filter time constant. The larger the
filter time constant, the greater the degree of smoothing.

3.2.3.8.2.2 Online Parameter

Scaling

Name Unit Type
Work Zero Offset [PosUnit] LREAL
Active Homing Offset [PosUnit] LREAL

Work Zero Offset

Non-persistent offset that can be set using the MC_SetPosition function block. If MC_SetPosition is executed
multiple times, the individual offsets are combined, taking the sign into account.
The offset is active at runtime and is reset when TwinCAT is restarted.

Work Zero Offset = Specified new position - Current target position
Active Homing Offset

Displays the temporary offset calculated during the last homing procedure. This value is not permanently
saved.

The following online parameters are available for TouchProbe2 as well as for TouchProbe1. For the sake of
clarity and to avoid duplication, these parameters are listed here only for TouchProbe1.

TouchProbe1 Positive Edge Status

Name Type

State MC.ETouchProbeTriggerState [P 203]
Last Position LREAL

Last DC timestamp LINT

State

Current state of the touch probe unit.
Last Position

The position where the configured event was last detected. The value # Invalid indicates that no event has
been recorded yet.

Last DC timestamp

DC Time in nanoseconds when the configured event was last recorded. The value 0 indicates that no event
has been recorded yet.

TouchProbe1 Negative Edge Status

Name Type

State MC.ETouchProbeTriggerState [P 203]
Last Position LREAL

Last DC timestamp LINT

State

Current state of the touch probe unit.

Last Position
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The position where the configured event was last detected. The value #Invalid indicates that no event has
been recorded yet.

Last DC timestamp

DC Time in nanoseconds when the configured event was last recorded. The value 0 indicates that no event
has been recorded yet.

3.2.3.8.2.3 Data Area

In general, TcCOM objects can contain data areas that can be used by the environment (e.g., by a PLC
instance or by the TwWinCAT I/O area). For TwinCAT MC3 TcCOM objects, you have a choice of data
structures to use via the Data Area tab.

MDP742 Drive /| MDP742 Inputs

Enable (de- Name Type Description
fault)

Statusword UINT Status information

Following error actual value DINT Position lag (position control deviation,
i.e. target position minus actual position)
of the 1/0O drive in increments.

WocState BIT Working counter

InputToggle BIT Level change upon receipt of a new
telegram.

Position UDINT ﬁitriilqgr?tssiﬁon of the 1/0O drive in

[ Velocity actual value DINT Actual velocity of the 1/O drive in
increments.

Torque actual value INT Actual torque/force value of the 1/O drive
in increments.

TxPdoState BIT This element indicates whether the
values measured by the encoder are in
an invalid state.

DclnputShift DINT Used for drive dead time compensation.

DcOutputShift DINT Used for drive dead time compensation.

MDP742 Drive /| MDP742 TouchProbe Inputs

In the default setting, this data range is disabled.

Enable (de- Name Type Description
fault)
TP1 Enable BIT Touch probe 1 is on
TP1 Pos value stored BIT Value for touch probe 1 saved on the
risin
g edge
TP1 Neg value stored BIT Value for touch probe 1 saved on the
.
falling edge
TP1 Input BIT Digital input touch probe 1
TP2 Enable BIT Touch probe 2 is on
TP2 Pos value stored BIT Value for touch probe 2 saved on the
risin
g edge
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Enable (de- Name Type Description
fault)
TP2 Neg value stored BIT Value for touch probe 2 saved on the
.
falling edge
TP2 Input BIT Digital input touch probe 2
TP1 Pos position UDINT Positive value of touch probe 1
Unit: the given value must be multiplied
by the corresponding scaling factor [» 45].
TP1 Neg position UDINT Negative value of touch probe 1
Unit: the given value must be multiplied
by the corresponding scaling factor [» 45].
TP1 Pos timestamp UDINT Timestamp for touch probe 1 when a
rising edge event was detected.
TP1 Neg timestamp UDINT Timestamp for touch probe 1 when a
falling-edge event was detected.
TP2 Pos position UDINT Positive value of touch probe 2
Unit: the given value must be multiplied
by the corresponding scaling factor [» 45].
TP2 Neg position UDINT Negative value of touch probe 2
Unit: the given value must be multiplied
by the corresponding scaling factor [» 45].
TP2 Pos timestamp UDINT Timestamp for touch probe 2 when a
rising edge event was detected.
TP2 Neg timestamp UDINT Timestamp for touch probe 2 when a
falling-edge event was detected.
MDP742 Drive /| MDP742 Outputs
Enable (de- Name Type Description
fault)
Controlword UINT Control information
Target position UDINT Current target position in increments
The target position of the MC3 axis in
physical units, e.g. mm or degrees, is
mathematically converted to an
incremental value by MC3 and
transferred to the drive. Overflows of the
incremental value are hereby taken into
account by the MC3 in the target position.
n Target velocity DINT Current target velocity in increments
The target velocity of the MC3 axis in
physical units, e.g. mm/s or degrees/s, is
mathematically converted to an
incremental value by MC3 and
transferred to the drive.
MDP742 drive /| MDP742 touch probe outputs
In the default setting, this data range is disabled.
Enable (de- Name Type Description
fault)
TP1 Enable BIT Turn on touch probe 1
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Enable (de- Name Type Description
fault)
TP1 Continuous BIT One-time or cyclic events
0: first event detected after power-on
1: continuous detection
TP1 Trigger mode BIT2 Input 1 is triggered
TP1 Enable pos edge BIT A rising edge at touch probe 1 is the
.
trigger for an event
TP1 Enable neg edge BIT A falling edge at touch probe 1 is the
.
trigger for an event
TP2 Enable BIT Turn on touch probe 2
TP2 Continuous BIT One-time or cyclic events
0: first event detected after power-on
1: continuous detection
TP2 Trigger mode BIT2 Input 2 is triggered
TP2 Enable pos edge BIT A rising edge at touch probe 2 is the
.
trigger for an event
TP2 Enable neg edge BIT A falling edge at touch probe 2 is the
)
trigger for an event

NOTICE

Warning in the error log window caused by selected entries that are not linked to an 1/0
device

Entries in the data areas of drive and encoder objects that are enabled (Enable = True) but are not linked to
the 1/0O drive object result in a warning in the error log window. If the link for a function used at runtime is
missing, this results in a runtime error. For example, an axis cannot be started if the status word from the I/
O drive object is not linked.

« Link the required entries for the interface between the axis and the 1/0 device

» Deselect the entry that is not required to avoid generating a warning.

3.2.3.8.3 CoE DS402 Drive
Module for linking an MC3 axis to a drive with the CoE DS402 drive profile.

® View of subordinate objects

1 Depending on the Show Hidden Children setting in the context menu of an overlying parent object,
child objects are hidden. Parameters and data areas of the child object are visible in the parent
object when this setting is disabled.

» To display child objects, right-click the parent object (context menu) > and click Show Hidden

Children.
3.2.3.8.3.1 Init Parameter
General
Name Default value Unit Type
Position Interpretation Incremental MC.EEncoderlnterpretation [» 198]
Maximum Absolute 1048575 INC UDINT

Counter Value

(Visibility depends on
position interpretation)

Position Data Range FullRange MC.EEncoderDataRange [P 198]
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Name Default value Unit Type
Minimum Counter 32-bit encoder system INC LINT
Value

* unsigned: 0

(VISIbIlIty depends on . Signed: -2147483648
the position data range

setting)
Maximum Counter 32-bit encoder system INC LINT
Value . unsigned: 4294967295

(VISIbIlIty depends on . signed: 2147483647
the position data range

setting)
Feedback Velocity Source HardwareProvidedIfAvailabl MC.EEncoderFeedbackVeloSource
e [»_198

Position Interpretation

The Position Interpretation parameter defines the semantics according to which the values are
transmitted by the position encoder and interpreted by the MC3 axis.

Incremental

The Incremental setting does not use the absolute properties of the physical feedback system, but can be
used with both incremental and absolute encoder systems. After starting the controller, homing is required to
initialize the actual position of the axis (IsPositionvValid = FALSE).

AbsoluteFullRange

The AbsoluteFullRange setting is typically used with multi-turn or single-turn absolute encoders. The
MC3 axis takes into account the entire data range of the data type in the 1/0 mapping (FullRange). The
maximum number of increments corresponds to the upper limit of the data type. The size of the data type is
specified in the protocol used.

When the controller is powered on or restarted and position limits are enabled, the axis signals
IsPositionvalid = TRUE. Configuring and enabling the software-based position limits for the axis allows
the axis position to be restored after a controller restart. This applies to a maximum of one overflow of the
transmitted increments. The position limits must be selected such that the resulting possible travel range of
the axis is less than the encoder’s counting range (FullRange).

If the position limits are disabled, the axis signals this with IsPositionvalid = FALSE. A homing run is
not required for AbsoluteFullRange.

AbsolutUserDataRange

The same boundary conditions apply as for the setting. AbsoluteFullRange. In addition, the parameter
Maximum Absolute Counter Value is displayed and taken into account:

* Maximum Absolute Counter Value
Unique maximum number of increments that the encoder system transmits (within the limits of the data
type used). For example, the default value is set to 2420-1.

AbsoluteModulo

The position increments are transmitted by the 1/0 device using modulo logic. For example, if one revolution
of the encoder system corresponds to the modulus of the MC3 axis, the position is unique within this range.
The axis indicates TsPositionValid = TRUE.

Position Data Range

The Position Data Range parameter defines the value range of the encoder system that is used for
position calculation. This refers to the raw value received from the drive or encoder via the process data
(PDO mapping) and enables the detection and handling of overflows. The parameter can only be changed at
configuration time, not at runtime.

FullRange
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Position overflow is based on the data type limits of the respective encoder system. For a signed 32-bit
encoder system (e.g., CoE DS402 Drive (AX8000), SoE Drive (AX5000), EtherCAT encoder), this implicitly
means a value range from -2147483648 to 2147483647. For an unsigned 32-bit encoder system (e.g.,
MDP742 Drive (selected ELM72xx), SSI encoder), this implies a value range from 0 to 4294967295.

UserDefined

This parameter value allows you to manually enter the range limits used to determine an overflow. Two
additional parameters for entering the upper and lower limits will be displayed:

e Minimum Counter Value
e Maximum Counter Value

Feedback Velocity Source

Specifies the source of the actual velocity (AXIS_REF.McToPIc.Act.Velocity). The velocity can either be
obtained from the hardware being used or calculated internally by differentiating the actual position value.

HardwareProvidedIfAvailable (Default value)

Uses the velocity provided by the hardware. If no entry for the actual velocity is mapped in the process data,
it is automatically calculated internally.

InternallyCalculated

Velocity is always calculated from the derivative of the actual positions. Actual hardware velocities are
ignored, even if they are available.

HardwareProvided

The velocity is always taken directly from the hardware feedback. This requires linking the actual velocity via
process data (PDO mapping). If the mapping is missing, this will result in an error when the configuration is
started.

Scaling

Name Default value Unit Type
Position Scaling Numerator from 360 [PosUnit]/INC LREAL
Hardware

Position Scaling Denominator from 1048576.0 LREAL
Hardware

Encoder Mounting Offset 0.0 [PosUnit] LREAL
Velocity Scaling Numerator to 1.0 INC/([PosUnit]/s) LREAL
Hardware

Velocity Scaling Denominator to 1.0 LREAL
Hardware

Direction Inverted FALSE BOOL
Torque Scaling from Hardware 0.1 INC/([TorqueUnit]) LREAL

The position scaling factor is divided into a numerator and a denominator. It is used to convert the path
increments into axis positions or to calculate a user unit from encoder increments.

Position Scaling Numerator from Hardware

Position Scaling Numerator From Hardware is the feed rate that the application applies when the output
shaft has completed one revolution.

Position Scaling Denominator from Hardware

Position Scaling Denominator From Hardware is the number of increments that the drive outputs when the
motor shaft has completed one revolution.

Example 1 on position scaling:

Motor without gear unit with 100 mm pinion on AX5000 with default settings:
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¢ Numerator: 100 mm
e Denominator: 1048576
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Example 2 on position scaling:

Motor with gear unit with i=10 on turntable on AX5000 with default settings:
* Numerator: 360° / 10 = 36°
* Denominator: 1048576

Encoder Mounting Offset

An offset used to correct the position of an encoder system or align it within the machine coordinate system,
thereby defining the machine-specific zero point. This offset is restored when the controller is restarted.

Velocity Scaling Numerator to Hardware

This value is used to calculate the target and actual velocity values based on the encoder's pulse count.
Velocity Scaling Denominator to Hardware

This value is used to calculate the target and actual velocity values based on the encoder's pulse count.
Direction Inverted

The Direction Inverted parameter can reverse the counting direction of the encoder or drive:

* FALSE: The polarity of the axis movement agrees with the counting direction of the acquisition
hardware.

* TRUE: The polarity of the axis movement is in the opposite sense to that of the counting direction of the
acquisition hardware.

Risk of injury from unexpected movements

If the counting direction of the encoder and the motor polarity do not match, the axis will perform
unexpected movements.

* When commissioning the system, make sure that the drive's direction of rotation is set correctly.

» Always maintain a safe distance.

Torque Scaling from Hardware

A factor used to scale the torque reading to the desired unit.

Connection
Name Default value Unit Type
AMS address 0.0.0.0.0.0:0
.netld 0.0.0.0.0.0 AMSNETID
.port 0x0000 WORD
Channel Number 0 UDINT
EtherCAT Slave Oid 00000000 OTCID

AMS address

Information about the address of the assigned hardware drive (read-only); no manual configuration is
required. It is used for communication purposes.

Channel Number

Information about the channel number of the assigned hardware drive (read-only); no manual configuration
is required. It is used for communication purposes.

EtherCAT Slave Oid
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Object ID of the EtherCAT slave.

Dead Time Compensation

Dead times are automatically determined during EtherCAT initialization and taken into account in
TwinCAT MC3. The calculated values generally do not require any manual adjustment. Nevertheless, a
manual configuration can be necessary, for example to compensate the drive's internal dead times.

Name Default value Unit Type
Dead Time Compensation from |NonlinearShift MC.EDeadTimeCompensationMode
Hardware [) 197]

Additional Time Shift from |0.0 ms LREAL

Hardware
Dead Time Compensation to NonlinearShift MC.EDeadTimeCompensationMode
Hardware [} 197]

Additional Time Shift to 0.0 ms LREAL

Hardware

Dead Time Compensation from Hardware

Set how the compensated actual position should be calculated. The dead time is automatically determined
during EtherCAT initialization.

Additional Time Shift from Hardware
Additional offset of the automatically calculated dead time to compensate for the current position.
Dead Time Compensation to Hardware

Specify how the compensated target position is to be calculated. The dead time is automatically determined
during EtherCAT initialization.

Additional Time Shift to Hardware

Additional offset for the automatically determined dead time used to compensate for the target position.
Negative values result in a delay time in the output to the drive amplifier.

Touch probe

Name Default value Unit Type

TouchProbe1 Source DriveDefault MC.ETouchProbeTriggerS
ource [P 203]
TouchProbe2 Source DriveDefault MC.ETouchProbeTriggerS

ource [» 203

TouchProbe Source

Selection of the input for the touch probe.

Actual Position Filter

Name Default value Unit Type
Filter Type None MC.EFilterType [»_199]
Filter Time Position 0.0 S LREAL
Filter Time Velocity |0.0 S LREAL
Filter Time 0.01 s LREAL
Acceleration
Filter Time 0.001 s LREAL
Filter Type
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None
No filter is applied.
PT1-Filter

This is a first-order delay element (digital low-pass filter, proportional element with first-order delay) used to
smooth out noisy signals (actual value). The PT1 filter is applied independently to the three actual values:
position, velocity, and acceleration. Each variable has its own filter time constant. The filter time constants
should be selected from the positive range of values. The value 0. 0 disables filtering for the corresponding
variable. The larger the filter time constant, the more the actual value is smoothed, and the greater the delay.
Because the variables are filtered separately, the output values are not necessarily consistent with each
other.

MovingAverage-Filter

The moving-average filter calculates the arithmetic mean over a sliding time window of the last N input values
and is thus a simple FIR low-pass filter (with a finite impulse response).

The moving-average filter is applied independently to the three actual values: position, velocity, and
acceleration. Each variable has its own window length: N. The window length is calculated as the quotient of
the parameterized filter time and the cycle time. The maximum window length is 1000 data points. The dead
time is equal to half the window length.

Since the variables are filtered separately, the output values are not necessarily consistent with one another.
With a filter time of 0. 0, the actual value is processed immediately and is not filtered. A long filter time
results in significant smoothing and increases the dead time.

KalmanFilter3x1l

The 3x1 Kalman filter estimates a set of position (s), velocity (v), and acceleration (a) values based on the
continuous actual position values. On the one hand, this serves to reduce noise; on the other hand, the
calculation of (s, v, a) is performed consistently, i.e., taking into account the interdependence of these
variables. 3x1 indicates that the filter has three output variables (s, v, a) and one input variable (s).

It is often advantageous for (s, v, a) to be consistent with one another. In particular, the Kalman filter is
recommended when coupling an axis to an encoder signal.

The 3x1 Kalman filter is configured using the “Filter Time” parameter, which defines the time scale used to
calculate (s, v, a). The choice of this parameter represents a trade-off between noise reduction and dynamic
response. A longer filter time results in greater noise reduction but a decrease in responsiveness, and vice
versa (see the Filter Time parameter below).

Filter Time Position

This parameter is enabled when the Filter Type issetto PT1 or MovingAverage . The value
0.0 disables position filtering. The filter time constant must be selected from the positive range of values.
The larger the filter time constant, the more the actual value is smoothed, and the greater the delay.

Filter Time Velocity

This parameter is enabled when the Filter Type issetto PT1 or MovingAverage . The value
0.0 disables velocity filtering. The filter time constant must be selected from the positive range of values.
The larger the filter time constant, the more the actual value is smoothed, and the greater the delay.

Filter Time Acceleration

This parameter is enabled when the Filter Type issetto PT1 or MovingAverage . The value
0.0 disables acceleration filtering. The filter time constant must be selected from the positive range of
values. The larger the filter time constant, the more the actual value is smoothed, and the greater the delay.

Filter Time

The parameter is active when the Filter Type issetto KalmanFilter3xl . The Kalman filteris
adapted to the application using a simplified parameterization with a single filter time constant. The larger the
filter time constant, the greater the degree of smoothing.
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3.2.3.8.3.2 Online Parameter

Scaling

Name Unit Type
Work Zero Offset [PosUnit] LREAL
Active Homing Offset [PosUnit] LREAL

Work Zero Offset

Non-persistent offset that can be set using the MC_SetPosition function block. If MC_SetPosition is executed
multiple times, the individual offsets are combined, taking the sign into account.
The offset is active at runtime and is reset when TwinCAT is restarted.

Work Zero Offset = Specified new position - Current target position
Active Homing Offset

Displays the temporary offset calculated during the last homing procedure. This value is not permanently
saved.

The following online parameters are available for TouchProbe2 as well as for TouchProbe1. For the sake of
clarity and to avoid duplication, these parameters are listed here only for TouchProbe1.

TouchProbe1 Positive Edge Status

Name Type

State MC.ETouchProbeTriggerState [ 203]
Last Position LREAL

Last DC timestamp LINT

State

Current state of the touch probe unit.
Last Position

The position where the configured event was last detected. The value #Invalid indicates that no event has
been recorded yet.

Last DC timestamp

DC Time in nanoseconds when the configured event was last recorded. The value 0 indicates that no event
has been recorded yet.

TouchProbe1 Negative Edge Status

Name Type

State MC.ETouchProbeTriggerState [ 203]
Last Position LREAL

Last DC timestamp LINT

State

Current state of the touch probe unit.
Last Position

The position where the configured event was last detected. The value #Invalid indicates that no event has
been recorded yet.

Last DC timestamp
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DC Time in nanoseconds when the configured event was last recorded. The value 0 indicates that no event
has been recorded yet.

3.2.3.8.3.3

Data Area

In general, TcCOM objects can contain data areas that can be used by the environment (e.g., by a PLC
instance or by the TwinCAT I/O area). For TwinCAT MC3 TcCOM objects, you have a choice of data
structures to use via the Data Area tab.

CoE DS402 Drive / CoE Inputs

Enable (de- Name Type Description
fault)
Statusword WORD Status information

Following error actual value DINT Position lag (position control deviation,
i.e. target position minus actual position)
of the 1/0 drive in increments.

Position actual value invalid BIT This element indicates whether the value
measured by the position sensor is
invalid.

WcState BIT Working counter

InputToggle BIT Level change upon receipt of a new

telegram.
Position actual value DINT Actual position of the 1/O drive in
increments.
[ Velocity actual value DINT Actual velocity of the 1/O drive in
increments.
Torque/force actual value INT Actual torque/force value of the 1/O drive
in increments.
DclInputShift DINT Used for drive dead time compensation.
DcOutputShift DINT Used for drive dead time compensation.
CoE DS402 Drive / DS402 Touchprobe Inputs
In the default setting, this data range is disabled.
Enable (de- Name Type Description
fault)
Touch probe status UINT This element displays the status of the
touch probe function.
Touch probe 1 positive edge DINT This element returns the position value of
touch probe 1 on the rising edge.
Touch probe 1 negative edge DINT This element returns the position value of
touch probe 1 on a falling edge.
Touch probe time stamp 1 positive edge |UDINT This element provides the timestamp
L
when a rising edge event was detected at
touch probe 1.
Touch probe time stamp 1 negative UDINT This element provides the timestamp for
edge when a falling-edge event was detected
at touch probe 1.
Touch probe 2 positive edge DINT This element returns the position value of
touch probe 2 on the rising edge.
Touch probe 2 negative edge DINT This element returns the position value of
touch probe 2 on a falling edge.
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Enable (de- Name Type Description
fault)

Touch probe time stamp 2 positive edge |UDINT This element provides the timestamp
-
when a rising edge event was detected at
touch probe 2.

Touch probe time stamp 2 negative UDINT This element provides the timestamp for
edge when a falling-edge event was detected
at touch probe 2.

CoE DS402 Drive / CoE Outputs

Enable (de- Name Type Description
fault)
Controlword WORD Control information
Target position DINT Current target position in increments

The target position of the MC3 axis in
physical units, e.g. mm or degrees, is
mathematically converted to an
incremental value by MC3 and
transferred to the drive. Overflows of the
incremental value are hereby taken into
account by the MC3 in the target position.

1 Target velocity DINT Current target velocity in increments

The target velocity of the MC3 axis in
physical units, e.g. mm/s or degrees/s, is
mathematically converted to an
incremental value by MC3 and
transferred to the drive.

CoE DS402 Drive / DS402 TouchProbe Outputs

In the default setting, this data range is disabled.

Enable (de- Name Type Description
fault)
Touch probe control UINT This element contains the configuration
for the touch probe function.

NOTICE

Warning in the error log window caused by selected entries that are not linked to an 1/0
device

Entries in the data areas of drive and encoder objects that are enabled (Enable = True) but are not linked to
the 1/O drive object result in a warning in the error log window. If the link for a function used at runtime is
missing, this results in a runtime error. For example, an axis cannot be started if the status word from the I/
O drive object is not linked.

« Link the required entries for the interface between the axis and the 1/0 device

 Deselect the entry that is not required to avoid generating a warning.

3.2.3.84 SoE Drive

Module for linking an MC3 axis to a drive with the SoE drive profile.
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View of subordinate objects

o

1 Depending on the Show Hidden Children setting in the context menu of an overlying parent object,
child objects are hidden. Parameters and data areas of the child object are visible in the parent
object when this setting is disabled.

 To display child objects, right-click the parent object (context menu) > and click Show Hidden

Children.
3.2.3.8.4.1 Init Parameter
General
Name Default value Unit Type
Position Interpretation Incremental MC.EEncoderinterpretation [» 198]
Maximum Absolute 1048575 INC UDINT

Counter Value

(Visibility depends on
position interpretation)

Position Data Range FullRange MC.EEncoderDataRange [» 198]
Minimum Counter 32-bit encoder system INC LINT
Value

* unsigned: 0

(VISIbIlIty depends on . signed: -2147483648
the position data range

setting)
Maximum Counter 32-bit encoder system INC LINT
Value « unsigned: 4294967295

(VISIbIlIty depends on . Signed: 2147483647
the position data range

setting)
Feedback Velocity Source HardwareProvidedIfAvailabl MC.EEncoderFeedbackVeloSource

€ [» 198

Position Interpretation

The Position Interpretation parameter defines the semantics according to which the values are
transmitted by the position encoder and interpreted by the MC3 axis.

Incremental

The Incremental setting does not use the absolute properties of the physical feedback system, but can be
used with both incremental and absolute encoder systems. After starting the controller, homing is required to
initialize the actual position of the axis (IsPositionValid = FALSE).

AbsoluteFullRange

The AbsoluteFullRange setting is typically used with multi-turn or single-turn absolute encoders. The
MC3 axis takes into account the entire data range of the data type in the 1/0 mapping (FullRange). The
maximum number of increments corresponds to the upper limit of the data type. The size of the data type is
specified in the protocol used.

When the controller is powered on or restarted and position limits are enabled, the axis signals
IsPositionvalid = TRUE. Configuring and enabling the software-based position limits for the axis allows
the axis position to be restored after a controller restart. This applies to a maximum of one overflow of the
transmitted increments. The position limits must be selected such that the resulting possible travel range of
the axis is less than the encoder’s counting range (FullRange).

If the position limits are disabled, the axis signals this with TsPositionvalid = FALSE. A homing run is
not required for AbsoluteFullRange.

AbsolutUserDataRange
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The same boundary conditions apply as for the setting. AbsoluteFullRange. In addition, the parameter
Maximum Absolute Counter Value is displayed and taken into account:

* Maximum Absolute Counter Value
Unique maximum number of increments that the encoder system transmits (within the limits of the data
type used). For example, the default value is set to 2420-1.

AbsoluteModulo

The position increments are transmitted by the 1/0 device using modulo logic. For example, if one revolution
of the encoder system corresponds to the modulus of the MC3 axis, the position is unique within this range.
The axis indicates TsPositionValid = TRUE.

Position Data Range

The Position Data Range parameter defines the value range of the encoder system that is used for
position calculation. This refers to the raw value received from the drive or encoder via the process data
(PDO mapping) and enables the detection and handling of overflows. The parameter can only be changed at
configuration time, not at runtime.

FullRange

Position overflow is based on the data type limits of the respective encoder system. For a signed 32-bit
encoder system (e.g., CoE DS402 Drive (AX8000), SoE Drive (AX5000), EtherCAT encoder), this implicitly
means a value range from -2147483648 to 2147483647. For an unsigned 32-bit encoder system (e.g.,
MDP742 Drive (selected ELM72xx), SSI encoder), this implies a value range from 0 to 4294967295.

UserDefined

This parameter value allows you to manually enter the range limits used to determine an overflow. Two
additional parameters for entering the upper and lower limits will be displayed:

¢ Minimum Counter Value
e Maximum Counter Value

Feedback Velocity Source

Specifies the source of the actual velocity (AXIS_REF.McToPIc.Act.Velocity). The velocity can either be
obtained from the hardware being used or calculated internally by differentiating the actual position value.

HardwareProvidedIfAvailable (Default value)

Uses the velocity provided by the hardware. If no entry for the actual velocity is mapped in the process data,
it is automatically calculated internally.

InternallyCalculated

Velocity is always calculated from the derivative of the actual positions. Actual hardware velocities are
ignored, even if they are available.

HardwareProvided

The velocity is always taken directly from the hardware feedback. This requires linking the actual velocity via
process data (PDO mapping). If the mapping is missing, this will result in an error when the configuration is
started.

Scaling

Name Default value Unit Type
Position Scaling Numerator from 360 [PosUnit]/INC LREAL
Hardware

Position Scaling Denominator from 1048576.0 LREAL
Hardware

Encoder Mounting Offset 0.0 [PosUnit] LREAL
Velocity Scaling Numerator to 1.0 INC/([PosUnit]/s) LREAL
Hardware
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Name Default value Unit Type
Velocity Scaling Denominator to 1.0 LREAL
Hardware

Direction Inverted FALSE BOOL
Torque Scaling from Hardware 0.1 INC/([TorqueUnit]) LREAL

The position scaling factor is divided into a numerator and a denominator. It is used to convert the path
increments into axis positions or to calculate a user unit from encoder increments.

Position Scaling Numerator from Hardware

Position Scaling Numerator From Hardware is the feed rate that the application applies when the output
shaft has completed one revolution.

Position Scaling Denominator from Hardware

Position Scaling Denominator From Hardware is the number of increments that the drive outputs when the
motor shaft has completed one revolution.

Example 1 on position scaling:

Motor without gear unit with 100 mm pinion on AX5000 with default settings:
* Numerator: 100 mm
* Denominator: 1048576

Example 2 on position scaling:

Motor with gear unit with i=10 on turntable on AX5000 with default settings:
* Numerator: 360° / 10 = 36°
* Denominator: 1048576

Encoder Mounting Offset

An offset used to correct the position of an encoder system or align it within the machine coordinate system,
thereby defining the machine-specific zero point. This offset is restored when the controller is restarted.

Velocity Scaling Numerator to Hardware

This value is used to calculate the target and actual velocity values based on the encoder's pulse count.
Velocity Scaling Denominator to Hardware

This value is used to calculate the target and actual velocity values based on the encoder's pulse count.
Direction Inverted

The Direction Inverted parameter can reverse the counting direction of the encoder or drive:
* FALSE: The polarity of the axis movement agrees with the counting direction of the acquisition
hardware.

* TRUE: The polarity of the axis movement is in the opposite sense to that of the counting direction of the
acquisition hardware.

Risk of injury from unexpected movements

If the counting direction of the encoder and the motor polarity do not match, the axis will perform
unexpected movements.

* When commissioning the system, make sure that the drive's direction of rotation is set correctly.
» Always maintain a safe distance.

Torque Scaling from Hardware

A factor used to scale the torque reading to the desired unit.
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Connection
Name Default value Unit Type
AMS address 0.0.0.0.0.0:0
.netld 0.0.0.0.0.0 AMSNETID
.port 0x0000 WORD
Channel Number 0 UDINT
EtherCAT Slave Oid 00000000 OTCID

AMS address

Information about the address of the assigned hardware drive (read-only); no manual configuration is
required. It is used for communication purposes.

Channel Number

Information about the channel number of the assigned hardware drive (read-only); no manual configuration
is required. It is used for communication purposes.

EtherCAT Slave Oid
Object ID of the EtherCAT slave.

Dead Time Compensation

Dead times are automatically determined during EtherCAT initialization and taken into account in
TwinCAT MC3. The calculated values generally do not require any manual adjustment. Nevertheless, a
manual configuration can be necessary, for example to compensate the drive's internal dead times.

Name Default value Unit Type
Dead Time Compensation from |NonlinearShift MC.EDeadTimeCompensationMode
Hardware [) 197]

Additional Time Shift from |0.0 ms LREAL

Hardware
Dead Time Compensation to NonlinearShift MC.EDeadTimeCompensationMode
Hardware J} 197]

Additional Time Shift to 0.0 ms LREAL

Hardware

Dead Time Compensation from Hardware

Set how the compensated actual position should be calculated. The dead time is automatically determined
during EtherCAT initialization.

Additional Time Shift from Hardware
Additional offset of the automatically calculated dead time to compensate for the current position.
Dead Time Compensation to Hardware

Specify how the compensated target position is to be calculated. The dead time is automatically determined
during EtherCAT initialization.

Additional Time Shift to Hardware

Additional offset for the automatically determined dead time used to compensate for the target position.
Negative values result in a delay time in the output to the drive amplifier.

Actual Position Filter

Name Default value Unit Type
Filter Type None MC.EFilterType [P 199]
Filter Time Position 0.0 s LREAL
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Name Default value Unit Type
Filter Time Velocity 0.0 S LREAL
Filter Time 0.01 s LREAL
Acceleration
Filter Time 0.001 s LREAL

Filter Type

None

No filter is applied.
PT1-Filter

This is a first-order delay element (digital low-pass filter, proportional element with first-order delay) used to
smooth out noisy signals (actual value). The PT1 filter is applied independently to the three actual values:
position, velocity, and acceleration. Each variable has its own filter time constant. The filter time constants
should be selected from the positive range of values. The value 0. 0 disables filtering for the corresponding
variable. The larger the filter time constant, the more the actual value is smoothed, and the greater the delay.
Because the variables are filtered separately, the output values are not necessarily consistent with each
other.

MovingAverage-Filter

The moving-average filter calculates the arithmetic mean over a sliding time window of the last N input values
and is thus a simple FIR low-pass filter (with a finite impulse response).

The moving-average filter is applied independently to the three actual values: position, velocity, and
acceleration. Each variable has its own window length: N. The window length is calculated as the quotient of
the parameterized filter time and the cycle time. The maximum window length is 1000 data points. The dead
time is equal to half the window length.

Since the variables are filtered separately, the output values are not necessarily consistent with one another.
With a filter time of 0. 0, the actual value is processed immediately and is not filtered. A long filter time
results in significant smoothing and increases the dead time.

KalmanFilter3x1l

The 3x1 Kalman filter estimates a set of position (s), velocity (v), and acceleration (a) values based on the
continuous actual position values. On the one hand, this serves to reduce noise; on the other hand, the
calculation of (s, v, a) is performed consistently, i.e., taking into account the interdependence of these
variables. 3x1 indicates that the filter has three output variables (s, v, a) and one input variable (s).

It is often advantageous for (s, v, a) to be consistent with one another. In particular, the Kalman filter is
recommended when coupling an axis to an encoder signal.

The 3x1 Kalman filter is configured using the “Filter Time” parameter, which defines the time scale used to
calculate (s, v, a). The choice of this parameter represents a trade-off between noise reduction and dynamic
response. A longer filter time results in greater noise reduction but a decrease in responsiveness, and vice
versa (see the Filter Time parameter below).

Filter Time Position

This parameter is enabled when the Filter Type issetto PT1 or MovingAverage . The value
0.0 disables position filtering. The filter time constant must be selected from the positive range of values.
The larger the filter time constant, the more the actual value is smoothed, and the greater the delay.

Filter Time Velocity

This parameter is enabled when the Filter Type issetto PT1 or MovingAverage . The value
0.0 disables velocity filtering. The filter time constant must be selected from the positive range of values.
The larger the filter time constant, the more the actual value is smoothed, and the greater the delay.

Filter Time Acceleration

This parameter is enabled when the Filter Type issetto PT1 or MovingAverage . The value
0.0 disables acceleration filtering. The filter time constant must be selected from the positive range of
values. The larger the filter time constant, the more the actual value is smoothed, and the greater the delay.
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Filter Time

The parameter is active when the Filter Type issetto KalmanFilter3xl . The Kalman filteris
adapted to the application using a simplified parameterization with a single filter time constant. The larger the
filter time constant, the greater the degree of smoothing.

3.2.3.8.4.2 Online Parameter

Scaling

Name Unit Type
Work Zero Offset [PosUnit] LREAL
Active Homing Offset [PosUnit] LREAL

Work Zero Offset

Non-persistent offset that can be set using the MC_SetPosition function block. If MC_SetPosition is executed
multiple times, the individual offsets are combined, taking the sign into account.
The offset is active at runtime and is reset when TwinCAT is restarted.

Work Zero Offset = Specified new position - Current target position
Active Homing Offset

Displays the temporary offset calculated during the last homing procedure. This value is not permanently
saved.

TouchProbe1 Positive Edge Status

Name Type

State MC.ETouchProbeTriggerState [P 203]
Last Position LREAL

Last DC timestamp LINT

State

Current state of the touch probe unit.
Last Position

The position where the configured event was last detected. The value #Invalid indicates that no event has
been recorded yet.

Last DC timestamp

DC Time in nanoseconds when the configured event was last recorded. The value 0 indicates that no event
has been recorded yet.

TouchProbe1 Negative Edge Status

Name Type

State MC.ETouchProbeTriggerState [P 203]
Last Position LREAL

Last DC timestamp LINT

State

Current state of the touch probe unit.
Last Position

The position where the configured event was last detected. The value #Invalid indicates that no event has
been recorded yet.
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Last DC timestamp

DC Time in nanoseconds when the configured event was last recorded. The value 0 indicates that no event
has been recorded yet.

3.2.3.8.4.3 Data Area

In general, TcCOM objects can contain data areas that can be used by the environment (e.g., by a PLC
instance or by the TwinCAT I/O area). For TwinCAT MC3 TcCOM objects, you have a choice of data
structures to use via the Data Area tab.

SoE Drive / SoE Inputs

Enable (de- [Name Type Description
fault)
Drive status word UINT Status information
Position feedback DINT Actual position of the I/O drive in increments.
value 1
Following distance DINT Position lag (position control deviation, i.e. target position
minus actual position) of the I/O drive in increments.
Velocity feedback DINT Actual velocity of the 1/O drive in increments.
]
value 1
Torque feedback INT Actual torque/force value of the 1/O drive in increments.
value
WocState BIT Working counter
InputToggle BIT Level change upon receipt of a new telegram.
DclnputShift DINT Used for drive dead time compensation.
DcOutputShift DINT Used for drive dead time compensation.

SoE Drive / SoE Touch Probe Inputs

In the default setting, this data range is disabled.

Enable (de- [Name Type Description
fault)
Probe value 1 positive |DINT This element returns the position value of touch probe 1 on
e
edge the rising edge.
Probe value 1 DINT This element returns the position value of touch probe 1 on
. .
negative edge a falling edge.
Probe 1 positive UINT Event detected on a rising edge for touch probe 1.
latched
Probe 1 negative UINT Event detected on the falling edge for touch probe 1.
latched
Probe 1 time positive |UDINT |This element provides the timestamp when a rising edge
edge event was detected at touch probe 1.
Probe 1 time negative |UDINT  |This element provides the timestamp for when a falling-edge
edge event was detected at touch probe 1.
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SoE Drive / SoE Outputs

Enable (de- [Name Type Description
fault)
Master control word |WORD  |Control information
Position command DINT Current target position in increments
value The target position of the MC3 axis in physical units, e.g.
mm or degrees, is mathematically converted to an
incremental value by MC3 and transferred to the drive.
Overflows of the incremental value are hereby taken into
account by the MC3 in the target position.
n Velocity command DINT Current target velocity in increments

value The target velocity of the MC3 axis in physical units, e.g.

mm/s or degrees/s, is mathematically converted to an
incremental value by MC3 and transferred to the drive.

SoE Drive / SoE Touch Probe Outputs

In the default setting, this data range is disabled.

Enable (de- [Name Type Description
fault)
Probe 1 enable UINT Turn on touch probe 1.

NOTICE

Warning in the error log window caused by selected entries that are not linked to an I/0
device

Entries in the data areas of drive and encoder objects that are enabled (Enable = True) but are not linked to
the 1/O drive object result in a warning in the error log window. If the link for a function used at runtime is

missing, this results in a runtime error. For example, an axis cannot be started if the status word from the I/
O drive object is not linked.

« Link the required entries for the interface between the axis and the 1/0 device

» Deselect the entry that is not required to avoid generating a warning.

3.2.3.8.5 CoE DS408 Drive (hydraulic)
Module for linking an MC3 axis to a drive with the CoE DS408 (hydraulic) drive profile.

® View of subordinate objects

1 Depending on the Show Hidden Children setting in the context menu of an overlying parent object,
child objects are hidden. Parameters and data areas of the child object are visible in the parent
object when this setting is disabled.

» To display child objects, right-click the parent object (context menu) > and click Show Hidden
Children.
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3.2.3.8.5.1 Init Parameter

Scaling

Name Default value Unit Type
Velocity Scaling 1.0 INC/([PosUnit]/s) LREAL
Numerator to Hardware

Velocity Scaling 1.0 LREAL
Denominator to Hardware

Direction Inverted FALSE BOOL
Output Zero Offset 0.0 % LREAL

Velocity Scaling Numerator to Hardware

Velocity Scaling Numerator To Hardware is used to calculate the target and actual velocity values
from the encoder revolutions.

Velocity Scaling Denominator to Hardware

Velocity Scaling Denominator To Hardware is used to calculate the target and actual velocity
values from the encoder count.

Invert Direction
Invert Direction Specifies whether the velocity values to and from the hardware should be inverted.
Output Zero Offset

Output Zero Offset indicates the output at zero velocity as a percentage of the maximum output range
(+-32767 for analog drives).

Connection
Name Default value Unit Type
AMS address 0.0.0.0.0.0:0
.netld 0.0.0.0.0.0 AMSNETID
.port 0x0000 WORD
Channel Number 0 UDINT
EtherCAT Slave Oid 00000000 OTCID
AMS address

Information about the address of the assigned hardware drive (read-only); no manual configuration is
required. It is used for communication purposes.

Channel Number

Information about the channel number of the assigned hardware drive (read-only); no manual configuration
is required. It is used for communication purposes.

EtherCAT Slave Oid
Object ID of the EtherCAT slave.

Dead Time Compensation

A requirement for high-precision conversion of positions into times and vice versa is precise dead time
compensation of the axes.

Name Default value Unit Type

Dead Time NonlinearShift
Compensation

MC.EDeadTimeCompensati
onMode [» 197
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Name Default value Unit Type
Additional Time Shiftto |0.0 ms LREAL
Hardware

Dead Time Compensation

Specify how the compensated target position and actual position are to be calculated. The dead time is
automatically determined during EtherCAT initialization.

Additional Time Shift to Hardware

Additional time shift of the automatically determined dead time for target position compensation.

3.2.3.8.5.2 Online Parameter

Name Unit Type
Spool Set Position LREAL
Spool Act Position LREAL

Spool Set Position
Setpoint for the coil position ((-)1.0 = full power)
Spool Act Position

Current value of the coil position ((-)1.0 = full power)

3.2.3.8.5.3 Data Area

In general, TcCOM objects can contain data areas that can be used by the environment (e.g., by a PLC
instance or by the TwinCAT I/O area). For TwinCAT MC3 TcCOM objects, you have a choice of data
structures to use via the Data Area tab.

CoE DS408 Drive (hydraulic) / DS408 Inputs

Enable (de- Name Type Description
fault)
Status word UINT Status information
Valve Act Spool Position INT Current position of the valve slide
WocState BIT Working counter
InputToggle BIT Level change upon receipt of a new
telegram

CoE DS408 Drive (hydraulic) / DS408 Outputs

Enable (de- Name Type Description
fault)
Control word UINT Control information
Valve Set Spool Position INT Target position of the valve spool
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NOTICE

Warning in the error log window caused by selected entries that are not linked to an I/0
device

Entries in the data areas of drive and encoder objects that are enabled (Enable = True) but are not linked to
the 1/O drive object result in a warning in the error log window. If the link for a function used at runtime is
missing, this results in a runtime error. For example, an axis cannot be started if the status word from the I/
O drive object is not linked.

« Link the required entries for the interface between the axis and the 1/0 device
» Deselect the entry that is not required to avoid generating a warning.

3.2.3.8.6 Analog Drive

Module for linking an MC3 axis to an analog drive.

® View of subordinate objects

1 Depending on the Show Hidden Children setting in the context menu of an overlying parent object,
child objects are hidden. Parameters and data areas of the child object are visible in the parent
object when this setting is disabled.

» To display child objects, right-click the parent object (context menu) > and click Show Hidden

Children.
3.2.3.8.6.1 Init Parameter
Scaling
Name Default value Unit Type
Velocity Scaling 1.0 INC/([PosUnit]/s) LREAL
Numerator to Hardware
Velocity Scaling 1.0 LREAL
Denominator to Hardware
Direction Inverted FALSE BOOL
Output Zero Offset 0.0 % LREAL

Velocity Scaling Numerator to Hardware

Velocity Scaling Numerator To Hardware is used to calculate the analog output value based on
the velocity setpoint.

Velocity Scaling Denominator to Hardware

Velocity Scaling Denominator To Hardware is used to calculate the analog output value based on
the velocity setpoint.

Direction Inverted

The Direction Inverted parameter can reverse the counting direction of the encoder or drive:

* FALSE: The polarity of the axis movement agrees with the counting direction of the acquisition
hardware.

* TRUE: The polarity of the axis movement is in the opposite sense to that of the counting direction of the
acquisition hardware.
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Risk of injury from unexpected movements

If the counting direction of the encoder and the motor polarity do not match, the axis will perform
unexpected movements.

* When commissioning the system, make sure that the drive's direction of rotation is set correctly.
» Always maintain a safe distance.

Output Zero Offset

Output Zero Offset indicates the output at zero velocity as a percentage of the maximum output range
(+-32767 for analog drives).

Connection
Name Default value Unit Type
AMS address 0.0.0.0.0.0:0
.netld 0.0.0.0.0.0 AMSNETID
.port 0x0000 WORD
Channel Number 0 UDINT
EtherCAT Slave Oid 00000000 OTCID

AMS address

Information about the address of the assigned hardware drive (read-only); no manual configuration is
required. It is used for communication purposes.

Channel Number

Information about the channel number of the assigned hardware drive (read-only); no manual configuration
is required. It is used for communication purposes.

EtherCAT Slave Oid
Object ID of the EtherCAT slave.

Dead Time Compensation

A requirement for high-precision conversion of positions into times and vice versa is precise dead time
compensation of the axes.

Name Default value Unit Type

Dead Time NonlinearShift MC.EDeadTimeCompensati
Compensation onMode [» 197]

Additional Time Shiftto |0.0 ms LREAL

Hardware

Dead Time Compensation

Specify how the compensated target position and actual position are to be calculated. The dead time is
automatically determined during EtherCAT initialization.

Additional Time Shift to Hardware

Additional time shift of the automatically determined dead time for target position compensation.

3.2.3.8.6.2 Data Area

In general, TcCOM objects can contain data areas that can be used by the environment (e.g., by a PLC
instance or by the TwinCAT I/O area). For TwinCAT MC3 TcCOM objects, you have a choice of data
structures to use via the Data Area tab.
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Analog Drive / Analog Inputs

Enable (de- Name Type Description
fault)
WocState BIT Working counter

Analog Drive / Analog Outputs

Enable (de- Name Type Description
fault)
Output INT Initial value

NOTICE

Warning in the error log window caused by selected entries that are not linked to an 1/0
device

Entries in the data areas of drive and encoder objects that are enabled (Enable = True) but are not linked to
the 1/0O drive object result in a warning in the error log window. If the link for a function used at runtime is
missing, this results in a runtime error. For example, an axis cannot be started if the status word from the I/
O drive object is not linked.

* Link the required entries for the interface between the axis and the 1/0 device
» Deselect the entry that is not required to avoid generating a warning.

3.2.3.8.7 PulseTrain Drive

Module for linking an MC3 axis to a drive using the PulseTrain drive profile.

® View of subordinate objects

1 Depending on the Show Hidden Children setting in the context menu of an overlying parent object,
child objects are hidden. Parameters and data areas of the child object are visible in the parent
object when this setting is disabled.

» To display child objects, right-click the parent object (context menu) > and click Show Hidden

Children.
3.2.3.8.7.1 Init Parameter
Scaling
Name Default value Unit Type
Position Scaling 1.0 [PosUnit]/INC LREAL
Numerator from
Hardware
Position Scaling 1.0 LREAL
Denominator from
Hardware
Direction Inverted FALSE BOOL
Encoder Mounting Offset |0.0 [PosUnit] LREAL

The position scaling factor is divided into a numerator and a denominator. It is used to convert the path
increments into axis positions or to calculate a user unit from encoder increments.

Position Scaling Numerator from Hardware

Position Scaling Numerator From Hardware is the feed rate that the application applies when the output
shaft has completed one revolution.

Position Scaling Denominator from Hardware
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Position Scaling Denominator From Hardware is the number of increments that the drive outputs when the
motor shaft has completed one revolution.

Example 1 on position scaling:

Motor without gear unit with 100 mm pinion on AX5000 with default settings:

¢ Numerator: 100 mm
e Denominator: 1048576

Example 2 on position scaling:

Motor with gear unit with i=10 on turntable on AX5000 with default settings:
* Numerator: 360° / 10 = 36°
* Denominator: 1048576

Direction Inverted

The Direction Inverted parameter can reverse the counting direction of the encoder or drive:

* FALSE: The polarity of the axis movement agrees with the counting direction of the acquisition
hardware.

* TRUE: The polarity of the axis movement is in the opposite sense to that of the counting direction of the
acquisition hardware.

Risk of injury from unexpected movements

If the counting direction of the encoder and the motor polarity do not match, the axis will perform
unexpected movements.

* When commissioning the system, make sure that the drive's direction of rotation is set correctly.

» Always maintain a safe distance.

Encoder Mounting Offset

An offset used to correct the position of an encoder system or align it within the machine coordinate system,
thereby defining the machine-specific zero point. This offset is restored when the controller is restarted.

Connection
Name Default value Unit Type
AMS address 0.0.0.0.0.0:0
.netld 0.0.0.0.0.0 AMSNETID
.port 0x0000 WORD
Channel Number 0 UDINT
EtherCAT Slave Oid 00000000 OTCID

AMS address

Information about the address of the assigned hardware drive (read-only); no manual configuration is
required. It is used for communication purposes.

Channel Number

Information about the channel number of the assigned hardware drive (read-only); no manual configuration
is required. It is used for communication purposes.

EtherCAT Slave Oid
Object ID of the EtherCAT slave.
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Dead Time Compensation

A requirement for high-precision conversion of positions into times and vice versa is precise dead time
compensation of the axes.

Name Default value Unit Type

Dead Time NonlinearShift MC.EDeadTimeCompensati
Compensation onMode [» 197]

Additional Time Shiftto |0.0 ms LREAL

Hardware

Dead Time Compensation

Specify how the compensated target position and actual position are to be calculated. The dead time is
automatically determined during EtherCAT initialization.

Additional Time Shift to Hardware

Additional time shift of the automatically determined dead time for target position compensation.

Actual Position Filter

Name Default value Unit Type
Filter Type None MC.EFilterType [P_199]
Filter Time Position 0.0 S LREAL
Filter Time Velocity (0.0 S LREAL
Filter Time 0.01 s LREAL
Acceleration
Filter Time 0.001 s LREAL
Filter Type
None

No filter is applied.
PT1-Filter

This is a first-order delay element (digital low-pass filter, proportional element with first-order delay) used to
smooth out noisy signals (actual value). The PT1 filter is applied independently to the three actual values:
position, velocity, and acceleration. Each variable has its own filter time constant. The filter time constants
should be selected from the positive range of values. The value 0. 0 disables filtering for the corresponding
variable. The larger the filter time constant, the more the actual value is smoothed, and the greater the delay.
Because the variables are filtered separately, the output values are not necessarily consistent with each
other.

MovingAverage-Filter

The moving-average filter calculates the arithmetic mean over a sliding time window of the last N input values
and is thus a simple FIR low-pass filter (with a finite impulse response).

The moving-average filter is applied independently to the three actual values: position, velocity, and
acceleration. Each variable has its own window length: N. The window length is calculated as the quotient of
the parameterized filter time and the cycle time. The maximum window length is 1000 data points. The dead
time is equal to half the window length.

Since the variables are filtered separately, the output values are not necessarily consistent with one another.
With a filter time of 0. 0, the actual value is processed immediately and is not filtered. A long filter time
results in significant smoothing and increases the dead time.

KalmanFilter3x1l

The 3x1 Kalman filter estimates a set of position (s), velocity (v), and acceleration (a) values based on the
continuous actual position values. On the one hand, this serves to reduce noise; on the other hand, the
calculation of (s, v, a) is performed consistently, i.e., taking into account the interdependence of these
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variables. 3x1 indicates that the filter has three output variables (s, v, a) and one input variable (s).

It is often advantageous for (s, v, a) to be consistent with one another. In particular, the Kalman filter is
recommended when coupling an axis to an encoder signal.

The 3x1 Kalman filter is configured using the “Filter Time” parameter, which defines the time scale used to
calculate (s, v, a). The choice of this parameter represents a trade-off between noise reduction and dynamic
response. A longer filter time results in greater noise reduction but a decrease in responsiveness, and vice
versa (see the Filter Time parameter below).

Filter Time Position

This parameter is enabled when the Filter Type issetto PT1 or MovingAverage . The value
0.0 disables position filtering. The filter time constant must be selected from the positive range of values.
The larger the filter time constant, the more the actual value is smoothed, and the greater the delay.

Filter Time Velocity

This parameter is enabled when the Filter Type issetto PT1 or MovingAverage . The value
0.0 disables velocity filtering. The filter time constant must be selected from the positive range of values.
The larger the filter time constant, the more the actual value is smoothed, and the greater the delay.

Filter Time Acceleration

This parameter is enabled when the Filter Type issetto PT1 or MovingAverage . The value
0.0 disables acceleration filtering. The filter time constant must be selected from the positive range of
values. The larger the filter time constant, the more the actual value is smoothed, and the greater the delay.

Filter Time

The parameter is active when the Filter Type issetto KalmanFilter3xl . The Kalman filteris
adapted to the application using a simplified parameterization with a single filter time constant. The larger the
filter time constant, the greater the degree of smoothing.

3.2.3.8.7.2 Online Parameter

Scaling

Name Unit Type
Work Zero Offset [PosUnit] LREAL
Active Homing Offset [PosUnit] LREAL

Work Zero Offset

Non-persistent offset that can be set using the MC_SetPosition function block. If MC_SetPosition is executed
multiple times, the individual offsets are combined, taking the sign into account.
The offset is active at runtime and is reset when TwinCAT is restarted.

Work Zero Offset = Specified new position - Current target position
Active Homing Offset

Displays the temporary offset calculated during the last homing procedure. This value is not permanently
saved.

3.2.3.8.7.3 Data Area

In general, TcCOM objects can contain data areas that can be used by the environment (e.g., by a PLC
instance or by the TwinCAT I/O area). For TwinCAT MC3 TcCOM objects, you have a choice of data
structures to use via the Data Area tab.
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PulseTrain Drive / PulseTrain Inputs

Enable (de- [Name Type Description
fault)
WocState BIT Working counter
InputToggle BIT Level change upon receipt of a new telegram
Counter value UDINT  |Meter reading
ENC Sync error BIT The Sync error bit is required only for distributed clocks
mode and indicates whether a synchronization error
occurred during the previous cycle.
ENC TxPDO State BIT Validity of the data in the associated TxPDO (0=valid,
o
1=invalid).
ENC TxPDO Toggle |BIT The TxPDO toggle is set by the slave when the data in the
corresponding TxPDO has been updated.
DclnputShift DINT Used for dead-time compensation of the drive.
DcOutputShift DINT Used for dead-time compensation of the drive.

PulseTrain Drive / PulseTrain Outputs

Enable (de- [Name Type Description
fault)
PTO Automatic BIT The terminal selects the direction of travel based on the
direction position difference (actual and target values) in such a way

that the shorter distance is preferred.
Target counter value |UDINT |Target meter reading

NOTICE

Warning in the error log window caused by selected entries that are not linked to an 1/0
device

Entries in the data areas of drive and encoder objects that are enabled (Enable = True) but are not linked to
the 1/O drive object result in a warning in the error log window. If the link for a function used at runtime is
missing, this results in a runtime error. For example, an axis cannot be started if the status word from the I/
O drive object is not linked.

« Link the required entries for the interface between the axis and the 1/0 device
» Deselect the entry that is not required to avoid generating a warning.

3.2.3.8.8 Pulse Width Current Drive (MDP250) (both channels)

Module for linking an MC3 axis to a drive with the Pulse Width Current Drive (MDP250) drive profile (both
channels).

® View of subordinate objects

1 Depending on the Show Hidden Children setting in the context menu of an overlying parent object,
child objects are hidden. Parameters and data areas of the child object are visible in the parent
object when this setting is disabled.

» To display child objects, right-click the parent object (context menu) > and click Show Hidden
Children.
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3.2.3.8.8.1 Init Parameter

Scaling

Name Default value Unit Type
Velocity Scaling 1.0 INC/([PosUnit]/s) LREAL
Numerator to Hardware

Velocity Scaling 1.0 LREAL
Denominator to Hardware

Direction Inverted FALSE BOOL
Output Zero Offset 0.0 % LREAL

Velocity Scaling Numerator to Hardware

Velocity Scaling Numerator To Hardware is used to calculate the analog output value based on
the velocity setpoint.

Velocity Scaling Denominator to Hardware

Velocity Scaling Denominator To Hardware is used to calculate the analog output value based on
the velocity setpoint.

Direction Inverted

The Direction Inverted parameter can reverse the counting direction of the encoder or drive:

* FALSE: The polarity of the axis movement agrees with the counting direction of the acquisition
hardware.

* TRUE: The polarity of the axis movement is in the opposite sense to that of the counting direction of the
acquisition hardware.

Risk of injury from unexpected movements

If the counting direction of the encoder and the motor polarity do not match, the axis will perform
unexpected movements.

* When commissioning the system, make sure that the drive's direction of rotation is set correctly.

» Always maintain a safe distance.

Output Zero Offset

Output Zero Offset indicates the output at zero velocity as a percentage of the maximum output range
(+-32767 for analog drives).

Connection
Name Default value Unit Type
AMS address 0.0.0.0.0.0:0
.netld 0.0.0.0.0.0 AMSNETID
.port 0x0000 WORD
Channel Number 0 UDINT
EtherCAT Slave Oid 00000000 OTCID

AMS address

Information about the address of the assigned hardware drive (read-only); no manual configuration is
required. It is used for communication purposes.

Channel Number

Information about the channel number of the assigned hardware drive (read-only); no manual configuration
is required. It is used for communication purposes.
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EtherCAT Slave Oid

Object ID of the EtherCAT slave.

Dead Time Compensation

A requirement for high-precision conversion of positions into times and vice versa is precise dead time
compensation of the axes.

Name Default value Unit Type
Dead Time_ None MC.EDeadTimeCompensati
Compensation onMode [» 197]

Additional Time 0.0 ms LREAL

Shift to Hardware

Dead Time Compensation

Specify how the compensated setpoint and actual value should be calculated. The dead time is automatically
determined during EtherCAT initialization.

Dead Time Compensation to Hardware

Time required to adjust the automatically calculated dead time for setpoint compensation.

3.2.3.8.8.2 Online Parameter

Functionality

Name Unit Type

Dither Enabled BOOL

Enables the drive's dither signal to reduce hysteresis and static friction effects.

3.2.3.8.8.3 Data Area

In general, TcCOM objects can contain data areas that can be used by the environment (e.g., by a PLC
instance or by the TwinCAT I/O area). For TwinCAT MC3 TcCOM objects, you have a choice of data
structures to use via the Data Area tab.

Pulse Width Current Drive (MDP250) (both channels) / PWM Inputs

Enable (de- [Name Type Description
fault)
Channel 1 Ready to |BIT Channel 1: The terminal indicates that it is ready for
enable operation.
Channel 1 Warning BIT Channel 1: A warning has occurred.
Channel 1 Error BIT Channel 1: An error has occurred, and the output drivers are
:
disabled.
Channel 2 Ready to  |BIT Channel 2: The terminal indicates that it is ready for
enable operation.
Channel 2 Warning  |BIT Channel 2: A warning has occurred.
Channel 2 Error BIT Channel 2: An error has occurred, and the output drivers are
:
disabled.
WocState BIT Working counter
InputToggle BIT Level change upon receipt of a new telegram.
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Pulse Width Current Drive (MDP250) (both channels) / PWM Outputs

Enable (de- [Name Type Description
fault)
Channel 1 Enable BIT Dithering for Channel 1 is "enabled."
dithering
Channel 1 Enable BIT Enable dithering for channel 1.
Channel 1 Reset BIT Resetting an error on Channel 1.
Channel 1 PWM INT Output from the PWM terminal on channel 1
Output
Channel 2 Enable BIT Dithering for Channel 2 is "enabled”.
dithering
Channel 2 Enable BIT Enable dithering for channel 2.
Channel 2 Reset BIT Resetting an error on Channel 2.
Channel 2 PWM INT Output from the PWM terminal on channel 2.
Output

NOTICE

Warning in the error log window caused by selected entries that are not linked to an I/0
device

Entries in the data areas of drive and encoder objects that are enabled (Enable = True) but are not linked to
the 1/O drive object result in a warning in the error log window. If the link for a function used at runtime is
missing, this results in a runtime error. For example, an axis cannot be started if the status word from the I/
O drive object is not linked.

« Link the required entries for the interface between the axis and the 1/O device
» Deselect the entry that is not required to avoid generating a warning.

3.2.3.9 Encoder modules

The following section contains information about the available encoder modules.

3.2.3.91 EtherCAT Encoder
Module for linking an MC3 axis to an EtherCAT encoder.

® View of subordinate objects

1 Depending on the Show Hidden Children setting in the context menu of an overlying parent object,
child objects are hidden. Parameters and data areas of the child object are visible in the parent
object when this setting is disabled.

» To display child objects, right-click the parent object (context menu) > and click Show Hidden

Children.
3.2.3.9.1.1 Init Parameter
General
Name Default value Unit Type
Position Interpretation Incremental MC.EEncoderInterpretation [»_198]
Maximum Absolute 1048575 INC UDINT

Counter Value

(Visibility depends on
position interpretation)
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Name Default value Unit Type

Position Data Range FullRange MC.EEncoderDataRange [» 198]
Minimum Counter 32-bit encoder system INC LINT
Value

* unsigned: 0

(VlSlblllty depends on . Signed: -2147483648
the position data range

setting)
Maximum Counter 32-bit encoder system INC LINT
Value . unsigned: 4294967295

(Visibility depends on |, signed: 2147483647
the position data range

setting)
Feedback Velocity Source HardwareProvidedIfAvailabl MC.EEncoderFeedbackVeloSource

e [» 198

Position Interpretation

The Position Interpretation parameter defines the semantics according to which the values are
transmitted by the position encoder and interpreted by the MC3 axis.

Incremental

The Incremental setting does not use the absolute properties of the physical feedback system, but can be
used with both incremental and absolute encoder systems. After starting the controller, homing is required to
initialize the actual position of the axis (IsPositionvalid = FALSE).

AbsoluteFullRange

The 2AbsoluteFullRange setting is typically used with multi-turn or single-turn absolute encoders. The
MC3 axis takes into account the entire data range of the data type in the 1/0O mapping (FullRange). The
maximum number of increments corresponds to the upper limit of the data type. The size of the data type is
specified in the protocol used.

When the controller is powered on or restarted and position limits are enabled, the axis signals
IsPositionValid = TRUE. Configuring and enabling the software-based position limits for the axis allows
the axis position to be restored after a controller restart. This applies to a maximum of one overflow of the
transmitted increments. The position limits must be selected such that the resulting possible travel range of
the axis is less than the encoder’s counting range (FullRange).

If the position limits are disabled, the axis signals this with IsPositionvalid = FALSE. A homing run is
not required for AbsoluteFullRange.

AbsolutUserDataRange

The same boundary conditions apply as for the setting. AbsoluteFullRange. In addition, the parameter
Maximum Absolute Counter Value is displayed and taken into account:

* Maximum Absolute Counter Value
Unique maximum number of increments that the encoder system transmits (within the limits of the data
type used). For example, the default value is set to 2420-1.

AbsoluteModulo

The position increments are transmitted by the 1/0 device using modulo logic. For example, if one revolution
of the encoder system corresponds to the modulus of the MC3 axis, the position is unique within this range.
The axis indicates IsPositionValid = TRUE.

Position Data Range

The Position Data Range parameter defines the value range of the encoder system that is used for
position calculation. This refers to the raw value received from the drive or encoder via the process data
(PDO mapping) and enables the detection and handling of overflows. The parameter can only be changed at
configuration time, not at runtime.
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FullRange

Position overflow is based on the data type limits of the respective encoder system. For a signed 32-bit
encoder system (e.g., CoE DS402 Drive (AX8000), SoE Drive (AX5000), EtherCAT encoder), this implicitly
means a value range from -2147483648 to 2147483647. For an unsigned 32-bit encoder system (e.g.,
MDP742 Drive (selected ELM72xx), SSI encoder), this implies a value range from 0 to 4294967295.

UserDefined

This parameter value allows you to manually enter the range limits used to determine an overflow. Two
additional parameters for entering the upper and lower limits will be displayed:

¢ Minimum Counter Value
e Maximum Counter Value

Feedback Velocity Source

Specifies the source of the actual velocity (AXIS_REF.McToPIc.Act.Velocity). The velocity can either be
obtained from the hardware being used or calculated internally by differentiating the actual position value.

HardwareProvidedIfAvailable (Default value)

Uses the velocity provided by the hardware. If no entry for the actual velocity is mapped in the process data,
it is automatically calculated internally.

InternallyCalculated

Velocity is always calculated from the derivative of the actual positions. Actual hardware velocities are
ignored, even if they are available.

HardwareProvided

The velocity is always taken directly from the hardware feedback. This requires linking the actual velocity via
process data (PDO mapping). If the mapping is missing, this will result in an error when the configuration is
started.

Scaling

Name Default value Unit Type

Position Scaling 360 [PosUnit[/INC LREAL
Numerator from
Hardware

Position Scaling 1048576.0 LREAL
Denominator from
Hardware

Encoder Mounting Offset |0.0 [PosUnit] LREAL
Direction Inverted FALSE BOOL
Velocity Scaling 1.0 [PosUnit]/(INC*s) LREAL

Numerator from
Hardware

Velocity Scaling 1.0 LREAL
Denominator from
Hardware

The position scaling factor is divided into a numerator and a denominator. It is used to convert the path
increments into axis positions or to calculate a user unit from encoder increments.

Position Scaling Numerator from Hardware

Position Scaling Numerator From Hardware is the feed rate that the application applies when the output
shaft has completed one revolution.
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Position Scaling Denominator from Hardware

Position Scaling Denominator From Hardware is the number of increments that the drive outputs when the
motor shaft has completed one revolution.

Example 1 on position scaling:

Motor without gear unit with 100 mm pinion on AX5000 with default settings:

e Numerator: 100 mm
¢ Denominator: 1048576

Example 2 on position scaling:

Motor with gear unit with i=10 on turntable on AX5000 with default settings:

¢ Numerator: 360° /10 = 36°
¢ Denominator: 1048576

Encoder Mounting Offset

An offset used to correct the position of an encoder system or align it within the machine coordinate system,
thereby defining the machine-specific zero point. This offset is restored when the controller is restarted.

Direction Inverted

The Direction Inverted parameter can reverse the counting direction of the encoder or drive:

* FALSE: The polarity of the axis movement agrees with the counting direction of the acquisition
hardware.

* TRUE: The polarity of the axis movement is in the opposite sense to that of the counting direction of the
acquisition hardware.

Risk of injury from unexpected movements

If the counting direction of the encoder and the motor polarity do not match, the axis will perform
unexpected movements.

* When commissioning the system, make sure that the drive's direction of rotation is set correctly.

» Always maintain a safe distance.

Velocity Scaling Numerator from Hardware
Used to calculate the actual velocity value from the encoder pulses.
Velocity Scaling Denominator from Hardware

Used to calculate the actual velocity value from the encoder pulses.

Dead Time Compensation

A requirement for high-precision conversion of positions into times and vice versa is precise dead time
compensation of the axes.

Name Default value Unit Type
Dead Time NonlinearShift MC.EDeadTimeCompensati
Compensation onMode [»_197]

Additional Time 0.0 ms LREAL

Shift from Hardware

Dead Time Compensation

Specify how the compensated target value and actual value are to be calculated. The dead time is
automatically determined during EtherCAT initialization.

Additional Time Shift from Hardware
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Additional offset of the automatically calculated dead time to compensate for the current position.

Connection
Name Default value Unit Type
AMS address 0.0.0.0.0.0:0
.netld 0.0.0.0.0.0 AMSNETID
.port 0x0000 WORD
Channel Number 0 UDINT
EtherCAT Slave Oid 00000000 OTCID

AMS address

Information about the address of the assigned hardware drive (read-only); no manual configuration is

required. It is used for communication purposes.

Channel Number

Information about the channel number of the assigned hardware drive (read-only); no manual configuration
is required. It is used for communication purposes.

EtherCAT Slave Oid

Object ID of the EtherCAT slave.

Status Mask

Name Default value Unit Type
Status Word Error Mask |0x0008 WORD
Actual Position Filter
Name Default value Unit Type
Filter Type None MC.EFilterType [»_199]
Filter Time Position |0.0 LREAL
Filter Time Velocity |0.0 LREAL
Filter Time 0.01 LREAL
Acceleration
Filter Time 0.001 S LREAL
Filter Type
None

No filter is applied.
PT1-Filter

This is a first-order delay element (digital low-pass filter, proportional element with first-order delay) used to
smooth out noisy signals (actual value). The PT1 filter is applied independently to the three actual values:
position, velocity, and acceleration. Each variable has its own filter time constant. The filter time constants
should be selected from the positive range of values. The value 0. 0 disables filtering for the corresponding
variable. The larger the filter time constant, the more the actual value is smoothed, and the greater the delay.
Because the variables are filtered separately, the output values are not necessarily consistent with each
other.

MovingAverage-Filter

The moving-average filter calculates the arithmetic mean over a sliding time window of the last N input values
and is thus a simple FIR low-pass filter (with a finite impulse response).

The moving-average filter is applied independently to the three actual values: position, velocity, and
acceleration. Each variable has its own window length: N. The window length is calculated as the quotient of

84 Version: 1.1.0 TF55xx



BEGKHOFF Development environment | MOTION

the parameterized filter time and the cycle time. The maximum window length is 1000 data points. The dead
time is equal to half the window length.

Since the variables are filtered separately, the output values are not necessarily consistent with one another.
With a filter time of 0. 0, the actual value is processed immediately and is not filtered. A long filter time
results in significant smoothing and increases the dead time.

KalmanFilter3x1l

The 3x1 Kalman filter estimates a set of position (s), velocity (v), and acceleration (a) values based on the
continuous actual position values. On the one hand, this serves to reduce noise; on the other hand, the
calculation of (s, v, a) is performed consistently, i.e., taking into account the interdependence of these
variables. 3x1 indicates that the filter has three output variables (s, v, a) and one input variable (s).

It is often advantageous for (s, v, a) to be consistent with one another. In particular, the Kalman filter is
recommended when coupling an axis to an encoder signal.

The 3x1 Kalman filter is configured using the “Filter Time” parameter, which defines the time scale used to
calculate (s, v, a). The choice of this parameter represents a trade-off between noise reduction and dynamic
response. A longer filter time results in greater noise reduction but a decrease in responsiveness, and vice
versa (see the Filter Time parameter below).

Filter Time Position

This parameter is enabled when the Filter Type issetto PT1 or MovingAverage . The value
0.0 disables position filtering. The filter time constant must be selected from the positive range of values.
The larger the filter time constant, the more the actual value is smoothed, and the greater the delay.

Filter Time Velocity

This parameter is enabled when the Filter Type issetto PT1 or MovingAverage . The value
0.0 disables velocity filtering. The filter time constant must be selected from the positive range of values.
The larger the filter time constant, the more the actual value is smoothed, and the greater the delay.

Filter Time Acceleration

This parameter is enabled when the Filter Type issetto PT1 or MovingAverage . The value
0.0 disables acceleration filtering. The filter time constant must be selected from the positive range of
values. The larger the filter time constant, the more the actual value is smoothed, and the greater the delay.

Filter Time

The parameter is active when the Filter Type issetto KalmanFilter3xl . The Kalman filteris
adapted to the application using a simplified parameterization with a single filter time constant. The larger the
filter time constant, the greater the degree of smoothing.

3.2.3.9.1.2 Data Area

In general, TcCOM objects can contain data areas that can be used by the environment (e.g., by a PLC
instance or by the TwinCAT 1/O area). For TwinCAT MC3 TcCOM objects, you have a choice of data
structures to use via the Data Area tab.

EtherCAT Encoder Inputs

Enable (de- Name Type Description
fault)
Position DINT Actual position in increments.
n Velocity DINT Actual speed in increments
Status WORD Current status of the slave
WcState BIT Working counter. Indicates whether there
was valid real-time communication during
the last cycle.
InputToggle BIT Level change upon receipt of a new
telegram.
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Enable (de- Name Type Description
fault)
DclnputShift DINT Used for dead-time compensation of the
O drive.
3.2.3.9.2 Analog Load Encoder

Module for linking an MC3 axis to an analog encoder.

® View of subordinate objects

1 Depending on the Show Hidden Children setting in the context menu of an overlying parent object,
child objects are hidden. Parameters and data areas of the child object are visible in the parent
object when this setting is disabled.

» To display child objects, right-click the parent object (context menu) > and click Show Hidden

Children.
3.2.3.9.2.1 Init Parameter
General
Name Default value Unit Type
Load Type None MC.ELoadType [P _200]
Load Type

Specifies which load variable this encoder measures (e.g., Force, PressureA, PressureB).

Scaling

Name Default value Unit Type
Direction Inverted FALSE BOOL
Load Scaling Factor 0.001 [[LoadUnit}/INC] LREAL
Numerator from

Hardware

Load Scaling Factor 1.0 LREAL
Denominator from

Hardware

Load Offset 0.0 [LoadUnit] LREAL

Direction Inverted

The Direction Inverted parameter can reverse the counting direction of the encoder or drive:

* FALSE: The polarity of the axis movement agrees with the counting direction of the acquisition
hardware.

* TRUE: The polarity of the axis movement is in the opposite sense to that of the counting direction of the
acquisition hardware.

Risk of injury from unexpected movements

If the counting direction of the encoder and the motor polarity do not match, the axis will perform
unexpected movements.

* When commissioning the system, make sure that the drive's direction of rotation is set correctly.
» Always maintain a safe distance.

Load Scaling Factor Numerator from Hardware

This value is used to convert sensor increments into the actual load value.
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Load Scaling Factor Denominator from Hardware
This value is used to convert sensor increments into the actual load value.
Load Offset

Offset used to specify a machine-dependent zero point.

Connection
Name Default value Unit Type
AMS address 0.0.0.0.0.0:0
.netld 0.0.0.0.0.0 AMSNETID
.port 0x0000 WORD
Channel Number 0 UDINT
EtherCAT Slave Oid 00000000 OTCID

AMS address

Information about the address of the assigned hardware drive (read-only); no manual configuration is
required. It is used for communication purposes.

Channel Number

Information about the channel number of the assigned hardware drive (read-only); no manual configuration
is required. It is used for communication purposes.

EtherCAT Slave Oid
Object ID of the EtherCAT slave.

Actual Load Filter

Name Default value Unit Type
Filter Type None MC.EFilterType [»_199]
Filter Time Load 0.0 s LREAL
Filter Time Load 0.005 s LREAL
Derivative
Filter Time Load 0.01 s LREAL
Second Derivative
Filter Time 0.001 s LREAL
Filter Type

Defines the filter algorithm. The following types are available:
+ None: No filter is applied.
» PT1: A first-order low-pass filter.
* MovingAverage: Outputs the average value of the input signal over the filter time.
+ KalmanFilter3x1: FIR low-pass filter

Filter Time Load
Increasing positive values increase the smoothing and delay of the actual load; zero means no filtering.
Filter Time Load Derivative

Increasing positive values increase the smoothing and delay of the actual load derivative; zero means no
filtering.

Filter Time Load Second Derivative
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Increasing positive values increase the smoothing and delay of the second derivative of the actual load; zero
means no filtering.

Filter Time

Filter time for the Kalman filter. The value is squared internally to obtain the covariance of the observational
noise (R_sigma_s). Higher values produce a smoother output signal, while lower values track the measured
signal more closely.

3.2.3.9.2.2 Data Area

In general, TcCOM objects can contain data areas that can be used by the environment (e.g., by a PLC
instance or by the TwinCAT I/O area). For TwinCAT MC3 TcCOM objects, you have a choice of data
structures to use via the Data Area tab.

Analog inputs

Enable (de- Name Type Description
fault)
Underrange BIT The analog input signal is below the lower
permissible threshold for the terminal.
Overrange BIT The analog input signal exceeds the
upper permissible threshold for the
terminal.
Error BIT Data invalid
Counter value INT Meter reading
WcState BIT Working counter
3.2.3.9.3 SSI Encoder

Module for linking an MC3 axis to an SSI encoder.

® View of subordinate objects

1 Depending on the Show Hidden Children setting in the context menu of an overlying parent object,
child objects are hidden. Parameters and data areas of the child object are visible in the parent
object when this setting is disabled.

» To display child objects, right-click the parent object (context menu) > and click Show Hidden

Children.
3.2.3.9.3.1 Init Parameter
General
Name Default value Unit Type
Position Interpretation Incremental MC.EEncoderinterpretatio
n[r198]
Maximum Absolute 1048575 INC UDINT
Counter Value
(Visibility depends on
position interpretation)
Position Data Range FullRange MC.EEncoderDataRange
[»198]
Maximum Counter 32-bit encoder system INC LINT
Value « unsigned: 4294967295
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Name Default value Unit Type

(Visibility depends on |+ signed: 2147483647
the position data
range setting)

Minimum Counter 32-bit encoder system INC LINT
Value

» unsigned: 0

5%’5;%2%3552?28 ON |. signed: 2147483648

range setting)

Position Interpretation

The Position Interpretation parameter defines the semantics according to which the values are
transmitted by the position encoder and interpreted by the MC3 axis.

Incremental

The Incremental setting does not use the absolute properties of the physical feedback system, but can be
used with both incremental and absolute encoder systems. After starting the controller, homing is required to
initialize the actual position of the axis (IsPositionValid = FALSE).

AbsoluteFullRange

The AbsoluteFullRange setting is typically used with multi-turn or single-turn absolute encoders. The
MC3 axis takes into account the entire data range of the data type in the 1/0 mapping (FullRange). The
maximum number of increments corresponds to the upper limit of the data type. The size of the data type is
specified in the protocol used.

When the controller is powered on or restarted and position limits are enabled, the axis signals
IsPositionvValid = TRUE. Configuring and enabling the software-based position limits for the axis allows
the axis position to be restored after a controller restart. This applies to a maximum of one overflow of the
transmitted increments. The position limits must be selected such that the resulting possible travel range of
the axis is less than the encoder’s counting range (FullRange).

If the position limits are disabled, the axis signals this with TsPositionvalid = FALSE. A homing run is
not required for AbsoluteFullRange.

AbsolutUserDataRange

The same boundary conditions apply as for the setting. AbsoluteFullRange. In addition, the parameter
Maximum Absolute Counter Value is displayed and taken into account:

* Maximum Absolute Counter Value
Unique maximum number of increments that the encoder system transmits (within the limits of the data
type used). For example, the default value is set to 2*20-1.

AbsoluteModulo

The position increments are transmitted by the 1/0 device using modulo logic. For example, if one revolution
of the encoder system corresponds to the modulus of the MC3 axis, the position is unique within this range.
The axis indicates IsPositionValid = TRUE.

Position Data Range

The Position Data Range parameter defines the value range of the encoder system that is used for
position calculation. This refers to the raw value received from the drive or encoder via the process data
(PDO mapping) and enables the detection and handling of overflows. The parameter can only be changed at
configuration time, not at runtime.

FullRange

Position overflow is based on the data type limits of the respective encoder system. For a signed 32-bit
encoder system (e.g., CoE DS402 Drive (AX8000), SoE Drive (AX5000), EtherCAT encoder), this implicitly
means a value range from -2147483648 to 2147483647. For an unsigned 32-bit encoder system (e.g.,
MDP742 Drive (selected ELM72xx), SSI encoder), this implies a value range from 0 to 4294967295.
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UserDefined

This parameter value allows you to manually enter the range limits used to determine an overflow. Two
additional parameters for entering the upper and lower limits will be displayed:

¢ Minimum Counter Value
e Maximum Counter Value

Scaling

Name Default value Unit Type
Position Scaling 360 [PosUnit]/INC LREAL
Numerator from

Hardware

Position Scaling 1048576.0 LREAL
Denominator from

Hardware

Encoder Mounting Offset |0.0 [PosUnit] LREAL
Direction Inverted FALSE BOOL

The position scaling factor is divided into a numerator and a denominator. It is used to convert the path
increments into axis positions or to calculate a user unit from encoder increments.

Position Scaling Numerator from Hardware

Position Scaling Numerator From Hardware is the feed rate that the application applies when the output
shaft has completed one revolution.

Position Scaling Denominator from Hardware

Position Scaling Denominator From Hardware is the number of increments that the drive outputs when the
motor shaft has completed one revolution.

Example 1 on position scaling:

Motor without gear unit with 100 mm pinion on AX5000 with default settings:
* Numerator: 100 mm
+ Denominator: 1048576

Example 2 on position scaling:

Motor with gear unit with i=10 on turntable on AX5000 with default settings:
* Numerator: 360° / 10 = 36°
* Denominator: 1048576

Encoder Mounting Offset

An offset used to correct the position of an encoder system or align it within the machine coordinate system,
thereby defining the machine-specific zero point. This offset is restored when the controller is restarted.

Direction Inverted

The Direction Inverted parameter can reverse the counting direction of the encoder or drive:

* FALSE: The polarity of the axis movement agrees with the counting direction of the acquisition
hardware.

* TRUE: The polarity of the axis movement is in the opposite sense to that of the counting direction of the
acquisition hardware.
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Risk of injury from unexpected movements

If the counting direction of the encoder and the motor polarity do not match, the axis will perform
unexpected movements.

* When commissioning the system, make sure that the drive's direction of rotation is set correctly.
» Always maintain a safe distance.

Dead Time Compensation

A requirement for high-precision conversion of positions into times and vice versa is precise dead time
compensation of the axes.

Name Default value Unit Type
Dead Time NonlinearShift MC.EDeadTimeCompensati
Compensation onMode [b_197]

Additional Time 0.0 ms LREAL

Shift from Hardware

Dead Time Compensation

Specify how the compensated target value and actual value are to be calculated. The dead time is
automatically determined during EtherCAT initialization.

Additional Time Shift from Hardware

Additional offset of the automatically calculated dead time to compensate for the current position.

Connection
Name Default value Unit Type
AMS address 0.0.0.0.0.0:0
.netld 0.0.0.0.0.0 AMSNETID
.port 0x0000 WORD
Channel Number 0 UDINT
EtherCAT Slave Oid 00000000 OTCID

AMS address

Information about the address of the assigned hardware drive (read-only); no manual configuration is
required. It is used for communication purposes.

Channel Number

Information about the channel number of the assigned hardware drive (read-only); no manual configuration
is required. It is used for communication purposes.

EtherCAT Slave Oid
Object ID of the EtherCAT slave.

Actual Position Filter

Name Default value Unit Type
Filter Type None MC.EFilterType [»_199]
Filter Time Position 0.0 S LREAL
Filter Time Velocity |0.0 S LREAL
Filter Time 0.01 s LREAL
Acceleration
Filter Time 0.001 s LREAL
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Filter Type

None

No filter is applied.
PT1-Filter

This is a first-order delay element (digital low-pass filter, proportional element with first-order delay) used to
smooth out noisy signals (actual value). The PT1 filter is applied independently to the three actual values:
position, velocity, and acceleration. Each variable has its own filter time constant. The filter time constants
should be selected from the positive range of values. The value 0. 0 disables filtering for the corresponding
variable. The larger the filter time constant, the more the actual value is smoothed, and the greater the delay.
Because the variables are filtered separately, the output values are not necessarily consistent with each
other.

MovingAverage-Filter

The moving-average filter calculates the arithmetic mean over a sliding time window of the last N input values
and is thus a simple FIR low-pass filter (with a finite impulse response).

The moving-average filter is applied independently to the three actual values: position, velocity, and
acceleration. Each variable has its own window length: N. The window length is calculated as the quotient of
the parameterized filter time and the cycle time. The maximum window length is 1000 data points. The dead
time is equal to half the window length.

Since the variables are filtered separately, the output values are not necessarily consistent with one another.
With a filter time of 0. 0, the actual value is processed immediately and is not filtered. A long filter time
results in significant smoothing and increases the dead time.

KalmanFilter3x1l

The 3x1 Kalman filter estimates a set of position (s), velocity (v), and acceleration (a) values based on the
continuous actual position values. On the one hand, this serves to reduce noise; on the other hand, the
calculation of (s, v, a) is performed consistently, i.e., taking into account the interdependence of these
variables. 3x1 indicates that the filter has three output variables (s, v, a) and one input variable (s).

It is often advantageous for (s, v, a) to be consistent with one another. In particular, the Kalman filter is
recommended when coupling an axis to an encoder signal.

The 3x1 Kalman filter is configured using the “Filter Time” parameter, which defines the time scale used to
calculate (s, v, a). The choice of this parameter represents a trade-off between noise reduction and dynamic
response. A longer filter time results in greater noise reduction but a decrease in responsiveness, and vice
versa (see the Filter Time parameter below).

Filter Time Position

This parameter is enabled when the Filter Type issetto PT1 or MovingAverage . The value
0.0 disables position filtering. The filter time constant must be selected from the positive range of values.
The larger the filter time constant, the more the actual value is smoothed, and the greater the delay.

Filter Time Velocity

This parameter is enabled when the Filter Type issetto PT1 or MovingAverage . The value
0.0 disables velocity filtering. The filter time constant must be selected from the positive range of values.
The larger the filter time constant, the more the actual value is smoothed, and the greater the delay.

Filter Time Acceleration

This parameter is enabled when the Filter Type issetto PT1 or MovingAverage . The value
0.0 disables acceleration filtering. The filter time constant must be selected from the positive range of
values. The larger the filter time constant, the more the actual value is smoothed, and the greater the delay.

Filter Time

The parameter is active when the Filter Type issetto KalmanFilter3xl . The Kalman filteris
adapted to the application using a simplified parameterization with a single filter time constant. The larger the
filter time constant, the greater the degree of smoothing.

92 Version: 1.1.0 TF55xx



BEGKHOFF Development environment | MOTION

3.2.3.9.3.2 Data Area

In general, TcCOM objects can contain data areas that can be used by the environment (e.g., by a PLC
instance or by the TwinCAT I/O area). For TwinCAT MC3 TcCOM objects, you have a choice of data
structures to use via the Data Area tab.

SSI Inputs
Enable (de- Name Type Description
fault)

Counter Value UDINT Meter reading

Data error BIT SSI Input Error

Frame error BIT The data frame is incorrect; that is, the
data frame was not terminated with a
zero (possibly a broken wire in the clock
line).

Power failure BIT A sensor-related error is displayed if the

:
sensor was previously enabled.

Sync error BIT The synchronization error bit is only
required in DC mode. It indicates whether
a synchronization error occurred in the
previous cycle. This means that a SYNC
signal was triggered at the terminal even
though no new process data was
available.

TxPDO state BIT This element indicates whether the
values measured by the encoder are in
an invalid state.

TxPDO toggle BIT TxPDO Toggle is toggled by the slave
when the data for the corresponding
TxPDO is updated.

WocState BIT Working counter

InputToggle BIT i_eek\a/el change upon receipt of a new

gram.
DclnputShift DINT Used for dead-time compensation of the

[ drive.

3.2.3.10 Controller modules

The following section contains information about the available controller modules.

3.2.3.101 Load Controller

® View of subordinate objects

1 Depending on the Show Hidden Children setting in the context menu of an overlying parent object,
child objects are hidden. Parameters and data areas of the child object are visible in the parent
object when this setting is disabled.

» To display child objects, right-click the parent object (context menu) > and click Show Hidden
Children.
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3.2.3.10.11 Init Parameter
General
Name Default value Unit Type

Control Value Type

Velocity

MC.EControlValueType
» 196

Control Value Type

Specifies the type of the controller's output variable. For example, Vvelocity means that the controller

output is a velocity.

Control Parameter

Maximum

Name Default value Unit Type

Inverted Output FALSE BOOL

Proportional Gain (Kp) 0.0 [ControlVariableUnit]/ LREAL
[LoadUnit]

Derivative Gain (Kd) 0.0 [ControlVariableUnit]/ LREAL
([LoadUnit]/s)

Integral Gain (Al) 0.0 [ControlVariableUnit]/ LREAL
([LoadUnit]*s)

Integrator Lag Window #lgnore [LoadUnit] LREAL

Minimum

Integrator Lag Window #lgnore [LoadUnit] LREAL

Inverted Output

The parameter Output Inverted can reverse the sign of the output variable.

Risk of injury from unexpected movements
If the controller's output is not properly matched to the controlled system, the axis may move unexpectedly.

* When commissioning the system, make sure that the drive's direction of rotation is set correctly.

» Always maintain a safe distance.

Proportional Gain

The proportional gain (Kp) is multiplied by the current control error, resulting in a term in the controlled

variable.

Derivative Gain

The derived gain (Kd) is multiplied by the derivative of the error, resulting in a term in the controlled variable.

Integral Gain

The integral gain (Ki) is multiplied by the integral of the control error, resulting in a term in the controlled

variable.

Integrator Lag Window Minimum

If the actual load delay is less than the Integrator Lag Window Minimum, the integrator does not
change. The value must be greater than or equal to 0.0 and less than or equal to Integrator Lag

Window Maximum.

Integrator Lag Window Maximum

If the actual load delay is greater than the Integrator Lag Window Maximum, the integrator does not

change. The value must equal or greater 0.0.
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Output Limitation

Name Default value Unit Type

Integrator Minimum Output |#lgnore [ControlVariableUnit] LREAL
Integrator Maximum Output |#lgnore [ControlVariableUnit] LREAL
Minimum output #lgnore [ControlVariableUnit] LREAL
Maximum output #lgnore [ControlVariableUnit] LREAL

Integrator Minimum Output

Minimum output of the integrator. The value Integrator Minimum Output must be less than or equal to
the value Integrator Maximum Output.

Integrator Maximum Output

Maximum output of the integrator. The Integrator Maximum Output value must be greater than or
equal to the Integrator Minimum Output value.

Minimum output

Minimum output of the controller. The Minimum Output value must be less than or equal to the Maximum

Output value.

Maximum output

Maximum output of the controller. The Maximum Output value must be greater than or equal to the

Minimum Output value.

3.2.3.10.1.2 Online Parameter

Name Unit Type
Control Variable [ControlVariableUnit] LREAL
Control Variable Proportional Part [ControlVariableUnit] LREAL
Control Variable Derivative Part [ControlVariableUnit] LREAL
Control Variable Integral Part [ControlVariableUnit] LREAL

Control Variable

The controlled variable used to achieve the desired setpoint.

Control Variable Proportional Part

The proportional component of the controlled variable.

Control Variable Derivative

Part

The derivative component of the controlled variable.

Control Variable Integral Part

The integral component of the control variable.

3.2.3.10.2 Position Controller
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Name

Explanation

FF

Feed Forward - The velocity setpoint is multiplied by this factor and added to

the controller's total output.

Vthreshold

If the actual velocity is greater than the Integrator Threshold Maximum Velocity
[»_96] parameter or less than the Integrator Threshold Minimum Velocity
[»_96] parameter, the integrator's control component is no longer adjusted.

The Integrator Threshold Minimum Velocity [P 96] is usually a negative value.

I-agwindow

If the magnitude of the position lag is less than the Integrator Lag Window
Minimum [»_96] parameter or greater than the Integrator Lag Window
Maximum [P_96] parameter, the integrator's control component is no longer
adjusted. Integrator Lag Window Minimum [P _96] and Integrator Lag Window

Maximum [P 96] must be positive.

ILimit

Limit on the integral component of the controller

Outjmi

Limit on the controller's output variable

® View of subordinate objects

1 Depending on the Show Hidden Children setting in the context menu of an overlying parent object,
child objects are hidden. Parameters and data areas of the child object are visible in the parent

object when this setting is disabled.

» To display child objects, right-click the parent object (context menu) > and click Show Hidden

Children.

3.2.3.10.2.1 Init Parameter

General

Name Default value Unit Type

Control Value Type Velocity MC.EControlValueType
[»_196

Enabled TRUE BOOL

Velocity Feed-Forward 1.0 LREAL

Factor

Control Value Type

Specifies the type of the controller's output variable. For example, velocity means that the controller

output is a velocity.

Enabled

Enabled indicates whether the position controller is being used or not. The controller output is 0.0 when it is

disabled.

Velocity Feed-Forward Factor

The product of velocity Feed Forward Factor and the velocity setpoint is added to the sum of P, I,
and D to produce the controlled variable.

Control Parameter

Name Default value Unit Type

Proportional Gain (Kp) 1.0 [ControlVariableUnit] / LREAL
[PosUnit]

Derivative Gain (Kd) 0.0 [ControlVariableUnit])/ LREAL
([PosUnit] / s)

Integral Gain (Al) 0.0 [ControlVariableUnit] / LREAL
([PosUnit] * s)
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Name Default value Unit Type
Integrator Threshold #lgnore [PosUnit]/s LREAL
Minimum Velocity

Integrator Threshold #lgnore [PosUnit])/s LREAL
Maximum Velocity

Integrator Lag Window #lgnore [PosUnit] LREAL
Minimum

Integrator Lag Window #lgnore [PosUnit] LREAL
Maximum

Proportional Gain (Kp)

The proportional gain (Kp) is multiplied by the current control error, resulting in a term in the controlled
variable.

Derivative Gain (Kd)
The derived gain (Kd) is multiplied by the derivative of the error, resulting in a term in the controlled variable.
Integral Gain (Al)

The integral gain (Ki) is multiplied by the integral of the control error, resulting in a term in the controlled
variable.

Integrator Threshold Minimum Velocity

The integrator does not change if the actual velocity is less than the minimum velocity. The minimum velocity
must be less than or equal to 0.0.

Integrator Threshold Minimum Velocity < 0,0
Integrator Threshold Maximum Velocity

The integrator does not change if the current velocity is greater than the maximum velocity. The maximum
velocity must be greater than 0.0.

Integrator Threshold Maximum Velocity > 0,0
Integrator Lag Window Minimum

The integrator does not change if the actual delay falls outside this interval. The value for the integrator's
minimum delay must be greater than 0.0.

Integrator Lag Window Minimum > 0,0
Integrator Lag Window Maximum

The integrator does not change if the actual delay falls outside this interval. The value for the integrator's
maximum delay must be greater than the minimum delay.

Integrator Lag Window Maximum > Integrator Lag Window Minimum

Output Limitation

Name Default value Unit Type

Integrator Minimum Output |#lgnore [ControlVariableUnit] LREAL
Integrator Maximum Output [#lgnore [ControlVariableUnit] LREAL
Minimum output #lgnore [ControlVariableUnit] LREAL
Maximum output #lgnore [ControlVariableUnit] LREAL

Integrator Minimum Output

Minimum output of the integrator. The value Integrator Minimum Output must be less than or equal to
the value Integrator Maximum Output.

TF55xx Version: 1.1.0 97



Development environment | MOTION BEGKHOFF

Integrator Maximum Output

Maximum output of the integrator. The Integrator Maximum Output value must be greater than or
equal to the Integrator Minimum Output value.

Minimum output

Minimum output of the controller. The Minimum Output value must be less than or equal to the Maximum
Output value.

Maximum output

Maximum output of the controller. The Maximum Output value must be greater than or equal to the
Minimum Output value.

3.2.3.10.2.2 Online Parameter

Name Unit Type

Control Value Final Output [ControlVariableUnit] LREAL
Control Value [ControlVariableUnit] LREAL
Control Variable Proportional Part [ControlVariableUnit] LREAL
Control Variable Derivative Part [ControlVariableUnit] LREAL
Control Variable Integral Part [ControlVariableUnit] LREAL

Control Value Final Output

The sum of the P-component, I-component, D-component, and FF-component.
Control Value

The controlled variable used to achieve the desired setpoint.

Control Variable Proportional Part

The proportional component of the controlled variable.

Control Variable Derivative Part

The derivative component of the controlled variable.

Control Variable Integral Part

The integral component of the control variable.

3.2.3.11 Fluid Power modules

The components of the FluidPower module are described below.

3.2.3111 FluidPower Axis Parameters

FluidPower axis parameters.

® View of subordinate objects

1 Depending on the Show Hidden Children setting in the context menu of an overlying parent object,
child objects are hidden. Parameters and data areas of the child object are visible in the parent
object when this setting is disabled.

 To display child objects, right-click the parent object (context menu) > and click Show Hidden
Children.
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3.2.3.11.11 Init Parameter

Cylinder Dimensions

Name Default value Unit Type

Cylinder Design Differential MC.ECylinderDesign
Cylinder Bore Diameter |#Ignore mm LREAL

Cylinder Rod Diameter  |#Ignore mm LREAL

Cylinder Design

The Cylinder Design parameter selects the type of hydraulic cylinder and determines how the piston and

piston rod diameters are used for force and area calculations.

Differential

The differential cylinder is a double-acting hydraulic cylinder with a single-ended piston rod.

Synchronous

The synchronous cylinder is a double-acting hydraulic cylinder with a through-rod.

Plunger

The plunger cylinder is a single-acting hydraulic cylinder without a piston rod.

Cylinder Bore Diameter

Inner diameter of the hydraulic cylinder bore. Used to calculate the piston area and the force.

TF55xx
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Cylinder Rod Diameter

Diameter of the cylinder rod. Relevant for the design of differential and synchronous cylinders when
calculating the effective piston area on the rod side.

3.2.3.11.2 Valve Characteristic Curve

Settings and parameters on the Valve Characteristic Curve.

® View of subordinate objects

1 Depending on the Show Hidden Children setting in the context menu of an overlying parent object,
child objects are hidden. Parameters and data areas of the child object are visible in the parent
object when this setting is disabled.

» To display child objects, right-click the parent object (context menu) > and click Show Hidden
Children.

3.2.3.11.21 Init Parameter

Name Default value Unit Type
Valve Linearization TRUE BOOL
Enabled

This parameter allows the drive output to be linearized in order to compensate for the valve's nonlinear
behavior.

3.2.3.11.2.2 Data Area

In general, TcCOM objects can contain data areas that can be used by the environment (e.g., by a PLC
instance or by the TwinCAT I/O area). For TwinCAT MC3 TcCOM objects, you have a choice of data
structures to use via the Data Area tab.

McToPIc (Output)

Name Type Description

Oid OTCID Object ID for linking to a valve
characteristic curve in the PLC.

3.2.3.12 Touch probe modules

The use of touch probe modules allows the detection of an axis position at the time of a trigger event. This
can be a digital signal that replicates the function of a touch probe. It is also possible to determine the
timestamp at which the axis reaches a defined position.

Add a touch probe module

Follow the steps below to add additional touch probe modules. Drive modules, such as the DS402 (AX8xxx),
MDP742 (ELM72xx), or Sercos (AX5xxx), already include touch probe functions. No additional touch probe
modules need to be added; you simply need to enable the cyclic process data and link it to the appropriate I/
O device (either manually or through configuration in Drive Manager). In the PLC, a corresponding

TRIGGER REF (note derived ref objects) can be linked.

1. Right-click Axes > Axis > Add New Item...
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4 MOTION
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Fig. 1:

2. In the Insert TcCOM Object dialog box, navigate to the TouchProbe group under Type and the Motion
Control group.

3. Expand this group if necessary.

B Insert TcCom Object et
Search: M amne: Object [Binamy Touch Probe] 0k
Type: EI--@ Beckhoff Automation GrbH & Co. KG Cancel
EI{E Motion Control
-2+ Drives P -
-4, Encoders e G

T_g Contrallers
- FluidPower
=RR W T ouchProbe
. -1 Binary Touch Probe [Module, 4.0.6.0]
i Timestarmp Touch Probe [Module, 4.0.6.0] Reload
i Fixed Stop Detection [Module, 4.0.6.0]

e Harning

[nzert [nstance. ..

File:

4. Select the appropriate touch probe module and complete the process by clicking the OK button. Be sure
to select the same module version as the one used for existing Motion Control objects in the Solution.

3.2.3.121 Binary Touch Probe

The Binary Touch Probe module records an axis position at the time of a digital signal (touch probe function).
The position is typically not detected directly within the PLC environment, but rather via an external hardware

signal. The signal input is evaluated within the context of the axis's MET task [»_19].
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View of subordinate objects

o

1 Depending on the Show Hidden Children setting in the context menu of an overlying parent object,
child objects are hidden. Parameters and data areas of the child object are visible in the parent
object when this setting is disabled.

 To display child objects, right-click the parent object (context menu) > and click Show Hidden
Children.

3.2.3.1211 Init Parameter

Binary Touch Probe

Name Default value Unit Type
Input Inverted FALSE BOOL
Invert Input

If the value of the Input Inverted parameter is setto TRUE, the MC's internal algorithm inverts the logic
of the input Signal [P_103] for evaluation by the touch probe unit.

3.2.3.12.1.2 Online Parameter

Positive Edge Status

Name Type

State MC.ETouchProbeTriggerState [ 203]
Last Position LREAL

Last DC timestamp LINT

State

Current state of the touch probe unit.
Last Position

The position where the configured event was last detected. The value #Invalid indicates that no event has
been recorded yet.

Last DC timestamp

DC Time in nanoseconds when the configured event was last recorded. The value 0 indicates that no event
has been recorded yet.

Negative Edge Status

Name Type

State MC.ETouchProbeTriggerState [ 203]
Last Position LREAL

Last DC timestamp LINT

State

Current state of the touch probe unit.
Last Position

The position where the configured event was last detected. The value #Invalid indicates that no event has
been recorded yet.

Last DC timestamp
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DC Time in nanoseconds when the configured event was last recorded. The value 0 indicates that no event
has been recorded yet.

3.2.3.121.3 Data Area

In general, TcCOM objects can contain data areas that can be used by the environment (e.g., by a PLC
instance or by the TwinCAT I/O area). For TwinCAT MC3 TcCOM objects, you have a choice of data
structures to use via the Data Area tab.

Inputs
Enable (de- Name Type Description
fault)

Signal BIT Input for the trigger signal. For example, it
can be linked to a variable from the PLC
or to a digital input on an 1/O terminal.

n WcState BIT Working counter

ToPIc
Enable (de- Name Type Description
fault)

Oid OTCID Object ID for linking to a touch probe
object in the PLC

NOTICE

Warning in the error log window caused by selected entries that are not linked to an 1/0
device

Entries in the data areas of drive and encoder objects that are enabled (Enable = True) but are not linked to
the 1/O drive object result in a warning in the error log window. If the link for a function used at runtime is
missing, this results in a runtime error. For example, an axis cannot be started if the status word from the I/
O drive object is not linked.

« Link the required entries for the interface between the axis and the 1/0 device
 Deselect the entry that is not required to avoid generating a warning.

3.2.3.12.2 Timestamp Touch Probe

The Timestamp Touch Probe module determines an axis position at the time specified by an application-
defined timestamp.

® View of subordinate objects

1 Depending on the Show Hidden Children setting in the context menu of an overlying parent object,
child objects are hidden. Parameters and data areas of the child object are visible in the parent
object when this setting is disabled.

» To display child objects, right-click the parent object (context menu) > and click Show Hidden
Children.

3.2.3.12.21 Online Parameter

Touch Probe Status

Name Type

State MC.ETouchProbeTriggerState [» 203]
Last Position LREAL

Last DC timestamp LINT
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State

Current state of the touch probe unit.
Last Position

The position where the configured event was last detected. The value #Invalid indicates that no event has
been recorded yet.

Last DC timestamp

DC Time in nanoseconds when the configured event was last recorded. The value 0 indicates that no event
has been recorded yet.

3.2.3.12.2.2 Data Area

In general, TcCOM objects can contain data areas that can be used by the environment (e.g., by a PLC
instance or by the TwinCAT I/O area). For TwinCAT MC3 TcCOM objects, you have a choice of data
structures to use via the Data Area tab.

Inputs
Enable (de- Name Type Description
fault)
Timestamp 32bit UDINT A timestamp whose value changes are
evaluated by the touch probe algorithm.
n Timestamp 64bit ULINT A timestamp whose value changes are
evaluated by the touch probe algorithm.
1 WcState BIT Working counter

NOTICE

Warning in the error log window due to multiple selection of input elements

If both the 32-bit and 64-bit timestamp inputs are enabled and linked, this will result in a warning in the error
log window.

» Select a timestamp element based on the hardware you are using or the timestamp you want to link to
(especially based on its data type).

ToPlc
Enable (de- Name Type Description
fault)
Oid OTCID Object ID for linking to a touch probe
object in the PLC

NOTICE

Warning in the error log window caused by selected entries that are not linked to an I/0
device

Entries in the data areas of drive and encoder objects that are enabled (Enable = True) but are not linked to
the 1/O drive object result in a warning in the error log window. If the link for a function used at runtime is
missing, this results in a runtime error. For example, an axis cannot be started if the status word from the I/
O drive object is not linked.

« Link the required entries for the interface between the axis and the 1/0O device

» Deselect the entry that is not required to avoid generating a warning.
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Fixed Stop Detection

The Fixed Stop Detection module determines an axis position, among other things, when a torque/force
threshold value is reached. The reference value is the torque/force input of the axis's driven object. The
torque/force is evaluated in the context of the axis's MET task [P_19].

® View of subordinate objects

1 Depending on the Show Hidden Children setting in the context menu of an overlying parent object,
child objects are hidden. Parameters and data areas of the child object are visible in the parent
object when this setting is disabled.

» To display child objects, right-click the parent object (context menu) > and click Show Hidden
Children.

3.2.3.12.3.1 Init Parameter

Detection Thresholds

Name Default value Unit Type

Torque/Force Threshold 10.0 % LREAL
Velocity Threshold 10.0 [PosUnit]/s LREAL
Lag Threshold 20 [PosUnit] LREAL

Torque/Force Threshold

Threshold value for the actual motor torque value. If the torque exceeds this value during evaluation, this
serves as an indicator that a hard stop has been detected. The value #Ignore disables this threshold.

Velocity Threshold

Threshold value for the actual axis velocity during evaluation. The power/torque threshold is evaluated only if
the actual velocity is below this threshold value. The value #Ignore disables this threshold.

Lag Threshold

Threshold value for the position lag. If the actual position lag exceeds this value during evaluation, this
serves as an indicator that a hard stop has been detected. The value #Ignore disables this threshold.

@® Disabling all thresholds

1 If all thresholds are disabled, the module immediately reports a detected event. In the case of
homing, this is instantly recognized as the encoder having reached the end stop.

» Enter at least a real number for the torque/force threshold or position lag threshold to enable
hard stop detection.

Behavior of an accelerating axis with a velocity threshold

(

1 If, for example, the axis accelerates from a standstill and the touch probe module's evaluation is
already active, the axis's velocity may still be below the set threshold value. Depending on the other
threshold values, this may cause the touch probe module to report a detected event. In the case of
homing, this can be detected as reaching the end stop.

* If necessary, start an axis movement before activating the touch probe unit.

3.2.3.12.3.2 Online Parameter

Touch Probe Status

Name Type

State MC.ETouchProbeTriggerState [»_203]
Last Position LREAL

Last DC timestamp LINT
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State

Current state of the touch probe unit.
Last Position

The position where the configured event was last detected. The value #Invalid indicates that no event has
been recorded yet.

Last DC timestamp

DC Time in nanoseconds when the configured event was last recorded. The value 0 indicates that no event
has been recorded yet.

3.2.3.12.3.3 Data Area

In general, TcCOM objects can contain data areas that can be used by the environment (e.g., by a PLC
instance or by the TwinCAT I/O area). For TwinCAT MC3 TcCOM objects, you have a choice of data
structures to use via the Data Area tab.

ToPlc
Enable (de- Name Type Description
fault)
Oid OTCID Object ID for linking to a touch probe
object in the PLC

NOTICE

Warning in the error log window caused by selected entries that are not linked to an 1/0
device

Entries in the data areas of drive and encoder objects that are enabled (Enable = True) but are not linked to
the 1/O drive object result in a warning in the error log window. If the link for a function used at runtime is
missing, this results in a runtime error. For example, an axis cannot be started if the status word from the I/
O drive object is not linked.

« Link the required entries for the interface between the axis and the 1/0 device

» Deselect the entry that is not required to avoid generating a warning.

3.2.3.13 Homing modules

Homing refers to a process of referencing an axis in which the correct actual position is determined based on
a reference signal. The process can be carried out using the MC. A successfully referenced axis signals
McToPlc.Std.IsPositionValid = TRUE. in the cyclic interface.

The basic configuration is performed in TcCOM modules. The configuration includes the phases of a homing
procedure (e.g., movement toward the reference signal or movement until a synchronization event occurs)
as well as the associated boundary conditions in the form of object parameters. A homing module can
optionally be added to an axis as a child object if the axis requires a homing procedure to operate. One
homing module can be configured per axis.
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Add homing module

1. In the MC project, right-click on Axes > Axis > Add New Item...
in the structure tree.

4 MOTION
4[] MC Project
4 T Axes

m
|

b PlcToMc | L] Add New ltem...  n Ins

b Bl McToPlc T add Existing [tem... e Shift+Alt+ A
2| SimEncoc Insert Mew ltem...

b=l MDP7421 Insert Existing ltem...

2. In the Insert TcCOM Object dialog box, navigate to the Homing group under Type and the Motion
Control group.

3. Expand this group if necessary.

B Insert TcCom Object x
Search: M arme: Ohject? (Binary Touch Probe| 0k,
Type: EI--@ Beckhoff Automation GmbH & Co. KG Cancel
EI{E P ation Contral
-2+ Dri
ei-2f Drives Muliple: 1 .

ﬂ. Encoders
[#-lay Controllers
G- FluidPower

i TouchProbe Inzert Instance...
ER
-4 Haoming Cam [Madule, 4.05.0] Relnad

% Homing Fiked Stop [Module, 4.0.6.0]

File:

4. Select the appropriate homing module and complete the process by clicking the OK button.

Be sure to select the same module version as the one used for existing Motion Control objects in the
Solution.

Start the homing procedure

The sequence configured in the homing module can be started in the PLC using the MC Home [P 297]
function block. Alternatively, this can also be done using Home Control within a Motion Ul card.
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3.2.3.13.1 Homing Cam

The Homing Cam object allows you to use a digital input as a reference signal for an initialization movement.
To do this, a Binary Touch Probe object [P_101] is nested within the object. This is how the Homing Cam
device is used, for example, to link the signal from a digital input terminal or a PLC output as a reference

signal. Signal analysis takes place within the context of the MET task [P _19]. The homing procedure is
configured in the Parameters (Init) [>_108] tab.

b AxisT (Axis)
) PlcToMce
» Il McToPlc

~ #* Object3 (Homing Cam)
« L Homing Sensor
v Tokc

# Signal

View of subordinate objects

([

1 Depending on the Show Hidden Children setting in the context menu of an overlying parent object,
child objects are hidden. Parameters and data areas of the child object 