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1 Foreword

1.1 Notes on the documentation

This description is only intended for the use of trained specialists in control and automation engineering who
are familiar with applicable national standards.

It is essential that the documentation and the following notes and explanations are followed when installing
and commissioning the components.

It is the duty of the technical personnel to use the documentation published at the respective time of each
installation and commissioning.

The responsible staff must ensure that the application or use of the products described satisfy all the
requirements for safety, including all the relevant laws, regulations, guidelines and standards.

Disclaimer

The documentation has been prepared 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 prior announcement.
No claims for the modification of products that have already been supplied may be made on the basis of the
data, diagrams and descriptions in this documentation.

Trademarks

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

Other designations used in this publication may be trademarks whose use by third parties for their own
purposes could violate the rights of the owners.

Patent Pending

The EtherCAT Technology is covered, including but not limited to the following patent applications and
patents:

EP1590927, EP1789857, EP1456722, EP2137893, DE102015105702

with corresponding applications or registrations in various other countries.

——
EtherCAT.

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

Copyright

© Beckhoff Automation GmbH & Co. KG, Germany.

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

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

TS1110 Version: 1.0 5
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1.2 Safety instructions

Safety regulations

Please note the following safety instructions and explanations!
Product-specific safety instructions can be found on following pages or in the areas mounting, wiring,
commissioning etc.

Exclusion of liability

All the components are supplied in particular hardware and software configurations 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 engineering who are
familiar with the applicable national standards.

Description of symbols

In this documentation the following symbols are used with an accompanying safety instruction or note. The
safety instructions must be read carefully and followed without fail!

A DANGER

Serious risk of injury!

Failure to follow the safety instructions associated with this symbol directly endangers the life and health of
persons.

Risk of injury!

Failure to follow the safety instructions associated with this symbol endangers the life and health of per-
sons.

A CAUTION

Personal injuries!
Failure to follow the safety instructions associated with this symbol can lead to injuries to persons.

NOTE

Damage to the environment or devices

Failure to follow the instructions associated with this symbol can lead to damage to the environment or
equipment.

® Tip or pointer
1 This symbol indicates information that contributes to better understanding.

Version: 1.0 TS1110
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BEGKHOFF Foreword

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.

TS1110 Version: 1.0 7
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2 TwinCAT Simulation Manager

L) Simulation Manager

The 'TwinCAT Simulation Manager' is a powerful tool for simulating machines or machine systems.

There is a requirement in various scenarios for the partial or complete simulation of a production machine or
plant:

» Development
Hardware and software are developed in parallel, usually by different people, or often become
available at different times. A simulation environment is indispensable for testing the plant/machine in
sections. The 'TwinCAT Simulation Manager' supports the creation of a "virtual machine", which
corresponds to the real machine in its performance characteristics. Due to the integration of the
simulation in the real-time system, even real-time-critical requirements can be realised (real-time
simulation).
--> The dependency of the software on the hardware is reduced. It is even possible to complete the
software ahead of actual commissioning. The quality of the machine software is increased by
developer tests.

» Acceptance of software/machine before commissioning
The 'TwinCAT Simulation Manager' enables the implementation of acceptance rules in the
simulation. This may be the normal operating performance of the machine / plant, or the testing of
compliance with interface specifications or the simulation of faults. Those responsible for quality
assurance are now armed with a powerful tool.
--> Assurance of quality levels

« Commissioning the machine / plant
The commissioning of individual machine sections is enabled. Through advance tests (see Acceptance
of machine/software before commissioning), more attention can be devoted to the parameterisation
and optimisation of the machine.
--> The time required for commissioning is considerably reduced.

* In productions
Machines / plant sections break down; material bottlenecks may arise. The 'TwinCAT Simulation
Manager' is able to maintain the partial operation of the machine / plant through various profiles.
--> The machine / plant can be used more flexibly.

» Education and Demonstration
The simulation of the hardware allows to execute the machine software purely virtual on a demo
system which can be used to train the machine operator or service technician. Additionally suits the
simulation system for demo purposes in different scenarios.
--> Supports the education of machine / plant users and service staff.

All these scenarios are supported by the TwinCAT Simulation Manager, which places an extensive range of
tools for the creation and administration of simulation environments at the fingertips or the developer / plant
operator:

8 Version: 1.0 TS1110
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» Administration and configuration of simulation environments / profiles
« Simulation of I/O devices and axes

» Simple and secure switchover into simulation mode

» "Virtual device" and "virtual function" libraries

» Automatic creation of a real-time capable simulation PLC project framework with symbols and
commentaries taken over from the original project

» Use of all the options of the PLC programming environment, also in simulation code:
e.g. graphic programming, tracing, debugging etc.

Principle of operation

I/0 devices and axes are initially connected to the PLC. If parts of the machine are to be simulated, then the
devices in question must be deactivated. The performance of the relevant inputs and outputs must be
replicated as exact as possible so that the machine PLC — henceforth referred to as the original PLC — can
continue to perform its functions. This is carried out by the simulation PLC, which connects itself to the
system in place of the inactive 1/O devices.

For coupling, the mapping from the original PLC to the inactive device must be broken and rerouted to the
simulation PLC. Deactivated axes are replicated by a simulation axis; any latch functionalities in the
simulation PLC are implemented. Simulated axes are switched over to 'free running' in the 'TwinCAT
Simulation Manager'.

TS1110 Version: 1.0 9
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PLC

Active Devices

Active Axes
BN

Active

This part of the Machine is
active in Original and
Simulation mode

Inactive Devices

Inactive Axes

Disabled

This part of the Machine is
inactive or disabled is
simulated configuration and
active in original mode

\J

Simulation PLC

Simulation Axes

Simulation

This part takes over the
functions of the disabled part
in simulation mode and is
inactive in original mode

Fig. 1: Figure 1: Principle of the TwinCAT Simulation Manager

The replication of the I/O functionality in the simulation PLC is simplified by a set of simulation blocks.
Complex performance can be easily replicated by the mapping of these blocks and encapsulated in the

POUs or reused.

TwinCAT realizes the data transfer between PLC and 1/O typically via |O-Mappings. The TwinCAT System
Manager creates these mappings and initializes the adequate memory copy instructions within the TwinCAT
Runtime system (task-synchronized memory copy between process-images). This sort of mapping is only
useable within a local scenario, which means within one single Resource / TwinCAT System or CPU where
in-resource memory access to the process images is available.

10
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In a distributed system environment - where several resources / CPUs are involved a different technology for
the data exchange must be used. This could be realized via discrete wireing, a fieldbus or common network
technology.

To support distributed as well as local scenarios the TwinCAT Simulation Manager uses internally an
abstract mapping model that transparently hides the data-exchange protocol. The TwinCAT Simulation
Manager chooses the appropriate protocol dependent on the location of the communication start- and
endpoint.

Actually, the following protocols are supported:

» TwinCAT IO-Mappings for local in-ressource links / mappings (highest data throughput, limited by the
cycle of the used task-master)

* Network Publisher-Subscriber Variables for remote links (EtherCAT Master-Master protocol, data
througput limited by EtherCAT protocol and RT-Ethernet cycle)

By the transparent usage of remote devices, it is possible to deploy and execute the machine software
(original software) and the simulation software freely on the available resources/CPUs. The system smoothly
scales from local to highly distributed scenarios.

21 Version History

211 New in Version 2.1

Previous versions of the TwinCAT Simulation Manager (< version 2.1) preassumed an available executeable
system environment. Existing hardware, activated System Manager configurations and activated/running
PLC programs were therefore used as starting point for a TwinCAT Simulation Manager project. The version
2.1 now offers features for distribution and deployment of simulation projects and configurations. The IDE of
the TwinCAT Simulation Manager enables to assign the target systems (as Original- or Simulation-Targets),
to select and to activate available System Manager configurations and to deploy PLC-Programs on available
CPU resources.

These features will be summerized under the generic term "Deployment" and include:

» The import/export of preexisting System Manager Configurations and the assignment of target systems
in a distributed environment.

» The import/ export, creation and deletion of PLC Projects in the context of the Simulation Manager
project (with allocation/deallocation of PLC-Runtimes)

» The creation of bootprojects directly out of the TwinCAT Simulation Manager IDE.

These new product abilities simplify to transfer a preexisting and executable machine environment into a
simulation-, demo- or education-environment. Local, mixed and distributed scenarios will be supported.

Furthermore the following extensions and enhancements are implemented:
» Support of CNC axes (usage of the CNC Simulation mode, CNC manual functions)
« Support of TWinCAT 2.11
» Extension of the TwinCAT Simulation Manager user interface and many minor extensions.

TS1110 Version: 1.0 11
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2.1.2 New in Version 2.0

In the past the TwinCAT Simulation Manager ran the actual PLC/NC in a run-time system on the controller
and the simulated process in another run-time system. Remote capability has now been integrated in
Version 2.0 in order to ensure separation of the actual PLC/NC and the simulation process. The actual
control system can thus run on the control computer and the simulation process on another PC. The link
between control system and simulation process is realised in the so called "Distributed Simulation" via real-
time Ethernet and the TwinCAT network variables - which guarantees a high performing deterministic data
exchange.

Nevertheless if the Simulation runs on the same control computer, the realisation of the data transport is
done transparently for the user via IO Process Image Mappings because these have less overhead in the
local scenario. This is transparently hidden to the user and the appropriate data transfer protocol is chosen
automatically by the TwinCAT Simulation manager dependant on the context - to reach the best possible
performance.

For orchestration of the distributed control environment the TwinCAT Simulation Manager was extended with
rich functionset and a lot of new user interface elements:

» A distributed navigation tree (Distributed configuration Navigator)

« Functions to assign and remove routes

» Browsing capabilities for the network (Intranet Broadcast search)

» Network debugging capabilities (Ping, ADS Ping), Controller State observer

» Caching and backup algorithms for (remote) Symbol und Controller configuration files

» Capabilities to assign network adapters for the simulation configuration

» Functions for Start, Stop and Restart distributed controllers orchestrated

Common Enhancements

* Not limited to one (local) simulation PLC anymore. Simulations can be freely assigned to controller
PLC runtime systems.

» Support of .NET Framework 2.0
» Several enhancements of the User Interface

12 Version: 1.0 TS1110
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3 System requirements

e TwinCAT 2.10 Build 1325 or later
* Windows XP SP2, Windows Vista SP1 or later
» Microsoft .NET Framework Version 2.0 or later

TS1110 Version: 1.0 13
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4 Tutorials

4.1 Einfuhrung

411 Profiles supported by the TwinCAT Simulation Manager

Two different configuration profiles are supported by the TwinCAT Simulation Manager (see Table 1).

Profile Description

Original All Devices and Hardware enabled (original configuration)

Remote System is set to simulation mode. Not used or existant hardware is disconnected from the
system and optionally replaced by simulation functionality.

Table 1: Profiles

The original profile is handled implicitly as the TwinCAT Systems configuration imported to the TwinCAT
Simulation Manager. The Simulation profile is stored as a delta of Simulation actions referring to the Original
profile.

The original <--> simulation mode switchover affects various components of the TwinCAT configuration:
* Replacement of IO by the simulation PLC (see Mappings of I/Os [»_14])

* Replacement of physically present axes by simulation axes (see Simulation axes [P_16])

+ Deactivation of devices (see Deactivating devices [»_16])

Mappings of 1/0s
Mappings of 1/Os

The TwinCAT Simulation Manager follows the concept that non-available physical devices are substituted by
one or more simulation PLCs. Device Signals that are transferred via |O-Hardware usually source or end up
in PLC Symbols. In TwinCAT the binding between |0 Hardware and PLC are realized by so called |O-
Mappings.

Via its Simulation profile the TwinCAT Simulation Manager is capable to break up or probe the connections
to this 10-Hardware and redirect them to a dedicated Simulation PLC. These simulation PLCs can run locally
(Local-Simulation) or remotly (Remote-Simulation). The TwinCAT Simulation Manager internally chooses
transparently from the user the appropriate data exchange protocol for symbol value mappings between the
'Original’- and 'Simulation-PLCs'. The data exchange occurs in realtime, so that the simulation is capable to
emulate the machine characteristics (specifically the signal timing) to the highest degree possible.

Simulation Type Description

Local The Data-Transfer protocol is realized as TwinCAT internal IO-Mappings because
they have the least overhead. The data exchange in this scenario is realized as 10-
Driver synchronized Process-Image memory copy operations. The Realtime
characteristics are directly derived from the Realtime characteristics of the TwinCAT
Realtime system.

Remote The data exchange is realized with EtherCAT Network variables (Master-Master
communciation). Because the Ethernet-Network is involved, the overhead is higher.
The Realtime characteristics are derived from the capabilites of the EtherCAT
Master-Master communication.

Table 2: Simulation types

Various kinds of mappings are possible:

Type of mapping Description
Observing Observation of an 1/O in simulation mode.

14 Version: 1.0 TS1110
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Type of mapping Description

A device input or output is observed. That is the device inputs or outputs are
available at a simulation input and are available there for further processing.

In original mode, the mapping to stimulation PLC does not exist.
Simulating Simulation of an I/O, the mapping and the device are removed in simulation mode.

The mapping between device input and the original PLC input (or device output and
original PLC output) is separated and "simulated" by the simulation PLC. This
means that for inputs the simulation PLC delivers the values for the original PLCs or
for outputs the original PLC values are fed into the simulation PLC.

In original mode, this "diversion" is inactive.

Original No change in simulation mode. Communication between original PLC and device
remains active (if device is not "deactivated", see Deactivating device [P_16]

Table 3: Types of data mappings

Original mode

Figure 1 [»_15] shows a TwinCAT system configuration in non-simulated (original) mode. The active
mappings indicated with red and yellow run between the I/O devices and the original PLCs. The mappings
indicated in grey to/from the simulation PLC are inactive.

This means that the original PLCs communicate with the I/O devices, which must be present and active. The
simulation PLC is inactive and does not participate in the communication (original mode)

Original PLC

.."./\. m

S ——— . N

- > =

: > =

: (o]

L S T 0
K |y
(@]

NC

IO Device 1 |

Fig. 2: Figure 1: TwinCAT System in original mode

The links / mappings from / to the Simulation PLC can represent local or remote connections, dependant of
the location of the Simulation PLC.

TS1110 Version: 1.0 15
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Simulation mode

In simulation mode (see Figure 2 [P_16]), the simulation PLC is added. All mappings between original PLCs
and I/O devices are distorted in such a way that devices to be simulated no longer participate in
communication. All functions of the switched off devices that should be available in simulation mode, must
be taken over by the simulation PLC.

The decoupled 1/0 devices are now no longer required for the (simulation) mode.

Simulated mappings break the mappings to the device and take over the original function. Observer
mappings only feed process values into the simulation PLC (the original mapping is not broken).

Original PLC

| Sirmulate o
: Observe : %’J
i —
T 1 Ohserve c
] Ohserve N o]
‘ i =
| C
! =
; | Simulate )
: ; |y
e i O
i e w \I/
NC

IO Device 1 |

Fig. 3: Figure 2: TwinCAT system in simulation mode

The links / mappings from / to the Simulation PLC can represent local or remote connections, dependant of
the location of the Simulation PLC.

Simulated (virtual) axes

Axes designated as 'simulated’ are replaced in simulation mode. This means technically that the encoder of
the axis will be replaced by a simulation encoder that is free running (setpoint equals currentPoint). The
TwinCAT Simulation Manager persists the settings of the Original-Axis within the Original profile, so that all
parameters can be restored when switching back to Original-Mode.

Deactivated devices

Devices designated as 'simulated' are deactivated in the simulation profile and don't necessarily to be
physically present. The function of the device, insofar as required for the simulation, is taken over by the
simulation PLC.

16 Version: 1.0 TS1110
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4.2 Projektvorbereitungen
421 Prepartions for creating a TwinCAT Simulation Manager
project

Up from Version 2.1 of the TwinCAT Simulation Manager it is not necessary anymore that the involved
TwinCAT devices run the necessary PLC programs and the necessary TwinCAT System Manager
configuration before the project is created. System Manager configurations and PlcControl programs can
now be imported and deployed to CPU Resources. Further information on this topic can be read in chapter

Deployment [»_20].

The following hints for preparation of target systems, configurations and PLC-Programs should be
understood as guideline. The TwinCAT Simulation Manager does not rely on these preparations, but they
can simplify the workflow dependent of the use case.

PLC Programs and System Manager Configurations

All PLC Programs should reference the PLC Simulation Library "TcSystem.lib". Besides the essential base
building blocks for simulation this library instantiates the status information for indicating the current
simulation state within the PLC - simply by referencing the library.

Furthermore, it is helpful for the handling of the TwinCAT Simulation Manager tool to activate all included

PLC projects as bootprojects (Figure 1 [»_17]). This enables a smooth switching process between 'Original’
and 'Simulation'-Profiles. PLC programs will then restart automatically after every TwinCAT restart.

A selection of the "Remind to update boot project on change' feature within the PlcControl project options

(Figure 2 [»_171) will be helpful to remember that the bootprojects are staying consistent to the running PLC
programs on the target.

Including the Symbol descriptions for the different PLC projects within the Simulation project is helpful. There
exist two different procedures to make the symbol descriptions available in the TwinCAT Simulation
Manager project:

1. If the *.pro and the corresponding *.tpy file is available on the development system (the system where
the TwinCAT Simulation manager runs) then these files are copied to the project.

2. The symbol information was copied to the target system during Project download from the PLC con-
trol. To enable this feature the Option "Download Symbol description" must be activated in the PlcCon-
trol options (Eigure 2 [»_17]) and the compiled project must be available on the target system.

To generate a Simulation PLC Framework project automatically from the original PLC template it is
necessary to make the symbolic information available with procedure 1 or 2. If the Simulation PLC program
will be coded manually, no access to the symbolic information is necessary.

TS1110 Version: 1.0 17
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. TwinCAT.System.RemoteSystemCache.CX_0130C4_CurrentConfiguration.tsm - TwinCAT System Manager - "CX_|

File Edit Actions Wiew Options Help

D2 e - 4 By D =/ HE B ® e B Qe 6%
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= MC - Configuration M Plc: Settings (Target) |
B PLC - Configuration =
= 1/0 - Configuration Mumber of Run-Times: ' Apply
B 1/0 Devices
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Boot Project: Load/Store Retain Data:
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[]Clear Invalid Retain Data Enable Cynamic Symbaols

[[]Clear Invalid Persistert Data Dynamic Handles:

Connection Timeout {ms): 8000 -

[] Enable Task Priority Assignmert
[[] Enable Folder View

Fig. 4: Figure 1: Bootproject activation for PLCs (TwinCAT System Manager configuration).

Options g|
Lategony:

Load &S
o2 e Inpat: 1§ kBytes I¥ Create Debug Code

|Jger Infarmation

Edelirtnp Dutput: "IEi— kBytes ¥ Enable breakpoints Cancel
gﬁ!aaé?mies Memary: ,32— kBytes | Enable Inline String functions

Log .

Build Retain: 32 kBytes Symbol dawnload

P d ) i

Source dowrload Data  [1oze  kBytes | - Dvnemic Symbols

Symbol configuration " Static Symbols

[ratabaze-connection
b acroz

TwinCAT T
I I

[ Enable CE Target Yisualization [iz not free of charge]

v Downinad Sembal descrintion
[ Iritiglization of YAR_COMFIG Inputs
[v Femind to update boot project on change
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Fig. 5: Figure 2: Activation of the Symbol description download and the update boot project reminder
(TwinCAT PlcControl options)
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Target Systems

The TwinCAT System Manager offers the option to store the activated configuration on the target system
(Option "Auto Save to target" Figure 3 [»_19]). This option can be helpful because it actualizes the
configuration during every activation on the target. If the configuration is available on the target, there is no
need to import the configuration to the simulation project.

During selection of the target system within the "Add System ..." dialog (Figure 4 [»_19]) of the TwinCAT
Simulation Manager there is the option to upload the target-site stored configuration (Checkbox "Load
configuration from target system"). The (nonrecurring) upload takes place if the Dialog is confirmed and a
copy of the configuration will be created within the simulation project.

g Beispiel.tsm - TwinCAT System I ] .

File Edit Actions ‘u"iew!Dptionfs Help

Dﬁ@n|%|ﬁ| Language @

-l SYSTEM - Cenfigurati Add Variable Type...

' MC - Configuration B
: Save User Types...
..J® PLC - Configuration SR T

Ell /O - Configuration Load User Types... ;

B 1/0 Devices \w Check PLC Project Changes
=i Gerat 1 (FC51x 'v Open Logger Automatically

-.sfm Gerdt1-P
i = Gers & |7 Open Last Used File
|7 Select Last Tree Elernent

- %! Eingdnge
-8 Box1 (CAN
%T Eingén |7 Generate BAK-File

8l Ausgar¥
| j TxPDO Show full document path I
BT TxPDO Compatibilty Meode (not recommended for new projects)

m- Bl RxPDO
Bl RxPDO Show Real Time Ethernet Compatible Devices...

Change PCMCIA Base Address...

—@g Mappings

Update EtherCAT Device Descriptions...
Edit Terminal Types...

Fig. 6: Figure 3: Automatic storing of the current configuration on the target system (System manager
option).
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IE Manage target systems E@ﬁ
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- JCx 013004 514519611 = W Cx_0120C4 514813611 16825404 2.11.1539
"-i CX_M30cCy X 1404111 ’i C¥_0130C7 1404117 162325407 2101323
W RALFH-NE X 17216.3.116.1.1
L4 ZK-TESTH 172.16.3.245.11
J 2K-TEST2 17216324511
L ZK-TEST4 172.16.3.245.11
4 601740-001 127.255.255.1.11
J AlexanderB-NB2 172161063111
4 alexandero 172.16.7.164.1.1
4 Alexanders2 172162711
J A2 1721654211
i ateratest 172.16.3.41.11
' Analog-Klemmen?2 17216710811
J analog+lemmend 17216523711
' analogklemmens 17216314711
'$ Analog-Klemmen§ 17216514611
19 Analogklemmen10 17216423811
4 AndreasBnb 152,168 104 60,11
T andreasi-nh 177 1R 7 14R 11

Name CH_0130C4 E] @ |PAddress [¥] Download Configuration from target

Netld 5.1 48191 1 _

[E] () Host Mame
Address 168254 0 4 [~]
L [ ok ][ Cancel ]

Fig. 7: Figure 4: Selection of the CheckBox 'Download Configuration from target' to download target site
stored System Manager configurations (Simulation Manager Dialog)

4.3 Ressourcenverteilung und Zielsysteme festlegen
4.3.1 Deployment and selection of the Target Systems / Devices
Concept

The TwinCAT Simulation Manager supports local as well as distributed scenarios. To deploy realtime

functionalities in an environment form one to multiple resources (CPU), the application realizes the following
groups of features:

 Selection of target systems [P 21]

» Assignment of configurations [P 23]

+ Assignment and deployment of PLC-Programs [»_24]

The system can scales from pure local to full distributed environments. To maintain all relevant data of a
simulation-project at a central location (mostly on the configurator PC), all the project data will be stored
within the Simulation Manager project directory. This folder will then act as central data store. All referenced
System Manager configurations and PLC Programs will be copied into the project cache during creation of

the Simulation Manager project. The Application then acts on these copies, the originals are not touched
anymore.

20 Version: 1.0 TS1110



BEGKHOFF Tutorials

Selection of target systems

The Dialog 'Manage target systems' [P _54] is opened via main menu 'Edit -> Select target

Systems ..." (Figure 1 [»_39]).

i3 TwinCAT Simulation Manager C:\tmp\TestProject3\Test]
File Options ~ View Help

..... o
=
Corffigu Overwrite device configuration (Original mode)...
MName _ _
= ﬂlﬂ} PLC Project mappings ...
=] Wirite Simulation State to PLCs
S
= Create Default Mappings
Chedk configuration

@ Rescan PLC projects

Fig. 8: Figure 1: Calling the "Select target systems" dialog.

The Dialog consists mainly of two list boxes (see Figure 2 [P 54]):

* On the left side, all found target (TwinCAT) systems within the connected Ethernet network are listed
(Broadcast search)
« On the right side all participating systems of the TwinCAT Simulation Manager configuration are listed.

The list of targets within the TwinCAT Simulation Manager Configuration can be changed via the Buttons
|l>>ll and ll<<ll.

With pressing the "OK" Button, the list is accepted and the TwinCAT Simulation Manager loads all Current
Configurations from the target systems plus the available PLC Symbol files and stores them in it's local

cache for access. Afterward the Navigation window [P_39] is updated.
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r oy
m Manage target systems [ =T WI
Available Devices Selected Devices
Mame Connected  Metld = Name Netld |PAddress TwinCAT
J C¥_0130C4 X 5.1.48.196.1.1 EI E RALFH-ME 17216311611 169254272 Unknown
J CX_0130C7 x 1404111
E RALFH-NE X 172.16.3.116.11
:;J 2K-TEST1 172.16.3.24511
J ZK-TEST3 17216324511
H 2K-TEST4 172.16.3.24511
J &01740-001 127255255111
4 AMexanderB-NB2 172.16.10.63.1.1
4 alexanden 17216716411
4 MexanderS2 172162711
14 Aik2 172.16.9.42.1.1
4 alteratest 1721654111
' Analog-Klemmen?2 17216710811
J analog+lemmend 172165823711
' analoglemmens 172.16.3.147.11
'$ Analog-Klemmen§ 172.165.146.11
:;4 Analogklemmen10 17216423811
J AndreazBnb 152.168.104.60.11
" andreach? 17?7 1REIRII1 T
4 il sl 3
Hame RALFH-NB E] @ |PAddress Download Configuration from target
Netld i
L [E] ) Host Name
Address 163254 2 2 | [~]
[ 0k ] [ Caneel

Fig. 9: Figure 2: Selection of the target systems
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Assigment of Configurations

m TwinCAT Simulation Man*r chtmpiTestl\Testl.sim™

File Edit Options View Help

U2HISRIER
Corfiguration | CX_0130c4 |

Mame Path Dz Allaeme
El- ﬂiﬂ] CH_0130C4 (CX_0130C4: 5.1 :L“ 10E 1
. ! SYSTEM - Korfiguration Download current Configuration ...
=- ' SP5 - Korfiguration X Delete ...
=~ gfﬁ Original (Runtime 1) = Settarget system ... !
=- Standarl:!. 2 Import*tsm .. !
G- %[ Eingange i .
f- L Ausginge =g Export *tsm ...
- TB NC - Korfiguration ! Dpen Systern Manager ..
- Bl CNC - Korfiguration B8 PLC Explorer..
- [ E/A - Korfiguration
- - @ Web Access ..,
= Hiflj CX_0130C7 (CX_0130CT: 1.404 ]
- @ SYSTEM - Korfiguration Y& Remote Desktop ... !
=8 ! 5s|='s - }{arﬁigu@inn Ping
=- 5§ Simulation (Rurtime1) )
= [B1 Standard @ AdsPing

- %7 Eingange Reboot ..
- ‘.I. Ausgange
- MC - Konfiguration
- E CNC - Korfiguration
i+ [l E/A - Korfiguration

ShutDown ...

Config mode ...

Restart System ...

Show target routes ...

M BN

Remove route ...

Fig. 10: Figure 3: Context-menu entries for System Manager Configuration assignment (target system
related)

Entry Description

Download current Configuration ... Downloads the current configuration from the selected target
system and updates/overwrites the simulation-projekt cached
data.

Delete ... Removes the target system and its configuration from the
simulation project.

Set target system ... Sets a new address at the selected target configuration. The
configuration will be assigned to a new target device.

Import *.tsm ... Imports a configuration into the simulation project and sets the
target system address of this imported configuration to the
selected target address.

Export *.tsm... Copies the selected System Manager configuration from the
simulation project to an external folder.

Table 2: Context-menu entries for System Manager Configuration Assignment (target system related)
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Assignment and deployment of PLC-Programs

m TwinCAT Simulation Man*r cAtmpiTestl\Testl.sim®

File Edit Options View Help

P H|S RBIEE

Configuration

MName Path H
El- ﬂiﬂ} C¥_0130C4 (C¥_0130C4: 514815961 1)
- @ SYSTEM - Konfiguration
= 8 5PS - Korfiguration
=8 Orginal (Ruriime
=- Standard Rename
- %l Eingange *@  Add simulation Variables...
[#]- ‘l Ausgangs
' NC - Korfiguration '_';"' Download PLC Symbols
- Bl CNC - Korfiguration Create Bootproject
- [ E/A - Korfiguration Deploy PLC ...
E- ﬂiﬂ} CH_0130CT (T _M30CT ge
- gk SYSTEM - Korfigurati
: ' . ¢ Evport PLE Project ...
=- ! SP5 - Korfiguration | *+ P )
= 5E€ Simulation (Rurtin 5= &dd PLC Project ...
=- Standard
[+ %[ Eingange
- ‘l Ausgangs ! Open PlcContral ...
- MC - Konfiguration .
W CNC - Korfiguration | o

Import PLC Project ...

X Delete ...

Rezcan

Fig. 11: Figure 4: Context-menu entries for PLC-Program assignment and deployment

Entry Description

Create Bootproject Creates the PLC program as bootproject on the target device.

Deploy PLC ... Shifts the selected PLC-Program to another available runtime.

Import PLC Project ... Imports a PLC-Program to the selected PLC-Runtime. The existing PLC-
Program will be overwritten.

Export PLC Project ... Export the PLC-Program from the selected PLC-Runtime into an external folder.

Add PLC Project ... Adds a new PLC-Program to an available/free PLC-Runtime.

Delete ... Removes the specified PLC-Program from the simulation configuration.

Table 3: Context-menu entries for PLC-Program assignment and deployment
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4.4 Assignment of Simulation-PLCs

I3 TwinCAT Simulation Manager C:\tmp\TestProject\TestP
File Options  Wiew Help

D S Simulation Mode
A

Corffigu Overwrite device configuration (Original mode)...

PLC Project mappings ...

EI Write Simulation Mode
Select target Systems ...
- Create Default Mappings
|:_:|.. H
? Reset Simulation Settings
Inconsistency chedk
=8

@ Rescan PLC projects

Fig. 12: Figure 1: Calling the PLC Assignment Dialog from main menue

15! Map 'Original’ to ‘Simulation’ PLC projects

Onginal Projects: Mapped Simulation Project:
Name Path DataType | Name Target Metld
= Hiflj RALFH-NB (172.16.3.7.1.1) s Runtime1 CX_0130C4 514819611
- = B8 SPS - Konfiguration
-

----- Bl CX_0130C4 (5.1.48.196.1...

|E 3 |

63

Fig. 13: Figure 2: Assignment of Original-PLC to Simulation-PLC

4.5 Activation of the simulation mode

When the simulation button is clicked in original mode, the following dialog wizard (Figure 1) is opened.
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TwinCAT Simulation Manager (Step 1 of 6)

Set system(z) to "Config’ mode
Process simulation settings
Save TwinCAT Configuration
Activate configuration(s)

Restart the target system(s)
\wirite the simulation state

Description

The target Systems

17216.3.7.1.1,

514819911

will be set to Config” mode. Eventually started munning PLC projects will be stopped.

5o ) (e ]

Fig. 14: Figure 1: Simulation On Wizard User Interface

The description of the command buttons of the Wizard is given in Table 1.

Push-Button |Description

Name

Skip Skips the step (only if it is optional)

Process Processes one single step and stops afterwards

Process All Processes all steps. If any step fails, then the processing will be stopped

Cancel Cancels the further processing of the steps and closes the Wizard-Dialog

Finish All steps processed successfully and the "Finish" button closes the Wizard-Dialog
Redo Appears when one step fails. This gives the opportunity to repeat the actual step.

Table 1: Buttons on the Wizard

The switchover to simulation mode is performed in several steps (Figure 1 and Table 2). Some of these
steps are mandatory and some are optional (that is they can be bypassed with the 'skip' button).
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Step

Name

Description

1

Set system(s) to 'Config' mode

All participating systems will be set to 'Config' mode. If the
local system is one of these systems, the TwinCAT
Simulation manager first sends the 'Reconfig' command to
this system. If the local system reaches the 'Config' mode,
the 'Restart' command is send to all other remote systems
at the same time. The Step succeeds if all systems are in
'Config' mode.

Process simulation settings

The current I/0 mappings are linked (locally or remotely) to
the simulation PLC, axes are switched over to simulation
mode and (simulated) devices are deactivated!

The created simulation profile is not used if it is not
activated and until the TwinCAT system has performed a
restart. The step is succeeded when no error occurred
setting the configurations.

Save TwinCAT Configuration(s)

Saves the locally cached TwinCAT System Manager
Configuration files of all participating systems.

Activate Configurations(s)

Activate the configurations on the targets. The
configurations will remain inactive until a TwinCAT restart is
carried out on the target.

The command will succeed if the activating processes ran
through without errors.

Restart TwinCAT System(s)

Restarts the TwinCAT target systems with the activate
configurations. Like in Step 1, first the (optional) local
system will be restarted and as second step all 'remote’
ones in parallel. This step is succeeded if all targets are in
'Run' mode.

Write the simulation state

Resets the 'dwSimState' Global PLC Variable to '1' for all
participating PLCs. This Symbol is the indicator for the
PLCs that the system is in "Original" or "Simulation" mode.
The step succeeds if the targets are reachable, the Symbol
(TcSimManager.lib) is contained in the PLC project and the
value could be written with success.

Table 2: Process Steps to change from QOriginal Mode --> Simulation Mode

If all steps succeeded the wizard looks like shown in Figure 2.
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Set system(s) to "Config’ mode OK

Process simulation settings OK
Save TwinCAT Conhguration OK
Activate configuration(s) OK
Restart the target system(s) OK

‘wirite the simulation state DK

Description

Wites the actual simulation state into the orginal and simulation Ple untimes!

Skip Process Process Al

Fig. 15: Figure 2: Wizard Dialog when successfully set to the simulation mode

The wizard can now be closed via the "Finish" button.

4.6 Deactivation of the simulation mode

When the simulation button is clicked in simulation mode, the following wizard dialog (Figure 1) is opened.
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TwinCAT Simulation Manager (Step 1 of 6)

Set system(z) to 'Conhg’ mode
Process oniginal settings

Save TwinCAT Configuration
Activate configuration(s)

Restart the target system(s)
‘nirite the simulation state

Description

The target Systems

172163711,

514819311

will be set to Config" mode. Eventually stated running PLC projects will be stopped.

5o ) (o]

Fig. 16: Figure 1: Simulation Off Wizard User Interface

The description of the command buttons of the Wizard is given in Table 1.

Push-Button Name Description

Skip Skips the step (only if it is optional)

Process Processes one single step and stops afterwards

Process All Processes all steps. If any step fails, then the processing will be stopped

Cancel Cancels the further processing of the steps and closes the Wizard-Dialog

Finish All steps processed successfully and the "Finish" button closes the Wizard-
Dialog

Redo Appears when one step fails. This gives the opportunity to repeat the actual
step.

Table 1: Buttons on the Wizard

The switchover to original mode is performed in several steps (see Figure 1 and Table 2). Some of these
steps are mandatory and some are optional (that is they can be bypassed with the 'skip' button).
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Step

Name

Description

1

Set System(s) to 'Config' mode

All participating systems will be set to 'Config’ mode. If the
local system is one of these systems, the TwinCAT
Simulation manager first sends the 'Reconfig' command to
this system. If the local system reaches the 'Config' mode,
the 'Restart' command is send to all other remote systems at
the same time. The Step succeeds if all systems are in
'Config' mode.

Process original settings

The current I/O mappings are removed (locally or remotely)
from the simulation PLC, axes are switched back to original
mode and deactivated devices enabled again

The created original profile is not used if it is not activated
and until the TwinCAT system has performed a restart. The
step is succeeded when no error occurred setting the
configurations.

Save TwinCAT Configuration(s)

Saves the locallly cached TwinCAT System Manager
Configuration files of all participating systems.

Activate Configuration(s)

Activate the configurations on the targets. The
configurations will remain inactive until a TwinCAT restart is
carried out on the target.

The command will succeed if the activating processes ran
through without errors.

Restart the target system(s)

Restarts the TwinCAT target systems with the activate
configurations. Like in Step 1, first the (optional) local
system will be restarted and as second step all 'remote’
ones in parallel. This step is succeeded if all targets are in
'Run' mode.

Write the simulation state

Resets the 'dwSimState' Global PLC Variable to '0' for all
participating PLCs. This Symbol is the indicator for the PLCs
that the system is in "Original" or "Simulation" mode. The
step succeeds if the targets are reachable, the Symbol
(TcSimManager.lib) is contained in the PLC project and the
value could be written with success.

Table 2: Process Steps to change mode from Simulation Mode --> Original Mode

If all steps succeeded the wizard looks like shown in Figure 2.
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Set system(s) to "Config' mode OK

Process original settings OK
Save TwinCAT Configuration OK
Activate configuration(s) OK
Restart the target system(s) OK

Yirite the simulation state OK

Description

Whites the actual simulation state into the orginal and simulation Ple untimes!

Skip Process Process Al

Fig. 17: Figure 2: Wizard Dialog when successfully returned to the original mode

The wizard can now be closed via the "Finish" button.

4.7 Creating simulation template project

Creating and adding a new simulation PLC is done via selection and activating the Contextmenu entry
"Create Simulation PLC-Project" of the PLC runtime that is intended to be simulated in the configuration
navigation tree (see Figure 1).

Within the now appearing Dialog, the Simulation PLC runtime must be selected (Figure 2). This dialog shows
the currently available target systems. If the designated simulation system is not in the tree, it can be added
via the "Search" button. With leaving the dialog over "OK" the TwinCAT Simulation Manager generates a
simulation framework for the selected PLC, assigns it to the specified target system and runtime and adds it
to the TwinCAT Simulation Manager configuration project.

This PLC framework project will contain all located |0-Symbols of the original PLC project in reversed/
mirrored allocation (inputs --> outputs and outputs --> inputs, see Table 1).
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= @i} RALFH-NB (172.16.3.7.1.1)
@ SYSTEM - Konfiguration
= B8 SPS - Konfiguration
=R Fntime 1

Project:

Project path:

Buntire:

= Standard

Create Simulation PLC-Project

%! EBingangs

.l Ausganags

! MC - Konfiguration

B E/A - Korfiguration

= Hiff§ CX_0130C4 (5.1.48.196.]
= € SYSTEM - Korfigurat
t Echtzeit-Einstellun

Download PLC Symbols
Import PLC Project ...
Open FlcContral ...

Rescan

Properties ...

[B¥ Zusatzliche Tasks

Fig. 18: Figure 1: Creation of a Simulation PLC Project via Context menu

Specify the Simulation System

Select PLC Runtime

m

W C3 0130C4(5.1.48.196.1.1)
. Rurtime1 (State: Stop)
W C3_0130C5(5.1.48.197.1.1)
W CX_0130C7 (5.1.48.199.1.1)
W C3_0130C9 (5.1.48.201.1.1)
W RALFH-NE (172.16.3.7.1.1)

] ] ]

(o

==

Fig. 19: Figure 2: Selection of the PLC target sytem

A template PLC project can be created via the menu item 'Edit' --> 'Generate simulation PLC project'. This
template is created from the currently integrated original PLC projects. The following components of the
original project(s) are considered and possibly adopted in the simulation PLC project.

 Libraries that are in the standard PLC control library path ("[INSTALLATIONSPFAD _PATH]\PIc\Lib"]

+ All allocated input and output symbols (%l, %Q) of the original PLC projects are adopted in the
simulation project. Inputs however are created as outputs and according to the rules defined in the
table. Permanently allocated, universal variables and block variables as well as VAR _CONFIGs are
used as symbols (also see 'Standard mappings [»_35]").

Allocation %Q

Original PLC Device I/ |Signal |Simulation PLC symbol Description
symbol (0] direc-
tion
1 VAR_INPUT Input <-- VAR_OUTPUT (%O) A device delivers a signal to
Allocation (%l) the PLC, e.g. an "On" switch.
In the simulation mode, the
simulation PLC delivers the
switch position via an output
symbol to the original PLC.
2 VAR_OUTPUT Output  |--> VAR_INPUT (%l) A block output signal is
Allocation %Q transmitted to a device, e.g. a
'bRunning' flag to a light
3 VAR_INPUT Output  |--> VAR_OUTPUT (%) The symbol specifies the

interface to a device input. The
block is not usually filled with
code
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Allocation %I

Original PLC Device I/ |Signal |Simulation PLC symbol Description
symbol o direc-
tion
4 VAR_OUTPUT Input <-- VAR_INPUT (% Q) The symbol specifies the

interface to a device output.
The block is not usually filled
with code

Table 1: Generation rules for "reverse" or "mirrored" symbolic

Original PLC Device and Hardware
I o .
FB | «%qo
bEOn bOut ®

Fig. 20: Figure 3: Case 1 and 2 (original mode)

Simulatas tha
Switch and the
Lamg

Original PLC Simulation PLC
FB |u%0 Sim | %q
bOn bOut FB bOn
L |

« The data types of the allocated instances / symbols

* POUs, which contain allocated symbols.
POU blocks may contain other POUs. These are recursively created when they contain allocated
symbols. In the process, the inputs and outputs and their allocations are mirrored.

The creation only takes into account symbols / instance paths that lead to a allocated symbol. Other
variables will not be created. Symbols that are added to the orignal project after the Simulation
configuration has been created, can be maintained into the simulation project via the Adding symbols
to the simulation project [P_34] functionality.

Restrictions:

Figure 4: Case 1 and 2 (simulated)

» One original PLC project can be bound to exactly one Simulation PLC project.
» Located Symbols out of Libraries are not supported
* Located Pointer data types are not supported

The next step is to fill the empty shell of the simulation project with simulation code. This is specific to the
application. For this task PLC Control Application can be opened via context menu "Open PlcControl ...".

In the simulation mode, the original symbols with their correspondences are connected in the simulation

PLC.

TS1110
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4.8 Simulationssymbole hinzufiigen
4.8.1 Adding symbols to the simulation project

The "Add Symbols to Simulation" dialog offers the possibility to maintain the simulation project after changing
the original project. Before opening the dialog the TwinCAT Simulation manager scans the original and the
simulation PLC project and offers the delta of the symbols inside the left hand side list box ("Original
PLC(s)").
= ﬂiﬂ] RALFH-NE (172.16.3.7.1.1)
= gk SYSTEM - Korfiguration
t Echtzeit-Einstellun. ..
[B¥ Fusdtzliche Tasks
%% Routing Einstellun...
= B8 SPS - Kenfiguration

LR Rurtime 1

B MC - Korfiguration Add simulation Variables...

B £/A - Korfiguration Download PLC Symbols
= ﬁiﬂ] CX¥_0130C7 (5.1.48.19 _

! SYSTEM - Korfigu Import PLC Project ...
= B 5PS - Korfiguratio Open PlcContral ...

i Runtimel Show TPY

! MC - Konfiguration
B /A - Korfiquratio] | Soeean

Properties ...

Fig. 21: Figure 1: "Add simulation Variables ..." Context menu on the PLC Runtime node

Add Symbols to Simulation

Orriginal PLC[=): Simulation PLC:

] FastProgram.i

zertedyariable]

&3] I | > L3 I | 8

i, I Cancel

Fig. 22: Figure 2: Selection of the Symbols to add within the simulation project

With adding the symbols to the right hand side pane ("Simulation PLC") the symbols to add can be selected.
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Add Symbols to Simulation

Original PLC[=): Simulation PLC:

S FastProgram.i Wariable]

-"ariaEI-ﬂ

|~

L] A

DE i Cancel

Figure 3: Movement of the selected Symbols to the Simulation PLC ListView

|

Selecting "OK" accepts the dialog setting, opens the PLC Control compiles the Simulation project. After the
"PLC Control" program is closed again, the Simulation Manager should reflect the changes in its Navigation
window [» 39].

4.9 Default (standard) mappings

Standard mappings are mappings that can be automatically set up by the simulation manager in one step.
An automatic mapping offered for symbols that are available both in the original PLC and in the simulation
PLC (with the same data type) is created by calling the main menu item 'Create Default Mappings' from the
'Edit' menu (see Figure 1).
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Simulation A ger c:\tmpiTestProject\TestP

File Options  Wiew Help

ﬂ S Simulation Mode
A

Corfigu Overwrite device configuration (Original mode)...
MName _ _
= ﬂiﬂl PLC Project mappings ...

=] Write Simulation Mode

=) Select target Systems ...

Create Default Mappings

Reset Simulation Settings

Inconsistency chedk
& Bl

= @ Rescan PLC projects

Fig. 23: Figure 1: Calling "Create default mappings"

This functionality iterates over all Symbols within the original PLC projects and tries to bind it to simulation
symbols of the same symbolic name / access path, same data type but reversed location (reversed %l /
%Q). If an applicable simulation symbol exist, an local (I0-Mapping) or remote Mapping (via Realtime
Network Variables) will be created within the simulation settings.

Standard mappings are very useful when used in conjunction with the Create Simulation project [P 31]
feature. This feature ensures that the symbolic names and access paths within the simulation project are
easily connectable to the original PLC project for the user and automatic program support by ensuring
identical naming conventions.

In Figure 2 the navigator window has the original Symbol 'bRun' selected. The 'Simulation Targets View' on
the right hand side shows the possible connections within the assigned simulation PLC project. The Default
Mapping for this symbol is 'MAIN.bRun' and is marked with green text.

I TwinCAT Simulation Manager C:\tmp\TestProject3\TestProject.sim*

 Fle Edit Optons V¥iew Help
P2 H S RBEE
Corfiguration Simulation Variables | Symbol Irfo |
B L PRV & Name T Path Target Rurtime =~ Task Pr
= & RALFH-NB (17216371.1) [ ®bCumentDirsction  BIT - MAIN Machine1 FasdingBalt bCumen... CK. 0130C4.. Rurtimel . Standard  MAIN |
= g SYSTEM - Konfiguration [] #)bCurertDirection  BIT MAIN Machine1.PurgingBek bCurrert... CX_0130C4... Rurtimel Standard MAIN
@ Echizeit-Enstellungen [ %) bGripped BIT  MAINMachine 1. Gripper] bGripped CX_0130C4.. FRurtimel Standard MAIN
[B¥ Zusatzliche Tasks ||| O % bGripping BIT MAIN.Machine1.Gripper 1 bGripping CX_0130C4.. Runtimel Standard MAIN
¥ Routing Einstellungen [ #®lbRun BIT MAINbRun CX_0130C4... PRurtimel Standard MAIN
= 58 SPS - Korfiguration [[] %l changingTeol BIT MAIN Machine1.Drl1.engine.changi.. CX 0130C4.. Rurtimel Standard MAIN
= %% Runtime1 [] ®lFeedingBehtStat  BIT FeedingBetStart CX_0130C4.. Runtimel Standard
=] Standard [] %! FeedingBetStop BIT FeedingBeltStop CX_0130C4... Rurtimel Standard
= %1 Eingange [ %! moving BIT MAIN.Machine1.Dril 1.engine moving CX_0130C4... Rurtimel Standard MAIN
& bRun MAIN BIT El ‘lFurgingBeﬂStart BIT PurgingBeltStart CX_0130C4. Runtime1  Standard
&1 fCumentSpeed MAIN Machinel... FLOAT [ %! PurgingBetStop BIT PurgingBetStop CX_0130C4..  Runtimel  Standard
&1 fCument Position MAIN Machine... FLOAT [ %l Ready BIT MAIN Machine1.Dril1.engine. Ready CX_0130C4... Runtimel Standard MAIN
1 fCumertSpeed MAIN Machinel.. FLOAT v [] %l tuming BIT MAIN Machine1.Dril1.engine tuming CX_0130C4... Runtimel Standard MAIN
] | 2
Sim !

Fig. 24: Figure 2: Simulation Mapping Targets View: Before creating the Default Mappings

36 Version: 1.0 TS1110



BECKHOFF

Tutorials

If the default connections are generated, the original symbol MAIN.bRun will be bound to the simulation

symbol 'MAIN.bRun' for the simulation profile (see Figure 3). Simulated Symbols will be marked with the red
'S' within its icon to show that a simulation setting is assigned.

IiZ! TwinCAT Simulation Manager C:\tmp\TestProject3\TestProject.sim*

File Edit Options View Help
D2 H SR EE
Configuration Simulation Variables | Symbol Info |
e i ZEEATLE 2 Name Mode T. Path Target Runtime ~ Task Prk:
& Bl RALFHNB (17216371.1) [ *ibCurent Direction BIT " MAIN Miachine 1 FeedingB. CX_0130C4 . Rurtime1 Standard MAI
& QSYSTEM'_K""@E'“"” ] ! bCument Direction BIT MAIN.Machinel PurgingB... CX_0130C4 .. Rurtime] Standard MAIN
QE‘*“_ZE"'E”S‘B"“"QE" ] . bGripped BIT MAIN Machinel Gripper . CX_0130C4 . Rurtimel Standard MAIN
[B% Zusatzliche Tasks ||| O ! bGripping BIT MAIN.MachinelGrpperl... C¥_0130C4 .. Rurtimel Standard MAIN
%% Routing Einstellungen [#] ®lbRun Simulated BIT  MAIN.bRun CX_0130C4 .. Rurtmel Standard MAIN
= 58 SPS - Konfiguration [[] *! changingTeal BIT MAIN Machine1.Drlll.eng... CX_0130C4 .. Rurtimel Standard MAIN
= % Runtime1 [] *! FeedingBelt Start BIT FeedingBeltStart CX_0130C4 .. Rurtimel Standard
=+ B9 Standard [] *! FeedingBett Stop BIT FeedingBeltStop CX_0130C4 .. Rurtimel Standard
= %! Eingange |:|5§lm0\ring BIT MAIN.Machine1.Drlll eng... CX_0130C4.. Rurtimel Standard MAIN
&l bRun MAIN BIT [1 ! PurgingBelt Start BIT  PurgingBeltStart C¥_0130C4 .. Rurtimel Standand
%31 fCurentSpeed MAIN Machinel... FLOAT [] ! PurgingBelt Stop BIT PurgingBeltStop C¥_0130C4 .. Rurtimel Standard
% fCumentPosition MAIN Machinel... FLOAT D:’lﬂeady BIT MAIN.Machine1.Drlll eng... CX¥_0130C4.. Rurtimel Standard MAIN
53 fCument Speed MAIN Machinel... FLOAT v D’ltuming BIT MAIN Machine1.Drlll.eng... CX_0130C4 ... Runtimel Standard MAIN
< |
Sim z
Fig. 25: Figure 3: Simulation mapping Targets View: After creating the Default mappings
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5 User interface

5.1 Views

51.1

The main screen is divided into three separate areas:

Main screen

» The navigation tree [»_39] (similar to the system manager configuration tree, under the heading
"Configuration").
This view is to navigation through the TwinCAT Simulation Manager configuration ordered by the
included target systems.

« Simulation configuration window (context dependent, in Figure 1 the Symbol Target Window [» 45] is
shown), to set the simulation properties

» Current Mappings View [»_47] ("Mappings") for showing the currently set mappings of the selected
symbol.

CEX

Ii3) TwinCAT Simulation Manager C:\tmp\ConveyorDistributed\ConveyorSample.sim*

° File Edit Optons View Help
LPHBSE ER
Configuration Simulation Variables | Symbol Info
i ] DZETTE Name Mode T. Path Target Runtime
= ﬂm} i lAere kR ARY Dﬁiﬁbl}langeﬂml BIT MAIN.Machine1.Drill1.engine bChangeTool  CX_0730C7 (5.1.48.199.1.1) Runtime1
£, SYSTEM - Kortigurstion [] #7bEnableDril BIT MAIN.Machine1.Dril1 engine bEnableDril  CX_0130C7 (5.1.48.199.1.1) Runtime1
= A 5PS - Konfiguration [ &1 bGrip BIT  MAIN Machine 1 Gripper1 bGrip CX_0130C7 (5.1.48.199.1.1) Rurtime1
= K% Rurtme [ &'bMove BIT MAIN.Machine 1 Dril1.engine bMove CX_0130C7{5.1.48.199.1.1) Runtime1
=[50 Standard [7] &' bReady Simulsted  BIT  MAIN Machine 1 bReady CX_D130C7(5.1.48.199.11) Runtime1
% Eingange [ &7bRun BIT MAIN.Machine 1 FeedingBett bRun CX_0130C7(5.1.48.199.17) Runtime1
= § Ausgange [ & bRun BIT MAIN Machine1 PurgingBett bRun CX_D130C7(5.14819911) Runtime1
| bReady MAIN Machine 1 BIT [ &b Tum BIT  MAIN.Machine1.0ril1.engine b Tum CX_0130C7 (5.1.48.199.1.7)  Runtime1
Bl fOutPresetSpeed  MAIN Machinel.FeedingBet  FLOAT
| fOutPresetSpeed  MAIN Machinel.PurgingBelt  FLOAT
b fPresetForce MAIN Machine 1.Gripper1 FLOAT
¥l bGrip MAIM . Machine 1.Gripper1 BIT
! bEnableDril MAIN Machine 1.0l engine ~ BIT
. bMove MAIN Machine1.Dril1 engine  BIT
| bTum MAIN Machine1 Dril1 engine ~ BIT
| bChangeTool MAIM . Machine1.0rll1.engine  BIT
Bl Dril Tool MAIN Machine1.0ril1.engine ~ INT16
| TargetPosition MAIN Machine1.Drl1.engine  FLOAT 3 3
| TargetVelocity MAIN Machine1 Dril engine  FLOAT == =
| BetMachineState  MAIN Machine 1 MachineState | | 12PPINgs
5| bRun MAIN Machine 1. FeedingBelt BIT | RTEThemet To 5.1.48.199.1.1 MAIN Machine1 bReady Ausgange VarData
B! bRun MAIN Machine1.PurgingBet  BIT
B NC - Konfiguration
= I E/A - Konfiguration
= HE E/A Gerdte
B Gerdt 1 (Vinual-Bthemet)
H3 RTEThemet
= @il CX_0130C7 (5.1.48.199.1.1)
& SYSTEM - Korfiguration
B8 5PS - Konfiguration
B NC - Konfiguration
B E/A - Konfiguration
1] ||| =8 | &
Sim @

Fig. 26: Figure 1: TwinCAT Simulation Manager screen

When the simulation mode is switched on, this is indicated by yellow flashing "Sim" in the status bar of the
simulation manager.

The TwinCAT Icon at the right border of the status shows the mode and availability of the local TwinCAT
System.
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5.1.2 Navigation Window

The 'Navigation Window' is the centralized control interface of the TwinCAT Simulation Manager. It
embraces all integrated functionalities and enables the browsing through the TwinCAT Simulation Manager
configuration. The shown navigation tree is closely harmonized with the configuration tree of the TwinCAT
System Manager so that the user recognizes the structure of the machine configuration - but is extended in
terms of supporting distributed systems and simulation configurations.

The principle tasks of the 'Navigation Window" are:

» Navigating through the distributed system and accessing further programming / configuration and
debugging tools and applications

« Management of the Original and Simulation profile
» Configuring and generating simulations for various components (e.g. axes, PLCs, IOs and Devices)

An example for a navigation tree shown in the 'Navigation window' can be seen within Figure 1.
Configuration
Mame
= ﬂiﬂ] RALFH-NB (172.16.3.7.1.1)
& SYSTEM - Korfiguration
= B8 5PS - Korfiguration
EE Rurtime1
= Standard
%! Eingange
‘l Ausgange
- MC - Konfiguration
= B E/A - Korfiguration
= EH§ E/A Gerate
Gerat 1 (Virual-Ethemet)
= RTEThemet
%! Eingange
‘l Ausgange
P From 5.1.48196.11
ﬂj To 5.1.48.196.1.1
= i CX_0130C4 (5.1.48.196.1.1)
@ SYSTEM - Kofiguration
= B 5PS - Korfiguration
= 3E5 Runtime1
= Standard
%! Eingange
‘l Ausgange
- MC - Kanfiguration
= B E/A - Korfiguration
= ER E/A Gerdte
Gerat 2 (EtherCAT)
Gerat 3 (CX1100)
BB Gerst 4 (NOV/DP-RAM)
=
%! Bingange
‘l Ausgange
ﬂj From 172.16.3.7.1.1
Wi To 172163711

S R =R

Fig. 27: Figure 1: Navigation window of the TwinCAT Simulation Manager
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All shown items that are bound to simulation settings (e.g. Variables / Symbols, Axes, Devices, PLC

projects, ...) are marked with a red 'S' in their icon.

The different functionalities of the TwinCAT Simulation Manager are triggered mainly via the 'Navigation
Window' context menu. Depending in the selected item in this view, the context menu can contain the
commands shown in Table 1.

Requirements

Menu entry

Click context

Description

Create Simulation
PLC-Project

Original PLC selected,
Simulation PLC not
assigned

A Template Simulation PLC project is created and bound
to the selected Original PLC (see Create Simulation

Project [P 31]).

Add Simulation

Original PLC selected,

Maintains new Symbols of the Original PLC into the

Variables ... Simulation PLC assigned | Simulation PLC (see Add Simulation Symbols [»_34]).
Download PLC PLC selected Downloads the *.tpy Symbol information from the target
Symbols and store them in the local cache of the simulation

project. Internal data will be updated.

Import PLC Project

PLC selected

Imports an "external" PLC Control project for local
(cached) access. Be sure that the PlcControl project is
the actual project running on the target!

Open PlcControl

PLC selected

Opens the PLCControl application for the specified PLC.
Precondition is, that the *.pro file was created by the

simulation manager (via the Create Simulation Project

[»_31] command), or was imported by the Import PLC
Project

Rescan PLC selected Rescans the symbols of the PLC project

Ping Target System selected Pings the target system with a UDP-message. If the
target is connected to the same subnet and is running,
the Ping will succeed.

AdsPing Target System selected Pings the target system via ADS. In addition that the

target is reachable via UDP, both systems must run a
TwinCAT environment (in 'Run’ or 'Config' mode) and
both systems must refer each other via ADS Routes.

Open System
Manager

Target System Selected

Opens the System Manager on the locally cached
configuration (*.tsm) downloaded from the target. This
configuration should be always the actual configuration of
the target.

Download current

Target System Selected

Downloads and caches the 'Current Configuration' from

configuration the target.

PlcExplorer Taget System Selected Shows a dialog-browser showing the current PLC
runtimes of the target.

WebConfiguration Target System Selected |Opens the WebConfiguration HTML page of the target. If
this service is not supported and/or the Web-Server is not
running on the target, an error message will be displayed.

Disable Device(s) Selected Disables the Device(s) for the simulation profile

Enable Device(s) Selected Enables the Devices(s) for the simulation profile

Simulation Axis Selected Decouples the Axis in Simulation Mode and sets an
'Simulation Encoder".

Properties All Opens the Properties dialog.

Table 1: Context Menu commands

A few examples for the Context Menu on the most important items for the Simulation project are given in the

following.
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= ﬂiﬂ] RALFH-ME {172.16.3.7.1.1)
& SYSTEM - Konfiguration

= B® SP5 - Korfiguration
BNt
Standard Add simulation Variables...
B NC - Konfiguration
B £/2 - Korfiquratid
= Fifj CX_0130C4 (5.1.48.1
! SYSTEM - Konfig Open PlcContral ...
! 5SPS - Konfiguratig
B 1C - Korfiguration
B £/2 - Korfiguratid Properties ...

Download PLC Symbaols
Import PLC Project ...

Rescan

Fig. 28: Figure 2: Context Menu on PLC Runtime when a simulation PLC is already set

= B} RALFH-NB (172.16.3.7.1.1)
& SYSTEM - Konfiguration

= B SPS - Konfiguration
= 15

Standarg

Create Simulation PLC-Project

B NC - Korfiguratid Download PLC Symbols
= B E/A - Korfigurat Import PLC Project ...
= E E/AGerate Open PlcContral ...

Gerat 1
RTEThe Rescan

= il CX_0130C4 (5.1.48. S
@ SYSTEM - Korfibaremors

Fig. 29: Figure 3: Context Menu on PLC Runtime if not assigned to a Simulation PLC

= RALFH-MB (172.16.3.7.1 1) 7
!; SYSTEM - Korfiguratior] | "9
B SPS - Korfiquration | (b AdsPing
B0 1C - Korfiguration B cpen System Manager ...
B E/4 - Korfiguration ; :
= I;EE} CX_0130CA (5.148.196.1.1 (=1 Download current Configuration ...
@ SYSTEM - Korfiguration| P4 PLC Explorer ...
! 5P5 - Konfiguration E WebConfiguration ...
- MC - Konfiguration :
B E/A - Korfiuration i

Fig. 30: Figure 4: Context Menu on Target System
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= Hif RALFH-NB (172.16.3.7.1.1)
& SYSTEM - Korfiguration
= B® SP5 - Korfiguration
= YE& Runtime1
Standard
! MNC - Konfiguration
= B E/A - Korfiguration
= EE E/A Gerdte
3
RTEThemet Disable
=- B} CX_0130C4 (5.1.48.196.1.1)
& SYSTEM - Konfiguration

Properties ...

Fig. 31: Figure 5: Context Menu on Device

= B} RALFH-NB (172.16.3.7.1.1)
& SYSTEM - Konfiguration
= B 5PS - Korfiguration
S Runtime1
= B NC - Korfiguration
= NC-Task 1 SAF
NC-Task 1 5VB
= :i-r Achsen

Simulation

B /A - Korfiguration
= QIE} C¥_0130C4{5.1.481561.7) Properties ...
& SYSTEM - Korfiguration

Fig. 32: Figure 6: Context Menu on Axis

51.3 System information

The "Project information dialog" displays information about the applied runtime environments. When the
"Simulation flag" is set in the PLC, then the corresponding components are marked in yellow.

Target System Status

Mame Ads State | MNetlD IP Address = TwinCAT Version
@Ccx 0130C7 [N 5.1.45.195.1.1 169.254.0.7 00

@ ralrH-Ne [ 172163711 16925401 2101325

Fig. 33: Figure 1: Target Device State Dialog
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=% RALFH-MEB {172.16.3.7.1.1)

X Runtime1 {Project: BeltSample)

Rurtime 2 (State: Stop)
Rurtime3 (State: Stop) [Last execution time: 49 ms: CycleCount: 388800|

e Runtime4 (Project: TwinCAT System.Remote SystemCalll)
Standard (Cycle 2000000, Prio:50)

8 Rurtime1 (Project: TwinCAT System.Remote SystemCallT)
Standard (Cycle 2000000, Prio:26)

Fig. 34: Figure 1: PLC Status Dialog

5.1.4 Preferences dialog

Preferences

General Advanced

[] Suppress Splash Screen Check for configuration inconsisties

[] Suppress Fading

oK) [ Cancel

Fig. 35: Figure 1: The 'Preferences' dialog

Requirements

Option Description

Check for configuration In TwinCAT System Manager configuration files (*.wsm or *.tsm), which have

inconsistencies been created with a TwinCAT Version before <2.9, cannot provide unique
node names. This means that a given node name is allocated twice in the
same sub branch. Configurations created with Version 2.9 no longer contain
this ambiguity.
To ensure perfect functioning of the TwinCAT Simulation Manager, the
inconsistencies must be eliminated. To this end, a testing mechanism is
provided, which examines the system manager configuration when a new
simulation manager project is created and if appropriate issues a
corresponding error message.
This test is complex and takes a certain amount of time, it can therefore be
switched off. However this should only be done if it has already been ensured
that there are no more inconsistencies in the configurations used.
For newer TwinCAT System Manager configurations, this check can be
checked off.

Suppress Splash Screen Suppresses the Splash Screen

Suppress Fading Suppresses the Fading of the progress window and the splash screen

Table 1: Options of the Preferences Dialog

The Preferences will be persisted as User-settings.
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5.1.5 Context dependant

5.1.51 Axes view

When an "axis" group node is activated in the navigation tree, a list of axes opens on the right of the screen.
These axes can be marked as "simulated" or "original" via the context menu.

IS TwinCAT Simulation Manager C:\TcProjects\SimManager\AxisSim.sim®* f_l[ﬁl[‘&__(l

File Edt Options ‘iew Help

éul.i%ng\ =

Configuration Lizt of Axes
=B MC - Kanfiguration a8} Shapinghead : Encoder an A% 24-B200 (SIMULATED]
=-[BI NC-Task 1 54F &} B clttransferring : Encoder an &%2x-B200 [SIMULATED]
NC-Task 1 3VE &} Beltdrum : Encoder an 4328200 [SIMULATED)
=] ;"—'NH'S _ _ _ &t Beldrum? ; Encoder an A% 2B 200 [SIMULATED]
=} Shapinghead : Simulations-Encoder it Pl - Encoder an A% 2weB200 [SIMULATED)

i} Beltransfemning : Simulations-Encoder
- Beltdruml : Simulations-E ncader Eﬂ'JE_H Sirnulation 28200 [SIMLILATED)

5 e .
o E,E';d:’L;Trfqlft:::fé'izj;:“”'je’ SekJC_Head_2: Encoder an 428200 (SIMULATED)
i Ply2 - Encader an A% 2xsB200 :*Servicerheight: Encoder an Ax2wae-B200 [SIMULATED]
Zmb T Head 1: Simulations-Encoder al |C_Heightadiustment : Encoder an Ax2Zxa-B200 [SIMULATED)
i JC:Head:2 . Eimulations-E ncader ot nife] - Encoder an A% 2aB200 (SIMULATED)

im Servicerheight : Simulations-Ercoder amt | nife? - Encoder an A2u-B200 [SIMULATED]

amt .IC_Heightadjustment ; Simulations-Encoder
am Enifel : SimulationsEncoder
am Enife? : SimulationsEncoder

! SPS - Faonfiguration

- E /4, - Konfiguration

17216713711 | Sim &

Fig. 36: Figure 1: Axes view

Every simulated axis is labelled as such in the icon.

Name Description
Simulation Selects the Axis for Simulation
Original Deselects the simulation setting for the Axis

Tabelle 1: Contextmenue commands in the "Axes View"

5.1.5.2 Axes view

The axis view displays the online data of the axes. When the axis is in simulation mode, the operating
elements for "jogging" the Axis are active.
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iz 'Shapinghead' Encoder:, 'Simulations-Encoder'

3.2152| Setpoint Position: Il

N |

Lag diztance [mindmax]: [1 ActualWelocity: [

Setpoint Yelocity: 0l

Dveride [%] Total ¢ Control Qutput [%] Emar
Statuz [log.] Shapinghead
. Ready . NOT Moving . Controller
. Calibrated . Moving Fi . Feed Fuw
. HasJob . Moving Bw . FeedBw Set
_ _ + ++ ® ...... @ ..... e
F1 F2 F3 F4 e B8 [ FS

Fig. 37: Figure 1: Axis in simulation mode

5.1.5.3

Simulation Symbols Configuration View

The window "Simulation variables" shows the current and selectable simulation bindings for a variable
symbol for one in the Navigation window [P_39] selected symbol variable. If a symbol of an Original-PLC is
selected, only simulation PLC variables appear in the selection list. If a simulation variable is marked, then
only Original-Symbols appear. This reversal is highlighted by a new window name (instead of "Simulation

variables," "Original PLC variables" appear)

Only symbols of the same data type with reversed allocations can be selected (by checkbox) (inputs only

with outputs, or outputs with inputs).

TS1110 Version: 1.0

45



User interface BEGKHOFF

I¥$ TwinCAT Simulation Manager C:\tmp\ConveyorDistributed\ConveyorSample.sim*

Gl Edit Optons View Help

DPH(SR =2

Configuration Simulation Variables | Symbol Info |
Name Fath DataType MName Mode T. Path Target Runtime
= Hli] RALFHNE (172.16.3.7.11) [ B TibChangeTool BIT MAIN Machine1 Dril1 engine bChangeTool | CX 0130C7 (51481851 1) Rurtime1
@, SYSTEM - Korfiguration [] &1 bEnable il BIT MAIN.Machine1.Dril1.engine bEnableDrl  CX_0130C7 (5.1.48.199.1.1) Rurtime1
= B SPS - Konfiguration [ &7 bGrip BIT MAIN.Machine1Gripper1 bGrip CX_0130C7(5.1.48.199.1.1) Runtime1
=% Runtime1 [ &TbMove BIT MAIN.Machine1.Dril1.engine bMove CX_0130C7 {5.1.48.199.1.7) Runtime1
= [BI Standard [¥] ®TbReady Simuisted  BIT  MAIN Machine1 bReady CX_0130C7(5.1.48.199.1.7) Runtime1
% Eingange [ ®1bRun BIT  MAIN Machine 1 FeedingBekt bRun CX_0130C75.1.48.199.17) Runtime1
= § Ausgange [ &7TbRun BIT MAIN.Machine1.PurgingBek bRun CX_0130C7 (5.1.48.199.1.1) Runtime1
. bReady MAIN Machine1 BT [ &'bTum BIT  MAIN Machine 1 Dl engine bTum CX_0130C7{5.148.199.11) Runtime1

bl fOutPresetSpeed  MAIN Machine 1. FeedingBett FLOAT
Bl fOutPresetSpeed  MAIN Machinel.PurgingBet  FLOAT

| fPresetForce MAIN Machine1 Gripper1 FLOAT
. bGip MAIN Machine 1 Gripper1 BIT
. bEnableDril MAIM . Machine1.0rll1.engine  BIT
Bl bMove MAIM . Machine1.Drll1.engine  BIT
! bTum MAIN Machine1.Drl1 engine ~ BIT
B! bChangeTool MAIN Machine1.0ril1 engine ~ BIT
L Diil Toal MAIN Machine1.Drll1.engine  INT16
| TargetPosition MAIM . Machine1.Drll1.engine  FLOAT ¢ 3
| TargetVelocty  MAIN Machine.Drlll engine  FLOAT = =
B! BeltMachineState  MAIN Machine 1 MachineState | |_"\2PPINGS
1 bAun MAIN Machine! FesdingBett  BIT | RTEThemet To 5.1.48.199.1.1 MAIN Machine 1 bReady Ausgange VarData
. bRun MAIM . Machine 1.PurgingBelt BIT
B NC - Konfiguration
= 8 E/A - Korfiguration
= B E/A Gerate
B Gerat 1 (Vitual-Bhemet)
H3 RTEThemest
= fiflj CX_0130C7 (5.1.48.199.1.1)
& SYSTEM - Korfiguration
B8 5PS - Konfiguration
' MC - Kanfiguration
B E/A - Konfiguration
4 &) |5 | &
Sim @

Fig. 38: Figure 1: Selected variables symbol in the navigation window and "Simulation variables" screen

Any Standard mappings [»_35] that are identified will be highlighted in green.

Original Variables | Symbol Info |

MName Mode T.. Path Target Rurtime
] @ bCument Direction BIT MAIN Machine1.FeedingBelt bCurrentDirection RALFH-ME (172.16.3.7.1.1) Runtime1
] ®' bCumrentDirection BIT MAIN.Machine1.PurgingBelt bCumentDirection  RALFH-ME (172.16.3.7.1.1) Runtime1
] @ bGripped BIT MAIN Machinel.Grpper1 bGripped RALFH-MB (172.16.3.7.1.1) Runtime1
F @TbGl‘ipping BIT MAIN Machinel . Grpper1 bGripping RALFH-MB (172.16.3.7.1.1) Rurntime1

B'
[[] ®1 changing Tool BIT MAIN Machine1.Drill 1 engine changing T — B(172.16.3.7.1.1) Runtime1
[] &' FeedingBek Start BIT FeedingBeltStart PL B(172.1637.1.1) Runtimel
[] @ FeedingBeltStop BIT FeedingBeltStop RALFH-MB (172.16.3.7.1.1) Runtime1
L] @Tmm’ing BIT MAIN Machine.Drll1.engine maving RALFH-MB (172.16.3.7.1.1) Rurntime1
] ) Purging Belt Start BIT  PurgingBelt Start RALFH-MB {172.16.3.7.1.1) Runrtime1
] ) PurgingBett Stop BIT PurgingBeltStop RALFH-MB (172.16.3.7.1.1) Runtime1
[] @1 Ready BIT MAIN Machine1.Drll1.engine. Ready RALFH-MB (172.16.3.7.1.1) Runtime1
L] @Ttuming BIT MAIN.Machine.Drll1.engine tuming RALFH-MB (172.16.3.7.1.1) Rurntime1
< | 2

Fig. 39: Figure 2: Setting the simulation mappings

The simulation settings can be changed as follows via checkboxes in the view window or via the context
menu:

Type of mapping Description

Observe Observation of an 1/0

Simulate Simulation of an I/O, the mapping and the device are removed in simulation
mode.

46 Version: 1.0 TS1110



BEGKHOFF User interface

Type of mapping Description
Original No change in simulation mode.

Table 1: Context Menu Commands of the 'Simulation Symbols Configuration View'

Variables or symbols that are connected differently in simulation mode, are indicated with a red S in the top-
left corner of their icon.

5154 Current Mappings View

The mapping window shows the active mappings for the variable selected in the navigation window [»_39].
Dependant on the profile (Original or Simulation) and the simulation type (local or remote) the Symbol can be
bound to I0-Devices, to other PLCs or to Network Publisher / Subscriber Variables (configured by the

Simulation Symbols Configuration View [P 45])

Example:

The activated profile is the 'Original' mode. Within this profile the symbol 'MAIN.bRun' of the Original-PLC is
bound to an Input-Terminal on an BK9000 device (Figure 1).

IS TwinCAT Simulation Man ager C:\tmp\TestProject3\TestProject.sim* _| |E| f$__<|

File Edit Options View Help
3 - P
\_k] H SA @ 5
Configuration Simulation Variables | Symbol Info |
s | e Mode | T.| Path Targst Runtme | Task | Pr..
= ﬁlﬂi“’"‘LFH'NE(m-m-&”;”' [ ®LbCurent Direction BIT MAIN Machinel Feedi . CX_0130C4 . Rurtime]  Standard MAIN
QSYSTEM'K""ﬁQU'E““” ] "} bCumentDirection BIT MAIN Machinel Purgi . CX_0130C4 . Runtimel Standard MAIN
=54 iES'Kﬂ"ﬂgu'ﬁ“"” ] %! bGripped BIT MAIN.Machinel Gripp... C¥_0130C4 .. Funtmel Standard MAIN
= Runtime ] ! bGripping BIT MAIN.MachinelGripp... CX_0130C4.. Runtmel Standard MAIN
=- [B1 Standard [#] | bRun Simulsted BIT MAINbRun CX_0130C4 ... Rurtimel Standard MAIN
= %7 Eingange ] ¥ changingTool BIT MAIN Machine1.Drll1.... CX_0130C4 .. Runtimel Standard MAIN
1 bRun ] [] %l FeedingBeltStart BIT FeedingBeltStart C¥_0130C4 .. Runtimel Standand
%l fCumentSpeed 1| || ] " FeedingBettStop BIT FeedingBettStop C¥_0130C4 . Runtmel Standard
% fCumentPostion | Dsﬁlmoving BIT MAIN Machine1.Dall1.... CX_0130C4 .. Runtmel Standard MAIN
%1 fCumentSpeed 1 [ *®! Purging Belt Start BIT PurgingBeltStart C¥_0130C4 ... Runtimel Standard
%7 fCumentPostion b [[] %! Purging BetStop BIT PurgingBekStop C¥_0130C4 ... Runtimel Standard
%' fCurentForce 1 ] °| Ready BIT MAIN.Machine1Drl1... CX_0130C4 .. Rurtimel Standard MAIN
1 bGripped I [ "l tuming BIT MAIN.Machine1.Dril1.. CX_0130C4.. FRuntmel Standard MAIN
@1 bGripping I Mappings
I Drillvelo ! &7 Gerdt 1 (Vitual-Ethemet) Box 1 {BK9I000) Klemme 2 (KL1418) Kanal 1 Eingang
T Posttion b
5] * £ | >
Sim t

Fig. 40: Figure 1: 10 Linked in 'Original' profile

In the Simulation-Profile the Symbol 'MAIN.bRun' is linked to a network subscriber variable named
'MAIN.bRun' (see Figure 2). The network variable gets its data from a system with the address
'5.1.48.196.1.1".
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I3 TwinCAT Simulation Man ager C:\tmp\TestProject3\TestProject.sim™ :| |E| f$__<|
File Edit Options View Help
..... }, —_— p .
ﬂ | = H 5‘ L] =
Corfiguration Variablen der Simulation | Symbol Info
e 1| - Mode T. Path Target ~
G e AL [] 2 bCurrent Direction BIT MAIN Machine 1 FeedingBek bCumertDirection  CX_0130C4 (5.1.48.196.
@, SYSTEM - Konfiguration ] 8! bCurrentDirection BIT  MAIN Machine PurgingBelt bCumrertDirection  CX_D120C# (5.1.42.156.
R . [EES Konfiguration [ & bGrpped BIT MAIN Machine1 Gripper1 bGripped CX_D120C4 (5.1 48,196,
=i Runtime [] # ! bGripping BIT  MAIN.Machine1.Gripper bGripping CX_0130C4 (5.1.48.196,
= 151 Standard & bRun Simuiiet  BIT  MAINbRun CX_0130C4 (5.1.48.196.
= %7 Eingangs [ @ changingTool BIT MAIN.Machine1.0rll1 engine.changingTool ~ CX_0130C4 (5.1.48.196.
) bR | ] [1 3! FeedingBelt Start BIT FeedingBeltStart CX_0130C4 (5.1.48.196.
& fCumentSpeed 1| || [] #! FeedingBeltStop BIT FeedingBeltStop CX¥_0120C4 (5.1.48.196.
' fCumentPosttion | [ E’lmo\ﬂ'ng BIT MAIN Machinel.Drll1.engine moving CX_D130C4 (5.1.48.156.
T fCurentSpeed 1 [[] @ PurgingBettStart BIT  PurgingBettStart CX_0130C4 (5.1.48.196.
& fCumentPosition 1 [] 3! PurgingBelt Stop BIT PurgingBetStop CX_0130C4 (5.1.48196.
57 fCurentForce | [ ! Ready BIT MAIN.Machine1.Drl1 engine. Ready CX_0130C4 (5.1.48.196.
1 bGripped b < | ¥
&1 bGripping I Mappings
& DrilVelo I | | T RTEThemet From 5.1.48.196.1.1 MAIN bRun Eingange VarData
5 ..
|_3',>T Position h.!
& ¥ £ | &
Sim g

Fig. 41: Figure 2: Network variable Subscriber linked in Simulation profile

5.2

Main menue structure

5.2.1 Main menu "File"

Menu entry Description

New Creates a new simulation manager project

Open Opens an existing simulation manager project

Close Closes the currently open simulation manager project

Save Saves the currently open simulation manager project

Save As Saves the currently open simulation manager project under another name

Target Device State

Opens the Target Device Controller [P 42] Dialog. This shows the status of the
configured target systems and enables the user to Start / Stop these targets.

PLC State Opens the PLC Status [P 42] Dialog. This dialog shows the status of the used
PLC runtimes and their task information.
Exit Exits the simulation manager

Table 1: Commands of the

'File' Main menu
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5= Edit Options View Help

ul Mew Cirl+N
Ly ?} Open Crl+0
|
0 Close Ctrl+C
H Save Ctrl+5
Save As
r Target device state ...
PLC state ...

C:\tmpYTestProject3\TestProject. sim
C:\TwinCATYTwinCAT Simulation Manager\Samples\ConveyorSample\ConveyorSample. sim
c:imp 1% 1, sim

C:\tmp\ConveyorDistributed \Conwve yor Sample. sim

Exit Cirl+X

Fig. 42: Figure 1: The 'File' Main menu

5.2.2 Main menu "Edit"

Menu entry Description

Simulation Mode Toggles the system between Simulation Profile [» 25] and Original Profile [»_28].
Overwrite device Sets the current profile again. All corresponding settings that are part of the
configuration ... TwinCAT Simulation manager configuration project will be reassigned.

PLC Project mappings ... |Opens the dialog for maintaining the Original PLC to Simulation PLC
assignments [» 25].

Write simulation state to  |Writes the simulation flag into all configured PLCs (see PLC simulation library

PLCs TcSimMan.lib [P 57]). The dwSimState flag will be set to the appropriate state
(0: for original profile, 1: for simulation profile)

Add simulation variables... |Opens the "Add Symbols to Simulation" Dialog [»_34]. This function is used for
maintaining subsequently added Original-PLC symbols into the Simulation-PLC.
Select target Systems ... |Opens the Dialog to Add / Remove target systems [>_20].

Create default mappings |Creates the standard bindings between Original-PLCs and Simulation-PLCs for

the current project (see Default Mappings [»_35]). Eventually predefined bindings
will be deleted.

Reset Simulation settings |All simulation settings will be reset.
Check Configuration Checks the TwinCAT Simulation Manager configuration for consistency.
Rescan PLC projects The symbols of all PLCs are re-loaded.

Table 1: Commands within the 'Edit' Main menue
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File Options  Wiew Help

imulation Mode
Configu Overwrite device configuration (Simulated mode)...
Mame
_;I ) ﬁiﬂl PLC Project mappings ...
o
Com- Wirite Simulation State to PLCs
- Add ation Variables
> &
__ Select target Systems ...
..
-
Chedk configuration
A Doer=m Pl C Araiee
o | restan FLL prajec

Fig. 43: Figure 1: The 'Edit' Main menue

5.2.3 Main menu "Options"
Menu entry Description
Languages Language settings (user dependent)
Supported Languages:
» English
+ German
Preferences Opens the TwinCAT Simulation Manager Preferences [P 43] Dialog

Table 1: Commands of the 'Options’ main menue

File Edit View  Help
4 2

Carfiguration
Mame ['F
= Hifil RALFH-NB (172.16.3.7.1.1)
= @k SYSTEM - Korfiguration
= §8 SPS - Korfiguration
@S Runtimel

! MNC - Konfiguration

- - EAA - Korfiguration

., SErman
Preferences -

Fig. 44: Figure 1: The 'Options' main menue
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5.2.4

Main menu "View'

Menu entry Description
Actions Opens the Simulation Actions Dialog [» 51].
References Opens the Overview Dialog for Actual Mappings [P 52]

Table 1: Commands of the 'View' main menu

File Edit

Corfiguration

Options

02 | SHEEE

Help

View

Mappings

Mame

= G RALFH-NB (172.16.3.7.1.1)
& SYSTEM - Konfiguration
= §8 5P5 - Korfiguration
I Bntime
! MNC - Konfiguration
B E/A - Korfiguration

Fig. 45: Figure 1: The '"View' Main menu

5.3

5.3.1

i

Dialogs

Dialog 'Simulation Actions’

The 'Simulation Actions' Dailog shows the Configuration-Actions, that are necessary to switch the TwinCAT
Simulation Manager Profile form from 'Original’ to 'Simulation’'.

f 2
m Actions Cverview

o

=0

Type - Action

Insert

Ingsrt

Ingsrt

Insert

Insert

Insert

Insert

Insert

Insert

Insert

Insert

Insert

Insert

Insert

System A

1404111

1404111

1404111

1404111

1404111

1404111

1404111

1404111

1404111

1404111

1404111

1404111

1404111

1404111

1404111

Variable A

S+ MAIN bFun

@T MAIN.Machine 1.FeedingBelt fCumrent Speed
EpT MAIN.Machine 1.FeedingBel fCumentPosition
EpT MAIN Maching 1.Purging Beh fCument Speed

BT MAIN Machine 1.PurgingBett fCumentPosition

BT MAIN Machine 1.Gripper1 fCurentForce
BT MAIN Machine 1 Gripper1 bGripped
Bt MAIN.Machine 1.Gripper1 biGripping
@T MAIM.Machine 1.0iill1 engine. Dril Velo
@T MAIM.Machine 1.0l 1 engine . Position
@T MAIN.Machine 1.0l engine. Toal

BT MAIN.Machine1.Drll1 engine tuming

EQT MAIN.Machine 1.0nll1 engine moving

EQT MAIN.Machine 1.Drll1 engine changing Tool

@T MAIN.Machine 1.0rll1 engine Ready

System B

514819611 7

51.48.1%6.11

514815611

514815611

5148158611

5148158611

514813611

514813611

514813611

514813611

514813611

514813611

5148139611

5148139611

51.48.1%6.11

Variable B

MAIN bRun

) MAIN Machine 1 FeedingBelt fCurert Spead
5| MAIN Machine1 FeedingBelt fCumert Posttion
] MAIN Machine1 PurgingBst fCument Speed

. MAIN Machine1 PurgingBet fCumentPosition

B MAIN Machine1 Gripper1 fCumentForce
B) MAIN Machine 1 Gripper! bGripped

) MAIN Machine 1 Gripper! bGripping
E’l MAIN.Machine1.Cril 1.engine. Diillvelo
E’l MAIN.Machine1.Cril 1.engine. Position
E’l MAIN.Machine1.0rll1.engine. Toal

E’l MAIN.Machine1.0rll1.engine tuming

E’l MAIN.Machine 1.0rill 1.engine moving

E’l MAIN Machine 1.Drll1.engine.changing Tool

B} MAIN Machine1.Dril 1 engine. Ready

(Offset A Offset B Size Datz Type A DataType B -

o 0 0 Float
0 0 0 Foat
o ] 0 Float
o ] 0 Float
o ] 0 Float
il ] 0 B
il ] 0 B
o ] 0 Float
o o 0 Float
o ] 0 Intl6
o ] 0 Bt
o ] 0 Bt
o ] 0 Bt
o 0 0 Bt

Float

Float

Float

Float

Float

Float

Int16

Eit

Bit

Bit

Bit

m

Fig. 46: Figure 1: The 'Simulation Actions' Dialog
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5.3.2

Dialog 'Overview actual mappings'

The dialog 'Overview of variable mappings' shows the set mappings of all target systems.

I3 Variable Mappings

Varable A

(TwinCAT System.Remote SystemCache AL
TwinCAT System Remote SystemCache RAL ...
TwinCAT System RemoteSystemCache RAL...
TwinCAT . System Remote SystemCache RAL...
TwinCAT . System Remote SystemCache RAL...
TwinCAT . System Remote SystemCache RAL...
TwinCAT . System.Remote SystemCache RAL...
TwinCAT . System RemoteSystemCache RAL...
TwinCAT System. Remote SystemCache RAL..
TwinCAT . System Remote SystemCache RAL...
TwinCAT System RemoteSystemCache RAL...
TwinCAT . System Remote SystemCache RAL...
TwinCAT . System Remote SystemCache RAL...
TwinCAT System Remote SystemCache RAL ...
TwinCAT System Remote SystemCache RAL ...
TwinCAT . System RemoteSystemCache RAL...
TwinCAT System. Remote SystemCache RAL..
TwinCAT . System Remote SystemCache RAL...
TwinCAT . System Remote SystemCache RAL...
TwinCAT . System.Remote SystemCache RAL...
TwinCAT . System Remote SystemCache RAL...
TwinCAT System Remote SystemCache RAL ...
TwinCAT System Remote SystemCache RAL ...
TwinCAT System RemoteSystemCache RAL...
TwinCAT . System Remote SystemCache RAL...
TwinCAT . System Remote SystemCache RAL...
TwinCAT . System Remote SystemCache RAL...
TwinCAT . System.Remote SystemCache RAL...
TwinCAT . System RemoteSystemCache RAL...

£

Warable B

RTEThemet To 5.1.48.196.1.1 MAIN.Machin...
RTEThemet To 5.1.48.196.1.1 MAIN.Machin...
RTEThemet To 5.1.48.196.1.1 MAIN.Machin...
RTEThemet From 5.1.48.196.1.1 PurgingBek...
RTEThemet From 5.1.48.196.1.1 PurgingBelt ...
RTEThemet From 5.1.48.196.1.1 FeedingBett...
RTEThemet From £.1.48.196.1.1 FeedingBet...
RTEThemet To 5.1.48.196.1.1 MAIN.Machin...
RTEThemet From 5.1.48.196.1.1 MAIN.Mach...
RTEThemet From 5.1.48.196.1.1 MAIN.Mach...
RTEThemet From 5.1.48.196.1.1 MAIN.Mach...
RTEThemet From 5.1.48.196.1.1 MAIN bRun...
RTEThemet To 5.1.48.196.1.1 MAIN.Machin...
RTEThemet To 5.1.48.196.1.1 MAIN.Machin...
RTEThemet To 5.1.48.196.1.1 MAIN.Machin...
RTEThemet To 5.1.48.196.1.1 MAIN.Machin...
RTEThemet To 5.1.48.196.1.1 MAIN.Machin...
RTEThemet To 5.1.48.196.1.1 MAIN.Machin...
RTEThemet To 5.1.48.196.1.1 MAIN.Machin...
RTEThemet To 5.1.48.196.1.1 MAIN.Machin...
RTEThemet To 5.1.48.196.1.1 MAIN.Machin...
RTEThemet From 5.1.48.196.1.1 MAIN.Mach...
RTEThemet From 5.1.48.196.1.1 MAIN.Mach...
RTEThemet From 5.1.48.196.1.1 MAIN.Mach...
RTEThemet From 5.1.48.196.1.1 MAIN.Mach...
RTEThemet From 5.1.48.196.1.1 MAIN.Mach...
RTEThemet From 5.1.48.196.1.1 MAIN.Mach...
RTEThemet From £.1.48.196.1.1 MAIN.Mach...
RTEThemet From 5.1.48.196.1.1 MAIN.Mach...

Fig. 47: Figure 1: Overview of target mappgins

5.3.3

Dialog "Broadcast Search"

Offset A OffsetB | Size ™

oo o000 ooOoDooOoDooOoDoDoOooDoooDoDooDoDoooo
oo o000 oDoOoDoOooDooOoDoDoooDoooDoDoooDoooo
[ — I Ry S N R T I i R

The Dialog 'Broadcast Search' helps to find TwinCAT target systems within the intranet and to select them.
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-

m BroadCastSearch = 5 P
Find target Broadcast Search

MName Connected Route Netld IPAddress TwinCAT 0S5 &
¢ CX_DOE439 51185311 172166180 2101328 CEGO

¢ CX_011205 51182132141 17216453 2101341 CE6O

¢ CX_012E7 5118231141 172165227 210.1340 CE6.O

€ CX 01203 5.1.45451.1 172162203  211.1545 CE6O L
¢ CX_012FCS 5.1.47.157.11 1721611135 210.1341 CE6.O 3
W CX_0130C4 X X 5.1.48.156.1.1 168.254.0.4 2111535 XP T
W CX_0130C7 X kS 1404111 16825407 2101323 ¥F

W Cx_p13F78 5.1.35.39.1.1 172162256 2.11.1545 CEG.D

¢ CX_014055 51648111 172.16.2.53 2101310 CE5.0

¢ CX_014F80 5.1.79.144.11 172164100 2101328 CE5.0

€ CX_017A82 52235311 172165224 210.1340 CE6.O

¢ CX_019378 5.1.147.123141 172165151 210.1310 CE5.0

'€ CX_02DDSF 5222115511 1721610164 2111546 CEG.O

\¢ CX_037F50 5.3.127.14411 172.16.3.3 2101328 CE5.0

¢ CX_03ADE4 5.1.13612811 172161343 2101323 %P i
1w narern Caaca4na 4 A7 A A A4 TAn 4044 ~C0on

Selected Route Tanget

Foute Name:  CX_D13F78

Metld: 5.1.35.35.1 .1 e rin B
Protocol Type:  Unknown
Address: 172 . 16 . 2 . 258

) HostName @) IP Address

e

Fig. 48: Figure 1: The Dialog 'Broadcast Search'

Fuction Description

Broadcast Search Searches for all TwinCAT Devices within the network and shows them in the
listview.

Find target Searches for a TwinCAT Device with a specific Name (HostName), AmsNetld or
IPAddress.

Add route Adds the selected target system as (remote) route to the local system (and vice
versa).

Remove Route Removes the selected target system from the local system (and vice versa).

OK Closes the dialog.

Table 1: Functions of the Dialog 'Broadcast search’
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'rm BroadCastSearch E‘Elﬂﬂ

d target Broadcast Search
Mame Connected Route MNetld |PAddress TwinCAT 0S5 -~
'J CX_00E489 5.1.18.92.1.1 172165180 2101328 CEG.O
T4 CX_0112D5 511821311 17216453 2101341 CEGO
14 CX_0112E7 5.1.18.221.1.1 172169227 2101340 CEG.O
T4 CX_012D31 51454911 172162203 2111545 CEG.O 1
14 CX_012FCS 5.1.47.197.1.1 1’21511135 2.1[:.1341 CEED 3
E_- 514319611 i e
W Cx_0130C7 X 1404111 % Refresh
T4 CX_013F78 5.1.35.39.1.1 :
4 C¥%_014055 5.1.64.81.1.1 Ping
T4 CX_014F90 5.1.79.144.1.1 @ AdsPing
T4 CX_017A92 52235211
T4 CX_019378 5114712311 | Showtargetroutes ..
¢ CX%_02DDSF 5.2.221.158.1.1 %  Removercute...
T4 CX_037F90 5.3.127.1441.1 .
14 CX_03A0E4 5.1.136.128.1.1 Propertics .. I
1w nareen CnaCca4nad 4 AT A A A4, AN 4044 ~Cen

Selected Route Target
Route Name: C¥_0130C4 Add Route

Netld: 5.1 .48.196. 1 . 1

Protocol Type:  Unknown
Address: 168 254 DO . 4

() HostMame @ |P Address

e

Fig. 49: Figure 2: Context menu of the Dialog 'Broadcast search'

Menu entry Description

Refresh Sends an immediate broadcast search message and aktualizes the list of
target systems.

Ping Pings the target system with a UDP-message. If the target is connected to the
same subnet and is running, the Ping will succeed.

AdsPing Pings the target system via ADS. In addition that the target is reachable via

UDP, both systems must run a TwinCAT environment (in 'Run’ or 'Config'
mode) and both systems must refer each other via ADS Routes. This Context
Menu Item is only active when the target system is assigned as local route.

Show target routes ... Show the routes that are registered at the selected target (only if the target
route is assigned to the local system)

Add route ... dds the selected target system as (remote) route to the local system (and vice
versa).

Remove route ... Removes the selected target system from the local system (and vice versa).

Properties ... Shows the properties of the selected target system.

Table 2: Context menu of the Dialog 'Broadcast search’

5.3.4 Dialog 'Manage target systems'

The dialog 'Manage target systems' is used to manage the target systems within the actual TwinCAT
Simulation Manager project.
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rm Manage target systems - E@g1

Available Devices Selected Devices
Mame Connected  Netld MName Metld |PAddress TwinCAT
E_D WX 012004 514819611 16225404 2.11.1539
W o maocT? 1404111 WOoX 0130C7 1404111 16825407 2101323
W RALFH-NBE x 172.16.2.116.1.1
4 ZK-TESTH 172.16.3.248.1.1
4 2K-TEST2 172.16.3.249.1.1
L ZK-TEST4 172.16.3.248.1.1
4 601740-001 127.255.255.1.1.1
4 MlexanderB-NB2 172.16.10.63.1.1
4 alexandero 172.16.7.164.1.1
4 MexanderS2 172162711
4 Aik2 172.16.9.42.1.1
4§ alteratest 172.16.3.41.1.1
¢ Analog-KlemmenZ 172.16.7.105.1.1
4 analogklemmend 172.16.5.237.1.1
¢ analogidemmen’ 172.16.3.147.1.1
4 Anzlog-Klemmen§ 17216514611
¢ Analogklemmen10 172.16.4.238.1.1
4 AndreasBnb 192.168.104.60.1.1
"J andreasinh 177 1R 714511 7
Vi ] r
Name CH_0130C4 E] @ |PAddress Download Configuration from target
[ 1
Netd [ 5.1.481%. 1.1 |[] B

[ ok ] [ Caneel

Fig. 50: Figure 1: Dialog 'Manage target systems'
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IEs Manage target systems l = | = é
Available Devices Selected Devices
Name Connected Metld Mame Netld |IPAddress TwinCAT
E_ Wow 013004 514819611 16825404 2111539
W CX_D130C7 14D41 11 Qa Find Targets ... 0C7 1404110 16825407 2101323
W RALFH-NB x 172163116.1.1| €p  Refresh
I ZK-TESTH 172.16.3.249.1.1
' 2K-TEST3 1721632491 1| @8 Web Access .
I 2K-TEST4 172.15.3.243.11|Gm  Remote Desktap .
T 601740-001 127.255.255.1.1.
'J MlexanderB-NB2 172.16.10.63.1.1 Fing
¢ slexandero 172.16.7.164.1.1| @ AdsPing
'd Alexanders? 172152711
T4 Alik2 1721694211 Reboot ..
' alteratest 172.16.5.41.1.1 ShutDown ...
11 Analog-Klemmen2 17216710511
1§ analog klemmen4 172165237.1.1| F& Show target routes ..
'{ analog4demmen’ 172.16.3.147.1.1| % Remove route..
' Analog-Klemmen6 17216514611 .
'J Analogklemmen10 172.16.4.238.1.1 Properties ...
'd AndreasBnb 192.162.104.60.1.1
;J andreaszi-nh 1721R 3 14R 11
el m
Name C¥_0130C4 E] @ |IPAddress Download Configuration from target
Netld 5.1.48.196. 1.1 |[~] S
Address 168254, 0 . 4 [~

oK) [

e

Fig. 51: Figure 2: Context Menue Dialog 'Manage target systems'

Menu entry Description

Find targets ... Searches for target systems and assigns ADS routes.

Refresh Sends a new broadcast search immediately and updates the list

Web Access ... Opens the WebConfiguration HTML page of the target. If this service is not

supported and/or the Web-Server is not running on the target, an error message
will be displayed.

Remote Desktop ...

Opens a remote Desktop dialog showing the desktop of the target system.

Ping Pings the target system with a UDP-message. If the target is connected to the
same subnet and is running, the Ping will succeed.

AdsPing Pings the target system via ADS. In addition that the target is reachable via UDP,
both systems must run a TwinCAT environment (in 'Run’ or 'Config' mode) and
both systems must refer each other via ADS Routes. This Context Menu ltem is
only active when the target system is assigned as local route.

Reboot ... Reboots the target system.

ShutDown ... Shutdown of the target system.

Show target routes ...

Show the routes that are registered at the selected target (only if the target route
is assigned to the local system)

Remove route ...

Removes the route.

Properties ...

Target properties

Table 1: Context Menue

Dialog 'Manage target systems'
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6 PLC API

If a PLC is to be simulated via the TwinCAT Simulation Manager, the original PLCs and the simulation PLC

must contain the TcSimManager.lib.

Global Variables

TcSimManager.lib contains the universal DWORD 'dwSimState’, through which the PLCs are informed about

the current state of the simulation.

VAR GLOBAL
dwSimState : DWORD;

END VAR

Flag Description

0 Simulation mode on / off
The flag is set by the TwinCAT Simulation Manager when the
switchover to the simulation mode has been successful. At this point
the mode can be read by the PLC.

1-31 Reserved

Blocks

Name Description

FB SimDelayedLatch [» 59]

Delayed latch

FB SimPosMotor [» 63]

Position-controlled simulation motor

FB SimSimpleVeloMotor [P _64]

Simple velocity-controlled simulation motor

FB SimVeloMotor [P 65]

Velocity-controlled simulation motor

Auxiliary blocks

Name Description
FB SimClock [» 57] Clock block
FB SimDelay [» 58] Delay block

FB SimDerivative [» 60]

Derivative block

FB Simintegral [» 61]

Integral block

FB SimPastCpuCounterTicks [» 62] | Timing block
FB SimRamp [»_60] Ramp block

6.1 FB_SimClock

Clock block with variable pulse width.

FBE_SIMCLOCE,

—bFun:BOOL G BOOL

—toffTirme : TIME
—tonTime : TIME

TS1110
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VAR_INPUT

VAR INPUT
bRun : BOOL; (* Enabled *)
tOffTime :
tOnTime
END_ VAR

bRun: Activates the clock block
tOffTime: Duration of low level
tOnTime: Duration of high level

VAR_OUTPUT

VAR OUTPUT
Q : BOOL; (* PULSE *)
END_ VAR

Q: Output signal

TIME; (* Down Time of a pulse *)
: TIME; (* Up Time of a pulse *)

Requirements

Development Target System PLC Libraries to include
Environment

TwinCAT v2.9.0 Build > 1020 |PC (i386) TcSimManager.Lib

(Standard.Lib; TcBase.Lib; TcSystem.Lib are
included automatically)

6.2

Delay block.

FB_SimDelay

A binary input signal 'bIn' is issued for the time duration 't'. The delay must be shorter than the input pulse

duration.

FBE_SIMDELAY

—kln: BOOL Q1 : BOOL—

—t: TIME
VAR_INPUT
VAR INPUT

bIn : BOOL; (* Input pulse ¥*)

t : TIME; (* Delay time of the pulse *)
END_ VAR

bin: Input signal

t: Delay time (should be shorter than the pulse duration)

VAR_OUTPUT

VAR_OUTPUT
Q : BOOL; (* PULSE *)
END VAR

Q: Output signal
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Requirements

Development Target System PLC Libraries to include

Environment

TwinCAT v2.9.0 Build > 1020 |PC (i386) TcSimManager.Lib
(Standard.Lib; TcBase.Lib; TcSystem.Lib are included
automatically)

6.3 FB_SimDelayedLatch

Delayed latch

The output 'Q' is delayed with respect to the input 'bIn' by a certain time 'tDelay'. An output 'TRUE'-level for a
time 'tLatch' is maintained.

FE_SIMDELAYEDLATCH

—bEnakle :BOOL O BOOL—

—hin: BOOL
—tDelay : TIME
—tLatch : TIME
'
VAR_INPUT
VAR INPUT
bEnable : BOOL; (* Activates the Latch *)
bIn : BOOL; (* Input signal *)
tDelay : TIME; (* Delay of the output signal *)
tLatch : TIME; (* Latch time of the delayed output signal
*)END_VAR

bEnable: Activates the block

bin: Input signal

tDelay: Delay of output signal

tLatch: Latch time of TRUE output level

VAR_OUTPUT

VAR OUTPUT
Q : BOOL; (* Output signal ¥*)
END VAR

Q: Output signal

Requirements

Development Target System PLC Libraries to include
Environment

TwinCAT v2.9.0 Build > 1020 |PC (i386) TcSimManager.Lib

(Standard.Lib; TcBase.Lib; TcSystem.Lib are included
automatically)
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6.4 FB_SimRamp

Ramp block

A signal that changes linearly over time can be simulated via the ramp block. The signal initialises with the
value 'fStart’ and ends after a time 'tRampTime' with the value 'fTarget'.

FB_ZIMRAMP

—hEnahle: BOOL fOut: BEAL—
—fatart : REAL bvalueReached : BOOL—
—fTarget: REAL

—tFampTime : TIME

VAR_INPUT
VAR INPUT
bEnable : BOOL; (* Starts ramp with rising edge, Stops ramp with falling edge *)
fStart : REAL; (* Start value *)
fTarget : REAL; (* Target value *)
tRampTime : TIME; (* Time needed from fStart to fTarget *)
END VAR

bEnable: The ramp is started with a rising edge, and stopped with a falling one
fStart: Start value
fTarget: Target value

tRampTime: Time duration from fStart to fTarget

VAR_OUTPUT
VAR OUTPUT
fout : REAL; (* Output value *)
bValueReached : BOOL; (* Target value reached ¥*)
END VAR

fOut: Current value

bValueReached: TRUE : Target value reached

Requirements

Development Target System PLC Libraries to include
Environment
TwinCAT v2.9.0 Build > 1020 |PC (i386) TcSimManager.Lib

(Standard.Lib; TcBase.Lib; TcSystem.Lib are included
automatically)

6.5 FB_SimDerivative

Derivative block
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FE_SIMDERMATIVE

—bRun : BOOL fOut: REAL—

—fln: REAL
VAR_INPUT
VAR INPUT

bRun : BOOL; (* 0 = Reset *)

fIn : REAL; (* Input for derivative *)
END VAR

bRun: Activates the block
fin: Input for derivation

VAR _OUTPUT

VAR OUTPUT
fout : REAL; (* Derivative output *)
END VAR

fOut: Derived value

Requirements

Development Target System PLC Libraries to include
Environment

TwinCAT v2.9.0 Build > 1020 |PC (i386) TcSimManager.Lib

(Standard.Lib; TcBase.Lib; TcSystem.Lib are included
automatically)

6.6 FB_Simintegral

Integral block

The integral block integrates the input value 'fln' with respect to time. The time difference that elapses
between two calls of the block serves as the time base.

FBE_SIMINTEGRAL

—bkRun: BOOL  {0ut: REAL—

—hReset: BOOL
—fln: REAL
—flnit: REAL
VAR_INPUT
VAR _INPUT
bRun : BOOL; (* Integrate 1, Hold 0 *)
bReset : BOOL; (* Reset ¥*)
XIN : REAL; (* Input for Integral*)
X0 : REAL; (* Initial wvalue *)
END VAR
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bRun: Activates the block

bReset: Initialises the block with the initialisation value in fInit'
fin: Input value for integration
flnit: Initialisation value

VAR _OUTPUT

VAR OUTPUT
fout : REAL; (* Integral out, Integrated over milliseconds*)
END VAR

fOut: Integrated value

Requirements

Development Target System PLC Libraries to include
Environment

TwinCAT v2.9.0 Build > 1020 |PC (i386) TcSimManager.Lib

(Standard.Lib; TcBase.Lib; TcSystem.Lib are included
automatically)

6.7 FB_SimPastCpuCounterTicks

Timing module

This block measures the time that elapses between two block calls in 100 ns ticks.

FE_SIMPASTCRUCOUNTERTICKS

—bBeset: BOOL  dwTicksLo : DWORD—
cwTicksHi; DWORD —

VAR_INPUT

VAR _INPUT
bReset : BOOL; (* TRUE = > reset cpu counter tick measure*)
END VAR

bReset: Initialisation of timing

VAR_OUTPUT
VAR OUTPUT
(* one digit = 100 nanoseconds *)
dwTicksLo : DWORD; (* Low DWORD of the time delta *)
dwTicksHi : DWORD; (* High DWORD of the time delta *)
END VAR

dwTicksLo: Time difference lower DWORD (in 100ns ticks)
dwTicksHi: Time difference upper DWORD (in 100ns ticks)

Requirements

Development Target System PLC Libraries to include
Environment
TwinCAT v2.9.0 Build > 1020 |PC (i386) TcSimManager.Lib
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Development Target System PLC Libraries to include
Environment

(Standard.Lib; TcBase.Lib; TcSystem.Lib are included
automatically)

6.8 FB_SimPosMotor

Position-controlled simulation motor.

This simulation motor travels automatically to the entered target position with a ramped velocity profile. The
target position 'fTargetPosition' is transferred to 'bSet' with a rising edge. In addition to the present position,
the current velocity and acceleration can be accessed at the outputs.

FE_SIMPOSMOTOR
—fhacceleration | REAL fAcceleration : REAL—
—fhdav/elocity - REAL fv'elocity - REAL—
—fTargetFaosition : REAL tFosition : REAL—
—hSet: BOOL bFositionFeached : BOOL—
—hRun : BOOL
VAR_INPUT
VAR INPUT
bRun : BOOL; (* Motor running ¥*)
bSet : BOOL; (* Acitvates the move command *)
fTargetPosition : REAL; (* Target Position ~ (EUnit:mm) *)
fMaxVelocity : REAL := 1000; (* Maximal Velocity ~(EUnit:m/s)*)
fMaxAcceleration : REAL := 100; (* Maximal Acceleration ~ (EUnit:mm/s”2%*)
END VAR

bRun: Activates the simulation motor

bSet: Adoption of maximum velocity and target position on rising edge
fTargetPosition: Target position in mm

fMaxVelocity: Maximum velocity in mm/s

fMaxAcceleration: Max. acceleration in mm/s”2

VAR_OUTPUT
VAR OUTPUT
fPosition : REAL := 0.0; (* Current position ~(EUnit:mm)*)
bPositionReached : BOOL := TRUE; (* Position reached *)
fVelocity : REAL := 0.0 (* Current velocity ~ (EUnit:mm/s) *)
fAcceleration : REAL := 0.0; (* Current acceleration ~ (EUnit:mm/s”2)*)
END VAR

fPosition: Current position in mm
bPositionReached: TRUE when the pre-assigned position is reached
fVelocity: Current velocity in mm/s

fAcceleration: Current acceleration in mm/s”2
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Requirements

Development Target System PLC Libraries to include
Environment

TwinCAT v2.9.0 Build > 1020 |PC (i386) TcSimManager.Lib

(Standard.Lib; TcBase.Lib; TcSystem.Lib are included
automatically)

6.9 FB_SimSimpleVeloMotor

Simple velocity-controlled simulation motor.

The target velocity and the maximum acceleration are predefined at the inputs 'fTargetVelocity' and
'fMaxAcceleration'. The available outputs are current position 'fPosition’' (as integral of the velocity), current
velocity 'fVelocity' and current acceleration 'fAcceleration'.

FE_SIMSIMFLEVELOMOTOR

—hbFun: BOOL fPosition : REAL—
—ffTargetvelocity : REAL fvelocity : REAL—
—ftdamAccelaration : REAL tAacoceleration : REAL—
bvelocityReached : BOOL—

VAR_INPUT
VAR INPUT
bRun : BOOL; (* Activates the FB *)
fTargetVelocity : REAL; (* Target Velocity ~ (EUnit:mm/s) *)
fMaxAcceleration : REAL := 100; (* Maximal valid acceleration ~ (EUnit:mm/s”2 *)
END VAR

bRun: Activates the simulation motor
fTargetVelocity: Target velocity in mm/s

fMaxAcceleration: Max. acceleration in mm/s”2

VAR _OUTPUT

VAR OUTPUT
fPosition : REAL := 0.0; (* Current Position ~ (EUnit:mm) *)
fVelocity : REAL := 0.0; (* Current Velocity ~ (EUnit:mm/s) *)
fAcceleration : REAL := 0.0; (* Current Acceleration ~ (EUnit:mm/s2) *)
bVelocityReached : BOOL := TRUE; (* Velocity is reached*)

END VAR

fPosition: Current position in mm
fVelocity: Current velocity in mm/s
fAcceleration: Current acceleration in mm/s”2

bVelocityReached: TRUE = target velocity reached

64 Version: 1.0 TS1110



BECKHOFF PLC API

Requirements

Development Target System PLC Libraries to include
Environment

TwinCAT v2.9.0 Build > 1020 |PC (i386) TcSimManager.Lib

(Standard.Lib; TcBase.Lib; TcSystem.Lib are included
automatically)

6.10 FB_SimVeloMotor

Velocity-controlled simulation motor.

A rising edge in the input 'bSet' sets the target velocity 'fTargetVelocity' and the maximum acceleration
'fMaxAcceleration'. The available outputs are the current position 'fPosition’, the current velocity 'fVelocity'
and the current acceleration 'fAcceleration'.

FBE_SIMYELOMOTOR

—hRun: BOOL fPosition: REAL—
—k=et: BOOL felocity : REAL—
—fTargetvelocity : REAL fAcceleration : REAL—

—fhdaxicceleration : REAL bYvelocityFeached : BOOL—

VAR_INPUT
VAR INPUT
bRun : BOOL; (* Activates the FB *)
bSet : BOOL; (* Sets the Preset Velcity and Maximum Acceleration ¥*)
fTargetVelocity : REAL; (* Preset Velocity ~(EUnit:mm/s)*)
fMaxAcceleration : REAL := 100; (* Maximum Acceleration ~ (EUnit:mm/s”2*)
END VAR

bRun: Activates the simulation motor
bSet: A rising edge sets the target velocity and the maximum acceleration
fTargetVelocity: Target velocity in mm/s

fMaxAcceleration: Max. acceleration in mm/s”2

VAR _OUTPUT

VAR OUTPUT
fPosition : REAL := 0.0; (* Current Position ~ (EUnit:mm) *)
fVelocity : REAL := 0.0; (* Current Velocity ~ (EUnit:mm/s))
fAcceleration : REAL := 0.0; (* Current Acceleration ~ (EUnit:mm/s”2) *)
bVelocityReached : BOOL := TRUE; (* Preset velocity is reached *)

END_ VAR

fPosition: Current position in mm
fVelocity: Current velocity in mm/s
fAcceleration: Current acceleration in mm/s"2

bVelocityReached: Target velocity reached
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Requirements

Development Target System PLC Libraries to include

Environment

TwinCAT v2.9.0 Build > 1020 |PC (i386) TcSimManager.Lib

(Standard.Lib; TcBase.Lib; TcSystem.Lib are included
automatically)
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7 First steps

Prerequisites:

» The Original (to be simulated) PLCs projects are ready and the system manager configuration has
been created and is activated on the target.

» The PLC projects used should contain the TcSimMan.lib for simulation purposes.

* At minimum one PLC must be free on the local system (local simulation) or on a remote system
(distributed simulation).

 All used target systems (local or remote) must have a valid configuration activated.
* The PLC runtimes must contain the Symbol description files
» PLC runtimes must be configured as boot project

see also Requirements for Simulation configurations [P 17].

Creation of new TwinCAT Simulation Manager project

Select "File --> New" in the main menu (see Picture 1 [»_67])

I3 TwinCAT Simulation Man ager

Options  View Help

C:\tmp'\ConveyorDistributed \ConveyorSample, sim

C:ATwinCAT\TwinCAT Simulation Manager\Samples\BeltSample\BeltSample. sim

Exit Cirl+x

Mappings

S
|~
7S
|

|
Sim ﬂ

Fig. 52: Picture 1: Open a new project

An "Open new Project" dialog appears and a valid Project name and Location path must be inserted. Press
"OK" (see Picture 2 [P_67]).
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Project Name:

| TestProject |

Location:

|c:‘~tmp |

Project Path: c/tmp\TestProject\TestProject.sim

L OK 1| cancel

Fig. 53: Picture 2: "Open new project" Dialog

After selecting "OK" the TwinCAT Simulation Manager creates an project folder and project file.

To create a simulation environment the next necessary step will be to select the target systems where the
original (to be simulated) projects and configurations exist. For that please activate "Edit --> Select target
Systems ..." in the main menu (see Picture 3 [P _67]). As reaction the "Add original Systems" Dialog opens
(Picture 4 [»_671). The dialog shows all TwinCAT target systems that are found within the connected
subnetworks.
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It TwinCAT Simulation Manager c:\tmp\TestProject\TestProject.sim

© File Options  View Help
ﬂ::

=y T
Corfigu

Name

PLC Project mappings ...

Write Simulation Mode

Select target Systems ...

Inconsistency check

@ Rescan PLC projects

Mappings

|~

|

|~
|

|
Sim &

Fig. 54: Picture 3: Open the select target systems dialog

Within this dialog select all systems that are intended to be simulated and add it to the right-hand-side List
(Push-Button ">>"). With pressing "OK", the TwinCAT Simulation Manager adds these systems to its own
simulation project configuration. If any target system is not assigned to the actual routes of the local system,
the TwinCAT simulation manager asks to add this route. If the access to the target systems is possible the
actual configuration will be downloaded and cached locally. The same happens for all PLC symbol
information (*.tsm files) that are active on the targets.
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IE Manage target systems l =REEE X

Available Devices Selected Devices
Mame Connected | Metld W Name Netld IPAddress  TwinCAT
T4 CX_0130C4 b 514813611 = % RALFH-NE 17216311611 169.25422 Unknown
J CX_0130C7 x 1404111

ﬁ RALFH-NE X 172.16.3.116.11

J 2K-TEST1 172.16.3.24511

1] ZK-TEST3 17216324511

‘1 2K-TEST4 172.16.3.24511

J &01740-001 127255255111

J AlexanderB-MNB2 172.16.1063.11

4 alexanden 17216716411

J Mexanders2 172162711

4 Aik2 172.16.9.421.1 5E

4 alteratest 1721654111

' Analog-Klemmen?2 17216710811

J analog+lemmend 172165823711

' analogklemmen5 17216314711

'$ Analog-Klemmen§ 172.165.146.11

J Analogklemmen10 17216423811

J AndreazBnb 152.168.104.60.11

" andreach? 17?7 1REIRII1 T

Name RALFH-NB E] @ |PAddress [¥] Download Cenfiguration from target
Netld 172.16.3 116.1 .1 |[ =] .
() Host Name
Address  [169254 2 2 [~]
[ 0k ] [ Caneel

b

Fig. 55: Picture 4: Selection of the target systems

If all necessary information is found and the data is downloaded successfully the TwinCAT Simulation
Manager shows all selected systems within its configuration navigation tree (Picture 5 [»_70]).
Creating a new simulation PLC

Up to now, the TwinCAT Simulation Manager only contains the original systems - the ones that must be
simulated. Creating and adding a new simulation PLC is done as follows:

1. Select the PLC runtime that is intended to be simulated within the Configuration navigation tree (see

Picture 5 [»_70])

2. Activate "Create Simulation PLC-Project" from the context menu.
3. Within the now appearing Dialog, the Simulation PLC runtime must be selected (Picture 6 [P_70]).

This dialog shows the currently available target systems. If the designated simulation system is not in
the tree, it can be added via the "Search" button.

. With leaving the dialog over "OK" the TwinCAT Simulation Manager generates a simulation framework

for the selected PLC, assigns it to the specified target system and runtime and adds it to the TwinCAT
Simulation Manager configuration project.

The PLC framework project will contain all located 10-Symbols (see Picture 7 [P _70]) of the original
PLC project in reversed/mirrored allocation (inputs --> outputs and outputs --> inputs) and is ready to
fill with simulation code. The next step is to fill the empty shell of the simulation project with simulation
code. This is specific to the application. For this task PLC Control Application can be opened via con-
text menu "Open PlcControl ...".

70

Version: 1.0 TS1110



BECKHOFF

First steps

i3 TwinCAT Simulation Manager c:itmp\TestProject\TestProject.sim*

{ Fle Edit Options View Help

P HSREZ

Configuration PLC Project Settings |
MName Path Dz
= Gl RALFH-NB (172.16.3.7.1.1) Project: [ TwinCAT.System. Remote SystemCache. RALFH-NB_CurertPlc 1 |
- @k SYSTEM - Korfiguration P : . .
B SPS - Korfiguration ject patn: |c:\tmp\Testijed\TmnCAT.System.HemoteSysternCaweHALFH-NE|
G - - .
s Create Simulation PLC-Project lLEine: FERCIE oet
B NC-Korfi] | Download PLC Symbols Target System: 172.1637.1.1:8M
= B E/A-Konf{ | ImportPLC Project ...
SEREAG | openPlecontrol .. IiD at task begin
= Ef Gy
Rescan Memory
| Properties ... s
My
-
Data: 1048576
Mappings
£ 3| || = |
Sim & .

Fig. 56: Picture 5: Create the simulation PLC project

Specify the Simulation System

Select PLC Runtime

W CX_D130C4 (5.1.48.196.1

|

Rurtime1 (State: Stop)

W CX_D130C5 (5.1.48.197.1

[ ] ]

)
)
)

W CX_D130C7 (5.1.48.199.1.1)
W CX_0130C9 (5.1.48.201.1.7)
W RALFH-NB (172.16.3.7.1.1)

Ok

| [ Cancel

Fig. 57: Picture 6: Selection of the PLC runtime for the simulation
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I3 TwinCAT Simulation Manager c:\tmp\TestProject\TestProject.sim*

: File Edit Opfions \iew Help
AP H S RBIEE
Configuration PLC Project Settings
Mame Path DataType #
= Hiff RALFH-NB (172.16.3.7.1.1) Project: [ TwinCAT System. Remote SystemCache CX_0130C4_CurertPlc_1 |
£, SYSTEM - Konfiguration Project path: o mpATestPro -
o ! SPS - Korfiquration cMmp esth]ed\TmnCﬁT.System.HemcteSystemCame.CX_D‘ISDC|
8 Furinet Runine
Standard
B NC - Korfiguration Target System:
B E/A - Korfiguration
= §ifi] CX_0130C4 (5.1.48.196.1... /0 at task begin
¥, SYSTEM - Konfiguration
= B8 5PS - Korfiguration Memoary
o 5 Input
2 Standard Output
= T Eingange
&1 fOutPr.. MAIN Machine1.. FLOAT Memory:
T bRun  MAIN.Machinel.... BIT Betain:
&1 fOutPr.. MAIN Machinel... FLOAT
T bRun  MAIN.Machinel... BIT P LT
&1 fPrese... MAIN.Machinel... FLOAT -
&f bGrip  MAIN.Machine1... BIT -
Of bEra.. MAIN.Machinel... BIT Mappings
T bMove  MAIN Machinel.... BIT
& bTum  MAIN.Machinel1.... BIT
f bCha.. MAIN Machinel.... BIT
&1 DrilTool MAIN Machinel.... INT16
Y3 Targe... MAIN.Machinel.... FLOAT
&l Targe... MAIN.Machinel... FLOAT
T BetM.. MAIN Machinel  MachineSta
%' bReady MAINMachinel — BIT
= ‘l Ausgange
@/ bRun  MAIN BIT
@] Feedi .. BIT v
< ' 3 ||| | =
Sim &

Fig. 58: Picture 7: Created symbol framework for the simulation project

As the Picture 7 [»_70] shows, the TwinCAT Simulation Manager code generator generates synonymous
symbols with the same name originating from the original project within the simulation project. The TwinCAT
Simulation Manager will take advantage of this during computing the default mappings (connecting Original
to Simulation symbols) later on.

Inserting an existing Simulation PLC Project
Inserting an existing simulation project can be done as follows.

1. Adding the target system to the list of project systems with calling "Edit -> Select target systems"
within the main menu (Picture 3 [P 67] and Picture 4 [P 67]).
2. Calling "Edit->PLC project mappings" within the main menu (Picture 8 [»_72])

3. Assignment of the Simulation project to it's appropriate original PLC project (Picture 9 [P _72]).
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I3 TwinCAT Simulation Manager C:\tmp\TestProject\TestP
File Options  Wiew Help

D 5 Simulation Mode
a

Configu Dverwrite device configuration (Original mode). ..

PLC Project mappings ...

EI Write Simulation Mode
Select target Systems ...
[~ Create Default Mappings
=- g
EE:IE} Reset Simulation Settings
Inconsistency chedk
=-

@ Rescan PLC projects

Fig. 59: Picture 8: Activating the "Plc Project Mappings" Dialog

15! Map 'Original’ to ‘Simulation’ PLC projects

Onginal Projects: Mapped Simulation Project:

Name Path DataType | Name Tanget Metld

= @] RALFH-NE (172.16.3.7.1.1) ¥ Runtime1 CX_0130C4 514819611
- =- B SPS - Konfiguration

----- £ CX_D130C4 (5.1.48.196.1...

|

|E EIIES

Fig. 60: Picture 9: Mapping the Original PIC to the Simulation PLC

Configuration of the simulation mode
The project state is now as follows:

The original and simulation target systems are designated and at least the interfaces of the simulation
functionality generated. For supporting not existing hardware, the simulation settings must be adjusted. That
means:

 Disabling of nonexistent Devices
+ Simulation of non-existing Axes and Drives
» Replacing of IO functionality by the simulation PLC

The devices will be disabled like shown in Picture 10 [» 73] and Picture 11 [ 73]. The red 'S' marks the
hardware that is deactivated in simulation mode.
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= Hi RALFH-NB (172.16.3.7.1.1)
& SYSTEM - Korfiguration
= B® SP5 - Korfiguration
= Y& Runtime1
Standard
! MC - Konfiguration
= B E/A - Korfiguration
= B8 E/A Gerdte
=- B} CX_0130C4 (5.1.48.196.1.1)
& SYSTEM - Korfiguration
= M 5PS - Korfiguration
= 35§ Funtime1

Fig. 61: Picture 10: Deactivation of the nonexistent hardware

= il RALFH-NB (172.163.7.1.1)
& SYSTEM - Korfiguration
= B® SP5 - Korfiguration
= Y& Runtime1
Standard
! MC - Konfiguration
= B E/A - Korfiguration
- HE E/AGerate
ER¥F- 7} Gerat 1 (Vitual-Ethemet)
! Eingange
5‘.]. Ausgange
¥ Box 1 (BK3000)
= Eiffj CX_0130C4 (5.1.48.196.1.1)
& SYSTEM - Korfiguration
= B® SP5 - Korfiguration
= 35§ Runtime1

Fig. 62: Picture 11: Disabled hardware

Disable

Properties ...

The simulation of Axes will be configured via the Context Menu within the Axis list view (Picture 12 [P 73]).
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I3 TwinCAT Simulation Manager C:XTcProjects\SimManageriAxisSim.sim™ |;||E|E|

File Edit Options ‘iew Help

éﬂl.?%HIE\ =

Configuration Ligt of Aues
= ' ML - K.onfiguration s} Shapinghead : Encoder an A% 2x-B200 (SIMULATED]
= MC-Task 1 S4F wmt- Beltransfering - Encoder an &% 2we-B200 [SIMULATED]
MC-Task 1 3VE - B el : Encoder an A% 2we-B200 (SIMULATED)
=]y f‘-?':ls _ _ _ a8} Belidium? ; Encoder an A% 28200 [SIMULATED)
=a Shapinghead : Simulations-Encoder & iy Encoder an % 2ues-B200 [SIMULATED]

am EBelttransfering : Simulations-E ncoder
=l Beltdrum : Simulations-Encoder HJE_H Sirmulakion 2x-B200 (SIMULATED)

5 e .
: g;'id:”;"i"jal:t:::s"_aé'szzj;mde' ok JC_Hesd_2: Encoder an £X2us«B200 (SIMULATED)
i Ply2 - Encoder an A% 2exB200 wl}- Servicerheight | Encoder an A 2wa-B200 [SIMULATED)
- JC Head 1 - Simulations-E ncoder Eﬂ'JE_Heightadiustment: Encoder an AxZwam-B200 [SIMULATED]
ant- JC:Head:2 - Sirulations-E moader - K mifel : Encodsr an &% 2we-B200 (SIMULATED)

im Servicerheight : Simulations-Ercoder o} nife2 - Encoder an A 2am-B200 [SIMULATED)

i} IC_Heightadjustment : Simulstions-Encoder
i} Erifel : Simulations-Encoder
i} Erife? | Simulations-Encoder

BA SPS - Konfiguration

B £/2 - Korfiguration

17216713711 Sim @

Fig. 63: Picture 12: Simulation of Axes and Drives

Finally, the created or added simulation PLC projects must be bound to the orginal PLCs. There are two
options to do this task:

1. Manually adjustment Symbol by Symbol or
2. Using a default mapping algorithm
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Ii3! TwinCAT Simulation Man ager c:\tmp\TestProject\TestProject.sim*

 Fle Edit Optons View Help
APk S 8 EE
Corfiguration Original Variables ]Symbol Infa |
Mame Path DataType i | Name e Peth e
& @ RALFHNB (17216.37.1.1) [ ®4{OuiPresetSpeed  FLOAT MAIN. Machine FeedingBelt fOutFresetSpeed  RALFH-NB (172.16.37.1.1)
@ SYSTEM - Korfiguration [] ®4fOutPresetSpeed  FLOAT MAIN.Machinel PurgingBek fOutPresetSpeed  RALFHNE (17216.3.7.1.1)
= B 5Ps - Korfiguration [ #liPresetForce FLOAT MAIN.Machine1 Gripper1 fPresetForce RALFH-NB (172.16.3.7.1.1)
= 15§ Rurtime1 [] #! TargetPosttion FLOAT MAIN Machine! Drill engine. TargetPostion  RALFH-NB (172.16.3.7.1.1)
Standard [] %k TangetVelocity FLOAT MAIN.Machine1.Drll1.engine. TargetVelocity ~ RALFH-NB (172.16.3.7.1.1)
. MC - Konfiguration
=] . E/A - Kenfiguration
= B E/A Gerate
= 38 Gerdt 1 (Vitual-Ethemet)
%[ Eingange
Wl Ausgange
i Box 1(BKI000)
= CX_0130C4 (5.148.196.1.1)
& SYSTEM - Korfiguration
= B SPS - Korfiguration
= 5% Rurtme
= B Standard
= %7 Eingange < 5
STERNTNEENNE  MAIN Machine1.FeedingBelt  FLOAT = =
%1 bRun MAIN Machine FesdingBet  BIT LB
1 fOutPresetSpeed  MAIN Machine 1. PurgingBelt FLOAT
%1 bRun MAIN Machine 1. PurgingBett BIT |
%1 fPresetForce MAIN.Machine1.Gripper1 FLOAT
1 bGrip MAIN.Machine1.Gripper1 BIT
1 bEnableDrl MAIN .Machine1.0rll1 engine  BIT
1 bMove MAIN.Machine1.0rll1 engine  BIT
ST bTum MAIN.Machine1.0rll1 engine ~ BIT
%1 bChangeTool MAIN Machine1.0rll1 engine  BIT
T Dril Tool MAIN Machine1.0dll1 engine  INT16
1 TargetPosition MAIN Machine1.0rll1 engine  FLOAT
T TargetVelocity MAIN Machine1.Drll1 engine  FLOAT
&1 BeltMachineState  MAIN Machine1 Machine State
1 bReady MAIN.Machine1 BIT
= ‘l Ausgange
#| bRun MAIN BIT
$| FeedingBelStart BIT [t
< 3|2 [ %
Sim @

Fig. 64: Picture 13: Simlation Symbols without mapping to the original PLC

The manual configuration works simply be clicking the checkboxes (or context menu) on the appropriate
symbols (see Picture 13 [P_73]) within the mapping targets view (upper right-hand-side list box). Dependent
of the selection of the symbol in the left-hand-side "Configuration" navigation tree the mapping targets view
collects all "Original" or "Simulation" symbols with the same datatype within its list. Potentially every single
symbol of these target symbols can be bound to the source symbol.

The automatic configuration happens if "Create Default Mappings" is activated from the "Edit" main menu of

the TwinCAT Simulation Manager (Picture 14 [»_73]). This functionality iterates over all Symbols within the
original PLC projects and binds it to simulation symbols of the same symbolic name / access path, same

datatype but reversed location (see Picture 15 [P _73]). This should be the default option because it ends up
with a good standard configuration that can be fine tuned manually afterwards.
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IiZ TwinCAT Simulation Manager c:\tmpiTestProject\TestProject.sim*

File Options  View Help

lj S Simulation Mode
|

Configu Overwrite device configuration (Original mode). .. Original Variables | Symbol Info |

Mame DataType ~

= m PLC Project mappings ... = Name Type Path Target
- [] ®fOutPresetSpeed  FLOAT MAIN Machine1.FesdingBett fOutPresetSpeed - RALFH-NB (172.16.3.7.1.1)
[] ®4fOutPresetSpeed  FLOAT MAIN Machine1.PurgingBet fOutPresetSpeed  RALFH-NB (172.16.3.7.1.1)
=] Write Simulation Mode

[] #!fPresetForce FLOAT MAIN Machine 1.Gripper1 fPresetForce RALFH-NB {172.16.3.7.1.1)
[ %! TargetPosttion FLOAT MAIN Machine1.0rll1.engine Target Position RALFH-NB {172.16.3.7.1.1)
Add simulation Variables || ‘lTargeWeloci‘ry FLOAT MAIN Machine1.0rll1.engine. Target Velocity RALFH-NB (172.16.3.7.1.1)

Select target Systems ...

Reget Simulation Settings

Inconsistency check

m
E

H Rescan PLC projects
=]
= ¥%5 Runtime
= Standard
= @1 Einginge < 5
- T OMETEENE  MAIN Machine1 FeedingBelt  FLOAT — =
- %l bRun MAIN.Machine1 FesdingBett  BIT | Moo
- T fOutPresetSpeed  MAIN. Machine 1 PurgingBek FLOAT
- %7 bRun MAIN.Machine 1.PurgingBett BIT [
- % fPresetForce MAIN.Machine 1 Gripper] FLOAT
-~ &1 bGip MAIN.Machine 1 Gripperl BIT [
- T bEnableDrl MAIN.Machine1.0rll1.engine  BIT [
%7 bMove MAIN Machine1.Drll1.engine  BIT [
%7 bTum MAIN Machine1.Drll1.engine  BIT [
- %7 bChangeTool MAIN Machine1.Drill1.engine  BIT |
- %7 Diill Tool MAIN.Machine1.Drill1.engine  INT16 k
- %7 TargetPostion MAIN Machine1 Drll1 engine  FLOAT
- &7 TargetVelocity MAIN.Machine1 Drill 1 engine  FLOAT
- % BekMachineState MAIN.Machine1 MachineState
- %1 bReady MAIN. Machine 1 BIT [
=- .l Ausgange
%, bRun MAIN BIT i
%/ FeedingBeltStart BIT e
< ¥ ||« | >
Sim @

Fig. 65: Picture 14: Automatic creation of default mappings
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IiZ TwinCAT Simulation Manager c:\tmpiTestProject\TestProject.sim*

© File Edit Options \View Help

M2 H S R=E

Configuration Original Variables ‘ Symbl Infa |
Name FEL LEENTEE 2 Name Mode Type Path
= H RALFHNE (17216.2.7.1) 2] foutPresetSpeed MAIN.Machine 1.7 iPresetSpeed
@8, SYSTEM - Konfiguration [] % fOutPresstSpeed FLOAT MAIN Machine1. Bet fOutPresetSpeed  RALFH-NB (17216
- B SPS - Konfiguration [] *.fPresetForce FLOAT MAIN Machine1.Gripper1 fPresetForce RALFH-NE (172.16
= % Runtime1 ] " TargetPosition FLOAT MAIN Machine1.0ril engine TargetPostion  RALFH-NE (172.16
Standard [] | TargetVelocity FLOAT MAIN Machine1.0ril1 engine TargetVelocty ~ RALFH-NE (172.16

B NC - Konfiguration
= B E/A - Korfiguration
- B E/AGerte
= B Gerdt 1 (Virtual-Ethemet)
%1 Einginge
.l Ausgange
i Box 1 (BKI000)
= i CX_0130C4 (5.1.48.196.1.1)
& 5YSTEM - Korfiquration
= 58 5PS - Korfiguration
- Runtime1
= Standard
= %! Eingange

%! fOutPresetSpeed  MAIN Machine1 FeedingBett  FLOAT _ = =
%7 bRun MAIN.Machine1 FesdingBett  BIT Mappings
%7 fOutPresetSpeed  MAIN.Machine 1 PurgingBet: FLOAT

%7 bRun MAIN.Machine 1.PurgingBelt BIT —_

5 fPresetForce MAIN.Machine 1 Gripper] FLOAT

%7 bGrip MAIN.Machine 1 Gripperl BIT

%7 bEnableDril MAIN.Machine1.0rll1.engine  BIT

%1 bMove MAIN Machine1.Drll1.engine  BIT

%7 bTum MAIN Machine1.Drll1.engine  BIT

%" bChangeTool MAIN Machine1.Drill1.engine  BIT

%7 Diil Tool MAIN.Machine1.Drill1.engine  INT16

T TargetPostion MAIN Machine1 Drll1 engine  FLOAT
W1 TargetVelocity MAIN.Machine1 Drill1 engine  FLOAT

%7 BetMachineState  MAIN.Machine 1 MachineState
%7 bReady MAIN. Machine 1 BIT
= .l Ausgange
| bRun MAIN BIT
%/ FeedingBeltStart BIT Y
3 eI E3 >
Sim @

Fig. 66: Picture 15: Simulation mappings set to the original Symbols

Switching the Simlation-Machine-Modes (Original <--> Simulation)

If the configuration of the Simulation project is complete, the the mode of the system can be switched to
Simulation Mode and back by simple Activation over the Main Menue "Edit --> SimulationMode" or the
Simulation Symbol within the TwinCAT Simulation Manager ControlBar.

Because the switchover process includes several steps that usually need (safety) confirmation(s), the
TwinCAT Simulation Manager volunteers the User by an intelligent Machine configuration wizard step by
step.

The descriptions of this wizard and the specifics of the machine reconfiguration and restarting can be found
here:

» Switching over to simulation mode [P 25]
 Switching back to original mode [P 28]

Resetting the simulation settings

The Simulation settings can be removed from the main menu "Edit--> Reset Simulation Settings ..."
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8 FAQs (frequently asked questions)

Error Message: "The system manager configuration file 'XXX.wsm' cannot be opened. The file is probably
blocked by another system manager instance!" [» 79]

Error Message: "The PlcControl symbol file for the project ‘XXX’ has not been found. The system manager
configuration must be corrected before it can be used!" [P 80]

The newly created simulation PLC project does not contain any inputs or outputs. [» 80]

The system reports “The system manager configuration file 'XXX.wsm' cannot be opened. The file is
probably blocked by another system manager instance!”

Problem:

The "TwinCAT System Manager' is addressed by the "TwinCAT Simulation Manager' as the 'Out-of-process’
COM server. They run as two separate processes (EXE files) that communicate with each other.

This fault message is displayed when a system manager process can no longer be addressed. The system
is blocked as a second system manager instance cannot be started on the same configuration file.
Solution:

The blocked system manager process must be exited. To this end, please carry out the following operations:

1. Router cleanup (in some cases this step alone is enough)

B about TwinCAT, ..

= Log View
. Syskem Manager
BB rLc contral

2 Realtime Settings
Router

€ 3 Cleanup
Svskern

IO

PLC fessional
Build 2600, xps ice Pack 2)
E Properties

s T, .. DE g TG
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2. Exit the system manager process.

E Windows Task Manager Z E|[E|

File Options Wiew Help
fpplications | Processes | Performance || Metworking

Image Marne User Marne CPU | Mem Usage 2
explorer . exe RalfH o0 11.628 K
kaskmngr.exe RalfH 01 2345 K
Whiapsty, exe SYSTEM oo 4.160 K
alg.exe LOCAL SERVICE uin} 3632 K
TcEventLogger.exe SYSTEM oa 3.520K
TcSimtan. exe 43.9536kK
mgkgsve exe End Frocess Tree oo 3568 K
ISATRAY.EXE Debug oa 1.980 K
rndri. exe o0 3.564 K
inetinfo, exe Set Priority L4 o0 12.980 K
aspnet_admin,exe SYSTEM uin} 2420 K
SHO423,EXE SYSTEM oo 2,376 K
sponlsy, exe SYSTEM oo 5744 K
svchost,exe LOCAL SERMWICE oa 4,924 K
svchost, exe MNETWORE SERVICE uin} .09 K
svchost, exe SYSTEM oa 21,740 K
mgsve.exe SYSTEM oo 8420 K
swrhnst. pyve MFTWIORE SFRWTCF nn 4174 K 1

[ ]show processes from all users

Processes: 44 CPU Usage: 1% Commit Charge: 2908 [ 1230M

3. If the system manager process does not exit, another router cleanup should be initiated. This should
terminate the system manager process!

Error Message:
"The PlcControl symbol file for the project ‘XXX’ has not been found. The system manager
configuration must be corrected before it can be used!"

Problem:

The symbol file (*.tpy) specified in the system manager could not be found!

Solution:

Reconnect the symbol file in the system manager configuration and rescan the symbol ("Rescan").
The newly created simulation PLC project does not contain any inputs or outputs.

Problem:

The following conditions must be fulfilled to create the allocated variables:

» The original PLC projects must contain allocated variables, which can then be exported into the
simulation PLC project.

» The simulation PLC symbols must be used in the simulation project
» The simulation PLC project must have been compiled.
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Solution:

Please check whether symbols have been created in the simulation PLC and that these can also be used, as
the code creator ignores unused symbols during compilation. Calls of program POEs are not created in the
simulation PLC, they will possibly have to be retrospectively taken care of. .

Make sure that the used symbol address ranges are big enough. The PLC Control Compiler creates the
following error message:

Error: Variable X' to large for address %ADDRESS
In this case increase the memory in the project options of the relevant PLC project.

When the simulation PLC project has been compiled without any errors, the symbols in the simulation
manager can be updated at the corresponding PLC node with "Re-load".
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