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Legal information

Legal information

Using the application examples

The application examples illustrate the solution of automation tasks with the interaction of several
components in the form of text, graphics and/or software blocks. The application examples are a
cost-free service provided by Siemens AG and/or a subsidiary company of Siemens AG
("Siemens"). They are not binding and do not claim to be complete or functional with regard to
configuration or equipment. The application examples do not represent customer-specific
solutions, but rather, only provide help for typical tasks. You are responsible for the proper and
safe operation of products in compliance with the applicable regulations. You must check the
function of the associated application example and adapt it specifically to your system.

Siemens grants you the non-exclusive, non-sublicensable and non-transferable right of use of the
application examples by professionally trained personnel. Any change to the application examples
is made purely at your own risk. Transfer to third parties or duplication of the application examples
or extracts thereof is permitted only in combination with your own products. The application
examples do not necessarily undergo the usual tests and quality checks of a paid product, may
contain functional and performance defects and may be subject to errors. You are responsible for
ensuring that the application examples are used in such a way that any defective functions do not
lead to property damage or injury to persons.

Disclaimer of liability

Siemens excludes its liability, irrespective of the legal ground, in particular for the usability,
availability, completeness and freedom from defects of the application examples, as well as
associated notes, configuration data and performance data and any damage caused by these.
This shall not apply in cases of mandatory liability, for example under the German Product
Liability Act, or in cases of intent, gross negligence or culpable death, injury or health impairment,
non-compliance with a guarantee, fraudulent non-disclosure of a defect or culpable breach of
material contractual obligations. The claims for compensation for the breach of essential
contractual obligations are, however, limited to the foreseeable damage typical for the type of
contract, except in the event of intent or gross negligence or death or injury or health impairment.
The above provisions do not imply a change in the burden of proof to your detriment. You exempt
Siemens from any third-party claims that may exist or arise in this connection, unless Siemens is
compulsorily liable by law.

By using the application examples, you agree that Siemens cannot be made liable for any
possible damage beyond the liability provisions described.

Additional notes

We reserve the right to make changes to these application examples at any time without prior
notice. In cases of discrepancies between the suggestions in the application examples and other
Siemens publications, such as catalogs, then the content of the other documentation shall have
precedence.

In addition to this, the Siemens terms and conditions of use apply
(https://support.industry.siemens.com).

Security information

VIBN with HiL

Siemens provides products and solutions with Industrial Security functions that support the secure
operation of plants, systems, machines and networks.

In order to protect plants, systems, machines and networks against cyber threats, it is necessary
to implement — and continuously maintain — a holistic, state-of-the-art industrial security concept.
Siemens products and solutions form only one element of such a concept.

The customer is responsible to prevent unauthorized access to its plants, systems, machines and
networks. Systems, machines and components should be connected only to the company's
network or the Internet if and to the extent necessary and with appropriate security measures (e.g.
use of firewalls and network segmentation) in place.

Additionally, Siemens guidance on appropriate security measures should be taken into account.
Further information on Industrial Security can be found at:
https://www.siemens.com/industrialsecurity.

Siemens products and solutions undergo continuous development to make them more secure.
Siemens strongly recommends to apply product updates as soon as available and to always use
the latest product versions. The usage of deprecated versions or versions that are no longer
supported can increase the risk of exposure to cyber threats.

To stay informed about product updates, subscribe to the Siemens Industrial Security RSS Feed
at: https://www.siemens.com/industrialsecurity.
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1 Introduction

1
1.1

Introduction

Overview

To perform a virtual commissioning, an image of the real machine is needed. This
image is called the digital twin of a machine.

With the help of a digital twin the interaction of the individual components in the
virtual world can be simulated and optimized - without having a real prototype. To
reduce the risks and effort for the real commissioning, the virtual commissioning of
a machine offers an efficient alternative. This enables shorter time-to-market and
greater flexibility, efficiency and quality.

STEP 7 and the Totally Integrated Automation Portal (TIA Portal) allow you to
create a "Hardware in the Loop" (HiL) scenario in order to simulate and to validate
your user program. For HiL, hardware components are deployed in a simulation
environment. With NX Mechatronics Concept Designer (MCD), machine builders
can simulate and test the mechanical components of their machine in a virtual
environment. The behavior of active components, such as drives or valves, is
emulated with the SIMIT simulation software. Whereby, the field devices of the real
plant are emulated in the SIMIT Unit. This combination helps with the preparation
and for a problem-free commissioning. Furthermore, these tools make it possible to
validate the mechanical concept of the machine, and the interaction of the
mechanical system, the electrical system, the software as well as the user
program, at an early development phase of a plant.

Fig. 1-1 Overview of the systems
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Advantages of the application example

VIBN with HiL

e Introduction to the virtual commissioning with "Hardware in the Loop".

e lllustration of the coupling and interaction of the various hardware and software
components.

e Example projects for every software component that can serve as template for
your own applications.

Article ID: 109758739, V1.0, 08/2018 4
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Limitations

This application example does not contain any descriptions of the following topics:

Fundamentals of the TIA Portal configuring (for details, see
SIMATIC STEP 7 Basic/Professional V15 and SIMATIC WInCC V15)

Fundamentals of the SCOUT TIA configuring (for details, see SIMOTION

SCOUT TIA

Manual)

Fundamentals of the SIMIT coupling types (for details, see SIMIT V10 Manual)
Fundamentals of the CAD modelling (for details, see NX12 documentation)

To understand this application example, it is assumed that readers have adequate
knowledge of these topics.

1.2

Overview

Principle of operation

The following figure shows the operating principle of the application example.

Fig. 1-2 Operating principle
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A project created in SIMOTION SCOUT TIA V5.2 controls a transport plant. For a
comprehensive function test, the program is loaded into a SIMOTION. The
interaction with SIMIT and MCD allows the program to be validated in the plant
context. The following figure shows the transport plant with the assignments to the
associated technology objects in the SCOUT project.

VIBN with HiL
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Fig. 1-3 Transport plant — Assignment of the technology objects

"Axis1", "Axis2" and "ConveyorBelt" are traversed via PROFIdrive telegrams.
These axes are neither virtual nor in simulation mode. This means that these
PROFIdrive telegrams are interpreted and processed during the commissioning.
This requires a behavior model of the drives in SIMIT. "Axis3" shows a more simple
way of the virtual commissioning. This axis in the TIA SCOUT project is switched to
simulation mode (for details, see Axis simulation in SCOUT). This means no
behavior model of the telegrams is required and the simulated actual position of the
axis is copied in a program to an output address area and so transferred to the
virtual model. For this purpose, a PN-PN coupler is created in the device view. This
is used to create address areas so they can be read and written in SIMIT via the
SIMIT Unit. The address area of the PN-PN coupler is also used for the required
digital inputs and outputs. Alternatively, a distributed peripheral module can be
configured for this purpose.

If the axes are not switched to simulation, they must be interconnected with
external drives via PROFINET. In this application example, all axes are
interconnected with drives in the external SINAMICS S120.

Fig. 1-4: Network view of the device configuration
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The transport plant to be controlled consists of a conveyor belt and a SCARA
robot. Both jogging mode and automatic mode are possible. This allows the

VIBN with HiL
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SIMIT Unit

SIMIT

VIBN with HiL

conveyor belt, as well as axes 1-3 of the SCARA robot, to be traversed. To allow
the controller to communicate with the transport plant, the following input and
output variables are defined:

Table 1-1: Input and output variables

Variable Data type Input/output
iboLightBarrierPickingPos BOOL Input
iboLightBarrierPlacingPos BOOL Input
iboBoxPicked BOOL Input
gboEnableVacuum BOOL Output
gr32Axis3ActualPosition DWORD Output

Axes not switched to simulation communicate via PROFIdrive telegrams at the
following address areas:

Table 1-2: PROFIdrive telegrams

Variable Data type I/O address area
ConveyorBelt PD_TEL1 260 ... 263
Axisl PD_TEL105 264 ... 283
Axis2 PD_TEL105 284 ... 303

The visualization of the plant is simulated with WinCC Runtime. In WinCC Runtime,
the plant can be controlled via an HMI screen. The following functions are possible:

e Jog the conveyor belt
e Jog SCARA axes1-3
e Activate automatic mode

In the "Hardware in the Loop" scenario, the automation program is loaded into the
real automation system. Whereby, the SIMIT Unit simulates the 1/O signals of the
controllers and signals from field devices, e.g. actuators and sensors. The SIMIT
Unit so forms the interface between the automation hardware and the behavior
model in SIMIT. The connection with PROFINET allows real-time simulation.

In SIMIT, the behavior model of the plant and the required couplings to further
software are modelled. In this application example, a drive with three axes and a
simple position transfer are simulated. For the simulation of the drive, there are
telegram blocks that emulate the communication as well as the state machine of a
real drive. This means that the programmer does not need to make any changes in
the user program. The input and output area of the telegram must be
interconnected appropriately to allow this communication. If the communication
must not necessarily be performed with PROFIdrive telegrams, a simple position
transfer is also possible. For this purpose, the associated axis in the TIA Portal is
switched to simulation.

Because the software tools calculate with different base units, the various variables
are converted in SIMIT. To analyze the behavior of the plant in a safe environment,
fault scenarios can be simulated in SIMIT.

Article ID: 109758739, V1.0, 08/2018 7
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MCD

1.3

Note
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Based on the existing CAD data that was either created in NX12 or made available

with an import, the kinematic model of the plant is modelled in the MCD. For this

purpose, rigid and collision bodies are defined, joints created and operations
programmed. The parameters set in the interface to SIMIT are specified via a

Components used

signal adapter. The data exchange takes place via the shared memory coupling.

In this application example, only the SIMOTION D and the SIMIT Unit are used
as hardware components. All other configured devices are simulated by the

SIMIT Unit.

This application example was created with the following hardware and software

components:
Table 1-3 Hardware and software components
Component Quantit Article number Note
y
SIMATIC Field PG M5 1 6ES7717-.....-0... Alternatively, another
computer with
TIA Portal V15 SP1 can
also be used.
SIMOTION D425-2 1 6AU1 425-2AD00-0AA0 V5.2
DP/PN
KTP900 Basic 1 6AV2 123-2JB03-0AX0 V15.0.0.0
SINAMICS S120 1 6SL3 040-1MAO01-0AAO0 V4.8
PN/PN Coupler X1 1 6ES7 158-3AD00-0XA0 Vv01.00.00
STEP 7 Professional 1 6ES7822-1..05-.. -
V15
SIMOTION SCOUTTIA | 1 6AU1 810-..A52-1..0 -
V5.2 SP1
SIMIT S V10 1 6DL8913-0AK00-0AB5 -

Mechatronics Concept
Designer

NX11113,
NON_PRODUCTIVE-
Promotion

08/2018
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This application example comprises the following components:
Table 1-4 Components

Component

File name

Note

Documentation

109758739_Documentation_HiL_en.pdf

STEP 7 project

109758739_HiL_STEP 7.zip

TIA Portal project (incl.
SCOUT TIA)

SIMIT project

109758739_HiL_SIMIT.zip

MCD project

109758739_HiL_MCD.zip

VIBN with HiL
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2 Mounting and installation

2
2.1

2.2

VIBN with HiL

Mounting and installation

Hardware configuration

The project example described in this application example is based on the network
shown in the following figure. It is possible to execute the various programs on
different computers or virtual machines (VM). The SIMIT and MCD programs,
however, must be executed on the same computer or in the same VM. SIMIT Unit
and SIMOTION are connected via the P1 port of the SIMIT Unit. The SIMIT
computer and the SIMIT Unit are connected via the CTRL port.

Fig. 2-1 Hardware configuration
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SIMOTION SIMIT Unit

General settings

The SIMIT simulation system requires the hardware information about the devices
to be emulated in order to configure the SIMIT Unit. This information is generated
when compiling the hardware configuration in the TIA Portal in the form of system
data blocks (SDB) or OMS files — and these are temporarily saved to the directory
of the TIA Portal computer. SDB files are created for TIA Portal projects with a
SIMOTION controller or an S7-300/S7-400 controller. OMS files are created for an
S7-1500 controller.

In order that this data is permanently available, the Registry entries of the
configuring computer must be adapted. If the TIA Portal and SIMIT are not located
on the same computer, the SDB or OMS files must be transferred from the

TIA Portal computer to the SIMIT computer.

The associated required work steps are explained in the following table. These
steps are prerequisite for creating a new SIMIT project with a "Hardware in the
Loop" solution.

Article ID: 109758739, V1.0, 08/2018 10
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2 Mounting and installation

Table 2-1: UnlockHW Config

No.

Action

In order that after compiling the hardware configuration, the SDB/OMS files are
saved permanently in the directory of the TIA Portal computer, you must run the
"UnlockHW Config.exe" application once after installing TIA Portal. The
application adapts the Registry entries appropriately. To do so, perform the
following steps:

1. The application can be found in the installation directory for SIMIT at
"[... \SIMIT\SIMIT SF\data"

2. Start the "UnlockHW Config.exe" application with administrator rights
Save and compile the hardware configuration in the TIA Portal
4. The SDB/OMS files are stored permanently in the following directory:

a. TIA Portal (SCOUT TIA):
"C:\Users\Public\Documents\TIAExport\HwConfiguration\DOWN"

b. SCOUT: Temporary STEP 7 storage folder

w

If TIA Portal and SIMIT are not installed on the same PC, you must transfer the
SDB/OMS files from the PC with TIA Portal to the SIMIT PC. Also in this case,
we recommend to copy the files to a local project directory.

VIBN with HiL
Article ID: 109758739,
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3
3.1

3.2

VIBN with HiL

Engineering

Task

In this application example, a jogging and an automatic mode should be
implemented for a transport plant. To do this, a new SIMIT project should be
created in which you create the required couplings and behavior model. The CAD
data has already been prepared and can be found at

"[...\109758739_HiL_MCD\HIL_Template\IMAIN_ASM_HiL_Template.prt"
In MCD, you must first kinematize the specified CAD model. The signals required
for the coupling must also be created. Because this application example focuses

on SIMIT and MCD, a fully programmed STEP 7 project is provided.
This project can be found at

"[...]\109758739_HiL_STEP 7\HiL_Solution\HiL_Solution.ap15"
We provide help for the configuring so you can master the required tasks. It also

serves as a sample solution for each software tool for both stages. These projects
are always in subfolder

"[-...]\HiL_Solution"
You can also orient yourselves on these sample solutions.

Configuration in TIA Portal

The supplied SIMOTION SCOUT TIA project does not require any further
configuration. If you want to create your own project, you must observe the
following points:

e For real, non-simulated axes, it can be necessary to set the gain of the axis
position controller to a lower value. The reason is the asynchronous
communication between MCD — SIMIT — SIMOTION. This can cause a falsified
controller behavior.

e For simulated or virtual axes, the actual position calculated in the SIMOTION is
copied to an output double-word. To do this, the associated parameter of the
axis must be converted from LREAL to DWORD.

Article ID: 109758739, V1.0, 08/2018 12
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3.3 Configuring in SIMIT

3.3.1 General settings

Table 3-1: General SIMIT settings

No. Action

1

1. Double-click "Project manager".
2. Enter 10 ms in time slice 2.

the PC, the current firmware is displayed.

i

Project Edit  Simulation Window Automatic modelling  Options  Help
Skl o1 o P o] Reshame (100%) =

4 Project navigation

su Firmware | Device description PRO/
S Refresh  4f Update firmware
Name 1P address Gateway MAC address DHCP Firmware
.255.0

Type —
Pdpofivet  [sv_unm  [REPRGCRECUE 55255 192.168.1.12 | 20:87:56:26:4D:06 | MM |- (Wrong subet?)

Y | s I

4 Project navigation Project manager
= Project
ﬁ
5 .
% HIL_Solution "« Couplings
g 5 s
& v gl Couplings < .| Monitoring
i New coupling @ Q” Scripting
~ _y Charts N7 1| uists
» . Monitoring
» 1 Scripting H Q
b = Lists Find & replace  Consistency
-l Snapshots check
i Find & replace HIL Solution
W3 Consistency check Ganeral Property Value
b Start Times & operating modes Do clice 1 Teac] o0
Time slice 2 [ms] 10
Time slice 3 [ms] O 200
Time slice 4 [ms] N @ 400
Time slice 5 [ms] 800
Time slice 6 [ms] 1600
Time slice 7 [ms] 3200
Time slice & [ms] 65400
Operatingmode  Asynchronous ™
2 1. Open in the "Options" menu the "SU administration" in SIMIT.
2. Assign for the SIMIT Unit the associated IP address for the CTRL port. In the
application example, this is 192.168.1.30.
3. Confirm the input with the Enter key.
4. Restart the SIMIT Unit. If the SIMIT Unit is located in the same subnetwork as

VIBN with HiL
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3 Engineering

Note If the SIMIT Unit is not displayed in the SU management or "Incorrect subnet?" is
still displayed after execution of the previous steps, the following steps can
rectify this situation:

e Ensure that the SIMIT PC is connected with the CTRL port of the SIMIT Unit.

e Check the network settings of your network adapter.

e Check the firmware of the SIMIT Unit.

o If several network cards are active in Windows, deactivate all network
connections in the System settings, except that with which you are
connected on the CTRL port of the SIMIT Unit. Once you have successfully
established the connection, the connections can be reactivated.

3.3.2 SIMIT Unit coupling
Table 3-2: SIMIT Unit coupling
No. Action
1 1. Double-click "New coupling”.
2. Select "SIMIT Unit".
3. Confirm with "OK".
4. Assign a name and confirm with Enter.
4
= Project Simula...
E Selection
g @ ";_:r @ )ger New ODUP”f\Q @
& e * SIMIT Unit™
:::: lew coupli virtual Controller
v Crts = PLCSIM Advanced
i New chart PLCSIM
» | Monitoring OPC DA Server
¥ 1y Scripting OPC DA Client
» =] Lists OPC UA Client
il Snapshots Shared Memaory
Wil Find & replace PRODAVE
W] Consistency check MCD
=
oK Cancel
VIBN with HiL
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No.

Action

AN N

4 Project navigation
Project

e
w3

g

:

:

4 New coupling
~ g SIMIT Unit
@i New station
4= SHM
~ 3 Charts
% New chart
b | Menitoring
» .| Scripting
» _=| Material
il Snapshots
i Find & replace
K] Consistency check
P start

After confirmation with Enter, a new window opens. Click "SDB-Import" and
open the file browser.

Open the file browser.

Select the last subfolder (see Table 2-1: UnlockHW Config).
Open the folder by clicking "Open".

Start the import by clicking "Import".

SU Import

h -
veznlilrzﬁet
9

Eigene
Dokumente

N

Desktop

Ordner: C:\Users\PubIic\Documents\'I'[AExport tion\DOWN\PMA_Example_Re
)
" AN

Open Dy‘ Cancel

. SDB-Import (57-300/400) ||
OMS-Impert (S7-1200/1500) || @
\ Dev
XML-Import I <
Configuration file {optional) =
5
A\
Devices > Import Ca_noe\
Choose hardware folder x
Look in . SIMOTION D station_1 > o x

VIBN with HiL
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3 Engineering

No.

Action

Noo~wd

Because no symbols are created when importing the SDB/OMS files, it must be
exported subsequently as text file.
To do this, click the "Import" symbol.

Then select "Signal Table".

Open the file browser.

Navigate to the required file.
Confirm with "Open".

If necessary, adapt the import mode.
Start the import by clicking "Import".
Note:

A text file located in the SIMIT sample solution folder serves as template for
this import. For other projects, you need to adapt only the symbols, the data
type and the address area. Alternatively, the symbols can be specified
manually in SIMIT.

If necessary, adapt the address areas (see Step 5).

VIBN with HiL
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4 Project navigation Profinet (SU)
g Project | simulation
g {8l = = saveand load
£ ——
E -
ﬁ HiL_Solution @ S ~—
E Project manager A5 > = -
5_0' Sl Ormat  Signal table (*.xt) = :ORD — ;D — 1¥
-
& New coupling File S WORD 100 1
@= SHM 100 1
- -il SIMIT Unit Which properties do you want to import? @ D 100 1
@i New station c) N\ 100 1
<= Profinet v Symbol WORD 100 1
» v Data type WORD 100 il
» | Monitoring v Comment DWORD 100 1
» | Scripting v Default value DWORD 100 1
» éll _ ~ Connection WORD 100 1
.;I | v Unit DWORD 100 1
il Find & = v szhng. @ \E 100 1
'] Consistency check v Limitation 100 1
P sor —_— . 12 100 1
S\ properties = | oworp 100 1
v Adapt data width NWORD 100 1
\
Import Cancel Datatype System Dev
Choose import file x
Lookin | 109758739_HiL_SIMIT = o ox
R=- Hil_Salution
siu
Zuletzt 4
verwendet @
g
Eigene
Dokumente
Desktop
Filz name  Vorlage_Symbolik_SIMIT.tet ignal table (*.bdt) =
P—
File Information ~_ Open Cancel
File type: TXT-Datei
File size: 4189 Byte
Creation date: 8/1/2018 11:42:01 AM
Modification date:  7/18/2018 9:22:58 AM
4
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No.

Action

1. Inthe last step, you must assign the associated SIMIT Unit. To do this, double-
click the imported station in the "SIMIT Unit" coupling.

2. Select the PROFINET system.

3. Open the "SIMIT Unit (IP)" tab. The system now searches automatically for

available SIMIT Units.
4. Select your configured SIMIT Unit.

4 Project navigation Station (SU)*

Project | Sinula.

E. H Bl & = Save and load
E : w Inputs Reset filter
g & HIL Solution Default  Symbol name Address Datatype System  Di
] Project manager | «
S ¥ 4 Couplings w Outputs  Reset filker
CHIED@E T Symbol name Address Datatype System  Di
~ g SIMIT Unit
i New station
- S‘Etlon Property
’ [100] Proﬁnet System Strang Index 0
[1] SINAMICS SIMIT Uniit (IP) Not assigned =
» [2] PN/PN Coupler SIMIT Unit (Channel)
Mz 192.168.1.30
F-system No 4
Split SU Ports @ j
First device at port 1 sinamics-5120-cu.

First device port at port 1
First device at port 2

1
sinamics-s120-cu320-2pn

[1] Line break

First device port at port 2 2

ENENENK]

1. To adapt the address areas, mark the required area and click "Merge". To

separate address areas, proceed accordingly.

Profinet (SU)*

Il Bl & B+ Save and load
Reset filker
Symbol name

w Inputs
&z PMA_Example_Ready Default

Project manager
« 4| Couplings
i New coupling
4= SHM
~ gl SIMIT Unit
i New station
- —‘lﬂ Charts
% New chart
5| ControlAxis
= Signals
» | Monitoring
» .l Scripting
» =| Material
il Snapshots
Il Find & replace
i} Consistency check
P Start

Project navigation

VIBN with HiL

Article ID: 109758739, V1.0,

08/2018

17




© Siemens AG 2018 All rights reserved

3 Engineering

3.3.3 Shared memory coupling
Table 3-3: Shared memory coupling
No. Action
1 1. Double-click "New coupling".
2. Select "Shared memory" in the selection window.
3. Click "OK" to confirm the selection.
= Project | Simulation
s
B
2
g £ PMA_Example_Ready
g ﬂ Project managsr @ 3
& = 4 Couplings 1 Selection
[ Now couiing ESN
4= SHM New coupling
» @ SIMIT Unit
> charts Virtual Controller
5f New chart
DB PLCSIM Advanced
» ] Scripting PLCSIM
» ill Material OPC DA Server
;] Snapshots OPC DA Client
il Find & replace 2 OPC LA Client
W] Consistency check | e Shared Memory
P st PRODAVE
3)
L=
oK [y Cancel
2 1. Assign a name for the shared memory coupling, e.g. "SIMITSHM".
2. Activate the "Signal description in header" checkbox.
%z PMA_Example_Ready
u Project manager w Outputs Reset filter
= 4 Couplings
@i New coupling Property value @
Time slice 2 1
» _@l SIMIT Unit Shared memory name SIMITSHM
~ 3| Charts Mutex name SIMITSHMMutex
5§ New chart Signal description in heade v
» | Monitoring Header size 2
T Big/Little Endian led @
VIBN with HiL
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To import the variables that communicate with MCD via the SHM coupling, a text
list is selected. This must be exported from MCD previously (see Section 3.4.9).

Table 3-4: Importing variables

No. Action
1 1. Click the "Import" symbol.
2. Select the "Signal table" format.
3. Open the file browser.
4. Select the required text file.
5. Click the "Open" button to confirm.
6. Select the import mode.
7. Start the import by clicking the "Import" button.
Project navigation
g Project | simulation
El HeoeN
> = B 5 5
g N J @ borting signal properties ?
'g Project manager K ;
E B e ormat  Signal table (*.bxt) L/r
s New coupling Fila =
SHM 3
- ]I SIMIT Unit Which properties do you want to impaort? @
i New station )
4= Profinet » Symbol
b 3 Charts v Data type

L g] Monitoring v Comment N
» )| Scripting v Default value @
b = Lists + Connection

il Snapshots Mode New signals |1
Find &

L] : eplace 7

% Consistency check S

Thport Cancel

Choose import file X
Lookin |, 109758739_HiL_MCD | | j X
=] | HiL_Solution
o b || HiL_Template

Zuletzt Export. To_ SIMIT_ExampleReady.b

Dokumente:
Desktop
File name  Export_To_SIMIT_ExampleReady.txt Signal table (*.ixt) | |
File Information Opsn Cancel

File type: TXT-Datel 5
File size: 883 Byte
Creation date: 8/1/2018 11:42:00 AM

Modification date: 1/15/2018 9:08:36 AM

VIBN with HiL
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3.34

Note

VIBN with HiL

Creating a behavior model

In SIMIT, behavior models are programmed graphically in "Charts". A chart with
predefined or self-defined components and controls is created in the chart editor.

The components for various logical and arithmetic functions, for drives, sensors,
connections and communication are located on the "Components" task card at
"Basic components".

“User components” contains “Global components” that were stored at
,C:\ProgramData\Siemens\Automation\SIMIT\8.0\FULL\components®. Furthermore
you can add any library directory.

"Project components" contains the self-defined components that were stored
previously in the project folder at "[...J\pcomp".

The associated objects for entering and displaying values are located on the
"Controls" task card. "Display" contains objects for the dynamic display of values
from a running simulation. The "Input" area contains objects for specifying values in
a running simulation.

Self-defined components are developed with the SIMIT component type editor
(CTE) and included via the project library or via user components.

Article ID: 109758739, V1.0, 08/2018 20
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Behavior model for axis 3

The technology object for axis 3 is operated with active simulation and the
simulated actual position is copied to a double-word in the output address area of
the controller. This double-word must now be converted in SIMIT to a REAL value
and sent to MCD via the SHM coupling. To do this, proceed as follows:

Table 3-5 Axis 3 behavior model

1. 1. To add a new chart, double-click "New chart".
2. Assign an appropriate name, confirm with Enter and open the chart.

& HiL_Solution
%:| Project manager
~ 4 Couplings
4 New coupling
4= SHM

» gl SIMITU ¥
» 3 Charts

Project navigation

VIBN with HiL
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1. All signals of the project can be found in the "Signals" task card.
Filter according to the "qr32Axis3ActualPosition" variable.

3. Mark the required signal. Keep the Shift key pressed and drag-and-drop the
signal to the chart.

n

Axis3 _[Za X Signals »
Source Name
il T =B Ui ar3zpns3 g
=+ | origin =
Al |=]
Signal g
All ||
Data type e
Al || g
Reset filter —
[& w Search results g
— | source Name =
|Profinet__| ar32svas3ictuaiPositon |
3 E]
@ :
=
“ _
~I= o
m B w Info g

Orinin: Counlina

4. You can also search according to the source.

5. The signal for the position of axis 3 in the shared memory coupling is called
"S_Axis_3_PositionControl". Drag the signal to the chart.

Source Name
SHM
Origin g
i ]
Signal type
Aall ||
Data type
All | |
Resst filter
w Search results
Source Name
SHM S_Axis_1_ActualPosition
SHM S_Axis_1_Actualvelocity
SHM S Axis_1_SpeedControl
SHM S_Axis_2_ActualPosition
SHM S_Axis_2_Actualvielodity @
SHM 5_Axis_2_SpeedControl
SHM S Axis 3 PositionControl I
SHM S_CollisionSensor_Gripper_Active

VIBN with HiL
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The position of axis 3 is converted in SIMOTION to a DWORD so it can be
written to the output address. MCD expects the position for the position
controller, but as REAL. SIMOTION also sends the position in millimeters. MCD,
however, expects the position in meters. Consequently, the value must be
converted in SIMIT:

1. The "Components" task card contains comprehensive libraries for behavior
modelling.

2. The STANDARD library contains the components required for the
conversion.

3. Drag the components to the chart.
4. Interconnect the components with the mouse.
5. Enter 1000.0 in the second input of the DIV component.

— 2 X Components

uauod;

« AnalogBasic

s
SIS

Ll APPY

SHM 5_fuis_3_PositionCon... » AnalogExte

» BinaryExtended

~ Conv

ioet Analog2Integer
i Bit2Byte

e Byta2Bit %
ek Pvta?DWard
=
e e s
B
.

M

» BinaryBasic ﬁ

1. The "Controls" task card contains the blocks for displaying and entering
signals at the simulation runtime.

2. Add a digital display that shows the position of axis 3 at runtime.

—EBd" X Controls

Display
{125% = & & | Tahoma 2B Uit Ar ==z @ Binary display

Analog display
i Digitzl display| E

Bar graph display L
Profinet qrazaxis3ActualPo. p— DWW | B3 +B3 |REAL K - SHM S_Axis_3_PositionCon...
B2 » B2 1000.01 . 1
B1 ¢ B1 . __a
BO + B0 3

w Input
Pushbutton
Pushbutton with image
Switch
Switch with image
Step switch
Step switch with image
Digital input
Slider

s1043u00)

deso
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Behavior model for axes 1 and 2

The technology objects for axes 1 and 2 are not operated in simulation. The
technology objects so communicate with the associated PROFIdrive telegrams via
PROFINET addresses. This requires that a behavior model of the PROFIdrive
drives is created in SIMIT. You can build the behavior model of various PROFIdrive
drives from the components of the DRIVES/PROFIdrive library. In this example,
PROFIdrive telegram 105 is used for axes 1 and 2. An overview of the telegrams
that can be simulated is contained in the SIMIT V10 manual.

Table 3-6 Axis 1 behavior model

1.

SHM S_Aois_1_ActualVelocity |

Drag the "PROFIdrive2", "Sensor", "DynamicServoControl" and
"MomentumReduction" project components to your chart, and interconnect
them as shown here.

Interconnect all telegram signals of axis 1 to the associated inputs and
outputs of the telegram component. In STW2 and ZSW2, the sign-of-life is
exchanged between the drive and the controller. The asynchronous
simulation, however, allows the sign-of-life to be transferred non-
deterministically in each bus cycle. The monitoring of the sign-of-life in the
telegram block is most easily suppressed by not interconnecting the STW?2
and ZSW?2 signals.

The setpoint speed and the actual speed at the telegram block are specified
in rpm. MCD, however, expects the rad/s unit here. Consequently, add the
required conversions.

Interconnect the signals of the SpeedController from MCD for axis 1 from the
SHM coupling with the setpoint speed or actual speed.

The actual position comes from MCD in the rad unit and should be
interconnected at the telegram block in the degree unit. Add the required
conversions.

A rotary encoder is implemented at axis 1. Consequently, add the
"SensorProcessRotatory" component to your chart and interconnect its
"Sensor" output with the "Process" input of the "Sensor" component.
Interconnect the actual position from the SHM coupling with the
"SensorProcessRotatory" component.

Axis 1 - SpeedControl

PROFlIdrive2
Profinet Axis1_Actor_Interface_AddressOut.STW1 STW1 251 | Profinet Axis1_Actor_Interface_AddressIn.ZSW1
Profinet Axis1_Actor_Interface_AddressOut NSOLL_B NSOLL B o NIST B | Profinet Axis1_Actor_Interface_AddressIn.NIST_B.
STW2 W2

° AT
~ i d/s e
rad/s 1/min Yir|L/min e
= | —>SHM S Axis_1_SpeedContrdl

Profinet: Axis1_Actor_Interface_AddressOut.GL_STV GX_STW Gx_7SW | Profinet Axis1_Actor_Interface_AddressIn.G1_Z5W
Gx_XIST1 | Profinet Axis1_Actor_Interface_AddressIn.G1_XISTL
Process Gx_XIST2 | Profinet Axis1_Actor_Interface_AddressIn.G1_XIST2
Profinet Axis1_Actor_Interface_AddressOut XERR XERR
e Profinet: Axis1_Actor_Interface_AddressOut.kPC KPC
Profinet: Axis1_Actor_Interface_AddressOut. MOMRED MOMRED MELDW | Profinet Axis1_Actor_Interface_AddressIn.MELDW e

M_RED)
Y Lower_Limit|
w_Upper_Limit]

rad °
SHM S_Axis_1_ActualPosition p * i Gx_Xist[7] Sensor
180.0| 3.1411 False[p Gx_ReferenceMark1
False[» Gx_ReferenceMark2

False[y Gx_ReferenceMark3

False|y Gx_ReferencelMarkd

False|j Gx_Probe1

False[y Gx_Probe2 e

ol Gx_ErrorCode

VIBN with HiL
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In addition to the inputs and outputs, the individual telegram components also
have parameters. They must be set correctly in the block properties and match
the parameters of the axis in TIA SCOUT. To adapt the parameters, proceed as
follows:

PROFIdrive2 component:
1. Open the properties of the PROFIdrive2 block in your chart whose values you
want to change by marking the block. Select the "Parameter” folder.

2. Adapt the "ReferenceSpeed" and "MaxSpeed" to the reference data from
their technology object.

PROFIdrive2#1 Properties | Diagnostics |od|

General Name Value

Input ReferenceSpe... [1/min] 3000.0

Qutput MaxSpaed [1/min] 3000.0

RampTime 50 @/

State ‘ EmergencyStopTime 50 .

@ AllowedLifeSignErrors 1]

HysteresisSp... [1/min] 2.0
SpeedThresh... [1/min] 5.0

Caonfiguration ] Axis data Sets] Encoderconfigurations] Units  Referenca variables

General reference data

P 1 P ter text Value Unit
1| maxSpeed Specification of the maximum speed 3000.0 (rpm
2 [nominalSpeed Specification of the reference speed 3000.0 |rpm
3 |maxTorgue i torgue of the drive 3.2 |Nm

SensorProcessRotatory component:
1. Adapt the parameters marked red of the encoder configuration.

SensorProcessRotatory#2 Properties | Diagnostics
General Name Value
Input StepsPerRevolution 2048
Qutput DeterminableRevoluti... 4056
DistancePerRevolu... [°] 360.0
State SupportsAbsoluteVal...  True -

Configuration ] Axiz data sets  Encoder configurations l Units ] Feference variab

Encoder use in SIMOTION Add
Encoder 1
1 partner ...Ch_1 ("SINAMICS-5120-CU320-2PN")
2 |Encoder interface Interface via PROFidrive telegram
3 |Encoder type Absolute encoder, cyclic absolute
4|Encoder mode Endat
5 |Measuring system Rotary encoder system
& |Used in the ADS 1
Encoder data from encoder 1
Reference variables
Encoder pulses perrev.: |2D4B
Fine resolution: |2D4B

Fine resolution of absolute |512
wvalue in Gn_xIST2

Diata width of absolute |g
walue without fine
resolution:

VIBN with HiL
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Behavior model for the conveyor belt

The technology object for the conveyor belt is operated as speed axis with
PROFIdrive telegram 1 in the TIA SCOUT. Use the "PROFIdrivel" component from
the DRIVES/PROFIdrive library for the behavior model of this drive in SIMIT:

Table 3-7 Behavior model for the conveyor belt

1. 1. Drag the "PROFIdrivel" component to your chart.

2. Interconnect all telegram signals of the conveyor belt to the associated inputs
and outputs of the telegram component.

3. The setpoint speed and the actual speed at the telegram block are specified
in rpm. This rotary movement must be converted to the linear movement of
the conveyor belt in the m/s unit. Consequently, add the required
conversions.

4. Interconnect the signals of the conveyor belt from MCD from the SHM
coupling with the setpoint speed or actual speed.

PROFidrivel
:_Actor_Interface w1 sTwt 251 | Profinet ConveyorBek_Actor_Interface_AddressIn.ZsW1
Actor_Interface OLL A NSOLL_A NIET_4 | Profinet ConveyorBieh_Actor_Interface_AddressinNIST_&
4
Vs A fs A s

L mi fmin, Jmin, ymin [—, l|f5

Other signals for the simulation

In addition to the behavior models for the drives, the signals of the sensors from
MCD must also be connected with the associated input variables of the PLC in
SIMIT. The vacuum of the gripper should also be controlled via an output variable
of the PLC. To do this, the output variable must be connected with the correct
signal from the SHM coupling. The correct interconnection of the signals is shown
below:

VIBN with HiL
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3.4

341
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Table 3-8 Other signals in SIMIT

1. 1. Connect the light barriers on the conveyor belt with the associated controller
inputs. The "BConnector" component for connecting two binary signals can
be found in the component library at STANDARD/Misc.

2. Connect the gripper signals with the appropriate input/output of the PLC.

3. Add a pushbutton from the "Controls" task card to control the creation of new
products in the MCD.

4. Implement fault scenarios. For example, cause the light barriers in the MCD
project to fail. To do this, use a "Switch".

SHM 5_CollisionSensor_Right_Triggered }—[: B $— Profinet iboLightBarrisrPickingPos E

SHM 5_CollisionSensor_Left_Triggered }—[:- B p—pProfinet iboLightBarrierPlacingPos

SHM 5_CollisionSensor_Gripper_Triggered y—[: B - Profinet iboBoxPicked e

Profinet gboEnableVacuum )—[:- B $—p5HM 5_cCollisionsensor_Gripper_Active

Trigger new Product in MCD
V

p———SHM 5_Trigger_MNew_Product

Deactivate Sensors - Failure Test
Fa—
. p=— . SHM S_DeactivateSensor_Right e

.
p———)SHM 5_DeactivateSensor_Left

Configuration in MCD

To kinematize your CAD model in the MCD, among other things, rigid bodies,
collision bodies, joint connections and operations must be configured. The
following sections provide general descriptions how the elements are configured.
To make movements possible in the MCD, the moving parts must first be defined
as rigid body. The rigid bodies can then be connected with joint connections to
form a kinematic chain. To affect the movements of the joint, speed and position
controllers are implemented. They are linked in a signal adapter with signals from
the SHM coupling so that the movement can be controlled from SIMIT. For
example, collision sensors can be simulated with light barriers.

Creating arigid body

Use the "Rigid Body" command to define a component as movable component. A
rigid body is an element that acts as mass and responds to forces such as
gravitational force in your simulation.

Article ID: 109758739, V1.0, 08/2018 27
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Table 3-9: Creating a rigid body

No. Action

1 1. Open the "Rigid Body" drop-down list
Select "Rigid Body".
3. First, select the required object.

n

object accepts the object as rigid body.

Analysis Render  Tools  Application
[44 ¥ cmp o4 B,
) B . QG
w2 fi -
Play Stop Rigid pon Hinge
"l.'i' 2 Body” Boay = loint -

Simulate

3 Rigid Body .
e T @ 3
) 000 Object Source

0%« Object Sink

"5 Object Transformer

- > R D

& Rigid Body
Rigid Body Object

¥ Select Object (0)

Mass and Inertia

Mass Properties

Mass
¥ Specify Center of Mass
¥ Specify CSVS of Object
Mass kg

Inertia

If you move the cursor over an object, the object is marked red. Clicking the

Boc 6540.08081364252 kg-mm"2 -
Ly 33337 4526206718 kg-mm"2 -
Iz 3664731764278 kg-mm"2 -
Ky 0 kg-mm*2 ~
e 0 kg-mm*2
Iz 0 kg-mm*2

Tag

Select Tag Form (0)

Name

RigidBody(L)

VIBN with HiL
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No.

Action

1. Select "Automatic" at "Mass Properties”. The mass and the moment of inertia
are so calculated automatically.

2. Assign a name for the rigid body.
3. Confirm the inputs with "OK".

£} Rigid Body
Rigid Body Object

4 Select Object (1)

Mass and Inertia

Mass Properties
Mass

& Specify Center of Mass

' Specify CSYS of Object

Mass 149.99271127¢ kg
Inertia
B 7444075.66024166  kg-rmm "2
I 6894859.22728204 kg-mm*2 ~+ ¥
I 1096517.54871368 kg-mm”™2 =+ ¥
by 0 kg-mm*2 v v
s 0 kg-mm*2 -+ ¥
I 0 kg-mm*"2 ~+ -
Tag A
Select Tag Forry \ =20
Name N A
=9
RigidBody(1) ( ) |
/4
x 4
s
il
Sl

1. In some cases, it is possible that the rigid body cannot be selected
automatically. Objects can also be selected by selecting multiple "Faces". To
do this, keep the left button pressed and stretch a rectangle over the required
elements.

VIBN with HiL
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3.4.2 Creating a collision body
Use the "Collision Body" command to specify how elements collide with other
elements that also have a collision body. Objects without collision body penetrate
other objects.
Table 3-10: Creating a collision body
No. Action
1 1. Open the "Collision Body" drop-down list.
2. Select the "Collision Body".
3. Select the required faces that should be combined to form a collision body.
Tools  Application
E%. "ﬁ" AR, & Angula
Linear ¢
Rigid Collision @' near
Body~ Body~ Lamte /N Angula
_ @ CollisionBody r_p
: 2
’ 1 &* Transport Surface @
W Prevent Collision
Eﬁ Change Material
= Collision Material
R
e
VIBN with HiL
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No. Action
2 1. Select at "Collision Shape" the degree of detail of the collision body. The higher
the degree of detail, the greater the computing time during the simulation.
2. Assign a name.
3. Confirm the inputs with "OK".
- i O X
::mommm ﬁ?
Collision Shape Ot L
3.4.3 Creating a hinge joint

Use the "Joint Connection" command to create a connection between two bodies
that permits a rotation degree of freedom along an axis. A hinge joint does not
permit any translation movement in any direction between the two bodies.

Table 3-11: Creating a hinge joint

No.

Action

1

1. Open the "Hinge Joint" drop-down list.
2. Select the "Hinge Joint".

Tools  Application

% n%" <n'-._§_°°i \jular spring Join
@ 1 ar Spring Joint

Rigid Collision Hinge 1
Body~ Body~ Jointv /% Angular Limit Jaint

é?}! Hinge Joint .
9 RE O 3

TR sliding Joint @ ;

% Oylindrical Joint  \

E Screw Joint

‘E:ﬁ Planar Joint

t Virtual Axis Joint
@ Eall Joint

£2 Fixed Joint

< Point on Curve Joint

<@ Curve an Curve Jaint

S Path Constraint Joint

VIBN with HiL

Article ID: 109758739, V1.0, 08/2018 31




© Siemens AG 2018 All rights reserved

3 Engineering

No.

Action

1. Select the "Attachment" of the joint connection.
2. Select the "Base" of the joint connection.

You can select both objects either via the "Physics Navigator" or directly in the 3D
view.

€ Hinge Joint 5]
Rigid Bodies

x

 Select Attachment (1)

Select Base (0]

2
Asis and Anglg
¥ Specify Axis At
ecify Anchor

Limits A
B Uppe 103
B Lower 103

Name N

[ Asis 1_Hingeloint(1) |

o oo ]

&

VIBN with HiL
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No.

Action

1. For a hinge joint, you require a vector for the direction of rotation and a defined
point for this vector. In this scenario, select a face normal and the center point

of a circle.

2. Select via the "Face/Plane Normal" drop-down menu and then the required
face.

3. You can change the direction of rotation by clicking the "Reverse Direction"
button.

£ Hinge Joint

Rigid Bodies A

@mu ) \ﬁ‘
+

% Specify Ais Vector Xl =

&
* specty anlg ;‘.I |

Start Angle ﬁ deg~ |

Limits. A

Upper 103 a5~

Lower 103 deg~

Name A

Axis_1_Basis_HingeJoint(1) \
=

1. Mark "Specify Anchor Point".

2. For the circle center point, select "Arc/Ellipse/Sphere Center" via the the drop-
down menu.

3. Then select the appropriate partial circle.
4. Assign a name.
5. Confirm the inputs with "OK".

Rigid Bodies

V¥ Select Attachment (1)

VIBN with HiL
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3.4.4
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Creating a speed controller

Use the "Speed Control" command to create an actuator that specifies the

movement of an axis defined by the joint at a predefined constant speed. Use the

"Speed Control" command with a transport user interface to create conveyor
systems.

Table 3-12: Creating a speed controller

No. Action

1 1. Open the "Position Control" drop-down list.
2. Select "Speed Control".

L) = _
b (A~ A
Collision Position [) Operation Electronic Rur
/m‘/ h

Sensor v Control ~ Cam ~ N
E af\ Position Control l
& Speed Control h

"f? Force/Torque Control 2
Hydraulic Cylinder \j

Hydraulic Valve

Pneumatic Cylinder
Pneumatic Valve

Transport Surface

Export Load Curve

Import Selected Motaors

Export Sensors and Actuators to SIMIT

2 1. Select the required axis (that you kinematized with a joint connection
previously).
2. Assign a name.
3. Confirm your inputs with "OK".

Note: Proceed accordingly for configuring a "Position Control".

Physics Object
+ Select Object (1) <+
Constraints A
Speed ] degrees/sec v |
[C] Limit Acceleratiors \

[ Limit Torque

Name

SpeedControl(t) & |

&=

ok .| Apply || cancel
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3.45 Creating a collision sensor

Add a collision sensor to the geometry to receive a feedback about the interaction
of bodies during a simulation.

Table 3-13: Creating a collision sensor

No.

Action

1

1. Open the "Collision Sensor" drop-down list.
2. Select "Collision Sensor".

O L

e )

ﬁi @) Al g
Collision/_.a Signal Operation E

Sensor = Control - Adapter~

a Collision Sensor 0
o @ Distance Sensor @

é Pasition Sensar

45 Inclinometer

e Welocity Sensor

I8 Limit Switch
A Relay

i

p Export Sensars and Actuators to SIMIT

1. Select the required face.

2. Select

3. Assign a name.

4. Confirm the inputs with "OK".

£ collision Sensor

Collision Sensor Object
 Select Object (1)
Shape

Collsion Shape Box

Shape Properties Automatic

510.000000000001
318198051533048
318198051533955

Category

Category

Highlight on Collision, \
Highlight on Collisi @
Name 3

==

3.4.6 Creating a transport surface

The "Transport Surface" command adds a physical property that converts each
selected flat surface on a conveyor belt. You can use the transport surface to move
geometries along a straight path or a curved path on a flat surface.
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Table 3-14: Creating a transport surface

No. Action

1 1. Open the "Position Control" drop-down list.
2. Select "Transport Surface".

A & oA

Position  Symbol Operation Electronic Ru

Control ~\Jable 7 M Cam ™ I
T~ Posi': @ f:rol
ral

4 Spee

Force/Torque Contral

Hydraulic Cylinder

Hydraulic Valve

Pneumatic Cylinder \

Pneumatic Valve 3
=

Transport Surface k

Export Load Curve

Import Selected Motors

AITE SHREINS

Export Sensors and Actuators to SIMIT

Select the required object.

Specify the vector for the movement on the transport surface.
Assign a name.

Confirm the inputs with "OK".

P wbdPE

3 Transport Surface

Conveyor Face

& Select Face (1)

Velocity And Position

Mation Type
Straight
©) Gide

P—

Velocity

Parallel 0

Perpendiculsr | 0

Start Position
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Creating a signal adapter

Use the signal adapter to connect runtime parameters and signals. A signal
adapter can have multiple signals and parameters. Signals can be used to connect
with external signals, e.g. via an SHM coupling. Add a signal adapter for all
parameters that you write to SIMIT or control from SIMIT.

Table 3-15: Creating a signal adapter

No.

Action

1 1.
2. Select "Signal Adapter".

% A0 %

Collision Position Symbol
Sensor = Control~ Table -

Electrical
EANEEL | My Symbol Table

1~ Signal

Cam ~

Signal Adapter

Export Signals to SIMIT

Import Signals from SIMIT

)
e
'U} Create Signals from Op
s

Open the "Symbol Table" drop-down list.

Ak

jion Electronic Runtim
-

NC ~

ol
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No.

Action

Procedure for an input signal

1. First select the sensor or actuator.

2. Select the parameter, e.g. "speed".

3. Add the parameter.

4. Assign a name.

5. Add a new signal.

6. Assign a name and select the signal properties, e.g. "Data Type": "double”,

"Input/

Output™): "Input".

To interconnect parameters and signals, first select the parameter.

8. Then enter the appropriate signal in the "Formula" line and press Enter to
accept the formula.

9. Confirm the inputs with "OK".

esie -

N

{3 Signal Adapter

— (5 Basic Physics
MG 1

G mz

A A3

W & Basis

- W% ConveyorBer_ColisionBe| @
[ 99 Delete_Product ObjectSig

A [ A | Aias Otject Object Type | Porameter | Value | Unit

[ & Ghpper
- [P1009 New_Product_ObjectSource

+- MG Product 1 m

= [ Joints and Constrzints

pxis 1 Speed  Axis 1 Spee.  Speed Conmol speed

Parameters @ ! ~
. @
)
¥ Select Physics Object (0) 2
Dotz Type | R
Q000000 degrees/sec double w @

VIBN with HiL

Article ID: 109758739, V1.0,

- FAE™ 2z 1 Basis HingeJoint
A ™ acis 2 ais 1 Hingeloint
Signals A
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- [ARS zass Fecloin: A | Name Data Type Input/Output | Initisl Value Messure Unit Y
- AR Grpper_tss 3_Fczsoine S_fxis L SetSpeed  double Input 0000000 Anguiar Velocity degree (@@
- IFIRF Gripper_Focedioint @
{25 Materials @
~[25 Couplers
= [Zg Sensors and Actustors
- [ Aods_1_SpeedControl Formulas N
M o2 Specdcontrol Assign to Formul Corr [ %4
- ] A oas 3 PositionContral S P p— x
Ay Colisionsensar Gripper
(P& Colisionsensor_Left
A # Colisionsensor_Right
« 1 r
- [l & ConveyorBer [ \ A l,] ‘
- Detete_Product ColisionSensor Farmutz | =9 -
[ Runtime Behsviors S s 1 SetSpeed T | | |
|-y Signals
B o MName A
i+ (A2 signaladapten1)
- [5/5nal Cannezton SignalAdapter(L) @
T 9
" 3
Cancel
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No.

Action

3 Procedure for an out
First select the se

1
2
3
4. Assign a name.
5
6

©

=[5 Basic Physics

- a1

-G sz
MA@ a3
G sass

- E ConveyorBsit ColisionBody

- 90 Delete_Product ChisctSink

-G Gripper
A0 New_Product_ObjectSource
MG product

=g Joints and Constraints

~WAER fxds 1 Basis_Hingelaint

AR a2 puee 1_Hingeloine
[P By Aucis_3 _ucis_2_ShicingJoint
RS Basis_Focedlcint

- AARF Gripper_fods 3 Fixedloint

- [ARF Gripper Foedlaint

[ Materizls

[ Couplers @

= [£5 Sensors and Actuators \

M 7 axis 1 Speedg
- Axis 2 Spe 3
[ A Aus_3_Pas) @
Ay cotisionsy

Ay colisionsensor_Left

Aty colisonsensor_Right
-] @ conveyorBsit
Ay Delete_Proguct ColisionSensar
{5 Runtime Behaviors

=[5 Siansis

o+ [ sgnaiacepey

{5 Signal Connection

Select the parameter, e.g. "triggered".
Add the parameter.

Add a new signal.

Assign a name and select the signal properties, e.g. "Data Type": "bool",
"Input/Output”: "Output".

7. To interconnect parameters and signals, first select the signal.
Then enter the appropriate parameter in the "Formula” line.
9. Confirm the inputs with "OK".

A | Name Data Type Inpuy/Output | Initial Vzlue Measure Unit +
S_fxis 1 SetSpeed  double Input 0.000000 Anguler Velocity  degrees/sec 5
S Collision_Senscy_  bool Output false
L~
Formulas A~
Assign to Formula Comment t;;
2uxis 1 Speed 5_Axis_ 1 SetSpeed
S_Colision_Sensor_L_ Colision_Sensor_Left Triggered
Name A
Signaldapter(1 @
A 9
"
Cancel

put signal
nsor or actuator.

{3 Signal Adapter

Parameters

——
5.

2 2N

A | Biss Object Object Type | Parsmeter Vaiue Unit Data Typ@)
B suis 1 speed s 1 Spee. Speed Control speed 0.000000 degrees/sec double
CoH's'»on_Ss‘;q:r_LeL CollsionSens_ Colision Sen_ tiggered fake bool

\-/ T

Signals A

¥ Select Physics Object (0}

,
=z
S

<[
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3.4.8
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Creating an operation

Conditional "Operations” can be defined in MCD. Such operations are executed
during the simulation and can so emulate a required behavior. In this application
example, the workpiece must be lifted and placed on the opposite side of the
conveyor belt. This requires that a "Fixed Joint" is created for the receiving module
whose attachment is initially unoccupied:

Fig. 3-1 Fixed joint and collision sensor for Pick&Place operation

. > m e ¥ 6—5 “'L%'- Qﬂ & Angular Spring Joint @ q/%
Play  Stop ’" & Rigid Collision Hljnge ' Linear spring Joint " | Coltision positian ] f 1 Collision Sensor Object Al
5 % oy~ Bodye lointe /A Angular Limit laint = Sensor= Control® At e ot aded e & i
T Simulate T -{fé Hinge Joint T Electrical Electrical
- % "@ W B @ sliding Joint Shape ) s
8. st ot R coen [ .
ngld Bodies A E Serew Joint Shape Propertie | Autcmatic A
Select Antschment (0) -$— ‘% Planar loint E
=} Virtual Axis Joint
S ‘$’ ™ @ Ball Joint -
Name A £ FixedJoint -

_ ~§  Point on Curve Joint
Gripper_Ficed)oint =

< Curve on Curve Joint Neme A
ad , S Path Constraint Joint —
Cancel . -

- - e Cancel

During the simulation, an attachment is now added when specific conditions are
satisfied. For the Pick&Place process, an associated collision sensor is also placed
on the receiving module. To create an operation, proceed as follows:

Table 3-16: Creating an operation

No. Action

1 1. Click "Sequence Editor" in the toolbar.
Right-click "Root".
3. Add an operation with "Add Operation".

i Sequence Editnr@

N

o Sequence Edj 2) 2 4 6 8
Fa| [o- MR Add Operati
¥ peration ‘ 5
ﬁ [ Edit Operation
- Mo
@ Copy
3 Paste
Paste with reversed Linkers
Reverse Linker
s Move >
0
J
Delete Operation
b
mii Y Run to This Operation
8_ Create Linker
F@
Export PLCopen XML

ﬁ :) Export Timing Chart
['.;'_:) <
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No.

Action

o

© ® N

g

b

S

ﬁ e

T
Sl

px

~@ O
o]

& B

Y

el

B2 @

Select the object for which you want to create an operation. To do this, switch
again to the Physics Navigator via the toolbar.

Select the parameter you want to change.

Select the object at "Edit Parameter" via the drop-down menu. "Object from
Trigger" defines the object as "attachment" that the operation has triggered.

To add the workpiece as "attachment" to the "Fixed Joint" of the gripper, select

the collision sensor on the gripper at "Select Attachment".

Right-click in the "Condition" window.
Add conditions with "Add Group" so that the operation is executed only for

specific states.

Select the appropriate object in the Physics Navigator.

Define the conditions.
Assign a hame.

Confirm the inputs with "OK".

Physics Navigator
Name &
[ TR Aodis_3_Asis 2 Slidliny )
g2 Basis FixedJoint
g2 Gripper_Axis_3_Fixe
Ag Gripper_FixedJoint
[ Materials
[ Couplers
[ Sensors and Actuators
A~ Aois 1_SpeedControl
[~ Aois 2_SpeedControl @
= Ax\sﬁjnsltmn(nrjtml
[A# CollisionSensor Gripyer ~

@A #y CollisionSensor_Left 7

A#y CollisionSensor_Right @
[ & ConveyorBelt
A%y Delete Product CollisionSensor

[ Runtime Behaviors
- [z Signals
Al 5_ConveyorBelt_ActualVelocity
A 5_Trigger_New_Product
- WA a2 SignalAdapter
[l 5_Axis_1_ActualPosition
[ 5_Axis_1_ActualVelocity
[ S_Axis_1_SpeedContral
[ 5_Axis_2_ActualPosition
[0 S_Axis_2_ActualVelocity
[ S_Axis_2_SpeedContral
[ S_Axis_3_PositionControl
[ S_CollisionSensor_Gripper_Active
[0~ S_CollisionSensor_Gripper_Triggered
[ S_CollisionSensor_Left_Triggered
[ S_CollisionSensor_Right_Triggered
a1~ S_ConveyorBelt
1~ S_DeactivateSensor_Left
A~ S_DeactivateSensor_Right
", SymbolTable
- [ Signal Cennection
S SIMITSHM

" Global_S_ConveyerBelt_ActualVelocity_5_ConveyorE
A" Global_S_Trigger_New_Product_S_Trigger_Mew_Proc
4" SignalAdapter_S_fuds_1_ActualPosition_S_Axis_1_Act
4" SignalAdapter_S_fuds_1_ActualVelocity_S_Axis 1_Act

m}

m

" SignalAdapter_S_Axis_L_SpeedControl_S_Axis__Sper _

i ] v

Dependencies

£} Operation O X
Type A
o7 Operation -
Physics Object A

4 Select Object (1)

Duration

Time

Run| @ \)eter

S./mn( Oper...  Value

[7] attachm:
[m]
[m]

Edit Parameter @

Selection

ent := Collisionsensor_Gripper

@@=

1

4 Select Attachment (1)

Condition

Unit

L.
O
[m]
[m]

:

1

Object from Trigger

=

®

@

4

Edit Condition Parameter

Select Object

3 —LA
Object 5 Parameter  Oper.. Value
| 7=
Collisio ~ == triggered == true
X Remove
5_Collis Add Group & ive value E= true
Gripper_FivedJoint Chment == {null)
m r
A
A

4 Select Condition Object (1)

Name

Pick_Product

)
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3.4.9 Exporting SHM signals

Table 3-17: Exporting SHM signals

No. Action

1 Open the "Symbol Table" drop-down list.

Click "Export Signals to SIMIT".

Select either all signals or the required signals.
Open the file browser.

Assign a file name.

Confirm the file browser with "OK".

Start the export with "OK" .

% S fM(p) 4%

Collision Position Symbol [pon Electranic Runtim

NoorwdhPE

sensor = Control= Table &7 — =2 Cam * MNC -
Electrical
Ty Symbol Table
1= Signal
a
- Signal Adapter 3
‘“} Create Signals from Oper 2
L 7=
% Export Signals to SIMIT
© Export Signals B bt =] ox
Signals Suchenin: [[]) 123456789 PAGamoe_WCD_PROIVZ =] 4= (01 o [+ ~
9] Select All 3
“ T Name Anderungsdetum  Typ
DetaType  Value Address Camment i §
- - I PAAL Example 0ZIEIEZ  Dateiordner
v Zsabensit ) ovin Erample, fesdy ROZNISITAL  Deteiordner
dekis|oxoios 4 B CEeraa 150120150508
dowble 020N B
double  ODOD 12 Destdop
double 000000 16 bt
double 0.000000 -] Eblothaken
double D00
e oo Ay
double o000 2 e
double 000000 3 &
boel false w2
boel fale 01
bool fale 12
bool false @
boel e 33
bool e 23
5 8
N =N\
Datepame |Epat _To_SIMIT_ExampieReady b -] 0K
Datete ot o [ ] - [—
i
Export Ta @ A
= 7 \
Cancel
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3.4.10

Coupling the SHM signals

Table 3-18: Coupling the SHM signals

No.

Action

1

Open the "Symbol Table" drop-down list.

Click "Signal Mapping".

Select the "SHM" coupling type.

Enter the name of your SHM connection that you defined in SIMIT.
Confirm the input with the Enter key.

abrwbdpE

Note: The simulation in SIMIT must have already been started in order that the
SHM connection is active (see 3.5.1).

Al
S )5
symbol | _~—= Eﬂfttﬂ Exp

Table ~ - ECAD~

M symbol Table

Eg-; Signal Mapping

(
3

% OPC Client Parameters

#w= Disconnect

€ signal Mapping 0 X
External Signal Type A
Type SHM -
SHM Name SIMITSHM - 3
Endian Little Endian -
Unmapped Signal @ A

MCD Signal A External Signal A
MCD Signa... Owner UOType  DataType BxternalSi.. | VOType  DataType
S_fxis 1 Sp... SignalAdapter  Output double
S_Axis 2 Spu. SignalAdapter  Output double
S_fuis3_Po.. SignalAdapter  Output double
S Conveyor.. SignalAdapter  Output double
Mapped Signals A
MCD Signal Name Direction External Signal Name &
Cancel
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No.

Action

1. The signals are now displayed at "Mapped Signals".

£} Signal Mapping
External Signal Type
Type
SHM Name
Endian

Unmapped Signal

MCD Signal

MCD Signa... | Owner 10 Type

A

Data Type

Viapped Signals

MCD Signal Name
§_Asis 1_SpeedControl
§_Axis_2_SpeedControl
§_Axis 3 PositionControl
§_ConveyorBelt

§_Aois 1_ActualPosition
§_Ais 2 ActualPosition
S_fuis 1_ActualVelocity
5_Axis 2_ActualVelocity

ection

Plibtrrtre

External Signal Name
5 _Axis1_SpeedControl
S_Axis_2_SpeedControl
S_Axis 3_PositionControl
5_ConveyorBelt
5_Axis_1_ActualPosition
5_Axis_2_ActualPosition
S_fuis 1_ActualVelocity
5 Axis 2_ActualVelocity

Little Endian -

External Signal N

VOType  DataType

&

s

Cancel

3.5 Operation

3.5.1

Starting the simulation in SIMIT

Once you have programmed all couplings and charts in SIMIT, you can start the
simulation in SIMIT. An orange background indicates that the simulation is active.
Starting the simulation loads the hardware configuration into the SIMIT Unit.

Table 3-19: Starting the simulation in SIMIT

No.

Action

1

1. Click the "Start" symbol to start the simulation.
2. Click the "Stop" symbol to stop the simulation.

Y
Project Edit Simulation Window Automatic modeling  Options  Help

~ & Couplings
& New coupling
4= SHM
» g SIMIT Unit
~ _3 Charts
%j New chart
= Controlaxis
=] signals
| Monitoring
» | Scripting
b =| Material
cil Snapshots
Ml Find & replace
(] Consistency check
W Ghart

I Priect raviation 3

e

i (| SES|

& PMA_Example_Ready

E=] Project manager

& Couplings PLC Asis]_ctor_Tncarface_add
= SHM i -

» g SIMIT Unit

Project navigation

4

~ 3 Charts PLC Axisl_Armor_Tnterfzcs_Add
1) Signals
| Monitoring
» [ Scripting i iy
=] Material
¥ i Snapshots SHM 5_pois_1_Acualvelocity ot *

Ml Find & replace
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3.5.2 Starting the simulation in MCD
Table 3-20: Starting simulation in MCD
No. Action
1 1. Click the "Play" symbol to start the simulation in MCD.
The grayed-out symbols indicate that the simulation is active.
2. Click the "Stop" symbol to stop the simulation.
Curve  View  Analysis Render  Tools  Application
[ - [ ¥ = 2l ) . .
lie . > = ! . .
th \ Play Stop 2 Rigid Collision Hinge Collisior
Body~ Body+ Jointw 7 & Sensor
anical Conc @ Simulat Mechanical -
3.5.3 Operating the panel

To operate the application example, a Basic Panel was configured with which you
can control the transport plant. The following tables show how you can operate the
simulation.

Table 3-21: Operating the simulation

No.

Action

1

Switch on/off the conveyor belt / SCARA axis

Fault acknowledgment

Set the actual position to 180° (axes 1 and 2) / 0 mm (axis 3)
Specification of speed and acceleration (jogging operation)

Jog forwards/backwards

Specification of speed and target position (absolute positioning)
Start absolute positioning

Display the current status

1.
2.
3.
4.
5.
6.
7.
8.

RT Simulator

SIEMENS SIMATIC HMI

2/8/2018 12:54:14 pm [EENTS VIS

MC Power Conveyor

Automatic

Conveyor Status
Signal Status Aoty L
whizeanpeing [l i Axs Moving MOVING

LightBeam Plcing . Diagnostics
Axs Errol ERROR
— =

Bax piked ]

] R I = = =1 I = =1
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No. Action

' RT Simulator

SIEMENS SIMATIC HMI

SIEMENS
fegeny for ke

MC Power Axis1 MC Power Axis2

Conveyor

Staeubli

Automatic

signal Status
LphtBeampkng [l Axisl Status

LghtBeamPhcing [ras5]e - | | Diagnostics

System

=== == = =1 A = =

2 1. Start the automatic mode by clicking the "ON/OFF" button.
(Axes 1-3 must have been homed and be in the starting position)

2. Display the current step.
3. Display the current status

SIEMENS SIMATIC HMI

fogety furto
g @ ); Conveyor
Actual Step:
ISTEI’,CHEJK?IJFI;BUX - Staeubli

Automatic

@

Signal Status
LghtBeamPckng Axis1 Status Axis2 Status Axis3 Status

T Diagnostics

System
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4

4.1

Appendix

Service and support

Industry Online Support

Do you have any questions or need assistance?

Siemens Industry Online Support offers round the clock access to our entire
service and support know-how and portfolio.

The Industry Online Support is the central address for information about our
products, solutions and services.

Product information, manuals, downloads, FAQs and application examples — all
information can be obtained with just a few mouse clicks:
https://support.industry.siemens.com

Technical Support

The Technical Support of Siemens Industry provides you with fast and competent
support regarding all technical queries with numerous tailor-made offers
— From basic support through to individual support contracts.

Use the Web form to send requests to Technical Support:
www.siemens.com/industry/supportrequest

SITRAIN - Training for Industry

With our globally available training courses for our products and solutions, we
provide you with practical support through innovative learning methods and with a
customer-specific, harmonized concept.

More information is available on the various training courses as well as locations
and dates at:
Www.Siemens.com/sitrain

Service portfolio

Our service portfolio includes the following:
e Plant data services

e Spare part services

e Repair services

¢ On-site and maintenance services

e Retrofit and modernization services

e Service programs and contracts

You can find more detailed information about our service portfolio in the service
catalog:
https://support.industry.siemens.com/cs/ww/en/sc

Industry Online Support app

VIBN with HiL

The "Siemens Industry Online Support” app provides you with optimum support,
even when you are on the move. The app is available for Apple iOS, Android and
Windows Phone:

https://support.industry.siemens.com/cs/ww/en/sc/2067
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4.2 Application support

Siemens AG

Digital Factory Division
Factory Automation
Production Machines

DF FA PMA APC
Frauenauracher Str. 80
91056 Erlangen, Germany

mailto: tech.team.motioncontrol@siemens.com

4.3 Links and references

Table 4-1: Links and references

No. Topic

\1\ Siemens Industry Online Support
https://support.industry.siemens.com

\2\ Link to the article page of the application example
https://support.industry.siemens.com/cs/ww/en/view/109758739

\3\ SIMATIC STEP 7 Basic/Professional V15 and SIMATIC WinCC V15 Manual
https://support.industry.siemens.com/cs/ww/en/view/109755202

\5\ SIMIT V10 Manual
https://support.industry.siemens.com/cs/ww/en/view/109759317

\6\ NX12 documentation
https://docs.plm.automation.siemens.com/tdoc/nx/12.0.2/nx_help/

4.4 Change documentation
Table 4-2: Change documentation
Version Date Change
V1.0 08/2018 First edition — DF FA PMA
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