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Legal information

Use of application examples
Application examples illustrate the solution of automation tasks through an interaction of several
components in the form of text, graphics and/or software modules. The application examples are
a free service by Siemens AG and/or a subsidiary of Siemens AG ("Siemens"). They are
non-binding and make no claim to completeness or functionality regarding configuration and
equipment. The application examples merely offer help with typical tasks; they do not constitute
customer-specific solutions. You yourself are responsible for the proper and safe operation of the
products in accordance with applicable regulations and must also check the function of the
respective application example and customize it for your system.
Siemens grants you the non-exclusive, non-sublicensable and non-transferable right to have the
application examples used by technically trained personnel. Any change to the application
examples is your responsibility. Sharing the application examples with third parties or copying the
application examples or excerpts thereof is permitted only in combination with your own products.
The application examples are not required to undergo the customary tests and quality inspections
of a chargeable product; they may have functional and performance defects as well as errors. Itis
your responsibility to use them in such a manner that any malfunctions that may occur do not
result in property damage or injury to persons.

Disclaimer of liability
Siemens shall not assume any liability, for any legal reason whatsoever, including, without
limitation, liability for the usability, availability, completeness and freedom from defects of the
application examples as well as for related information, configuration and performance data and
any damage caused thereby. 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 loss of
life, bodily injury or damage to health, non-compliance with a guarantee, fraudulent
non-disclosure of a defect, or culpable breach of material contractual obligations. Claims for
damages arising from a breach of material contractual obligations shall however be limited to the
foreseeable damage typical of the type of agreement, unless liability arises from intent or gross
negligence or is based on loss of life, bodily injury or damage to health. The foregoing provisions
do not imply any change in the burden of proof to your detriment. You shall indemnify Siemens
against existing or future claims of third parties in this connection except where Siemens is
mandatorily liable.
By using the application examples you acknowledge that Siemens cannot be held liable for any
damage beyond the liability provisions described.

Other information
Siemens reserves the right to make changes to the application examples at any time without
notice. In case of discrepancies between the suggestions in the application examples and other
Siemens publications such as catalogs, the content of the other documentation shall have
precedence.
The Siemens terms of use (https://support.industry.siemens.com) shall also apply.

Security information
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 constitute one element of such a concept.
Customers are responsible for preventing unauthorized access to their plants, systems, machines
and networks. Such systems, machines and components should only be connected to an
enterprise network or the Internet if and to the extent such a connection is necessary and only
when appropriate security measures (e.g. firewalls and/or network segmentation) are in place.
For additional information on industrial security measures that may be implemented, please visit
https://www.siemens.com/industrialsecurity.
Siemens’ products and solutions undergo continuous development to make them more secure.
Siemens strongly recommends that product updates are applied as soon as they are available
and that the latest product versions are used. Use of product versions that are no longer
supported, and failure to apply the latest updates may increase customer’s 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

The Simulink software from MathWorks is frequently used in automation and
controls engineering to simulate processes and create algorithms. The requirement
is to simulate the model, the algorithm or the function in a few steps either in a
virtual environment with PLCSIM Advanced or, using hardware, via a software
controller.

This application example provides you with the S-function "PLCSIM Advanced" for
Simulink for the purpose of communication and data exchange with a virtual
controller via the PLCSIM Advanced API. This makes it possible to validate and
virtually commission a PID control system, running on a virtual controller, in the
context of a simulated process in Simulink.

This document describes the necessary steps for configuring, commissioning and
operating the application example.

The complete application example consists of the following documents:
e Main document: Overview of the two use cases and the Simulink model.

e Use case 1: Connecting Simulink models to SIMATIC PLCSIM Advanced via
API (this document).

e Use case 2: Connecting Simulink models to a SIMATIC S7-1500 software
controller via OPC UA.

Figure 1-1: Overview of use cases

SIMATIC PLCSIM

Advanced Open Controller
+ +
Simulink Simulink Simulink

) (

E - ™
£

4\ o]
4

Use case 1 Use case 2

— J\ J

PID Controller

Process model
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1 Introduction

1.2

Note

Principle of operation

This application example provides you with a fully programmed S-function
"PLCSIM Advanced". The function makes it possible to write and read tags from a
PLCSIM Advanced virtual controller.

The function in Simulink is placed in a control loop rather than a controller.

The Simulink model of a PID controller is coded with SIMATIC Target 1500S and
made to run on an S7-1500 software controller. This is so that it can then be tested
in the context of a simulation model.

Tags are exchanged via a global data block in the virtual controller. Here, the
exchange always takes place at the controller's cycle control point.

The closed-loop controller's results are visualized, and the controller itself is
controlled via a simulated HMI screen in the WinCC runtime.

The configuration of the HMI is not a part of this application example.

Figure 1-2

S7-PLCSIM Advanced V3.0 Upd1

TE Global
SO file

Virtual Commissioning with SIMATIC and Simulink - Use case 1
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1 Introduction

Components used

This application example was created with these hardware and software

components:

Table 1-1: Software components

Simulink Coder V9.2
OPC Toolbox V4.0.8

Components Item number / Notes / Link
(R2019b) MathWorks online documentation:
MATLAB V9.7 http://mathworks.com/help/
MATLAB Coder V4.3
Simulink V10.0

STEP 7 Professional
V16

6ES7822-1..06-..

Manual:
https://support.industry.siemens.com/cs/ww/en/view/109773506

SIMATIC S7-1500 ODK
1500S V2.5 SP1

6ES7806- 2CD03-0YAO

Manual:
https://support.industry.siemens.com/cs/ww/en/ps/13914/man

SIMATIC Target 1500S
for Simulink V4.0

6ES7823-1BE03-0YAS

Manual:
https://support.industry.siemens.com/cs/ww/en/ps/24443/man

S7-PLCSIM Advanced
V3.0 Updl

6ES7823-1FE02-0YAS

Manual:
https://support.industry.siemens.com/cs/ww/en/view/109773484

This application example consists of the following components:
Table 1-2: Components of the application example

Components Contents

109749187_DIGI_Usecases_ MAIN_DOC_V20_en.pdf

Main document.

109749187_DIGI_Usecases_API_DOC_V20_en.pdf

This document.

109749187_DIGI_Usecases_TIAV16_PROJ_V20.zip

TIA Portal project for use
cases 1 & 2.

109749187_DIGI_Usecases_Simulink_PROJ_V20.zip

Simulink models for use
cases 1 & 2.

Virtual Commissioning with SIMATIC and Simulink - Use case 1
Entry-ID: 109749187, V2.0, 09/2020
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2 Engineering

2 Engineering

2.1 Setti

1. Start S7-PLCSIM Advanced V3.0 Upd1. The PLCSIM Advanced icon will
appear in the info region of the Windows taskbar. Left-click the icon to open the
graphical interface of PLCSIM Advanced, the Control Panel.

ng up and starting virtual controller

. 307TPM
Q L 2020-06-22

2. Start an instance of the virtual controller with the Control Panel.

Select the PLCSIM Virtual Eth. adapter.

Enter an instance name, for example "MFP".

Enter the IP address 192.168.3.1 and subnet mask 255.255.255.0.

1.

M wnN

Click on "Start".

S7-PLCSIM Advanced V3.0 Upd1
Control Panel

O ~-0%

TCP/IP communication with | <Local>

Virtual Time Scaling

0.01 Off 100

(~) Start Virtual 57-1500 PLC
Instance name | MFP_

1P address [X1] | 192.168.3.1 4
Subnet mask 255.255.255.0] A\I

4
Default gateway AI
PLC type Unspecified] CPLY
Start _
| w RES
No Active PLC Instance \.)
i
Drop Instances Here
Runtime Manager Port | 50000 )
Virtual SIMATIC Memory Card |
Shew Notifications
Function Manual
Exit

Virtual Commissioning with SIMATIC and Simulink - Use case 1
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3. Check whether the "Siemens PLCSIM Virtual Ethernet Adapter" is enabled.
Also check whether "Siemens PLCSIM Virtual Switch" is enabled and "Internet
Protocol Version 4 (TCP/IPv4)" is set to "Obtain an IP address automatically".

. Internet Protocel Version 4 (TCP/IPv4) Properties >

Networking  Sharing
General  Alternate Configuration
Connect using:
You can get IP settings assigned automatically if your network supparts
I Siemens PLCSIM Vitual Ethe this capability. Otherwise, you need to ask your network administrator
for the appropriate IP settings.

This connection uses the following it {®) Qbtain anIP address automatically

Z Yor Microscft Natword O wing IP address:

@ d Prirter Sharing for | . . . |
1

[w]

arlrat Srhadilar

b 5 Siemens PLCSIM Vitual S | ]
& Intemet Protocol Version 4 | . . . |

L i FILTUSUIL NSLEVUE R AU apLG

4. PROFINET 10 protocal (DC (C) Obtain DNS server address automatically
<

(®) Use the following DNS server addresses:

Instzl.. Uninst3 Preferred DNS server: | . . . |
Description

Transmission Control Protocol /Intg
wide area network protocol that pi
across diverse interconnected neq

Alternate DMS server: | . . . |

[ validate settings upon exit Aanced

Cancel

4. Setthe PG/PC interface.
To do this, open your Windows Control Panel.

L

2. Set the appearance to "Small icons".
3. Select "Set PG/PC Interface".
4

For STONLINE (STEP 7), select the Siemens PLCSSIM Virtual Ethernet
Adapter. TCPIP.1.

Adjust your computer’s settings View by: Small icons ¥
/
Teals 53 Autopl A Rack, Restore (Windows 7) B BitLocker Drive Encryption @
KX Color Management | 3¢t PO/PClnterface % |Manager ® Date and Time
[ Defautt Programs Access Paih | LLDP / DCP | PNIO Adepter | nfo | d Printers @ Ease of Access Center
File Explorer Options A N, r (32-bit) A Fents
& Indexing Options m‘z tions (£ Java (32-bit)
E= Keyboard — 5 Network and Sharing Center
15 Phone and Modem Interface Parameter Assignment Used nd Features @ Recovery
& Region [Siemens PLCSIM Virtual Ethemet Adapter - Properties | A T 5et PG/PC Intetace (32-bit)
i sound Dagoticy laces @ Sync Center
& system ‘ oting 8, User Accounts

%) WinCC Runtime Advan: lw;l.iuemans PLCSIM Virtual Emem' v © Go [ Work Folders
|< >
3
(Parameter assignment of
wihTCP/IP protecal (RF| @

Cancel Help

2.2 Enabling simulation support in TIA Portal

Perform the following steps to enable simulation support with PLCSIM Advanced.

Virtual Commissioning with SIMATIC and Simulink - Use case 1
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2 Engineering

1. Create a new TIA Portal project.
Open your project's "Properties”.

Project tree

G

Devices

N A IR

B’ Add new device
# Devices & networks

B¢ Add newdevice
Add new group
Open block/PLC data type.. F7

X Ctrl+
& Goonline Ctrl+K
&Y Gooffline Ctrl+
4 Searchin project Cirl+F
e i -

2 Print...

P
& Print preview...
[ Properties.. nter

3. Enable simulation support with PLCSIM Advanced under the "Protection” tab.
1. Enable "Support simulation during block compilation”.
2. Click "OK" to confirm the change.

2.3

General | Protection |

109749187 _DIGI_Usecases [Project]

Protection

Note that the know-how protection of blocks can be weakened by a simulation.

[ support simulation during block compilation.

(b)

0K | Cancel

TIA Portal hardware configuration

Perform the following steps to set up the hardware configuration for your PLC.
1. Inthe project, add a CPU 1518 MFP with V2.8. Name the PLC "UseCasel".
2. Double-click to open the CPU's "Device configuration”.

Project tree o 4

J o

Devices || Plant objects |

e

~ | ] 109749187_DIGI_Usecases_V16

ﬁb’ Add new device

Eg'h Devices & networks

~ [ UseCase1 [CPU 1518-4 PN/DP...
[l‘f Device configuration i

ﬂ Online & diagnostics @

Virtual Commissioning with SIMATIC and Simulink - Use case 1
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2 Engineering

3.

In the Inspector window under "Properties > General > PROFINET interface
[X1] > Ethernet addresses", set the IP address (e.g. 192.168.3.1) for your
CPU.

|6 Properties  [*Info 13| %) Diagnostics |

|| General | 10tags [ Systemconstants | Texts
» General A [«]
~ PROFINETinterface [X1] I L B E

General Interface networked with

Ethernet addresses

Subnet: | PNIE_2 g3}

Time-ofday synchroniz.

Operating mode
» Advanced options
Web server access

1P protocol
» PROFINETinterface [x2] ||
» PROFINETinterface GBIT[x3] | ®
» DP interface [x4] i
startup i IPsddress:
Cycle Subnetmask:
Communication load 0
System and clock memory. e

SIMATIC Memory Card :
(O IPaddress is set directly at the device

» System diagnostics

Enable the web server. Acknowledge the security dialog.

| Properties  [*}Info )| % Diagnostics |

|| General | 10tags | Systemconstants | Texts

e

General
Automatic update
Uzer management
Security [V Artivate web server on this module

Watch tables [ ped Qnly with HTTPS

~ Userdefined pages
Ad d

vance H Automatic update \

Entry page | v

mE|

Navigate to "Web server > User management" and check all checkboxes under
"Access level" to grant full access. Create a password if necessary.

| Properties  [*4Info )| % Diagnostics

|| General | 10tags [ Systemconstants [ Texts |

» General I u N

» PROFINETinterface [X1] EEnEEEEE

» FROFINETinterface [X2]

» PROFINETinterface GBIT[X3] Name Access level Password

b DPinterface 4] Everybody _— —
star o
. " = ddrewuer WThe user is authorized to...
ycle

Communication load - query diagnostics

System and clock memory % ﬂ":w d“ﬂs:um‘tn ’

SINATIC Memory Card = ~acknowledge alarms

flash LEDs
» System diagnostics
[} change the operating mode
& .perform CPU maintenance
@ -perform a frmware update
_ @ create backup of the CPU
g@ reors v cuing e e
| - edit tags
Watch tables [ @ readtags
o Wi b % ~read watch tables
Advanced H write tags
E— @ -wite watch tables
Overviewof interfaces 1 o
» Display

Multilingual support )

Time of day ‘ Foyste
s - access and modity userdefined web pages
) OFCUR @ -open userdefined web pages
D S ey =] via automation web page programming (AWF) command
» Advanced configuration ° erdefined web page:

T e

d files.

Overview of addresses re2

I — M witeldelete fles
v

Note

In order to load the SO file to the web server or delete it, the parameters "read
files" and "write/delete" files must be enabled. Any further parameters are
optional.

Virtual Commissioning with SIMATIC and Simulink - Use case 1
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2 Engineering

6.

Download the hardware configuration to the virtual controller. Select
"Usecasel" in the project tree. Click the "Download to device" button.

Project Edit View Insert Online Options Tools Window Help
Jf B soveprojecr & X 3H I X D2 5 DE

1=}

R |

8

JDevices || Plant objects |

--\\-
= |

~ | ] 109749187_DIGI_Usecases_V16
K Add new device
#h, Devices & networks
~|» Lm usecase1 [CPU 15184 PN/DP MFF] |
b [ UseCaseTHMI [TP1200 Comtort]
» [0 UseCase2 [CPU 15155P PC]
» % Ungrouped devices

Select "PN/IE".

- Select the Ethernet interface "Siemens PLCSIM Virtual Ethernet Adapter".
- Select "Direct at Slot '1 X1™.

- Click "Start search".

- Click "Load".

Extended download to device %

Configured access nodes of "UseCasel1”

Device Device type slot Interface type | Address subnet
UseCasel CPU 15184 PN/D.. 1 X4 FROFIBUS 2
CPU 15184 PN/D... 1X1 PIIIE 192.168.3.1 PNAE_2
CPU 15184 PN/ID_. 1 X2 PHIIE 19216811
CPU 15184 PN/D.. 1 X3 PHIIE 19216821

Type of the PGIPC interface: |—L PHIIE

PGIPC interface: ﬁ siermens PLCSIM Virtual Ethernet Adapter |'| r\E Q
Connection to interface/subnet: |Directat5|ot'1 x1' |V| @
dipmry | -] €
Select target device: show all compatible devices |v ‘
Device Device type Interface type Address Target device
usecasel.profinetinter... 57-1500 (PLCSIM)  PMIIE 192.168.11 =
usecasel.profinetinter... 57-1500 (PLCSIM)  PNIE 192 16821 —
usecasel profinetinter.. 57-1500 (PLCSIM)  PNIE I192,168,3,1 I -
= = PNIIE Access address =
["| Flash LED
Online status information: D Display only error messages

1. Found accessible device usecase.profinet interface_2
1. Found accessible device usecase1 profinet interface gbit_3
0 Scan completed. 3 compatible devices of 4 accessible devices found.

<]

%2 Retrieving device information...

I Load I| | Cancel

Virtual Commissioning with SIMATIC and Simulink - Use case 1
Entry-ID: 109749187, V2.0, 09/2020 11
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2 Engineering

2.4

241

8. Confirm the "Assign IP address" dialog with "Yes" and allow the Siemens
PLCSIM Virtual Ethernet Adapter to assign an IP address.

Extended download to device (0132:0000171)

I Assign IP address

csame subnetas the device.

Do you want to add the IP address?

To execute this function the PGIPC requires an additional IP address in the

b

9. Confirm all subsequent dialogs until the download is complete.

Code generation with SIMATIC Target 1500S

The following chapter describes how to prepare the simulated model of the PID
controller with Simulink for coding with Target 1500S, then how to carry it out.

Settings for code generation

Make the following code generation settings for your model.

1. Open your model "Pendulum_Controlled.sIx".
2. Inthe menu bar, click on "Code > Settings > C/C++ Code generation

settings...".
3. Navigate to "Code Generation".

1. Click the "Browse" button to open the target selection window.

2. Select "Target_1500S_V4_0_grt.tlc".
3. Confirm the setting with "Apply".

Q
Solver Target selection
Data Import/Export
{ | Mathand Data Types
f » Diagnostics

System target file: |Target_1500S_V4_0_grt.lc

System Target File Browser: Pendulum_Controlled
Hardware Implemen] _

Model R em Target File: D

Browse

Simulation Target <
¥ Code Generation | “~°
1 Optimization =
Report
Comments
Identifiers
Custom Code
Interface
Target 15008 Opj|

Target capable 57-1500 Contr

Simulink Coder |f
Simulink Coder
>

Virtual Commissioning with SIMATIC and Simulink - Use case 1
Entry-ID: 109749187, V2.0, 09/2020

@ )

<

oK Cancel Help

5
Full Name: C:\Program Files (x86)\Si @ \mation\Target15005\V4.0\system_target\Target_15005_V4_0_grt.tic
4 G| [Tree DN e
e N0 <] ChackHods
: -

Apply
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4. Navigate to "Solver".
1. Leave "Start time" at "0".

2. Change "Stop time" to "inf". This ensures that the External Mode will be
used without a definite end.

3. Leave "Solver" on the default "auto (Automatic solver selection)".

@ Configuration Parameters: Pendulum_Controlled/Configuration (Active) - o X
Simuaton tme

e

1| Math and Data Types

| | » Diagnostics
| g i
Hardware Implementation Solver selection ) )

Start time: |0.0 Stop time: |inf

Model Referencing Type: |Fixed step N—rt 'er auto (Automatic solver selection) -
Simulation Target
* Code Generation v Solver details @
1 Optimization 4

Report Fixed-step size (fundamental sample time): |auto —
Comments
Identifiers Tasking and sample time options
Custom Code
Interface Periodic sample time constraint: |Unconstrained -
Target 15008 Options Treat each discrete rate as a separate task

Allow tasks to execute concurrently on target
Automatically handle rate transition for data transfer

Higher priority value indicates higher task priority

oK Cancel Help Apply

5. Navigate to "Code Generation > Optimization".
- Set the parameter "Default parameter behavior" to "Tunable".

After code generation, this setting gives you access with STEP 7 (TIA Portal)
to all internal parameters of the model.

& Configuration Parameters: Pendulum_Controlled/Configuration (Active) - o X
Solver Default paramster behavior: [Tunable ~ | | Configure

Data Import/Export

| ath and Data Types 7] Use memapy for vector assignment mcpy threshold (bytes): [64
| |» Diagnostics Loop unralling threshold: |5
Hardw: Impls tati
Freare mpEmentaton Maximum stack size (bytes): [Inherit from target .

Model Referencing
Simulation Target

Comments
Identifiers
Custom Code
‘ Interface
Target 15008 Options

oK Cancel Help Apply

6. Click on "Target 1500S Options > Target 1500s Options".

Virtual Commissioning with SIMATIC and Simulink - Use case 1
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2 Engineering

7. Navigate to "TIA Portal integration”.
1. Select your TIA project under "TIA Portal project".
2. For "Device", set "UseCasel".
3. For "PROFINET interface”, select the [X1] interface. The IP address is

modified automatically.

4. Make sure that "Import the generated SCL file to STEP 7" is checked.

5. Confirm with "Apply"

| & Target 15005 Configuration Parameters: Pendulum_Controlled - X

| TIA Portal integration External mode

Integration to Tl& Portal project

TIA Portal project:
Device:
PROFIMET interface:

IP address:

Integration to PLC program

Accessibility Post-build options ODK options

VWwmware-host\Shared Folders\WK_Share\144_AWB_Target

UseCasel [CPU 1518-4 PN/DP MFF] @ |

=
PROFINET interface_1 ) vl |
2

192.168.3.1 @ ) =9

Refresh infurmﬁﬁn#u-m Tl& Portal project

Import the generated SCL file to STEP 7 (TIA Portal)

| B)

=~ Organization block:

Instance DB:

|:| Compile the CPU after import

Software unit:

MNon Unit program ~

|:| Automatically save the TIA Pertal project after build process

Help

oK Cancel Apply

Virtual Commissioning with SIMATIC and Simulink - Use case 1
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2 Engineering

8. Navigate to "Accessibility".
1. Check the box for "Enable parameter access with Step 7".

2. Check the box for "Enable Step 7 access to internal model signals".
3. Make sure that "Generate model diagrams for PLC Web server” is

checked.
4. Confirm with "Apply"

| 4] Target 15005 Configuration Parameters: Pendulum_Controlled -

TIA Portal integration External mode Accessibility Post-build options

STEP 7 access to model dynamics
|2| Enable parameter access with STEP T
2 @ =} Organization block: |_
@ Instance DB: |_

@ Enable STEP 7 access to internal model signals

/ Internal signal selection: | All measurement points including test points

|:| Eﬁ'ﬁ.TEP T access to Stateflow states

Web access

Generate model diagrams for PLC Web server

@ / Application name: | Pendulum_Controlled
s S Organization block: |-
Instance DB: |-
Help oK Cancel

Virtual Commissioning with SIMATIC and Simulink - Use case 1
Entry-ID: 109749187, V2.0, 09/2020
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9. Navigate to "Post-build options" and make sure that the box by "Transfer the

generated SO file to the CPU" is checked.

| y Target 13005 Configuration Parameters: Pendulurm_Controlled

TIA Portal integration External mode Accessibility Post-build options

File transfer
Transfer the generated SO file to the CPU

@ } User: | Everybody

v Password:

Runtime
Download TIA Portal project to device
Type of the PG/PC interface: |pp/E
PG/PC interface: |-
Connection to interface/subnet: |_

Start CPU after download

Help oK

Virtual Commissioning with SIMATIC and Simulink - Use case 1
Entry-ID: 109749187, V2.0, 09/2020
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10. Navigate to "ODK options".
1. For "ODK 1500S version", select V2.5.
2. Check the box for "Copy all referenced files to ODK project".
3. Confirm with "Apply"

| r Target 13005 Configuration Parameters: Pendulurm_Controlled - x
TIA Portal integration External mode Accessibility Post-build cptions ODK options
Basic
ODK 15005 version: |y g V
Copy all referenced files to ODK project ‘\éi}

=
)
Advanco—=@4

Heap size for dynamic memory allocation in kByte: |12
Max block size for dynamic memory allocation in Byte: |{g24

Size of thread stack for a single ODK call in kByte: |32

Help oK Cancel Apply

®)

4
=4

Note

The parameters "Heap size for dynamic memory allocation in kByte" and "Max
block size for dynamic memory allocation in Byte" only need to be adjusted if
there are problems with the code generation.

For further information on this topic, please consult the Target 1500S manual
https://support.industry.siemens.com/cs/ww/en/ps/24443/man

and the SIMATIC S7-1500 ODK 1500S manual
https://support.industry.siemens.com/cs/ww/en/ps/13914/man.

11. Close the dialog by clicking "OK".

Virtual Commissioning with SIMATIC and Simulink - Use case 1
Entry-ID: 109749187, V2.0, 09/2020 17
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2.4.2 Coding with SIMATIC Target 1500S

Open your own model, or the supplied model "Pendulum_Controlled.sIx".

Right-click to select the subsystem "PID_Controller" and click "Code > C/C++
Code > Build This Subsystem" in the selection window.

The "Build code for Subsystem:PID_Controller" window will open. Confirm this
with "Build".

®L Build code for Subsyster:PID_Cantroller - O x

Pick tunable parameters

Wariahle Mame Class Starage Class

e

ot
Blocks using selected variahle

Elack Farent

| |

| |

| Buig || cencel |[ Hew |

Status @
Selecttunable parameters and click Build \j

- Simulink cannot be operated while the code is generating.

- SIMATIC Target 1500S compiles the Simulink model
"Pendulum_Controlled" with its input and output tags to "C/C++" code.

- This source code is then used to generate the SO file and SCL source with
the ODK compiler of the SIMATIC ODK 1500S.

Virtual Commissioning with SIMATIC and Simulink - Use case 1
Entry-ID: 109749187, V2.0, 09/2020 18
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4. Once the code generation is done, you can click the "View..." link in the status

bar of the Simulink window.

| #g pen

) =] P @ & Goelne

Nogel LN Compare Model Schedule T pogel Create Atomic Enabled T pgate
| ir « f Ensronmer - Explorer Editor Settings = | Subsystem Subsystem Subsystem Model ~ | @ Fast Restat
| DESIGN serup COMPONENT compiLE SMULATE z
| "

5| Pendulum_Controlled =
Ei . g

] Penduum_Controliea g

¥ Tangental 5

& Angla Setpoint i Applied Force B
I3 N=kg'mis] g

3
|

R T T R T R N R e LT
O 889 f2 15 18 21 26 27 3030 3 30 42 45 48 51 54 SV 6D 63 60 60
Force
to Angular Acceleration
Angle Setpoint
%0
|
| Sum of Accelerations
sepant ‘ N x X
T e [0 [rmgm] e
cursniangio X A
‘ — 2021)
PID_Cantraller Fan Force - ntegrate

| o Angular Acceleration Acesleration to Velocity v
| )

Modkl Data Editor
| Ready View disgnostics 122% FixedStepAuto

8

5. The "Diagnostic Viewer" opens.

Click the "outputs" link. You will be taken directly to the save directory of the

SO file and the SCL source.

Diagnostics

= BI(E] BIE B BRAd

Pendulum_Controlled
I_VE_W_EIL_UULpuL
The project PID_Controller ODK is created successfully.

Building ODK 15885 project PID_Contreller_ODK
The project PID Controller ODK is built successfully.

SCL file import started

CPU Software PLC_1: PID Controller ODK.scl is being imported

CPU Software PLC_1: Blocks are being generated out of the imported SCL source
SCL file import finished successfully

Configuration of the user defined page iz started.

Configuration of the user defined page is finished successfully.

SO file transfer started

Logging in to the CPU Web server over 192.168.1.1
Deleting a possibly existing file on the server
Uploading the 50 file to ODK158@S folder on 192.168.1.1
S0 file transfer finished successfully

PID_Controller build is finished successfully.

PID_Controller_ODK.scl and PID_Contreller_ODK.so files are available in folder putputs.

¥4 Diagnostic Viewer - O X

Build process completed successfully r@
|

A4

6. The directory of the Simulink model,
"...\Pendulum_Target 1500S_V1 0_grt_Output\outputs”, contains the
generated files.

[E=H ol =

m ‘ |« Simulink » Pendulum_Target_15005_V1_0_grt_ Output » outputs v‘l,” Search outputs ,0|
Organize ~ Open Share with ~ Burn New folder = O e
=
£ Searches * Name Date modified Type
& Computer -
. ) ) = # Pendulum_ODK.scl 8/3/2017 8:20 PM SCL File
<! Floppy Disk Drive (A) = =
5 ‘ Pendulum_ODK.so 8/3/2017 8:20 PM SO File
& Local Disk (C)
-8 DVD Drive (D) > ] I | )

Virtual Commissioning with SIMATIC and Simulink - Use case 1
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7. Inthe TIA Portal project, check whether the SCL files have been automatically
imported. Otherwise, manually add the SCL file that was generated from
Matlab. Here, follow the steps for "Importing SCL source" in Creating Step 7

program.
(7§l UseCase1 [CPU 1518-4 PN/DP MFP]
[IY Device configuration
ﬂ Online & diagnostics
4 rﬁg Software units
~ |5 Program blocks
E Add new block
W Cyclic20ms [0B31]
4 Startup [OB100]
@ gDB_SW\_Interface [DB8]
i@ Global [DR13]
w [0 PN antenllar ADIE
48 PID_Controller_Load [FE&]
48 FID_Controller_Unload [FE7]
2 PID_ControllerOneStep [FB8]
38 PID_ControllerReadWriteParameters [FBE
4 FID_ControllerWebReadWrite [FE10]
@ FlU_Controller_Load_UB [UB4)
@ FID_Controller_Unload_DE [DE3]
@ PID_ControllerOneStep_DB [DBS]
@ PID_ControllerReadWriteParameters_DE ..
b |t System blocks

v [ Technology objects
- External source files

W Add ne evternal fls

u FID_Controller_CDK.scl

r-
] Loggg 1 a wnigs

Virtual Commissioning with SIMATIC and Simulink - Use case 1
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8. Check whether the SO file was automatically saved in the web server under

"Filebrowser > ODK1500S". Otherwise, perform this upload manually ("Load
SO file to web server" in "Creating Step 7 program").

SIEMENS 371500/ET200MP station_2/UseCase1

User: PLCSim Filebrowser

S71500/ET200MP station 2/ ODK1500S /

» Start page Nama Size Changed Delete Rename
PID Controller ODK.so 1198088 09:25:13 am 06/052020 &y
» Diagnostics
» Diagnostic Buffer Directory operations: .
| Cei
» Motion control diagnostics 3| H Upload fils

» Module information
» Alarms

» Communication

+ Topology

» Tag status

» Watch tables

» Trace

» Datalogs

+ User Files

» User-defined pages

+ Filebrowser

Virtual Commissioning with SIMATIC and Simulink - Use case 1
Entry-ID: 109749187, V2.0, 09/2020 21
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2.5

Table 2-1: Block explanation

Description of the generated function blocks

The following table describes all blocks that have been generated from the SCL
source.

Generated block

Functional description

FB Block clears the SO file from the CPU's memory.
PID_Controller_Unload
FB Block loads the SO file from the web server into

PID_Controller_Load

the CPU's memory

FB
PID_ControllerOneStep

Block calls up the SO file. The interfaces
correspond to the original Simulink model.

FB Block is called for reading or writing via the user-
PID_ControllerWebReadWrite defined website.

(optional)

FB Block is called to read or write manipulated model

PID_ControllerReadWriteParameters
(optional)

parameters.

Create Step 7 program

Importing SCL source

In case the automatic import of the SCL source did not work, perform the following
steps to import the SCL source, which was generated by the Target 15008S.

1. Inthe "Project tree", navigate to "External source files".

2. Click "Add new external file".

3. Select the generated SCL source "PID_Controller_ODK.scl" and import the file

in to the S7 program.

Virtual Commissioning with SIMATIC and Simulink - Use case 1
Entry-ID: 109749187, V2.0, 09/2020
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4. Generate:
1. Right-click the file "PID_Controller_ODK.scl".
2. Click "Generate blocks from source" and confirm the dialog.

- External source files
K Add new external file

u FID_Cantrofl=r_nnice
[ig PLC data

Cpen
:aj, Watch and for

E Online backup

=
|93 Traces % Delete Del
[@ oPcuAcomm|  Rename F2

r:a FLC tags

=| Copy Cerl+C

v v T v w w w

. Devi d .
Lijj, Device proxy Compile ,

=j Frogram |ml‘o. ﬁ' Go anlin Crrl+kK
L.f PLC supervisio &Y Go offline Y

E] PLC alarm text
: b p_[. Local modules
- ] r"_l:. HMI_RT [WinCC R1 Generate blocks from source

i » Eﬁ Local modules 8 Crossreferences e @
» ‘I Ungrouped devices Call structure A&
4 5

]

_h Search in project Ctrl+F

5§ Securitysettings

[3 Crossdevice functior

= Prermartiars Al Ermtar
TIA Portal will use the SCL source to generate the blocks created by
Target 1500S.

5. You will find the generated blocks under "Program blocks".

* [iz] PID_Controller_ODK
38 FID_Controller_Load [FE1]
48 PID_Controller_Unload [FB2]
3 PID_ControllerOneStep [FB3]
38 PID_ControllerReadWriteParameters [FB4]
4 PID_ControllerWebReadWrite [FES]

6. You will find the generated PLC data types under "PLC data types".

~ fﬂ PLC data types
K Add new data type
u PID_CentrollerinternalModelSignals
] PID_ControllerParams
M PID_ModelParams

Virtual Commissioning with SIMATIC and Simulink - Use case 1
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OBs and global DBs

Follow the steps outlined below to create the global project tags and tags for
communicating with the Simulink model.

1. Add the following blocks to your S7 program:

Cyclic Interrupt OB: "Cyclic20ms" (with an interrupt time of 20 ms)
Startup OB: "Startup”
Global DB: "Global"

Note

The cycle of the OB "Cyclic20ms" must match the cycle Ts of the Simulink
model (here, Ts=0.02, or 20 ms).

2. Open the DB "Global" and add the following tags. The tags are bundled in a
structure.

£ WK

o o~ hon

OB "Cyclic20ms"

pendulumController [Struct]

e angleSetpoint [Int]

e currentAngle [LReal]

o fanforce [LReal]

e operatingMode [Int] (starting value = 3)
internalsignals [PID_ControllerinternalModelSignals]
modelParams [PID_ControllerParams]

Global
MName Data type Start value
4l ¥ Static
< = ¥ pendulumController Struct
- - angleSetpoint LReal
- - currentAngle LReal
- - fanforce LReal
- - operatingMode Int 3
<0 = » internalsignals "PID_CentrellerinternalModelSignals®
<0 = P modelParams "PID ControllerParams”

Carry out the following steps to program the "Cyclic20ms" OB.
1. Open the cyclic interrupt OB "Cyclic20ms".
2. Call the block "PID_ControllerOneStep" and interconnect as shown in the

figure below.
DB 1
"InstPID_
ContrellerOneste
P’
WB3
“PID_ControllerOneStep”™
EN ENO
“Global". STATUS
pendulumCeantrell "Glabal”.
er.angleSetpoint — cetnoint pendulumCentroll
: erfanforce
“Global®. outpid_fanforce
pendulumCentrall "Global®.
ercurrentangle currentAngle internalSignals — internalsignals

Virtual Commissioning with SIMATIC and Simulink - Use case 1
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3. Call the block "PID_ControllerReadWriteParameters" and interconnect it as
shown in the figure below.

WDBS
"InstPID_
ControllerReadWiri
teParameters”

%FB4
"PID_
ControllerReadWite Parameters”
EN ENO
false — write STATUS
"Global®.
modelFarams — jnQutParams

4. Call the block "PID_ControllerWebReadWrite" and interconnect it as shown in
the figure below. Here, the instance name must be "gDB_SWV_Interface".

%WDB 2
"gDE_SW_
Interface”
“WFBS5
“PID_Controller\we bRead\Write™

EMN EMNO
"Global®.

© Siemens AG 2020 All rights reserved

internalsignals

WDB333
"DB 3337

"Global®.
modelParams

InternalSignals

CTRL_DB

Farams

OB "Startup”
Perform the following steps to program the "Startup" OB.
1. Call the block "PID_Controller_Unload" and interconnect it as shown in the

figure below.
DB 3
"InstPID_
Controller_
Unload”
WFB2
"PID_Controller_Unload™
EMN EMNO
trUE = REQ DOME —falze
BUSY —ifalse
ERROR — T2 le
S5TATUS

Virtual Commissioning with SIMATIC and Simulink - Use case 1
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2. Call the block "PID_Controller_Load" and interconnect it as shown in the figure

below.
“DB4
“InstPID_
Controller_Load”
WFB1
"PID_Controller_Load™
EN EMNO
irue = REQ DOME —if2lse
BUSY —falze
ERROR —T2lze
STATUS 0

Web server user pages

Perform the steps below in order to add the user page to the web server.

1. Select the directory of the website generated from the Matlab model:
"...\Pendulum_Target_1500S_V1 0_grt Output\website".

2. Make "home.html" the start HTML page.
3. Generate the blocks.

| < Eigenschaften  [*i)info 4| %l Diagnose

|| Aligemein [ 10-variablen |

| Texte

system- und Taktmerker
} Systemdiagnose
PLC-Meldungen
~ Webserver
Allgemein =
Automatische Aktu...
Benutzerverwaltung
Security
geobachtungstabellen
w Anwenderseiten

Einstiegsseite
Ubersicht der Schnitt

U isynchronisation

Anwenderseiten

Erveitert N > Eweltert

HTWLVerzeichnis: |wmware-hostishared folders VI_Sharel144_AWE_Target109749187_DIGI_Usecases_Simulink] |

Start-HTMLSeite: |home htm! 1

/
1l
i/

T T e e T =

status: |

Bausteine erzeugen | ] Bausteine ldschen

@-5‘:1 ‘
&

(B

DNS-Konfiguration Dateien mit dynamischem | htm;.html;dat;json A
> Bty inhalt: ==

Mehrsprachigkeit Web-DB-Nummer: | 333 E

Uhrzeit Fragment-DI 334

4. Check in the OB "Cyclic20ms" whether the selected web DB number (here
333) is populated when the FB "PID_ControllerWebReadWrite" is called, and
that the instance is named "gDB_SWV _Interface".

“gDE_SWN_
Interface”
WFBS5
"PID_ControlleriebReadWWite™
EN EMO
“Global®.
internalsignals —{|nternalsignals
%WB333
DB 333" |~{CTRL_DE
"Global®.
madelParams —|params

Virtual Commissioning with SIMATIC and Simulink - Use case 1
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Upload SO file to web server

1.
2.

6.

10.

Open a browser of your choice (Internet Explorer, Firefox, etc.).

Open the website http://192.168.3.1. The homepage of the CPU web server
will open.

Click "Enter".
Navigate to "Filebrowser".
Click the folder "ODK1500S".

R EREET BRI GTPE L2 PLC local time (UTC 4%

User: PLCSim Filebrowser
+ Topology + ST1500/ET200MP station 2 / _

MName Size Changed Delete Rename
+ Tag status 1 ODK15005 09:25:13 am 06/05/2020 &

+ Watch tables 06:12:33 am 06/04/2020

[ I RData
sim_hwdb. NS/ 326

07:54:47 am 06/23/2020 @

+ Trace
+ DataLogs Directory operations: .
| s
+ User Files 3| H Upload fie

+ User-defined pages

+ Filebrowser

» Introduction

Click the "Browse" button.

09:18:56 am  06/232020

PLC local time (UTC +0(

User PLCSIm Filebrowser

+ SY1500/ET200MP station 2/ QDK15008 /

+ Topology -
Name Size Changed Delete Rename

» Tag status

Directory operations:

+ Watch tables ‘ ||3
» Trace By |[ Upload iile
» Datalogs

» User Files

+ User-defined pages

+ Filebrowser

+ Introduction

Navigate to the "PID_Controller_ODK.so" file, which was created by Target
1500S. The file is located in the "outputs" folder of the generated Target 1500S
code.

Select the file and click "Open".
Click the "Upload file" button.
Close the browser.

Virtual Commissioning with SIMATIC and Simulink - Use case 1
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Note

2.6

Once you have uploaded the SO file to the web server, you must restart the
CPU.

The SO file will only be loaded to the CPU's memory once the block
"PID_Controller_Load" is called in the OB "Startup".

Insert S-function in Simulink model

Requirement

e You have started an instance of the virtual controller with PLCSIM Advanced.
e You have fully programmed the S7 program and loaded it to the virtual
controller.

e You have stored the included folder "S-Function" from the compressed folder
"Simulink_Usecasel" in a known directory on your computer, and added the
file with all child filed to the search path in MATLAB.

Perform the following steps to use the S-function in the Simulink model.

1. Open the Simulink model "Pendulum_Controlled" from the compressed folder
"Simulink_Main".
Remove the PID controller and the function that are executed by the S7
program.

O30 0 g
0 = 2530 35 %0 45 %0 55 00 65 70 75 80 85 W

Phi

FanForce.
[ rouier Acoelesation

—{}

2. Switch to the MATLAB interface and navigate in the directory to where you
stored the extracted "S-function" folder.

<FP» O » C: ¥ S-Function
Current Folder (]

Name
1'] PLCSimAdvancedSFunction.mexwbd

B PLCSimAdv.png
*& PLCSimAdvancedBlockLibrary.slx

Virtual Commissioning with SIMATIC and Simulink - Use case 1
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3. Double-click to open the library object "PLCSimAdvancedBlockLibrary.sIx". A
new window will open.

¥ Library: PLCSimAdvancedBlockLibrary - Simulink | =0 R )
File Edit View Display Diagram Analysis Help

N~ = OE =
G-~ B ©-

PLCSmAdvancedslackLibrary

® |[PalPLCSmAdvancedBloddbrary

BER

O E

o PLCSIM Advanced

»
Ready 479%

4. Drag and drop the S-function block "PLCSIM Advanced" into the Simulink
model with the control path.

OFC Config
ReshTme

OFC Configuration

Tangentisl
Applied Force:
[N =kg"ms?)

*4:

1o Anguir Acosleration

Sum of Accslerators.
frsds?]

X X X Phi
___________ N rad/s’ rad/s] [rad] 1
_____ . ; . (TR reverry B S M ey - Leline BN
T i #3 Library: PLCSimAdvancedBlockLibrary - Si. [-— || =) ][] e
to Anguler Acceleration File Edit View Display Diagram Analysis Help Radian o Degre=
= = e =
= o - @~
PLCSmAdvancedBiockLbrary
™ @ |[aPLcsmadvancedBlocktibrary M
Da| b
\ &
-
&
Int =
ol [ 1
,,,,,,, =1
e O O, O B AR
7]
» PLCSIM A i
Ready View1 warning 200%
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5. Double-click to open the block parameters of the S-function "PLCSIM
Advanced".

el
S I 1o Angular Acoceleraticn
PLCSIM Advanced
\')

[~ k

Delay

6. Enter the instance name of the started virtual controller of PLCSIM Advanced
in apostrophes (‘(MFP"). Also specify the input
(‘Global.pendulumController.currentAngle') and the output
(‘Global.pendulumController.fanforce).

Apply the change with "Apply".

Block Parameters: PLCSIM Advanced X

AN/

PLCSIM Advanced (mask) (link)
Co-simulation with SIMATIC 57-PLCSIM Advanced.

(c)2018 Siemens AG

Parameters

MFF'

[ [E
10

Number of input ports (-1 for auto)

[t g |

Number of output ports (-1 for auto) |

[1 :

Datablock

Input:

|'G\oba\.pendulumcantroller‘:urrentAngls' | 8

Output:

| 'Global.pendulumController.fanforce' | B

» Time Synchronization
» Remote Connection

Simulink Sample Time ‘ -1

Cancel Help Apoly

Virtual Commissioning with SIMATIC and Simulink - Use case 1
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2.7

271

7. The inputs and outputs of the S-function are derived from the PLC tags and
generated automatically. Connected the "PLCSIM Advanced" block with the

control path.

OPC Config
ReatTime

OFC Configuration

—<& b

Tangental
Applied Force:
[N=kg"m's]

Force.
1o Anguler Acseleration

Sum of Acceleratiors
[radis?]

» R
ey

V
Fan Foroe
to Anguler Accelerstion

PLCSIMAGvancea

X X X
[rad/s?] [«m@n]  [lads] ey [ad -
2z X 2

negra Trtegrae
Acoslerstion fo Velocity Velocity b Posifon

<=L}

Damping Foroe Cument Velosty
to.Anguisr Acosler sticn to Damging Force

Intermal Forces
toAnguler Acceleration

rr
i |

Radian i Degree:

Commissioning the example application

Perform the steps below to commission the simulation with the supplied TIA Portal
project and the supplied Simulink model. The S-function with the parameterized

instance name "MFP" has already been added to the Simulink model.

Download project

1. Open the example project or your TIA Portal project.
2. Inthe project tree, select the controller "UseCasel" and select "Online >

Extended download to devi

Project Edit View Insert

ce" in the TIA Portal menu bar.

Cnline  Options  Tools  Window  Help

27 (3 B saveproject S

Project tree

J Devices Plant obje

i

* | 7] 109749187_DIGI_Usec
E ~dd new device
gy Devices & networks

& Go QHU

& Emen\@cmline...
&N Go offin

Simulation

Start runtime

[N pownload to device
|Extended download to device._\{

b L UseCasgd [C 151
‘ | I | Us&Cas.e 2
» [ UseCase 151

¢ i Ungrouped devices

Virtual Commissioning with SIMATIC and Simulink - Use case 1
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3. Download:

1. Set the interface to the controller.

2. Start the search.

3. Select the found virtual controller from the list.
4. Download the project.

>

Extended download to device

Configured access nodes of "UseCasel”

Device Device type slot Interface type | Address Subnet
UseCasel CPU 15184 PNID... 1 X4 FROFIBUS 2
CPU 15184 PNID... 1X1 PRIIE 1921531 PMIE_2
CPU 15184 PNID... 1X2 FNIE 192.1¢p3.1.1
CPU 15184 PNID.. 1X3 FNIE 192.1¢p3.21
Type ofthe PGIPC interface: |—LPNI'|E | ol
PGIFC interface: | (Rl Siernens PLCSIM Virtual Ethernet Adapter | = | €
Ceonnection to interfaceizubnet: | Directatslot'l X1° | - @
stgateway: | |~ ©
Select target device: |Showa\|compatib|e devices |v|
Device Device type Interface type Address Target device
usecasel.profinetinter.. 57-1500 (PLCSIM)  PMIIE 192.168.1.1 —
usecasel. profinetinter.. 57-1500 (PLCSIM)  PNIIE 192.168.2.1 —
UseCasel \_ CPU1518-4 PNID... PNIIE 192.168.3.1 UseCasel
= PIIE Access address =

|| Flash LED @
Startsearch
3
Online status information: D Display only error messages
1. Found accessible device usecasel.profinetinterface_2

1. Found accessible device usecasel.profinetinterface ghit_3
@ scan completed. 3 compatible devices of 4 accessible devices found. @ ) E

7 Retrieving device information... [v]
= 4

4
| Load §| ‘ Cancel |

4. Follow subsequent TIA Portal messages and start the controller.

Load results

[ 7 T 16D o oo caces st mmicmsog 0 devce

swu L Terge Vimsioge Action w1 Tage pmsige Action

u @ - e Reacy forlonding B @ - e
o Simalated modue. The dennicad wil e perbrmed 10 8 simulased P ' Sammodes ater dewnlaading o desice | @ suna I
Q@ > schwre Danricad safmare o device consi
[ Tese lbrasies Downisad sll alarmm teses and teie st e consl

e e | e =)

The virtual controller is put in "RUN" mode.

1 Active PLC Instance(s):
EE mMFp F192.168.3.1 O (x
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2 Engineering

2.7.2 Start Simulink simulation

1. Open the supplied Simulink model "Pendulum_PLCSIMAdv_API.sIx".

Tangential
Appliad Foros

Fon
0 Angular Acceleration

Sum of Accelerations.
rantis

Irais?]

upid_tpntorcs

= ; .
[l> R TN vy B W vy B

" 2(2-1) 201

Fan Force - Tniegrate Tntegrate

o Angular Acceleration Acceieration to Velority Velotily to Posion Racian 1o Degres

Damping Force Current Velosity
1o Anquiar Acceleraion 1o Damping Force

Note

The "S-function” folder must be added to the MATLAB search path.
"startupl.m" can be run to do this.

2. Start the simulation of the Simulink model.
1. Setthe simulation duration to "inf* (unlimited).
2. Click the "Run" icon.

SIMULATION DEBUG MODELING

] Open ~ =T )
Bs 5]
ave
New : Library
v 4§ Print ~  Browser Back «

FILE LIBRARY PREPARE SIMULATE

5, OCRE
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3 Operation

3 Operation
3.1 Operating the PID controller

Start HMI
1. Inthe project tree, select the HMI "HMI_PLCSIM_Adv".
Click "Start simulation".

Project Edit View |Insert Online Options Tools Wndow Help

Gi HElsmepojer 3 X 5 X D I MG RE

Project tree

JDevil:es || Plant objects |

et

=

~ | ] 109749187_DIGI_Usecases_V16
ﬁb' Add new device
ﬁE‘h Devices & networks
¢ (il UseCase1 [CPU 1518-4 PN/DP MFP]

4 E UseCase1HMI [TP1200 Comfoyy :
¢ [ UseCase2 [CPU 15155P PC]
< BT .

3. Select "Start Application".

i SIMATIC WinCC Runtime Advanced

‘ u Start Application MATLAB and
. PLCSIM Advanced via OPCUA

SITRAIN & Online rt —-
Entry-1D 123456789
o

i~

A-projectof Siemeﬁn

o v |
~
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Specify setpoint

Click in the input box "Setpoint" and enter a setpoint value for the pendulum's
deflection angle. Confirm your entry with Enter.

Figure 3-1: Specify setpoint

PID Control

Setpoint +0
CurrentAngle +0
3.2 Monitor control result

You have two ways of monitoring the control result.

First, the trace in the simulation of the HMI represents the history of the setpoint,
the actual value (deflection angle) and the manipulated variable (force) of the PID
controller.

The figure shows curves for a setpoint angle of 45 °.

Figure 3-2: HMI simulation

B SIMATIC WinCC Runtime Advanced

MATLAB and PLCSIM Advanced via OPCUA

Date/Time

612212020 8:34 AM
Overview
PLC Control

PID Control

Setpoint

CurrentAngle 145

Trend Tag connection Value Date/time

Second, you can also monitor the control result via a display window in Simulink.
Open the display window by double-clicking the "Scope" function in the Simulink
model.
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3 Operation

3.3

Figure 3-3: "Scope" function

Using the user website

The browser-based user site is another option for monitoring and controlling the
PID controller.

1. Open the user site in the web server.

@ S71500/ET200MP station_2 X +
< C @ Notsecure | 192.1683.1/Portal/Portal.mwsI?PriNa
SIEMENS 571500/ET200MP station_2/UseCase1
PLC local time (UTC +00:00) ~ | English hd
User: PLCSIm User-defined pages
Zof &
+ Motion control “ Homepage of the application Pendulum Controlled;
diagnostics

» Module information 2
» Alarms

» Communication
+ Topology

+ Tag status

» Watch tables

» Trace

+ Datalogs

+ User Files

+ User-defined pages
1

» Filebrowser

» Introduction
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3 Operation

2. The values at the input and output, as well as inside the PID_Controller, can be
viewed in the user site. For the values inside, click on the subsystem.

SIEMENS

ENwv

» Home

» Params

» ModelWorkspaceParams.

» PID_Controller

»  PID_Controller

SIEMENS

38.4571223857464] ——
sefpoim oupid_fantorce: » Demux »(D
D F|crmnitnge : [#50 ] Sigpec oupid fASIRETANONCE o o norce
curremAn PID_Controlle\

)

l

[ENv]
» Home

» Params

PESHER'S pumtons oyt Q  [F499064928563
» PID_Controfier 1
a3
currentAngle

PID_Controller

3. The parameters of the PID_Controller can be adjusted under
ModelWorkspaceParams.

Parameter List - Params
Parameter

PID_Cantrolier_PIDConI0ler200F_D
PID_Coniralier_PIDController2DOF_|
FID_Canlrolier_PIDCoN¥0IrZDOF_IntaiCandionForFtes
PID_Conirolier_PIDController2DOF_IntiaiCondiionF orintsgrator
FID_Controler_PIDConkolle2DOF_Kb
F1D_Controlier_PIDConiroller2DOF_LowerSaturationLimt

PID_Controlier_PIDController2DOF_N

PID_Controller_PIDControlier2DOF_P

FID_Controlier_PIDController2D0F_UpperSaturationLimit

FID_Conirolier_PIDContioiler2DOF b
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3.4

Note

Speeding up/slowing down the controller's virtual time

For test purposes, you can speed up or slow down the virtual time of the controller
by using a scaling factor.

e Fast mode: A scaling factor of greater than 1 speeds up the virtual clock.
Example: Scaling factor 2.0 — The virtual time runs twice as fast.

e Slow motion: A scaling factor of less than 1 slows down the virtual clock.
Example: Scaling factor 0.5 — The progression of virtual time slows to 50%.

Fast mode and slow motion do not change the execution speed of the CPU
machine code. For example, the speed at which all operations of an OB1 cycle
are performed does not change. The execution speed depends on the processor
of the PC that the virtual controller is running on. If you modify the scaling factor,
more or fewer cycle control points are reached in a fixed amount of virtual time.

Make sure to enable the option "Enable time synchronization” in the block
parameters of the S-function "PLCSIM Advanced" so that the Simulink model
synchronizes with the modified simulation speed.

Perform the following steps to speed up or slow down the virtual time of the
controller.

1. Open the PLCSIM Advanced graphical interface.
2. Use the slider to set the scaling factor.

4 Virtual Time Scaling

(%]

0.01 Off 100

3. Enable the scaling factor for the instance of the virtual controller.

1 Active PLC Instance(s):

WS E MmFp /£ 192.168.3.1 (OINE

4. Specify a setpoint value for the PID controller and monitor the effect of the
change in virtual time.
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The following figure shows possible effects of the accelerated or slowed virtual

time.
Figure 3-4

Scaling factor

WinCC Runtime

Simulink

1.0

Virtual time is almost
identical to real time.

The PseudoRealtime is almost
identical to the real time.

0.5

Virtual time runs 50%
slower. The control is slower
on the real time base.

The PseudoRealtime rLihéEI
50% slower, synchronized to
the virtual time of the
controller

2.0

Virtual time runs twice as
fast. The regulation is faster
on the real time basis.
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4 Useful information

4
4.1

Useful information

Block parameters of the S-function "PLCSIM

Advanced"

Figure 4-1: Block parameters, S-function, "PLCSIM-Advanced"

Block Parameters: PLCSIM Advanced X

S p\Y

PLCSIM Advanced (mask) (link)
Co-simulation with SIMATIC S7-PLCSIM Advanced.

(c)2018 Siemens AG

Parameters
| Instance name
['mFP B

Time scale factor for PLC emulation
L [E

0

Number of input ports (-1 for auto)
S &

Number of output ports (-1 for auto)
S &

Datablock
Input:

|‘G\uba\.pendu\umControIIer‘currentAngle' | §

Output:

TTTTTT

| 'Global.pendulumController.fanforce’ | §

Enter variable names seperated with ;"

» Time Synchronization
» Remote Connection

Simulink Sample Time [-1

Cancel Help Apply

Table 4-1: Description of block parameters

virtual controller

Item Description Note

1. Instance name of the virtual controller The instance name must be written
between two apostrophes.

2. Scaling factor for the virtual time of the Scale factor preset. Relevant for

creating the instance of a virtual
controller from Simulink.

3. Number of inputs

If "-1" is entered, the number of inputs is
derived automatically from the number
of PLC input tags.

4, Number of outputs

If "-1" is entered, the number of outputs
is derived automatically from the
number of PLC input tags.

5. Tags of the inputs

The tag must be written between two
apostrophes.

6. Tags of the outputs

The tag must be written between two
apostrophes.

Virtual Commissioning with SIMATIC and Simulink - Use case 1
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4 Useful information

4.2

S-function "PLCSIM Advanced"

The source code for the S-function "PLCSIM Advanced" is programmed in the
high-level programming language C++ and contains instructions for data exchange
with an instance of the virtual controller via the PLCSIM Advanced API. An MEX
file is generated from it so that the code can be run in MATLAB. The MEX file can
be integrated into Simulink with an S-function.

Automatic generation of an instance of the virtual controller

Mechanisms for generating a new instance of the virtual controller are programmed
in the code of the S-function "PLCSIM Advanced", in case they do not yet exist.

When applying the modified block parameters of the S-function, a new instance of
the virtual controller is automatically generated if the name entered for the instance
does not yet exist in the directory of the Virtual SIMATIC Memory Card* of PLCSIM
Advanced.

In this case the instance is started immediately if PLCSIM Advanced is already
started. Otherwise, only the SIMATIC Memory Card with the instance name will be
created in the directory of the Virtual SIMATIC Memory Card, and the instance
must be manually started via the Control Panel of PLCSIM Advanced.

Note The S-function "PLCSIM Advanced" automatically derives the number of inputs
and outputs for the block from the PLC tags of the virtual controller.
For this reason it is recommended to first start the virtual controller and load it
with a project, and only then to insert the S-function in Simulink.
Inputs/outputs

The S-function "PLCSIM Advanced" automatically derives the number of contacts
for the inputs and outputs of the blocks from the PLC tags of the virtual controller if
"-1" is set for the number of inputs and outputs in the block parameters of the
S-function.

Figure 4-2

Number of input ports (-1 for auto)

Number of output ports (-1 for auto)

There are the following two cases of when the contacts can be generated.

e The S-function is inserted into the Simulink model before a virtual controller
has been started and loaded with TIA Portal project. After the instance name of
the virtual controller is entered in the block parameters of the S-function and
the changes are applied, an instance of the virtual controller will be
automatically generated when PLCSIM Advanced is started. The contacts are
only generated when the TIA Portal project is loaded to the virtual controller
and the Simulink simulation has been started. After the simulation is stopped,
the S-function ca be connected with the Simulink model.

e The instance of the virtual controller has been manually generated and already
loaded with the TIA Portal project. The S-function is then inserted into the
Simulink model. After the instance name of the virtual controller is entered in
the block parameters of the S-function and the changes are applied, the
contacts are automatically generated and the block can be connected.

1The Virtual SIMATIC Memory Card saves the user program, the hardware configuration and
the retentive data for the virtual controller.
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Tag exchange

4.3

Tags are exchanged at the cycle control point of the virtual controller. If the cycle
control point has not yet been reached, the S-function waits for the cycle end of the
virtual controller. The S-function reads the output tags and writes the input tags
from the list of PLC tags.

Synchronization

The S-function facilitates a synchronization of the Simulink model with the virtual
time of the virtual controller. To do this, the option "Enable time synchronization"
must be enabled in the block parameters of the S-function.

In such case, tag exchange occurs not only at the cycle control point, but also
when the pseudo-real-time of the Simulink model and the virtual time of the virtual
controller are nearly the same. In order to follow the modified virtual time of the
virtual controller, Simulink will slow down or speed up the pseudo-real-time.

Virtual Commissioning with SIMATIC and Simulink - Use case 1
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5 Appendix

5
5.1

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, application examples and videos
— all information is accessible with just a few mouse clicks:

support.industry.siemens.com

Technical Support

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

Please send queries to Technical Support via Web form:
support.industry.siemens.com/cs/my/src

SITRAIN = Training for Industry

We support you with our globally available training courses for industry with
practical experience, innovative learning methods and a concept that'’s tailored to
the customer’s specific needs.

For more information on our offered trainings and courses, as well as their
locations and dates, refer to our web page:

siemens.com/sitrain

Service offer

Our range of services includes the following:
e Plant data services

e Spare parts services

e Repair services

e On-site and maintenance services

e Retrofitting and modernization services
e Service programs and contracts

You can find detailed information on our range of services in the service catalog
web page:
support.industry.siemens.com/cs/sc

Industry Online Support app

You will receive optimum support wherever you are with the "Siemens Industry
Online Support" app. The app is available for iOS and Android:

support.industry.siemens.com/cs/ww/en/sc/2067
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5.2 Industry Mall

SIEMENS

| = |
A | ; -
< =5 Ny
N\

The Siemens Industry Mall is the platform on which the entire siemens Industry
product portfolio is accessible. From the selection of products to the order and the
delivery tracking, the Industry Mall enables the complete purchasing processing —
directly and independently of time and location:

mall.industry.siemens.com

5.3 Links and literature
Table 5-1
No. Topic
\1\ Siemens Industry Online Support
https://support.industry.siemens.com
\2\ Link to this entry page of this application example
https://support.industry.siemens.com/cs/ww/en/view/109749187
\3\ Manual: SIMATIC S7-PLCSIM Advanced
https://support.industry.siemens.com/cs/ww/en/view/109773484
\4\ MathWorks online documentation:
http://mathworks.com/help/
\5\ Manual: STEP 7 Professional V16
https://support.industry.siemens.com/cs/ww/en/view/109773506
5.4 Change documentation
Table 5-2
Version Date Modifications
V1.0 12/2017 First edition
V2.0 09/2020 Revised use cases 1 & 2
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