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Warranty and Liability

Warranty and Liability

Note

Security
informa-
tion

Use Case 2

The Application Examples are not binding and do not claim to be complete regarding the
circuits shown, equipping and any eventuality. The Application Examples do not represent
customer-specific solutions. They are only intended to provide support for typical
applications. You are responsible for ensuring that the described products are used
correctly. These Application Examples do not relieve you of the responsibility to use safe
practices in application, installation, operation and maintenance. When using these
Application Examples, you recognize that we cannot be made liable for any
damage/claims beyond the liability clause described. We reserve the right to make
changes to these Application Examples at any time without prior notice.

If there are any deviations between the recommendations provided in these Application
Examples and other Siemens publications — e.g. Catalogs — the contents of the other
documents have priority.

We do not accept any liability for the information contained in this document.

Any claims against us — based on whatever legal reason — resulting from the use of
the examples, information, programs, engineering and performance data etc.,
described in this Application Example shall be excluded. Such an exclusion shall
not apply in the case of mandatory liability, e.g. under the German Product Liability
Act (“Produkthaftungsgesetz”), in case of intent, gross negligence, or injury of life,
body or health, guarantee for the quality of a product, fraudulent concealment of a
deficiency or breach of a condition which goes to the root of the contract
(“wesentliche Vertragspflichten”). The damages for a breach of a substantial
contractual obligation are, however, limited to the foreseeable damage, typical for
the type of contract, except in the event of intent or gross negligence or injury to
life, body or health. The above provisions do not imply a change of the burden of
proof to your detriment.

Any form of duplication or distribution of these Application Examples or excerpts
hereof is prohibited without the expressed consent of the Siemens AG.

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 only form one element of such a
concept.

Customer is responsible to prevent unauthorized access to its plants, systems, machines
and networks. Systems, machines and components should only be connected to the
enterprise 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. For more information about industrial security, please visit
http://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. Use of product versions that are no longer
supported, and failure to apply latest updates may increase customer’s exposure to cyber
threats.

To stay informed about product updates, subscribe to the Siemens Industrial Security
RSS Feed under http://www.siemens.com/industrialsecurity.

Entry ID: 109749187, V1.0, 12/2017 2
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1 Introduction

1
1.1

Use Case 2

Introduction

Overview

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

This application example shows you how to create a MATLAB function for
communication with a virtual controller via OPC UA. Integrating the function into
the Simulink model enables validation and virtual commissioning of a PID controller
that runs on a virtual controller in the context of a simulated process in Simulink.
This document describes the steps necessary to configure, start up and use the
application example.

The following documents make up the entire application example:
e Main document: Overview of the three use cases and the Simulink model

e Use Case 1: Connecting Simulink models to SIMATIC PLCSIM Advanced
via API

e Use Case 2: Connecting Simulink models to SIMATIC PLCSIM Advanced
via OPC UA (this document)

e Use Case 3: Using SIMATIC Target 1500S for a Hardware-Based
Simulation of the Simulink Model

Figure 1-1: Use cases overview

SIMATIC PLCSIM
Simulink Advanced
+
Simulink

Open controller

O (TE T (0
r:rJ

n API OPC UA Ek E
4 FE g; 0]
Use Case 3

Process model

\Use Case 1 Use Case Zj
—/ ——/

PID controller
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1 Introduction

1.2

Note

Use Case 2

How the application example works

The OPC Toolbox add-on for MATLAB allows you to integrate functions into
Simulink that allow data exchange with an OPC UA server.

This application example provides you with a fully programmed MATLAB function
called “Read_OPC_Func”. This function allows you to read/write tags of a virtual
controller of PLCSIM Advanced via OPC UA.

The function is integrated into Simulink using the “Interpreted MATLAB Fcn” block
and placed in a control loop instead of a controller.

In a TIA Portal project, the “PID_Compact” PID controller is configured and
downloaded to the virtual controller in order to test it in the context of the simulation
model.

Tags are exchanged via a global data block of the virtual controller. This exchange
takes place in the simulation model’s cycle.

The control result and the controller’s control are visualized by a simulated HMI
screen of WinCC Runtime.

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

Figure 1-2

7-PLCSIM Advanced V1.0 SIMATIC WinCC Runtime

 Virtual controller !

é PID_Compact

Opclnterface

Entry ID: 109749187, V1.0, 12/2017 5
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1 Introduction

1.3

Use Case 2

Components used

This application example was created with the following hardware and software

components:

Table 1-1: Hardware and software

OPC Toolbox V4.0.1

Component Article number / note / link
(R2016a) MathWorks Online Documentation:
MATLAB V9.0 http://en.mathworks.com/help/
Simulink V8.7

STEP 7 V14 Professional

6ES7822-1..04-..

Manual:
https://support.industry.siemens.com/cs/ww/en/view/10974227
2

S7-PLCSIM Advanced
V1.0

6ES7823-1FE00-0YAS5

Manual:
https://support.industry.siemens.com/cs/ww/en/view/10973915
3

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

109749187_DIGI_Usecases_OPC_DOC_V10_en.pdf

This document.

109749187_DIGI_Usecases_TIA_PROJ_V10_en.zip

TIA Portal project for
Use Cases 1-3.

109749187_DIGI_Usecases_Simulink_PROJ_V10_en.zip | Simulink models for

Use Cases 1-3.

Entry ID: 109749187, V1.0, 12/2017
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2 Engineering

2 Engineering
2.1 Simulation model in Simulink

The following chapter describes how to create a user-defined MATLAB function
called “Read_OPC_Func” for data exchange with an OPC server in MATLAB and
integrate it into the Simulink model using the “Interpreted MATLAB Function” block.

2.1.1 MATLAB function

Perform the following steps to create a MATLAB function.

1. In MATLAB, navigate to the storage location of your Simulink model and insert
a new function.

Command Windc
Name S>>
& Pendulum_PLCSimAdv_OpcUAsix
N Open Current Folder in Explorer
@ New Folder
NS New File } Script

Function

Example 3

Zip File

Compare Against L[|
Source Control [

Ctrl+V

Add to Path 4
Remove from Path >
v Indicate Files Not on Path

Find Files Ctrl+Shift+F
Back

Up One Level Backspace
Reports 3

Refresh F5
Collapse All

2. Name the function “Read_OPC_Func” and double-click the function to open
the Function Editor.

Name

’ﬁ Read_OPC_Runc.m

& Pendulum_Pdv_OchA.slx

3. Inthe Function Editor, enter the following code. For a master copy, refer to the
Appendix, Chapter 4.1.
Customize the following parameters to suit your application:
1. Enter the IP address and the port of the OPC server.
2. Enter the name of the interface DB used for data exchange between the
PLC and the model.
3. Enter the name of the tag whose value you want the function to read from
the interface DB.
4. Enter the name of the tag whose values you want the function to write to the
interface DB.

Use Case 2
Entry ID: 109749187, V1.0, 12/2017 7
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2 Engineering

L I A I

ialf=
12 -
13 -
14 -
15 -
16

17 -
18 -
iklf=
20 —
21 —
22

23 =
24 —
25

27
28 -
200 =

31
32 -
33
34 -
35

37
38 -
allf=
40

42 -

Read_OPC_Func.m T+]

function [x] = Read OPC_Func(y)
% wvariables

persistent
persistent
persistent 1
persistent
persistent
persistent tes
P

witialize variables

if (isempty(i

connect {ua
end

H

% define wvariable nodes in the serve

if u .isConnected == 1 &&

"OpcInterface™ of the server

= findNodeByName (u .Namespace, 'CpcInterface',

% find wariables "fanForce™ and " ntAngle™ in the DB "Op

Node In = findNodeByName (DB_Node, 'fanForce', '-once'):
findNodeByName (DE_Node, 'c y

Node_Out le', '-or

end
% read and write variables of the server

if uaC t.isConnected = 1 &&

% read "fanForce" walue from se and store in "wal"

[val, ~, ~] = readValue(u

% assign input ¥ variable of server

writeValue (u

1w

wal;
end
% assign "fanForce™ ("testVal") wvalue to the output X of the function
X = double (Test H
end

4. Save the created function.

2.1.2 Inserting

the MATLAB function

1. Open your Simulink model with the control loop and remove the PID controller
and the highlighted functions that are executed with the virtual controller.

‘GFC Canfiguraton

IN=rg"mis?]

Jg o g
5 20 25 0 45 es 70 75

Tangential Applied Foros [N = kg"m/s]
g

Force
to Angular Acoelesation

Argle Satport
_*
Sum of Accslerstors
[radis?]
X Phi
20100 mey [rad/s] [ EI E’
FID Genaler (Z00F) Output Per centage FanFace adiant View Angle:
Force + |l nquler Acceler stion Acseleration to Velocity Velocity to Posttion fanto Degree

Use Case 2
Entry ID: 109749187, V1.0,

Demping Farce Current Velosiy
to Anguler Accalrstion  to Damping Force.

g WP}

sint)

kel Forces
to Angulr Acosler stion
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2 Engineering

2. Open the Simulink Library Browser.
File Edit View Display Diagram Simulation Analysis Code Tools Help

PEl-=-8 CElG - - ¢ I 2

3. Use drag and drop to move the “Interpreted MATLAB Function” block from the
“Simulink > User-Defined Functions” directory to the Simulink model and
connect it to the model.

OPC Config
ReskTime

OFC Comfguaton

%

Simulink/User-Defined Functions

4 simink = rl
> o Commorly Used Blocks
= b [

[ Dashboard )
ol Discontinuities Function Caller  Interpreted MATLAS e View Angle
toAngl Dsaete Function

Logic and Bit Operations

—
.
Lookup Tables Y
Model Verification fen

Model-iide Utiities: Level-2MATLAB  MATLAB Function  MATLAB System

S fancian
Eanpies

SFunction S-Function Buider SFunction Examples

i

Ports &Subsystems S-Function
Signal Attributes
Signal Routing
Siks

I

Control System Toolbox
> Embedded Coder
> HDL Coder

,,,,,,,,, =1 OPC Toobox Simulink Function
,,,,,,,,,,,,,,,, > Simuink 30 Animation
Detey > Simuink Coder il

4. Double-click to open the block properties of the “Interpreted MATLAB Function’
block.

OPC Config
ReakTime,

OFC Corfiguraton

to Angular Acce e ation

SumofAcoslerators
rads?]
[

_I\ - B [rad) []
Pt )
=, V N 190 /51
Function = View e

Fan Force
- to Anguler Accslerstion

=

Damping Farce Currant Velocity
to Angular Acoelesation to Damping Foroe

Internal Forces
to Angular Accelesiion

Dalay

5. As the function name, enter the name of your function, here
“Read_OPC_Func”, and set other parameters as shown in the following figure.
Click “Apply” to apply the change and select “OK” to confirm.

Use Case 2
Entry ID: 109749187, V1.0, 12/2017 9
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Block Parameters: Interpreted MATLAB Function @

Interpreted MATLAB Function

Pass the input values to a MATLAB function for evaluation. The function
must return a single value having the dimensions specified by 'Output
dimensions' and 'Collapse 2-D results to 1-D".

Bxamples: sin, sin(u), feo(u(1), u(2))

Parameters

MATLAB function:
Read_OPC_Func

Output dimensions

1

Output signal type: | auto

I:| Collapse 2-D results to 1-D I

J- [ 0K w\éncel ] [ Help ] ’ Apply\\l,
/ /
@ &

2.2 STEP 7 program in TIA Portal

2.2.1 Simulation

Perform the following steps to activate the simulation with PLCSIM Advanced.

1. Create a new TIA Portal project.
2. Open the “Properties...” of your project.

Use Case 2
Entry ID: 109749187,

Project tree [

Devices

e
C5§

> 1 109749187_DIGI_Usecases
E Add new device
ﬁﬂn Devices & networks

K Add newdevice
Add new group
Open blockiPLC data type... F7

¥ Cut Ctrl+
& Goonline Ctrl+K
¥ Go offline Ctrl+h
Gj Search in project Ctrl+F
€' Cross-references F

= Frint... \ Ctri+P
2 Print preview...
& Properties... Alt+Enter

V1.0, 12/2017
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2 Engineering

3. Inthe “Protection” tab, check the “Support simulation during block compilation”
check box. Click “OK” to confirm the change.
109749187_DIGI Usecases [Project] %
General l\ Protection I
Protection
Note that the know-how protection of blocks can be weakened by a simulation.
| [\ Support simulation during block compilation.
|
@2
oK Cancel
-l
2.2.2 Hardware configuration
Perform the following steps to set up the OPC UA server for your PLC.
1. Insert an S7-1500 CPU with firmware V2.0 into the project. For example, a
CPU 1511-1 PN V2.0. Name the PLC “PLC_PLCSIM_Adv".
2. Double-click to open the CPU’s “Device configuration”.
Project tree m 4
Devices
~ | ] 109749187_DIGI_Usecases E
B Add new device
ﬁg‘h Devices & networks
~ [l PLC_PLCSIM_Adv [CPU1511-1 PN]
f Device configuration
%/ Online & diagnostics -
3. Inthe Inspector window, select “Properties > General > PROFINET interface
[X1] > Ethernet addresses” to set the IP address for your CPU.
[ Properties % Info_)| % Diagnostics
|| General [ 10tags | System constants [ Texts |
: S:;:\:é'lm(erﬁ(s[xl] (Bt
General Interface networked with
Time synchrenization Subnet: | PNIE_2 [-]
Operating mode
» Advanced options
i 1P protocol
SEni (® set P address in the project
e P adress:
system and clock memory. Subnet mask:
SIMATIC Memory Card (| —
» Ei{::vijgnumcs b o —
S Il () IP address is set directly at the device
beetys capfipmation. ool e i et o e o grmemmms et Bt e i Pt oo et eee )

Use Case 2

Entry ID: 109749187, V1.0, 12/2017 11
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2 Engineering

4. In*“OPC UA”, activate the OPC UA server for your CPU. “Server addresses:”
displays the IP address and port number at which the server can be reached.
[ Properties  |*i} Info_&)| %) Diagnostics |
|| General [ 10tags | Systemconstants | Texts |
b Genera M [=]
3 PRDF\NéTm(erﬁce[xll OPCUA
SEIT General
Cycle
Communication load
System and clock memory Application name: [ SIMATIC.57-1500.0PC-UAS erverPLC_PLCSIM Ady
SIMATIC Memary Card
» System diagnostics Gy
PLCalarms
» Webserver > General ( @
[SfActivateldeactivate server
» Protection & Security Accessibility of the server
: pnwsupp‘y Server addresses:
Configuration control il
Connec! tion resources i Address
Overview ofaddresses EEEAEAIELEET
» Runtime licenses
L et ™ ™ M e e e T
5. In “Runtime licences > OPC UA”, set the purchased license type according to
the required license type.
2.2.3 Creating the program

OBs and global DBs
Perform the following steps to create the OBs and global DBs.

1.

Use Case 2

Add the following blocks to your S7 program:

- Cyclic interrupt OB: “Cyclic20ms” (with a cyclic interrupt time of 20 ms)
- Global DB: “Global”

- Global DB: “Opclnterface”

Note
The cycle of the “Cyclic20ms” OB must match the cycle Ts of the Simulink
model (here: 0.02 or 20 ms).

Open the “Global” DB and add the following tags. The tags are combined by a
structure.
- pendulumControllerOpc [Struct]

- angleSetpoint [Int]

- manualOutputPercentage [Int]

- manualOutputEnable [Bool]

- operatingMode [Int] (start value = 3)

Global
Mame Data type Start value

1 |41 ~ Static
2 <@ = * pendulumControllerOpc Struct E
3 @ = angleSetpoint Int 0
4 |- u manualOutputPercentage | Int 0]
S @ = manualOutputEnable Bool false
6 < = operatinghMode Int 3

Open the “Opclnterface” DB and add the following tags for data exchange with
the Simulink model:

- fanForce [Real]

- currentAngle [LReal]

Entry ID: 109749187, V1.0, 12/2017 12
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2 Engineering

Opcinterface
Mame Data type Start value
1 4O > Static
< = fanForce Real 0.0
3 = currentAngle LReal 0.0

“Cyclic20ms” OB
Perform the following steps to program the “Cyclic20ms” OB.
1. Open the “Cyclic20ms” cyclic interrupt OB.
2. Add a temporary tag called “tempOutputPercentage”.

Cyclic20ms
MName Data type
1 < » Input
2 |4 > Temp g
3 | w tempOutputPercentage  Real

3. In*Technology > PID Control > Compact PID”, drag the “PID_Compact”

controller from “Instructions” to your project.

| | b it

Favorites

]
suoIPNasu| E%l

>
> | Basic instructions

» | Extended instructions
'

Technology A
Name Description Vers... ;
¢ [7] Counting and measurem.. V23 E‘
~ ["] PID Control =

~ [~ Compact PID V5.0

|=I- PID_Compact |L.In|'versal PID controller.. V22 |5
& FID_35tep PID controller with inte... V2.2 E
& PID_Temp PID controller for temp... V1.0 |&
» [ ] PID Basic functions V1.1

4. Name the instance DB “InstPIDCompactOPC” and interconnect the instruction

as shown in the following figure.

// PID controller for controlling simulink model via OPC UR

"InstPIDCompactOPC” (Setpoint := "Global".pendulumControllerOpc.angleSetpoint,
Input := LREAL TO_REAL("OpcInterface".currentAngle),
ManualEnable := "Global".pendulumControllerOpc.manualOutputEnable,
ManualValue := "Global".pendulumControllerOpc.manualCutputPercentage,
ModeRctivate := TRUE,
Output => #tempCutputPercentage,
Mode := "Global".pendulumControllerOpc.operatingMode);

Scale the PID controller’s output percentage to the maximum force of 20
Newton.

/!

Scaling the output of PID controller (0..100 %) to maximum power (0..20 N)

"opcInterface™.fanForce := #tempOutputPercentage * 20 / 100;

Use Case 2

Entry ID: 109749187, V1.0,
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2 Engineering

Configuring the PID controller

Note For the calculation of the PID parameters from step 5, refer to the main

document:

“109749187_DIGI_Usecases MAIN_DOC _V10_en.pdf’

Perform the following steps to configure the PID controller.
1. Inthe project tree, open the “Configuration” of the “InstPIDCompactOPC”

instance of the PID controller.

Project tree m 4
Devices
* 71109749187 _DIGI_Usecases E

ﬁﬁdd new device
ain Devices & networks

[lT Device configuration
ﬂ Online & diagnostics
¢ g Program blocks
~ [ Technology objects

4 Commissioning

2. Make the basic settings.

~ [ PLC_PLCSIM_Adv [CPU 1511-1 PN]

K Add newobject /'w
-1/ InstPIDCompactC./iG)]
& Configuratior’

1. In “Controller type”, select “Angle” as the physical quantity.
2. Set the mode to “Automatic mode”.
3. Select “Input” for the input parameter and “Output” for the output parameter.

°F Wl i

Controller type
Input | cutput parameters

)

= Process value settings
Process value limits
Process value scaling

+ Advanced settings
Process value monitoring
PV limits

Output value limits

cooac@oo

FID Parameters

Basic settings

Controller type

Input | output parameters

| Angle =] []

[ invert control logic

@ Activate Mode after CPU restart

Set Mode to: | Autornatic mode

Setpoint:

T T e

(4~ |

Input: Output:

| Output

[]

;Input |v| e
(-] | L ESEa!

Use Case 2
Entry ID: 109749187, V1.0, 12/2017
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3.

Use Case 2

Entry ID: 109749187,

Make the process value settings.
For the process value high limit, set 180.0. For the process value low limit,

select -90.0.
°F il

~ Basic settings
Controller type
Input | output parameters

hg Frocess value settings:
Process value limits
Process value scaling

« Advanced settings
Process value monitoring
PYM limits
Output value limits
PID Parameters

GO T I T T T

Process value settings

Process value limits

r
Process value high limit: | 180.0 H
Frocess value Inw\imil:m
—>

In the advanced settings for process value monitoring, set 100.0 as the
warning high limit and -45.0 as the warning low limit.

°7 il
¥ Basic settings
Controller type
Input/ output parameters
* Process value settings
Process value limits
Process value scaling
= Advanced settings

Process value manitaring
PV lirnits
Output value limits

FID Farameters

V1.0, 12/2017

3330300

Process value monitoring

Warning high Iimil: /
Warning low Iimil:
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2.3

231

Use Case 2

Entry ID: 109749187,

5.

In the “Advanced settings”, set the PID parameters.
To do this, check “Enable manual entry” and set the following PID parameters.
- Proportional gain = 2

- Integral action time = 1.333
- Derivative action time = 0.5

- Derivative delay coefficient = 0.2
- Proportional action weighting = 1.0
- Derivative action weighting = 0.1

- Sampling time of PID algorithm = 0.02

°7 i
- Basic settings
Controller type
Input [ cutput parameters
= Process value settings
Process value limits
Frocess value scaling
= pAdvanced settings
Process value monitoring
FYUM limits

Output value limits

FID Farameters:

L I T I I T T

T T

PID Parameters

@ Enable manual entry

@/

Tuning rule

Proportional gain:

Integral action time:
Derivative action time:
Derivative delay coefficient:
Fropertional action weighting:
Derivative action weighting:

Sampling time of PID algonthm:

Controller structure:

Starting up the sample application

=]

333

o
]

L= (=N ]
ABIREEE
K o Lo

=]

0.02

Perform the following steps to start up the simulation with the supplied TIA Portal
project and the supplied Simulink model. The OPC function has already been

inserted into the Simulink model.

Setting up the PLCSIM Virtual Ethernet adapter

1.

From your computer’s Control Panel, open Network Connections and from the
interface’s context menu, select “Enable” to enable the “Siemens PLCSIM
Virtual Ethernet Adapter” interface.

Organize +

V1.0,

= R =S
@uv| ;E-' » Control Panel » Network and Internet » Network Connections » - |¢? | | Search Network Connections o |
Enable this network device Diagnose this connection Rename this connection » ;,‘_ - B &
[- Local Area Connection 2 l‘: Local Area Connection 3
* _ Disabled = _ Disabled
@ Intel(R) PRO/1000 MT Network C... W= Siernens PLCSIM Virtual Ethemetl #) Enable J
Status
Diagnose \_)
Create Shortcut
Delete
) Rename
) Properties
No preview
available.
12/2017 16
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2. In the interface properties, check the “Siemens PLCSIM Virtual Switch” check
box.

L"‘J Local Area Connection 3 Properties @

Metworking

Connect using:
¥ Siemens PLCSIM Vitual Ethemet Adapter

This connection uses the following items:

[ 1 B e e n e

Siemens PLCSIM Virtual Switch

gl eUD Talniel ol icuuict

.Q File and Printer Sharing for Microsoft Networks
-+ PROFINET IO protocol (DCP/LLDF)

i SIMATIC Industrial Ethemet {150)

»

m

- PROFINET IO RT-Protocol V2.3 -
4 1 | »
[ Install ] [ Uninstall ] Properties
Description

Provides access to pyhsical network interfaces for the
PLCSIM Advanced.

oK | [ Cancel

3. Open the IPv4 setting and set an available IP address in the same subnet
where your configured CPU is located.

% Local Area Connection 3 Properties == Internet Protocol Version 4 (TCP/TPwd] Properties @
Networking
General
Connect using
¥ Siemens PLCSIM Vitual Ethemet Adapter You can get IP settings assigned automatically if your netwark supports

this capability, Otherwize, you need to ask your network administrator

for the appropriate IP settings.
This connection uses the following items:

%E‘;;;&E"T";’;&T:j ;EL"Q;EE";‘,NEWM i () Obtain an IP address automatically

-4 SIMATIC Industrial Ethemet (150)
-4 PROFINET IO RT-Protocol W2.3

[ - Intemet Protocol Version & (TCP/IPvE)

Y, ot Verson /P
-+ Link-Layer Topology Discovery Mappe)
| I

1P address: 192 .168. 1 . 98

\ Subnet mask: 255,255 .255. 0
- \
Default gateway:

*‘ @ Use the following IP address:

Desciption
Transmission Cortrol Protocol /Intemet Protocol. The defauit Obtain DNS server address automatically
wide area network protocol that provides communiication -

across diverse interconnected networks @ Use the following DNS server addresses:

Preferred DNS server:

Alternate DNS server:

[ validate settings upon exit

Use Case 2
Entry ID: 109749187, V1.0, 12/2017
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2.3.2

Use Case 2
Entry ID: 109749187, V1.0, 12/2017

Starting the virtual controller

1. Start PLCSIM Advanced V1.0. The info part of the Windows taskbar displays
the PLCSIM Advanced icon. Left-click the icon to open the graphical user
interface of PLCSIM Advanced, the Control Panel.

2. 1.In the Control Panel, set “PLCSIM Virtual Eth. Adapter” as the interface.

2. Enter an instance name (e.g., Pendulum) and the IP address/subnet mask
for the virtual controller. The IP address corresponds to the CPU configuration

in TIA Portal (here: 192.168.1.1).

3. Start the instance of the virtual controller.

r.i Online Access

Control Panel

PLCSIM (] PLCSIM Virtual Eth. Adapter @

g €]

0.01 100

A Start Virtual $7-1500 P1C

Instance name  Pendulum
IP address [X1] 192.168.1.1
[ﬁ' Subnet mask 255.255.255.0

Default gateway

PLC type Unspecified CPU 1500 v

Start B
3
No Active PLC Instance @

n}‘ Runtime Manager Port 50000 )
¥ Virtual SIMATIC Memory Card

i Show Balloon Messages.
7  Function Manual

€Q Exit

& Tcrap mmmum(atmn
(@ Virtual Time Scaling
1
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2.3.3 Downloading the project

Open the sample project or your TIA Portal project.

In the project tree, select the “PLC_PLCSIM_Adv” controller and from the TIA
Portal menu bar, select “Online > Extended download to device...”.

Project Edit VWiew Insert  Online Options Tools Window Help

j 3 H Save project a Jg Go U’@ Ctrl+k
online...

Project tree

[ Devices | | H simuton »

a) L
=] Ctan rUntirme e lation
| I_— Ry e u L= Uilg g
N bownload to device Crrl+L
MName I Extended download to device..\4

» @ PLC_PLCSIM_Adv[C

b [ HMLF

Y Adv [1

=]
=]

Download and reset FLC pmgra'@

v (5 HMLIE\FJS 200 (;
¢ [ PLC Real [CPU 1515 ;

= [id Ungrouped devices

[ e R T,

3. 1. Set the interface to the controller.
2. Start the search.

3. From the list, select the virtual controller that has been found.

4. Download the project.

Extended download to device X
Configured access nodes of "PLC_PLCSIM Adv®
Device Device type Slot Type Address Subnet
PLC_PLCSIM Adv CPU1511-1 PN 1x1 FNIIE 192.‘@] PMNIIE_2
————]
Type ofthe PGIPC interface: ’—LPN”E | ol |
PGIFCinterface: | [l Siemens PLCSIM Virtual Ethernet Adapter [-]]2
Connection to interfaceisubnet: ‘ Directatslot'1 X1" |'| 9
ateway. | 7@
select target device: show all compatible devices |V|
Device Device type Interface type Address Target device
= CPUcomrmon \PU-1500 Simula... PMIIE 192.168.1.1 CFUcommon

)

["| Flash LED

Online status infarmation:

= Connection established to the device with address 192.168.1.1.

o scan completed. 1 compatible devices of 1 accessible devices found.
=2 Retrizving device information...

Scan and information retrieval completed.

Use Case 2
Entry ID: 109749187, V1.0, 12/2017
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Access address =

Startzearch

3
DDlsplayonlyerrormessages

Bl__"
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4. Follow other TIA Portal messages and start the controller

[ 7 LT

[ YT ——

@ T i) mulsted PLE I+ Sl Stk modles sk dowloaiing 5 device & sl
R =
T G i
The virtual controller is set to “RUN”.
1 Active PLC Instance(s):
Control Panel: @ Pendulum /192.168.1.1 @ x

234 Starting the HMI simulation

1. Inthe Control Panel, select “Set PG/PC Interface” and set “Siemens PLCSIM
Virtual Ethernet Adapter. TCPIP.1” as the interface for the HMI connection.

Set PG/PC Interface

Access Path | LLDP / DCP | PNIO Adapter | Info |

s

Access Poirt of the Application:

|STONLINE (STEP 7) > Siemens PLCSIM Virtual Ethemet Adapte v |

| Stangara tor 5 | EF i)

Interface Parameter Assignment Used:

| Siemens PLCSIM Virtual Ethemet Adapter.” Properties...
PLCSIV TCPIP _intemal 1 - Diagnostics...

B Serial cable.PPI11

iemens PLCSIM Virtual Ethemet A
B Siemens PLCSIM Virtual Ethemet &

< T | +

|Parameter assignment of your NDIS-CP
with TCP/IP protocol (RFC-1006))

Use Case 2
Entry ID: 109749187, V1.0, 12/2017
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2. InTIA Portal, start the HMI's WinCC Runtime simulation for monitoring the
control result and operating the PID controller:
1. In the project tree, select the “HMI_PLCSIM_Adv” HMI.
2. Click “Start simulation”.

Project Edit View Insert Online Options Tools Window Help
Gf [ saveproject & X = 5 X D 50 E AR

D)
Devices

e
=T
[

* 109749187 _DIGI_Usecases
E° Add new device
ﬁg‘h Devices & networks
» p_u PLC_PLCSIM_Adv [CPU 1511-1 PN]

¥ (1 HMI_PLCSIM_Adv [TP1200 Comfortl
E @ 3/

2.3.5 Starting the Simulink simulation

1. Open the supplied “Pendulum_PLCSimAdv_OpcUA.sIx” Simulink model.

Tangertial
Appiied Farce

N =rgmie Tangential Applied Forcs [N = kg'mi] Value

o ]
—_— e
o
T
.
[radis?] X Phi
r1
[rad]
e |
Rarusy
e =3

Fan Force
to Anguler Accelesstion

Damping Farce Gurrent Velocity
to Angular Acceleration to Damping Force:

e

)

Internal Forces
to Angular Accslestion

Dalay

2. Start the simulation of the Simulink model.
1. Set the simulation duration to “inf” (infinite).
2. Click the “Run” icon.

File Edit View Display Diagram Simulation Analysis Code Tools Help {

E-o-8 w @-E- e ¢ eub = - s
2

- |

ey

Use Case 2
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2.4 Operation
241 Operating the PID controller

Setting the setpoint
1. Open the window where WinCC Runtime has started.

R SIMATIC WancC Rt Aceanced =

SIEMENS SIMATIC HMI

2. Click the “Setpoint” input field and enter a setpoint for the angle of deflection of
the pendulum. Press Enter to confirm your entries.

PID Compact_OPC

Setpoint
CurrentAngle

Operating Mode

\‘Illﬂ(l}ll\‘IIﬂf\)ll\‘|IIT‘OHII‘HIT‘OIHI‘HIIIT0

Manually overriding the output

1. In the window where WinCC Runtime has started, click “Manual Override
Disabled” to enable manual override.

Use Case 2
Entry ID: 109749187, V1.0, 12/2017 22
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2. Move the slider to manually override the PID controller’s output.

Use Case 2
Entry ID: 109749187,

PID_Compact_OPC

Setpoint

CurrentAngle +4

Operating Mode

Manual Override Enabled

IZ‘TI‘IIITII‘IT‘OI

PID_Compact_OPC
Setpoint ]

CurrentAngle +34.216
Operating Mode 3

Manual Override Enabled

TH\I‘HIIZ‘[I)\\I‘I\\m)\IIQII‘IHT‘(}IHI‘HTJD

V1.0, 12/2017
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2.4.2

Use Case 2

Monitoring the control result

Two options are available for monitoring the control result.

On the one hand, the trace in the HMI’s simulation graphically represents the trend
of the setpoint, actual value (angle of deflection) and output (force) of the PID
controller. The figure shows a trend for a set setpoint angle of 45°.

Figure 2-1: Simulation of the HMI

120

inputAngleOpc
PID Qutput Force outputl C

On the other hand, you can monitor the control result in a display window in
Simulink. Double-clicking the “Scope” function in the Simulink model opens the
display window.

Figure 2-2: “Scope” function

Entry ID: 109749187, V1.0, 12/2017 24
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3 Alternative Solution

3 Alternative Solution

Alternatively, you can download your program and the hardware configuration to a
real CPU and test the function of the PID controller in conjunction with the
simulation model.

Connect the PG/PC where the Simulink model with the integrated
“Read_OPC_Func” MATLAB function is running to the PROFINET interface of the
CPU. Communication via OPC UA requires a Runtime licence for OPC UA.

Note For the HMI simulation, set the PG/PC interface in the Control Panel to your
PG/PC'’s interface to the CPU.

Figure 3-1: Overview of the alternative solution

-
—{ — |:'_':|
/ \ LU
_ L
= ] J = 192.168.1.1

192.168.1.100

Use Case 2
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4 Appendix

4 Appendix
4.1 MATLAB function code

Use Case 2
Entry ID: 109749187, V1.0, 12/2017
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4 Appendix

4.2

Service and Support

Industry Online Support

Do you have any questions or do you need support?

With Industry Online Support, our complete service and support know-how and
services are available to you 24/7.

Industry Online Support is the place to go to for information about our products,
solutions and services.

Product Information, Manuals, Downloads, FAQs and Application Examples — all
the information can be accessed with just a few clicks:
https://support.industry.siemens.com

SITRAIN = Training for Industry

Well-trained employees are a crucial factor in any company’s success. Skills
development and expert knowledge make companies competitive and innovative.
With our globally available training courses for industry, we help you achieve these
goals — with practical experience, innovative learning methods, and a concept
that’s tailored to the customer’s specific needs.

www.siemens.com/sitrain

Technical Support

Siemens Industry’s Technical Support offers you fast and competent support for
any technical queries you may have, including numerous tailor-made offerings
ranging from basic support to custom support contracts.

You can use the web form below to send queries to Technical Support:
www.siemens.com/industry/supportrequest.

Service offer

Our service offer includes the following services:
e Product Training

e Plant Data Services

e Spare Part Services

e Repair Services

e Field & Maintenance Services

e Retrofit & Modernization Services

e Service Programs & Agreements

For detailed information about our service offer, please refer to the Service
Catalog:
https://support.industry.siemens.com/cs/sc

Industry Online Support app

Use Case 2

The “Siemens Industry Online Support” app provides you with optimum support
while on the go. The app is available for Apple iOS, Android and Windows Phone:
https://support.industry.siemens.com/cs/ww/en/sc/2067

Entry ID: 109749187, V1.0, 12/2017 27
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4.3 Links and literature
Table 4-1
No. Topic
\1\ Siemens Industry Online Support
https://support.industry.siemens.com
\2\ Link to the entry page of the 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/109739153
\4\ MathWorks Online Documentation:
http://en.mathworks.com/help/
\5\ Manual: STEP 7 V14 Professional
https://support.industry.siemens.com/cs/ww/en/view/109742272
4.4 Change documentation
Table 4-2
Version Date Modifications
V1.0 12/2017 First version

Use Case 2
Entry ID: 109749187,

V1.0, 12/2017
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