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Warranty and Liability

Warranty and Liability

Note

Security
informa-
tion

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.
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1.1 Overview
1 Introduction
1.1 Overview

With the SIMATIC S7-PLCSIM Advanced virtual controllers for the simulation of a
S7-1500 or ET 200SP CPU are created and used for the comprehensive simulation
of functions. Therefore no real controllers are required to test a STEP 7 program.

The virtual controllers can also be tested and validated in the context of a system
or machine. The user interface (API) is used to connect the virtual controller to a
plant/system or machine simulation (co-simulation).

Figure 1-1: Overview
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Advantages of the application example
e Introduction to the use of API.
e C# example code on which you can establish your own applications.

Topics not covered by this application
This application example does not contain a description of the following topics:
e Basics of object-oriented programming
e Basics of programming environment, for example, Microsoft Visual Studio
e Basics of TIA Portal configuration
Sufficient knowledge of these topics is assumed.

S7-PLCSIM Advanced
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1.2 Mode of Operation

1.2

121

Mode of Operation

Overview

The following figure presents an overview of the functional principle of the
application example.

Figure 1-2: Overview of the systems

Simulation Runtime Runtime
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Simulation
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Instance

Virtual . .
WinCC Runtime
Controller

PLCSIM Advanced

With S7-PLCSIM Advanced as independent simulation system, the created user
program can be simulated and tested on a virtual controller.

The Runtime API of S7-PLCSIM Advanced (details see chapter_3.1.6) provides
user interfaces for access to the simulation runtime. These user interfaces offer the
following options via a program (for example, C# program):

e Creation of a runtime instance of a virtual controller.
e Changing the mode of the virtual controller.
e Exchanging I/O data with a co-simulation.

In this application example a local communication via the PLCSIM Softbus is used.
However, with S7-PLCSIM Advanced a distributed communication via a virtual
Ethernet adapter is also possible.

S7-PLCSIM Advanced
Entry ID: 109739660, V1.0, 12/2016 5
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STEP 7 (TIA Portal) program

A STEP 7 program created in STEP 7 V14 (details see chapter 3.2.1) controls a
conveyor system. For a comprehensive function test, the STEP 7 program is
loaded via S7-PLCSIM Advanced into a virtual S7-1500 controller. This controller
interacts via the API with a co-simulation (system simulation), in order to validate
the STEP 7 program in the context of the system.

The material handling system to be controlled consists of two transport belts and
two robot arms. The following input and output tags are defined so that the
controller communicates with the material handling system:

Table 1-1: Input and output tags

Tags Data Type Description
type
sensorStartPos BOOL Input Sensor signal: Starting position
sensorBeltStartPos BOOL Input Sensor signal: Starting position transport
belt 1
sensorBeltDest BOOL Input Sensor signal: Target position transport
belt 1
sensorEndPos BOOL Input Sensor signal: End position
setOnBeltActive BOOL Output Control signal: Enable robot arm 1
moveBeltActive BOOL Output Control signal: Enable transport belt 1
setOffBeltActive BOOL Output Control signal: Enable robot arm 2
releaseActive BOOL Output Control signal: Enable transport belt 2
acknowledgeActive | BOOL Output Control signal: Acknowledge error
restartActive BOOL Output Control signal: Restart system

The according control signal is activated based on the active sensor signals. For
transport belt 1 (moveBeltActive) a monitoring time of 5 s is configured. If the
package does not reach the target position within this time, an error for a fallen
down package is shown (“Package down”). You can then restart the system or
acknowledge the error when you put the package back on the transport belt 1.

Figure 1-3: Overview of the conveyor system
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The visualization of the system is simulated with WinCC Runtime. The system can
be monitored and controlled in WinCC Runtime via an HMI screen:

e Restart (restartActive)
e Acknowledge error (acknowledgeActive)

C# program
In the external application (C# program) the following is programmed:

e Functions of the user interface (Runtime API) in order to interact with the
virtual controller of S7-PLCSIM Advanced.

e System simulation of the conveyor system (co-simulation).

The co-simulation reacts to the control signals (outputs) of the virtual controller and
simulates all required sensor signals (inputs) for the simulation of the sequential
control (details chapter 3.2.2).

For the exchange of the I/O data the Runtime API writes and reads from the
memory area that is synchronized on the cycle control point with the internal
process image of the virtual S7-1500 controller.

Table 1-2: Data exchange

Virtual Controller Data exchange Co-Simulation
setOnBeltActive > setOnBeltActive
moveBeltActive > moveBeltActive
setOffBeltActive > setOffBeltActive
releaseActive > releaseActive
acknowledgeActive 2 acknowledgeActive
restartActive > restartActive
sensorStartPos < sensorStartPos
sensorBeltStart < sensorBeltStart
sensorBeltDest < sensorBeltDest
sensorEndPos < sensorEndPos

With the co-simulation you can simulate or remove errors, for example, drop a
package or place a dropped package back on transport belt 1.

Note The machines of the conveyor system are simulated in a non-realistic way in the
co-simulation. The movements are only simulated by a time constant.

S7-PLCSIM Advanced
Entry ID: 109739660, V1.0, 12/2016 7
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1.2.2

Range of functions

In this application example the following functions are used and shown in Runtime

S7-PLCSIM Advanced
Entry ID: 109739660, V1.0, 12/2016

API.
Table 1-3: API functions
Function Description See
RegisterInstance () Registers a new instance of a virtual controllerin | P. 13
the Runtime Manager.
UnregisterInstance () Unregisters an instance from the Runtime P.13
Manager.
PowerOn () Creates the process for the simulation runtime p.14
instance and starts the firmware of the virtual
controller.
PowerOff () Shuts down the simulation runtime instance and | P. 15
closes its process.
Run () Calls on the virtual controller to change to RUN P.15
operating state.
Stop () Calls on the virtual controller to change to STOP | P. 16
operating state.
SetIPSuite () Sets the IP suite of the network interface of a P.14
virtual controller.
UpdateTagList () Reads the tags from the virtual controller and P.18
writes them to the shared storage
arranged by name.
ReadBool () Reads the value of a PLC tag symbolically. P.18
WriteBool () Writes the value of a PLC tag symbolically. p.18
IsAlwaysSendOnEndOfCyc Provides or sets the mode P.13
leEnabled{get; set;} AlwaysSendOnEndOfCycle. When the mode
is set, the event OnEndOfCycle is triggered for
each mode after each end of cycle.
CommunicationInterface | Setsthe communication interface of the virtual P.13
{get; set;} controller or returns it: Local communication
(softbus) or TCP/IP.
OnConfigurationChanged | This event is triggered when the configuration of | P.13
the virtual controller has changed.
OnEndOfCycle This event is triggered when the virtual controller | P.13
has reached the end of the main cycle.
8
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1.3 Components used
Hardware
Note No real hardware is used in this application example. All hardware components

configured are simulated.

Table 1-4: Hardware components

Component Numbe
r

Article number

Note

CPU 1516-3 PN/DP

6ES7516-3AN01-0ABO | V2.0

TP900 Comfort

6AV2124-0JC01-0AX0 | V14.0.0.0

Software
Table 1-5: Software components
Component Number Article number
STEP 7 Professional V14 1 6ES7822-1AE04-0YAS5
WinCC Advanced V14 1 6AV2102-0AA04-0AH5
S7-PLCSIM Advanced V1.0 1 6ES7823-1FEO0-0YAS
Microsoft Visual Studio Ultimate 2013 1 -
Downloads
Table 1-6: Downloads
File Content

109739660 _PLCSIM_Advanced_DOC_V10_en.pdf

This document

109739660 _PLCSIM_Advanced_S7_PROJ_V10.zip

TIA Portal project (system
control)

109739660 _PLCSIM_Advanced_COSIM_APPL_V10.zip

System simulation (application
and Visual Studio Project)

S7-PLCSIM Advanced
Entry ID: 109739660, V1.0, 12/2016
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2 Engineering

2.1

Configuration in the TIA Portal

The enclosed TIA Portal project does not require any further configuration. If you
create your own project, make the following settings in order to simulate with
S7-PLCSIM Advanced.

Table 2-1: Setting in TIA Portal

No.

Action

1. Open the context menu for the project by right clicking it.
2. Click on “Properties”.

Project tree

Devices

L
|

{® 7 109739660_Transport x
ﬁ“ Add new device
gy Devices & networks
4 I"-_u PLC_1 [CPU 1516-3 PN/DF]
» [ HMI_1 [TP900 Comfori]
» 4 ungrouped devices
¥
]
4

[g§ comman data

_riﬂ] Documentation settings
p_@ Languages & resources
Online access

Card ReaderlUSE memory

L@ ﬂﬁ.dd new device
K hdd new group

Open block/PLC data type... F7

2% Cross-reference
= Print..

& Print previe @ <
E=] Properties... —

Crrl+k

Ctrl+F

Ctrl+P

Alt+Enter

1. Select the “Protection” tab.

2. Enable the “Support simulation during block compilation” option box.

3. Confirm with “OK”.

109739660_Transport [Project]

X

Protection

&

Tsuppnn simulation during black compilation.

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

S7-PLCSIM Advanced
Entry ID: 109739660,

V1.0,

12/2016
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2.2 Programming in Visual Studio

The Visual Studio project included facilitates your access to programming a
S7-PLCSIM Advanced application with a co-simulation.

In the Visual Studio project some basic functions are already programmed, for
example, switching on virtual controller and exchanging 1/O data. With this Visual
Studio project you can develop your applications further.

In chapter 2.2.2 to 2.2.4 you find an overview of the C#- and API functions that are
programmed in this application example.

221 Integrating the API library

Note For the path to be updated in the included project you have to delete the existing
reference to the library “Siemens.Simatic.Simulation.Runtime.Api.x64” and
integrate it again.

Table 2-2:

Integrating the API library

No.

Action

Create a reference in the project for the S7-PLCSIM Advanced library. It is
located in the following directory in
“...\Program Files (x86)\Common Files\Siemens\PLCSIMADWV\API".

Set the property “Copy Local” of the reference to “True”.
4 u-B References
=0 Microsoft.CSharp
=B PresentationCore
=-B PresentationFramework

O] Siemens.Simatic.Simulation.Runtime.Apia64
=0 System

=0 System.Core
=B System.Data

-
[T . VAU SO R S

[ T » WP S
Solution Explorer
Properties v 1x

Siemens.Simatic.Simulation.Runtime.Api.x64 Reference Prc -

25|
E Misc

(Mame) Siemens.Simatic.Simulation.Runt|
ICopyLocaI True I

Culture

S7-PLCSIM Advanced
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2.2 Programming in Visual Studio

2.2.2 Overview user interface

In graphical user interface of the external application, commands (1) are integrated

to interact with the virtual controller (PLC Instance) and the co-simulation.

The list box (2) shows info and error messages. The text field (3) shows the
respective status.

Figure 2-1: GUI
& PLCSIM ADVANCED COSIMULATION = | B | S

PLC Instance Co-Simulation
PCOWER CON START
POWER OFF STOP
RUN SIMULATE ERROR
STOP PACKAGE OK
9/6/2016 10:27:39 AM: Instance registered: TransportControl @
yd |

Table 2-3: Commands

No. Description
1. Open the project “CoSimulationPlcSimAdv” from the included download
“109739660_PLCSIM_Advanced_COSIM_APPL_V10.zip”.
2. Open the view of the main window “MainWindow.xaml” in the project folder

explorer in the “Views” folder.

fa] Selution 'CoSimulationPlcSimAdy' (1 project)
4 CoSimulationPlcSimAdy
& Properties
=B References
Commands

Models
ViewModels
Views
m—
1 b L) MainWindow.aml |
T viewoetings xaml

Here, in the XAML code amongst others you will find the integrated commands
for the buttons or the integrated data for the display fields.

b
b
b
3 Images
b
b
4

<Button Command="{Binding PowerOnInstanceCommand}” Grid.Column="8" Content="POWER ON" Horizontal
<Button Command="{Binding PowerOffInstanceCommand}" Grid.Column="8" Content="POWER OFF" Horizont
<Button Command="{Binding RunInstanceCommand}" Grid.Column="8" Content="RUN" HorizontalAlignment
<Button Command="{Binding StopInstanceCommand}” Grid.Column="@" Cantent="STOP" HorizontalAlignme

<Button Command="{Binding CosimulationStartCommand}" Grid.Column="2" Content="START" Horizontala
<Button Command="{Binding CosimulationStopCommand}" Grid.Column="2" Content="STOP" HorizontalAli
<Button Command="{Binding CosimulationErrorCommand}" Grid.Column="2" Content="SIMULATE ERROR" Ho
<Button Command="{Binding CosimulationPackageOKCommand}" Grid.Column="2" Content="PACKAGE OK" Ho

<TextBox Text="{Binding StatusPLCInstance}” Name="tBPLCInstance” Grid.Column="@" VerticalAlignme
<TextBox Text="{Binding StatusCoSimulation}" Name="tBCoSimulation” Grid.Column="2" VerticalAlign

</Grid>
<ListBox Grid.Row="4" ItemsSource="{Binding StatusListView}" Scrollviewer.HorizontalScrollBarvisibil
<ListBox.ItemTemplate>

S7-PLCSIM Advanced
Entry ID: 109739660, V1.0, 12/2016
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2.2 Programming in Visual Studio

2.2.3 Programming the PLC instance

Creating an instance

Table 2-4: Class “MainWindowViewModel.cs”

No.

Description

Open the class “MainWindowViewModel.cs” in the “ViewModels” folder.

In the #region block “Fields” a “virtualController” tag of the “PLClnstance” object

CSIM Adv. Instance of the virtual controller
'/ </summary>
public PLCInstance virtualController = null;

In the constructor of class (#region block “C’Tor”) a new object of class
“PLCInstance” is created and assigned to the “virtualController” tag.
“TransportControl” is transferred as name for the new instance.

public MainWindowViewtModel()

{

Statuslistview = new ObservableCollection<String>();

try
{

Ll Pl ot ance Nope " Toonono oot ool
Ivirtual[nntrnller = new P,CImstance("Transpnr‘t[nntr‘nl");I

Table 2-5:

Class “PLClInstance.cs”

No.

Description

Open the “PLClnstance.cs” class in the “Models” folder.

In the #region block “Properties” an “instance” tag is defined as “linstance” user
interface.
/) <summary>
// instance of PLCSIM Adv. virtual Controller
/47 </ summary>
|public IInstance instance { get; set; } |

In the constructor of the class (#region block “C’'Tor”) a new instance of a virtual
controller is registered in the Runtime Manager with the function
“Registerinstance()” of the API ISimulationRuntimeManager. The function
creates and returns an interface from this instance.

The created interface is assigned to the “instance” tag.

public PLCInstance(string instanceName)

1
instance = Siwu;aticnRuntiweHanagE’.Registerlnstance(instanceName)I
instance. wayssen ycleEna = Truej
instance.CommunicationInterface = ECommunicationInterface.Softbus;
instance.OnConfiguratienChanged += instance_OnConfigurationChanged;
instance.OnEnd0fCycle += instance_OnEndOfCycle;

h

The following settings are made in addition to the registered instance:
- “instance.Communicationinterface = ECommunicationinterface.Softbus”
sets the communication interface of the virtual controller to local
communication (softbus).
- “instance.lsAlwaysSendOnEndOfCycleEnabled = true” has the effect that
the “OnEndOfCycle” event is triggered at the end of each CPU cycle.
- The events “OnConfigurationChanged” and “OnEndOfCycle” is assigned an
event handler each.

S7-PLCSIM Advanced

Entry ID: 109739660, V1.0, 12/2016 13
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2.2 Programming in Visual Studio

No.

Description

public PLCInstance(string instanceName)
{
instance = SimulationRuntimeManager.RegisterInstance(instanceName);
instance.IsAlwaysSendOnEndOfCycleEnabled = true;
instance.CommunicationInterface = ECommunicationInterface.Softbus;
instance.OnConfigurationChanged += instance_OnConfigurationChanged;
instance.OnEnd0fCycle += instance_OnEndOfCycle;

=

Unregistering instance

Table 2-6: Class “MainWindow.xaml.cs”

No.

Description

Open the “MainWindow.xaml.cs” class in the “Views” folder.

The “Window_Closing” event calls the “Unregisterinstance()” function of the API
linstance. This deregisters the instance of the virtual controller again from the
Runtime Manager.

private void Window Closing(cbject sender, System.ComponentModel.CancelEventargs e)

ViewModels.MainkindowviewModel Application = this.DataContext as ViewModels.MainWindowviewodel;

LlUncegister Tnstance
I Application.virtualController.instance.UnregisterInstance(); I

}

The application is closed with the “EXIT” button or with the “close” icon of the user

interface.

This triggers the “Window_Closing” event.

Switching on instance
Table 2-7: Class “MainWindowViewModel.cs”

No.

Description

Open the class “MainWindowViewModel.cs” in the “ViewModels” folder.

By clicking on the “POWER ON” button on the user interface the method
“PowerOnPLClInstance()” of the virtual controller is called in the #region block
“Public Methods”.

f <summary>
n registred Instance of virtual controller

s ey
Ipuhlic vold PoweronController() I

Writestatusentry(Strinz. Format(“"Power On Instance: {8}", virtualController.instance.Name));
virtualController.PowerOnPLCInstance();

catch (SimulationRuntimeException simRtEx)

{
¥

WriteStatusEntry(String.Format("Poweron Instance failed: {@}", simRtEx.Message));

Table 2-8:

Class “PLClInstance.cs”

No.

Description

Open the “PLClnstance.cs” class in the “Models” folder.

The method “PowerOnPLClInstance()” in the #region block “Public Methods” calls
the functions “PowerOn()” and “SetlPSuite()” of the API lInstance.

The “PowerOn()” function creates the process for the simulation runtime instance
and starts the firmware of the virtual controller. As timeout value 60.000 ms have
been configured.

The “SetlPSuite()” function configures the network interface of the virtual

S7-PLCSIM Advanced

Entry ID: 109739660, V1.0, 12/2016 14
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No. Description
controller.
{/{ <summaryx

Powsr On PLCSIM Adv. Instanz, set IPSuite of instance
'summary >

[/ <retu Jfreturns:
public void PowerOnPLCInstance()
{
instance.PowerOn(6a068) ;
instance.SetIPSuite(@, instancelIP, true);
h

The parameters (IP address, subnet mask and standard gateway) of the network
interface are defined in the #region block “Properties” in the “instancelP” tag of
the “SIPSuite4” structure type.

private SIPSuite4 instanceIP = new SIPSuite4("192.168.8.181", "255.255.255.8", "@.@.@.8");

Switching off instance
Table 2-9: Class “MainWindowViewModel.cs”

No.

Description

Open the class “MainWindowViewModel.cs” in the “ViewModels” folder.

By clicking the “POWER OFF” button on the user interface, the method
“PowerOffPLClnstance()” of the virtual controller is called in the #region block
“Public Methods”.

registred Instance of virtual controller
LI/ </ summary>
public void PoweroffController()

: {8}", virtualController.instance.Name});

catch (SimulationRuntimeException simRtEx)

WriteStatusEntry(String.Format("Power0ff Instance failed: {@8}", simRtEx.Message));

¥

Table 2-10: Class “PLClInstance.cs”

No.

Description

Open the “PLClnstance.cs” class in the “Models” folder.

The method “PowerOffPLCInstance()” in the #region block “Public Methods” calls
the function “PowerOff()” of the API linstance. Shuts down the simulation runtime
and closes its process. As timeout value 6.000 ms have been configured.

S7-PLCSIM Advanced
Entry ID: 109739660,

[ <summary>
// Power OFF PLCSIM Adv. Instance
f44 </ summary>
public void PowerOffPLCInstance()
1
I instance.Power0ff (6e00); I
¥
V1.0, 12/2016 15
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Starting instance

Table 2-11: Class “MainWindowViewModel.cs”

No.

Description

Open the class “MainWindowViewModel.cs” in the “ViewModels” folder.

By clicking on the “RUN” button on the user interface, the method
“‘RunPLClnstance()” of the virtual controller is called in the #region block “Public
Methods”.

! <summary>
// Run registred Instance of virtual controller

</summary>
public void RunController()
{

try

{

i i lbiiiia t 2N CE . (2], virtualController. instance. Name))

| virtualController.RunPLCInstance();

H

catch (SimulationRuntimeZxception simRtEx)

WriteStatusEntry(String.Format("Run Instance failed: {@}! Please load plc program before execute RUN.", simRtEx.Message));

Table 2-12: Class “PLClInstance.cs”

No.

Description

Open the “PLClnstance.cs” class in the “Models” folder.

The method “RunPLClnstance()” in the #region block “Public Methods” calls the
function “Run()” of the API linstance. This function requests the virtual controller
to go to the RUN mode. As timeout value 6.000 ms have been configured.
;::T;?é;£ﬂ Adv. Instance

ﬁﬁbl;gbiglz é;nPLCInstance()

{

I instance.Run(6@ea); I

S7-PLCSIM Advanced
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2.2 Programming in Visual Studio

Stopping instance

Table 2-13: Class “MainWindowViewModel.cs”

No.

Description

Open the class “MainWindowViewModel.cs” in the “ViewModels” folder.

By clicking on the “STOP” button on the user interface, the method
“StopPLClInstance()” of the virtual controller is called in the #region block “Public
Methods”.

/ <summary
Stop registred Instance of virtual controller
/ff </summary>
public wvoid StepController()
{
try
1
Instance: {@}", virtualController.instance.Name));
}
catch (SimulationRuntimeException simRtEx)
WriteStatusEntry(String.Format("Stop Instance failed: {8}", simRtEx.Message));
}
}

Table 2-14: Class “PLClnstance.cs”

No.

Description

Open the “PLClnstance.cs” class in the “Models” folder.

The method “StopPLClnstance()” in the #region block “Public Methods” calls the
function “Stop()” of the API linstance. This function requests the virtual controller
to go to the STOP mode. As timeout value 6.000 ms have been configured.

/ ;z:;T;:E;IH Adv. Instance

A </ summary>
public void StopPLCInstance()

i
instance.Stop(6000);
¥

#endregion //Public Methods

S7-PLCSIM Advanced
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2.2 Programming in Visual Studio

Exchanging I/O data
Table 2-15: Class “PLClnstance.cs”

No.

Description

Open the “PLClnstance.cs” class in the “Models” folder.

The event handler “instance_OnConfigurationChanged” in the #region block
“Events” calls the function “UpdateTagList()” of the API lInstance. This function
reads the tags from the virtual controller and writes them, ordered by name, into
the joint memory.

In order to read the input and output tags of the virtual controller, the
“ETagListDetails.|O” parameter is transferred to the function.

/ <summary>
Event when Configuration changed of the PLC (during download)

[ </summary>
/ <param nal
/// <param name="in_Err

"in_Sender™> PLC which fired this event</param>
Code"> ErrorCode of Runtime of the PLC</param>
i B hen the configuration changed</param:>
Ivnid initan(E_Dn(anigurakinn(hanged(Ilniianca in_Sender, ERuntimefrrorCode in_ErrorCode, DsteTime in_DateTime,
TInor T - nfigChanged, uint in_Paraml, uint in_Param2, uint in_Param3, uint in_Param4)

{

IsConfigured = false;

try
{

I instance.UpdateTaglist(ETaglistDetails.I0); I
TStonTigured = troes

}
catch (Exception ex)
{
}
}

The event handler “instance_OnEndOfCycle” in the #region block “Events” calls
the functions “ReadBool()” and “WriteBool()” of the API linstance. Thus Boolean
tags of the virtual controller are read or written via the tag name.

void instance_OnEndOfCycle(IInstance in_Sender, ERuntimeErrorCode in_ErrorCode,
A ng in_CycleTime_ns, uint in_CycleCount)

if (IsConfigured)

1
try

{

// Read outputs of the virtual controller and assign to variables of the Co-Simulation

coSimulation.setOnBeltActive = instance.ReadBool("setOnBeltActive™);
coSimulation.moveBeltActive = instance.ReadBool("moveBeltActive™);
coSimulation.setOffBeltActive = instance.ReadBool("setOffBeltActive™);
coSimulation.releaseActive = instance.ReadBool("releaseActive™);
coSimulation.acknowledgeActive = instance.ReadBool("acknowledgeActive™)
coSimulation.restartActive = instance.ReadBool("restartActive™);

// Call the Co-Simulation programm
coSimulation.CoSimProgramm();

Llicite the Co-simulation wvalues to the dnputs of the virtusl controller

instance.WriteBool("sensorStartPos”, coSimulation.sensorStartPos);
instance.WriteBool("sensorBeltStart”, coSimulation.sensorBeltStart);
instance.WriteBool("sensorBeltDest"”, coSimulation.sensorBeltDest);
instance.WriteBool("sensorEndPos”, coSimulation.sensorEndPos);

}
catch (Exception ex)
i
¥
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2.2 Programming in Visual Studio

224 Programming the co-simulation

Simulation parameters
Table 2-16: Class “MainWindowViewModel.cs”

No.

Description

Open the class “MainWindowViewModel.cs” in the “ViewModels” folder.

In the #region block “Fields” a “transportSystem* tag of the “Cosimulation” object
type is defined.

public Cosimulation transportSystem = null;

In the constructor of class (#region block “C'Tor”) a new object “transportSystem’
of the class “Cosimulation” is created.
Simulation parameters:
- Simulation time of the robot arms and drives: 2.000 ms
- Simulation time of the sensors: 1.000ms
// New Cosimulation “transportSystem
// Simulation time movement 2888ms

// Simulation time sensor 1068ms
= o
ItransportSystem = new Cosimulation(2008, 1888);'

Data exchange

Table 2-17: Class “MainWindowViewModel.cs”

No.

Description

Open the class “MainWindowViewModel.cs” in the “ViewModels” folder.

In the constructor of class (#region block “C’'tor”) a reference to the
“coSimulation” object of the virtual controller is stored to the “transportSystem”
object.

virtualController.coSimulation = .trans.portSs.'stem;

Table 2-18: Class “PLClnstance.cs”

No.

Description

Open the “PLClnstance.cs” class in the “Models” folder.

In the event handler “instance_OnEndOfCycle” in the #region block “Events” the
read output tags of the virtual controller are transferred to the co-simulation (1).
Subsequently, there is a call of the co-simulation program “CoSimProgramm()”
(2). Finally, the simulated values of the co-simulation are written to the input tags
of the virtual controller (3).

/{ Read outputs of the PLC and assign to wvariables of the Co-Simulation
coSimulation.setOnBeltActive = instance.ReadBool("setOnBeltActive™);
cosimulation.moveBeltActive = instance.ReadBool("moveBeltActive™);
coSimulation.setOffBeltActive = instance.ReadBool("setOffBeltActive™);
coSimulation.releasehActive = instance.ReadBool("releasefctive™);
coSimulation.acknowledgeActive = instance.ReadBool("acknowledgefctive™);
coSimulation.restartActive = instance.ReadBool("restartictive™); \\

// Call the Co-Simulation programm

coSimulation.CoSimProgramm(); = (:) @

// Write the Co-Simulation values to the inputs of the” virtual controller
instance.WriteBool("sensorStartPos™, coSimulation.sensorStartPos);
instance.WriteBool("sensorBeltStart”, coSimulation.sensorBeltStart);

instance.WriteBool("sensorBeltDest™, coSimulation.sensorBeltDest);
instance.WriteBool("sensorEndPos”, coSimulation.sensorEndPos);

S7-PLCSIM Advanced
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2.2 Programming in Visual Studio

Simulation program

Table 2-19: Class “Cosimulation.cs”

No.

Description

Open the “Cosimulation.cs” class in the “Models” folder.

In the declaration of the class, Boolean tags are defined for the data exchange
with the virtual controller.

ff--// Inputs (Outputs of the virtual controller)
public bool setOnBeltActive;

public bool moveBeltActive;

public bool setOffBeltActive;

public bool releaseActive;

public beol acknowledgeActive;

public beool restartActive;

fi-=07

ff--// Outputs (Inputs of the virtual controller)
public beol sensorStartPos = false;

public beool sensorBeltStart = false;

public bool sensorBeltDest = false;

public beool sensorEndPos = false;

fi-=17

In the method “CoSimProgramm()” in the #region block “Cosimulation” the states
of the simulated system are programmed in a switch-case instruction. A more
detailed description can be found in chapter 3.2.2 or in the code comments.

public void CoSimProgramm()

{

if (restartActive) // Restart command from the virtual centroller

step = @; // Set start step
startedTimer = false; // Reset indicater for started timer
OnErrorSimulationStateChanged(this, new PropertyArgs("Black™)); // Reset "SIMULATE ERROR” button collor

}
if (run) // Active when "START" button pressed for Co-Simulation
OnOperatingStateChanged(this, new PropertyArgs("ACTIVE")); // Shows "ACTIVE” state of the Co-Simulation

// Reset all sensors at every call (sensors are set in the corresponding case)
sensorStartPos = false;

sensorBeltStart = false;

sensorBeltDest = false;

sensorEndPos = false;

switch (step)
{

case @: // Simulation of sensor: Package on start position
sensorStartPos = true; // Sensor active
if (!startedTimer) // Starts once the simulation time for the sensor
i
sensorTimer.Start(); // Start timer for sensor simulation
startedTimer = true; // Set indicator for started timer
if (setOnBeltActive & nextStep)// Next step after sensor simulation time elapsed and command from virtual controller
step = 1; // Set number of the next step
nextStep = false; // Reset next step variable
startedTimer = false; // Reset indicator for started timer
H
break-

S7-PLCSIM Advanced
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2.3 Operating the Application Example

2.3 Operating the Application Example

Note In order to start the PLCSIM Advanced simulation via the
“CoSimulationPlcSimAdv” application, you do not have to start the control panel
of PLCSIM Advanced.

231 Switching on virtual controller

Table 2-20: Switching on virtual controller

No.

Action

1.

Unzip the file “109739660_PLCSIM_Advanced_COSIM_APPL_V10.zip”". Open
“CoSimulationPIcSimAdv > bin > Release”. Start the application
“CoSimulationPlcSimAdv.exe”.

The user interface of the application opens. You can see the information that the
instance “TransportControl” has been registered in the status list.

@ PLCSIM ADVANCED COSIMULATION SRECE X
PLC Instance Co-Simulation
POWER ON START
POWER OFF STOP
RUN SIMULATE ERROR
STOP PACKAGE OK
9/12/2016 11:24:24 AM: Instance registered: TransportControl I

Optional: Start the Windows Task Manager and check the started process of the
Runtime Manager in “Processes”.

1% Windows Task Manager =S X

File Options View Help

| Applications | Processes |5ervices | Performance I Metworking I Users |

=
Image Name

Siemens. Simatic. Simulation.Runtime.Manager. exe *32 I
nagitsd.exe 32

SnagitEditor. exe *32

SnagPriv.e¥*32
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2.3 Operating the Application Example

No.

Action

3.

POWER ON

¢ PLCSIM ADVANCED COSIMULATION = | B | S

PLC Instance Co-Simulation
POWER ON START
POWER OFF STOP

RUM SIMULATE ERROR

STOP PACKAGE OK

9/12/2016 11:26:09 AM: Power On Instance: TransportControl
|

Note

card takes place and the virtual controller is in “Run” mode.

Click on the “POWER ON” button in the user interface to start the virtual controller.

¢ The instance of the virtual controller is started. If no program has been
loaded in the virtual controller, the virtual controller is in “Stop” mode.

If you have started the application before and have already loaded a program
in the virtual controller, an automatic upload from the virtual SIMATIC memory

Runtime Instance in “Processes”.

1% Windows Task Manager

Optional: Start the Windows Task Manager and check the started process of the

=AEE X

File Options View Help

| Applications | Processes |Seruices | Performance I Metworking I Users |

=
Image Mame

Siemens, Simatic, Simulation.Runtime, Instance, exe *32
Siemens, Simatic, Simulation. Runtime.Manager, exe *32
Snagit32.exe *32

SnagitEditor. exe *32

CranPriv.ave =323
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2.3 Operating the Application Example

2.3.2 Loading TIA Portal project into the virtual controller

Note In order to load the TIA Portal project into the virtual controller, first you have to
switch on the virtual controller (see chapter 2.3.1).

Table 2-21: Loading TIA Portal project into the virtual controller

No. Action
1. Open the TIA Portal project “109739660_Transport” from the download included
“109739660_PLCSIM_Advanced_S7_PROJ_V10.zip”.
2. 1. Select the PLC_1 from the project navigation.

2. Open the “Online” menu.
3. Select “Extended download to device...”.

Project Edit View Insert | Online WOotions Tools Window Help

S 3 seepose & | 0o By ik b
ﬁ' Exten online...
Project tree o oo -
&Y Go offline Ctrl+

[Devices | | B simulston :

N8
| CEton runtim

Crrl+L

* ] 109739660_Transport
K Add new device

Eg'h Devices & networks
| PLC_1 [CPU 1516-3 |
= HMI_1u Com »
] Ungml& @ vices
m Common data
Eﬂ] Documentation set

r v v v .w

o
T

s
4 Languages & resou . .
o quag Backup from online device

* [z Online access

¢ [ Card ReaderiUSE mem HMI Device maintenance 4
B9 Accessible devices... Crrl+U
M swartcru Crrl+Shift+E
[® stop crU crrl+5hift+Q
%, Online & diagnostics Cerl+D
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No. Action
3. Set “PLCSIM” as “PG/PC interface” and click on “Start search”.
Extended download to device [%
Configured access nodes of "PLC_1"
Device Device type Slot Type Address Subnet
PLC 1 CPU1516-3 PNIDP 1 X3 FROFIEUS 2
CPU 15163 PN/DP 1 X1 PNIIE 192.168.0.101 PMNIIE_1
CPU 15163 PNIDP 1 X2 PNIE 192.168.1.1
Type ofthe PG/PC interface: ﬁ_PNI’IE |'
PGIFCinterface:  [Rl FLCSIM [~|©
Connection to interface/subnet: | FNIE_1 |v @
[ [~]®

Select target device:

Show devices with the same address |V|

Device Device type Interface type Address Target device
= = PNIIE Access address =
Flash LED
Online status information: [] pisplay only error messages
| | Cancel
: : “ ”
4. Select the simulated CPU and click “Load”.
Extended download to device [%
Configured access nodes of "PLC_1"
Device Device type Slot Type Address Subnet
PLC_1 CPU 15163 FNIDP 1 X3 PROFIBUS 2
CPU 1516-3 PNIDP 1 X1 FMIE 192.168.0.101 PMIE_1
———— ]
CPU1516-3 PNIDP 1 X2 FNIIE 192.168.1.1
Type ofthe PGIPC interface: |i_PN|'IE |"
PGIPCinterface:  [Rall FLCSIM [~] ©@
Connection to interface/subnet: | FMIIE_1 |V‘ @
| [-]®
Selecttarget device: | show devices with the same address [ =]
— CPUcomman CFUcommon
"
[ Flash LED
Online status information: D Display only error messages
@ scan completed. 1 compatible devices of 1 accessible devices found.
¥ Retrieving device information... E
Scan and information retrieval completed.
V]
S—
Load Cancel
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No. Action
5. For the message that follows, click on “Load”.
Load preview %
9 Check before loading
Status |1 Target Message Action
41 ® ~ rc Ready for loading.
(] Simulated module  The download will be performed to a simulated PLC.
(V] b Software Download software to device Consistent download
] Text libraries Download all alarm texts and text list texts Consistent download
[<] 1] [[>]
e
| Finish | Load H Cancel |
o]
6. Enable the “Start all” option box and click on “Finish”.
Load results [%
9 Status and actions after downloading to device
Status  |! Target Message Action
1& & ~ rca Downloading to device completed without errar.
H b Starcmodules Startmodules after downloading to device. M swarall
[<] m |EX
\_’| Finish | | Loa ‘ ‘ Cancel |
2]
7. After the download, check whether the virtual controller has changed to the “Run”
mode.
3 1
¢ PLCSIM ADVANCED COSIMULATION SRICE X
PLC Instance Co-Simulation
Run STORPED
START
POWER OFF STOP
RUN SIMULATE ERROR
STOP PACKAGE OK
9/12/2016 11:26:09 AM: Power On Instance: TransportControl
9/12/2016 11:25:59 AM: Instance registered: TransportControl
p 4
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2.3.3 Starting WinCC Runtime

Table 2-22: Starting WinCC Runtime

No.

Action

Froject  Edit

e
]

View Insert Online

1. Select the HMI_1 in TIA Portal in the project navigation

Options  Tools Window Help

Gf Y Hsmepojet @ X H HX N BONEGER

Project tree

Devices

¥ ] 1097359660_Transport

B Add new device

i Devices & netwaorks

[78 PLC_1 [CPU 1516-3 PN/DF]

|—i HMI_1 [TP900 Comfort] v

v v viw w

-

E Ungrouped devices
ii Common data
[5]) Documentation settings
Ix_@ Languages & resources
3 Ix_m Online access
3 I"_w Card Reader/USE memaory

®

2. Click on “Start simulation” in the toolbar of the TIA Portal.

o After the compilation, the WinCC Runtime of the SIMATIC HMI starts.

T SVATIC W At Advanced

SIEMENS
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234 Starting the co-simulation

Note Set the virtual controller to “Run” mode to operate the co-simulation.

Table 2-23: Starting the co-simulation

No. Action
1. Click “START” in the user interface of the application to start the co-simulation.
r@') PLCSIM ADVANCED COSIMULATION =)
jecr |
PLC Instance Co-Simulation
STOPPED
START
POWER OFF STOP
RUN SIMULATE ERROR
STOP PACKAGE OK

9/12/2016 11:26:09 AM: Power On Instance: TransportControl
9/12/2016 11:25:59 AM: Instance registered: TransportControl

L =y
e The co-simulation places a package at the starting position and the
conveyor system starts moving. Once a package has been transported
away, a new crate is placed at the starting position.

SIEMENS SIMATIC HMI

2. Verify the function of the conveyor system in the simulated HMI screen.

S7-PLCSIM Advanced
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2.3.5 Restarting the conveyor system

Table 2-24: Restarting system

No.

Action

Click the “Restart” button in the simulated HMI screen.

SIEMENS

controller is initialized. Transportation is restarted.

SIEMENS

SIMATIC HMI

e The co-simulation places the package back at the starting position and the

SIMATIC HMI
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2.3.6 Simulating an error

Note Set the virtual controller to “Run” mode to operate the co-simulation.

Table 2-25: Simulating an error

No. Action

1. To simulate the falling off of a package from transport belt 1, click on the
“SIMULATE ERROR?” button in the user interface of the application during an
active co-simulation.

.
& PLCSIM ADVANCED COSIMULATION ] B
PLC Instance Co-Simulation
Run ACTIVE
POWER ON START
POWER OFF STOP
—
RUN SIMULATE ERROR

STOP

9/15/2016 3:45:28 PM: Co-Simulation started

9/15/2016 3:45:26 PM: Run Instance: TransportControl
9/15/2016 3:45:21 PM: Power On Instance: TransportContral
Q/15/201A 24137 PM: Tnctanrs ranicterad: TrancnartiC antral

¢ An activated error simulation is displayed by a red font color.
SIMULATE ERROR

2. Verify the following states in the simulated HMI screen:

e The package does not reach its target position before the second robot
arm within the configured monitoring time

e The “Error: Package down” is show.

SIEMENS SIMATIC HMI

3. You have the following options to remove the error:
e Restarting the (chapter 2.3.5)
¢ Removing and acknowledging error (see chapter 2.3.7)

S7-PLCSIM Advanced
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2.3.7 Removing and acknowledging error

Note Set the virtual controller to “Run” mode to operate the co-simulation.

Table 2-26: Removing and acknowledging error

No. Action
1. In the user interface of the application, click on “PACKAGE OK”. This simulates
manual picking up and placing the package on transport belt 1.
ry PLCSIM ADVANCED COSIMULATION @ﬂﬁ
EXIT
PLC Instance Co-Simulation
Run ACTIVE
POWER ON START
POWER OFF
RUMN @
- e
STOP i PACKAGE OK

9/15/2016 3:45:28 PM: Co-Simulation started -
9/15/2016 3:45:26 PM: Run Instance: TransportControl EI
9/15/2016 3:45:21 PM: Power On Instance: TransportControl

QMAGSITA 24137 P Tnctanra ranicterad: TrancnortCantral

LS

Verify that the package has been placed in front of the second robot arm.

Acknowledge Restart

3. Click the “Acknowledge” button in the simulated HMI screen to acknowledge the
error and to continue the transport.

Acknowledge

4, Check whether the transport is continued and the font of the “SIMULATE
ERROR” in the user interface appears in black again.

SIMULATE ERRCR
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2.3.8 Stopping the co-simulation

Note Set the virtual controller to “Run” mode to operate the co-simulation.

Table 2-27: Stopping the co-simulation

No. Action
1. In the user interface of the application, click on the “STOP” button.
(@ pLCSIM ADVANCED COSIMULATION [E=NEER
PLC Instance Co-Simulation
Run STOPPED
POWER ON START
POWER OFF —
RUN SIMULATE ERROR
STOP PACKAGE OK

9/15/2016 4:28:34 PM: Co-Simulation stopped

9/15/2016 42815 PM: Co-Simulation started

9/15/2016 4:28:04 PM: Power On Instance: TransportControl
QM1 5/IN1R 42755 DM Tnctanrs ranisterad: Trancnnrt antral

e The co-simulation is stopped in the current step.

Note . . : .
When you stop the co-simulation while the package is on transport belt 1, the

monitoring time for transport belt 1 can be exceeded in the controller. As a result,
the error of a fallen down package is displayed. In this case, restart the conveyor
system (chapter 2.3.5), to resynchronize the co-simulation and the system
control.

S7-PLCSIM Advanced
Entry ID: 109739660, V1.0, 12/2016 31



2 Engineering

© Siemens AG 2016 All rights reserved

2.3 Operating the Application Example
2.3.9 Switching off virtual controller

Table 2-28: Switching off virtual controller

No. Action
1. Click the “POWER OFF” button in the user interface of the application.
(@ PLCSIM ADVANCED COSIMULATION E=E)
PLC Instance Co-Simulation
off STOPPED
POWER ON START
sTOP
RUN SIMULATE ERROR
STOP PACKAGE OK

9/15/2016 £:38:16 PM: Power Off Instance: TransportControl
9/15/2016 43806 PM: Power On Instance: TranspartControl
0/15/2016 £:37:58 PM: Instance registered: TransportControl

L J

2. Optional: Check whether the virtual controller is switched off and the process of
the Runtime Instance in the Windows Task Manager has been ended.

2.3.10 Closing application

Table 2-29: Closing application

No. Action
1. In the user interface of the application, click on the “EXIT” button or the “close”
icon to close and exit the application.
¢ PLCSIM ADVANCED COSIMULATION SRE (X
for ]
PLC Instance Co-Simulation
Run ACTIVE
|
POWER OFF STOP
RUN SIMULATE ERROR
STOP PACKAGE OK

9/15/2016 4:42:35 PM: Co-Simulation started

9/15/2016 4:42:32 PM: Power On Instance: TransportControl
0/15/2016 4:38:16 PM: Power Off Instance: TransportControl
QM 5/201R 4-380A Ph- Powwar Oin Inctance: Trancnart”nntrnl

2. Optional: Check whether the process of the Runtime Manager and the Runtime
Instance in the Windows Task Manager has been ended.
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3.1 Basics of S7-PLCSIM Advanced

2.3.11 Error handling

In the list box of the user interface the errors are shown with a note indicating the
cause.

Figure 2-2: List box

& PLCSIM ADVANCED COSIMULATION E=REE™
PLC Instance Co-Simulation
Stop
POWER ON START
POWER OFF STOP
RUN SIMULATE ERROR
STOP PACKAGE OK
9/15/2016 4:48:31 PM: Run Instance failed: Error Code: -11, Timeout! z
Please load plc program before execute RUN,
8/15/2016 4:48:31 PM: Run Instance: TransportControl
8/15/2016 4:48:18 PM: Power On Instance: TransoortControl -
3 Valuable Information

3.1 Basics of S7-PLCSIM Advanced

This chapter includes basics of S7-PLCSIM Advanced. Detailed information can be
found in the function manual “SIMATIC S7-PLCSIM Advanced” \3\.

https://support.industry.siemens.com/cs/ww/en/view/109739153

3.1.1 Installation

If you intend to execute several instances of PLCSIM Advanced in parallel or
simulate the communication between PLCSIM Advanced V1.0 and operator panels
as of version 14.0, you require powerful computer hardware.

Requirements for the installation
Before you start the installation, the following requirements have to be fulfilled:

e Hardware and software of the PC or of the SIMATIC Field PG fulfill the system
requirements (see function manual “SIMATIC S7-PLCSIM Advanced”, chapter
“System requirements®).

e The person who performs the installation has the administrator rights on the
respective computer.

S7-PLCSIM Advanced
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e No other programs are active. This also applies to the Siemens Automation
License Manager and other Siemens applications.

e All S7 PLCSIM versions as of V12 have been uninstalled.

A requirement for the installation of SIMATIC S7-PLCSIM Advanced is that no

other S7-PLCSIM installation is on the same computer.

Difference between S7-PLCSIM V14 and PLCSIM Advanced V1.0

Table 3-1: Difference between PLCSIM Advanced and PLCSIM V14

Function

PLCSIM Advanced V1.0

PLCSIM V14

Runtime

Independent

Together with STEP 7

User interface

Control Panel

Look&Feel of TIA Portal

Communication

Softbus, TCP/IP

Only softbus

Supported CPU families

S7-1500(C,T,F), ET 200SP
and ET 200SPF

S7-1200(F),
S7-1500(C,T,F), ET 200SP
and ET 200SPF

AP for co-simulation V4 X
Web server A e
OPC UA V4 X
Process diagnostics V4 V4

S7 communication VA4 Via softbus
Open user communication A Via softbus
Traces! VA4 )
Motion® V4 )
Protected blocks (KHP) V4 X
Multiple instances Upto 16 Upto2
Distributed instances v hod
Virtual time A e
Connection of real V4 X
CPUs/HMIs

DNS use V4 X
Virtual memory card A e

! For PLCSIM V14 this can be monitored in the TIA Portal; for PLCSIM Advanced
V1.0 it can additionally be monitored in the web server.

% For PLCSIM V14 the axes are always in simulation mode; for PLCSIM Advanced
V1.0 the axes can also be operated in “Real” mode.

S7-PLCSIM Advanced
Entry ID: 109739660, V1.0, 12/2016 34



© Siemens AG 2016 All rights reserved

3 Valuable Information

3.1 Basics of S7-PLCSIM Advanced

3.1.3 User interface

Starting PLCSIM Advanced
Table 3-2: Starting PLCSIM Advanced

No. Action
1. Double click the PLCSIM Advanced icon on the Windows desktop to start the
program.
ALY
2. Right-click the PLCSIM Advanced icon in the info area of the task bar.
Note:

You can permanently show the icon in the info area of the task bar via the
Windows functions.

@ W &
i A Ny
57-PLCSIM Ac\@/)ed V1.0 ‘

1 Local Instance(s) 1 ON /0 OFF

Customize...

o 10:29 AM
S [P 12/15/2016

The graphic interface of PLCSIM Advanced (Control Panel) is opened. Clicking
on a free space on the desktop closes the graphic interface again.
ez edv10

PLCtpe Unspeifed CPU1500 .

1 Actve PLC Instance(c

DEE A /19216601 ® x

Control Panel

The control panel is optional and is not required for the operation of S7-PLCSIM
Advanced via the API.
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Figure 3-1:

O—
@_
O—

GG

Control Panel

PIC s7-PLCSIM Advanced V1.0

SIM Control Panel

p_m Online Access
@ PLCSIM ® PLCSIM Virtual Eth. Adapter

0.01 Off 100

~ ) Start Virtual 57-1500 PLC
Instance name PLC_1

PLC type Unspecified CPU 1500

1 Active PLC Instance(s):
OEE pc1 /£192.168.0.1 O x

Runtime Manager Port 50000 (]
Virtual SIMATIC Memory Card
Show Balloon Messages

[ By

Function Manual

€ Eat

The following table shows the basic functions of the control panel from Figure 3-1:
Table 3-3: Functions of the control panel

No.

o

Function

Switch for selecting the communication interface.
e PLCSIM corresponds to the local communication via softbus.

e PLCSIM Virtual Ethernet Adapter corresponds to the communication via

TCP/IP.

Selection of the network card for the distributed communication.

Select the scaling factor for the virtual time with the slider.

Enter a unique name (at least three characters) for the instance under the
“Instance name”. If there is already a name in the directory of the virtual
SIMATIC memory card, the already existing instance is started.

Selected the CPU type to be simulated under “PLC Type”.

In addition, the input fields IP address, subnet mask and default gateway
become visible here when you switch the communication interface to “PLCSIM
Virtual Ethernet Adapter”.

The list shows the locally existing instances. The meaning of the LED and the
buttons are shown when you move the mouse pointer over them.

Here, you open a port to the local PC. Via the set port a remote connection to
another Runtime Manager can be established.

Open an Explorer window here with the path to the virtual memory card.
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No. Function
8. Here, disable the PLCSIM Advanced messages in the Windows taskbar for the
duration of the operation.
9. Open the function manual “SIMATIC S7-PLCSIM Advanced” in the standard PDF
viewer here.
10. Switches off all local instances and deregisters you from the Runtime Manager.
314 General properties

Fields of application

Advantages

Function test of the STEP 7 program — also in the context of a system/machine
Virtual function validation right up to virtual commissioning

Training for S7-1500 automation without hardware (operator training)

Factory Acceptance Test (FAT)

The use of S7-PLCSIM Advanced offers several advantages:

Early error detection and validation of functionality > High quality of the
STEP 7 program code

Nor real S7-CPU hardware necessary - Saving of hardware costs
Efficiency enhancement through optimization of program parts
Shortened development times or of time-to-market

Reducing risks for commissioning

Early training of operators possible (operator training)

Local and distributed communication

Apart from the local communication via softbus, S7-PLCSIM Advanced offers a full-
featured Ethernet connection and can therefore also perform distributed
communication.

For the communication between STEP 7 and the instances of the PLCSIM
Advanced the following communication paths and options are available:

Table 3-4: Communication paths

Communication paths Local Distributed
Protocol Softbus TCP/IP TCP/IP
Communication interface in PLCSIM PLCSIM PLCSIM
PLCSIM Advanced Virtual Virtual

Ethernet Ethernet
Adapter Adapter

STEP 7 and instances onaPC/ onaPC/ distributed

a VM a VM
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Table 3-5: Communication options

Communication options Local Distributed
Protocol Softbus TCP/IP TCP/IP

between STEP 7 and instances yes yes yes

between instances yes yes yes

via OPC UA and web server no yes yes

between an instance and a real hardware no no yes

CPU

between an instance and a real HMI V14 no no yes

between an instance and a simulated HMI yes yes no

V14

Distributed communication

Distributed communication means that S7-PLCSIM Advanced instances can be
connected via the PLCSIM Virtual Switch to a network. Thus, instances can also
communicate across all computers with other devices.

A communication with real or simulated CPUs or HMIs is possible.

Virtual time behavior
The virtual controller internally uses two types of clocks for the simulation:
e Virtual clock

Forms the basis for the application program and is used by components that
are dependent on control processes (for example, cyclic OBs, cycle
monitoring, minimal cycle time, system time and time calculations).

The virtual clock can be accelerated or slowed down.
e Real clock

Cannot be accelerated or slowed down and is used by components that are
not dependent on control processes, for example, the communication with
STEP 7.

With PLCSIM Advanced you can slow down or accelerate the virtual clock for test
purposes.

Note If you receive a cycle time error during the simulation of a program, slow down
the virtual clock by selecting a scaling factor smaller 1.

3.1.5 Simulation

Supported CPUs

S7-PLCSIM Advanced V1.0 supports the simulation of all hardware CPUs of the
S7-1500 product family. All firmware versions are supported, however, V2.0 is
recommended.
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Table 3-6: Supported hardware

Type

Article number

Standard CPUs

CPU 1511-1 PN
CPU 1513-1 PN

CPU 1515-2 PN

CPU 1516-3 PN/DP

CPU 1517-3 PN/DP?

CPU 1518-4 PN/DP?

CPU 1518-4 PN/DP ODK?*®

6ES7511-1AK01-0AB0O
6ES7513-1AL01-0ABO

6ES7515-2AM01-0ABO
6ES7516-3AN01-0ABO
6ES7517-3AP00-0AB0O
6ES7518-4AP00-0ABO
6ES7518-4AP00-3ABO

Fail-safe CPUs

CPU 1511F-1 PN
CPU 1513F-1 PN

CPU 1515F-2 PN

CPU 1516F-3 PN/DP

CPU 1517F-3 PN/DP?

CPU 1518F-4 PN/DP?

CPU 1518F-4 PN/DP ODK?*®

6ES7511-1FK01-0ABO
6ES7513-1FL01-0ABO

6ES7515-2FM01-0ABO
6ES7516-3FN01-0ABO
6ES7517-3FP00-0ABO
6ES7518-4FP00-0ABO
6ES7518-4FP00-3AB0O

Compact CPUs"

CPU 1511C-1 PN
CPU 1512C-1 PN

6ES7511-1CKO00-0ABO
6ES7512-1CK00-0ABO

ET 200SP-CPUs

CPU 1510SP-1 PN
CPU 1510SP F-1 PN
CPU 1512SP-1 PN
CPU 1512SP F-1 PN

6ES7510-1DJ01-0AB0O
6ES7510-1SJ01-0ABO
6ES7512-1DK01-0AB0
6ES7512-1SK01-0AB0O

Technology CPUs

CPU 1511T-1 PN
CPU 1515T-2 PN

CPU 1517T-3 PN/DP?**
CPU 1517TF-3 PN/DP**

6ES7511-1TK01-0ABO
6ES7515-2TM01-0ABO
6ES7517-3TPO0-0ABO
6ES7517-3UP00-0ABO

Y The onboard periphery within the compact CPUs is not simulated. The simulation
interface corresponds to the process image.

? The ODK functionality of this CPU is not simulated.

¥ The simulation of this CPU only supports 5120 motion control resources.

“ The simulation of this CPU only supports 64 cam disks.
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Communication services that can be simulated

S7-PLCSIM Advanced V1.0 supports the simulation of the following communication

services:

Table 3-7: Communication services that can be simulated

Communication services

Description

PG communication

On commissioning, test and diagnostic

Open communication via TCP/IP

TSEND_C/TRCV_C
TSEND / TRCV
TCON

T_DISCON

Open communication via
ISO-on-TCP

TSEND_C/TRCV_C
TSEND / TRCV
TCON

T_DISCON

Open communication via UDP*

TUSEND / TURCV
TCON
T_DISCON

Communication via Modbus TCP

MB_CLIENT
MB_SERVER

E-Mail*

TMAIL_C

S7 communication

PUT / GET
BSEND / BRCV
USEND / URCV

OPC UA Server'

Data exchange with OPC UA clients

Web server*

Data exchange via HTTPS

l)'Only via the communication interface “PLCSIM Virtual Ethernet Adapter”

(TCP/IP).
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3.1.6

Components of the Simulation Runtime

User interfaces (API)

Through the user interfaces PLCSIM Advanced enables the interaction with
external applications, for example, own C++/C# programs or software for the
simulation of production machines and systems.

You access the simulation Runtime via the Runtime API. The Simulation Runtime
Manager manages the runtime instances. The runtime instances load the libraries

of the virtual controller.

Figure 3-2: External application and Simulation Runtime

Simulation Runtime

Manager

Simulation Runtime

Runtime external
API | Application

A

Runtime
Instance

Virtual
Controller

The following table shows the relevant components for handling the simulation
Runtime of the PLCSIM Advanced.

Table 3-8: Simulation Runtime components

Component

Description

Runtime.Manager.exe

Siemens.Simatic.Simulation.

A Windows process that is running in the background.
Main component of Runtime that manages all other
Runtime components.

The process is started automatically as soon as an
application tries to initialize the Runtime API. The process
is ended automatically as soon as no application is running
that has initialized the Runtime API.

Runtime.Instance.exe

Siemens.Simatic.Simulation.

The process of the instance that loads a DLL of a virtual
controller. Every virtual controller creates its own process
each.

Runtime.Api.x86.dll

Runtime.Api.x64.dll

Siemens.Simatic.Simulation.

Siemens.Simatic.Simulation.

API libraries that has to load an application in order to use
the Simulation Runtime. The libraries include interfaces for
native and managed code.

The "Runtime.Api.x86.dIl" is exclusively loaded by 32-bit
applications, the Runtime.Api.x64.dll by 64-bit applications.
The DLLs are based on .NET Framework 4.0.
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Component Description

SimulationRuntimeApi.h Header file that describes all data types that require a
Native C++ application in order to use the API library.

Runtime API

The Runtime API provides the interface to an external application. These include
functions with which you can, for example, create instances, change the mode of
the virtual controller and exchange 1/O data.

The following interfaces are used in this application example:

e ISimulationRuntimeManager
Interface of the Runtime Manager. This interface is used to register new
Runtime instances, to browse already existing ones and to get an interface of a
registered instance. In a Runtime Manager up to 16 instances can be
registered.

e lInstance
Interface of a Runtime Instance. This interface is used to change the operating
mode of a virtual controller and to exchange I/O data. Each instance has a
unique name and an ID.
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3.2 Details on the functionality
3.21 TIA Portal program
Structure

Figure 3-3: Configuration of the TIA Portal program

T

Lal

> Initialize > SetOnBelt
- £
> ReadInputs > MoveBelt
L
Main a San
B FB
> Transport > setOffBelt
S £
> WriteOtputs > Release

Monitoring time of the transport belt 1

The monitoring time for the transport belt 1 in the “Transport” function block is
defined as a time constant with the value 5000 ms. In step 3 “Move belt” the entire

activation time of the step is monitored.

Figure 3-4: Monitoring time

109739660 _Transport » PLC_1 [CPU 1516-3 PN/DP] » Program blocks *» Transport [FB1]

0‘9%?10““3'
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» Interlock (c)-: CheckError
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i
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N
23
6]
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Sequence control

The complete sequence control of the conveyor system is programmed in the
“Transport” function block with S7-GRAPH. The following sequence diagram
provides the course of the sequence.

Figure 3-5: Sequence control of the conveyor system

S
Check package at
start position

S2
Set package on belt

S3
Move belt

S4
Set package off belt

S5
Release package
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3.2.2 Co-simulation program

Overview

The co-simulation program is programmed in the Visual Studio project in the
method “CoSimProgramm()” of the class “Cosimulation.cs”.

The program is programmed in a step sequence (switch-case). For the simulation
of a sensor and the operation of a machine, a timer is started in the respective
step, after its lapse the “nextStep” tag is set.

The following figure shows the program sequence of the co-simulation.

Figure 3-6: Co-simulation program sequence

nextStep
2 Y
=l ] = @
o o >
+ 2 + ﬁ + 3 + 5
52 5 5% 5 5& 5 5%
restartActive a8 a a9 a a's a a®
£ty & 88 5 8% 8§ B+
\ c g c c £ c c ¥ c c ¢
Step > 0 1 > 4% >4 5 6 7 -
sensorStartPos 1 0 o i 0o i o 0 0 0
sensorBeltStart 0 0 1 0 0 0 0 0
sensorBeltDest 0 0 0 0 1 0 0 0
sensorEndPos 0 0 0 0 0 0 1 0
error acknowledgeActive

W H
Error simulation (step 99)

packageOk = sensorBeltDest= 1

Error simulation

By setting the “error” tag, it is simulated that a package falls down from transport
belt 1.

When the “error” tag is set, the program interrupts the regular sequence in step 3
and jumps to step 99 (error simulation).

The error simulation is ended, when the package is replaced onto transport belt 1

(“packageOk”) and the error is acknowledged in the controller (acknowledgeActive)

or the system is restarted (restartActive).

Note Additional description of the co-simulation program can be found in the
comments in the program code.
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4.1

Appendix

Service and Support

Industry Online Support

Do you have any questions or need support?

Siemens Industry Online Support offers access to our entire service and support
know-how as well as to our services.

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

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

Technical Support

Siemens Industry's Technical Support offers quick and competent support
regarding all technical queries with numerous tailor-made offers — from basic
support to individual support contracts.

Please address your requests to the Technical Support via the web form:
www.siemens.en/industry/supportrequest.

Service offer

Our service offer comprises, among other things, the following services:
e Product Training

e Plant Data Services

e Spare Parts Services

e Repair Services

e On Site and Maintenance Services

e Retrofit & Modernization Services

e Service Programs and Agreements

Detailed information on our service offer is available in the Service Catalog:
https://support.industry.siemens.com/cs/sc

Industry Online Support app

Thanks to the "Siemens Industry Online Support” app, you will get optimum
support even when you are on the move. The app is available for Apple iOS,
Android and Windows Phone.
https://support.industry.siemens.com/cs/en/en/sc/2067
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4.2 Links and Literature

Table 4-1

No.

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

\2\ This document
https://support.industry.siemens.com/cs/ww/en/view/109739660

\3\ SIMATIC S7-PLCSIM Advanced function manual
https://support.industry.siemens.com/cs/ww/en/view/109739153

4.3 Change documentation
Table 4-2
Version Date Modifications
V1.0 12/2016 First version
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