G0
DG
Universityof S22

Strathclyde
Glasgow

Strathprints Institutional Repository

Blair, Steven Macpherson (2015) Beckhoff and TwinCAT 3 System
Development Guide. [Report] ,

This version is available at http://strathprints.strath.ac.uk/55254/

Strathprints is designed to allow users to access the research output of the University of
Strathclyde. Unless otherwise explicitly stated on the manuscript, Copyright © and Moral Rights
for the papers on this site are retained by the individual authors and/or other copyright owners.
Please check the manuscript for details of any other licences that may have been applied. You
may not engage in further distribution of the material for any profitmaking activities or any
commercial gain. You may freely distribute both the url (http://strathprints.strath.ac.uk/) and the
content of this paper for research or private study, educational, or not-for-profit purposes without
prior permission or charge.

Any correspondence concerning this service should be sent to Strathprints administrator:

strathprints@strath.ac.uk


http://strathprints.strath.ac.uk/
mailto:strathprints@strath.ac.uk

AL

D
University of X

Strathclyde

Engineering

Beckhoff and TwinCAT 3 System Development Guide

December 2015

Steven Blair
University of Strathclyde

The place of useful learning

The University of Strathclyde is a charitable body, registered in Scotland, number SC015263



Contents

1 )i geTe [UTo{ o] o RO TTP RS PPPUPRPRPT 2
2 TwinCAT 3 Installation on f)evelopment PC o) 3
3  Connecting to a Hardware COoNtroller............ueeiiiiiiiiiiieeeeee e 4
4 TwinCAT 3 - Typical C++ I5roject CoNfIQUIatioN.......cooueeeie i 5
A Gt MOAUIE ettt e e e e e e e e e e et e e e aaeeeeeanes 5
4.2  Assigning Module Instances to PrOCESSOr COMES oo 9
4.3 USING @ TMOC FIIE cvuovoooooooooooeoo oo 11
44 Real-Time 1Y (o] g1 (o] ¢ oo TR PP P PP PRRPP PRSPPI 13
|5 Integrating SIMUINK MOGEIS ..........eeiiiiiieiie et e e nnee s 16
5.1 Manual Compilation of Generated C++ Code within TWiNnCAT .......coovvvvvvvivvvvennnnn. 16
5.2  Using Simulink-TWINCAT 3 INtegration..........cc.uuveeiiiiiiiiiiiiieeee e 18
|6 RETEIEINCES. ...ttt ettt e e e et e et e st e e st e e beesnteesteeenseesnseeaneeeseeanns 20
Abbreviations

CPU Central Processing Unit
10 Input or Output

PC Personal Computer

PMU Phasor Measurement Unit
TMC TwinCAT Module Class
WDK Windows Driver Kit



1 Introduction

This document is a guide for setting up a Beckhoff hardware controller and a development
PC. It is assumed that the development PC runs Windows 7 or Window 8/8.1, although other
versions of Windows (including 32-bit and 64-bit) should also work. In particular, guidance is
given on using C++ modules and integrating MATLAB Simulink models within TwinCAT 3.

This guide supplements existing Beckhoff documentation:

o Webinar on TwinCAT 3 C++ integration:

http://multimedia.beckhoff.com/webinar/en/Webinar TwinCAT 3 C plusplus Integral

tion/default.htm|

e  C++ Quick Start Guide:

https://infosys.beckhoff.com/english.php?content=../content/1033/tc3 ¢/7205759414 |

8625035.html&id=|

e The comprehensive manual is available here:
[ftp://ftp.beckhoff.com/Document/automation/twincat3/TC1300 C EN.pdf|

o The Beckhoff Information System (available at:
[http://infosys.beckhoff.com/index en.htm)  contains general documentation and
some code examples; however, many examples are for TwinCAT 2 and cannot be
used in TwinCAT 3.



http://multimedia.beckhoff.com/webinar/en/Webinar_TwinCAT_3_C_plusplus_Integration/default.htm
http://multimedia.beckhoff.com/webinar/en/Webinar_TwinCAT_3_C_plusplus_Integration/default.htm
https://infosys.beckhoff.com/english.php?content=../content/1033/tc3_c/72057594148625035.html&id=
https://infosys.beckhoff.com/english.php?content=../content/1033/tc3_c/72057594148625035.html&id=
ftp://ftp.beckhoff.com/Document/automation/twincat3/TC1300_C_EN.pdf
http://infosys.beckhoff.com/index_en.htm

2 TwinCAT 3 Installation on Development PC

1. Install Visual Studio. There are several versions which are compatible with TwinCAT
3, and provide full functionality:

a. Free download: Visual Studio Community 2013 (available here:
[https://www.visualstudio.com/en-us/news/vs2013-community-vs.aspx). Note
that TwinCAT 3 does not yet support the 2015 version.

b. Commercial: Visual Studio 2010, 2012, or 2013 (Professional, Premium, or
Ultimate).

c. Within Strathclyde, the 2013 Professional edition can obtained from the
[Microsoft DreamSpark agreement| for teaching and non-commercial research
purposes.

Note that if you install TwinCAT 3 without Visual Studio already installed, it will install
“Visual Studio 2010 Shell”. This version is not suitable for C++ development or

debugging.
2. Install Microsoft Windows Driver Kit (WDK) 7 and set up a Windows environment
variable, as described by the following instructions:

http://infosys.beckhoff.com/english.php?content=../content/1033/tc3 ¢/54043195639 |
122187.html&id=|

3. Download TwinCAT 3 from |http:/www.beckhoff.co.uk/english.asp?download/tc3-|

| downloads.htm?id=1905053019883865|

a. You need to create an account on the Beckhoff website to access downloads.

b. The specific download is found in the “Software” > “TE1xxx | Engineering”
section, and is called “TwinCAT 3.1 — eXtended Automation Engineering
(XAE)".

4. When using TwinCAT 3, you might be asked to create or renew licenses. This is
normal. Licenses last for one week, but can be simply renewed, perpetually, when
needed. Licenses only need to be purchased for commercial work.

5. For 64-bit targets, two additional steps must be done:

a. On the development PC, set up digital driver signing. The process is given
here:
http://infosys.beckhoff.com/english.php?content=../content/1033/tc3 ¢/63050
394893879947.htm|&id=| Note that step 3 is only required for executing the
system on the local development machine.

b. On the hardware target, execute the “bcdedit /set testsigning yes” command
(step 3 from the link above) and reboot the device.

6. Visual Studio with TwinCAT 3 can be opened form the Windows system tray icon,
and a new TwinCAT 3 project can be created as described here:

http://infosys.beckhoff.com/english.php?content=../content/1033/tc3 ¢/54043195639

143947.html&id=17135



https://www.visualstudio.com/en-us/news/vs2013-community-vs.aspx
http://e5.onthehub.com/d.ashx?s=8ehdmeqa5z
http://infosys.beckhoff.com/english.php?content=../content/1033/tc3_c/54043195639122187.html&id
http://infosys.beckhoff.com/english.php?content=../content/1033/tc3_c/54043195639122187.html&id
http://www.beckhoff.co.uk/english.asp?download/tc3-downloads.htm?id=1905053019883865
http://www.beckhoff.co.uk/english.asp?download/tc3-downloads.htm?id=1905053019883865
http://infosys.beckhoff.com/english.php?content=../content/1033/tc3_c/63050394893879947.html&id=
http://infosys.beckhoff.com/english.php?content=../content/1033/tc3_c/63050394893879947.html&id=
http://infosys.beckhoff.com/english.php?content=../content/1033/tc3_c/54043195639143947.html&id=17135
http://infosys.beckhoff.com/english.php?content=../content/1033/tc3_c/54043195639143947.html&id=17135

3 Connecting to a Hardware Controller

A TwinCAT *“target” is the hardware device which will ultimately execute a control system.
Typically, the target will be one of the Beckhoff hardware controllers (such as the CX1020,
etc.), but the local development PC can also be used as the target for testing purposes.

To use a hardware controller:

1.

w

Connect one of the Ethernet interfaces on the Beckhoff controller to the development
PC. This can be a direct connection, or via a switch. Set the PC's network interface
IP address to be on the same subnet as the control. For example, if the controller’s
IP address is 192.168.2.10 with a subnet mask of 255.255.255.0, then the PC’s IP
address could be set to 192.168.2.20. Note that Beckhoff controllers must not be
added to a corporate Windows domain, because this conflicts with the functionality.
Create a new TwinCAT 3 project (or use an existing project) in Visual Studio.

In the Solution Explorer panel, double-click on the “SYSTEM” for your project and
select “Choose target...”. Select “Search (Ethernet)”. Press "Broadcast Search" and
select the appropriate network interface (if there is more than one). Select the
appropriate controller device in the list. You may need to select the "IP address"
radio box before adding the route. Enter the device username and password (by
default: "Administrator" and "1"). This process is described in further detail here:

http://infosys.beckhoff.com/english.php?content=../content/1033/tc3 system/html/tcs |

ysmgr addroutedialog.htm&id=



http://infosys.beckhoff.com/english.php?content=../content/1033/tc3_system/html/tcsysmgr_addroutedialog.htm&id=
http://infosys.beckhoff.com/english.php?content=../content/1033/tc3_system/html/tcsysmgr_addroutedialog.htm&id=

4 TwinCAT 3 - Typical C++ Project Configuration

This section describes adding a C++ module to a TwinCAT 3 project.

4.1 C++ Module

In the Solution Explorer panel, right click on “C++” and “Add New Item...”. Select “TwinCAT

Driver Project”, choose a name, and click on “Add”.

+ I

Search Installed Templates (Ctrl+E)

Add New Item - Test multi-core
4 Installed Sort by:|DefauIt v| = =
TwinCAT C++ Dri

wn pltdheali g TwinCAT Driver Project TwinCAT C++ Driver

P Online
TwinCAT Static Library Project TwinCAT C++ Driver
Click here to go online and find templates.

Name: |Mu|tiCDrercessing |
Location: |c\usersinau03113.ds\documentsivisual studio 2013\Projects\TwinCAT Project1\TwinCAT Project] ~|

P~
Type: TwinCAT C++ Driver
Creates a TwinCAT driver project.

Figure 1: Initial C++ module creation

There are several C++ module templates to choose from:



4 Installed Sort by: | Default _. é“Sear(.h Installed Templates (Ctrl+E) Pl 'I

HWInCARE 2 Mornle - TwinCAT Module Class TwinCAT C++ Module pcRlmachliC s Mocls

I Online Creates a new TwinCAT module class

TwinCAT Module Class with ADS port TWinCAT C++ Module whichimplements the cychicicaller
interface and which has an input and

output data area.
TwinCAT Module Class with Cyclic Caller TwinCAT C++ Module

winCAT Module Class w i TwinCAT C++ Module
TwinCAT Module Class with Data Pointer TwinCAT C++ Module

TwinCAT Module Class for RT Context TwinCAT C++ Module

Click here te go online and find templates.

[€\Users\nau03113.D8\documents\visual studio 2013\Prajects\TwinCAT Project1\TwinCAT Project ~ | Browse...

| Add

Figure 2: C++ module template

Select the option with “Cyclic 10” and click on “Add”. Select a name for the Module Class:



Short name

Class name

Header file name

Source file name

This results in a “Module Project” with a TwinCAT Module Class (TMC) file and some pre-
generated C++ code. For example a template CycleUpdate() function has been created

V>

=
| A
A
4 &
SingleCoreModule

Cancel

oK

Figure 3: Module Class name

within the main module C++ file (SingleCoreModule.cpp in this example):




b‘ TwinCAT Project1 - Microsoft Visual Studio L3 ¥  QuickLaunch (Ctrl+Q) Pl- 8 x

ELE EDIT VEW PROECT BULD DEBUG TWINCAT PLC TEAM TOOLS TEST SCOPE ANALVZE WINDOW  HELP signin [

©-0|B-O-2 M| %9 T | P TwinCAT Debugger - - [Release ~| [TwinCAT RT 664y ~|| 5% [pMu_Becknoft_Test_Ob; JRmsrmErecHB- . Fwma |
Y| B2\ @6t | [cxaoaron | | s i | - =

B sinstecoreModuiecpp 5 X

@ o-2dm|o s = - CingleCareModule -le Task *ipTask, Telnknown * ipCaller, ULONG_PTR context) -

p |

Search Solution Explorer (Ctrl+) T =2

5] Selution TwinCAT Project" (1 project)
4 Gl Testmuti-core
a [l sysTEm
% License
@ Real-Time
& Tasks
fe Routes
[ T<COM Objects
MOTION

a
4 [ie] MuttiCoreProcessing
(%] MultiCoreProcessing Project
b 4 Bternal Dependencies
4 4] Header Files
b B MuktiCoreProcessingClassFactoryh
B MultiCoreProcessinglnterfaces.h
b B MuktiCoreProcessingSenvces.h
b B Resourceh
b @ SingleCoreModuleh
B TcPchh
4 ] SourceFiles
[M MuttiCoreProcessing.rc
b+ MultiCoreProcessingClassFactory.cop
b+ SingleCoreModule.cop
++ TcPch.cpp
4 ] TMCFiles
[} MultiCoreProcessing.tme
b 5 TwinCAT T Files
b 5 TwinCAT UM Files
a4 @vo
2 Devices

&% Meppings

Solution Explorer

m_Trace.Log(t1Verbose, FENTERA);

/1 T0D0: Add deinitialization code
m_Trace.Log(tlverbose, FLEAVEA "hr=exi@sx”, hr);
return hry

}

/1/<hutoGeneratedContent i
ULT CSingleCoretodule:

Inplementation0f_ITcCyclic™>
- EfElelipdate(1TcTask* ipTask, ITcUnknown® ipCaller,

ULONG_PTR context)
HRESULT hr = 5_0K;

/1 T0DO: Replace the sample with your cyclic code
m_counter+=n_Inputs.Value;
m_Outputs.Value-n_counter;

return hry
71/¢/ autoGeneratedContent>

e
ULT CSing

5 hRe: gleCoretiodule: :AddhoduleToCaller ()

{

m_Trace.Log(tIverbose, FENTERA);

HRESULT hr = 5_0K;
if ( m_spCyclicCaller.HasoID() )

if ( SUCCEEDED_DBG (hr = m_spSrv->TcQuerySmartObjectInterface(m_spCyclicCaller)) )
f ( FAILED(hr = m_spCyclicCaller->Addtodule (m_spCyclicCaller, THIS_CAST(ITcCyclic))) )

m_spcyclicCaller = NULL;

i
i
i

100% -

Y-

Orrors | 1 OWarnings | @ 16Messages | Clear

Description & File Line  Column

Error List d d

Figure 4: Exan:iple of initial generated code

Search Error List

Project

However, this Module Class is merely “template”, and you must still create an instance (or
“object”) of the Module Class to assign to a processor core on a target controller.

Right click on the C++ project, select “Add New Item”, and find your “published” module, as

shown below:

I)Q TwinCAT Project1 - Microsoft Visual Studio 3 ¥  QuickLlaunch (Ctri+Q) Pl - A x
FLE EDT VIEW PROKECT BULD DEBUG TWINCAT PLC TEAM TOOLS TEST SCOPE ANALYZE WINDOW HELP Sgnin [
|B-o-2 e [ 9+ @« » Atach.. + [Release ] [TwincaT RT 669) ~|| 5% [PMU_Becknoft_Test Ob; BT N A= | | | m g
2\ @6 7. | [ooar0n -] - | | | e & | - -
—
Solution Explarer - ax 5o
@ o-2a@| 5= (Global Scope) - 5
" | #include "Testclass.h” +
Search Solution Explorer (Ctl+:) =
527 Solution ‘TwinCAT Projectl’ (1 project) 1
4 [ Test mutt-core FTestClass: :TestClass()
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@ Real-Time Insert TcCom Object 1
B Tasks
2 Routes Search Name: MultiCoreProcessing_0biT (CSingleCoreModule)
[& TeCOM Objects
Tope: =-{T] e+ Moduie Vendar Cancel
5[5 Cr+ Modules
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4 %) MultiCoreProcessing Project

b 5 Extemal Dependencies

4 ] Header Files

b B MultiCoreProcessingClassFactory.h
MutiCoreProcessinginterfaces.h
MuttiCoreP rocessingServices.n
Resource.n
SingleCoreModuleh
TePchh
4 2] Souree Files
[3) MuktiCoreProcessing.re
++ MultiCoreProcessingClassFactory.cpp
++ SingleCoreModule.cpp
++ TePch.cpp.
4 ] TMCFiles
] MultiCoreProcessing.tme

b TwinCAT R Files
b 7 TwinCAT UM Files
3
3

TestClass.cpp
TestClass.h

Bt

&% Mappings

Solution Explorer

Team Explorer Resource View

Thi

item does not support pr

g =

jiewing

Fig

Insent Instarce,

Reload

e\ sers\naul3113.D Shdacuments\wisual studio 2013\Proiects\TwinCAT Projest] \Twinl

Output

Show output from: |Build /|
TestClass.cpp
TestClass.cpp(1): warning (4627: '#include "TestClass.h"': skipped when looking for precompiled header use

Add directive to 'preconpiled header (.h) file' or rebuild precompiled header
TestClass.cpp(13): error C1018: unexpected end of file while looking for precompiled header. Did you forget to add ‘#include
Done building project "MultiCoreProcessing. vexpro;
Done building project “MultiCoreProcessing. vexpro: N
TwinCAT Publish Modules Finished at 10/11/2015 14:25:18

-k

""" to your source?

Error List [{RGIGY Find Results 1 Find Symbol Results

Col1 chi

ure 5: Creating an instance of a Module Class

1426
10/11/2015
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This means that you can create multiple object instances from the same Module Class
template.

4.2 Assigning Module Instances to Processor Cores

In “SYSTEM” > “Real-Time”, enable the required CPU cores (you may first need to click
“‘Read from Target”) and set the required Base Time:

o4 TwinCAT Project1 - Microsoft Visual Studio O ¥ | QuickLaunch (Ctrl+Q) Pl & x
FILE EDIT VIEW PROJECT BUILD DEBUG TWINCAT PLC TEAM TOOLS TEST SCOPE ANALVZE WINDOW  HELP Sign in B
C-O|B-O-URM|XAEAA|D Q| » Atach. - | < [Relesse -] [TwinCATRT 669) ~|| 5% [PMU_Becknott_Test_0b; JRsrEzzcKRE- iE @ mnE|E NaAs?

|82 &6 [oxammn I 31 = &=

TwinCAT Project! + X |if

ne s - Setins [ Onine | roties | Cev Dobugoer
Search Solution Explorer (Ctl+)
R Solution TwinCAT Preject!’ (1 project)
4 il Testmuti-core Avaiabie CPUs (Windows/Other) = Fiad from Taget
a [l sysTEm

g :::5: [ RT-CPU [ Bese Time [ cpu Limit [ Lateney Warning
ime

o B Toss = [ 1000 a0 ] (none)
[& Task1- Core 1 [ Default 1005 ~le0% = mone)

[E Task2- Core 2. '

i Routes ]
[ T<COM Objects

Router Memory (WByte): 2

4 [ MliCoreProcessing
b &) MultiCoreProcessing Project
b [ MukiCoreProcessing_Objl Object RT-CPU [Base Time (ms) [ cycle Time (ms) Cycle Ticks
b [ MultiCoreProcessing_Obj2 Task 1- Core 1 Default (1) =oops  Jotooms 1

< @ vo Task 2 - Core 2 Default (1) =100 0.100ms 1
2 Devices

&%, Mappings

Output

Show output from: | Build -] x| E|m
TestClass.cpp
TestClass.cpp(1): warning C4627: "#include "TestClass.h"': skipped when looking for precompiled header use

Add directive to 'precompiled header (.h) file' or rebuild precompiled header
TestClass.cpp(13): error C1010: unexpected end of File while looking for precompiled header. Did you forget to add '#include "' to your source?
Done building project "MultiCoreProcessing.vcxproj
Done building project "MultiCoreProcessing.vexproj” -- FAILED.

TwinCAT Publish Modules inished at 10/11/2815 14:25:18 ==

Figure 6: Assigning module instances to processor cores

Then create a task for each C++ module instance:



Dq TwinCAT Project1 - Microsoft Visual Studio

ELE EDT VEW PROJCT BUILD DEBUG TWINCAT

c-o|B-D-URM|XTA|2-Q
BB 2 @65 |[cx-20am0n
—

Solution Explorer

PLC TEAM TOOLS TEST
» Attach.. v |

SCOPE  ANALVZE  WINDOW

3 Y  QuickLaunch (Ctrl+Q) r
HELP
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- & x

~| [TwincaT RT 060) ~|| &% [PMU_Becknott_Test_0b;

Signin [
JesmEzeRn- LR

cogle-za s~ Tesk | Online | Parameter (Onine)
Search Solution Explorer (Ct+)
Name: Task 1-Core 1
R Solution TwinCAT Project!’ (1 project)
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@ Real-Time

[Disable
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[ T<COM Objects

[Create symbols
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MultiCoreProcessing
b [l MultiCoreProcessing Project
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Output

Show output from: | Build -] |
TestClass. cpp
TestClass.cpp(1): warning C4627: "#include "TestClass.h”': skipped when looking for precompiled header use

Add directive to 'precompiled header (.h) file’ or rebuild precompiled header
TestClass.cpp(13): error C1610: unexpected end of fila while looking for precompiled header. Did you forget to add '#include "' to your source?
Done building project “MultiCoreProcessing.vexpr FAILED.
Done building project “MultiCoreProcessing.v FAILED.

TuinCAT Publish Modules finished at 18/11/2015 14:25:18

= E|m

RRCIYIOGE Team Beplorer Resource View

This item does not

Error List LS Find Results 1 Find Symbol Resuts
support previewing

Figure 7: Task configuration

For each module instance, select the “Context” tab and assign the module to a task:

Dq TwinCAT Project1 - Microsoft Visual Studio

FILE EDT VEW PROJECT BULD DEBUG TWINCAT PLC TEAM TOOLS TEST SCOPE

3 Y |QuickLaunch (Ctrl+Q) P - @ x
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Output

Show output from: | Build -] |
TestClass. cpp

TestClass.cpp(1)

= E|m
warning €4627: '#include "TestClass. skipped when looking for precompiled header use
d directive to 'precompiled header (.h) file' or rebuild precompiled header

TestClass.cpp(13): error (1010 unexpected end of File uhi
Done building project "MultiCoreProcessing.vcxpre
Done building project "MultiCoreProcessing.vcxpr

1e looking for precompiled header. Did you forget to add '#include "' to your source?
AILED.
TwinCAT Publish Modules finished at

ro: FAILED.
18/11/2015 14:25:18

Solution Explorer [[TEIRTIgrY

esource View

Error List LS Find Results 1 Find Symbol Resuts

Fiure 8: Task context mapping

More details on task configuration are available here:
http://infosys.beckhoff.com/en

hp?content=../content/1033/tc3 _system/html/tcsysm
systemnode subnodes tasks.htm&id=15611

10


http://infosys.beckhoff.com/english.php?content=../content/1033/tc3_system/html/tcsysmgr_systemnode_subnodes_tasks.htm&id=15611
http://infosys.beckhoff.com/english.php?content=../content/1033/tc3_system/html/tcsysmgr_systemnode_subnodes_tasks.htm&id=15611

4.3 Using a TMC File

The TMC file, with its associated editor GUI, defines the functionality of a C++ module. For
example, Outputs — which are visible to other TwinCAT modules — can be defined:

” TwinCAT Project1 - Microsoft Visual Studio
FILE EDIT VIEW PROJECT BUILD DEBUG TWINCAT
T |9 -
&

PLC  TEAM

Solution Explorer
®le-2am| s -
Search Solution Explarer (Ctrl+;)
4 (@l svsTEm
1 License
@ Real-Time
4 & Tasks
[& Task 1- Core 1
[& Task2- Core2
s Routes
[] T<COM Objects
MOTION

MultiCorePracessing
4[] MultiCoreProcessing Project
b 45 Btemal Dependencies
4 ] Header Files
b B MultiCoreProcessingClassFactoryh
B MultiCoreProcessinglnterfaces.h
b B MultiCoreProcessingSerices.h
b B Resourceh
b B SingleCoreModuleh
TePehh
1 SourceFiles
[ MultiCoreProcessing.rc
++ MultiCoreProcessingClassFactory.cpp
b 4 SingleCoreModule.cpp
++ TePch.cpp
TMC Files:
| MultiCoreProce
71 TWinCAT RT Files
71 TWinCAT UM Files
++ TestClass.cpp
B TestClassh
b [ MultiCoreProcessing_Objl
4 [ MultiCoreProcessing_Obj2
b Inputs
4 T Outputs
= Value
&= Control

Solution Explorer [FRESF SR

"Figure 9: Defining a module output using the TMC editor
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In order to be able to monitor variables in real-time, select “Create symbol” in the editor:

” TwinCAT Project1 - Microsoft Visual Studio
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4+ SingleCoreModule.cpp
++ TePch.cpp
TMC Files:
| MultiCoreProcessing.me
TwinCAT T Files
TwinCAT UM Files
TestClass.cpp
TestClassh
4 [ MultiCoreProcessing_Objl
b Inputs
b M Outputs
4 [@ MultiCoreProcessing_Obj2
b Inputs
b Ml Outputs

TEST SCOPE  ANALYZE  WINDOW

L3 Y |QuickLaunch (Cirl-Q) PAla & x

HELP Sign in

Release.

-] [TwinCAT RT (64 -] | &% [PMU_Beckhoff_Test_Ob; JRrm=neRBD -

MuttiCoreP racessing:tmc [TMC Editor]* +

c&@

PR
4° Data Types
4 3 Modules
e CSingleCoreModule:
=3 Implemented Interfaces

 Deta Pointers
b = Interfece Pointers
29 Deployment

Output

Show output from: | Build

B TwinCAT Project! TestClassh TestClass.cpp SingleCoreModuleh SingleCoreMadule.cpp

[l Editthe properties of the Symbol

General properties

Name
‘Specification

test_varizble

Alis
Choose data type.

Select INT

Description | Normal Type ~
Type Information

Namespace
Guid {18071995-0000-0000-0000-000000000006}

Optional symbol settings

Offset Bits]
Size [Bis]

64 specific
64 specific
64 spedific
Unit

[] Hide sub items
Optional Defautts
Value |Enum | String
Value
Min

Max

| &z

-
activating configuration. .
Build:

Build started: Project: Test multi-core, Configuration: Release TwinCAT RT (x64)

1 succesded, @ failed, 1 up-to-date, @ skipped

Error List [(QUIY Find Results 1 Find Symbol Resuits

Figure 105"“Create;symbol” option
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After making changes to a TMC file, save the file, right click on the module, and select
“TwinCAT TMC Code Generator”. This updates the generated code. The changes should

automatically appear for all module instances:

b TwinCAT Project! - Microsoft Visual Studio
EILE EDIT VIEW PROJECT BUILD DEBUG TWINCAT PLC TEAM TOOLS

TEST SCOPE  ANALVZE WINDOW  HELP

3 Y  QuickLaunch (Ctrl+Q)

- &

Signin

-2 a9 -] Atach. - + [Release ~| [TwincaT RT 060) ~|| &% [PMU_Becknott_Test_0b; JmrmEne | o
0 |60 5a | [ox-20ar08 |- | | R s s
—
Solution Explorer - ax g
@ o2 @ 5= #3 CSingleCorehodule - -
. CsingleCoretiodule ()5 +
Search Solution Explorer (Ctrl+) virteal ~coinglecoratiodule () =
[@] TecoM Objects -
MOTION - R 1
& rc GeneratedContent id="InterfaceMenbers”>
B serery /1 Trecyclic
il virtual HRESULT TCOMAPT Cyclelipdate(ITcTask® ipTask, ITcUnknown® ipCaller, ULONG_PTR context);
4 [ MultiCoreProcessing 114¢/ pukoe
4 [&) MultiCoreProcessing Project
b 45 Extemal Dependencies protected
4 L. HeaderFiles DECLARE_ITCOMOBIECT_SETSTATE();
b B MultiCoreProcessingClassFactory.h
MultiCoreProcessinglnterfaces.h HRESULT AddeduleTeCaller();
b B MultiCoreProcessingSenvices.h VOID RemovetioduleFronCaller ();
b B Resourceh 11 Tracing
b B SingleCoreModuleh CTeTrace m_Trace;
TePchh
4 4] SourceFiles /1) <hutoGeneratedContent id="Menbers">
[ MultiCoreProcessing.rc TeTracelevel m_TraceLevelMax;
++ MultiCoreProcessingClassFactory.cpp SingleCoreModuleParanster m_Parameter;
b+ SingleCoreModule.cpp SinEeconeoduc iUt mInputs;
ingleCoretioduleOutputs m_Outputs;
*+ TePeh.cpp retyliceallorintotr m ;p(ygli((aller‘,
“ sl TMCFiles /14¢/utcGeneratedContent>
L] MutiCoreProcessing.tme TestClass internal TestClass;
b s TwinCAT RT Files
b g% TwinCAT UM Files // T0D0: Custom variable
b e TestCloss.cpp UINT m_counter;
P B TestClassh i
4 [@ MultiCoreProcessing_Objl
b 0 Inputs
4 W Outputs
& Value
& Control
I/ Data oy T
4" [T MultiCoreProcessing_Ob2 z
b G Inputs Showoutputfrom: (Buld ||| | =
4 @ Outputs 1> Number of files successfully Signed: 1 =
B Value 5
B Control 1> Mumber of warnings: &
& Dete b
B testvarisble B [ o e O
“ Vo Build: 1 succeeded, ® failed, @ up-to-date, 8 skipped
% Devices -
&, Mappings M K
Solution Explorer p output [EIT d Symb

7Figfure 11: Two Module Class objects, with a common definition

The definitions can be accessed from C++ code. For example, two output variables can be

assigned values as follows:

b TwinCAT Project1 - Microsoft Visual Studio
ELE EDIT VEW PROJECT BULD DEBUG TWINCAT PLC TEAM T0OLS
[B-m-2 @%@ @9 | P TwinCAT Debugger +
X 0| 65 | [ cx-20a708

@ o-edm|o s -
Search Solution Explorer (Ctrl+;)

o @l ssTem )

1 License
@ Real-Time
4 B Tasks
& Task1- Core 1
& Task2 - Core2

a Routes
[] T<COM Objects
MOTION
PLC
(& sareTy
PR
4 [fed MuttiCoreProcessing
4[] MultiCoreProcessing Proj
b 45 Bteral Dependencies
4 ] Header Files
b B MultiCoreProcessingClassFactoryh
B MultiCoreProcessinglnterfaces.h
b B MuliCoreProcessingSerices.h
b B Resourceh
b B SingleCoreModuleh
TePehh
4 ] SourceFiles
[ MuttiCoreProcessing.rc
++ MultiCoreProcessingClassFactory.cpp
b 4 SingleCoreModule.cpp
++ TePch.cpp
4 ] TMCFiles
] MultiCoreProces
b 7 TwinCAT T Files
b 47 TwinCAT UM Files
b+ TestClass.cpp
b D TestClassh
4 [{@ MultiCoreProcessing_Objl
b Inputs
4 T Outputs
B Value
&/ Control
= Data
I internal_TestClass.test_variable
I evternal TestClass test variable
4 [ MultiCoreProcessing Obj2
b Inputs -
Solution Explorer p

TEST SCOPE  ANALYZE WINDOW  HELP
Release ~| [TwinCAT R 64)

~|| % [PMU_Beckhoff Test_Obj

[ & i i =

 CsingleCoreModule

JRsmane

L3 Y |QuickLaunch (Ctr+Q)

SingleCoreModule.cpp + %

~|® CycleUpdateqTcTask * ipTask, ITcUnknown * ipCaller, ULONG_PTR context)

-
Signin
u|

{
HRESULT hr = §_0K;
m_Trace.Log(tIVerbose, FENTERA);

// TODO: Add deinitialization code

m_Trace.Log(tIVerbose, FLEAVEA "hr=0x308x", hr);
return hr;

"Implementation0f_ITcCyclic">

todulle: :CycleUpdate(ITcTask® ipTask, ITcUnknown* ipCaller, ULONG_PTR

HRESULT hr = 5_0K;

/1 T0D0: Replace the sample with your cyclic code
m_counter += m_Tnputs.Value;
m_Outputs.Value = m_counter;

internal_TestClass.test_variable+t;
external_TestClass.test_variable+t;

m_Outputs. internal TestClass_test_variable = internal TestClass.test_variable;
m_Outputs. external _TestClass_test_variable = external _TestClass.test_variables

return hr;

/1/</rutoGeneratedContent>

s
SIHRESULT CsingleCoretodule: :AddModuleToCaller ()
{

m_Trace.Log(tlverbose, FENTERA);

HRESULT hr = S_0K;
if ( m_spCyclicCaller. HasOID() )
{

100% <

‘Show output fram: | TwinCAT TMC Code Generator & | E]

Code generation is disabled for element: SingleCoreModule.LTchatchsource
Update file: MultiCoreProcessingServices.h
Update file: MultiCoreProcessingClassFactory.cpp

Update file: MultiCoreProcessingInterfaces.n

Update file: SingleCoreModule.cpp

Update file: SingleCoratodule.h
eneration: succeeded

Output [T d Symb

Figure 12: Assignment of output values
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Once all required definitions have been added to the TMC file and the required C++ code
has been added, the module can now be built, although this will also be done automatically
when transferring to a target. Select “Activate Configuration” in the toolbar to run the project
on the TwinCAT target.

Further TMC documentation is available here:
https://infosys.beckhoff.com/english.php?content=../content/1033/tc3 ¢/2702159848565172

3.html&id=

4.4 Real-Time Monitoring

Data in TwinCAT projects can be monitored with high granularity in real-time. Go to “File” >
“‘Add” > “New Project...” > “TwinCAT Measurement”, then select the appropriate scope type:

New Project ?

P Recent MNET Framework 4.5 ~| Sort by: | Default ~EE= Search Installed Templates (Ctrl+E) L -
b = P
4 |nstalled ;
E Empty Measurement Project TwinCAT Measurement Type: TwinCAT Measurement
4 Templates Creates a Measurement Scope Project that
b Visual Basic : - TP e includes a Scope Instance with a Chart and
B Visual C# an empty time based Axis.
b Visual C++ Scope YT NC Project TwinCAT Measurement
b Visual F# —
SQL Server | Scope YT Project with Reporting TwinCAT Measurement
TypeScript
b JavaScript 1 : Scope XY Project TwinCAT Measurement
Python -
b Dther Broject Types Scope XY Project with Reporting TwinCAT Measurement

I TwinCAT Measurement

TwinCAT Project
Samples
P Online
Click here to go online and find templates.
Name: TwinCAT Measurement Project3
Location: |c\users\naud3113.ds\documents\visual studio 2013\Projects ~|
Solution: |Create new solution v|
Solution name: TwinCAT Measurement Project3 Create directory for solution

[[] Add to source control

| oK | | Cancel

Figure 13: Creating a new TwinCAT Measurement project

Open the Target Browser by right-clicking on the newly-created “Axis” element:
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https://infosys.beckhoff.com/english.php?content=../content/1033/tc3_c/27021598485651723.html&id=
https://infosys.beckhoff.com/english.php?content=../content/1033/tc3_c/27021598485651723.html&id=

b TwinCAT Project1 - Microsoft Visual Studio 3 ¥ |QuickLaunch (Ctrl+Q) P - B x
FILE EDIT VIEW PROJECT BULD DEBUG TWINCAT PLC TEAM TOOLS TEST SCOPE ANALYZE WINDOW  HELP signin [

P@-0 8- o-% M| XA |9 - T -] b TwinCAT Debugger - - T | 5% [PMUBeckhoff Test OB, || S B E 2 0 B E -
L] < ] g2 | [oc20ar0n -] <
Solution Explarer

@ o-2di| &~
Search Solution Bxplorer (Ctrl+;)

27 Solution TwinCAT Project’ (2 projects) b | (O i 4 b b [
4 il Test multicore B
4 (@l svsTEM

11 License
@ Real-Time 0.48
4 fB Tasks
[B1 Task 1 - Core 1
[B1 Task2 - Core2 0.35
2 Routes
[ TeCOM Objects

0.24-|
012
4 o] MultiCoreprocessing
b [l MuliiCoreProcessing Project G
b [@] MultiCoreProcessing_Obj1 b
b [E@] MuttiCoreProcessing_Obj2
-0.12|
inCAT Measurement Project zd

« @i

& Target Browser
H:  Cursor Window
-0.45-|

il] New Empty Channel
v Visible

S e T T T T T T T T T .
3 sendProject By E-Mail.. 0.000s 1.000s 2.000s 3.0005 4.0005 5.0005 6.0005 7.000s s.0005 5.000s 10.0005
2 ClearError List

Shange 5t ymoos Show output from: | TwinCAT - | =

Change Index Group... Do e el R et e e s

2 £ 7SG | 10/11/2615 15:48:28 019 ms | ‘TwinCAT System' (16800): TCRTTHE Server started: TCRTIME. =

@ Copy Ctrl-C MSG | 18/11/2015 15:48:28 824 ms | 'TwinCAT System' (18800): MultiCoreProcessing Server started: MultiCoreProcessing.
X Delete - MSG | 10/11/2815 15:48:28 310 ms | 'TwinCAT System' (18000): Starting COM Server TcEvantlogger !
£ Properties Alt+ Enter

ISR Team Explorer Resource View Error List [UREILY Find Results 1 Find Symbol Results

This item doss not support previewing

]

BEALEE

Adding data to plots

. 1452
0% [ 2y

Add the relevant signals to your plot:

Target Browser ~ox
EEE Y
ROUTES Name Type Index... Index.. Size  Full-Name Comment
=] EEE-AESG14 ) external_TestClass_test variable  INT 101, 0x@10. 2 MultiCoreProcessing_Obj2.Outputs.sxterna...
1= X 0AF5E2
=] CX-1BA4BE

o [=] CX-204F0A
=B Task1- Core 1(350)
- MultiCoreProcessing_Objl.
@ Outputs,
E-8 Task2 - Core 2 (351)
- MultiCoreProcessing_Obj2.
@ Qutputs.

4 »

Figure 15: Selecting signals from the Target Browser

Press the Record button on the toolbar to capture data:
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b TwinCAT Project1 - Microsoft Visual Studio 0 Y |QuickLaunch (Ctrl+Q) Pl- & x
ELE EDIT VEW PROJECT BULD DEBUG TWINCAT PLC TEAM JOOLS TEST SCOPE ANALVZE WINDOW  HELP Signin [

© 0| M. X8| | b O foime | s | AREEC EE:
Y BB 2 3G |63 | [ox2oaron - M-
—
Solution Explorer - 1x
@ e-2a@| -
Search Solution Explorer (Ctrl+)

127 Solution TwinCAT Praject! 2 projects) » 10 |[(O00D0TE000]| 14 4 b b
4 gl Testmulti-core 37500.0
a [l sysTEm

% License
@ Real-Time 30000.0
a & Tasks

& Task 1 - Core 1
B Task2- Core2 22500.0

&l Routes
[ T<COM Objects
MOTION SEED
pLC

 ecora TestClass.cpp Single Singl

- Chart ar
Statt: 15:5648.770 | End: 15:57:14811 | Pos: 00D00:15.767 | Time: 15:57.04537 | Dats: 10 November 2015,

OO0 || & @] e & L 1 X R iP

Scope VT Project” - X eModule.cpp -

7500.0

MultiCoreProcessing

b [l MuktiCoreProcessing Project

b [@ MultiCoreProcessing_Objt

b [@] MultiCoreProcessing_Obj2

110

2 Devices

&% Mappings

4 fjil] TwinCAT Measurement Project -15000.0
4 [ scope YT Project.

4 Chart

-22500.0

I external TestClass test variable

[ internal_TestClass_test_variable

] external_TestClass_test_variable(1)

[ internal_TestClass_test_variable(1)
{1 Cursor

AL Trigger -37500.0

.0005 1.0005 2.0005 3.0005 4.0005 5.0005 5.0005 7.0005 8.0005 2.0005 10.0005

-30000.0

Output

TwinCAT <l &

MSG | 10/11/2815 15:48:28 019 ms | 'TwinCAT System’

(1000@): TCRTIME Server started: TCRTIME.
MSG | 18/11/2015 15:48:26 €24 ms | ‘TwinCAT System' (1006@): MultiCoreProcessing Server started: MultiCoreProcessing.
MSG | 10/11/2615 15:48:28 316 ms | 'TwinCAT System' (10068): Starting COM Server TcEventlogger !

REUEIEE Team Explorer Resource View Error List L3I0 Find Results 1 Find Symbol Resuits

not support previewing

Figure 16: \Tféwmg plots of module data

For the trial license of TwWinCAT 3 (which can be renewed perpetually), up to one hour of
data, per signal, can be captured.
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5 Integrating Simulink Models

There are two approaches for integrating an algorithm or control system implemented in
Simulink (which may include performance-critical components written directly in C) into the
Beckhoff platform, and these approaches are described in the following subsections. Both
approaches involve the automatic generation of a C or C++ code implementation of a
Simulink model, using Simulink Coder [1], [2].

5.1 Manual Compilation of Generated C++ Code within TwinCAT

Simulink Coder can be used to create a C or C++ implementation of a Simulink model, which
is intended to be optimised for embedded, real-time applications. For integration with
TwinCAT 3, Simulink Coder should be configured to generate C++ code for a 32-bit x86
platform (unless a different controller unit architecture is being targeted). Double-precision
floating-point numbers can be used.

The generated C++ code can be included in a TwinCAT 3 project within a C++ Module
Class, using the template for “cyclic” tasks (see[Figure 2}. The code from Simulink Coder
should wrap the Simulink model in a C++ class. An instance of this class should be defined
as a protected member in the header file of the Module Class (i.e., not simply declared
arbitrarily in the C++ code). The Simulink model should be initialised within the
SetObjStatePs() function within the main Module Class C++ file, for example:

// State transition from PREOP to SAFEOP

//

// Initialize input parameters

// Allocate memory

HRESULT CPMU_M class::SetObjStatePS(PTComInitDataHdr pInitData)

{
m_Trace.Log(tlVerbose, FENTERA);

HRESULT hr = S_OK;
IMPLEMENT_ITCOMOBJECT_EVALUATE_INITDATA(pInitData);

// Simulink model initialization
PMU_Beckhoff_Test_Obj.initialize();

m_Trace.Log(tlVerbose, FLEAVEA "hr=0x%08x", hr);
return hr;

}

The task should be configured to execute on a particular time-base, such as 1 ms or 100 ps,
which matches the time-step of the Simulink model. For example, the CX1020 controller unit
— a relatively basic controller with a 1 GHz single-core CPU — can execute the phasor
measurement (PMU) algorithm documented in [3] in real-time with a 100 ps time-base,
requiring 30-40% of the CPU time'. This is illustrated in|Figure 17

' This only includes the CPU time for the PMU algorithm; however, the additional CPU time
requirements for communications processing are not significant, and can be allocated to a lower
priority task than the time-critical algorithm processing.
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B Test PMU_C_Code - Micrasoft Visual Studio 3 Y5 | QuickLaunch (Ctrl+Q) P - B x
FLE EDT MEW PROJKCT BULD DEBUG TWINCAT PLC TEAM TOOLS TEST SCOPE ANALYZE WINDOW HELP Sgnin [
Eoerry [9 - ¢ | » atach. « « [Debug «| [Twincat &7 @s) A Ri=R =R =R | | L .
] | 69| - | | |
ode_Modu #_nonfinite.cop HGetinf.cpp PMU_Beckhoft Test.cpp Test PMU_C Code & X

ol
MOTION

pLC

#+ PMU_Beckhoff_Test.cpp
[3) PMU_C_Coderc
++ PMU_C_CodeClassFactory.cpp
++ t_nonfinite.cpp
++ riGetinf.cpp
++ riGetNaN.cpp
++ TePch.cpp
7 TMCFiles
371 TwinCAT RT Files

| %[z
Debug TwinCAT RT (x86) ------

‘Show output from: | Build A&
Build started: Project: Test PMU_C_Code, Configuration
ng configuratio
- Build: 1 suc

..
ceeded, @ failed, 1 up-to-date, @ skipped ==========

*++ PMU_C_Cod
PMU_C_Code.t

Figure 17: PMU algorithm CPU execution time

There are two caveats with this approach:

1.

2.

In TwinCAT 3, precompiled headers must be manually disabled for the imported
Simulink source files. This is a simple change within the C++ compiler settings.

It is required to use platform-specific library calls for mathematical functions, which
are better suited for real-time operation, rather than those defined in the standard C
“‘math.h” library. A simple method for achieving this is to replace the “#include
<math.h>” line in the main C++ header file generated by Simulink Coder with:

#include <fpu87.h>
#include "math_h_defines.h"

where “math_h_defines.h” provides a mapping of the standard C versions to the
TwinCAT versions:

#tdefine
ttdefine
ttdefine
#tdefine
#tdefine
f#tdefine
ftdefine
ftdefine
#tdefine
f#tdefine
ftdefine
ftdefine
ftdefine
f#tdefine
#tdefine
ftdefine
ttdefine
f#tdefine

sqr sqr_
sqrt sqrt_
sin sin_

COS COS_

tan tan_
atan atan_
atan2 atan2_
asin asin_
acos acos_
exp exp_

log log_
loglo logle_
fabs fabs_
fmod fmod_
ceil ceil
floor floor_
pow pow_

sincos sincos_
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#define fmodabs fmodabs_
#tdefine round round_
#tdefine rounddigits rounddigits_
#define coubic coubic_
#tdefine ldexp ldexp_
#tdefine ldexpf ldexpf_
#tdefine sinh sinh_
#tdefine cosh cosh_
#tdefine tanh tanh_
#tdefine finite finite_
#tdefine isnan isnan_
#define rands rands_

Note that this will result in compiler warnings, but allows the module to be built and
executed.

5.2 Using Simulink-TwinCAT 3 Integration

There is a Beckhoff software tool for directly integrating Simulink models with TwinCAT 3.
This is achieved simply by selecting the TwinCAT 3 “target” with Simulink Coder (rather than
the normal embedded target); once the code is generated, the module is automatically
available within TwinCAT 3. A simple example, which illustrates the integration of a Simulink
“block” model into the TwinCAT 3 user interface, is shown in[Figure 18]

b TestSimulink - Microsoft Visual Studio L) Y5 | quickLaunch (Ctri+Q) P - B x
FILE EDIT VIEW PROJECT BUILD DEBUG TWINCAT PLC TEAM TOOLS TEST SCOPE DRIVER AMALYZE WINDOW  HELP signin [
B-o-2 o gl - @ -| » Attach... - ~ | Debu | | TwinCAT RT (x88) - m_spEthernetAdapter -l @ el 2

o O 9 5 pl P & = B

| | 65 | [cxoarse2 gRron) -] - | | | | - -

1 ZYV‘ TestSimulink & >

| Solution Explorer

@ e-a - Object | Context | Parameter (int) | Parameter (Oniine) | Data Area | Interfaces | Block Diagram

Search Selution Explorer (Ctrl+;) EN PEE - )] This module is for non commercial use only! g}l | »
[l Solution TestSimulink' (1 project) 4 Block identification =
4[] TestSimulink Identiier <Root>
4[] SYSTEM A"" Gain Name testtc
¥ License Path testte
4 @ Real-Time Randum | Tyee root
[ 170 Idle Task Humosr Cmpm ;t zero 4 Datafrea: mﬂ:
4 B Tess oz Aocet o0
[& Task1 =z} N . 9
2 Routes t tout | 4 DataArea: Output
4[] TcCOM Objects ADC_out1
4 Object] (testtc) o
el Input at_zero
i T N tot
ADC_int ADC_outl 4 Exemal Mode
F
;DC ; » ExtModsParam {Comnection TimeoL
g8 ADCin > BethlodsSsrve
4 ' Output > ExtModeStatue
Ec 4 Intemal signals
5’ gt_zero a_Outl a
B tout ADC_n1_0ut10
&+ ADC_outl Compare To 2 .
s Toa
4 G Devices | 4 Module identification
4 = Device 3 (EtherCAT) N T
+@ =
% WTiags b Modulslnfo  {Classld-{26434C6
*% Image-Info 4 Module parameters
4 2 SyncUnits CallBy CyclicTask
4 2 <default> ExscuteModel TRUE
b2 Taskl ExecutionSequ StatelpdateAfterD ¥
3 Inputs Name
b B Outputs
b B InfoData Offline: Invalid TwinCAT state
4 [ Term1(CX1100-0004)
b @ InfoData

B Term 5 (EL2004) [ Error List - 1 x|
5 Term 7 (EL3104)
B Term 2 (ELG683)
| Term 3 (EL901T)
4 §% Mappings
&7, Object! (testtc) - Device 3 (EtherCAT) 1

v v

X 0 Errors 0 Warnings 0 Messages | Clear Search Error List P~

Description File line Column  Project

ENLLYSEIEY Team Explorer Resource View [JEIIREY Output Find Results 1

Figure 18: Simple example of Simulink-TwinCAT 3 integration
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This tool is intended to be more convenient and to allow easier debugging than direct
integration of C++ code as described in Section[5.1] Simulink model inputs and outputs are
automatically identified in TwinCAT 3, as illustrated in the left of Signals in the
Simulink model can be monitored in real-time whilst the project is executed on the target
hardware. However, this approach requires a separate software licence and the code
generation process typically takes significantly longer than for manual C++ code integration.

Furthermore, the process in Section[5.1]allows additional “wrapper” C++ code to be added to

the Module Class, without needing to add an additional task. Conversely, the direct Simulink-
TwinCAT integration forces all task functionality to be implemented within Simulink.
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