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New Automation Technology

PC-based Control BECKHOFF
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Motion Automation
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TwWinCAT 3
PC-based Control — Milestones
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TwWinCAT 3
PC-based Control — Milestones

BECKHOFF
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TwWinCAT 3

Motivation BECKHOFF

Beckhoff PC-based Control:
Setting New Standards in Automation

Control Control Connectivity
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TwWinCAT 3

Motivation BECKHOFF

» ntegration of PLC, Motion and HMI into one software on one CPU:
- minimised hardware
- faster cycle times due to no hardware interfaces
- reduced interface complexity
- better and easier diagnosis

= PC Control offers an “open” control system

- abstraction as a principle
- functions in software & independent from hardware
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TwWinCAT 3

Motivation BECKHOFF

= scalable performance and cost by selection of standard CPUs
= powerful operating systems add IT functions to automation solutions
= automation and IT world share the same benefits:

- performance increase

- cost decrease
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eXtended Automation

eXtended Automation (XA) BECKHOFF

= Architecture (XAA)
* Engineering (XAE)
— System Manager
— PLC
— Motion Control
— C/C++ programming
— MATLAB?® integration
— C#/.NET programming
= Runtime (XAR)
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eXtended Automation

Architecture (XAA) BECKHOFF

eXtended Automation Technology (XAT)
= More than standard automation

eXtended Automation Engineering (XAE)
= Visual Studio® for programming in IEC 61131-3, C/C++

= Visual Studio® for configuring the complete system
(integrated TwinCAT System Manager)

eXtended Automation Runtime (XAR)
= Executes modules in real-time
= Supports multi-core CPUs

= Supports 64-bit operating systems
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eXtended Automation

Architecture (XAA) BECKHOFF

PC System
Windows 32/64bit
TwinCAT 3 Engineering Environment based on Visual Studio®
System Manager Programming
- Configuration -IEC 61131-3
- objectoriented extensions ' eXtended
- ClCH Automation Engineering (XAE)
TwinCAT Transport Layer - ADS —

TwinCAT 3 Runtime

Real-time Kernel ] —
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(&) (&) (&) (&)

(= = = =

- P— ﬁ - p— - \ ﬁ - ) ﬁ extended

g CNC g Simulink® g C++ g PLC ' ) .

9 Q Module 9 Module Q Automation Runtime (XAR)
[ = = [

TwinCAT Automation Device Driver - ADD ] 1 ] W : 1 : 1 : W

rm— ——
Fieldbus
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BECKHOFF

Engineering (XAE)

IEC 61131-3

- Object-
oriented
extensions

88

TwinCAT 3



eXtended Automation Engineering

Features BECKHOFF

= TwinCAT 3 — extended, modular engineering tool
" one programming environment, one project file, one debug environment
» integrated TwinCAT System Manager

» programming according to IEC 61131-3 3rd edition
(including NEW object orientation extensions)

» QOptional usage of C and C++ for real-time programming
= link to MATLAB®/Simulink®
= runs all TwinCAT 2 PLC projects without change or migration of TwinCAT 2 projects (conversion)

= based on Microsoft Visual Studio®
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eXtended Automation Engineering

Scalable functionality BECKHOFF
TwinCAT 3 Standard TwinCAT 3 Engineering Environment
. | . - - ~N Y
» Using XAE Shell (based on Microsoft Visual Studio®) System Manager | Programming
. Configuration =
» for PLC programmers and users of existing modules _1/O _ .
= configuring, setting up and diagnostics - PLC IEC 61131 Object-
— MC oriented
» debugging PLC —NC extensions
— CNC
— Safety l ]
— others o —
IEC Compiler

\

TwinCAT Transport Layer — ADS I

TwinCAT 3 Runtime
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eXtended Automation Engineering

Scalable functionality BECKHOFF

® ird-
) TwinCAT 3 Engineering Environment - Visual Studio® Extention gi?nﬁiﬁs ! Z?A;‘ié’rﬁﬁy.ng
. . : . System Manager Programming _
* Integrated into Microsoft Visual Studio® | configuration - N— . — ‘\
—1/0 Non Real-time
. _ real-time | __ -
for PLC and C/C++ programmers _(F;/Lé:++ simulink
—_— . Coder
. lauri ' i i — IEC 61131 Object-
configuring, setting up and diagnosis _'\N/'g C#.NET opject
] _CNC extensions
« module generation (C/C++, _ Safety
MATLAB®/Simulink®) - others 1
IEC Compiler j Microsoft C Compiler

» debugging
= PLC 4

v

= C/C++ TwinCAT Transport Layer — ADS ]

= MATLAB®/Simulink®
TwinCAT 3 Runtime

Caption: I code generation debugging I upload of TC modules
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eXtended Automation Engineering

Workbench integration BECKHOFF

TwinCAT 3 framework = Microsoft Visual Studio®

Visual
Studio

= usage of the most common programming environment

* maintained by a company

= extendable via plug-ins

» [ntegration to source control software

» usage of C and C++ for programming automation devices

» usage of .NET languages for non-real-time applications (e.g. HMI)

» standardized Help system

TwinCAT 3 | eXtended Automation Technology 19



eXtended Automation Engineering

Free choice of the programming language

BECKHOFF

Simultaneous programming of  C++

7
oo TC3_CPP_Sample - Microsoft Visual Studio (Administrator)
File Edit View Project Build FBD LD IL Debug TwinCAT Team Data Tools Architecture Test Anflyze

Window Help

and

E;ﬂ'i‘]'ﬁﬂﬂ|*—{£’lj’||4'm":$|P|Debug 'HMixedPIatforms ~“@|

IEC 61131-3

- R G B o Bl B T

s MO0 2R -
Solution Explorer v 0 X pisepp X

(=]

Temperature (FB) X

s External Dependencies

» [ Framework UINT k = 1;

& Axis.cpp
] Axis.h k = Increment(k);
ﬂ MachineServices.h return hies

> L5 MachineInstance ) ’

> /0 - Configuration
—|UINT CAxis::Increment(UINT ivalue)
i

00% = <

Qutput
Show output from: | TwinCAT

3] Solution Expl...

20
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(Unknown Scope) ~ @ FUNCTION_BLOCK Temperature W | ¥ =
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4 =] MachineControl m_spSrv = NULL;
3] References return hr;
MAIN (PRG) 1
> Eg'] PlcTask
@ Temperature (FB) =IUINT iCounter = @;
8 MachineControl Project instance . . ] 4 [ 3
7] safety - Configuration —IHRESULT CAxis::CycleUpdate(ITcTask*® ipTask, ITcUnknown* i -
4 fie] G+~ - Configuration HRESULT hr = 5_0K; sUB MUL
4 %. Machine Project TempSet —| L Temp
4 7] Machine UINT j = iCounter + 1; Temphet —| 0.001 —
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4 Ladder elements -

Rk Pointer
[ MNetwork L
i Contact 1

41 Negated contact
e Parallel contact
¥ Parallel negated contact
4+ Coll
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eXtended Automation Engineering

TwinCAT I/O - Integrated System Manager BECKHOFF

-~

o MachineControl - Microsoft Visual Studio (Administrator)

One tool for: File Edit View Project Build Debug TwinCAT PLC Team Data Tools Test Window Help
P S A 6 2 R0 - - E-E | b [Debug -| | TwincaT32 -1
5 B B2 @& ||<Local - =i [ Modulel T =

= programming, configuration and diagnosis

Solution Explorer * 1 X MachineControl <

« uniform task management _ | | General | Boot Seffings. | Protection |, Data, Types. | Inifaces)
‘g Selution 'MachineContral' (1 project)

. . . 4 MachineControl

« parameterization of TWinCAT modules - & svsre) FinCAT System Manager o
. . . . i License @ v3.0 (Build 3010)
« creation and administration of mappings > é}] Real-Time
. > Tasks
between all process images 2 Routes v3.0 (Build 3091)
) ) [E8] T<COM Objects

« simulation of I/Os and Axes 4 [ MOTION Copyright BECKHOFF © 1996-2012

. L@ MC-Task 1 SAF http ./ fwvwrw beckhoff.com
4 PLC
4 Modulel
. =] Modulel Project
» @ Modulel Instance Registration:
| SAFETY Mame:

E C++ Company:
. /0 Reg.-Key: {F7RC382E-28C1-9ECC-EF3
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eXtended Automation Engineering

TwinCAT I/O - Integrated System Manager BECKHOFF

4 ﬂ MachineControl
4 (1] SYSTEM
/¥ License
» @ Real-Time }
[ % Tasks
=f= Routes
[&8] T<COM Objects
4 MOTION
4 MC-Task1 SAF
[Z1 NC-Task1 SVB I}
*8 Image
m+ g
] Tables

2
a2 Pxes

[
4 [OJ PLC =
4 [O] Modulel :|>

=] Modulel Project
[ @Mudulﬂlnstance

SAFETY e
Fi E C++
4 Module2 :I

v

v [ Module2 Project
b @ Module2_Objl (CModulel)

4 [FV0
Fi *f'g Devices ]
[ == Devicel (EtherCAT)
ﬁ:l Mappings

v

TwinCAT 3 | eXtended Automation Technology 22



eXtended Automation Engineering

TwinCAT I/O - Integrated System Manager BECKHOFF
. . CANopen
Mappmij of ﬁrocess m;_agl;debs Dem P -
= open for all common fieldbuses
. - Modbus Rsass
= support of all PC hardware interfaces oo s
= easy commissioning and diagnosis &, LIGHTBUS
= assignment of logical and physical process images Ethem
. PJRJOJF] I
- Changes of bus system do not require changes to PLC code. I”sgﬁgg? Bha,
Certified! No.099
ControlNet. b,
TwinCAT process images EtherCAT. ™
Virtual Inputs Outputs |
process
images

Physical Inputs j Outputsj ?puts j Outputsj Inputs 1 Outputsj

process
images Fieldbus 1 Fieldbus 2 Fieldbus 3
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eXtended Automation Engineering

TwinCAT 3 PLC BECKHOFF

PLC projects:
» Unlimited Projects per PC - only limited by memory (instead of 4 in TWINCAT 2)
» PLC Task 65,000 possible per PLC (instead of 4 in TWINCAT 2)

Programming:

» |anguages of the IEC 61131-3 (IL, ST, FBD, LD, SFC) + CFC

» usage of the object-oriented extensions of the 3rd edition of the IEC 61131

= call and data exchange of modules written in C/C++ and MATLAB®/Simulink®
= multiple import and export interfaces

» no direct addressing necessary

Commissioning/maintenance:

= source code upload and download

= online change

= full debugging functionality (breakpoints, monitoring, flow control,...)
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eXtended Automation Engineering

TwinCAT 3 PLC

BECKHOFF

Shared tree structure for

software and hardware config

-

oo TC3_IEC_LanguagesSample - Microsoft Visual Studic (Administrator)

;ﬂ'_J'leﬂﬂ| &b 3 _f’_l’||“'1 =\ '\;;J'—_:'!;| 4 |D‘ebug

Eile Edit View Project Build FBD/LD/IL Debug TwinCAT PLC Team Data Tools

n | [ 2 3 a @|€d‘ _'_||<Loca|>

'| = |TC3_IEC_LanguagesSam| =

Solution Explorer

al @

4 jTCB_IEC_LanguagesSample
o [ SYSTEM
MOTION
4 PLC
C3_IEC InterfaceSample_PLC

g Solution 'TC3_IEC_LanguagesSample' (1 praoj «

MAIN_FED > [ENGEYE
PROGRAM MAIN_FBD
VAR
Timer
fbFBD SamplePQU :

ef0peration
e0perationPrev
iResultl

: TON:

FB_FBD SamplePOU:

: E Operation := e0p_Add;
: E_Operation := e0p Rdd:
: DINT;

Shared Programming
- wecr l@Nguage dependent toolbox -

B *ELEEr=E 0|8 & E | D o Mew Work ltemn * New Query = _ff‘ﬁ

~ Toolbox

€r L perators
Pointer
SEL
MUK
LIMIT
MOVE

Conversion

e Nl g

j‘:B{E;}IEan:agesSlr:sple e P bZero : BOOL; 4 Math operators
= _IEC_LanguagesSampl 10 Tie . T Point
> [ External Types RA ounter
4 [ DUTs T ADD (2 Inputs)
f2 DUT r fE  ADD (3 Inputs)
@ E_Operation (ENUM) B SuB
[J GVLs N = v
a | POUs T DI
» [ FunctionBlocks e
MAIN (PRG) g N‘i
MAIN_CFC (PRG)
[] MAIN_FED (PRG) o LT
MAIN_IL (PRG) T;E,-:;fr: P
fF MaIN_LD (PRG) = o 6T
P MAIN_SFC (PRG) H GE
E‘n A_CallFB 4 Boolean Operators
S, A_Evaluate Point
EA A_StateMachine k ointer
[E4 ATest — £ AND (2 Inputs)
|_?A A:Wait T AND (3 Inputs
E‘A Init_Action Error List > I X
Universal output window for MAILST (PR6) @ 0Emors | i\ 0 Warnings | (D 0Messoges | Cleo 0 i = | % srtby <
. » Description = %lSort order ~
feedback from all Projects pranet\ae

|| TC3_IEC_LanguagesSampl Description
4 IE‘ TC3_IEC_LanguagesSampleln —
(i | b

E Output _?5 Error List

Ready
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eXtended Automation Engineering
TwinCAT 3 Motion Control — Overview

BECKHOFF

Drives
Layer

26
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eXtended Automation Engineering

TwinCAT 3 Motion Control = From PTP to Robot Control BECKHOFF

Functionality

NC PTP NC | CNC Robotics
Point-to-Point Movement Interpolated motion Complete CNC functionality Interpolated motion
- Gearing « 3 axes interpolated with 5 * interpolated movement for for robotic control
- Camming additional axes up to 32 axes per channel »  support for a wide
«  Superposition + Native G-Code execution  various transformations range of kinematic
* Flying saw * Advanced Features systems
» straightforward utilization » optional torque
through function blocks pre-control
from the PLC
—|PLCopen|
_Imotion|_
_lecontrol | _
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eXtended Automation Engineering

TwinCAT 3 Motion Control — Cont. BECKHOFF

= scalable solutions (stepper,..., servo drive)

= several abstraction layers
- PLC / SCADA / HMI access always identical objects, independent of axis type and fieldbus

= conversion from mechanical to electronical system
(electronic cam, electronic gear, electronic clutch, electronic camshaft, “flying saw”)

Benefits:

= more flexibility in used technique (stepper, servo drive,...)

= more flexibility in changes to the products

= shorter time of delivery and development time

= shorter time for commissioning because of the lack of mechanical parts
» decreasing costs

TwinCAT 3 | eXtended Automation Technology 28



eXtended Automation Engineering

TwinCAT 3 Advanced Programming Options BECKHOFF

Advanced programming options

« C/C++
«  MATLAB/Simulink
« C#/.NET (Non-Realtime)
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eXtended Automation Engineering

TwinCAT 3 Advanced Programming Options BECKHOFF

C/C++
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eXtended Automation Engineering

C/C++ BECKHOFF

= Allows reuse of existing C/C++ code

= cooperation of C/C++ and PLC code

» real-time applications for all platforms (Windows, TC/BSD, Linux...)

* opens new areas — not just standard PLC users

= well-known programming language

» standardised (C: ISO/IEC 9899 TC3, C++: IEC 14882)

= generation of Automation Device Drivers (ADD) enables to implement own drivers (e.g. fieldbus drivers)

= Beckhoff SDK provides the functionality (like PLC libraries) for
= ADS
= Motion
= File IO
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eXtended Automation Engineering

C/C++ Programming Languages BECKHOFF

Application areas

Image processing

robotics

measurement technology
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eXtended Automation Engineering

C/C++ Programming Languages BECKHOFF

Method CycleUpdate: — is called cyclically Pointer to logical input/output image

/.
an CppSample - Microsoft Visual Studio (Administrator) \ /
File Edit View Project Build Debug TwinCAT PLC Tea}l\ Data Tools Test Window Help

Pl S | # a9 - - -5 b | Daug -| | TwinCAT RT (xa6)
O afE|EE 220806 @ 6@ 38N &
Solution Explorer M Modulel.cpp X

2| 2| B

Q Solution 'CppSample’ (1 project)

s/ 953!

e | |<Loca|> /

Medulel b Cpp5ample

4 CModulel -]/(g CycleUpdate(ITcTask * ipTask, ITcUnknown * ipCall

4 z CppSample ///<AutoGeneratedCemtent to=lImplementatifnOf ITcCyclic">
Iﬂ SYSTEM —HRESULT CHOdulElITcTask* ApTask, ITcUnknown* ipCaller, ULONG context)
=4 MOTION i
PLC HRESULT hr = 5_0OK;
(&3] SAFETY ith your cyclic code
4 [l cs m_counter+=m_Inputs.Value;

4 CppSample
a [7] CppSample Project
@4 External Dependencies
> [ Header Files
a4 | Source Files
=4 CppSample.rc
¢+ CppSampleClassFactory.c
¢ Modulel.cpp
¢ TcPch.cpp
4 |7 TMC Files
|| CppSample.tmc
[ TwinCAT RT Files
[ TwinCAT UM Files

m_Outputs.Value=m_counter;

return hr;

¥

- </AutoGeneratedContent:
Y, d

FHLEELEE R PEL LR ER R TR EE R E LT EE i i Ed i bir it iitinigsi
—|HRESULT CModulel::AddModuleToCaller()
1

m_Trace.Log(tlVerbose, FENTERA);

HRESULT hr = 5 0OK;
if ( m_spCyclicCaller.HasOID() )

i
if ( SUCCEEDED_DBG(hr = m_spSrv->TcQuerySmartObjectInterface(m_spCyclicCaller))

= Vo ;

TwinCAT 3 | eXtended Automation Technology 33



eXtended Automation Engineering

C/C++ Programming Languages

BECKHOFF

VS standard debugger:

= monitoring/modification of variables only with Breakpoint

er TC3_IEC_CPP_Sample (Running) - Microsoft Visual Stud
File Edit View Project Build Debug TwinCAT 1

fhon @A EE] G He %R

Process: Thread:

OTES o LT I el FairCppDemoServices.h

{Unknown Scope)

ULONG nCounter;

-HRESULT CustomCodeCyclic(PFairCppDempIng

1

= J/pout-»value
J/pOut->value

pIn-»value;
pOut->value+t;

nCounter+t;
pOut —‘>F.'alue = nCounter;

return 5_0K;
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e TC3_IEC_CPP_Sample (Debugging) - Micresoft Visual Studic (Administrator)
File Edit WView Project Build Debug TwinCAT Team Data Tools Architecture Test

gl d | B9 - -8B b | WNiDebug Win32
boua a|9oEEE|GiHe %D Ok a E|EE| S

~| Thread: | [256] TwinCat Engine Thread -[ENE N

Process: |[U]Twir|Cat Runtime

CustomCodecpp > Rl T il A CustomCode.h

(Unknown Scope) v|

ULONG nCounter;

FIHRESULT CustomCodeCyclic(PFairCppDempInputs pIn, PFairCppDempOutputs pOu

Ki
— J/pOut-»value = pIn-»value;
. J//pOut-»value = plOut-s>value+t;
| nCounter++;

= pout-*value = nCounter;
[ return 5_OK;|
L}

100% - 4

Watch 1

Mame Value
i3 this | Invalid Expression
o pOut->value | 2890
______ g nCounter | 2891 | unsignes




eXtended Automation Engineering

C/C++ Programming Languages BECKHOFF

VS Beckhoff debugger:
= connection to C++ target (selection of target system)

by “Attach to process” or “Start new instance”

Attach to Process I -_— - @Iﬂ 4 E C++
4 CppSample
Transport: [TwinCAT XAE v] 4 ;}3 CppSar—'- P--:--+
TwinCAT TMC Code Generator
Qualifier: ADS - > EIJ Excte
. CAHes 8 Bui
Transport Information . i [ Build
There is no additional information available for this transport. 4 EL Rebuild
Cj Clean
) Project Only 2
Attach to: TwinCAT XAE Debugger code
& Profile Guided Optimization v
Available Processes 4a |y TM i o
Build Customizations...
Process i) Title Type User Name Session L
Netld 1011288711, Version 3.1.0 TWinCAT XA... - [ Twi Add b
> L Twi References...
> Cpp5ar
y UO@ f_}, View Class Diagram
L Devices Set as StartUp Project
s P
) Mappings Debug * | b Start new instance
Cut Ctrl+X |

[ Show processes from all users Show processes in all sessions Refresh I

[ Attach i Cancel ] |

TwinCAT 3 | eXtended Automation Technology 35



eXtended Automation Engineering

C/C++ Programming Languages BECKHOFF

VS Beckhoff debugger:

TwinCAT Live Watch v 0O X
= monitoring/modification of A Amanged by Object | Scarch Y
variables without Breakpoint 4 0id:01010010 Unbenanntl_Objl (CModulel)
(analog to PLC without T omtgect
Breaprint) ITcWatchSource =
ITcCyclic
m_refCnt
m_cbjld
m_parentObjld
m_objName
oft Visual Studio (Administrator) m_spSrv
| | Debug | TwinCAT Team Data Tools Architecture Test Analyze Window Help m_eTcomState .
) Windows * | (@ Breakpoints Name Value Type
= P Start Debugging F5 =] Output (0id:01010010).m_counter 13861 unsigned int
I P Start Without Debugging Ctrl+F5 i Immediate
P  Start Performance Analysis Alt+F2 &8 TwinCAT Online Watch
o T Attach to Process...
o Exceptions... Ctrl+Alt+E

1 Items 0 changed
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eXtended Automation Engineering

TwinCAT 3 Advanced Programming Options BECKHOFF

MATLAB / Simulink
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eXtended Automation Engineering

MATLAB ®/Simulink® integration BECKHOFF

MATLAB®/Simulink® integration Mﬂ’[hWOI‘l(S

= well-known in the scientific and measurement environment

= great variety of toolboxes (e.g. Fuzzy)

= creation, simulation and optimization of control circuits

= debug interface between Simulink® and TwinCAT Partner

Code generation

= design in Simulink®

= automatic generation of C code by the Simulink Coder™
= compilation with Visual Studio® C Compiler

= parameterization in the TwWinCAT System Manager

= download and execution in the TwinCAT 3 Runtime
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eXtended Automation Engineering

MATLAB ®/Simulink® integration

-
B TempContr

BECKHOFF

Eile Edit Yiew Simulation Format Tools Help
- =3 e . =
hEeEd& 3 | Extemal ~|| BB i B & 2 NF:
--------------- Heater control {closed loop control)
Anzlogln FloatOuwt I
ExternSetpoint " - Monitorin
po filter and scaling . g
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5= Routes HeaterOn Setpoint
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DataArea: Input
ExtemnalSetp 0 (0}
FeedbackTe 0 (272)
DataArea: Output
CoolerOn  (FALSE)
HeaterOn  (TRUE)
MonitoringSi Structure {BusObj
Exdemal Mode

ExtModePar Structure (TctExt!)
ExtModeSer Structure (TctExt!
ExtModeSta Structure {TctExt!
Intemal signals

Bus Creator_ Structure {BusObj
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FeadhackTe (277}

StartupValue {OnlineValue)
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eXtended Automation Engineering

TwinCAT 3 Advanced Programming Options BECKHOFF

C# / .Net
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eXtended Automation Engineering

NET Programming Languages (e.g. C#) BECKHOFF

= well-known programming languages
» standardized C# (ISO/IEC 23270)

= creates intermediate code (Common Intermediate Language — CIL)

benefits:

» efficient engineering with higher abstraction level
= widely accepted

» “Garbage collection” takes care on memory

= could now be handled as part of one integrated solution

restrictions:

» Garbage collector is not suitable for real-time applications

TwinCAT 3 | eXtended Automation Technology 41



eXtended Automation Engineering

C#/.NET programming BECKHOFF

ra
File Edit View Project Build CFC Debug TwinCAT Team Data Tools Architecture Test Anpalyze Window Help
iG-Sl A # a9 - - S5 B [Debug ~| | Any CPU ~| | &% | || & = Gy B2
| Jaan.i v 2Re.
g Solution Explorer M S Main_CFC (PRG)* < ~ Forml.cs [Design]* X
=] (= = )
g =2 SaEIEER PROGRAM Main_CFC 9 X =] .
S=€’ ; Solution 'TC3_IEC-LanguagesSample’ (2 projects) - Scope Mame Ad.. * g o MachineHMI
O 4 (=F MachineHMI - 5
i3 . [ Properties Z @ VAR fbCFC_SamplePOU @ Program  Help
H M I/ o [+3] References N @ VAR  eOperation l;l tabPagel | tabPage2
4 . | O | P
. ‘ 4 [E] Forml.cs 4 @ VAR eOperationPrev g
Windows processes 9 Form Designecs | e um e ;

m

)

@ VAR bZero
#] Program.cs @ VAR bPos
- 4 g TC3_IEC-LanguagesSample @ VAR bNeg

- &3] SYSTEM - Configuration @ VAR bTest
L@ MNC - Configuration -
4 PLC - Configuration 4 m 2

% Forml.resx

wom

PLC module

4 O} MachineControl Project
4 =] MachineControl
8 MachineControl Project instance

(| Safety - Configuration W{:

4 @ C++ - Configuration

C++ module

4 %. Machine Project

a ;’3 Machine

T
@ Bxternal Dependencies
1n

[ Framework W[Z
¢+ Asis.cpp
) Asish
\i] MachineServices.h
> g Machine Instance

L"O—Configuration <

4| n

Real-time Code

= statusStripl = menuStripl

1

Output
Show output from: |TwinCAT '| | 7 | i | :1' =l

4

'lfz‘ L= W B Class View W% Team Explorer [ Code Definition Window JERellT3 EL Pending Changes ﬂ Error List

Ready LnQ
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eXtended Automation

Runtime (XAR) BECKHOFF




eXtended Automation Runtime
Modular runtime

BECKHOFF

dynamic environment for the execution and administration of

TwinCAT 3 modules

administration of runtime modules (via TWInCAT Object Manager)

defined interfaces (e.g. TWinCAT Component Object Model —

TcCOM) and v model

TwinCAT 3 | eXtended Automation Technology
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1
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TwinCAT Object Manager
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Task |, O PLC Call , O C++
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Module Module
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) Task ~ O Simulinke
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X s — i s N
gl Task 8 CNC 8 Simulink®
7 Module
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Q O PLC
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= Task | O Safety
= 3
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eXtended Automation Runtime

Modular runtime interface BECKHOFF

= separation of encapsulated functionality into modules
= extension of the base system by own drivers (Automation Device Drivers — ADD) e.q. fieldbus drivers

= scalability: modules can contain simple functions, complex algorithms and real-time tasks or complete
projects

= reusability of modules

= cooperation of modules written in
= |[EC 61131-3
= C/C++
= MATLAB®/Simulink - generated modules
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eXtended Automation Runtime

Multicore support BECKHOFF

- TwinCAT

Version
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eXtended Automation Runtime

Support of multi-core systems

= distribution of projects to cores

Multi-core CPU

BECKHOFF

= (e.g. PLC, NC, Motion Control and HMI Core 0 C}O_re 1 C}ire 2 Cire 3 CEe
run on dlﬂ:erent CoreS) User HMI PLC Runtime 0 PLC Runtime 1 NC Runtime 1
Apps
Task0 Task 1
= gscalable base time for each core
Windows ADS N ADS N ADS ) ADS n
= scalable CPU usage for each core
I I ! ! !
ADS Router Engine
J ) ) )
L2 Shared Cache

ADS Router Message Queues

System Memory
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eXtended Automation Runtime

BECKHOFF

Support of multi-core systems

Enables cores for real-time usage Defines the CPU-usage limit

Defines the base time for a core

TwinCAT 3 | eXtended Automation Technology 48

Assignment of a task to a CPU

Settings | Dnlhqe | Pricrities | Cas Debugger| /

Router Memony\jcByte): 2048 =

Available CPUs: 2 = [ /Read from Targst |
CPU \lF{T—CPU Base Time CPU Limit p Latency Warning
0 v 50 ps - |80 % / = | (none) -
1 v 1 ms MEES | (none) |
Type Object RT-CPU Base Time Cycle Time Cycle Ticks Priority
TASK PlcfuxTask Default (1) *11ms (none) 0 50
TASK 17O Idle Task Default (1) jl ms 1ms 1 11
TASK MC-Task CPUD ﬂ 50 ps 0.500 ms 10 2
TASK PlcTask Default (1) ﬂ 1ms 10 ms 10 20
TASK Taskd CPUO QSU ps 0.050 ms 1 1




eXtended Automation Runtime

Benchmark of TwinCAT 3 Multicore BECKHOFF

Testcase hardware:

= [ntel® Core i7 950

. h ) | CPU t307 GH Core0 | Corel | Core2 | Core3
4 physical core at.s. £ bool | 0.887 | 0.894 | 0.898 | 0.895

= Nvidia 9800 graphic adapter byte | 0.672 | 0.682 | 0.681 | 0.688
word 0.613 0.614 0.626 0.617

Execution time for 1000 PLC commands (us)

Testcase software:

_ sint | 3.463 | 3.472 | 3.473 | 3.474
= 4 PLC runtime systems int | 3.473 | 3.484 | 3.482 | 3.482

= each PLC runtime mapped to one CPU core dint | 3.487 | 3.497 | 3.491 | 3.496
real 1.813 1.822 1.818 1.820

Ireal 4.761 | 4.769 | 4.770 | 4.769

= all PLC runtimes execute identical
benchmark software

Result:
= TwinCAT Multicore technology increases PLC power, linear related to the number of CPU cores
= PC Control enables future CPU development for automation applications
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BECKHOFF
Contents

. Introduction

;. eXtended Automation (XA)

3. OOP/UML —
4

5

= Nls
2 Mixc

MName)

. TcCOM

TempContg
‘:w,«cme,

. Documentation

G Control.(pp
iy Y(P(h.cpp
D TempControlrc

Iy Temp(onlro!(lushdor
> & TMC Files

b S TwinCATRT Files
b TwinCAT UM Files

Show Output from: | TwinCAT TMC Code Generator
T ST viv
Update file:

- a0 = §
Yern{ontrol(la:sfacte'-,'.wn e
Update file: Yem(ontrollnte"acesm
b @ TempConhol_Ob;\ (CControl) Update file: Control.cpp
4 2o Update file: Control.n
4 *%, Devices

==szuezass

Generation: Succeedeg
L P L P

4

pendmg(hange—, Undo Close  Error List Output
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OOP / UML

TwinCAT 3 PLC BECKHOFF

Object-orientation by the IEC 61131-3 3rd edition

Benefits of the object-oriented extensions

» increased readability of the code by encapsulation algorithms into methods
-=> improved maintainability

» modularization, structuring of the code
—> improved reusability

» abstract programming by using interfaces
- improved extensibility and adaptability

= construction of inheritance hierarchies
- improved extensibility and adaptability

Consistent usage of the object-oriented extensions enables:
» improved software quality
» decreased time for programming and maintenance
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OOP / UML

Object-orientation by the IEC 61131-3 3" edition

BECKHOFF

Language features 2nd edition 3'd edition C++ Java C#
IEC 61131-3 IEC 61131-3
Multi-language support + + - - -
Mixed programming OO/proc. - + + - -
Classes ~ (FB) + + + +
Methods ~ (actions) + + + +
Interfaces - + - + +
Partial abstract classes - - i + +
Polymorphism - + +/- + +
Reference semantics - + (interfaces) - + +
Constructor/destructor - + + + +
Properties - + - - +
Visibility ~ (variables) ~ (variables) + + +
Dyn. memory (“new”) - - (in TwinCAT 3) |+ + +
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OOP / UML

What does Object Orientation look like in TwinCAT 3? BECKHOFF

= declaration of a function block

FUHCTIOH BLOCK AC Meldung [EXTEHDS] TWINCAT MODULE_BASE LIERARY.BazeModule |IMPLEMENWTS | TAC MELDUNG, ITCCHILD

feCylinderl
FB Cylinder.M StateMachine I

] CaII Of a IIlethOd bMoveTocleftReq —|EFOOLEL LR ED M SLOLEnaCI e bTimecutl
bMoveTcRightReq —bPosRightReg batleftPos—bCylinderlAtLeft
bEtRightPosf—bCylinderlAtRight

Usage of the object-oriented extensions:
» |s possible in all IEC languages

* |s independent from the used hardware
" iS not mandatory!
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OOP / UML

UML - Unified Modeling Language BECKHOFF

:Category
term
:scheme
/ ‘label
‘category
........................... ;... :FeedOrEntry !
........................ i : :author i
i . category ;
: ‘contributor ———— ‘contributor !
: :rights i :Link
g ‘;:Iink : :subject
3 itle rel
:Person L, :author 10
[email ____| title

:Generator :Feed R6i0e
:generatorVersion ‘generator :Entry
sicon content :Content
: ‘logo I . ‘published | type
e / :subtitle icontains 'source [ content — 4,1 slang
- entry . wlLisummary Jlength
‘generator :contains ‘body
'SIC
entry
summary
:subtitle
1
:TextContent
VAN AR
:PlainText :XHTML :HTML
‘text xhtml :htmi
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BECKHOFF
Contents

1. Introduction |
2. eXtended Automation (XA)

3. OOP/UML
4
5

. TcCOM
. Documentation

e Conholcpp
Y%+ TcPeh, .Cpp
) TtmpConuol rc
Y% Tem
P 5 TMC Files
b TwinCAT RT Files
b & TwinCAT UM Files

p(onuol(leash«or

Show omput horn YMr»(AT TMC (od: Genm!et

Updhte ‘1lc Tern(ontrol(la Fac tory

Y <pp
Update file: Tem(ont‘olmte"aces h
b @ TempControl _Obj1 (CControl) Update file: Contro. <py
« 2 I/O Update file: Control. n
4 gDevics 0 [HREEe === Generation: Succeeded ssansznass
L, PN R

4

Pendmg(hangn Undo Close  Error List Output

.
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TcCOM — TwinCAT Component Object Model BECKHOFF

TwinCAT 3 Real-timel<Eins!

eXtended Automation Runitime



TcCOM

Modular runtime interface for modules BECKHOFF

= standardised
= easy to use Module Description

= included state machine

State Machine

ITComObject Interface

Interfaces Parameter Interfaces

Pointers

Contexts
DEICWAGES Data Area

Pointers

Categories

ADS Port
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TcCOM
TwinCAT Module State Machine BECKHOFF

Parameter

Parameter
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BECKHOFF

TwinCAT 3 | eXtended Automation Technology

TwinCAT Module Class

TwinCAT Module Class with ADS port

TwinCAT Module Class with Cyclic Caller

TwinCAT Module Class with Cyclic 10

TwinCAT Module Class with Data Pointer

59

TwinCAT C++ Module

TwinCAT C++ Module

TwinCAT C++ Module

TwinCAT C++ Module

TwinCAT C++ Module



TcCOM

MATLAB®/Simulink® integration BECKHOFF

B TempContr
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i}

File Edit View Project Build Debug TwinCAT PLC Team Data Tools Test Window Help
itz Rl - N R e =R N N T I | ElZ] SR G s B - -
[Unberannt A ) 8 @[=(E==0 0wz |00 [inB[A2RE o [ |,

Foiee conv_to_baol CoolerCn Solution Explorer MLl TwinCAT Project?0 X
= P
Generator Object | Context | Data Avea | Interfaces | Block Diagram |

513 s

= TemaCa
Bus Creator

- Heater control (closed 100p CONtrol) - 4] |
- conv_to_bool 4 Block identification -
ldentfier  <Root>

g CoolerOn External |:
) Real-Time Extemal Setpaint Setpoint filter and scaling O Name TempCortr
A Tasks  FeedbackTemp D SelectExts? == Path TempContr

Ready

01 . BIC

Type root
[& Task1 fiter and sealing y §
[E PlcTask filter and scaling Intemal Co | 4 DatafArea: Input
HeaterOn Setpoint witch ExtemalSetr 0 (1)
Fa fourer - Intemal Setpoirt FeedbackTe 0 (272) L

4 [B] TcCOM Objects 4 DataArea: Output

Moritoring Signals seipont

> [ Objectl (TempContr) - M S CooleOn  {FALSE)
> [ Object2 (ContrSysPT2) PID Controller HeaterOn  (TRUE)
8] NC/ Motion Pulse Generator — » MonitoringSi Structure (BusObj
. - PWM FeedbackTemp g scaningt + B
Scope » ExtModePar Stucture (TotBx!
. > BxtModeSer Stucture (TctBd!
gj:dExlSP - Areator control (open loop control) » ExtModeSta Structure (TctExt!
- Switch 4 Intemal signals
a :| — > Bus Creator, Stucture (BusObj
;"‘é Devices T Ceetn conv_to_boi {FALSE)
4 &% Mappings pluse eomE curent (271996430557
2 Object? (ContrSysPT2) - Objectl e (11,8003395358
Extemal Set; 0 (0)
FeachackTe 1 (777)
e
« i v | StartupValue (OnlineValue)
L Use the drop down
[ + | | online
LRI B2 Class.. BE Prope.. W Team...

Ready
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Show Output from: | TwinCAT TMC Code Generator
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Update file:
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Documentation BECKHOFF

= Online —
— https://infosys.beckhoff.com/

®

. .
= Built in MS Hel
Contents ! TwincaT System Manager Manage Content

TwinCAT 3 System

A% CCMm

: Beckhoff Information System / TwinCAT 3/ TE1000 XAE / System
Help Viewer Home
4 Welcome to the Beckhoff Information System TwinCAT System Manager
4 TwinCAT 3
P Product overview b‘ ampleD entation - Microsoft Visual Studio (Administrat Quick L trl+Q P = 0
P Installation FILE EDIT VIEW PROJCT BUILD DEBUG TWINCAT TWINSAFE PLC TOOLS SCOPE WINDOW  HELP
D Licensing o - B-o-dRBF XA » Attach... - Release - TwinCAT RT (x64) .
4 TE1000 XAE wE B2 @@ < -|i5
P User Interface Solution Explorer v 3 x m ~ Properties “
D TwinCAT System Manager ® o- &R : 5‘?‘7&"“ 0 7 Fiter + | ¥ Sortby ~
= i ;
4PLC earch Solution Explorer (Ct p- — O 24sortorder
D Foreword 3] Solution ‘SampleDocumentation’ (1 project) sampl Property
4 5 END_VAR
4 TwinCAT 3 PLC i:
v
Differences compared with TwinCAT 2 = I
Your first TwinCAT 3 PLC project < @ L
4[] SamplePLC = e
P Tips and tricks 4 5] SamplePLC Project
P Creating and configuring a PLC project b (3 Bdemal Types
5 . = 4 b =3 References
P Exporting and transferring a PLC project 3 DUTs Toolbox N
Localizing the PLC project 3 6VLs e
- S POU!
2 Programng a _PLC project - —/_g] P;AIN(PRG) 4 General
D Transfer PLC project to the PLC "‘| VISUs : Error List SR e o iable contn
D Testing a PLC project and troubleshooting 4 b PicTask PAcTask) Y - this group. Drag an item
o : %) MAIN this text to add it to the to
P PLC project at runtime [3) SamplePLC Instance earch Error List P~
P Updating the PLC project on the PLC & SAFETY D File Line Column  Project
. ) Cos
P Using a stand-alone PLC project 4 Evo
P Using libraries % Devices 4 "
. S M
P Multi-task data access synchronization in the PLC fappings Error List | Output
P Creating a visualization
4 Reference Programming
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https://infosys.beckhoff.com/

Documentation BECKHOFF

= MS Help integration*

Help Automatic Online Updates
@ View Help Ctrl+F1 Microsoft Help Viewer 2.3 - Visual S

#if  Add and Remove Help Content Ctrl+Alt+F1 = BEwAEE

Set Help Preference
Contents
Send Feedback

@ Technical Support
. . 4 Help Viewer Home
Online Privacy Statement... )
] 4 Welcome to the Beckhoff Information System
4 TwinCAT 3

Keyboard Accessibility P Product overview

Check for Updates

About TcXaeShell P Installation
P Licensing

P TE1000 XAE

P TExooxx | TC3 Engineering

P TwinCAT Functions

* Additional installation required
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Beckhoff | New Automation Technology

TwinCAT 3

For further information see

www.beckhoff.com/TwinCAT3

4 [l Ttmp(onucl
4 [N 7,

b Externa) Dependencnts
b= Header Files
o e

Al Source Files
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S N ien 1 ol ATy
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Show output from.
s G
Update file: T,
Update file:
Update file:
Update file:

Control.cpp
Control.h

4

Factory.cpp
3ces.h

Generation: Succeeded ==

e — e
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Contact BECKHOFF

Beckhoff Automation Ltd

Canadian Headquarters Phone: +1 (289) 627-1900
4 Schiedel Ct, Unit 1-3 E-mail: info@beckhoff.ca
Cambridge Web: www.beckhoff.ca
Ontario, N3C OH1

Canada
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