Automation Update 2010

Agenda

= Motivation
= eXtended Automation (XA)
= Architecture (XAA)
» Engineering (XAE)
= System Manager, PLC, Motion Control, C/C++ programming, Simulink
= C#/ .NET programming
= Runtime
= Modules
= Multi-Core and 64bit OS
= Roadmap

= Summary
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Automation Update 2010

Beckhoff: PC-based Automation

Beckhoff PC-based Control: Setting new standards in Automation!
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Automation Update 2010

Beckhoff PC-based Control — Advantages

= Integration of PLC, Motion and HMI into one software on one CPU:
= Minimized Hardware
= Faster cycle times due to no hardware interfaces
» Reduced interface complexity
= Better Diagnosis

» PC Control offers an ,open” control system
= Abstraction as a principle
» Functions in software & independent from hardware

= Automation and IT world share the same benefits:

= Performance increase
= Cost decrease
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Automation Update 2010
PC-based Control - Milestones

PC Control § S1000
PC-compatible § PLC/NC on
machine PC

control
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Automation Update 2010

PC-based Control - Milestones

S r AR g 3 vy TwinCAT
== G = ~ <
PC Control S1000 Lightbus S2000 TwinCAT EtherCAT XFC TwinCAT3
PC-compatible PLC/NC on PLC/NC/CNC Terminal IEC 61131 real-time eXtreme Fast
machine PC on PC universal field- |PLC real-time | Ethernet Control
control bus module under Fieldbus Technology
Windows NT
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TwinCAT 3 | eXtended Automation Architecture

eXtended Automation Technology (XAT)
= More than standard automation

PC System

Windows 32/64 bit

System Manager Programming

— Configuration - IEC61131-3
— objectoriented extensions
- CC++

TwinCAT Transport Layer — ADS

TwinCAT Automation Device Driver—ADD

Fieldbus
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TwinCAT 3 | eXtended Automation Architecture

eXtended Automation Engineering (XAE)
= Integration of Tools in one known framework: VS 2010

PC System

Windows 32/64 bit

System Manager Programming
- Configuration - [EC61131-3
— objectoriented extensions
- CC++
TwinCAT Transport Layer — ADS

Safety

TcCOM

e b

TwinCAT Automation Device Driver—ADD

TcCOM

Fieldbus
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TwinCAT 3 | eXtended Automation Architecture

eXtended Automation Runtime (XAR)
» Realtime execution of modules written in different languages

PC System

Windows 32/64 bit

System Manager Programming
- Configuration - [EC61131-3
— objectoriented extensions
- CC++
TwinCAT Transport Layer — ADS

Safety

TcCOM TcCOM
TcCOM TcCOM
—J

TwinCAT Automation Device Driver — ADD

Fieldbus




Automation Update 2010

TwinCAT 3 | eXtended Automation Engineering

eXtended Automation Engineering (XAE)

» 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 3" Edition (including NEW object
orientation extensions)

= Usage of C and C++ for real time programming

= Link to Matlab®/Simulink®

= Runs all TwWinCAT 2 PLC projects without change or

= Migration of TwWinCAT 2 projects (conversion)

= Based on Microsoft Visual Studio® 2010
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Automation Update 2010

eXtended Automation Engineering (XAE)

Deliverable Engineering Products:

= TwinCAT 3 Standard:
= Based on Microsoft Visual Studio Shell
= Integrated System Manager
» Integrated IEC 61131-3 (3rd. Edition) programming
(including object oriented extensions)
» Integrated Safety PLC

= TwinCAT 3 Integrated:

= Integration into the Microsoft Visual Studio

» Integrated System Manager & & ~

= Integrated |IEC 61131-3 Visual Studio 2010 [ Visual Studio 2010 [ Visual Studio 2010
= Integrated Safety PLC Uinee g Professiond Pty

= Cand C++ programming with médn sl with médn e | | With médn —
» Link to Matlab Simulink

C# and .NET programming for (none real time) applications in the
same environment
= QOption for further links to third party Software-tools

S
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eXtended Automation Engineering (XAE)

TwinCAT 3 Standard
= For PLC Programmers
» For users of modules (e.g. with C/C++ or Matlab/Simulink generated)

= Configuring, setting up and diagnosis of system/fieldbus/motion
= Debugging of PLC application

TwinCAT 3
Engineering Environment

System-Manager: programming environment
M0

M PLC
M Motion Control

MSafety
M others

TwinCAT Transport Layer - ADS

TwinCAT 3 Runtime
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Automation Update 2010
eXtended Automation Engineering (XAE)

TwinCAT 3 Integrated
» For PLC and C/C++ Programmers
= Configuring, setting up and diagnosis
= Module generation (C/C++ or Matlab/Simulink) @
= Debugging PLC, C/C++, Matlab/Simulink Visual Studio

PARTNER

TwinCAT 3
Engineering Environment (based on the MS Visual Studio 2010)

Matlab /
Simulink

System-Manager: programming environment
M 10

MPLC Non real time real time
M Motion Control
M C/C++

M Safety C#/ IEC Object Realtime

M others NET 61131 oriented Workshop

extensions

Third party
C programming tool

IEC Compiler Microsoft C Compiler

caption: TwinCAT Transport Layer - ADS

‘ code generation

: debugging TwinCAT 3 Runtime

upload of TC modules
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Workbench Integration

TwinCAT 3 framework = Microsoft Visual Studio 2010 0P o
Visual Studio
PARTNER

= Usage of the most common programming environment

= Extendable via Plugins
= Link to common source control software
= Usage of C und C++ for programming automation devices

= Usage of .NET languages for none real time applications (e.g. HMI)
* Improved help system
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TwinCAT I/O — Integrated System Manager

= Programming, configuration und diagnoses in one tool
—> Continuous Engineering since 1996
= Uniform task management
» Parameterization of TwinCAT modules
= Creation and administration of mappings between the process images
= Simulation of I/O’s and axis

-
oo MachineControl - Microsoft Visual Studio (Administrator)

File Edit Yiew Project Build Debug TwinCAT Tearn Data Tools Architecture Test Anpalyze Window Help

PGl G | 4 B9 - - E-E P [Debug ~| | [# | CreateMenuPkgDef -] =3
: | -—-Local--- M ER e 2@
Solution Explorer = 11 % MachineControl

General | Boot Settings I Data Types | Interfaces

g Solution 'MachineControl' (1 project)
4 3 MachineControl
s @3 SYSTEM - Configuration TwinCAT System Manager [ Choose Target... |
4 MC - Configuration \@ v3.0 (Build 3002)
- [E1 MC-Task1 SAF

4 PLC - Configuration TwinCAT NC |
a  If} MachineControl Project
. =] MachineControl
L5 MachineControl Project insta Copyright BECKHOFF = 13362010
(42| Safety - Configuration hitp:/www beckhoff com

@ C++ - Configuration
» I/O - Cenfiguration
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TwinCAT I/O — Integrated System Manager

YSTEM - Configuration
(1} Real-Time Settings
&1 Task Management
=f= Route Settings
% TcCOM Obijects
= MC - Configuration

= [E1 NC-Task 1 SAF
[Er NC-Task 15VB
* B NC-Task 1-Image
7] Tables
=) Tt Axes
B Axiz 1
Baf Axis 2
Be Axis 3
= PLC - Configuration
= M} MaschineCaontrol
u Application

5 MaschineControl instance
—

(43| safety - Configuration
= @ C++ - Configuration
= %,. TempControl Project
:ﬂ TempControl
g TempControl Instance
44l Cam - Configuration
= E‘ I/0 - Configuration
= 4“% L0 Devices
== Device 1 (EtherCAT)
ﬁj Mappings

BECKHOFF
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System configuration

Motion control configuration

PLC configuration
Safety PLC configuration

C++ module configuration

I/O configuration

22.12.2010 20



Automation Update 2010

TwinCAT I/O — mapping of process images

= Open for all common field bysses Dewceﬂef CANcoen
= Support of all PC hardware interfaces J RS232

. . i ﬂd us <«————>
= Easy commissioning and diagnosis . RS485

= Assignment of logical and physically process image Ethernet TCP/IP  LIGHTBUS
—> Changes of the bus system do not require a change of uengs A ||| SERCOS

the PLC code T -

ControlNet>>  EtherCAT™

TwinCAT- process images

S Outputs
virtual hhﬂ-‘m AN

process
LT S N S N
physical
process
images
Outputs Outputs Outputs
J fieldbus 1 fieldbus 2 fieldbus3
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TwinCAT 3 PLC

Multiple PLC projects:
= Number of possible tasks: 65.000
= Number of PLC projects: only limited by memory

Programming:

= Languages 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

» Multiple import and export interfaces

* No direct addressing necessary

Commissioning/ maintenance

= Source code up- und download

= Online change

= Full debugging functionality (breakpoints, monitoring, flow control,...)
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TwinCAT 3 PLC

Shared tree structure for hard- and software
Programming language dependent toolbox

Q2 - |DES

o0

WinCAT Team Data Tools Architecture Test Analyze Window Help
Qﬂ':$|D|Debug v||AnyCPU '||@| 'IIEfﬂﬁ_?ml%IX"
|1| :E:’;:;E e} 3-’;25:. :\@;f% ’."gi

File Edit View Project Buld FBD_LD_IL Debug
R ar A=A = N N R
PR S b K | B REE

4l

- J;[ x
[ 1 PROGRAM MAIN_FED on blocks a
= 2 ‘ointer
; Solution TC3_IEC-LanguagesSample’ {1 projeft) < VAR
=~ |5 TC3_IECLanguagesSample 2 Timer : TONW: i R_TRIG
@ SYSTEM - Configuration 4 fbFBD SamplePOU : FB_FBD SamplePOU; & F_TRIG
C - Configuration = F ks
= | PLC - Configuration & efperation : E_Operation := eQp_Rdd;
=k B} TC3_IEC-anguagesSample 7 elperationPrev : E_Operation := e0p Rdd: g =
= £} Application a iResultC : DINT: &/ TON
= |Z DUTs ) 3 bZero : BOOL; &/ ToF
o B :i:ppe’ahon - bFoa * BOOL; [+ =/ Math operators
@ Global_variables Bl A o |[ )] k  Pointer
“ Variable_Configuration 1 A F  ADD (2Inputs)
= [ PoUs AND OR AND OR =8 & ADD(3Inputs) 1
E CHECKBOUNDS (5T) bierc — —bTest &/ sB
FB_CFC_SamplePOU (CFC) bPos —
] FB_FBD_SamplePOU (FBD) & oM
] FB_IL_SamplePOU (FBD) & oW
HF] FE_LD_SamplePOU (FBD) b
= FB_SFC_SamplePou (SFC) XOR Q
=3 A_Add (5T) bPos — #/ nNE
A_Mul (5T) blieg — &/ LT
A_StateMachine (5T)
A_5ub (ST) '; E
=) Init_Action (ST) & ar
A - GT |
] FE_ST_SamplePOU (ST) e [" a2 o
MAIN_CFC (CFC) <) B EE server Explorer PRI
4] MAIN_FED (FBD)
] MAIN_IL (FBD)
] MAIN_LD (FBD) @ oErrors | 1\ 0Warnings | (i) 0 Messages -
=] MAIN_SFC {SFC) o - _ =[] ‘ =
=3 A_CallFB (ST) Description File Line @ &
E4 A_Evaluate (ST) [v]
) | 3
- " - =T N
L:_‘g Solution Explorer Cla —WoTl Tl | ) Error List

Shared output window for all languages
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TwinCAT 3 PLC — New editor-properties — LD/FBD/IL

Only one editor for all 3 programming languages!

=>» Switchover without compile
= Also in Online mode
= Settings e.g. for symbol comments take effect on all views
» Mixed networks

= LD
» Contact networks at all inputs

= Coils at all outputs
= Multiple function blocks in one network

= |[L now chart-oriented

D b schalterl
Schalterl anj o R Schalterz
Schalterz Schalterd —| i 3 WP schalterd
AD(  Schalterd
MDH  Schalterf
— OR  Schalters
chalter§
‘‘‘‘‘‘‘‘‘‘‘
ccccccccccccccccccccccccccccccccccccc = I
[} D — [ ! — —)
I I I U1
sehalteril —  pb—o  L———& L m g Lampe2 WD  Schalterld
| | OR(  schalterll
Schalterld rerls T#5s alterll Schalter ‘halterl2 o loumitads
chalter
10 10 10 WP schalterlz
Schalcerll alterld Schalterll ;ﬂt SSSS
$chalterld 11 11 chalter
— AP SchalterlD
Schalterl?
¥
AP Schalterls
Schalterld tim
1terld AL tim
T4
> by
ii ) tim
ST lampez
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TwinCAT 3 PLC — New properties

Debugging

* Inline-Monitoring (especially for ST)

= Force much more improved

» Flexible handling of breakpoints (i.e. conditional Breakpoints)

&0 TC3_IEC_LanguageSample - Microsoft Visual Studio (Administrator)

File Edit View Project Build FBDLDIL Debug TwinCAT Team Data Tools Architecture Test Analyze Window Help
= R R s e N T | kgDef - R G E s B -
% > m B Local--- EC-CREEEEY R
Solution Ex FB_LD_SamplePOU (FB) 3 [ olbox
= ‘ = TwinCAT_Device.TC3_IEC_LanguageSample.MAIN_LD.fbLD_SamplePOU Sleddeisementy i
d Solution TC3 JEC LanguageSample’ (1 project) N Expression Comment Type Value Prepared v t romter =
4 ] TC3IEC LanguageSample [i® Network 3
4 [&] SYSTEM - Configuration ¥ amDataC ARRAY [1..Max] OF 4F  Contact B
» @ Real-Time Settings #1 DInT T 1 Negated contact
4 & Task Management @ e BooL E 4¥  Parallel contact
[& PlcTask # bEnd BOOL
2 Route Settings # bRepeat B00L L 4¥  Parallel negated contact
% TcCOM Objects @ iMax DINT a8 4r  Col
NC - Configuration 1 m » 4r  Setcoil
4 O[] PLC - Configuration | | 4r Resetcoil
4 B} TC3IEC_LanguageSample Project 3 - N = Ton
4[] TE3IEC LanguageSample FALSE bInit ‘;| | TOF
il References {0 I T
*# E_Operation (ENUM)
FB_CFC_SamplePOU (FE) 5
[] FB_FBD_SamplePOU (FE)
FB_IL_SamplePOU (FE) o ——1 "
{#¥] FB_LD_SamplePOU (FB) al | =]
> FB_SFC_SamplePou (FE) H Tnit:
FB_ST_SamplePOU (FB) I
(fif Library Manager SUB ADD
MAIN (PRG) iMax arrDataB[I]
MAIN_CFC (PRG)
] MAIN_FBD (PRG)
MAIN_IL (PRG) I & -
{#] MAIN_LD (PRG) T a e .
MAIN_ST (PRG) —
> [Z PlcTask
% TC3 IFC | annuaneSamnle Proiect instanc ~
o i |
3] Solution Explorer

Ln0 Cho OVR
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TwinCAT 3 PLC - Object Oriented Extensions to IEC61131

Benefits of the object oriented extensions
* Increased readability of the code by encapsulation algorithms into methods
- Increased maintainability

= Modularization, structuring of the code
—> Increased reusability

= Abstract programming by using interfaces
- Increased extensibility and adaptability

= Construction of inheritance hierarchies

—> Increased extensibility and adaptability

Consistent usage of the object oriented extensions enables:
* Increased software quality
= Decreased time for programming and maintenance
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Object orientation with the 3rd edition of IEC61131-3

Six new keywords:

= METHOD : Action on FB with own variables

» PROPERTY: POE-Pair for Set/Get of attribute

» THIS :in Method/Property for the current FB-instance

= EXTENDS : Inheritance between FBs

» INTERFACE : defines abstract objecttype (FB without implementation)
» IMPLEMENTS in the FB: instances over named interface callable

Call syntax for methods:
* QObjekt. Methodenname (...)

Special methods:

= FB Tnit, FB Exit, FB Reinit
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Object orientation with the 3rd edition of IEC61131-3

Language properties 2nd Edition 3rd Edition C++ Java C#
IEC 61131-3 IEC 61131-3
Multi language support + + - - -
OOP/procedural mixed - + + . -
Classes ~ (FB) + + + +
Methods ~ (Aktionen) + + + +
Interfaces - + - + +
Partial abstract classes - - + + +
Polymorphy - + +/- + +
Reference semantics - + (Interfaces) - + +
Constructor / Destructor - + + + +
Properties - + - - +
Visibility ~ (Variables) ~ (Variablen) + + +
Dyn. Memory (,new") - - (in TC3) + + +
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TwinCAT 3 PLC - Object Oriented Extensions to IEC61131

Object oriented extensions of the IEC 61131-3 3rd edition:

= Concept of the function blocks was extended by
» Classes
* |Interfaces
= Methods
* |nheritance
» Properties
= Key words THIS, SUPE

FUHCTION BLOCK AC_Meldung (EXTEHDS TTJIHCAT_HDDULE_BASE_LIBRAR‘I.BfSEHDdulE IMPLEMENTS | IAC MELDUNG, ITCCHILD

fhCy1i erl

! FB Cylinder .M StateMachine
bMoveTocLeftReq —EFOSLE eq | OLaLEMACNINe bTimecutl

bMowveTocRightReq —bPosRightReqg bAtLeftPoaf—bCylinderlAtLeft
bBAtRightPosfbCylinderlAtRight

= Usage of the extensions
» |s possible in all IEC languages
» Independent from the used hardware
= Not mandatory
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TwinCAT 3 MC — Abstraction layer

Soft-SPS
Layer

Soft-Motion
Layer

Fieldbus
Layer

—’(+ “>—> Pos Ctrl —» Limit
SP =I Velo Preset I t, Scale & Limit
Pos Meas. |4
d
LiIGHTBUS CANopen EtherCAT. ™ J|[SERCOS

PLC
C/C++

NC PTP
NC |
CNC
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TwWInCAT 3 MC - from PTP to Robotic Control

Functionality

D ‘Q‘
NC PTP NCI CNC Robotics
Point-to-point Interpolated motion Complete CNC Interpolated motion
movement with 3 axes and functionality for robotic control
— gearing 5 additional axes — interpolated — support for a wide
— camming — programming movement for range of kinematic
— superposition according to DIN 66025 up to 32 axes systems
— flying saw — technological features per channel — optional torque
— straightforward — various pre-control
~ | PLCopen| utilisation through transformations
] function blocks from
- the PLC
—imotion|
—jeontrol | _
4

S
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C/C++ Programming languages

» Reuse existing C/C++ code
» Cooperation of C/C++ and PLC code
= Real time applications for all platforms (CE, XP...)
= Opens new areas — not standard PLC users
= Well known programming language
= Standardized (C: ISO/IEC 9899 TC3, C++: IEC 14882)
= Generation of Automation Device Drivers (ADD)
Enables to implement own drivers (e.qg. fieldbus drivers)
» Beckhoff SDK delivers functional range of (analog to PLC-Libraries)
= ADS
= Motion
= File IO

Application areas

" Image processing

= robotics

* measurement technology
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C/C++ Programming languages

Method CustomCodeCyclic: — is called cyclically

e TC3_IEC_CPP_Sample - Microsoft Visual Studio (Administrator)
File Edit WView Project Build Debug TwinCAT Teamn Data Tools Architecture T Analyze Window Help

il D e & a9 - - L0 P WNtDebug -] [Win3y/ -/ | [# [s0 -]l
DR Es22 0883688383 Qi% » i e 2 XK@ Ji[toca- |

Solution Explorer EAS CustomCode.cpp

| e | =] = (Unknown Scope) / =
j Solution "TC3_IEC_CPP_Sample' (1 project)
4 | TC3IEC_CPP Sample ULONG nColnter;

B SYSTEM - Configuration
eF g Fair{ppDempInputs pIn, PFaiGCpDempDutputspE

=HR

L@ MC - Configuration '

I PLC - Configuration
0 Safety - Configuration

= J/pOut-»value = pIn-»value;

X0qIog] .. J24oidxg ;aaeg g

4 @ C++ - Configuration {/pout->value = pOut->valuett;
4 %, FairCppDemo Project
4 [ FairCppDemo nCounter++;
4 |57 Custom pOut->value = nCounter;
o L Header
4 B Source return 5_0K;
¢+ CustomCode.cpp Ly

gl Extemal Dependencies BT I T I I 1]
T3 Trlam IR T S I T

Pointer to logical input/output image
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C/C++ Programming languages

VS2010 Standard debugger:

= Monitoring / Modification of variables onyl with breakpoint

oo TC3 IEC_CPP_Sample (Running) - Microsoft Visual Stud oo TC3 IEC_CPP_Sample (Debugging) - Microsoft Visual Studio (Administrator)

Ftte Edit View Pm}ect Build Dehug Twm(.:J.’.T 1 Flle Edit View Pm)ect EmEdm Dell.:mg TmeAT charn Data Tools Alchttectule TmAnal.yzeW|
fa-da-Sd@| % 2B -0-8 L SRR e - E-E b [WDbug (w2

;ibuu .J ..1|ﬁ>rL"-——|H,a,|Ha q.|_‘3 -EPIJJ.‘J|E(>‘;_[;_¢_: G| He % | @~ </ (3 s by ax 02 §_§§'§|'_“||:|an

Process: i Thread: |} Process; |[U]TwinCat Runtime 'l Thread: |[Eﬁ] TwinCat Engine Thread '| b d \‘f Stack Fram

CustomCode.cpp > [GETS T [ Ul Ny Custo ST 00T 01 R el FairCppDemoServices.h CustomCode.h

{Unknown Scope) (Unknown Scope) vl

ULONG nCounter; ULONG nCounter;

FIHRESULT CustomCodeCyclic(PFairCppDempIng F/HRESULT CustomCodeCyclic(PFairCppDempInputs pIn, PFairCppDempOutputs pOut)

{ ki

=l //pout-3value = pIn-svalue; — //pOut->value = pIn-»value;
//pout->value = pOut->valuett; | //pOut->value = plOut->value++;
nCounter++; | nCounter++;
pOut-alue = nCounter; & | pOut-»>value = nCounter;
return 5_0K; return S_OK;.|

Watch1 Watch 1
Name §1|.|'alue
1@ this Invalid Expre sion (

¥ pOut->value 2890 | unsignet

> 01X l'"aIIStack

Name
-:_;) Fa|GCpDi

Counte i nCounter | 2801 [ unsigne
______ 1 - | unsigne
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C/C++ Programming Languages

VS2010 Beckhoff Debugger

= Connection to C++-Target (Selection Target system)

e TC3 JEC_CPP_Sample - Microsoft Visual Studie (Administrater)
File Edit Wiew Project Build Debug TwinCAT Team Data Tools Architecture Test Analyze Window Help

Eil- - o K RS e -S| b [whiDebug -] [win32 -|| # [so || 3
iOmbh oGl 22|00 @ a3 G0 ) a2 2% & i [—Local-- Jaan
Solution Explorer Attach to Process
f'_él Transport: -
» [ SYSTEM - Configurat [TePortSupplier

@ MC - Cenfiguration Qualifier: TwinCat Port
§ PLC - Configuration
| Safety - Configuratio
4 E_.] C++ - Configuration

4 %, FairCppDemo Pro|
4[] FairCppDemol

Transport Information

There is no additional information available for this transport.

¥0q[oo] . J2i0)dhq Rmes g

b '-J Custom Attach to: Automatic
d BExternal Dg
a [LF TcCom Available Processes
4 Heade
— Process i Title Type Us
4 |LF Source|
(T Fai Remotesystem nicht erreichbar 0 CX 073673 TwinCatDebu...
& Fai Remotesystern nicht erreichbar ] Cx_03E90F TwinCatDebu...
cj Fai Remotesystem nicht erreichbar a C¥_016465 TwinCatDebu...
-:.j Std TwinCat Runtime Remote on: TwinCatDebu...
" "j W|n3.2 TwinCat Runtime L
> [ XP File
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C/C++ Programming Languages

e TC3 IEC_CPP_Sample (Running) - Microsoft Visual Studic

VS2010 Beckhoff Debugger File Edit View Project Build Debug TwinCAT T
- A SH 2R - -3
H e e R i P S e T
Process: Thread:

= Monitoring / Modification of variables without
breakpoint
(analog to PLC without breakpoint)

CustomCodecpp

(Unknown Scope)

ULONG nCounter;

—-|HRESULT CustomCodeCyclic(PFairCppDempInp

1

oft Vizual Studio (Administrator)
Debug | TwinCAT Team Data Tools Architecture Test Analyze Window Help

- //p0ut->value
J/pout->»value

pIn-»wvalue;
pOout-svalue+t;

B2 Start Performance Analysis Alt+F2

S Attach to Process...

TwinCAT Online Watch return 5 0K;

| Windows » | @ PBreakpoints
; P Start Debugging B3 = Output nCounter++;
l f+ Start Without Debugging Ctrl+F5 i1 Immediate pout->value = nCounter;

- | Exceptions... Ctrl+Alt+E

Marme Walue Type

nCounter 3670 unsigned ke
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What is Matlab?

Matlab

= Matrix-Operations

Fle Edit Debuy Desktop Window Help

e CEIET A MR o @ B | @ curent Dractory: | WatthissinbldateniMatiablDema v &
= Easy programmability
M Figures '+ O 2 X [ Editor - Wmatthiasj-nb\daten\Matlab\Demo\demo.m » 0O 2 x| Workspace “0Oax

DEEdS |5 RATBDL- "HDNAED DNESH| $BRI0 (03 - Aasdfi/b-S8AED B LI B
- L1 | x| oo @ Mare ~ Value

. .
] G ra h I C aI d ata re a ratl O n (@) This Fle uses Cell Made. For information, sex the rapid code Ieration ¥idea, the publshing video, or help, Ha [L23,4]
Step Respanse o ol <ixitf»

<51x51 double

x

|
=2

5 % matrix caleulacion:
.............................. 6 — L=[12:3 4] EHb [5;6]
. . 03 4 7 - B o= [5; 6] He [17;39]
] a— c=a+yp HHi 2.7110e+0%
any special tunctuons 1or | : e
s 1 10 5 def € fer function: clogerig 3
£ % define a transfer function: ] ngosx o

1il[= G = tE([1],[1 2 31}

a wide field of application | . B 2k

13 % plot step response in & new window:
o . , , . ) ) 14— figure():
i 1 2 3 4 5 B 7 15 — step(G):
.
n 16
ery common in e 1 % plot hode disgran in a new window:
18— figure():
. . g . . Bode Diagram 19— hode(G): v
] L
matlab logmm x| dema.m
g o0 4
e dow < x
H t EE 1 Q) Mew bo MATLAB? Watch this Yiden, see Demos, o read Getting Started, x| 1€ | >
n m n =
2 -
e nVI ro e 2z G g 7 A= | Command History + 0O 2 x
e . . . ~addpath{ i\ facchiac .
0 1 2 ] addpathi'\\Matthias
T oasp R 3 2 e addpath ('} Matthia:
2wl ] D %-- 05.05.09 06:45 ——
%
g 351 4 ) uiopen( '\ Matthias:
50 . . = , %-— 05.05.09 08:55 —
10 10 10 10 10 ~uicpeni'|iMatthias:

Fogges — | : e o
----- uiopeni'\iMatthias:

=%-- 05.05.08 09:01 --

co= e uiopen('\iMatthias:
----- length(symbols)

17 S-%-- 05.05.09 09:04 --

I’/ wiopeni' ‘' Matthias:

3-- 05.05.09 09:08 —-
—uiopeni ' Matthias?
%-- 05.05.09 09:10 —-
----- uiopen( '\ Matthias:

"2 4+ 2 5 + 3

5-— 06.05.05 09:04 ——
| ¥

<
-

:| Figue1 x| Figue2 x Figure3 = fr 5o |

4\ Start MATLAE 7.7.0 (R2005h)
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What is Simulink?

Simulink

» Simulation of dynamic systems

» Graphical programming, C-Code can be integrated optionally

= Control loop optimization for complex systems by means of simulations

= Multiple toolboxes accelerate the programming for special applications and different
users (electricians, s EDX) Lo dem A
machinebuilders,...) D = | om0 (4 SELL S fem S BHBS - REES

Libraries Library: Sirnulink/Continuous | Se: © »
-8 Simulink ~

Logic and Bit Opera
Lookup Tables
- hfath Operations
- Model Verification
- Model-Wide Ltilities
- Ports & Subsystems
-~ Signal Attributes

User-Defined Functi

G- Additional Math &

B Contral System Too...
- Real-Time Workshop
- Real-Time Worksho. ..
W Simulink Extra hd
Block Description x

Simulink Library Browser

Shawing: Simulink/Conkinuous Ready 100% odeds
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Configuration of the TcCOM-Module in TwinCAT

Simulink-Model

B TempCont
File Edit View Simulation Format Tools Help

DeEed& a3 Extemal N EERe

wE

Heater control (closed loop control)

ExtemSsipoint

Monitoring
Signals

filter and scaling

const theta_setpoint Manusl Switch

FeedbadTeme g scalingt

— Areator control (open loop control)

conv_to_bool  Co0IErOn

Ready 100% ode3

!

TcCOM-Modul

+ exampleW32.dll fir CE

« example.sys fur NT/XP
* example.tmc

4 5 TcCOM Objects
> Objectl (TempContr)
£, Module Config
NC - Configuration
LC - Configuration
Safety - Configuration
fel C++ - Configuration
b /0 - Configuration

BECKHOFF

File Edit View Project Debug TwinCAT Team Data Tools Architecture Test Analyze Window Help

GdAd4anle-e-a-5]0 5 comovensigos |3 5 5, 45 B8 T -

E— R

Solution Explorer .- X

g Solution TwinCAT Matlab Deme’ (1 project)
a3l TwinCAT Matlab Demo
4[4 SYSTEM - Configuration
@ Real-Time Settings
&1 Task Management
Siz Route Settings

ERESENY B2 Class V... BE Proper.. [ Team..
Ready

TwinCAT Matlab Demo 3

= TempCentr

- Bus Creator
const

- conv_to_boal

~ CoolerOn

ExtemSetpaint

- FeedbackTemp

fiker and scaling

fiker and scaling1

- HeaterOn

Manual Swich

Maritaring Signals

-~ PID Cantroller

PWM
- Sum
theta_setpaint

Object | Cortext | Parameter (int) | Data Area | Interfaces | Mode! Parameters | General Module Settings |

xternSetpoint G dscaling

thets_setpoint Manual Switch|

sedbackTemp G A scaling

D l:l CoolerOn

Fulse Conv_to_bool
Generator

onitoring
Signals

Paramster Startup
Amplitude | 1
Ferod  |12000
PulseWi... |6000
PhaseD... |0

PID
Controller

] r

Discard Changes Save Changes

Qutput

IEFW = o1 B Dondicn Chonnoe 8 Fenc i

¥0q[o0) 3. 1ol 1aAIag e
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.NET Programming Languages (e.g. C#)

= 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
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C#/ .NET programming

-
oo MachineCentrol - Microsoft Visual Studio (Ad strator)

File Edit View Project Build CFC Debug TwinCAT Team Data Tools Architecture Test Apalyze Window Help

1l e @] 4 8] 9 - O = D5 | b [Domg ][y crv SIE] asme
i | —Local— JEman e 2RE.

g Solution Explorer > Main_CFC (PRG)* > ~ Forml.cs [Design]* X

Ready

= = .
oy | EET | [= = C?A PROGRAM Main_CFC W & = -
"8 Salution TCUIEC:LanguagesSample Qpmoiectsl* 5ol Name Ad.. ~|Z a5l MachineHMI
H 4 _EE MachineHMI - c
4 | Popene z @ VAR fbCFC_SamplePOU = Program  Help
=d|
HMI/ i References ° # VAR eOperation = {ebPage] |tabPage2|
- 4 VAR  eOperationPrev o
4 [E] Forml.cs 4 c
- . o button1
WI n d ows %] Forml.Designer.cs N # VAR iResultC | 2
processes % Fommi res v b =
] Program.cs 7 @ VAR  bPos
a4 | TC3IEC-LanguagesSample S @ VAR bNeg
SYSTEM - Configuration 5 @ VAR bTest
l&) NC - Configuration -
P L C m 0 d u I e a4 [J] PLC - Configuration 1] 1 | r
a4 B} MachineControl Project
4 =] MachineControl
5 MachineControl Project instance
| Safety - Configuration AND 2
4 C++ - Configuration
4 %. Machine Project
4 [Z] Machine .
zd External Dependencies
3 Framework XOR B
i G A 4| i |
Real time = Cm—
[h] Axis.h
C d h] MachineServices.h |_statusStr|'pl = menuStripl
O e 5 Machine Instance &
= I/O - Configuration < = 5
Outp
Show output from: |TwinCAT '|| 3 | E5| _’.'.;| E_R| =
EREITLLUY W B2 Class View W% Team Explorer  JBE Code Definition Window JEReISINY I§§, Pending Changes B Error List
Ln0

BECKHOFF



Automation Update 2010
Silverlight: Evolution in design of the user interface

The Evolution of

User Interface Design Thil;lgvgra:
User Experiences
Second Era:
Graphical User
1970s Interfaces
First Era: e

Command Line

Engaging, touch
. sensitive
raphical environments
With video ang sound

Ci\

S B>

—y

Point-and-click |

Type

Consumers buy based on your product’s UX,
not specs. The next-generation cell phones
and media players changed the playing field.



Silverlight For Windows Embedded Development
Environment

Collagorate via Weo or Prototyos

Designer Developer

%\“

New XAML [V )

= New Ul ‘ Visual Studio 2008
C++

Expression
Blend
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C#/ .NET programming

Silverlight: The new Ul experience !

Infeed

e

Processing

y

Packaging

1234

1234

)

4

1234

1234

F>COmM VvmMm=AD>-W D>

Palletizing

Set Temp: 100 °C
Act Temp: 100 °C

LastExecStep: 4 ModeReq: SEMI AUTOMATIC

StateReq: UNSUSPENDING ModeCur: SEMI AUTOMATIC StateCur: UNSUSPENDING

[ Automatic

W R m—

Start

]
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C#/ .NET programming

Silverlight: The new Ul experience ! Second try !

z ! ! ] i s T
» Machine | _ } |
4 | : 4 R —
! !
= i
» Infeed _ bt 7 1 B o
[ S T S Sty L i Bt DL

x ) |
 » Processing ;
\

._, » Packaging
@ » Palletizing

» Automatic » SemiAutomatic » Simulation » Start
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C#/ .NET programming

Microsoft Silverlight:

oo TC2 IEC_CPP_Sample - Micresoft Visual Studie (Administrator)
File Edit View Project Build Debug TwinCAT Team Data Format Tools Architecture Test Analyze Window Help
|9 -0 - B+ b |WNtDebug -/ [Win32 - [[# [so R F G E BE -

|83 i 08 , g8 _: b e b mge.

Eae]

=¥

Solution Explorer > 03 FEERANT LR Bl CustomCode.cpp
B SR EE
; Selution 'TC3_IEC_CPP_Sample' (2 projects)
4 _E SampleMachine
> [=d Properties
> |3 References

» [ Images - » PaCkaging

> e Appxaml

a4 = MainWindow.xaml
%] MainWindew.xaml.cs
) ucFirexaml
=

o ucRfidxaml

K3

» Packaging

> | ucUnterteibamlxaml
4 ] TC3IEC_CPP_Sample
> [l SYSTEM - Configuration
[ﬁ_j NC - Configuration
» Eﬂ PLC - Configuration

Safety - Configuration » Pa"etiZinﬂ

4 | m

5 @ C++ - Configuration =
. [& 0 - Configuration G Design 7 t4 XAML | = o

SAMAET SULI AS— LINGEES \IF 2 \SPE_LMIISA. PHE  SW SLel— | AiL  ALNGIIE— LEIRS I MUINEL [
<Image Stretch="Fill" x:Name="img5psRfid" Source="Images\5P3\sps_rfid_neu.png"” Visibility="Hidd
<SampleMachine:ucRfid x:Name="ucRfidl" HorizontalAlignment="Left" VerticalAlignment="Top" Width:
<Image Margin="-95.823,34.56,95.823,-34.56" w:Name="img0fen" Source="ImagesSP5\ofen.png" Stret:
<SampleMachine:ucFire Margin="393.176,480.743,581.508,209.136" d:LayoutOverrides="HorizontalAli,}

= <Grid RenderTransformdrigin="8.5,8.5" x:Name="gridSerienNo” HorizontalAlignment="Right" Margin=

-] <Grid.RenderTransform:

= <TransformGroup:

PP, [P, RPN -JRP gupny, DG LT -, VST E LY

00% ~ 4| mr |

s22unog eleq i sunng uawndoq B x0qjoo] . Jiojdyg RaRs S

':-’3 Solution E... m% Team Expl... !‘: e ucFire {ucFirel) Window,/ Viewbox/Grid/Grid/ucFire
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eXtended Automation Runtime (XAR)

Modular runtime

= Dynamic environment for the execution and administration of TwinCAT 3
modules

» Administration of runtime modules (by TwinCAT Object Manager)

» defined Interfaces (e.g. TwWinCAT Component Object Model —TcCOM) and
behavioral model

TwinCAT Transport Layer — ADS

caption:
<> ADS-communication
<-> communication

TwinCAT Automation Device Driver — ADD PP |

!
Fieldbus
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eXtended Automation Runtime (XAR)

Modular runtime Interface

= Separation of encapsulated functionality into modules
= Extension of the base system by own drivers (Automation Device Drivers —
ADD) e.qg. 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 generated modules
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eXtended Automation Runtime (XAR)

Support of multi-core systems

= Distribution of projects to cores (e.g. PLC, NC, Motion Control and
HMI run on different cores)

= Scalable base time for each core

Mu|t| -core CPU

Core 0 Core 1 Core 2 Core 3 Core ...
Windows PLC Control User HMI PLC Runtimeq PLC Runtimﬂ NC R‘jun'timeq
Apps Task 0 Task 1
ADS ADS ADS ADS
ADS Router Engine
L2 Shared Cache ]

ADS Router Message Queues

System Memory

BECKHOFF
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eXtended Automation Runtime (XAR)

Enables cores for real time usage

Defines the base time for a core
/ Defines the CPU-usage limit

/

Settings | Online [ Priorities |

Router MemonyflkByte): 2048 =] /

Available CPLUE: 2 [ [ Read from Targ#t |
CPU RF-CPU | Basaffime | Fast Clock | cPuhimit Latency Warning
] IF 50 ps LI {naone) ;I 80 %% - || (mone)
i IF 1ms ll {nane) ;I 30 %% j {none)
Type Cbject RT-CPU Base Time Cyde Time Cyde Ticks Priority
TASK |NC-Task 1SAF  |Default (0) = |50 ps | 2ms 40 4
TASE PlcTask CPU 1 ;I 1ms 1ms i 1

Assignment of a task to a CPU
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Connectivity | ADS (Automation Device Specification)

= Consistent, vertical, horizontal

= Cyclical/event-driven

= Data exchange and/or commands

= QOpen protocol with example code

= Available for major Windows platforms

= Access from PLC via function blocks

= Routable via: local/network ADS -

= Components free of charge:

» OCX/DLL/.NET/
Script/Webservice

Sai s amf,
ioa] eadeagenzmif,

| samcisaEciEs

Sy lee!
1 = (oo
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Connectivity — different solutions, all based on ADS

PLC 1 PLC 2

TwinCAT Automation Industry IT Web TWinCAT

Protocols Protocols Protocols Server lls
Automation OPC UA, IEC 61850, WLAN, XML, AJAX, _
Device Modbus IEC 61400-25, Bluetooth, ASP. Automation
Specification ~ TCP, Modbus IEC 60870-5- TCP, UDP, DPWS/WSD Device
(ADS) RTU 10x, RAS, Specification

3964R/RK512 BACnet, FIAS, FTP, VPN, (ADS)

Crestron SNMP, SNTP,
SMS, SMTP
. Acyclic '
TwinCAT ADS Router eycle TWInCAT ADS
Fieldbus Router

cyclic
_— q _-—
! v |' " l 3 ' (4 @ EtherCAT Automation F
; l ’ / ' ‘ Protocol (EAP) .
Network variables

J
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Open and modular platform

TwinCAT extends
Automation intonew

fields of application "—'_'}: I - I -
* [nstrumentation & ’

Advanced Diagnostics
Measurement %‘ Instrumentation
= 7 & Measurement

= Advanced control > A
9 Vision = &
= Rapid control prototyping n

= Simulation/real-time S T @
: Robotics 78

= Data Analysis /A

= . TwinCA'I“’
~ Simulation rﬁ. -3 E

Modeling & E @

Pl fdt View Simulaton Fgmat Jook Help |
Advanced Control
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Convergence of Technologies

ation Technology (IT)

1

PC- based Control
N

O

@ 1
>

o Special RTOS

90

o

o

(Q\|

S D
8 Visual Studio

PARTNER
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TwinCAT | The Windows Control and Automation Technology

| / 0) Ethernet TCP/IP ggﬁgi

INus
F'Ra ‘ . = | '
(SModbus) =23
LIGHTBUS cn“@p@m coﬁm, :

qiprarie e
] F
’
' I

EtherCAT. ~

” SERCOS

J177]) SR,
A/
A/

TwinCAT’
w3

0
o

ARplication | Mot
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