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Motivation

BECKHOFF

PC-based control technology from Beckhoff sets new standards in

automation.
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Motivation BECKHOFF

* integration of PLC, Motion and HMI in one software on one CPU:
— minimised hardware expenditure
— no hardware interfaces - faster cycle times
— reduced interface complexity
— Improved diagnostics
= PC Control offers an “open” control system:
— Abstraction is the principle.
— functions in software, independent of the hardware
= scalability of performance and costs through the use of standard CPUs



Motivation BECKHOFF

» High-performance operating systems add IT functions to automation
solutions.

= Automation and IT worlds share the same advantages of PC technology:
— continuous increase in performance
— continuous reduction in costs



PC-based control technology | Milestones BECKHOFF

2010

TwinCAT 3
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eXtended Automation (XA)

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

BECKHOFF



Architecture (XAA)

BECKHOFF
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BECKHOFF

Engineering (XAE)
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Features BECKHOFF

= TwWinCAT 3 — extendable, modular engineering tool

" one programming environment, one project folder, one debugging
environment

» integrated TwinCAT System Manager

= programming according to IEC 61131-3 3" edition (including object-
oriented extensions)

» use of C and C++ for real-time programming
= |link to MATLAB®/Simulink®

» permits the migration of TwWinCAT 2 projects
= integrated in Microsoft Visual Studio®



Scalable functionality BECKHOFF

TWIinCAT 3 TwinCAT 3 Engineering Environment
. . . N 7 syst "Werogramming |
= based on the Microsoft Visual Studio® NET Manager o9ramming
—_ — Configuration o
She” C++ > —-1/0 IEC Object-
- (ED - PLC 61131 oriente_d
= for PLC programmers and users of powershell — © CnG exeensions
existing modules — ~Ned |
- . . . [ronPython — — Safety p— =
= configuration, parameterisation and — others IEC Compiler
diagnostics of system/fieldbus/motion l
= debugging of the PLC application TWInCAT transportlayer ~ADS |
TwinCAT 3 runtime




Scalable functionality BECKHOFF

TWI n CAT 3 T_winCAT 3 Engineerifinvironment based on Visual Studio® hsﬂ,fnﬂ,',ﬁf;p org rammin
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= configuration, parameterisation and
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MATLAB®/Simulink® Debugging
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TwinCAT 3 runtime



Workbench integration

TwinCAT 3 framework = Microsoft Visual Studio®

use of the world’s best-known programming environment
maintenance by a single company

extendable by plug-ins

link to common source-code databases

C and C++ for the programming of real-time applications

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

BECKHOFF

|Dd Visual Studio




Freedom in the choice of programming language BECKHOFF

IEC 61131 and C++ programming
In one environment
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TwinCAT 1/O | Integrated System Manager BECKHOFF

D‘ Machine - Microsoft Visual Studio
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TwinCAT 1I/O | Integrated System Manager BECKHOFF
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TwinCAT I/O | Integrated System Manager

Mapping between process images
= open for all known fieldbuses
» simple commissioning and diagnostics

= separation into logical and physical
process images

- Change of the bus system does not
require a change of the PLC code.

BECKHOFF
DeviceNet CANopen
RS 232
vsces  Modbus RS 485"
EtherNet/IP LIGHTBUS

Sercos PIR[O]F]1
international — BTUTs

‘ e
ControlN\et EtherCAT.



TwinCAT process images BECKHOFF

Symbolic mapping
= Mapping addresses are determined during start-up.

» The PLC boot project can be updated independently of the TwinCAT
project.

= |/O configuration and mapping can be modified and updated independently
of the PLC project.

Virtual process ’ ‘

_ P Inputs Outputs

Images |- inVar 1 |- outVar 1
|- inVar 2 |- outVar 2

e Inputs T OUtpth Inputs Outputq
|- inVar 2 |- inVar 2 |- outVar 1

- Inputs Outputs
images
Fieldbus 1 Fieldbus 2 Fieldbus 3

|- inVar 1 |- outVar 2



TwinCAT 3 PLC BECKHOFF

Multiple PLC projects on one PC possible:
= number of PLC projects limited only by the available memory

Programming
» languages of IEC 61131-3 (IL, ST, FBD, LD, SFC) + CFC
= yse of the object-oriented extension of the 3" edition of IEC 61131

= calling of and/or data exchange with C/C++ and MATLAB®/Simulink®
modules

* import and export interfaces
* no direct addressing necessary



TwinCAT 3 PLC BECKHOFF

Commissioning/servicing:

= upload and download of source code

= change of code and data possible online

= complete debugging (breakpoints, monitoring, sequence control, etc.)



TwinCAT 3 PLC BECKHOFF
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Object orientation according to IEC 61131-3 39 edition BECKHOFF

Language properties 2"d edition IEC 61131-3 3'd edition IEC 61131-3

Multilingual capability + + - - i
OOP/procedural mixed - + + - .
Classes ~ (FB) + + + +
Methods ~ (Actions) + + + +
Interfaces - + - + +
Partially abstract classes - - + + +
Polymorphism - + +/- + +
Reference semantics - + (Interfaces) - + +
Constructor/Destructor - + + + +
Properties - + - - +
Visibility ~ (Variables) ~ (Variables) + + +
Dyn. memory (“new”) - - (in TwinCAT 3) + + +




TwinCAT 3 Motion Control — Continuity

= scalable solution (stepper... servo drive)
= various abstraction layers
— SPS/SCADA/HMI always access identical structures.

» from mechanical to electronic systems (electronic cam, electronic geatr,
electronic clutch, electronic camshaft, “flying saw”)

BECKHOFF



TwinCAT 3 Motion Control — Continuity BECKHOFF

Advantages:

= greater flexibility in the technology used (stepper, servo drive, etc.)
= greater flexibility when changing products

= shorter delivery and development times

» shorter commissioning times, due to fewer mechanical components
» reducing costs



TwinCAT 3 Motion Control
Abstraction Layer BECKHOFF

Soft SPS
Layer

Soft Motion “PosCtrl b Limit

Layer . +
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TwinCAT 3 Motion Control

From PTP to Robot Control

BECKHOFF

Functionality

NC PTP

Point-to-point
motion

= gear box

= cam plates

" superposition
= flying saw

PLCopen

motion
control

[ L[]
[T T T T

NC |

Interpolated motion with
3 axes and 5 auxiliary
axes

= programming according
to DIN 66025

» technological features

= straightforward utilisation
through function blocks
from the PLC

CNC

Complete CNC
functionality

» interpolated motion for
up to 32 axes per
channel

= various transformations

Robotics

Interpolated motion for
robot control

= support for a wide
range of kinematic
systems

= optional torque pilot
control



C/C++ programming languages BECKHOFF

» reusability of already existing C/C++ code

= cooperation of C/C++ and PLC code

" opens up new application areas

= well-known programming languages

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

= Beckhoff SDK provides the functional scope
(similar to PLC libraries) for

— ADS, File 1/O (motion currently being prepared)

Application areas

" iImage processing

= robotics

" measurement technology



C/C++ programming languages BECKHOFF

» CycleUpdate method — is called cyclically
» |ogic input/output image
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File Edit View Project Build Debug TwinCAT PLC Team SQL Tools Test Scope Analyze Window Help
o - B-o-a & XA 2 - | P TwinCAT Debugger ~ Release |  TwinCAT RT (x64) - A
B B2 @ 67, <Local> = - 2

Solution Explorer
R e~ pl o " & CModulel -IO CycleUpdate(ITcTask * ipTask, ITcUnknown * ipCaller, UL

ohn € - slarar (Coele it }
arch Solution Explorer (Ctri« 0 p'

&3 Solution ‘CppSample’ (1 project) ///<AutoGenerat plementationOf ITcCyclic'
4 HJ CppSample =JHRESULT CModulejl:CycleUpdate@@TcTask® ipTask, ITcUnknown® ipCaller, ULONG_PTR ntext)
b @l SYSTEM {

HRESULT hr = S_OK;

= MOTION
PLC
+5 SAFETY
4 Ce+
4 [E CppSample
4 [%] CppSample Project return hr;
b &2 External Dependen i
b & Header Files ///</AutoGenerated
4 &) Source Files =
N ConSambple re VETVITITEET I IS T Va7 Ed T T T TTTisidaaidsdidivisisiiisiissi

ith your cyclic code

AAAAAAA



BECKHOFF

C/C++ programming languages

Visual Studio standard debugger:

= monitoring/modification of variables only by breakpoint:
means “stopping” the machine

D‘ CppSample (Running) - Microsoft Visual Studio

bﬂ CppSample (Debugging) - Microsoft Visual Studio

File Edit View Project Build Debug TwinCAT  TwinSAFE | File Edit View Project Build Debug TwinCAT TwinSAFE PLC Team SOL Tools Test Scope Apalyze |
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- HRESULT hr = S_0K; #a Routes [+] m_Outputs.Valuesm counter;
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C/C++ programming languages

BECKHOFF

Beckhoff debugger:
= TwinCAT Live Watch

= extension of the Visual Studio®
monitoring options

= monitoring/modification of variables
without breakpoint (similar to PLC)

ual Studio
Debug | TwinCAT TwinSAFE PLC Team SQL Tools Test Scope Analyze Window H

= . ]

Windows Ly
Graphics LN
Start Debugging F5 =
Start Without Debugging Ctrl+F5 ﬂ

Quick Launch (Ctrl+Q ol

Breakpoints Ctrl+Alt+B
Output

Immediate Ctri+Alt+|
TwinCAT Live Watch

I8 v v

Start Performance Analysis Alt+F2 |
Start Performance Analysis Paused Ctrl+Alt+F2

I

=1

= 0= o g
Ius: 2y |
A

TwinCAT Live Watch
4l Arranged by Object | Search

4 0id:01010010 Unbenanntl_Objl (CModulel)
ITComObject
ITcADI
ITcWatchSource
ITcCyclic
m_refCnt
m_objld
m_parentObjld
m_objName
m_spSrv
m_eTcomState

vu)(

P

m

Name Value
(0id:01010010).m_counter 13861

Type
unsigned int

1 Items 0 changed




MATLAB®/Simulink®integration BECKHOFF

MATLAB®/Simulink®integration

= familiar from the scientific and measurement technology environment
» large number of toolboxes (e.g. fuzzy logic toolbox)

= creation, simulation and optimisation of control loops

= debugging interface between Simulink® and TwinCAT

Code generation

= design in Simulink®

= automatic generation of C++ code using the Simulink® coder

= compilation with Visual Studio® C Compiler

= parametrisation with TwinCAT System Manager

MathWorks




MATLAB®/Simulink®integration BECKHOFF
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MATLAB®/Simulink®integration BECKHOFF

Debugging in TwinCAT 3
= online monitoring of signal values
= possibility to set

breakpoints

vd MatlabSampleDocumatation (Debugging) - Microsoft Visual Studio Quick Launch (Ctrl+Q P = 0O X

File Edit View Project Build Debug TwinCAT TwinSAFE PLC Team Analyze  Window  Help
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g Tas Infernal Seiteh fiter and scalin (0)
[Z PlcTask Setpoint heaterOn (TRUE)
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i L X . [PreparedValue]Use the drop down men...
4 > Debug: Break inside this object

ST Solutio... [REET I

Command Window |Immediate Window Output

Ready



MATLAB®/Simulink®integration BECKHOFF

Debugging in TwinCAT 3
= debug information after reaching a breakpoint

Dd MatlabSampleDocumatation (Debugging) - Microsoft Visual Studio Quick Launch (Ctrl+Q P = 0O x
File Edit View Project Build Debug TwinCAT TwinSAFE PLC Team SQL Tools Test Scope  Analyze Window  Help

Q- - -a XD - - p Attach... - A TcCreatelnstance ol : [ 4 ;
& Process: .[‘I] Localhost - Suspend - B Thread: | [186563096] Task1 b ¢ Stack Frame: | CTempContr:TempContr_output -siny K| H : : ;

Solution Explorer
@ o- g

Search Solution Explorer (Ctrl+ O =

MatlabSampleDocumatation + X

Object | Contexd | Parameter (Init) | Parameter {Onfine) | Data Area | Interfaces | Block Diagram

Solution 'Matlahhmple[}ocummﬁ e 1 -F 1 =TTy [ e I Tt =T I T o B ] ] | U ————

. MatlabSampleDocumatation Eﬁrﬁﬁml
“ “d S:ST_EM EdemalSetport | @ [@R}— = 0 | | lhewms shoot
3 License Feedback Temp
@ Real-Time +-filter and scaling
b B Tasks +|-fitker and scaling1
=t= Routes HeaterOn ExdemalSetpaint 0
4 TcCOM Objects Intemal Setpoint F e o
) _ BID Cortrofler eedback Temp 0(375)
b &l Object! (ContrSysPT2) £ 4 DataArea: Output
i ﬂ Object2 (TempCeontr) ! imemw Ha: empContr.cpp CoolerOn (TRUE)
b Input Salect ExtSP Method: CTempContr:: TempContr_output HeaterOn (FALSE)
b B Output Lines:  206.207 4 Extemal Mode
@ MOTION P Sum Code: 286: m_BlockIO.2 = m_BlockIO.setpoint - m_BlockIO.current; ExtModeParamet. {ConnectionT .
Switch » eFara nection Timeout=:
4 @ rLc » BEdModeServerVt ([TcTargetVersion={1

EdModeStatus  ([incoming Pkt BufferSi
4 Intemal signals
--------------- Areator control n loop control conv_to_boal_Cv (TRUE)
(ope P l cument (37.500)

LJd O  — & 0 495\

b [CF MeoduleCall




NET programming languages (e.g. C#)

well-known programming languages

standardised C# (ISO/IEC 23270)

generates intermediate code (Common Intermediate Language — CIL)
Advantages

— efficient software engineering with higher abstraction level

— widely accepted

— “garbage collection” organised in the memory

— can now be used as part of an integrated solution

Restriction

— not suitable for real-time applications

BECKHOFF




C#/.NET programming BECKHOFF

Dd MachineControl - Microsoft Visual Studio Quick Launch (Ctrl+Q
Eile Edit View Project Build CFC Debug TwinCAT TwinSAFE PLC Team SOL JTools Test Scope Apalyze Window  Help
N - S-o-&a g - = | P Start - [ Release -: :TwinCAT RT (x64) -| ¥l TcCreatelnstance
i E B 2 @ | 6" 7. | |<Local> ': = i :Machine‘l «| | = =
Solution Explorer * 1 X MAIN_CFC & & X - Form1l.cs [Design] ¢ + X = Toolbox
m ‘@ - & ﬂ @ & m - ARIERICED - [E “ B Search Toolb
S = = b General
Search Solution Explorer (Ctrl+0) P - Timer . TON: D L Form1 =) C:Ce
4
&3] Solution "MachineControl’ (2 projects) 4 fbCFC_SamplePQU : FB_CEC_SamplePQU: Program  Help oo
py Machine Ul : button1 e
S Properties & edperation : E_Operation := e0p . Cont
b =B References 7 e0perationPrev : E_Operation := e0p button2 = Inpu
B App.conlip . 8 iResultC : DINT; g - = Outy
4 Forml.cs - v N =L fF Box
b 1Y) Form1.Designer.cs W{: s - dumy
>
0 Formiresx
b *3 Forml beero = Labe
b C* Program.cs I = Retu
il MachineControl bPos - - — fr Com
PLC module bl SYSTEM XOR - B sele
[ MOTION Bheg - = Com
4 g]IPL_C 4 b == Con
4 U Machinel W c
. ul - onr
4 Machinel Project =
Di]_J External T;pes IL}‘ EJ menuStrip1 = statusStrip1 E Inpu
I
b -3l References [YENEY 100 % |ER ~ E Outg
[J DUTs 4 4
C++ module ot
- 5 Error List * 0 X
4 7 POUs
_(i] MAIN (PRG) Y - 0 Errors 0 Warnings D Mes es Clear Search Error List pe
@] MAIN_CFC (PRG) Description File Line
[ VISUs
b 5 PlcTask (PlcTask)
Real t|me COde [@&] Machinel Instance
b [ Machine2
SAFETY
B[] C++
b E fe]
Solution Explorer [ETESTTE Undo Close JIGIANRY Output Properties |

B tn1 Col 1 Ch1




Integration of source control management BECKHOFF

= well-known methods from IT Team Foundation Server

— version management of source code, _ _
Share-Point Visual Studio Team-

bug tracking, project management Explorer
— mostly integrated in Microsoft Visual S coession st o
Studio ium Vofessional
I tliti Office essional
= essential capabilities for bility

— large projects
— collaboration of developer teams

Process Template

Project Requirements Version
_ IlfecyCIG management Management Management Control

Test Case Build Reportin

Management Automation P 9

Lab Management

Free AIT
Tools



Integration of source control management BECKHOFF

= Visual Studio supports various source Team Foundation Server
code management tools:
: : _Poi Visual Studio Team-
— Microsoft Team Foundation Server Share-Point Explorer
- GIT Expression e Web-

S b I ium Vofessional Access
— Supbversion Extensi-
bility

Offi ;
— Plastics SCM and others - T

- Database storage for configuration data Project Requirements Version
and program COde for Management Management Control
- ++ Test Case Build :

IEC 61131 3/C Management Automation Reporting

Lab Management

Free AIT
Tools



Integrated compare tool

BECKHOFF

» Usage of encrypted sources is supported to enable data security

management.

= also available as standalone version

(but without encryption)

M TC3_IEC_FairDemo - Microsoft Visual Studio
Eile  Edit View Project Build Debug  TwinCAT  TwinSAFE PLC  Team Tools Test
 Build 401992 (Loaded) ~ _: & - o | @ - -2 | - - | Release
B B2 8&. <> + _% Tc3IEC FaiDemoPLC ~ |
Solution Explorer > FB_AxisMc FB_AX5000

W e-alp =

Search Solution Explorer (Ctrl+ ) -

4 ol TC3 IEC_FairDemo 1 additions 308 deletions [l 11 changes

b ] svsTEM 4 [ TC3_IEC_FairDemo
4 MOTION (@ System
4[] NC-Task 1 SAF 4 =] Motion
[Z1 NC-Task 1 5VB 4 |l NC
=8 Image “ ;“:{ .
15
i Tat.lles H’M
Ii‘ Objects B o 3
4 5 Aees B s 4
b B Auis 1 B Axis 3
b Bk Axis2 Channel
b Avis 3 4 [l PLC
b Bep Axisd 4 [} Tc3_IEC_FairDemo_PLC
b B Axis5 w Tc3_IEC FairDemo PLC
b S Channel gf{a*’
4 PLC

i’ Mappings

b [J External Types

Ready

Window  Help

- B Attach.. =

FB_FBD_IL_LD_SamplePOU

TC3_IEC_FairDemo.tsproj \Te_Projects\compare\TC3_IEC_FairDemo - K... TC3_IEC_FairDemo.tsproj

Y & | Quick Launch (Ctrl+Q) P - [m] x
Sign in H
| b TchuteDoc - ‘ iy 2= :

Lm-EN e,

4 il TC3_IEC FairDemo

(4 System
4 |3 Motion
4 i@ NC
4 Axes

Bt Axis 1
Bt Axis 2
B Axis 3
B Axis 4
Bt Axis 5
Channel
4 i PLC
El Tc3_IEC_FairDemo_PLC
E Tc3_IEC_FairDemo_PLC

i s

& o

') Mappings

b [:2] References
b 3 DUTs
b 3 GVls
P [ POUs Ready! 416 ltems compared
b [ Sample EtherCAT Diag XML-View
b [3 Sample Motion MC2
b [ Sample NCI Error List
b [ Sample QOP Entire Selution - | QOErrors | 1 0of 2Warnings | oOOFZW Messages | Clear | "f|
b [ Sample OOP Conveyor T . .
b [ Sample Visu Description Project
b [ SamplelEC Languages
3 GlobalTed|ict
Solution Explorer QERTl=Tl BT Exception Settings JUGHEEY Output Find Results 1

Tc3_IEC_FairDen|
Disabled SMDS_NOT_DIS|
ltemType 56
PathMame TIPCATc3_IEC_F:|
E Persistent
SavelnOwnF False

-1
"\ Search Error List P -

File




Runtime (XAR) BECKHOFF

¥ TwinCAT 3

TwinCAT 3

P e

aXtended Automation Runitime



Modular runtime | Configurating instead of programming

* Independant teams » Then the modules can be simply » to generate the application.
of developers combined and configured ...

= can use different
programming languages

= when they collaborate to
build functionalities.



Modular runtime BECKHOFF

= dynamic environment for the execution i T
and administration of TwWinCAT 3 modules __ TwinCAT Object Manager 1
_ . . s -2,,_++
= administration of runtime modules — =38 w| — 3 ﬁodu.eq
(TwinCAT object manager) _Task B |
] ] ] s B g sV )
» defined interfaces — TWinCAT Component I 3 e =8 Vodue
Object Model (TcCOM) E Task B ‘
% EY(?Nc; 0 - YS— li k_‘;
%JN_’% s \_Call § '\/;grzjuu:z
S =) 3 PLC =
E Task < |L_3
é Task g,;afew call X cz)ygafety ]
E @ FBD | Q
=) TWinCAT 3Runtime
TwinCAT Automation Device Driver — ADD : ]F WP ]F 1F 7
! S
Feldbus




Modular interface at runtime BECKHOFF

= separation of encapsulated functionalities into modules

= extension of the basic system with one’s own drivers (Automation Device
Drivers — ADD), e.q. fieldbus driver

= Scalability: modules can contain simple functions, complex algorithms and
real-time applications or complete projects.

= reusability of modules
= cooperation of modules written in
— |[EC 61131-3
— C/C++
— modules generated with MATLAB®



Modular runtime interfaces for modules BECKHOFF

= standardised
» simple to handle Y ——
= with built in State Machine o

e ——
options Interfaces E— Interfaces
4 different implementation options:
1. mapping of data range values

Pointers

Context
DEIWAVCER Data Area

2. mapping of data range pointers p— Pointers
3. calling of interfaces ADS Port
4. ADS messages

— ADS server

— ADS client



Multi-and many-core support BECKHOFF

TwinCAT '3




Support for multi-core systems BECKHOFF

= distribution of modules to individual cores
(e.g. PLC, Motion control and HMI run on different cores)

= scalable base time for each core
= scalable CPU usage for each core

4 Multi-core CPU )

. _ _ 3

Windows OS No Windows OS — 100 % for TwinCAT!
E—

Core 0 Core 1l Core 2 Core 3 Core ...

. )
Windows Engineering User HMI PLC Runtime 0 PLC Runtime 1 NC Runtime 1
A

pps Tools Task 0 Task 1

— E—
Windows ADS ] ADS ] ADS ] ADS
Drivers 1 1 1 1
ADS Router Engine
y y

L2 Shared Cache
ADS Router Message Queues

System Memory



Support for multi-core systems BECKHOFF

assignment of a task to a CPU
defines the base time for each core
= cores for real-time use

Settings | Online | Prioties]| C++

Router Memory (MByte): 2 =
Available CPUs (Windo ¥ H 4 11 Read from Target Set on target
CPU RT-CPU Base Time | CPU Limit Latency Warning
0 (Windows) [7 Default 1ms v180 % ¥ | (none) v
- — 1 (Other) p- 50 113 L] 100 % (none) ll
= |solated core
|

definition of CPU limit per core

Type Object RT-CPU Base Time Cycle Time | Cycle Ticks | Priority
TASK NC-Task CPU1 ¥150 us 0.050 ms 1 1

TASK PlcAuxTask |CPUO  ~f1ms (none) 0 50
TASK PlcTask CPUOD L] 1ms 10 ms 10 20
TASK Taskd cPU1  ¥|50ps 0.050ms 1 2
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Solutions for different areas BECKHOFF

Scientific Automation TwinCAT Engineering

Industry

Remote Access

SCADA, MES, ERP

Cyber- Physical Systems

FTP-Server, Database,
Webspace




ADS (Automation Device Specification) BECKHOFF

Maintenance Visualisation
Device control Display of

processes



ADS (Automation Device Specification) BECKHOFF

» consistent, vertical, horizontal
= data exchange and/or commands
= open protocol with example code
= available for major Windows platforms
= access from PLC via function blocks
» routable via: local/network
= cyclical/event-driven
= components free of charge
— OCX/DLL/.NET/Script/Webservice



Various solutions based on ADS BECKHOFF

TwinCAT TwinCAT
B B ) ) ) T )
TwinCAT Automation Industry IT Web server lls TwinCAT
Protocols Protocols Protocols
Automation OPC UA, IEC 61850, WLAN, XML, AJAX, Automation
Device Modbus-TCP, IEC 61400-25, Bluetooth, ASP, Device
Specification Modbus RTU IEC 60870-5-10x, TCP, UDP, RAS, DPWS/WSD Specification
(ADS) 3964R/RK512 BACnet, FIAS, FTP, VPN, (ADS)
Creston SNMP, SNTP,
SMS, SMTP
J J J J J J
Acyelic TwinCAT
TwinCAT ADS router TCP, UDP, ADS router
serial, fieldbus
—m ) ] ' Cyclic
. W .! .l \Q EtherCAT Automation Protocol
(= 2 : (EAP), network variables —
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TwinCAT 2 migration

Conversion of an existing TwinCAT 2 project to the TwinCAT 3 format:

* integrated convertor for TWiInCAT 2 projects
(System Manager & PLC control)

= extension of existing projects by new functionalities
* increased reusabillity of existing code parts in new projects
= use of the same tools for all projects/applications

BECKHOFF
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Continuity BECKHOFF

TwinCAT Functions offer a broad range of different add-ons that can
also be used with TwinCAT 3:

= Communication
— OPC UA, Modbus, telecontrol/remote control, serial
= Controller implementations
— controller toolbox, temperature controller
* Engineering tools
— ECAD import, Source code management
» Diagnostics/measurement technology
— Scope 2



Highlights TwinCAT 3 BECKHOFF

= only one software for programming and configuration

= Visual Studio® integration

= more freedom in the choice of programming language

= support for the object-oriented extension of IEC 61131-3

= use of C/C++ as programming language

= link to MATLAB®/Simulink®

= open interfaces for expandability and adaptation to existing tool landscape
» fast and flexible runtime environment

= configuration of binary PLC/C++/MATLAB® runtime modules
= active support for multi-core and 64-bit operating systems

= migration of TWInCAT 2 projects
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Products for Industrie 4.0 and IoT

.

BECKHOFF



Cloud scenarios supported by Beckhoff

TwWINnCAT loT

BECKHOFF

Storage j Analytics

Connectivity Service

A

MQTT
AMQP

OPC UA
- Y

TwinCAT 3
Controller
I

i}
New Machine

vl

—Y

Storage j Analytics

Services

S

TwinCAT loT
Data Agent

$ ADS
.

C—

TwinCAT 2
Controller

el [
H

Connectivity Service

Existing Machine

‘ )
TwinCAT loT
Data Agent

$ oPCc UA

| —y
a—

Third Party
Controller

Third Party

Machine

Private Cloud

MQTT Message Broker



Cloud scenarios supported by Beckhoff

TwWINnCAT loT

Connectivity
Service

a | Publish/
Subscribe

WREE T w

T LLE] [ R 1R 1}
B8 6868606688848
WETT TW O7 NN EE NN
T LI TR
88668 60880666680868
EREzIzrzsmamas
5616 516 616 816 816 618 61
WRTE TR TN OD OE OO
EREE R EEEE EEER
80088088880 28088

i

Amazon Web
Services

Private Cloud

Connectivity
Service

& | Publish/

Subscribe

SR EE EEEE En SR Es
88608 686066086868
EEazzzzassmas
8616 616 616 615 816 818 61
WRTE IR TR IT OE OT
AR EEEEEEEE AR EER
880808888028 08

e W e e iy W

MQTT Message
Broker

@ | Publish/
Subscribe

BECKHOFF



TF67xx: TWINnCAT loT

TF670x loT Communication
TF671x loT Functions

TF6720 loT Data Agent
TF6730 loT Communicator
TF6735 loT Communicator App

BECKHOFF




BECKHOFF

First TwWinCAT loT Success Story — Carheal*, Denmark

Spray booth for the repair of scratches ",
and minor damage to vehicle paintwork. i
An innovative air extraction system
eliminates the risk of air contamination
with emission and energy consumption
being monitored via cloud-based data
acquisition and evaluation

* The system provides information on key
performance data such as e.g. filter
operating hours, air quality and
consumption of energy and paint
resources.

= When VOC (Volatile Organic Compound)
limit values are exceeded, the system
raises an alarm.




Cloud scenarios supported by Beckhoff

TwinCAT Analytics

BECKHOFF

- Amazon Web \ Private Cloud

Services
MQTT Message Broker
4
Y S S
TwinCAT loT TwinCAT loT
Data Agent Data Agent
MQTT $ ADS $ oPCc UA
p— —/ —— — —— — —
TwinCAT 3 TwinCAT 2 Third Party TwinCAT Analytics
Controller Controller Controller —
End Machl Auto-
User Builder | mation
| i Third Party
New Machine Existing Machine| Machine Working Station




TwinCAT Analytics scenarios BECKHOFF

Public/ Analytics

—>  Private - e <
orage
- Cloud
Tl
8 Q
E
E 3
O S
"(7') X
=)
(&]
©
[
L
<» Analytics

Private e

Cloud Storage . — —Y S
S v S . Machine builder/ 3rd Party Analyst
Machine 1 Machine 2 Automation

PLC PLC I E—
Analytics 3 Party Software I
Analytics

Storage

Storage



TwinCAT Analytics products BECKHOFF

= TE3500 Analytics Workbench

» TE3520 Analytics Service Tool

= TF3500 Analytics Logger

= TF3510 Analytics Library

= TF3520 Analytics Storage Provider N
= TF3550 Analytics Runtime

» TF356x Analytics Controller Packs

Analytics w
Logger



TwinCAT Analytics Logger BECKHOFF

= cyclic data logging:

— process image, PLC, NC, Diag
= easy configuration in Visual Studio® T
= data logging Publisher/

— 10T with MQTT Subserioe

— file based

&~ TwinCAT Analytics Logger

TwinCAT Runtime

Solution Explorer Tc3_Condition_Meonitoring_Cloud +® X
M °- a & IEI Parameter (Init)
| 2L [n Val |cs | PTCID
m Solution 'Te3_Cendition_Monitoring_Cloud' ame e ype
4 “a Te3_Cendition_Menitering_Cloud MQTT Host Name r STRING(80) 002020113
b ﬂ SYSTEM MQTT Host IP Address 195.100.200.15 [ ARRAY[D.3] OF BYTE 0x02020102
=] moTION MQTT Main Topic Beckhoff/Fair Hanover 2016/ [ STRING(255) 0%02020008
“ MQTT Client ID [ STRING(0) 002020101
MQTT User Name Pascal [ STRING(255) 0+02020106
[ @ PLC Project] Instance MQTT Password [ STRING(0) 002020107
i3 SAFETY MQTT Data Format IOT_FORMAT_BINARY ﬂ [ IOT_FORMAT 0x02020114
% Lo MQTT JSON Whitespaces FALSE =™ sooL 002020115
4 AMALYTICS
4 [g] DataLogger MQTT via ADS FALSE =|™ sooL 0:0202000C
& Stream PLC
& Stream EtherCAT Device
4 0]
4 *fL Devices
P == Devicel (EtherCAT)
[ ﬁg Mappings
4 [l TwinCAT Measurement Projectl
3 Scope YT Project




TwinCAT 3 Analytics product overview BECKHOFF

Analytics
[?‘as hboard Dashboard
Analysis ' . Code generation
A <
; Ultra-compact IPC
—— ) C6030 —
TwinCAT Analytics Service Tool TwinCAT Analytics Runtime TwinCAT Analytics Workbench
. -.. ...................................................................................... : MQTT ............................................................................
Create data history  storage :
N
...... TWINCAT Analytics
=3 i essage Broker |
: MQTT
Communication/ : :
" QT : : Beckhoff Edge Device MQTT
Data acquisition ; ,
. ................................................................... TWInCAT IOT Data Agent
Ultra-compact IPC C6015
: ADS/OPC UA OPC UA
Beckhoff control system Existing Beckhoff control system Existing 3rd-party controller Beckhoff 1oT Bus Coupler
TwinCAT Analytics Logger
Wi Embedded PC e | Embedded PC ]
= Tll CX2000 T CX5000 J loT Bus Coupler
CA with TWinCAT 3 H with TwinCAT 2 EK9160




TwinCAT 3 Analytics product overview BECKHOFF

Engineering products:
= TE3520 Analytics Service Tool
— configurator including algorithms
— Scope View and IoT connection
= TE3500 Analytics Workbench
— See Service Tool
— PLC code generation



TwinCAT 3 Analytics product overview

Runtime products:
= TF3500 Analytics Logger
» TF3550 Analytics Runtime
— PLC Runtime and Analytics library
— 10T connection including 4 clients
— HMI Server and HMI Client Pack 3
» TF3520 Analytics Storage Provider
» TF3510 Analytics PLC library

BECKHOFF



TwinCAT 3 Analytics — TE3520 Service Tool

Expert tool from Beckhoff for machine
commissioning and service measures

fast configuration

analysis of live and historical data
toolbox with numerous algorithms for
analysis purposes

bracketing of algorithms possible, e.g.:
XTS speed - Min/Max/Avg

graphic charting tool for the visualisation

of raw data

Interaction between results and charting

tool = result finder

Imem=cEE-,

uuuuuuu

2846517000 | Pos: 0000040323134 | Time: 02 2811

P— 7 Ii

Vanill

B— 1 R — PR R R R —— R0

26.0008

32.0008

BECKHOFF




TwinCAT 3 Analytics — TE3500 Workbench BECKHOFF

Beckhoff offers solution for machine manufacturers and end customers
* immediate automatic code generation for created configuration
= code supports 24/7 operation/“for the entire machine service life"
= user-specific, individual HTML5-based visualisation
» platform-independent — Windows, 10S, Android etc.
» responsive design supports diverse tablets and smartphones a.m.

tach o

BECKHOFF

Smart Factory — Analytics

[ | g Sy g e e g




Cloud scenarios supported by Beckhoff

TwinCAT 3
Controller

= (o
K =
i

¥l

New Machine

Storage \I Analyticsj

Amazon Web
Services

Message Broker

MQTT

AMQP

OPC UA
=

4 S
TwinCAT loT
Data Agent

$ ADS

)

TwinCAT 2
Controller

EX|st|ng Machlne

I Message Broker

‘ E—
TwinCAT loT
Data Agent

$ oPc UA
or

)

Third Party
Controller

Third Party
Machine

Storage j Analytics

I/O Signals

Private Cloud

MQTT Message Broker

TwinCAT Analytics

Machine
Builder

Working Station

End
User

Auto-
mation

BECKHOFF
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Basic components BECKHOFF

TwinCAT 3 — eXtended Automation Engineering (XAE)

~N
TwinCAT 3 — eXtended Automation Runtime (XAR)

Base

TC1100 | TC3 /0

TC1000 | TC3 ADS

TC1100 | TC3 I/O TC1100| TC3 I/O

TC1000 | TC3 ADS [ TC1000| TC3 ADS

Functions

TF5xxx | Motion

—_—




Overview of functions BECKHOFF

\
Functions
N N
= ) X2
52 TFS000|TC3NC PTP 10 o mewiesorcns |
6 5 Lo
(@)
————
I
TF5100 | TC3 NC | .
X = x O
o P E
L = L o
— c — 5
[}
=
X T X o
N <o)
LL L &
= =
=
: G —
- )
0 °
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Contact BECKHOFF

Beckhoff Automation GmbH & Co. KG

Headquarters Phone: +49 5246 963-0
Huelshorstweg 20 E-mail: info@beckhoff.com
33415 Verl Web: www.beckhoff.com
Germany
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