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Introduction

Beckhoff Automation

Beckhoff Automation provides advanced and open automation products based upon proven
industrial technologies. Beckhoff customers can implement high performance control systems
faster and at a lower overall cost than traditional PLC and motion control systems. Beckhoff's
“New Automation Technology” product range includes PC based control software, industrial PCs,
automation controllers, operator interface hardware, distributed 1/O, industrial Ethernet products,
servo drives and motors. Sales and service are handled directly, with no intermediaries involved
to provide faster response and improved technical support.

The TwinCAT suite was put together by Beckhoff Automation to be a complete development
environment for writing, editing and debugging PLC programs. TwinCAT includes support for five
industry standard programming languages plus a new variant of FBD. Any of these languages (or
combination thereof) may be employed to complete your program.

TwinCAT empowers beginner and advanced programmers alike through the use of libraries.
Libraries contain support code that save the programmer research time. Code that normally
would have been written from scratch now becomes a call to a specific library.

TwinCAT has a built-in software PLC so programs can be tested without connecting to the actual
hardware. Furthermore, another program called TwinCAT Scope View is included that offers a
graphical analysis of the program’s variables which can help with troubleshooting and fine-tuning
a program, as well as aid in tuning servo systems.

TwinCAT also allows for integration through the use of an interface system that makes it possible
to interact with the PLC from other programming environments such as Microsoft Visual Studio
.net using standard DLL and OCX architecture. TWinCAT can also be used to exchange data with
other systems for example, values in an Oracle database can be called by TwinCAT and the
resulting instruction sent over the network to yet another system for processing.

NOTE: This manual assumes basic to intermediate knowledge of Windows based computers and
basic programming knowledge. Though someone with any level of knowledge will benefit from
the instruction in this manual, users are encourage to take classes in the two disciplines
mentioned above to better grasp the concepts presented here.

Vv & & ATWINCAT
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1/O

I/O, or Input/Output, refers to communication between a computer and its users, its storage
devices, other computers (via a network) or attached hardware. Generally speaking, a device
receives Input and delivers Output. But keep in mind that what is defined as Input or Output can
change depending on what is being discussed and the particulars of the interaction, for example
a printer receives Input from a computer (what to print) but the computer can also receive Input
from the printer (e.g. low ink alert).

In the Beckhoff world, we usually are referring to fieldbus components when we talk about 1/0.
Fieldbus components basically describe how the controller connects to what is being controlled.
In simplistic terms, the program to control an assembly activity uses fieldbus components to “talk”
to the assembly machinery.

I/O components include Bus Couplers (Ethernet, fiber optic, PROFIBUS, RS232/RS485, etc.)
and Bus Terminals (digital and analog input/output). These devices and more act as liaisons
between the computing device (computer or embedded CPU) and the machines, systems
(database, etc.) and other computing devices in your facility.

Important aspects of 1/0O that will be discussed later are: throughput, latency, and whether the
communications are synchronous or asynchronous. This will be important in determining what 1/0
components and infrastructure will provide the best results given the infrastructure budget.

You can use the catalog (described in the next section) to explore the different components
available.

Unit

A unit consists of a Bus Coupler, Some number of Bus Terminals (dependent on the model of
Bus Coupler and available extension hardware) and one end terminal. The terminals handle the
individual inputs and outputs while the Bus Coupler handles communication between the
terminals and between the Unit and the fieldbus.

Bus Couplers

There are a number of different Bus Couplers, supporting different types of X0~ 00 '
communication and other specifics. Model numbers are a two-letter code followed —
by a two-digit type code followed by a two-digit form code. BK9100 would describe OO

a standard Ethernet Bus Coupler without onboard processor. 99
oed bl
Letter codes: Type codes: Form codes: :-ﬂ
BC — onboard processor; 11 — EtherCAT 00 — Standard
can run in isolation. 2x — Lightbus 10 — Economy a8
BK — no onboard processor;  3x — PROFIBUS 20 — Economy Plus l._
needs a PC to function. 4x — Interbus 5x — Compact ]
BX — eXtended, has extra 51 — CANopen
communication ports. 52 — DeviceNet (BC and BK only; LC .'
LC — Low Cost 70 — ControlNet and BX always ends Bl
71 — CC-Link with 00 "~
73 — Modbus
74 — Fipio ..
75 - SERCOS . .
60— RSag5 Ll
81 - RS232 !

90, 91 — Ethernet TCP/IP

as
il

v & & 4TWINCAT Example of a Low Cost PROFIBUS
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Bus Terminals

Terminals come in a number of varieties as well depending on the needs of the
system. Model numbers are a two-letter series code followed by a single-digit type

code followed by a two-digit sub-model code and ending with a single-digit channel NEICH
code. —
One place to begin thinking about appropriate components is the difference OC
between KLxxxx (standard) Bus Terminals and ELxxxx (ultra high-speed) EtherCat B
Bus Terminals. T |

So a standard, four channel, digital input will have the model number of: KL1xx4. =

2e:

Regardless of the model, terminals are color coded for quick identification: [

Yellow (XX1xxx) — Digital Input —

(XX2xxx) — Digital Output e
(XX3xxx) — Analog Input ‘B
(XX4xxx) — Analog Output -

Clear (XX5xxx)— Sensor BE
Clear (XX6xxx) — Communication - =
Clear (XX7xxx) — Power Terminal il £ O

Clear (XX9xxx) — Power Terminal BE

= .

Two important Power Terminals are the KL9510 which breaks the power loop, l?lﬁ
separating digital from analog I/O slices, and the KL9010 Bus Terminal which HEEI{H[]FF

closes the electrical loop and must be the very last slice (or the last slice of the last
chained box).

Vv & & ATWINCAT
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Installation of the TwinCAT Suite

The TwinCAT Suite is free to download but requires a serial number after 30 days. This will help
guarantee that your organization does not experience downtime, even during a holiday.

Download and Install

To download TwinCAT:

Go to www.beckhoff.com (enter this URL exactly).

Click on Download on the left hand side of the screen.

Click on TwinCAT (30 days version).

Enter all the fields with a red arrow with real data and click the Register button.

You will receive an email from Beckhoff with a link. Click the link to download TwinCAT.
Find where the installer was saved (probably the desktop). The file should start with
“tcat_” followed by the version number.

e Double click on the file...

Welcome — Click the Next button and then follow ZL S i x)

the instructions on the next page.

Welcome to the InstallShield Wizard
for TwinCAT

The Instalishisld Wizard{TH will help install TWinCAT on your
computer.  To conkinue, dick Next.

Cancel

CD Install

To install from the CD:
¢ Insert the Beckhoff Software Products CD.
¢ Close the browser which will automatically launch.
e Go into My Computer, right click on the CD drive (it might be titted BECKHOFF) and
select Explore.
¢ Gointo the TwinCAT folder and double click on Setup.exe.

Vv & & ATWINCAT
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Choose Setu p Lan guage — make TwinCAT - InstaliShield Wizard

Choose Setup Language

sure English is highlighted and click
the Next button.

1age for the installation from the

InnstallSfiield < Back Mext > Canczl

Welcome — press the Next button. TwinCAT Setup

w ‘Welcome to the InstallShield Wizard for TwinCAT

InstalSfiield

License Agreement — after reading  [EEIRE

License Agreement

the entire agreement, click the Yes N
button.

S oftware Usage Agieement for Beckhoff Software Products
Domestic Customers

81 Subject Matter of This Agreement

m LICENSOR grants CUSTOMER a non-transferable, non-exclusive right

to use the data processing applications specified in Appendix 1 hereto

hereinafter called "SOFTWARE"] within the Federal Republic of Germany

under the conditions specified hereinafter.

2] The SOFTWARE shall be delivered to CUSTOMER on machine readable
recording media as specified in Appendix 1, on which it is recorded as

ah object program in an executable status. One user documentation shall

be part of the application and it shall be delivered to CUSTOMER in

printed form, or also on a machine readable recording mediurn. The form

the user documentation is delivered in is specified in Appendix 1. The

SOFTWARE and the documentation are hereinafter called "LICENSE MATERIALS"
3 Data [files, data base materisls) recorded on the machine readable
recording media which is part of the software mentioned in Appendix 1,

ar which is mentioned there instead of such software, shall fall under

Vv & & ATWINCAT
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TwinCAT Setup

Customer Information

Customer Information — verify your
information. If you have the serial
number enter it here, otherwise just
click the Next button; you will be
able to enter the serial number later.

Pleas

Jaohin Smith
LCompany Name:

Serial Number.

[ < Back H Mest > I Cancel I

Select Installation Level — select the TwinCAT PLC
radial button and click the Next button.

CP — Contains the necessary components for the
special functions (S-Keys, etc.) of the Beckhoff Control
Panels.

10 — The (User Mode-) Program can directly access
the 10 Devices. This Level does not include the PLC.

PLC —includes the IEC61131-3 Software Development
kit.

NC PTP — Enhances PLC with the NC/CNC
functionality to control the PTP-Axis.

NC | — Enhances PLC with the NC functionality for
interpolated drives in 3D.

Select Installation Type — for now, select 30 days
demo version (you can register later) and click the
Next button.

Vv & & ATWINCAT
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Select Installation Level

“You can choose ane of the fallowing product levels:

) TwinCAT CP - Diiver for Control Panels
O TwinCAT 10 - 140 Driver
@ FnAT BE TECETTA S FLE Bysiem

(O TwinCAT NC FTP - PTP Motion Contral
(O TwinCAT NC I - Interpolation

<Back J[ Mew> | [ Cancel

TwinCAT Setup

Select Installation Type

“fou can choose one aof the following installation types:

(330 daps dema versior
(O Register now via phone of intemet,

Q) further information

[ <Back [ Mew> | [ Cancel
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Select Features — select the first TwinCAT Setup

Features

four components as shown, and
click the Next button.

TwinCAT IO — Allows the direct

access to IO via a DLL. Can be & T 10
installed with TwinCAT PLC or iy e e
TwinCAT NC PTP (See Installation I¥] TwinCAT EDS and GSD Filss

Levels abOVe) | ] TwinCAT Remate Manager
TwinCAT Scope View — Diagnostic
tool (see Scope View section near
the end of this manual).

TwinCAT Cam Server — Fast Cam
Server.

TwinCAT EDS and GSD Files —
The EDS (DeviceNet) and GSD
(characteristic master device file, IrstallGfeld <k best> Cancel
Profibus) makes all the settings
available to the user for the configuration of the system.

TwinCAT Remote Manager — Support for managing several different versions of the TwinCAT system
manager and of TwinCAT PLC control.

Choose Destination Location — TnCAT Setup 7
click the Next button. oose Destinalion |

Cancel

Inistal|Sfield

Select Program Folder — click the TwinCAT Setup
NeXt button Select Program Folder

Ahee Chm Maker
Accessorlies

ALCTI 2005
Adrministrative Tools
Al

D'w(G to PDF Converter M
Free DWG Viewer

Games
Indusoft Wweb Studio vB.0

InnstallSfiield < Back Mext > Canczl

Vv & & ATWINCAT
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Information System — after the installation of
TwinCAT, the TwinCAT Information System is
automatically installed. Click the Next button.

Choose Destination Location — click the Next
button.

Select Features — deselect Deutsch if you want to
save space and click the Next button.

InstallShield Wizard Complete — it
is recommended that you select Yes
and click the Finish button to restart
the computer and complete the
installation.

TwinCAT Setup

InnstallSfiield

Information System |Z‘

‘Welcome to the InstallShield Wizard for
Information System

The Install3hield® Wizard will install Information System on
your computer. To continus, click Nest

Information System

Choose Destination Location .
Select folder where setup will install files. ‘

Setup will install Infarmation S pstem in the following folder.

Tainstall to this folder, click Nest. To install to 5 different folder, click Browse and select
another folder.

Destination Folder

CATwinCAT Y rfoSystem

<Back || New> | [ Cancel |

Information System

Select Features i ‘A

Select the features setup will install

1K Description
190271 K Devtsch
Change..
Space Requird on C: 33596520 K
Space Avalable on € 4645340 K
<Back | Mew> | [ Cancel

InstallShield Wizard Complete

leted i

< Back I l Finish Cancel

Vv & & ATWINCAT
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Licensing

TwinCAT must be licensed by entering a Registration Key or it will expire and cease to run 30

days after installation.

First, find and record your System ID. To find your System ID, click on the Ql " W
TwinCAT icon in the system tray and select Properties. ,4""-"

Select the Registration tab.

The System ID should be in
the System ID field. Select

TwinCAT System Properties

General | System | 4MS Router | PLC | Registration

&

kS

TwinCAT Wersion:

the ID, copy it and paste it ' MRy

into an email. Add your P.O.
number from purchasing the
software (if you have it) and
send it to your Inside Sales

representative.

Riegistration:

online:
fon:

Name:
Company;
Rea.-Key:

TwinCAT PLC
timne: lirnited to: 4/11/2007, 4:23:24

¥210.0
9C1F-9D1D-300

hittp: /vy beckhoff. com
+49 [0)5246 9630

Milo Grika
Beckhoff &utomation GmbH
4FFE-4413-37CE-9CFC

X

Within 24 hours (not
necessarily including
weekends and holidays) you
should receive back a new
Registration Key. This can
be copied and pasted in the
Registration field.

If you have any questions, feel free to call 877 TWIN-CAT (877 894-6228) for assistance.

Vv & & ATWINCAT
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Tour of the TwinCAT Environment

Components

There two main components to creating a PLC program in TwinCAT: TwinCAT PLC Control and
TwinCAT System Manager. TwinCAT PLC Control is where the program is written and TwinCAT
System Manager is where the hardware connections are configured.

A third component, the TwinCAT System Service acts as the liaison between the program and
the connected hardware on a PC that is being used as the controller. It is also used to connect to
a training/test station so that programmers can practice and test how the program interacts with
inputs and outputs.

The TwinCAT programs can be launched in a number of ways:
1. Click the TwinCAT icon in the system tray then select the application needed.

@ about TWinCAT..,

2| LogYiew
- System Manager
B8 rLC Control

Fuouter 4

& stop

PLC 4

L
&'(I ), BiELPM

Properties

g‘ Config

2. Click the Start button, select Programs (or All Programs), select TwinCAT System and
select the program needed.

3. Double click on My Computer on the desktop (sometimes found by clicking the Start
button), double click on the C: drive (might be different if a different drive was specified
during installation), Double click on TwinCAT:

a. TwinCAT PLC Control is found in the PLC folder and is called: TCatPIcCtrl.exe
b. TwinCAT System Manager is found in the lo folder and is called:
TCatSysManager.exe
As mentioned in number 3 above, TwinCAT System Manager and TwinCAT PLC Control are the
two programs that will be used the most.

TwinCAT System Manager is used to configure  TwinCAT PLC Control is the programming
the hardware and ultimately to attach or environment. This is where the actual PLC
download the PLC program to the hardware. program is written.

- TwinCAT PLC Control - First_Program.pro - [MAIN (PRGLD)]
Blce to Pkt et Eares Onine Wrdw Heb

 \Untitled - TwinCAT System Manager

3|
S MAIN IPRG) b_200 AT BOOL; (First autput)
Name: Device 1 (VintuatEthemet) 14 [1 - o

Type: Virtual Etheret Interface

$! Outputs
= 8§ ss0007

91 Inputs
Outputs, [ Disabled Create symbolz[]
Term 2 (KLL104

[{
[}
¢
[l

hurber B Name Onine. Address | Type

5 Tom
T EndTerm (xL9010) i1 BKs000-7 172.16... BK9000

&8 Visppings

(xL4002)

Ready Local (169.254.213.246.1.1) (FRTETATT)

[Targat: Local (10,12 2561 1% Flon Tiwe: 1 |

Vv & & ATWINCAT



12150 Nicollet Avenue South / Burnsville, MN 55337 / 877 TWIN-CAT (877 894-6228) BECKHOFF
15

TwinCAT, making Windows a Real-Time Operating System

The importance of precise timing can not be stressed enough in automation. Almost every
automation application has at least a safety aspect and many have the potential for very
expensive mistakes.

Leaving the control of a system up to the unpredictability of Windows could be catastrophic.
TwinCAT effectively turns a Windows computer into a real-time computer.

Real-Time Computing

Real-time computing basically means that there is a deadline to when the system responds after
a request. Normally, PCs respond when they get around to it. Conversely, in a real-time system,
the system must process the request in a given timeframe.

Another concept that is related here is deterministic computing. This can be described as always
getting the expected result given the exact same input.

For this to happen, the initial state of the system must always be exactly predictable. Next we will
look at what is required of a computer system to achieve this and TwinCAT'’s role.

Kernel

The kernel is the part of a computer’s operating system that links hardware to software. In other
words, whenever you do anything on a computer, no matter what the program, at minimum, the
RAM and the processor are accessed; the kernel handles these access requests.

When TwinCAT is installed, Microsoft’s kernel is taken over by TwinCAT. This is because
Microsoft’s kernel is built for compatibility and TwinCAT is built for perfect timing.

Within each tick (see below), TwinCAT regulates how system resources are allocated. This
allows the PC to operate in a deterministic, real-time way. Furthermore, Beckhoff's patented RT
(real-time) kernel is capable of surviving crashes and “blue screens” since it runs outside of the
Windows operating system.

Tick
The smallest clock unit considered by a computer is called a tick (sometimes referred to as a

runtime). The actual length of the tick is dependent on processor speed, RAM and other
variables, but is usually described in milliseconds.

Normally the Windows OS decides what to do in each tick. When TwinCAT is installed, it takes
over control, allocating space within each tick for TwWinCAT operations before handing control
back to Windows. By default, TwWinCAT reserves 80% of each tick but this can be configured up to
90% in the Realtime Settings.

Within each portion of each tick governed by TwinCAT, up to four runtimes can be run in order.
Within each runtime, four tasks can be run in order. And within each task, a number of Projects
(determined by the processor) can be run in alphabetical order.

TwinCAT always gives control back to Windows at the end of the tick. If the task isn’t done, it is
resumed at the beginning of the next tick from where it had stopped. If more than one task is
running but one task does not finish or does not even start, it runs first at the beginning of the
next tick.

Vv & & ATWINCAT



BECKHOFF 12150 Nicollet Avenue South / Burnsville, MN 55337 / 877 TWIN-CAT (877 894-6228)

16

To change the settings the Realtime System must be running. Click
on the TwinCAT icon in the system tray and select Start. Then click
on the TwinCAT icon again and select Realtime Settings.

Latency

Latency describes the time it takes the system to respond to a
request. Even though every attempt is made to control the behavior
of the system, some latency is unavoidable.

The actual latency is displayed dynamically in the Realtime Setup (see
Tick above). In the lower left-hand corner is the Actual System latency
field that continuously updates as it monitors the computer processor.
This is showing how late the central system tick arrived.

Vv & & ATWINCAT
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2| Log View
- System Manager
B8 rLC Contral

Router

B properties

@ config

Realtime Settings

Time base:

Tms

CPU Usage/Limit
0% a0%

Sypstern latency
Actuak M agimum:

104Bps 2450ps

3

100 %

aih at:

[




12150 Nicollet Avenue South / Burnsville, MN 55337 / 877 TWIN-CAT (877 894-6228)

BECKHOFF
17

Configuring Hardware with TwinCAT System Manager

Two operations are performed when attempting to identify and configure hardware connected to
the computer being used for programming and/or acting as the PLC: Append and Scan.

Append is used when no hardware is attached. Scan is used to find hardware that is attached.

When looking at the left pane of the System Manager window, Everything from I/O - Configuration
on down is hardware related. Everything above I/O - Configuration is software related. Different
options will be listed depending on what was installed, but the common configurations are:

SYSTEM - Configuration — Describes how the system will run, especially run-time settings.
PLC - Configuration — Describes how the PLC program will run, particularly how it will run

autonomously.

I/O - Configuration — Describes what hardware is attached and specifies communication

parameters.

Since hardware constitutes 1/0,
appending and scanning is dealt
with using the I/O -
Configuration portion of
TwinCAT System Manager and
specifically with the 1/O Devices
subcategory. Also, since this is
a configuration activity, the
system must be in Config Mode
before an interface can be
appended.

When System Manager is told
to append a device, a list of
devices that can be inserted
appears. This is a generic list
and does not necessarily reflect
what interfaces might actually
exist.

Devices are grouped by type which can be
expanded to show specific devices. Though
there may be multiple interfaces attached to
the computer, only one device can be selected

at a time.

/< |Untitled - TwinCAT System Manager,
File Edt Actions Wiew Options Help

D@ w

A = HERE

LEX

@ % = Qe[ &

Bl SvsSTEM - Configuration
BB nC - Configuration
BA PLC - Configuration
BR Cam - Configuration
= [ 10 - Configuration
=i ]

&8 Mal T 00
[&* Import Device...

%, Scan Devices...

B paste

Chrl+y

Ready

Number | Device Type

B8 Paste with Links  Al+Ctri4+y

i~

Each interface has to be added separately and will be listed under 1/O Devices under

I/O - Configuration.

Insert Device @\
Type: =110 Beckhoff Lightbus ~
10 110 Lightbus FC200x, PCI
10 1140 Lightbus 1220, 154
10 1170 Lightbus C1200 (2 T elegrans)
110 1140 Lightbus Master C41500-4 200, PCT04
110 11/0 Lightbus Slave C1500-8200, PC104
w8 Prafibus DP
e Interbus-5
# €if CaNopen
i == DeviceMet
& ff SERCOS interface Uzt U
== EtherCAT & PC anly
= Ethermet
RealTime Ethemet O BRanly
E O BX anly
gl | Cnl
Name:  [Device 1
These instructions are for E Stop

version 2.8 and up. If using an
older version, please contact
your support person for help.

ais

Vv & & ATWINCAT
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Once the interface is added to
the list of 1/0O Devices, then
that interface can be scanned
to discover what hardware is

attached.

If an actual existing and functioning interface is
scanned, a list of boxes will be displayed. This
list is specific and shows only the hardware

i |Untitled - TwinCAT System Manager

Fle Edit Actions Wisw Options Help
ODEwH

¥ B @ B

!-!uufﬁ’@i

LB @ e =

NEIGRGE 1=

BB SvSTEM - Configuration
B NC - Configuration
B8 rLC - Configuration
B Cam - Configuration
= B 10 - Configuration
= B8 1o Devices
=5
B8 Mappings

= Append Box...

General ‘ AD5

Mame:

Type:

|Dev|ce 1 [(Virtual-Ethemet)

|

[itual Ethemet | nterface

Ready

detected via that interface.

The selected box can then be added to System
Manager. System Manager then displays the
selected box(es) under the device that was

appended under I/O Devices under

I/O - Configuration.

_‘ X Disabled

¥ Delets Device

{E) orline Reset

%} Online Reload (Config Made only)
Online Delete {Config Mode only)

Bl Export Device....

[ Import Box...

Copy

§a* Change Id...

[ Disabled

Create symbols[]

Box Mame

Chrl+x

CrC

Address

Tvpe In Size:

I/0 - Configuration is really only concerned with 1/O, that is, input and output. For this reason,
some Bus Terminals also called “slices”, such as those that deal with electrical termination, are
not generally displayed.

It's critical to know what mode TwinCAT is in during development. The mode can always be
identified by the icon in the system tray and sometimes in the message in the lower right corner of

the application:

Config Mode Run Mode Stopped Changing Free Run
This is the mode | Thisis the | Neither This should Thisis a
that is required mode that | development | only be special
for development. | is required | nor visible for an | mode for
for running | operations instant testing
the PLC. can be between connections
performed. state in System
changes. Manager.
TwinCAT 4 2 -
System Tray icon i i o ¥ E; P
Flashes
TwinCAT Config Mode RTime 0% Stapped .-1-
SyStem Manager Canfig Moade ! Tirme 1% |u]u] ._|_|r||_|| (=]
TwinCAT e
PLC Control TwinCAT Config Mode m
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Lab 1: Append and Scan

Purpose: In this lab, you will be using TwinCAT System Manager to identify the hardware
attached to the computer. You will also see the representation of the attached hardware in
System Manager and how it is different from the physical hardware as described above.

Working Directory

Here you will make a folder on the Desktop in which you will save all the files from the
subsequent labs:

1. Close any applications, clicking the No button if asked to
save. Right click on the desktop, bring your mouse down to e
New and select Folder. Refresh

2. Type your name and hit the Enter key on the keyboard. Save s Scheme...
Graphics Options ~ »
Display Modes »

@ Shortcut

€ Briefcase

[} Bitmap Image

‘Wordpad Document

% Rich Text Document

[E]' Text Document

(»ﬂ Wave Sound

@ Compressed (zipped) Folder

Properties

Hardware Configuration
3. Click on the TwinCAT icon in the system tray.

3a. Select System Manager.

Riouter

Swstem
)
PLC

Properties
_— 1052 AN

3b. Start a new configuration by clicking the New button (Ctrl+N).

% Untitled - TwinCAT System Manager

File Edit Actions ‘iew Options Help

el HhE =R RrE @R Qe &0

t

4. Enter Config mode by clicking the Set/Reset TwinCAT to Config Mode button (Shift+F4).

i Untitled - TwinCAT System Manager

Flle Edit Actions ‘iew Options Help

2wl B e EAE @R Qe &0

t
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4a. Click on the OK button to Restart TwinCAT System in Config Mode.

5. If necessary, click on the
next to 1/0 - Configuration

File Edit Actions Yiew Options Help
e d

.~ |Untitled - TwinCAT System Manager

B0 H e FRRBENE R QS W&

B svSTEM - Canfiguration
BA rLC - Configuration
B Cam - Configuration

= B 10 - Corfiguration
i) 7S

B8 Mappings

Device
Device 1 (Wirtual-Ethernat)

Mumber

51

Type
virtual Ethernet Interface

Ready

Local (10.12.2,94.1.1) [SENTTaeE

6. Right-click on I/O Devices
and select Append Device

“r/Untitled - TwinCAT System Manage

File Edit Actions View Options Help
D@

T

HAE e AR e e Qe we @D

Bl SvSTEM - Configuration Number | Device Type
B nc - Configuration
BA PLC - Configuration
BE Cam - Configuration
. . =8 10 - Configuration
The purpose of appending is ]
to be able to configure g
. . mport Device. ..
hardware when offline or if the F—
Fleldb_us being configured is P o,
unavailable. BB Paste with Links  Al+Ctrl+y
S
Ready
7. Click on the # next to Ethernet then select  comp— 5
i | Ethernet Interface S —
Virtua ) Type: B 110 Beckhaff Lightbus ~ Ok
10 1170 Lightbus FC200x, PCI
H 1170 Lightbus C1220, 154 __Eancel
7a. Click the Ok button. ::ﬁ 10 Llih:busC'IZUU[ZTE\Egrams]
1o 1170 Lightbus Master Cx1500-M200, PCT04
1o 1170 Lightbus Slave Cx1500-8200, PC104
& Profibus DP
£ Interbus-5
<in D&N.upen
E E;;IEEDréeilnteuface Target Type
== EtherCAT &) PC oy
Etheme!
i q',:: Heat\-T\me Ethemet O CRenk
(O BX anly
_-_\'lf? Use = v Ca
Marne: |Dewce1 |

If Append Device is grayed out,
then the system is not in config
mode. Click the Config Mode
button (see step 2 above) or
(shift-F4).

E_Stop
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“r|Untitled - TwinCAT System Manager

8. Right click on Device 1

(Virtual Ethernet) and select File Edit Actions Wiew Options Help
s @ ABRES D S v d B BEA® R Qe @0
Scan Boxes. T =7TEM - Configuration —
B nuC - Configuration A=, ‘ ADS
BA FLC - Configuration - .
% Cam - Configuration Name: |Device 1 pvitual Ethemet) | e i |
= @A 10 - Corfiguration Tope: [Vitual Ethemet Interface: |
= B 1/0 Devices
= =
S8 Mappings | e Append Bos...
¥ Delete Device
{7} online Reset
2% orline Reload (Config Mode orl
5 Crine Reload (Confia Mode o) [ Disabled Create sprbols[]
Online Delete (Config Mods only)
‘Bl Export Device. ..
Box Hame pddress | Typs InSize
G tmport Box. ..
& oo ey
Copy e
§& Change Id... ) >
Ready Local {169.254.213.248.1.1)  [ENTeR0ES

9. Click on the check box next to BK9000-7
(exact number might be different) to select.

9a. Click the OK button.

1 new 1/0 box{es) found El

Cancel

Select Al

Unsslect All

10. Click on the * next to
BK9000-7 (will be the same
device name as discovered in

. Untitled - TwinCAT System Manager

File Edit Actions Wiew Options Help

D e & Ba

BB =/ FE AR E R Q%" €R

SYSTEM - Configuration
B 1C - Configuration
BA PLC - Configuration
BB Cam - Configuration
=8 1/o - Configuration
=B 10 Devices
= R [ /it
== Device 1-Image

step 7 above).

Notice that all the input and
output slices are listed but not

all the other types of slices ggntuts
. . . utputs
existing in the box. 2 1 o7

1 Irputs
! outputs
§ Term 2 (KLL1D4)
M Term 3 (KL2114)
Term 4 (KL3062)
5 Term S (KL400Z)
"% End Term {KL9010)
&8 Mappings

Only controllable elements
need be displayed. Other
elements, such as power
terminators are
unprogrammable so there is
no need having them clutter
up the System Manager.

General |ADS

MName: |Dewce1 [WirtuakEthemet] | Id |1 |

Type: |V\rtual Ethemet Interface |

Comment:

[ Disabled Create symbols []

Mumber Box Mame Gnline Address | Type
ﬂ_‘i 1 BKI000-7 172.16...  BKS0OD
< |

Ready

Local (169.254.213.248.1.1)  [ayeg le

For System Manager to find
attached devices, you may
have to either turn off
Windows Firewall or open
ports bf02 and bf03. Contact
support help if necessary.

E_Stop
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Testing Configured Hardware

TwinCAT System Manager
can also be used to test the
attached hardware to ensure
that everything is configured
correctly and functioning.
Basically, inputs will be
captured and outputs will be
forced.

Once the hardware is “seen”
by TwWinCAT System Manger
by way of appending and
scanning, individual slices can
then be queried and acted
upon. This process mimics
how the box will react when
connected to a PLC.

 Untitled - TwinCAT System Manager
File Edt Actions View Options Help

D@wd ¥ B

O S0

EEX
® % = Qe wer er

® S¥STEM - Configuration
B C - Configuration
BA PLC - Configuration
BB Cam - Configuration
=l 1/o - Configuration
=1- B 1/O Devices
=-E§ Device 1 (RT-Ethsrnst)
=$= Device 1-Image
@ T Inputs
- @l Outputs
=-iff Box 1 (BKS000 172,16.17.7)
- @ Inputs
-l Outputs
= ¥ Term2(KL1104)
= @ Charnel 1
o1
#-§ Channelz
5§ Channel 3
5§ Channel4
+- ™ Term3(KL2114)
#- ™ Term 4 (KL3062)
+- ™ Term S (KL4002)
% End Term (KLI010)
&8 Mappings

Ready

Varlable | Flags | Onine

Walue: 1

NewValue:

Comment:

Local (169,254.213,246.1.1)

The terminals are separated into the different channels that are available for communication. The
channels contain the direction of communication available to that terminal.

It has already been discussed how System Manager is configured in Config Mode, a sub-mode of

Config Mode is Free Run Mode which allows for checking inputs and outputs. This mode
empowers System Manager to operate like a real-time PLC where inputs and outputs are
controlled manually instead of via a PLC program.

Watching an input on a particular slice while its associated, physical input is tripped will result in
an on-screen response. This is displayed in a built-in scope within System Manager. Likewise,
simulating an output using System Manager will result in a response in the physical hardware.
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Lab 2: Testing I/O

Purpose: In this lab you will learn to manually check the hardware connections. Besides ensuring
that the hardware is functioning before applying a program, this can be one of the steps in
troubleshooting a system.

1' Returnlng to your prEVIOUS  Untitled - TwinCAT System Manager |Z||E|E|
lab benCh, Start by ClleIng on File Edt Actions Wiew Options Help -
the ® next to Term 2 then NEEE i B8 #o Seavsddah i@ 2Qdwde| el
. BB 5vSTEM - Configuration —
click on the ® next to B 1c o Vaiatie | essafionine
PLC - Configuration

Chann8| 1. L) Cam-cunf\gguratiun Hame: ‘I"DM

= 1o - Configuration Type: [BooL

=8l /0 Devices "
= EIg Device 1 (Wirtual-Ethernet) Group Size:
la. Select |npUt. s Device 1-Inage e Bl
@7 Inputs
& Cutputs Linked to.. ]
= i Bregoo-7
§7 Inputs Comment;
! outputs
= § Termz(kL1104)
=@ Channel 1
1
§ Channel2
§ Channel3
§ Channel4
B Term 3 {kL2114)
% Term 4 {KL3062)
B Term S (kL4002)
" End Term (kLo010) ADS Infe: Port: 300, 1Girp: 0x14001, I0fs: 080, Len: 1
B Mappings

|

Ready Local (169.254.213.248.1.1) [SEylhuee!

2. Enter Free Run mode by clicking the Toggle Free Run State button (Ctrl+F5).

i Untitled - TwinCAT System Manager
File Edit Actions Wiew Options Help

DS @M M = HE RS @ QW €l

t

3. Click on the Online tab. _, Untitled - TwinCAT System Manager
File Edt Actions View Options Help
Dl A Sees S A% @ 2Q8w4e" €0
B 5STEM - Configuration ———
= NC-Configurat?on Wariable | Flags ‘ Oriine |
B PLC - Corfiguration
TR Cam - Canfiguration s | ‘
=8 1o - Configuration Mew Value:
= B 1/0 Devices
£ EE Device 1 (Wirtual-Ethernet) Gt
=f= Device 1-Image
&1 Inputs
! outputs
=)l Bro000-7
&t Inputs
$! outputs
= B Term2 (KL1104)
=-§ Channel 1 1
%7 Input
§ channel 2
§ channel3
§ Channel 4
B Term 3 (kL2114)
B Term 4 (kL3062)
B Term S (kL4002)
M End Term (KL9010)
&8 Mappings
Ready Local (169.254.213.248.1.1)
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3a. Flip the first switch on the demo box to On (your demo box

might look somewhat different).

3b. The scope in TwWinCAT
System Manager should
respond.

3c. Also notice that a LED on
the Digital Input slice (yellow)
has illuminated.

3d. Flip the first switch on the
demo box to Off.

4. Click on the # next to
Term 3 then click on the
next to Channel 1.

4a. Select Output

5. Click the Write button.

5a. Click the 1 button.

Vv & & ATWINCAT

Untitled - TwinCAT System Manager
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=} Device 1-Image
T Inputs
$ ouputs
= il Box 1 (BK9000 172.16.17.7)
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Ready
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._r|Untitled - TwinCAT System Manager
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BB N - Configuration | [variable | Flags ‘ Oniine |
BA FLC - Configuration
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&7 Inputs
8! Cutputs Hex |0w00 | [ Cancel ]
=1 Boc 1 (BK3000 1720) [ l:l
@ Inputs i
= ¥ Term2(KL1104)
2§ Channelt Boal: E] Hex Edit... o
ST Input Bi o
§ Chamnelz | | | ]
& Channel 3 Bit Size: ®1 O8 O1 O Ot O?
@ Channel 4
=9 Term 3 (kL2114)
2§ Channel 1
@] output =
§ Channel2
§ Channel3
€ Channel4
" Term 4 (K13062) ]
< | &
Ready Local (169.254,213.246.1.1)
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5b. Notice the scope in
TwinCAT System Manager.

6. Check the demo box for light 1.

6a. Also notice that a LED on the Digital Output

slice (red) has illuminated.
6b. Click the Write button again.

6c. Click the O (zero) button.

7. Click the Save button.

. Untitled - TwinCAT System Manager

File Edit Actions View Options Help
DEwd

A & oees SRR

ERERCIERGEE

EEX

Bl 5vSTEM - Configuration
BB nC - configuration
BA FLC - Configuration
B Cam - Configuration
= I 12 - Configuration
=B 10 Devices
(= B} Device 1 (RT-Ethernet)
=f= Device 1-Image
{1 Inputs
! Outputs
=i Box 1(BK9000 172.16,17.7)
@ Inputs
@/ outputs
= 8 Termz(kL1104)
=-§ Channel 1
f Input
§ Channel 2
§ Channel 3
§ Channel 4
=B Term 3 (KL2114)
-8 Channel 1
@, Cutput
§ channelz
& Channels
& channel4
BE Term 4 (KL3062)
< |

Varisble | Flags | Online |

Yalue: |1 |
New Value:
Comment:

Ready

Local (169.254.213.248.1.1)

i Untitled - TwinCAT System Manager
File  Edit

D2

t

Actions  Wiew  Options  Help

8. Select the folder you made in the beginning of Lab 1.
Click on the Save in field, it should be at the bottom of the
pull down menu. Otherwise, click on Desktop and it should

be listed there.

4 p =

9. Type First_Project in the File name field.

9a. Click the Save button.

ﬂﬂ\fﬁ@:

a tae

B ® e BQlawee &

Save As |E‘ g‘

Savein: | Lib

I} My Dacuments
'y My Computer

< Spstem (L)

23 TwinCaT
= Pl
159 Lib

“e INSTALL [Dv]

b DVD Diive [E:)

[ Shared Documents

(5 Admin's Documents

{5 My Documents
€ My Nstwerk Placss
15 Joe

File name|

Save as i

|« @ er BB

-
- Cancel
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PLC programming with TwinCAT PLC Control

As part of the Beckhoff's commitment to providing one solution for all of your PLC needs,
TwinCAT PLC Control offers a programming environment with all the features and support
necessary to meet the requirements of any PLC application. This includes five IEC standard
programming languages plus a new variation on FBD called CFC which is not yet a standard:

IL (Instruction List) — is a low level language with a structure similar to a simple machine
assembler. Though it can be used to write tight code for simple yet critical operations, it is the
least documented language of the IEC standard, because of this, it might not be the best choice
for beginner programmers. There is a proposal to improve IL so a future version might make it a
better choice.

LD (Ladder Diagram) — aka RLL (Relay Ladder Logic) is representative of electrical wiring
diagrams, specifically ones used in the car industry. Subsequently it is easy for people familiar
with simple electrical systems and is well accepted by electricians and plant technicians.

-Its main deficiencies are its lack of scalability and the variation of symbols used throughout the
industry.

FBD (Function Block Diagram) — is a graphical language which effectively depicts a system in
terms of the flow of signals between processing elements and is very similar to signal flows
illustrated in electronic circuit diagrams.

SFC (Sequential Function Chart) — is a graphical language developed largely by a French
standards group called Grafcet. It is structured as a series of steps which intuitively describe
sequences of operations.

ST (Structured Text) — is a high level language with some similarities to PASCAL and BASIC.

CFC (Continuous Function Chart) — is a variation of FBD not yet a part of the IEC standard. In
addition to the display of FBD, CFC also shows the resource and task assignments.

PLC Control allows for any number of the languages to be used in the completion of a Project.
This not only allows the programmer to select the best method to design a system, but allows that
programmer to switch between tools as the specific operations within that system demand.

A complete TwinCAT program is called a Project. A Project can contain three kinds of objects:
Program Organizational Units (POUs), data types and resources, plus libraries which are
collections of the afore mentioned objects which can speed the writing of new code and give the
Project added power such as connecting to third party hardware.

A POU basically contains variables and the use of those variables. Data types are additional
types of information that the variables designated in the POU(s) can be declared to contain. And
resources are elements that multiple POUs may work with; most common are global variables,
but also include hardware configuration tools, logging tools and the Library Manager (which lists
available objects in any attached libraries).

Understanding the specifics of how TwinCAT programs are structured is not necessary to

complete this training course. As one begins creating more complex programs, the above
description will become clearer and more useful.
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TwinCAT PLC Control is separated into four frames:
!Eile Edit Project Insert Extras Online ‘Window Help -8 x
el e e I e e R e i e e R
[00[PROGRAM MAIN
=T [EE i
| 0003 b_100AT%BOOL,  (Firstcontact) Declaration Editor
[0004) b 200AT%CRBOOL  CFirstautaury '\
|[D00S|END_vAR
fanne
| < >
L]
b_100 Code Editor b_200
_______ : (]
Object Organizer Editor
Windows

[Other Editors]

Message Window

¥

ONLINE [0V [READ

- PDUSI *= Data typesl Visualizationsl % Hesaulcas] <

|Target: Local {10.12.2.56.1.11, Run Time: 1 (el ey

|
Editor Windows — This where the code is written. There will be an Editor Window for each object
in your Project and each Editor Window will conform to the language used for that object. In the
LD example above, there is a Code Editor that also includes a Declaration Editor:

Declaration Editor — This is where the variables can be manually assigned though
generally coding is done in the Code Editor where auto declaration does the work which
is displayed in the Declaration Editor. In Run mode, this pane will also show the states of

the variables.

Code Editor — This is the main area for writing the code. Variables such as inputs and
outputs can be added with a point and click methodology. In the LD example shown, the
ladder rungs are displayed. As assignments are made, the Declaration Editor
automatically updates to show the change.

Messages — As the program is compiled (built) and run, feedback is displayed here. Detected
problems with the program will be identified here.

Object Organizer — This is where all the objects of the Project are listed. There is a tab for each of
the three types of objects: POUs, Data types, and Resources. There may also be a tab for
Visualizations where interactive graphic representations of inputs and outputs can be made.
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Lab 3: TwinCAT PLC Control Familiarization

Purpose: In this lab, you will be creating a simple PLC program. This section is not intended to be
even an introductory programming course; it is merely to acquaint you with the functionality of
TwinCAT and basic procedure to start a project.
1. Click on the TwinCAT icon in the system tray.
la. Select PLC Control.

1b. Click the OK button when presented with the Could not open
project/library alert.

Router
1c. Go under the File menu to New. e .
PLC 3

Properties

., 10:52 AM

2 . Select PC . Choose Target System Type
@ PO orCX (486) O (ARM)
2a. Click on the OK button. [ o Cancel

" BCxaB0 o BX via AMS
" BCxxS0 or BX via serial

New POU &
3. Select LD under Language of the POU.
Name of the new POL: [Main i3
Type of FOU Language of the POU Cancel
3a. Click the OK button. & Pragram oI e
" Function Block & LD
€ Function " FBD
Rietun Type: " SFC
|| csT
" CFC

4. Right click in the Code

-2 MAIN (PRG-LD)

section of the programming [0001/PROGRAM MAIN
window. %‘E{ﬁgyﬁm
mg I >
001]
< | >
5. Select Contact (Ctrl+K). o o
Paste Chrel+v
Delete Del

Metwork (before)
Metwork (after]  Chr+T

Parallel Contact  Ctrl+R

Function Block ... Cir+E
Cail Chrl+L

Box with EN
Insert at Blocks 3

Jurnp
Return

Carnment
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6. Click the red ??2.

~> MAIN (PRG-LD)

0001PROGRAM MAIN
6a. The 2?2 should highlight. [ v
If instead you see a blinking —== >
line between ?s, than double  [*
i 2?22 772
click the ??2?. ]
00 | >
7. Type b_100. =)
7a. Hit the Enter key on the - >
keyboard. o001 7
b_100
— |
0 | >

8. Type %l* (percent sign, capital “I”, asterisk)  |EEEEEEE

in the Address field. EAH - ‘m lT;DnDeL B
Symbal list Initial Value Address %

8a. Type My First Contact in the Comment \ | | [ p—

f|e|d Comment: [My First Contact [~ RETaIN

) [~ PERSISTEN

8b. Click the OK button.

9. The Declaration area £ MAIN (PRG-LD) (B=1ET]

0001|PROGRAM MAIN |
should update to reflect the 0002|VAR E

0003 b_100 AT %I*: BOOL; {*My First Contact*) 3
changes. dun T 2

0001

b_100
f T
<4 | ¥
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10. Right click in the Code section again.

10a. Select Coil (Ctrl+L).

11. The ??? should already
be selected, that is, they
should be blue. If not, click on Ji.m"r,’i’n"”"“':f'“"“

= MAIN (PRG-LD)
0001[PROGRAM MAIN

(*"My First Contact’}

Cut Chrl+%
Copy Chrl+C
Faste Chrl+w
Delete Del
Metwork (before)

Hetwark (after)  Cbrl+T

Cankact Chrl+k
Farallel Contact  Chri+R

Function Block ... Ctrl+8

Coil Chrl+HL

Box with EN
Insert at Blocks 3

Jurnp
Return

Comment

0K

~

?

the red ??? to select it T

1la. Type b_200. Tl

b_200|

=

11b. Hit the Enter key on the
keyboard.

12. Type %Q* in the Address field. (“Q” is
used as “O” might be misread as a zero.)

12a. Type My First Output in the Comment
field.

Declare Variable

Class Name Type _
[vaR ~| [b_200 \E)IDDDL =] EUK‘
ancel
Symbal list Iitial ¥ alue Addiess
J “’/‘,D” [~ CONSTAMT
Comnment: |My First Output I~ RETAIN
I~ PERSISTEN

12b. Click the OK button.

13. The Declaration area MALEEEL .F-_ZH'EI
should update to reflect the 0003 b_100 AT “41*: BOOL; (*My First Contact’} =
| 0004| b_200 AT %0°: BOOL; {*My First Output?) £
Changes- ﬁ[{““ I‘fﬂn ? bt
0001
b_100 b_200
________ | O—
< | >

14. Go under the File menu to Save As.

Vv & & ATWINCAT

i 33 My First Qutput result
Edit View Image Calors Help

Mew ChrkM
Open... o
Save CtrHs

Print Presvienw

Page Setup...
Print... CtrHP

Send...

Set As Background (Tiled)
Set fis Background (Centered)

133 My First Output result
232 My First Qubput

331 bype b_z00

430 Select Coil

Exit Alt+Fa
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15. Select the folder you made in steps 1 and 2. Save As Px
Click on the Save in field, it should be at the bottom of the Save in [ L - £ E-
pull down menu. Otherwise, click on Desktop and it should .
1 My Computer
be listed there. E e
[ TwinCaAT
=) Ple
I Lib
wee [NSTALL (D]
b DVD Diive [E:)
L = P T
3995 i anon s N
3 Joe

16. Type First_Program in the File name field.

Savein: | 3 Joe | & B eF E-
16a. Click the Save button.

File name: |First_Program

Sawe astype | TwinCAT PLC Control Froject (% pro] | Cancel

17. Go under the Project menu to Build (Ctrl+F8). s oLonCLILL ContolEim Bromsam. e
e Il *roject =y xkras niine indow =lp

Build Chrl+F5

Rebuild 2l

Clean all

G

17a. There should be 0 (zero) errors reported at the bottom of the
screen. It's OK to have any number of warnings.

Load download information...

m

Object »
Project database »

Options. ..
Translats into ather languages »

Document. ..

Export...
Import...

Size of used data: 40 of 1048576 bytes (0.00%) Herge..

Compare...

Size of used retain data: 0 of 32768 bytes (0.00%) E—

Global search. .. Chrl+alt+5

0 Error(s), 2 Warning(s). obslRaplac. .
4

Check 3

User Group Passwords...

18 GO under the Flle menu tO Save & C:\Documents and Settings\trainingpc\Desktoplloe ‘Z”E|g|
Flle Edit “iew Favorites Tools Help :,'

18a. The folder on the desktop should contain the € O T e | rokers | [

fO|IOWing files. Address [ CDocuments and Settingsitrainingpeipesktopios v | [ @0

~ BErir<t Program
@F\rst_Program
= First_pragram

b F\rst_Program‘ASD
[ First_program.tpy

= First_Program rd

v

File and Folder Tasks %

£ Wake anew Folder

& Publish this folder to
the Weh

k=2 share this Folder

If the .tpy file did not get E_Stop
created, there was probably an -
Error in the program when _| I_

building. Remember that while
there can be warnings, there
must be NO errors.

Vv & & ATWINCAT
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Connecting the PLC Program to the Hardware

The System Manger is the bridge between a PLC program and the hardware being controlled. It
assigns which hardware input is controlled by which software input. It also connects the hardware
outputs to software outputs so the PLC programs can monitor and react to the changes in the
hardware states.

Lab 4: Putting it all together

Purpose: In this lab, you will be building on the knowledge gained in the previous labs to take the
program you wrote and the hardware you configured and get them to communicate together.

Hardware Configuration

1. Switch to Untitled - TwinCAT System
Manager using the Task Bar. r . Urtitled - TwinCAT Sy, ., i - TwinCAT PLC Contral .,

2. R|ght CI|Ck on PLC - | First_Project.tsm - TwinCAT System Manager

Conflguratlon (SCrO” up |n the File Edit Actions View Options Help : -
e H Ay = HE RN @ 5Q 8w €0

General | Plc Seftings

left pane if necessary) and - B 3 ‘
select Append PLC Project. o CTarr

= 110 - Corfiour L™ 2ppend PLC Project... s .
win wstem Manager
H ?;f; E‘”"' B paste Chrly V2,10 [Build 1331)
evice }
o o B Paste with Links A+ Clrl+
TwinCAT PLC Server

Input:
HE D]

= BKO000-7
@l Inputs Copyright BECKHOFF © 1395-2006

@ outputs http: A beckholf.com
B B Term2(KL1104)

=% Channel L
f Input

§ Channel 2
8 Channel 3
§ Channel4
=M Term 3 (KL2114)
§ Channel 1
2§ Chamnelz
@, output
§ Channel 3
§ Channeld
B Term 4 (KL3062)
B Term S (KL4002)
Fi Fnd Term (K19010Y

v

Ready Local {127,255.255.1.1.1) [aaylieguie
3. Find the folder you made in steps 1 and 2. Select Isart IEC111 Projact
First_Program.tpy and click the Open button. Lok e 9 oo *|o # &

[ —r—

Filename: | First_Program | [ e ]

Files of type: [ IECT131 Project Info ["tpy) v| [ Cancel |

E_Stop If input(s) are not showing
up, the wrong program was
_| I_ probably Appended. Go
under the File menu in PLC
Control and select Save as
to see where that version of
the program was saved.

Vv & & ATWINCAT
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3a. If necessary, click on the

[#s next to Term 2 and
Channel 1.

3b. Double click on Input.

4. Select MAIN.b_100.

4a. Click the OK button.

-The Input icon now has a little arrow on it
indicating that it is linked to a control.

5. If necessary, click on the
#s next to Term 3 and
Channel 1.

5a. Double click on Output.

| First_Project.tsm - TwinCAT System Manager

File Edt Actions Yiew Options Help

Dewd & B

LGS - ]

® % =Q 2w €

Bl svsTEM - Canfiguration
BB nc - Configuration
=58 PLC - Configuration
1S First_Program
=B 10 - Configuration
= BB 1jo Devices
= E§) Device 1 (Virtual-Ethernet)
=}= Device 1-Image
%1 Inputs
$l Cutputs
i BKoO0D-7
@7 Inputs
&L Outputs
= § Termz (KL1104)
= § Channel 1
of I
§ Charnel 2
§ Channel 3
§ Channel 4
Term 3 (KL2114)
Term 4 (KL3062)
Term 5 (KL4002)
4 End Term (kL9010)
BE Mappings

Vaiiable | Flags | Online
Marne: ‘\nput |
Type: BooL |
oy B e B
Addhess: 180 User: [0 ]
[Linkedto... ] ‘ |
Comment:
ADS Infor Part: 300, 1Grp: 0:14001, 10fs: 080, Len: 1

Resdy

Local {127.255.255.1.1.1)  [Repgel0e

Attach Variable Input {Input})

= 5% PLC - Corfiguration
L™

Show Variables

& Unused

(O Used and unused

[ Exchude disabled
Erclude ather Devices
Exclude same Image
[=] Show Tooltips

Show Variable Types

[ Matching Type
Matching Size
[0 Types

Offsets

[ Continuous
[ 5how Diclog

Wariable Mame

[ Take over

Cancel a8

| First_Project.tsm - TwinCAT System Manager

Dewd & B

File Edt Actions Yiew Options Help

LGS - ]

® % =Q 2w €

Bl svsTEM - Canfiguration
BB nc - Configuration
=58 PLC - Configuration
IE% First_Program
=B 10 - Configuration
= BB 1jo Devices
= E§) Device 1 (Virtual-Ethernet)
=}= Device 1-Image
%1 Inputs
$l Cutputs
=l BKao00-7
@7 Inputs
&L Outputs
= § Termz (KL1104)
Charngl 1
ST Input
Channel 2
Channel 3
Charnel 4
Term 3 (KL2114)
Channel 1
Channel 2
o
§ Channel 3
§ Channel 4
Term 4 (KL3062)
i+ B Term 5 (k1402

il
A D

m
DERdE e

Vaiiable | Flags | Online
Name: | Qutpue |
Type: BooL |
oy e B
Addhess: 181 User: [0 ]
[Linkedto... ] ‘ |
Comment:
ADS Infor Part: 300, 1Grp: 013001, 10fs: 0x81, Len: 1

Resdy

Local (127.255,255,1,1.1) [alay
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6 . Select MAl N . b_ZOO Attach Variable Output (Qutput) E\

Show Variables

) Unused

(O Used and unused

[ Exclude disabled
Enchude other Devices

6b. Click the Save button (Ctrl+S). EEschesame nage

[E] Show Tooltips

6a. Click the OK button.

Show Varisble Typss

[ Matching Type
Matching Size
[0 Types

Dffsets

[ Continuaus
[] Show Dialog

Wariable Mame

[ Take over

Cancel 0K

7. Click on the Activate configuration button.

. First_Project.tsm - TwinCAT System Manager

File Edit Actions Wiew Options Help

D@l 4 B Mo E s HRERE® D[22 @

7a. Click on the Yes button that Document is modified!
7b. Click on the OK button to Activate Configuration.
7c. Click on the OK button to Restart TwWinCAT System in Run Mode.

-The system should now be in run mode and both System Manager and the TwinCAT icon in the
system tray should reflect this. See page 18.

-Notice that the WDG LED on the Bus Coupler is lit solid and the ACT LED is flashing quickly.

E_Stop Thgre are threg ways to
activate a configuration:
—| I— e The Activate button
e Under the Actions menu
and selecting Activate
Configurations
o Ctrl+Shift+F4

Vv & & ATWINCAT
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Launching the PLC

8. Switch to TwinCAT PLC Control using
the Task Bar.

9. Go under the Online menu and select Login (F11).

9a. When notified that The program has changed, click on
the Yes button to Download the new program.

=]
“5 MalN (PRE)

Choose Run-Time System...

reate Bootproject (offline)
Delete Bootprojeck

. g e o
10. Go under the Online menu and select Run (F5). . JurinCAT PLC Contral - First. Program. pro
File Edit Project Insert Extras RGN ‘Window Help
2=z ] B8 -’.ﬂ AlS
ﬂz‘—l @) eq )= Logout F12
=]
[ main (PRE) Run F5
Reset
Reset All
Toggle Breakpoint Fa
Breakpoint Dialog
Single Cycle CtrHFS
Write Values Chrl+F7
Farce Values F7
Release Force Shift-+F7
Write/Force-Dialog CtrHShift+F7

Show Call Stack. ..
Display Flow Cantral Ci+F11

Saurcecode downlaad

Create Bookproject

Delete Bootproject

10a. The response should be e
FALSE for both the input and h_200 (10500 - B E
the output. g
b_100 b_200
B I e
0] b

Vv & & ATWINCAT
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11. Flip the first switch on the
demo box.

- MAIN (PRG-LD)

10001] b 100 (%I1X0.0) = [R0IE #|
10002]  b_200 (%(X0.0) = IEULZ E
11a. The response for both |
input and output should now be
TRUE and the contact and the baoo h_200
COiI ShOUId now be blue. - —a—— T—

11b. The first light on the demo box should also be
lit.

11c. Also notice that LEDs are lit on both the
Digital Input slice (yellow) and the Digital Output
slice (red).

12. Exit out of both PLC Control and System Manager, clicking the Yes button if asked to save.

Vv & & ATWINCAT
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Boot Project

Most if not all system critical operations require the ability to automatically restart a system after a
power-failure. As part of the previous labs, the PLC program was downloaded to the Bus Coupler,
but that program is erased when power is cycled to the Bus Coupler.

Besides the system critical nature mentioned above, another way to help decide if a Boot Project
is something to consider is to think about what would happen after a long shutdown. If this PLC is
to control a conveyor belt of rocks, upon restoring power, there is no reason not to start up the
belt again and deliver the rocks. On the other hand, if it is conveying cabbages instead, it would
make sense to wait until the potentially rotted product is inspected and perhaps removed before
manually restarting the belt.

TwinCAT can be used to save a PLC program to the Bus Coupler so that it will be present and
can initialize after a power cycle. This is accomplished by creating a Boot Project.

The Boot Project must be configured in three steps:
1. Setting the PLC program as a Boot Project Genea] Sytem] A5 Powtr| PLE | Regitinion
2. Setting the TWinCAT system to Auto Boot ::’PIFTP;W L=
3. Telling the TwinCAT system which Boot Project to load merks and Selings’_Daslaphloe
Boot Project
Step 1 is done in PLC Control and steps 2 and 3 are done in AL, e Time Spsem o 601
TwinCAT System Properties. There is a secondary choice
when configuring the second step above: Load/Store Retain Loat/Stae Pt Data
Data. This is only checked if there is information that might [ P Sysem [Por: 631
have been written to a variable that needs to be referenced
when restarting the system. If unsure whether you need this or
not, please contact your Beckhoff representative.
ok | [ cancel | [ Appk

Make sure to save all E_Stop
changes to the PLC -
program. Not only is this a —| I—
good habit in general, but
more importantly, at auto
restart, only the last SAVED
version will be loaded.

Vv & & ATWINCAT
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Lab 5: Creating a Boot Project.

Purpose: In this lab you will learn to configure a Project as a Boot Project and how to configure

the System Properties to automatically launch the project.

1. In PLC Control, go under the Online menu and

B8 rie Edt Project Insert Extras [[EIE Window Help

select Login (F11) then again to select Create Boot
Project.

2. Double click on the TwinCAT icon in the system tray.

3. Select the System tab and select the Enable radial button.

4. Select the PLC tab.

4a. Click the Browse button and find your folder on the desktop.

4b. Put a checkmark in Run-Time System in both the Boot
Project and Lead/Store Retain Data fields.

4c. Click the Apply button.

4d. Click the OK button.

Vv & & ATWINCAT

Logout Flz
Stop Shift+F&
Reset

Reset All

Toggle Breakpoint F3

Breakpoint Dialog

Single Cycle Ctr+FS
Write Walues ChrHF7
Force Values F7

Release Force Shift+F7
Write/Force-Dialog CtrHShift+F7

Show Call Stack...
Display Flow Control Ctr+F11

Sourcecode download

System Properties

General | System | AMS Router | PLC | Regishiation

TwinCAT Server

TeCam
Telo
TePle
TcRTime

[ add ]| [Bemove] [Propertis]

Bioot/Shut Down
futo Boot O Disable
@Enahis
© Config Mods
Auto Logon ¥

[ o J[ caneel [ e

]

TwinCAT System Properties

General | System | AMS Houtell PLC ‘Heglsllal\on

Nunber of Run-Time Systems: 1 E
Boot Praject Path:

[uments and Gettings'.. \Desktopios | [ Browss. |

Boot Project:
e, R Time System Port 8012

Load/Store Retain Data
1. Run-Time Systemn [Port: 801]

0K H Cancel ][ Apply
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Scope View

Also installed with TwinCAT is a diagnostic tool called TwinCAT Scope View. Scope View is
something of a virtual oscilloscope and works with System Manager and PLC Control together to
not only offer another method of visualizing results, but will aid in tweaking the system, especially
in motion applications.

Both System Manager and PLC Control need to be running for Scope View to be configured.

Once configured however, as long as the program has been downloaded to the hardware and is
running, Scope View can be used by itself to monitor the box.

Lab 6: Configuring and Using Scope View.

Purpose: In this lab you will learn to configure Scope View to monitor your project (both the PLC
program and the hardware being controlled).

1. Launch System Manager.
2. Go under the File menu and select Open (Crtl+0O).

3. Find your folder on the desktop and, select deen - a3
First_Project.tsm and click the Open button. Lok [ o g0 e

File name: | First_Project tsm | [ open ]

Files of type | TwinCAT System Manager [ 7sm] v [cacel |

4. Click on the Activate configuration button.

. First_Project.tsm - TwinCAT System Manager

File Edit Actions Wiew Options Help

DEwd % B Ad =y HEAENE S Q2w &
4a. Click on the Yes button that Document is modified!
4b. Click on the OK button to Activate Configuration.
4c. Click on the OK button to Restart TwinCAT System in Run Mode.
5. Launch PLC Control.

6. Go under the File menu and select Open (Ctrl+0O).

Vv & & ATWINCAT
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7. Go to your folder on the Desktop, select 2]
First_Program.pro and click the Open button. Look | @ IR SlemeE

BBFrst_Program.pro

File name:  [* pro;” pi6" prx Open I
Files of lype: | TwinCAT PLC Contral Project [*pro] | Cancel
Dpen project from PLC PLC...

Open project from source code manager ENI.

8. Go under the Online menu and select Login (F11).

8a. When notified that The program has changed, click on the Yes button to Download the new
program.

9. Click the Run button (F5).

10. Click the Start button, then go to Programs @ 5t Prooam pccess o osfits
(or All Programs) then TwinCAT System then
TwinCAT Scope View. ) Accessories

Windows Update

I BECKHOFF
Lz; Documents ’ Shartup

» Sattings

Search 3

| Help and Suppart

Windows XP Professional

11. Right click on Scope and select Add Scope View. »« Untitled - TCatScopeView

File Edit Yiew Scope Options Help

Add Scope Yiew, ..

Import Scope Wiew, ..

Export Project. ..
Imnport Projeck. ..

Vv & & ATWINCAT
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12. Click on the Properties tab in the bottom | el Pt |Tigae| Cusos
section of the screen. [l ha Scape
Overload Stop
12a. Click on the Ringbuffer radial button. Lé"i'.hafja,d v
®Ringbuller  Displayed Length[s} |5 |
Refresh Rale (s
ADS Delay [s]
Backaround
13. Right Click on Scope View 1 and select . .
Add Channel. -a Untitled - TCatScopeView
File Edit W“iew Scope Options Help
']
0= =4
= n Scope |
gkt
- Expork Scope Yiew...
Expork as A5CII,..
Delete Scope Yiew. ..
Prinkt Scope Yiew, ..
&dd Channel
Impart Channel, ..
Set AMS MNek ID. ..
General | Acquisition | Display | Style
14. Click on the Acquisition tab and click s Ok T
on the Change button. penan TR Sl
Group: 0«0
Offset: 0«0
Symbal

15. Click on the Reload Symbols
button.

Reference

15a. Select MAIN.B_100.

Tope:

Address
15b. Click the OK button.

Server Part:
Group:

Offset:

Symbok

Edit Acquisition,

AMS Net 1D:

8y BEOOL7O0T 55 BOOL
® Spmbals B BRETAINZODT »s EOOL
O Indes Group/Difset 52 INDEXTODT »5 DINT
O Divect pes Syrbol &) INDEX7002 »» DINT

59 INDEX7003 »» DINT

59 INDEX7004 »» DINT

52) INDEX7005 s DINT

5 INDEX7006 »» DINT

- 152 IMNDEH7O07 53 DINT
1 INDEXTODS s CINT
901 PLC 1 Runlime o 52 INDEXFODS 55 DINT

CiFMAINE_100 »» BOOL
B MAINB_200 »» BOOL

MaIN.B_100

[ RebadSymbols | [0k ] [ Cancel

16. Click on the Start button o (F5).
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17. Flip the first switch on the demo box to On.

18. Scope View displays the change in state.

. Untitled - TCatScopeView

File Edit View Scope Options Help

B2E S%7 =

=] m Scope

14

=74 Scope Yiew 1

mEEmm

0.5
0.0

0.5+

-30 -20

-1.0 oo 1.0 20 30 4.0

| GEnEraIl Acauisition |Disp|ay || Style |

Address
AbS Met 1D

Server Port:
Group:
Offset

Symbal:

Change...

Cycle Time
Taszk Cycle Time
Uzer defined [ms]

Type:

For Help, press F1

14 Start

. TWINCAT PLC

-

Untitled - T

(9. 24

L 12114 PM
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Documentation

A number of sources of information are available when learning about, using specific Beckhoff
tools, Beckhoff products and services and company information. As a customer of Beckhoff, all of
this information will be at your disposal.

Beckhoff Information System

By far, the most complete source of information is the Beckhoff Information System. It includes
information about every Beckhoff product, its use and interoperability. When TwinCAT is installed
from the CD, the complete Information System is automatically installed. If TwinCAT was installed
from a download, a slimmed-down version may have been installed to save download time. The
full version can also be downloaded from the Beckhoff site.

Arguably, Information System’s greatest asset is in its help with troubleshooting. Information
System includes explicit details of programming and hardware elements. This includes error
codes plus their causes and potential remedies.

To access Information System, click the Start button, then Programs (or All Programs) then
BECKHOFF, then Information System and finally the language of your choice.

@ Set Program Access and Defaults

% Windows Update

Programs

I Accessories

»
fﬁ BECKHOFF > fﬁ Information System  » 5? Information System - English

Documents » ) Games »
i (@) TwinCAT System  »

Settings

Search »

Help and Support

Run...

@ Shut Down...

4 start

0 e vRE

Windows XP Professional
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There are three main ways to find information in the Information System:

Contents shows a tree of topics that can be browsed.

E? Beckhoff, Information System

5 “ Al

Hide  Locate  Back Home Fint

DOptionz

TwinCAT Conirol: Online Funciions A

LContents I Index I gearch] Favol_ites]

= |3 Beckhoff Information System ~ Debugging, Online Functions
= lm Welcome to the Beckhoff Information
[7) start Page Sampling Trace

Mews The sampling trace allows you to trace the value sequence of variables, depending upon the so-
Q Industrial PC called trigger event. This is the rising edge or falling edge of a previously defined Boolean variable
Q Embedded PC (trigger variable). TwinCAT PLC Coantrol permits the tracing of up to 20 variables. There is a 64 kB ring
Q Fieldbus Cornponents hutfer.
@ Drive Technology
= m TwinZAT Infarmation System
@ Welcome to the TwinCAT Informat
Q TwinCAT Overview
@ TwinCAT Quick Start
@ TwinCAT Systemn
@ TwinCAT System Manager
@ TwincaT R3IO
= ([ TwinCAT PLC
@ Overview
= ([ TwinCAT PLC Control
= ([Q & Brief Introduction to Twin
Introduction

+ # H

Debugaging
The debugging functions of TwinCAT PLC Cantral make it easier for you to find errors.

Breakpoint

Ahreakpoint is a place in the program atwhich the processing is stopped. Thus it is possible to look
atthe values of variables at specific places within the program.

Breakpoints can be setin all editors. In the text editors breakpoints are set at line numbers, in FBD
and LD at netwark numbers, and in SFC at steps.

Mo hreakpoints can be setin function black instances.

[ EE

+ 0 Languages

IEC 61131-3
+ @ Sample Program

Project Components

Single step

Single step means:

« InIL: Execute the program until the next CAL, LD or JMP command.
e |n ST: Execute the next instruction.

Index takes a keyword and shows items specified as being related to that keyword.

E? Beckhoff Information System 11/2006

< A

i

|
Hide  Locate  Back Home Fiint  Options
- L
Conlerts Indes | Saarch | Favories | TwinCAT PLC Confrol: Bufld Errors .
Type in the kewword to find. Compiler Errors
|Errars Here you will find the error messages that the parser displays dtalics) and possible causes
Time specification v 1500, 1800, 1800, 2500, 3100, 3200, 3400, 3500, 2600, 3700, 300, 3900, 4000, 4100, 4200, 4300, 4500, 4600, 4700, 4800
Interrupt cycles W
Interrupt cycles since system start Warnings
“ersion name CHC
Er{j?;‘;”,jﬁfge bedy Number | Error Message Possible Cause
f”gmm“”'ca“U” = 1100 Unknown function =name=' | An external library is used. Please check, whether all functions, which
dlobal channel manager in library are defined in the hex file, are also defined in the lib file
EE?'Q;:?E 1101 Unresolved syrmbol The code generator expects a POU with the narme <Symbol=. Its not
Réshd disk, =Symbal=" efined in the project. Define a functionfprogram with this name
‘=8ymhal=" defined in th ject. Defl function! ith thi
y 1102 Invalid interface far symbal The code generator expects a function with the narme <Syrbol= and
Er::arliin!vhe?
Multiple enor =Symbal=" exactly one scalar input, or a program with the name =Symhbol= and no
ip ‘=8ymhal=" 1l lar input, ith th Symbol o
Utility function input or output
ErnorCode property
AdsErrorE xception class 1103 The constant '<name='at A siting constant exceeds the 16K page boundary. The system cannot
. code address '=address=" handle this. It depends on the runtime system whether the problem
EveﬂtLIOQ enumeration member owermrites a 16K page could be avoided by an entry in the target file. Please contactthe PLC
wample 1
1: ADSHEAD-Indlcath_K-H espanse bnundary mAnufactlrer
1: Expanded ADS function blocks 1200 Task '=name=", call of Wariahles, which are only used at a function block call in the task
g_ ADSWRITE-Indication Response ‘<name=' Atcess vatiables configuration, will not be listed in the cross reference list
2 Expanded D5 function blocks in the parameter list are not
application with the expanded A0S funct updated
Configuration
Test 1300 File notfound '<name=" The file, to which the global variable object is pointing, does not exist
Example 1: ADSREAD Indication/-Fespons Please checkthe path.
Example 1: Expanded ADS function blocks
Evample 2 1301 Analyze-Library not found! The analyze function is used, but the library analyzation lib is missing
Example 2: ADSWRITEdndication/-Respor Code far analyzation willnot | Add the library in the library manager.
Erample 2: Expanded A0S function blocks be generated.
Example application with the expanded AD!
Erample Configuration 1302 MNew externally referenced Since the last download you have linked a library containing functions
EKa_me' functions inserted. Cnline which are notyet referenced in the runtime systermn. For this reason you
File access from the PLC Change is therefare no have to download the complete project
Example: File access fram the PLC \an
ger possiblel
Examples =
Fwrentinn ronedu — 1400 Unknown Pragma 'sname='" | This pragma is not supparted by the compiler. See keyward 'pragma’
Display is ighored! for supported directives
1401 The struct <name="does The structure with name <name= does not cantain any elements. But M
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Search returns every page that contains the entered search term.

E? Beckhoff Information System Q@E‘

& fa
Hide Locate  Back Horne Frint  Options
_ A
LContents ] Index  Search ] Favorites ] TwinCAT Sysiem Manager: Reference
Type in the word(s] to search for. BK9000 (Ethernet Interface)
|hkSDDD j ﬂ The Beckhoff BK9000 Bus Coupler can be configured in TwinCAT below a "Virtual Ethernet
List Topics | Display | Interface™ or Ethernet Miniport {real-time} IO device. In reference to the lastwhich is available since
— — TwinCAT v 2.9 s released, an introduction can be found under: lintroduction of TWiNCAT Real-Time
Select topic: Found: 46 Ethernet.
Title | Lacation | Hal» The following description explains the differences hetween a BK000 and other Beckhoff Bus Couplers.
BECKHOFF START UP-...  KS2000 1 The Ethernet coupler communicates in non-real-time applications via TCPAP ar UDP (and ADS as the

Fiegister Settings, Table 100 BECKHOFF EKA0...
Parameterisation with K520, BECKHOFF KL3403

Application Layer on top of ity with TwinCAT. For an Overview of all currently supported Bus Couplers
BKY0x0 for Virtual Ethernet Interface, please see..

Parameterization with K520, BECKHOFF KL3356

2

3
Fieldbus Information System  Beckheff Informat ; Foran Overview of all currently supported Bus Couplers BKA0x0 for Ethernet Miniport {real-time),

B

7

g

Register Settings, Table 100 BECKHOFF BCI0... piease see
Parameterisation with K520, BECKHOFF KL3362
Parametrierung mit K.52000  BECKHOFF KL2692
Parameterization with KS20... BECKHOFF ELS151 9 Hint. If Real-Time Ethernet and "narmal" Ethernet are both used on the same system with twa
irmveare Yersion of the B 10 different network adapters, the subnet addresses ofthese adapters (MWIC<) must differl The BKS00OD has

Fin

31,3000 [E thernet Interface] to be configured with the same subnet address as the Ethernet Miniport adapter, of course (first two
Ubersicht I 1] guadruplas).

Configuration of the KLE20... BECKHOFF ELEZ.. 13
Real Time Ethernet with Fa... BECKHOFF BKS0.. 14

If you find something close to what you are looking for in a search, try clicking on the Contents
tab to see where the selected page falls in the tree. You can then browse from there to pinpoint
the information you require.

Other resources

www.beckhoff.com

This is the official website of Beckhoff Automation. At this site you will have access to company
information, including news, training locations, contact information, products and services.

PC Control

This printed, monthly magazine, published by Beckhoff offers stories about companies that are
benefiting from the incorporation of Beckhoff products plus tips, new product announcements and
general news. It can also be read online at www.pc-control.net/english.

Main Catalog

This printed document contains all of Beckhoff’s products and services and also includes some
company information. See the 1/0 section in this manual for a description of model numbering
and color scheme.

Products & Solutions

This CD set includes a CD with the entire website, Main Catalog, documentation, all of the
publications of PC Control available at the time plus a second, installation CD of Beckhoff
software products.

General PLC Information

For non-company specific information on the PLC standards, programming and more, visit
www.plcopen.org.
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Glossary

ADS (Automation Device Specification), an
interface that utilizes a Message router to
communicate between ADS devices over
TCP/IP.

Box, a Bus Coupler, Bus Controller or a
Fieldbus Box. It can also refer to the lab
device used in training.

Bus Terminal (aka slice), the part of the box
that handles 1/0 and sometimes added
communication and specific electrical
requirements.

CFC (Continuous Function Chart), a version
of FBD that is not yet an IEC standard PLC
programming language.

CNC (Computer Numerical Control),
connected to a machine to repeatedly make
items and whose program can be updated
or replaced to change production.

Deterministic computation, given an initial
state of a system, the system will always
produce the same final state when given the
same input.

DIN (Deutsches Institut fiir Normung),

normally used in reference to DIN rails (also
called top-hat rails) which are used to mount
control equipment, specifically Bus Couplers
and Bus Terminals, inside equipment racks.

DLL (dynamic-link library), a block of code
that is called by a program but remains
separate, generally written in higher-level
languages.

FBD (Function Block Diagram), an IEC
standard, graphical, PLC programming
language.

Fieldbus, an industrial network system for
real-time distributed control.

Force, the act of manually changing the
state of an input or output. Can be
performed programmatically in PLC Control,
virtually in System Manager or physically on
the box.
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IEC (International Electrotechnical
Commission), the world standards
organization for electrical and electronic
international standards.

IEC 61131-3, the global standard for
common industrial control programming.

IL (Instruction List), an IEC standard, text
based, PLC programming language.

I/0 (Input/Output), communication between
a computer and its users, its storage
devices, other computers (via a network) or
attached hardware.

Jitter, very small timing fluctuations. Used
when discussing deterministic timings and
usually described in microseconds. Can also
be considered a component of task time
when figuring response times.

K-Bus, internal bus for communication and
power between the coupler and Bus
Terminals.

Kernel, the part of a computer operating
system that manages the system's
resources and the communication between
hardware and software components.

LD (Ladder Diagram), an IEC standard,
graphical, PLC programming language.

Library, a collection of POUs (generally
Functions and Function Blocks) often
grouped together by task, that aids in
development.

Link, the means by which the hardware
information is connected to the software
information.

Millisecond, 1000" (0.001) of a second.
NC (Numerical Control), predecessor of

CNC, connected directly to a machine to
repeatedly make a single item.
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OCX, a DLL that contains one or more
ActiveX controls. Mainly used when linking a
program to code written in Microsoft Visual
Basic or .net.

Online, Beckhoff uses this term to describe
connecting to the box in real time.

OS (Operating System), the software that
runs a computer or is embedded in and runs
Fieldbuses.

PLC (Programmable Logic Controller), a
small special-purpose computer used to
automate machines.

PLC Control (TwinCAT PLC Control), the
Beckhoff PLC programming environment.

POU (Program Organization Unit), functional
elements within a PLC program as
described by IEC 1131-1.

Real Time, a live connection to hardware.

Real-time system, a computer system that
is forced to respond to an input in an
explicitly allotted time.

SFC (Structured Function Chart), an IEC
standard PLC programming language that is
both graphical and textual.

Slice, alternate name for Bus Terminal.

ST (Structured Text), an IEC standard, text
based, PLC programming language.

System Manager (TwinCAT System
Manager), the Beckhoff hardware
configuration tool.

Tick, The smallest increment of time as
measured by a computer system, usually
measured in milliseconds.

TwinCAT (The Windows Control and
Automation Technology), all the PLC tools
and system modification components
offered by Beckhoff Automation.
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append, 17 license, 13
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OCX, 5, 46
Boot Project, 38
Bus Coupler, 6, 34, 37, 38 PLC, 5, 10, 14, 17, 22, 26, 32, 37, 39, 46, 47
Bus Terminal, 7, 46, 47 PLC Control, 26, 27, 28, 35, 39
POU, 26, 27, 28, 46, 47
coil, 30
contact, 28 Real-time, 15, 47
Contact, 29 Registration Key, 13
resource, 26
data type, 26 Resource, 27
Data type, 27 runtime, 15
deterministic, 15
DLL, 5, 46 scan, 17
Scan, 17, 19, 21
error, 31, 43 Scope View, 39
serial number, 8, 10
fieldbus, 6 System ID, 13
System Manager, 14, 17, 18, 19, 22, 24, 25,
/0, 5, 6, 7,17, 18, 20, 45, 46 32,39
Information System, 43, 44
tick, 15, 47
jitter, 46
visualization, 27
kernel, 46
warning, 31
latency, 16
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