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EtherCAT at I/O-level – many are already well-acquainted with that. EtherCAT for the 

networking of machines, system components and entire factories is also possible today – and

indeed has been for a long time.

Since its introduction in 2003, EtherCAT has proven to be a particularly suitable technology 

for the networking of the controller(s) with sensors and actuators at field level. Special features

of the fast fieldbus system include highly accurate and deterministic features with very short

cycle times (down to < 50 µs), precise synchronization

for drive and measurement applications and low con-

nection/cabling costs to use the technology down to 

the I/O level. Beckhoff’s product range already encom-

passes more than 250 different devices with an 

EtherCAT interface, which is not even counting those

PC-based controllers with an Ethernet port that can 

easily be used as an EtherCAT master. In particular,

the collection of input information and updating the

output image at the field level are resolved effectively as

a result.

The process control level requires additional (and 

sometimes different) communications functionality in

order to operate a plant or a factory. Controllers must

exchange information with each other with equal rights

in order to interact with each other optimally. A master

computer requires cyclic information from all control-

lers and provides them with new orders. Additionally,

the visualization must have access to all user-relevant

data.

EtherCAT also offers ideal solutions for this purpose.

The associated protocols were introduced as early as

2002 in the Beckhoff TwinCAT software with the RT 

Ethernet control communication. Using standard Ethernet connections via switches or routers,

large amounts of data can be exchanged between the controllers in a plant with short cycle

times (down to << 1 ms). The exchange of process data is implemented in accordance with the

Pushed principle. Each communication device thereby sends its data cyclically or in a multiple

of its own cycle. The receiver can be configured to specify which data should be received from

which sender.

Beckhoff has put RT Ethernet to use in thousands of plants: whether in automation systems 

installed on printing machines, tandem presses or photovoltaic production plants, in building

automation systems for room or floor control and for heating, ventilation and air conditioning,

or in wind farms for the networking of wind turbines.

This proven technology is part of EtherCAT and is available for use to the members of the 

EtherCAT Technology Group (ETG) – now numbering around 1200 members – and their cus-

tomers. The protocol types of RT Ethernet for control communication were adopted into the

EtherCAT standard as early as 2003. Within the ETG, the mechanisms are currently summarized

under the name of EtherCAT Automation Protocol (EAP) (see article on page 48). Once again,

this underlines the possibility to use EtherCAT to network an entire factory, from the field 

level to the control level.

Dr. Guido Beckmann

Technology Marketing

EtherCAT to network the factory, 
machine and control levels

44 | Apollo Solutions, Italy: Energy efficiency 

improved for production processes

46 | research & development
Fraunhofer-Institut (IPA), Germany:

EtherCAT helps enhance mobile robots

48 | ETG
Continuous EtherCAT at all levels

52 | ETG membership meeting in Japan

53 | 1st North American EtherCAT Plug Fest

54 | events
Trade shows and events 2009 | 2010

32 | APA-Tec GmbH, Germany: 

PC Control enhances highly 

flexible production plant for 

refining of plastic surfaces

Dr. Guido Beckmann,

Technology Marketing



C69xx control cabinet PC series:
from Intel® Atom™ to Intel® Core™2 Quad
The IPC and Embedded PC series have been supplement-

ed by CPU versions with Intel® Atom™ and multi-core.

The new PCI Express extension provides for modularity in

the entire IPC range, from Panel PCs to control cabinet

PCs. For example, it can be used to extend a Panel PC

from the C62xx series by six Ethernet ports.

The focus in the control cabinet PCs is on the extremely

compact C69xx series: the IPC family offers a wide range,

from the fanless versions with Intel® Atom™ CPU to the

Intel® Core™2 Duo version with RAID 1 controller. New

is that the C6930 is now optionally available with Intel®

Core ™2 Quad and integrated PCI Express extension.

The CP-Link 3 software, which enables the Ethernet-

based connection of multiple monitors to a central com-

puter, is presented in a new version. CP-Link 3 trans-

mits the screen contents to up to 255 Panel PCs (multi

desktop) or distributes the desktop to up to nine dis-

The SPS/IPC/DRIVES 2009, the trade fair for electric 
automation technology, takes place from November 
24 – 26, 2009 in Nuremberg, Germany. The complete
range of Beckhoff products and PC- and EtherCAT-
based automation solutions will be shown on more than
1,000 sqm in Hall 7, Booth 406. New products and tech-
nologies can be seen in the Beckhoff IPC, I/O, Motion
and Automation technology forums. The highlight on
the software side is TwinCAT 3. The new version of 
the Beckhoff automation suite contains many new 
features, such as the integrated automation workbench
for IEC 61131 and C/C++ programmers (see page 5).
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SPS/IPC/DRIVES 2009

Hall 7, Booth 406

EtherCAT drives up to 120 kW
The Beckhoff AX51xx Servo Drive se-

ries is being systematically expand-

ed. Alongside the new AX5140 with

a rated current of 40 A, Servo Drives

for 60 A, 72 A, 90 A, 110 A, 143 A

and 170 A supplement the range of

products for highly dynamic posi-

tioning tasks.

plays (extended desktop). In addition, inputs can be 

made on all connected displays via touch screen or spe-

cial keys.

HD Bus Terminal – 16 connection points 
in 12 mm
The Beckhoff IP 20 I/O systems are supplemented by a

new Bus Terminal generation with increased packing

density. The ‘High Density’ Bus Terminals feature 16 digi-

tal connection points in the housing of an electronic 

12 mm terminal block. This reduces the space required in

the control cabinet and significantly lowers the channel

price. High-speed Ethernet into the field: the EtherCAT

Box opens up new possibilities in the IP 67 world with

XFC, high-precision measurement technology and inte-

grated drive functions. The I/O family is supplemented by

additional IP 67 modules.

Scientific Automation
Scientific Automation is being continually expanded:

TwinCAT enables the integration of robots (Delta and

SCARA kinematics) and, thus, interaction and syn-

chronization with the existing Motion Control func-

tions on one CPU. Further Scientific Automation prod-

ucts will be presented both at the SPS/IPC/DRIVES

and in this issue of PC Control: Condition Monitoring

(page 18) and the TwinCAT Scope 2 software oscillo-

scope (page 22).



Version 3 of TwinCAT, the platform for ‘Control and Automation Technology’,
will be presented for the first time to the professional audience at the
SPS/IPC/DRIVES 2009. TwinCAT 3 is more open, flexible, easily extendable and, 
using multi-core CPUs, faster than current PC-based controllers. In accordance
with the all-in-one concept, TwinCAT 3 includes all major programming lan-
guages from the automation and IT world and will considerably simplify soft-
ware engineering.

With a large number of licenses,TwinCAT is the mar-

ket leader in PC-based controllers. The world 

of automation technology is being redefined with

TwinCAT 3. In addition to classic programming 

according to IEC 61131, its object-oriented exten-

sions can now also be used along with the pro-

gramming languages C and C++. The Matlab/

Simulink interface is also integrated via the real-

time workshop. The advantage for the user lies in

the integration of the standard PLC and IT program-

ming environments in a common automation suite.
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Integrated automation workbench for 

IEC 61131 and C/C++ programmers

New standards in automation:
TwinCAT 3

Besides the use of different programming lan-

guages, multi-core and support for 64-bit operating

systems in the run-time area represent significant

innovations. This contributes to a further increase 

in performance. TwinCAT 3 is the consistent further

development of TwinCAT 2. Existing programs can

be converted to the new environment.

www.beckhoff.com/TwinCAT3

The main information at a glance:

| SPS/IPC/DRIVES 2009,

Nuremberg Exhibition Center, Germany

| November 24 – 26, 2009

| Opening hours:

Tuesday 9 am – 7 pm

Wednesday 9 am – 7 pm

Thursday 9 am – 5 pm

Beckhoff main booth: Hall 7, Booth 406

Beckhoff at partner booths:

ETG: Hall 6, Booth 208

Microsoft: Hall 7A, Booth 150

PLCopen: Hall 7, Booth 190

PNO: Hall 6, Booth 210

www.beckhoff.com/sps

www.mesago.com/sps



Beckhoff has been represented in the Norwegian

market since 1998. After an initial collaboration with

a distributor, Beckhoff’s Swedish branch office has

looked after customers in Norway in recent years.

“The positive business development, however, made

it necessary for us to have a local presence,” said

Einar Bråthen, Managing Director of Beckhoff 

Norway, explaining the reason for the founding of 

an own branch office. “This way, we are closer to 

our customers and can react promptly. – Accord-

ingly, our customers have accepted this step posi-

tively.”

A market with high growth potential
Beckhoff has achieved stable growth in the Norwe-

gian market in recent years. “We think that we can

expand into new market segments with the found-
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Comprehensive distribution network in Scandinavia

Beckhoff establishes 
subsidiary in Norway

On 15th September 2009, Beckhoff opened Beckhoff Automation AS in Tønsberg, the oldest town in Norway. Together
with its subsidiaries in Sweden, Finland and Denmark, Beckhoff now has a comprehensive distribution network with
which to penetrate the northern European market with its products and solutions for PC- and EtherCAT-based auto-
mation.

ing of the Norwegian subsidiary,” says Jan Hendrik

Breitenstein, Area Sales Manager of the German

headquarters of Beckhoff Automation. For example,

water management in Norway is an interesting sec-

tor, since the country obtains about 98 % of its en-

ergy requirements from hydro-electric power. Also of

great economic importance are the metal industry,

mechanical engineering, pulp and paper production,

as well as the textile and food industries. “We al-

ready have very good references in Norway on which

we can build – in the energy supply industry, the oil

and gas sectors, water and waste management,

building automation, traffic management and robot-

ics. We expect considerable growth potential here

with our PC-based control philosophy. In addition,

Norwegian customers are very receptive to innova-

tive technology,” states Einar Bråthen.

Customer closeness and presence 
at trade fairs
The Norwegian Beckhoff team will present itself at

various trade fairs in the field of automation in 2010.

The most important trade fair is the Norwegian

equivalent of the Hanover Fair, the “Eliaden”, which

will be held from May 30 to June 3, 2010 in

Lillestrøm. Furthermore, Beckhoff hosts an EtherCAT

roadshow and customer seminars in Horten, Sta-

vanger and Trondheim.

www.beckhoff.no

The Beckhoff office near the quay of the port 

of Tønsberg

Einar Bråthen, 52, Managing 

Director of Beckhoff Norway:

“In close cooperation with 
the Swedish Beckhoff branch 
we can offer our customers 
in the Norwegian automation
market expertise and service 
at first hand.”

The harbor in Tønsberg, the oldest town in Norway



On July 8, 2009, employees from the Chinese

Beckhoff branch office took part in the topping-

out ceremony for the German pavilion at the 

EXPO 2010, which will be held in Shanghai from

May 1 to October 31, 2010. The building, with a

floor area of 6,000 sqm, is Germany’s largest

ever contribution to a world exhibition. Under

the title ‘balancity’, the German pavilion will of-

fer suggestions as to how cities can gain quality

of life and diversity in the harmonious interplay

of their elements. The visions of the future of ur-

ban life therefore focus on the balance between

renewal and preservation, innovation and tradi-

tion, society and the individual, as well as glob-

alization and national identity.

The highlight of the German pavilion will be an

interactive image and light show, in which a

sphere suspended on a pendulum is made to

swing by the audience shouting and clapping.

The movement is transmitted via video signals

with the aid of LED segments. During its flight,

the sphere shows pictures of a livable city of the

future. The swinging and circular movement of

the sphere is made possible by a cross table with

a universal joint driven by a servo motor.

The conception, development and implementa-

tion of this spectacular show are a joint project

of the University of Stuttgart and various com-

panies. As partner of the University of Stuttgart,

Beckhoff is supplying the software and hardware

components of the controller, including the 

TwinSAFE safety technology, as well as the entire

control cabinet design and manufacturing. The

sphere will be commissioned jointly by Beckhoff,

the machine manufacturer and the University of

Stuttgart.

www.expo2010-deutschland.de

A detailed report will follow in one 

of the next PC Control editions.
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Topping-out ceremony for the German Pavilion
at EXPO 2010 Shanghai

Minister visits Danish trade show
The hi 09, the Scandinavian Industry 

Expo, took place from 1st to 4th of Sep-

tember in Herning, Denmark. Beckhoff

presented its product lines with its com-

prehensive product range of Industrial

PCs, I/O components, Drive Technology

and automation solutions.

View of the pavilion from the EXPO Plaza

The sphere is at the heart of balancity,

the German contribution to EXPO 2010.

On the opening day, the Danish Minister

for Taxation, Kristian Jensen, visited the

Beckhoff booth, where Claus Clausen,

managing director of Beckhoff Denmark,

showed the Beckhoff technologies to him

and the managing director of the exhibi-

tion center, Georg Sørensen.
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Kristian Jensen, Georg Sørensen and Claus Clausen at 

hi 09 in Herning (from left to right)



The XFC technology (eXtreme Fast Control) from Beckhoff makes an 

extremely fast, high-precision control architecture possible. The EP1258 

EtherCAT Box supports XFC in compliance with the time stamp method, i.e.

the binary input signals are assigned a time stamp that states the time of the

last change of state with a resolution of 1 ns. Using this technology, the sig-

nal curves can be precisely reproduced in terms of time and placed in rela-

tionship to distributed clocks in the EtherCAT system. The machine-wide,

parallel hard wiring of digital inputs or encoder signals for synchronization

purposes can usually be eliminated using this technology. The reactions,

which are equally spaced in terms of time, are thus independent of the cycle

time of the controller, so that even in the case of a short PLC cycle, signal ac-

quisition and processing is possible in the nanosecond range.

As an EtherCAT slave, the EP1258 XFC box can be integrated directly in

100BASE-TX EtherCAT networks. It features eight digital inputs, of which two

are designed for applications with a time stamp. The IP 67 module is option-

ally available with an M8 or M12 screw-type sensor connection.

There are a wide range of possible application areas for the EtherCAT Box

with time stamp, extending from the packaging industry to assembly and

handling machines as well as conveying equipment. The compact IP 67 de-

sign allows installation directly on the machines without an extra control cab-

inet, saving space and costs.

XFC: exact time measurement and exact timing 
with time stamp
XFC features various technologies which, besides the pure cycle time, improve

the timing accuracy and increase the resolution. In the system time (distrib-

uted clocks) of the EtherCAT system, which is available everywhere, the time

stamp method delivers significantly more precise information on the tempo-

ral relationship of the process data. Time stamps can be used both for inputs

(what happened and when?) and outputs (when should a reaction take

place?). They deliver:

| exact time measurement of positive and negative 

edges of local digital inputs,

| exact timing of local output signals,

independent of the control cycle,

| time stamp data with a resolution of 1 ns and 

an accuracy of < 100 ns.

EtherCAT Box www.beckhoff.com/EtherCAT-Box

EtherCAT Box EP1258  www.beckhoff.com/EP1258

8 products

With the EP1258 EtherCAT Box, XFC is now also available in a robust and compact IP 67 housing for installation outside of 
control cabinets. The XFC box detects digital input signals with a highly precise temporal resolution of one nanosecond (ns) 
directly on the machine. This allows reaction times to be shortened – independent of the control cycle – and very fast events to
be detected and processed further without requiring special hardware. This leads to improved quality and increased produc-
tivity of the machine.

The EP1258 EtherCAT Box with 

time stamp function enables the 

detection of binary signals with 

an impressive resolution on the 

order of a nanosecond.

EP1258 EtherCAT Box in IP 67: 

high-precision signal acquisition 

independent of the control cycle time

IP 67 box for XFC

PC Control 04 |2009
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EtherCAT Box for a wider range of applications

Engineering simplified – spare parts inventory reduced

The moisture- and dust-resistant EP2338 EtherCAT Box has eight freely selectable digital 

inputs or outputs in one flexible device. The filter constant of the inputs is 10 µs. The outputs

handle load currents of up to 0.5 A, are short-circuit-proof and protected against inverse 

polarity. If a channel is used as an output, the input is read back in parallel and can addi-

tionally be used for short-circuit analysis.

Pre-assembled cables simplify EtherCAT and signal wiring, while helping prevent wiring 

faults so that commissioning time is optimized. In addition to pre-assembled EtherCAT, pow-

er and sensor cables, field-configurable connectors and cables are available from Beckhoff 

for maximum flexibility. The signals are connected optionally via M8 (EP2338-0001) or M12

(EP2338-0002) screw type connectors.

EtherCAT Box EP2338 www.beckhoff.com/EP2338

Pursuing the philosophy of open control tech-

nology, Beckhoff offers interfaces for HMI con-

nections by various third-party manufacturers

for its TwinCAT automation suite. In this way,

customers can freely choose the visualization

software that they would like to use. One of 

the leading manufacturers of HMI solutions is

Invensys/Wonderware, which, with the ‘Pow-

ered by Wonderware’ program, now offers 

its InTouch HMI Compact Edition software in 

combination with hardware from selected 

manufacturers.

Visualization users get a certified combination

of the InTouch Compact Edition software and

Industrial PC hardware that is ready for use 

instantly and includes the integrity of the com-

plete solution. The two companies each distrib-

ute their respective part of the product, for

which they are responsible and offer support,

but they mutually check the compatibility of

the components.

In the CP62xx, CP72xx and CP77xx Panel PC

series, Beckhoff offers a series of Industrial PCs

with various display sizes and different versions

on which a compact version of the Wonderware

InTouch visualization software is pre-installed.

The operating system is Windows CE through-

out. There is no installation work to be done

and the devices can be put into operation im-

mediately.

www.beckhoff.com/wonderware

Beckhoff Panel PCs
now also equipped
as ‘Powered by
Wonderware’

With the rugged EP2338 EtherCAT Box, Beckhoff has extended its IP 67
I/O system with a dynamic 8-channel digital variant. The channels on
the EP2338 can be used either as inputs or outputs, which permits 
extremely flexible use of this compact EtherCAT Box. This way, engi-
neering efforts and spare parts inventory can be simplified significant-
ly, since the inputs and outputs can be connected as needed when the
machine is wired.
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New Bus Terminal generation: 

Packing density doubled, 

space requirements halved

Doubling of the packing 

density from 8 to 16 

connection points

Available for Beckhoff 

Bus Terminals and 

EtherCAT Terminals

12 mm

16 connection points in the 12 mm

I/O terminals. The High-Density Bus

Terminals are available in different

variants, e.g.:

| 16 digital inputs
| 16 digital outputs
| 8 digital inputs + 8 digital outputs
| 8 digital inputs (2-wire system)
| 8 digital outputs (2-wire system)



Beckhoff has expanded its IP 20 I/O systems with a new generation
of Bus Terminals that dramatically increases packing density. The HD
Bus Terminals (High Density) feature 16 digital channels in the hous-
ing of a 12 mm electronic terminal block. The continuous increase in
electronics efficiency the last few years has reduced the power dis-
sipation so that “double packing density” is possible for I/O today.
This results in multiple cost advantages: the space requirements in
control cabinets can be reduced and the per channel price has
dropped significantly. The 16-channel terminals are available both as
standard Bus Terminals and as EtherCAT Terminals.
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The HD Bus Terminals 
from Beckhoff: 16 channels
in 12 mm wide I/O

The Beckhoff I/O system has been continuously expanded since the in-

troduction of Bus Terminals in 1996. For a long time, the physical limita-

tion of 8 channels in a 12 mm terminal block was considered to be the

maximum high density for the format. With the development of the stan-

dard housing, the number of channels has now been doubled. The new

High-Density Terminals with 16 connection points have identical external

dimensions to existing Bus Terminals and are compatible with these. The

inner workings, however, have been completely revised.What seemed un-

thinkable years ago – a doubling of the number of channels – has been

achieved due to state-of-the-art contact technology and electronics. The

general evolution of electronic components, which are designed smaller

and with lower power dissipation, a more compact structural design in

the manufacturing of circuit boards as well as new materials and manu-

facturing processes in contact technology have provided the conditions

required to set this new milestone in I/O technology.

Development history of the 12 mm Beckhoff Bus Terminals:

1996: Introduction of Bus Terminals with 2- and 4-channel terminals

2001: 8-channel digital I/O Bus Terminals

2003: Introduction of EtherCAT Terminals in 2-, 4- and 8-channel versions

2004: 8-channel analog I/O for EtherCAT and Bus Terminals

2009: 16-channel digital I/Os for EtherCAT and Bus Terminals

Compression in the control cabinet: HD and standard Bus Terminals in compari-

son. With 64 digital inputs, an installation width of 384 mm results if 2-channel

Bus Terminals are used (12 mm per terminal x 32), with 16-channel terminals it

is reduced to 48 mm (plus a Bus Coupler in each case). The space requirement

in the control cabinet is thus significantly reduced.
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Reduction of control cabinet space
The Beckhoff I/O system is based on the 12 mm terminal block with an

internal system bus: K-bus for Bus Terminals and E-bus for EtherCAT 

Terminals. With the introduction of Bus Terminals, 4-channel terminals

were initially available. 8-channel digital terminals followed in 2001 and,

in 2004, 8-channel analog terminals in a 12 mm housing. The majority of

the I/O terminals produced by Beckhoff are digital terminals. In most ma-

chines and systems, the acquisition and output of 24 V digital inputs and

outputs form the main part of the controller. The compact 16-channel Bus

Terminals offer new benefits for project planning: doubling the channel

density lead to a halving of the required control cabinet space, the price

per channel is reduced and assembly is greatly simplified.

Overview HD Bus Terminals

EtherCAT Terminal   Bus Terminal Signal

EL1809 KL1809 16 x digital input 24 V DC, 3 ms,

IEC 61131-2 type 3/1

EL1889 KL1889 16 x digital input 24 V DC, 3 ms,

ground switching

EL1804 KL1804 4 x digital input 24 V DC, 8 x 24 V DC,

4 x 0 V DC, 3-wire connection, 3 ms,

IEC 61131-2 type 3/1

EL1808 KL1808 8 x digital input 24 V DC, 8 x 24 V DC,

2-wire connection, 3 ms, IEC 61131-2 type 3/1

EL1819 KL1819 16 x digital input 24 V DC, 0.2 ms (KL1819) or 

10 µs (EL1819), IEC 61131-2 type 3/1

EL1814 KL1814 4 x digital input 24 V DC, 8 x 24 V DC,

4 x 0 V DC, 3-wire connection, 0.2 ms (KL1814)

or 10 µs (EL1814), IEC 61131-2 type 3/1

EL1859 KL1859 8 x digital input 24 V DC IEC 61131-2 type 3/1,

8 x digital output 24 V DC, 3 ms, 0.5 A

EL2809 KL2809 16 x digital output, 24 V DC, 0.5 A

EL2808 KL2808 8 x digital output, 24 V DC, 0.5 A, 8 x 0 V DC,

2-wire connection

EL2889 KL2889 16 x digital output, 24 V DC, 0.5 A,

ground switching

EL9184 KL9184 8 x 24 V DC + 8 x 0 V DC,

potential distribution terminal 

EL9188 KL9188 16 x 24 V DC potential distribution terminal 

EL9189 KL9189 16 x 0 V DC potential distribution terminal

Wide range of applications – more compact machines
The benefits of HD Bus Terminals can be utilized for a wide range of ap-

plications, from building automation to control engineering. Miniaturiza-

tion in the field of control technology allows designers to build their ma-

chines even smaller and more compact. The reduced I/O volume require-

ment also leads to greater creative freedom, because the design does not

have to give so much consideration to the space requirements of the con-

troller.

Tool-less assembly
Despite higher channel density, wiring is simpler due to tool-less assem-

bly. The conductors are connected without tools for solid wire conductors

Uwe Prüßmeier, product manager

for Beckhoff I/O systems, said:

“The continuous development of

the Bus Terminal system secures

Beckhoff a leading role in the 

field of modular I/O systems.

With the HD Bus Terminals, this 

innovation is also clearly visible

from the outside. The space 

required for each channel has

reached a new minimum.”

The HD Bus Terminals make extremely compact controllers possible:

the example application combines an Ethernet Controller with IEC-61131-3 

mini PLC and 64 digital I/Os including the end terminal in a space of just 

104 mm.
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using the direct plug-in technique, i.e. the cable is simply plugged into the

contact point. The cables are released, as usual, using the contact release

with the aid of a suitable screwdriver. The power consumption of a single

terminal is limited to 8 A or 0.5 A per channel. The permissible conductor

cross-section for conductors with a ferrule is 0.14…0.75 mm2, for solid

wires 0.08…1.5 mm2 and for stranded wires 0.25…1.5 mm2.

16-channel format for Bus Terminals 
and EtherCAT Terminals
The new 16-channel terminals are available for both the Bus Terminal sys-

tem and the EtherCAT Terminal system. The “fieldbus-neutral” Bus Termi-

nals with internal K-bus can be used in all common fieldbus and Indus-

trial Ethernet systems. With around 400 different Bus Terminals, Beckhoff

offers a comprehensive I/O system that covers virtually all applications in

the sensor/actuator field.

Analogous to the Bus Terminals, the EtherCAT Terminal system is a mod-

ular I/O system consisting of electronic terminal blocks. The modular

housing concept of the EtherCAT Terminals is identical to that of the Bus

Terminals and differs only with respect to the “inner workings.” As op-

posed to Bus Terminals, where the fieldbus signal is converted in the Bus

Coupler to the internal, fieldbus-independent K-bus, the EtherCAT proto-

col with 100 Mbit/s is fully retained to each individual terminal, so that

the sub-bus is eliminated. The high performance of the EtherCAT Termi-

nals enables the integration of new functions in the I/O station, such as

high-end measurement technology.

www.beckhoff.com/HD-BusTerminal

The HD Bus Terminals with 16 con-

nection points are characterized 

by a particularly compact design;

the packing density in the 12 mm

housing is twice as high as in 

standard Bus Terminals. Solid 

wire conductors can be inserted

directly into the spring-loaded 

terminal point without tools. Example application of an HD Bus Terminal: the EL1809 and EL1819 EtherCAT Terminals 

feature 16 digital inputs each with a single-wire connection. The reference ground for all

inputs is the 0 V power contact. These versions have input filters with different speeds.

The EL1808 EtherCAT Terminal features eight digital inputs, consisting of 

signal input and + 24 V DC for 2-wire connection.

The EL1859 EtherCAT Terminal combines eight digital inputs and eight digital outputs 

each with a single-wire connection.



Automation bears social 
responsibility
The basis for greater prosperity within industrialized nations today is highly dependent on higher production efficiency
and at the same time lower energy consumption. This is made possible by increasingly more powerful automation 
technology, which as a result, bears great social responsibility. Hans Beckhoff backed this up firmly in an interview with
Ronald Heinze, editor-in-chief of open automation.
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Modern automation technology ensures higher efficiency of machines and re-

duced energy consumption in manufacturing – all with decreasing costs in re-

lation to performance. “These advantages take effect also, and especially,

in the overall economic crisis,” says Hans Beckhoff, managing director of

Beckhoff Automation.

The entire automation industry has been affected by the downturn: “We typ-

ically go through an economic crisis of large magnitude every five to ten

years. Although the present downturn is significantly worse, it is not drasti-

cally different to previous events in terms of structure. Such crises usually last

for about three years. Since the first signs of the current crisis appeared at the

end of 2007, one can project that we will be well on the way up again by the

end of 2010,” explains Hans Beckhoff. “The crisis has also affected us.Where-

as turnover still increased by 20 percent to € 278 million in 2008, it will like-

ly fall this year by around 20 percent.”

The managing director believes that his company will once again ‘grow prop-

erly’ in 2010. Beckhoff has been able to win new projects across the globe,

especially in these difficult times. Hans Beckhoff says that this is due to pres-

sures on the machine engineering and plant construction companies to look

for more economical and powerful control alternatives. “We have the right

approach here: system design decisions are made in our favor on account of

our flexible technologies, such as PC-based control, EtherCAT and eXtreme

Fast Control (XFC),” says the entrepreneur. Beckhoff technology has a high

value reputation in the marketplace. “Technological capabilities coupled with

consistency and intensive marketing have made us well known,” states Hans

Beckhoff. “We are continuing and even expanding this strategy regardless of

these difficult times.”

Hans Beckhoff: “Certainly, we won’t be able to continue without a lull, even

after the crisis. But in the mid-term we expect to continue to grow, on the one

hand, in parallel to the growth of our existing customers and, on the other,

from new business. We will compensate during the next two years for any

lack of growth among our existing customers with the acquisition of new cus-

tomers.”

The managing director's optimism is based in large part on the fact that

economies in the world are continuing to grow: “This increases prosperity,

which in turn necessitates an increase in production and services,” is Hans

Beckhoff’s conviction. And this is precisely where automation is required 

in order to do justice to its social responsibility. “Automation must ensure 

high product quality, more security and preserve resources,” the entrepreneur

emphasizes. “Thus, it occupies a key position.” Automation bears a heavy 

responsibility for ‘meaningful work,’ promoting global prosperity and devel-

opment.

Successes in the wind power industry
As far as Beckhoff’s global development is concerned, China in partic-

ular should be highlighted. “Beckhoff China now has the second largest

turnover in the world after Germany, overtaking the United States,” affirms

the managing director. “This is mainly due to wind power, although machine

engineering is also developing well.” Beckhoff also intensified its foreign in-

vestments in 2009 and can boast corresponding growth in the field of wind

power.

Beckhoff offers the complete automation solution for wind turbines: this in-

cludes pitch control, operational management and wind park technology. The

Interview with Hans Beckhoff on new technologies and product innovations 

at the SPS/IPC/DRIVES trade show
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automation company’s Embedded PCs and I/O terminals as well as Ethernet

and EtherCAT components are utilized in many wind turbines operating all

over the world. According to Hans Beckhoff, plant builders are increasingly

making use of the Scientific Automation concept along with the system’s

powerful hardware and software, for example, in conjunction with energy

monitoring or Condition Monitoring terminals. “We have extensive industry

know-how in the wind power sector,” he continues. “And that doesn’t mean

“We expect the SPS/IPC/DRIVES to breathe new life into the business. Hanover Fair already helped 

a positive mood this year. This will apply even more so to the trade show in Nuremberg. We expect

many visitors and customers that need new technologies to succeed. Increased business contacts 

will ensure a positive mood. Therefore, we expect an exciting, vibrant trade show, driven by a great

deal of new business.”

just in our wind power center in Lübeck, Germany, where six technology en-

gineers now work, but also in China, with eight employees experienced in the

field of wind power, and in other parts of the world. Orders come not only

from Germany and China, but also from Korea. Furthermore, we are quite suc-

cessful in Spain and the United States in this segment,” says Hans Beckhoff.

“The alternative energy markets now account for 15 to 20 percent of com-

pany turnover.”



Automation promotes greater efficiency
“All automation technologies are now taking up the cause of energy effi-

ciency,” says Hans Beckhoff. He is convinced that the efficiency of production

determines the ecological footprint. “This efficiency is determined by energy

consumption, machine utilization and the amount of raw material used per

workpiece,” he explains further. “With automation technology, we increase

this efficiency.” Specifically, automation technology ensures that less energy

is used. This includes, for example, the energy-saving design of the drive

equipment and the measurement of energy consumption using appropriate

techniques. The graduate physicist considers improving the efficiency of ma-

chines to be an even more important aspect: “Our XFC technology increases

machine efficiency by several percentage points.” With cycle times of 100 µs,

significant resources can be saved, because fast cycle times can lead to a di-

rect reduction in the use of energy and materials. – If the same machine can

manufacture more products, then the energy consumption per workpiece is

reduced as a result. At Beckhoff we are working intensively to shorten the

100 µs cycle time attained with XFC technology even further.

A significant factor in advancing XFC will be version 3 of the universal 

TwinCAT PC-based control software, which will be presented to the engi-

neering world at this year's SPS/IPC/DRIVES trade show. According to the

company, TwinCAT is the market leader in control software with a large num-

ber of licenses. Intelligence can be distributed to different Industrial PC

processor cores with the new TwinCAT version 3. “The ability to assign any

real-time task to different processor cores is an important prerequisite in 

order to capitalize on the increasing performance of modern processors for

automation technology,” explains Hans Beckhoff.

In addition to supporting multicore and 64-bit operating systems with regard

to runtime, the use of different programming languages represents a major

innovation. In accordance with the “all-in-one” concept, TwinCAT software

includes all major programming languages from the world of automation and

IT, making software engineering much simpler as a result. In addition to clas-

sic programming standards according to IEC 61131-3, object-oriented exten-

sions in TwinCAT can now also be used along with the programming lan-
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guages C and C++. The Matlab/Simulink interface is also integrated via 

the real-time workshop. As a result of the consistent development of the 

preceding version, existing programs can be converted easily to the “new

TwinCAT 3 world.”

A particular highlight is the integration of the standard PLC and IT program-

ming worlds in a common automation suite: “TwinCAT 3 is embedded in an

engineering workbench,” explains Hans Beckhoff. “With our PC Control phi-

losophy, which has ‘toughened up’ the PC for control tasks, along with the

development of the fast Ethernet-based EtherCAT communication system, our

framework for software development now represents yet another decisive

step towards the successful adaptation of mainstream IT technologies for au-

tomation technology,” the graduate physicist goes on.

An additional new item at the SPS/IPC/DRIVES show with regard to TwinCAT

is the concept of applying additional robot kinematics for Delta, SCARA and

scissor applications. “A growing library of kinematics is available for non-

Cartesian fields of application,” Hans Beckhoff adds.

Reduction of control cabinet space requirements
The demands for greater efficiency and lower energy consumption also re-

quire smaller control cabinets. Beckhoff has been proactive here with a new

generation of IP 20 Bus Terminals that require only half the space of previous

I/O terminal designs. The ‘High Density’ Bus Terminals feature 16 connection

points, for example for 16 digital channels, in the space-saving housing of a

12 mm electronic terminal block. “The compact design and high packing den-

sity not only reduce the space required in control cabinets; the price per chan-

nel is also significantly reduced,” says the managing director. Miniaturization

in the field of control technology allows designers to build their machines and

systems even smaller and reduce footprint size. “The 16-channel terminals

are available for both Bus Terminals and EtherCAT Terminals,” he continues.

The HD Bus Terminals with 16 connection points have identical external di-

mensions to existing Bus Terminals and are compatible with them. The dou-

bling of the number of channels is achieved thanks to modern contact tech-

nology and electronics. The terminals with 16 connection points are available



trade show in Nuremberg. “Multi-core processor technology and TwinCAT 3

– this compelling combination opens up a completely new realm of possibil-

ities,” adds the company owner.

For IPC storage, optional solid-state disks (SSD) are now available instead of

hard disks. “This increases operational reliability and speed,” explains Hans

Beckhoff. “Furthermore, small capacitor-buffered UPSs are integrated as stan-

dard in our Industrial PCs, for example in the C6915 control cabinet Industri-

al PC and in our CX Embedded PC device series.”

Hans Beckhoff is convinced: “Together with the high-density I/O terminals,

the present controller innovations, such as the Windows CE-based CX8000

and CX5000 controllers make a new performance and accessible price levels

possible. Our CX5000 is an x86 PC in the smallest possible package. The

CX8000, which is based on Windows CE, is dropping the price level consid-

erably.”

According to Hans Beckhoff, the prices for automation technology solutions

have fallen by around 40 to 50 percent over the last decade in relation to the

same level of functionality. He expects this trend to continue and is gearing

himself up for it with new product lines: “Our HD Bus Terminals and our In-

dustrial PCs are important building blocks in this development. Production ef-

ficiency as a whole will benefit greatly from that.”

Published in openautomation 06/2009, VDE-Verlag,

www.openautomation.de

in various versions, such as 16-channel terminals for digital inputs or outputs,

as 8-channel terminals for digital inputs or outputs with 2-wire connection or

as flexible combination terminals with eight digital inputs and eight digital

outputs. “We will bring many functions for our HD terminal system onto the

market, including for Scientific Automation to include new impressive meas-

urement functionality,” promises Hans Beckhoff. Tool-free assembly simplifies

wiring, despite the higher channel density. Wire connection is accomplished

via solid wire conductors and the time-saving direct insertion technique; the

wire is simply inserted in the contact point.

“The Bus Terminal system that has been successful for 15 years is constantly

being developed further,” says Hans Beckhoff. All in all, the company exhibits

remarkable product stability: for example, I/O modules that were introduced

as far back as 1989 are still supplied and maintained today. Another highlight

of this year's SPS/IPC/DRIVES show with regard to Scientific Automation is an

I/O terminal with an individual calibration certificate. In addition, the IP 67

EtherCAT Box range has been expanded for both digital and analog I/O chan-

nels.

Industrial PCs: more power equals more functionality
The SPS/IPC/DRIVES show will also be an innovation showplace as far as In-

dustrial PCs (IPCs) are concerned: one of the main features is the broadened

range of Intel® Atom™-based products. Also new is an extension of the in-

terfaces for compact IPCs. In order to design new IPCs that are ever more

compact, the company relies on a modified PCI Express standard, which, as

a modular extension of the IPC architecture, is now used in Beckhoff PCs with

a 31/2-inch motherboard. The mechanical side of the PCI Express standard is

thereby significantly reduced in size while the electrical capabilities are re-

tained. “The goal is to build PCI Express solutions that are even more com-

pact and more fitting for industry,” Hans Beckhoff emphasizes. The modified

PCI Express standard helps facilitate modularity throughout the entire IPC

range, from Panel PCs to control cabinet IPCs. “For example, we can also

make six Ethernet ports available for compact series now,” he adds. In addi-

tion, the C69xx series with quad-core processors will be presented at the

“The machine engineering and plant con-

struction companies must look for more 

economical and powerful control alternatives.

Design decisions are made in our favor on 

account of our advanced technologies, such 

as PC-based control, EtherCAT and XFC.”

Ronald Heinze,

editor-in-chief of openautomation
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A scenario: a bearing or gearbox on a machine tends to vibrate due

to mechanical problems – fatigue or maintenance errors. These con-

cerns are perhaps not tangible, visible or audible. Nevertheless, these

oscillations already indicate the failure of a mechanical part. With the

aid of vibration sensors and the appropriate software, Condition

Monitoring can help detect the vibrations and generate a statement

about the possible failures of certain mechanical parts.The advantage

of this monitoring is obvious. If it can be foreseen that a bearing or a

gearbox will fail in the near future, then it can be exchanged as a pre-

caution – for example, during a break in production. This way, unex-

pected and unscheduled downtime can be drastically reduced. Me-

chanical parts only need to be replaced if they are actually damaged;

exchanging parts that are actually in perfect working at regular in-

tervals can be eliminated. This helps minimize costs and machine

breakdowns. Another advantage is being able to monitor the drive

train of a machine in real time, around the clock without requiring ad-

ditional staff.

Using proactive Condition Monitoring can also help increase plant

utilization and optimize the efforts of cost-intensive maintenance

personnel. Condition Monitoring represents a fundamental change to

Condition Monitoring systems are often specialized systems requiring their own CPU, own software, own buses and special I/Os.
‘Scientific Automation’ from Beckhoff enables the connection of many applications that previously ran on separate CPUs, such as
measurement technology and Condition Monitoring, on one PC, using one fieldbus and one software package. With Condition
Monitoring Bus Terminals, the EtherCAT fieldbus and TwinCAT all on a powerful PC-based control platform from Beckhoff, every
PLC programmer can now cost-effectively implement Condition Monitoring systems.
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Condition Monitoring as an integral
part of the controller

Scientific Automation brings worlds together



machine maintenance: moving away from reactionary responses to

breakdowns and outdated maintenance plans, and towards proactive

efforts, i.e. the service technician only intervenes to preemptively

counteract an impending failure when necessary.

Rethinking the approach to Condition Monitoring
It is still common practice for some companies in mechanical engi-

neering to wait until a part fails before acting. Of course, severe vi-

bration and even the breakage of gearbox parts can cause very ex-

pensive consequential damage.The replacement part is then installed

and the machine runs again until the next breakdown event occurs.

Although the preventive replacement of parts according to a fixed

schedule decreases the likelihood of unexpected downtime occurring,

it still cannot be completely prevented. Some mechanical parts sim-

ply fail unexpectedly before the regularly scheduled replacement.

Sudden downtime events are, however, not acceptable in many cas-

es, because of the high costs involved. The requirements of plant op-

erators are increasingly high, although the complexity of the ma-

chines is increasing at the same time. In addition, the machines are

often run at their load limits during periods of high pricing pressures.

Maintenance personnel on site and service technicians are often

overwhelmed. Only a measurement of the actual real-time condition

of the machine ensures fast reactions and high availability.

To date, Condition Monitoring has been offered primarily by special-

ists who turn up with special measuring instruments in order to car-

ry out an exact cause diagnosis. However, since consequential dam-

age occurs rapidly in the case of mechanical failures, it is difficult to

determine the causes retrospectively without knowledge of past ma-

chine performance. This traditional method is expensive and time

consuming and is only economical for very large machines, such as

power plant generators. In addition, appropriate specialists are in

short supply in sectors like wind power, because the manual search

for clues and diagnosis requires a lot of experience and, as a result,

human resources, which cannot be easily multiplied to suit every ap-

plication.

The integration of Condition Monitoring into the central controller of-

fers an effective alternative here and for many other applications. By

implementing Condition Monitoring into the control technology at

the design stage and using one standard fieldbus for data transmis-

sion, the cost of diagnostics and measurement can be drastically re-

duced. An inexpensive piezoelectric sensor with a measuring termi-

nal is now less expensive than a visit from a specialist. Intelligent

evaluation processes in TwinCAT software can automatically identify

trends and error conditions and, for example, send an SMS to a serv-

ice technician. If accessing a plant is costly or difficult, the mainte-

nance specialist can view the measurement data from the TwinCAT

Scope 2 Server via the Internet. This frees up time for particularly de-

manding tasks, for which extensive data is now available.

Potential causes of damage
Frequent causes of damage to bearings are wear and tear (material

fatigue), dirt, poor sealing and lubricant contamination (especially

with water), inadequate or unsuitable lubrication, vibration (particu-

larly at low speeds and standstill), impermissible load, impacts or

shocks during installation, incorrect alignment, corrosion, current

flow, excess mounting tension and warping of materials due to un-

even temperatures. Overloading and overheating also represent com-

plicating factors in the case of gearboxes. Many of these influences
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are characteristically reflected by increased vibrations. Other measur-

able symptoms include a rise in temperature and an increase of par-

ticles present in the lubricant. Early recognition of these symptoms is

an important step toward finding the causes of problems and elimi-

nating them before machine failures occur.

A typical consequence of material fatigue is that the initially small

damage to surfaces builds up over a long period of time and then –

in a relatively short time before failure – it spreads at an increasing

rate. The better a bearing is designed and maintained, the longer the

expected service life is and, consequently, the more difficult it is to

predict the actual service life of an element. Predicting when bearings

or gearboxes will fail can only be done statistically – on the basis of

calculation methods, such as the S/N curve. The service life of indi-

vidual mechanical components may differ from these statistical val-

ues by many orders of magnitude. Stresses exceeding those that the

components were designed for and maintenance errors can drasti-

cally shorten the service lives of individual components. On the oth-

er hand, frequent maintenance action using traditional methods may

even increase the risk of new damage. However, using digital signal

processing methods, such as wavelet transform, it is possible to ap-

ply a filter to determine the signs of damage at an early stage, thus

widening the scope for an orderly, cost-effective replacement.

Necessary sensors, flexible EtherCAT Terminals
Of course, vibration sensors are required for a Condition Monitoring

system; these are available from various manufacturers.These sensors

normally make use of the piezoelectric effect to detect vibrations. This

requires the use of external charge amplifiers, which convert the

charge difference to an analog ±10 V voltage. In order to avoid the

high costs of the amplifier, Beckhoff has developed the EL3632 

2-channel EtherCAT Terminal, which can be connected directly to the

piezoelectric vibration sensor. The interface to the sensors is known

as an IEPE interface. When compared to potential damage to a ma-

chine, the costs of the sensor and EL3632 are extremely low.

With a maximum sampling rate of 40 ksamples/s, the EL3632 allows

input signals up to 20 kHz to be processed. In accordance with 

Beckhoff’s control philosophy, the terminal only records the vibra-

tions. All evaluation is managed in software on the powerful PC,

which, of course, is only beneficial if the values from the terminal ar-

rive quickly, having been provided with precise time stamps. The ul-

tra fast EtherCAT fieldbus provides the ideal foundation for this: due

to highly efficient algorithms, the evaluation requires only a few mil-

liseconds of computing time.

In addition to the measurement of vibration signals, temporally high-

ly resolved current curves of electric drives can also be evaluated,

which allows the realization of very cost-effective solutions. The

range of possible analyses is very large. The mere recording of the vi-

bration signal is just as possible as a spectral analysis. The Fast Fouri-

er Transform is frequently used here. By means of a static trend analy-

sis, a decision can be made as to when and where a failure might oc-

cur in the machine. TwinCAT offers the appropriate software compo-

nents for all applications.

Frequency analysis
Gearboxes exhibit relatively strong vibration even in normal condi-

tions. Damage is often only noticed through an increase in harmonic

vibrations, which can be lost during an ordinary evaluation. A very

simple way of reducing the data to the essentials is the so-called cep-

strum representation (cepstrum is a distortion of the word spectrum).

This involves subjecting the logarithmized frequency spectrum to a

further transformation. As a result of this, one moves from the fre-

quency range to a virtual time range, in which harmonic components

are released from the background and come to the fore.

In the case of signs of wear in roller bearings, modulated shock puls-

es typically occur which are hidden by normal vibrations in the low-

er frequency ranges and are difficult to detect as a result. A calcula-

tion of the envelopes, based on the theoretical tool of the Hilbert

transform, makes it possible here to summarize these shock pulses

over a wide frequency range, to recognize them and to attribute them

to rotating or stationary bearing parts on account of the modulations.
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Dr.-Ing. Josef Papenfort, TwinCAT 

Product Manager at Beckhoff:

“TwinCAT offers numerous function

blocks for the analysis of measured

values for Condition Monitoring.

For example, the simple recording of

the vibration signal is just as possible

as a spectral analysis. The Fast Fourier

Transform is frequently used here.

By means of a static trend analysis,

a decision can be made as to when 

and where a failure might occur in 

the machine.”

Dr. rer. nat. Johannes Nix, Core Software/

Scientific Automation at Beckhoff:

“For complex detection tasks, it is often

necessary to take into account variabilities

and disturbances of measured values.

The monitoring of the vibration character-

istics of a production machine should not

lead, for example, to the machine coming

to a standstill just because a fork-lift with

a defective wheel bearing passes by. There-

fore, TwinCAT offers the possibility of sta-

tistical analyses, such as the evaluation of

histograms.”

Frequency Analysis

TwinCAT CM Library

Fast Fourier Transform Welch Method

Hilbert Transform Window Functions

Total Harmonic Distortion Digital Filters

Hadamard Transform Analytic Signal

Linear Predictive Coding Envelope

LMS Algorithm Instantaneous Phase

Order Analysis Bispectra and higher
order spectra

Vold Kalman Filter

Time-Frequency Representations

Modulation Spectrogram Fast Wavelet Transform

Spectrogram

Statistics

Multi-Channel Histogram Quantiles and Percentiles

Mean, Standard Deviation,
Skew, Kurtosis

Crest Factor

Cross Correlation FunctionCyclical Moments,
Phase angle statistics

Homomorphic Signal Processing

Robust Phase unwrappingCepstrum

Statistical Distributions and Fits

Normal Distribution Weibull Distribution

Instantaneous Frequency

Von Mises Distribution Von Mises Fit

Pearson Distributions Gaussian Fit

Pattern Recognition and
Machine Learning

Threshold Monitoring Decision Trees

Bayesian Classification

Support Vector Machines

Gaussian Mixture Models

Special Functions

Error Function

Bessel Functions

Software components 

of the Condition 

Monitoring library



Statistics
For complex detection tasks it is often necessary to take into account

variabilities and disturbances of measured values. The monitoring of

the vibration characteristics of a production machine should not lead,

for example, to the machine coming to a standstill just because a fork-

lift with a defective wheel bearing passes by. Therefore, TwinCAT of-

fers the possibility to utilize statistical analyses such as the evaluation

of histograms and percentiles. Robust decision criteria can be derived

from these that do not weigh isolated outliers too strongly. Even dis-

tribution parameters such as standard deviation and the so-called kur-

tosis can be calculated. This not only enables continuous monitoring,

but also provides additional valuable information for design and con-

figuration.

Pattern recognition and decision making
Another example is the automatic detection of machine conditions,

such as the breaking of a tool. Traditionally, operating parameters are

monitored by means of comparing them with fixed limit values. How-

ever, a simple, sensitively adjusted limit value monitoring system may

under certain circumstances be triggered too fast, leading to a false

alarm. Moreover, the values of certain parameters, such as the crest

factor and kurtosis, may even decrease again over the course of a

damage process after an initial increase. In this case, the intelligent

linking of several channels is necessary. Here, automatic pattern

recognition methods and artificial intelligence, such as the so-called

Bayesian classification, offer the possibility to train highly developed

detection methods for known damage patterns. In the event of these

patterns being recognized in operation, the PLC can interrupt the

process in a very short space of time, avoiding hazards and costly

damage as a result.

Dynamic display with TwinCAT Scope 2
A graphical display of the data is very important for assessments –

TwinCAT Scope 2 forms the basis for this requirement. This proven

tool for simple display of various channels is currently being expand-

ed to include the option of data filtering. In this way, raw data can be

displayed directly on the Scope 2 as a spectrum.The tool performs the

Fast Fourier Transform (FFT) autonomously and displays the spectrum

as well as other transforms. Simple switching between time and fre-

quency-based values is possible. For example, long-term recording of

vibration data of almost unlimited duration are possible for later dis-

play, which allows the development of complex functions and trend

analyses.

With long-term, continuous data recording, it is easier to trace back

to where and how problems arise. In addition to structural defects,

maintenance errors, which cause a large proportion of all failures, can

also be detected and their causes rectified. With increasing experi-

ence, individual sources of error can be specifically recognized from

these data, such as the misalignment of axes, or the penetration 

of foreign material onto a bearing. The long-term recording of data 

is particularly simple to implement on a PC-based controller which is

optimally supported by TwinCAT Scope 2.

Simple programming in the PLC with function blocks
Linking Condition Monitoring to the PLC is carried out via an appro-

priate PLC library so that PLC programmers can perform the analysis

of the raw data via the PLC function block. In this way, programmers

have all relevant transformations and detection algorithms at their

disposal as function blocks in the software library. The TwinCAT Con-

dition Monitoring library offers additional alternative interfaces, for

example in languages such as Numerical Python and C++. This way,

complex algorithms can initially be interactively developed, graphi-

cally visualized and, with the data recorded by the TwinCAT Scope 2,

tested outside the PLC by means of rapid prototyping, for example in

Numerical Python.The identical interfaces of the library blocks enable

direct transfer to the PLC platform at any time.”

Condition Monitoring functions can be integrated simply in 

Beckhoff's EtherCAT I/O system using the EL3632 EtherCAT Terminal.

For the user, this means: no additional hardware, optimum inte-

gration in the control system and a reduction in costs. The signals are

analyzed on the PC using either TwinCAT automation software or user

software. The EtherCAT real-time Ethernet system offers the basis for

high-performance communication of all measured data to the PC.

www.beckhoff.com/EL3632
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Function block for calculating a cepstrum 

Function block for calculating an analytic signal



The oscilloscope is naturally one of the most useful tools for an

engineer. Through visualization it is easier to quickly detect and

evaluate complex signal states. Modern oscilloscopes also pro-

vide sophisticated analysis routines and triggers that make it

even easier for the user to identify problems and resolve them.

Due to the large amount of time required for computing, oscillo-

scopes are usually PC-based and run on a standard operating

system. The algorithms and display are managed in software.

Beckhoff brought a dynamic software tool onto the market 10

years ago with the original ‘TwinCAT ScopeView,’ which offers

the capabilities of a hardware-based scope, but is seamlessly in-

tegrated into Beckhoff’s software-based PLC and Motion Control

solution. This system is less expensive and easier to integrate in-

to the PC controller when compared with conventional oscillo-

scopes. With the new ‘TwinCAT Scope 2’ performance, handling,

the potential for easy expandability, as well as analysis capabili-

ties at runtime have been significantly improved.

Modern operation with modular design
Modern operation with dockable toolbars and comfortable

browsers in a .Net-based tool were some of the requirements for

TwinCAT Scope 2. Of course, modern graphics capabilities had to

be supported as far as DirectX in order to properly display rapid

signal sequences.

TwinCAT Scope 2 is modular in structure, enabling the conven-

ient re-use of components as well as flexible use of the system

Using the TwinCAT Scope 2 software oscilloscope, time profiles down to µs resolution can be displayed
graphically. User-friendly operation makes configuration simple; defined interfaces facilitate simple
operation from the TwinCAT PLC. In combination with Beckhoff I/O terminals and the ability to easily
integrate filters, the Scope 2 is also ideally suited to measurement applications, such as Condition Mon-
itoring.
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TwinCAT Scope 2

Flexible software tool for automation 

and measurement technology

TwinCAT Scope 2 offers simple

configuration, advanced graphics

and functional extensions for

measuring tasks.
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on small platforms. The two main programs in the solution in-

clude the ScopeServer for recording data and the ScopeView for

displaying the data and configuring the recording functions.

Server and Viewer communicate with each other via the Beckhoff

communication standard, ‘Automation Device Specification’

(ADS). This can take place locally on a system, but works just as

well in a distributed system using TCP/IP.

A major advantage of the distributed architecture is the load dis-

tribution. By pre-processing the data in the Server, the amount of

communication between the devices can often be reduced or

take place at non-critical times.

The Server has an interface to the PLC and can be easily con-

trolled remotely via PLC function blocks. The Viewer in turn has

several interfaces that can be integrated in proprietary applica-

tions. A special feature of TwinCAT Scope 2 is its expandability to

provide additional analysis functions and tools. This enables not

only raw data to be displayed, but also, for example, the Fourier-

transformed spectrum or the cepstrum of a signal curve.

The ScopeServer component
The main task of the Server is the collection of data; it is a data

logger with a communication interface. The configuration speci-

fies which data is to be collected from which devices and servers,

and in which time unit. The wide variety of Beckhoff I/O termi-

nals can be utilized here, for example, to record data from the so-

called EtherCAT oversampling terminals. All data is placed in a

file depository once it has been pre-processed. The main memo-

ry can also be used for data collection if no file system is avail-

able. The starting and stopping of the logger can be controlled by

a PLC block. This allows data to be collected for a certain length

of time, invisible to the user, at a point in time as triggered by the

PLC. This can be especially helpful for the analysis of errors that

occur only on rare occasions.

If data are to be recorded from a system on which ScopeServer

is not or cannot be installed, it is possible to configure the Serv-

er on the local system for remote recording.

The ScopeView component
Using the Viewer component, several Scopes can be configured

simultaneously in a quick and clear way. Since each Scope can be

started separately, several simultaneous recordings are possible.

An arbitrary number of Scopes, consisting of charts, axes and

channels, can be parameterized in a clear, hierarchical system.

The charts represent a visualization screen with size and position

that is freely selectable and to which a variable time segment is

assigned. The axes form the next hierarchical unit in a Scope and

represent the Y-axes of the channels. In this way, several chan-

nels can be summarized with free or automatic scaling. The rela-

tionship between graphic and physical size is made known in the

channels.Among other things, an individual sampling rate can be

set for each channel in the so-called acquisition parameters.

The acquisition is very much simplified by the browser integrat-

ed in the Scope. The device in the network from which variables

are to be recorded is selected here. Then a data source is chosen,

i.e. a software device that makes data available – for example,

the PLC – in which the different variables and data types are in

turn arranged hierarchically. A few simple mouse clicks are suffi-

cient in order to generate one or more channels.

There is a choice of GDI or DirectX to display the channels on the

Scope. GDI display is recommended for simple devices; however,

if a platform supports DirectX, the scope can transfer valuable

computing time for rendering to the graphics card.

Convenient configuration

Scope 2 architecture:

structure of the components



Several clear functions are available for the navigation of the

charts over the time range: of course, scrolling or zooming in one

direction only or in the X and Y directions are possible. Using the

so-called panning function, a current view can be moved with the

mouse, similar to a map. The viewing area can be varied quickly

using the mouse wheel or by means of input fields, so that all the

details can still be recognized and reviewed even in a larger

recording.

A good scope should also feature a powerful and easily config-

urable trigger. In TwinCAT Scope 2 there is an option to config-

ure multiple triggers, sorted into groups for different tasks. Be-

sides the choice of channels to be triggered on, it is possible to

link the individual conditions with logical operators.

Since Scopes are now displayed in many applications, care was

taken in the development of TwinCAT Scope 2 to allow for easy

implementation. Various interfaces are available on the Viewer

page. The entire Viewer can be integrated in a .Net or C++ ap-

plication with a client acting in the background.

In this way, all display capabilities of the Scope are available in

the application. For customers who only want to collect data via

TwinCAT Scope, there is an option to integrate the Scope client.

Thus, an interface is available with which data is imported into

the applications, but is perhaps not displayed, or is displayed dif-

ferently.

Nowadays Scopes facilitate process monitoring in many applica-

tions and for machine visualizations. Therefore, particular impor-

tance during development of TwinCAT Scope 2 was placed on the

ease of integration. Interfaces for .NET and COM, for example, al-

low an individual implementation of the viewer in the shortest

time. Configuration then takes place either through the interface

itself or by means of a standard file that can be easily created by

the viewer. This reduces the programming effort to a minimum.

Analysis options in TwinCAT Scope 2
It is often desirable to begin with signal analysis even during a

running recording, because certain kinds of behaviors have been

observed and one wishes to learn the reasons for them. Howev-

er, the current recording, which may need to be archived, should

not be interrupted. This is possible with TwinCAT Scope 2, be-

cause a difference between start/stop recording and start/stop

display is explicitly made here. Thus, it is possible to stop the dis-

play and analyze signals without having to stop the recording,

which continues to run in the background. Furthermore, it is use-

ful in signal analysis to be able to move individual channels at

will. Different signals can be superimposed on and compared

with one another on a time axis. It is also possible to stack all of

the Y axes in a chart under each other in order to improve the

overview.The cursor function implemented in the Scope 2 rounds

off the standard analysis options.

For some measurement applications, or in the field of Condition

Monitoring, it is often necessary to display and analyze not the

pure time values, but the spectrum or the cepstrum, for example.

These options are included in the new TwinCAT Scope 2. This

means that the calculation of the spectrum via a Fast Fourier

Transform (FFT) can be performed directly in the Viewer. Com-

plex routes through other software components can be elimi-

nated since everything is integrated in the TwinCAT Scope 2 

tool. Additional algorithms can also be integrated without prob-

lem.

Outlook
TwinCAT Scope 2 is the new standard in measurement tools 

for automation engineers. Time sequences down to µs resolution

can be displayed. Convenient operation makes the configuration

of a Scope very easy. Convenient interfaces for PLC program-

mers allow the ScopeServer to be operated easily from the PLC

program.

However, individual Scope components can also be used in their

own visualizations. This can save costs and effort in the field of

process monitoring and process documentation.

TwinCAT Scope 2 is also an exciting new tool for measurement

technicians. The inexpensive hardware and the option to easily

integrate filters in the Viewer make the Scope 2 well-quali-

fied for measurement applications as well as for Condition Mon-

itoring.

www.beckhoff.com/TwinCAT_Scope_2

24 products PC Control 04 |2009

Logging with TwinCAT Scope 2
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Beckhoff is expanding the ‘Economy’ Control Panel series with
new versions featuring a compact 5.7-inch display. These pan-
els’ aluminum fronts are IP 65 rated and their small display 
dimensions of 183 mm x 129 mm (W x H) facilitate use wher-
ever compact displays are required for the control of machin-
ery or automated buildings. The compact-format control 
panel with a resolution of 640 x 480 pixels is available in 
different versions: from the “basic” Control Panel display 
to the compact PC controller with integrated energy-saving 
Intel® Atom™ CPU.

5.7-inch display for 
Beckhoff ‘Economy’ Panel PCs 
and Control Panels

Beckhoff already brought the first compact 5.7-inch display onto the market in

2007 in the CP6608 Ethernet Control Panel. Now the concept has been extended

to all of the ‘Economy’ built-in series, so that the user can select from a wider

range of devices:

| CP6207 built-in Panel PC with Intel® Atom™ CPU

| CP6607 built-in Panel PC with Intel® IXP420 CPU

| CP6907 built-in Control Panel with DVI/USB Extended interface

The space-saving 5.7-inch displays feature full VGA resolution of 640 x 480 pix-

els for optimum picture quality. The displays are optionally available in a touch

screen version with high-quality 5-wire technology.This guarantees reliability and

precision even in harsh industrial environments.

All Panel PCs are equipped with a 31/2-inch motherboard from Beckhoff and can

be expanded with a Compact Flash card. A Mini PCI slot is available for factory-

installed cards. The operating range for all types of devices is 0 to 55 °C.

In combination with TwinCAT automation software, the Control Panels and 

Panel PCs become exceptionally compact controllers for a wide range of applica-

tions, from machine automation and industrial IT to building automation. Thanks

to the available range of different processors, the PC platform is even more 

scalable and allows users to select the ideal device tailored precisely to their re-

quirements.

www.beckhoff.com/CP6207

www.beckhoff.com/CP6607

www.beckhoff.com/CP6907

The solid-state disk from Intel 

with 32 GB can be used as an alternative 

to conventional hard disks in Beckhoff Industrial 

and Panel PCs.

SSD as optional hard disk 
replacement

Boost operational reliability and speed

Various storage media are available for Beckhoff Panel PCs and Indus-

trial PCs. Most PCs are equipped with a 21/2- or 31/2-inch hard disk and can

be equipped as standard or as an option with Compact Flash cards. In ad-

dition, the following Beckhoff Panel PCs and Industrial PCs are available

with a solid-state disk (SSD):

Panel PCs: CP62xx, CP64xx, CP65xx, CP71xx, CP72xx, C33xx and C36xx

Industrial PCs: C51xx, C61xx, C62xx, C63xx, C6525, C66xx and C69xx

The SSD has a storage capacity of 32 GB. Thus, it is particularly suitable

for applications that have to satisfy the following demands:

| non-rotating medium

| high read and write speeds

| long service life

| high storage capacity

The storage principle is identical in both Compact Flash cards and solid-

state disks. However, where 0.5 MB of data per second can be written to

a 4 GB CF card for 10 years, it is 10 MB per second in the case of a 32

GB SSD. This is due to the very high read and write speeds of the SSD,

which are additionally well above those of a hard disk. Furthermore, as

for all CF cards, there is a diagnostic tool for SSD in TwinCAT as proof of

operational reliability, with which the quality of the memory and the re-

maining service life can be calculated easily. A life expectancy of up to 10

years can be expected.

www.beckhoff.com/IPC

Unlike hard disks, solid-state disks (SSD) are storage me-
dia in which no rotating parts are installed via the use
of semiconductor memory devices. Advantages in addi-
tion to much higher mechanical strength are long serv-
ice life and low energy consumption. In addition, solid-
state disks offer significantly faster access times com-
pared to regular hard disks.



Hydrostatic drives still have a significant share of the market in mechan-

ical engineering. The high power density of the actuator and the simple

and inexpensive implementation of linear movements enable compact

machine designs.With the help of hydraulic accumulators and servo-valve

technology, highly dynamic and accurate drives can be utilized, for ex-

ample, on injection molding machines. Lack of energy efficiency, environ-

mental noise exposure and contamination from hydraulic oil are often

mentioned as disadvantages of hydraulic drive axes. Nevertheless, hy-

draulics cannot be completely eliminated wherever high forces and

torques are required.

From the point of view of control technology, hydraulic drive axes place

particular demands on the control algorithms and the reaction time. The

transition from a guided movement to a controlled pressure profile is ex-

tremely time-sensitive. Simple hydraulic axes often have low natural fre-

quencies and a highly localized control system behavior. This is where ap-

proaches with PID controllers and time-dependent travel profiles fail. For

these reasons, special hardware controllers were often used for hydraulic

axes in the past.

Hydraulic Library: Motion Control functions in software
PC-based controllers from Beckhoff are characterized by a clear separa-

tion of hardware and software modules. Motion Control functions do 

not require any special hardware, but are implemented through software

libraries. The process data are read in and output by electronic Bus 

Terminals. With the aid of the Beckhoff XFC technology (eXtreme Fast

Control), short system reaction times can be achieved; controller sam-

pling times of 100 µs are easily attainable using EtherCAT and powerful

Intel® CPUs.

The TwinCAT Hydraulic Library provides Motion Control functions for 

hydraulic axes; servo-electric axes can also be optionally controlled.

The modules are designed and certified according to the PLCopen stan-

dard. The users work with interfaces that are functionally identical to 

other familiar products from Beckhoff or other manufacturers. The Hy-

draulic Library supports all common sensor types; non-linear valve char-

acteristics are compensated by means of automatic characteristic lin-

earization.

Conventional NC systems calculate time-dependent travel profiles on the

assumption that the lower-level PID position controller finds an identical

control system behavior regardless of the location. The special control

system behavior of hydraulic drives, however, requires the generation of

a profile that takes into account the location-dependent characteristics of

the path, the stick/slip effects and the maximum brake/delay times. The

Hydraulic Library includes functional modules for a section-wise, optimal
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Higher energy efficiency in hydraulic 
and hybrid drive technology

PC-based control with integrated technology for hydraulic axes

Hydraulic Library in use for a wall thickness controller on a blow molding machine

Hydraulic drives are indispensable in many applications in spite of massive increases in electric drive technology. The special charac-
teristics of hydraulic controlled systems require high performance and adapted control strategies. Whereas proprietary control
solutions were widespread in the past, Beckhoff’s PC-based concepts are today often more powerful and easier to program
and to maintain. The highest perfor- mance requirements are met using EtherCAT and the TwinCAT Hydraulic Library. The
energy-efficient combina- tion of hydraulically and electrically driven axes in hybrid machines is optimally sup-
ported by the TwinCAT Hydraulic Library.



profile generation. Directionally dependent control system behavior is

taken into account; acceleration and deceleration ramps are calculated

according to the criteria of profile accuracy or minimum cycle time.

Path control vs. time control
Conventional NC controllers calculate travel profiles as a function of time,

however, this does not suit the characteristics of hydraulic actuators. In

time control, strong fluctuations in speed and overshoot or stick/slip os-

cillations at the target can be observed. Inexpensive hydraulic concepts,

which dispense with the use of servo valves, require a travel-dependent

profile generation. For these paths, profile accuracy is less important than

high driving speed and precise positioning at the target. For travel-de-

pendent motion control, no position control is performed during the

movement; the controlling variable of the profile generation is the re-

maining distance, not the time. The target position is reached by braking,

for example, after a root function.
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Central pump drive which can be optionally

equipped with a servo-actuator

The Hydraulic Library is suitable for use 

in injection molding machines.



Hydraulic axes are often found in machines where rapid transitions from

controlled velocity to pressure regulation are required, e.g. in presses, in-

jection molding machines or die casting equipment. XFC, with its short

reaction times and high temporal resolution of the input signal in con-

junction with the Hydraulic Library functions, offers the ideal solution for

this. In this way, the injection movement is guided dependent on the lo-

cation; the subsequent pressure regulation follows a specified course

with high-precision in a closed loop.

For applications in presses and bending machines, several hydraulic axes

are driven synchronously; a synchronous movement and a pressure build-

up without lateral forces are mandatory for this process. Using the Hy-

draulic Library, presses with forces ranging from less than 10 to several

thousand tons and up to 20 synchronized axes are driven in practice. The

Hydraulic Library supports master-slave or virtual-master methods, de-

pending on requirements. For the build-up of high closing forces, linear

hydraulic actuators are combined with non-linear gears such as toggles

or crank assembly; the hydraulic library also provides appropriate trans-

formation functions for this.

Hydraulic axes and electric servo drives for 
higher energy efficiency
In order to increase energy efficiency, hybrid concepts are increasingly be-

ing realized in which electric servo drives and hydraulic axes work to-

gether. Servomotors can also be controlled in point-to-point mode using

the Hydraulic Library. Time-controlled profile generation is possible in this

case since all functions of the Hydraulic Library are available. Synchro-

nous movements for electric drive axes are also supported.

The energy efficiency of hydrostatic drives can be further increased by the

combination of servomotors and hydraulic fixed displacement pumps.The

path control in the Hydraulic Library relating to the active side and the

consistent use of highly reactive EtherCAT drives allow new and innova-

tive motion control concepts.

Scope View offers simple diagnostic implementation
An accurate analysis of important signal characteristics facilitates the im-

plementation and verification of the control software. With the TwinCAT

development environment, extensive oscilloscope functions (Scope View)

are available for this: All input signals as well as all internal variables are

represented with variable axis resolution. Readjustments are often nec-

essary in order to operate a hydraulic circuit optimally. For service inter-

ventions in critical situations, the support of developers at the head of-

fice is called for, for which a large amount of information from the process

is required. Dedicated hardware solutions offer only a limited scope for

this purpose. With TwinCAT Scope View, measurement results can be

saved and sent for error analysis and templates with measurement regu-

lations are available for local service efforts.

www.beckhoff.com/TwinCAT 

www.beckhoff.com/TwinCAT_PLC_Hydraulic_Positioning 

www.beckhoff.com/XFC
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“In the future, automation technology

will not only improve the control of 

machines, but will also help increase 

total availability. One of the means of

doing this is early failure detection for

important components such as hydraulic

pumps, but there is also the redundant

design of signal processing and actua-

tors. With the help of XFC, the highly 

accurate, rapid detection of pressure

variations, e.g. depending on the rotation

angle of a hydraulic pump, is possible.

Predictions about length of service life

can be made here through pattern

matching. The Ethernet-based EtherCAT

fieldbus supports redundant concepts.”

“PC-based automation technology

from Beckhoff meets the power 

requirements that are necessary

for a complete description of 

non-linear paths. With this we 

can implement new, more precise

controllers in the future. However,

even very basic digital hydraulics

can benefit from the precise and

rapid signal acquisition. High-pre-

cision processing of the rate time

for the pre-switching of valves 

improves the properties of simple

driving axes.”

Screenshot of a Scope View recording from an application in metal forming: the pressure 

curves are displayed in orange/red, the position is marked in blue and the control signal in 

purple. The even buildup of pressure almost without overshoots and the uniform motion are

recognizable.

Thomas Kosthorst, Business Management

Plastic Processing Machines at Beckhoff

Wilfried Osterfeld, technical marketing

and hydraulics expert at Beckhoff



The new Machinery Directive 2006/42/EC necessitates adaptation of the

conformity process, hazard analysis and documentation. The structures of

the safety-relevant parts of controllers must be analyzed manually and

represented in block diagrams. For many users this step is currently the

main hurdle in the implementation of the new standards. Any errors that

are introduced in the analysis at this stage can change the results signif-

icantly and represent a risk to the safety of the machine and operators.

Subsequently, the failure probabilities of the individual block diagrams

have to be quantified.When it comes to practical implementation in many

cases, considerable confusion arises regarding correct determination and

application of the associated safety parameters: Which values are re-

quired, SIL, PL, PFH, B10d, MTTFd, MTBF ...? And how can they be ob-

tained? These are not available for all control components. Once the pa-

rameters are known, their transfer to various calculation tools represents

The familiar DIN EN 954-1 European standard will presumably be phased out at the end of 2009, and the machine
building industry must adapt long-standing practices to new standards. The implementation of the new guidelines
represents a significant challenge for machinery to be used in EU, particularly for small and medium-sized compa-
nies. This is where the TwinSAFE system from Beckhoff can help, supporting users in the analysis and documenta-
tion of safety functions according to the new Machinery Directive. The TwinSAFE Calculator integrated in TwinCAT
for calculating and determining the Safety Integrity Level (SIL) and Performance Level (PL) makes complex analyses
of safety applications and transfer of this information to an additional tool unnecessary.
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TwinSAFE simplifies the 
implementation of Europe’s 
new Machinery Directive

Safety technology simplified: Calculation and determination 

of SIL or PL without requiring additional tools



a source of error that should not be underestimated if this process is not

supported by suitable measures and interfaces. In addition, it may be nec-

essary to determine the error detection rate and specify measures against

errors with a common source.

Estimating the error detection rate in particular requires a good deal of

detailed knowledge, because the large scope for discretion increases the

risk of misjudgment. Lack of experience in the choice of measures against

errors with common causes may necessitate retrofitting of circuit com-

ponents, for example.

TwinCAT offers support for the analysis and 
documentation of safety functions
With TwinSAFE, the safe TwinSAFE/FsoE (Failsafe over EtherCAT) bus pro-

tocol and the tools integrated in TwinCAT, Beckhoff offers machine man-

ufacturers a system that significantly simplifies the implementation of

safety functions. The TwinSAFE Calculator extends the system and offers

users valuable support for the analysis and documentation of the safety

functions according to the new standards. In many cases, the need for ex-

ternal service providers can be avoided through the support functions in-

tegrated in TwinCAT and largely automatic calculations. This reduces

costs and permits the safety technology to be mastered independent of

third parties.

Additional tools and inconsistent data sets are avoided. Planning, project

design, configuration, programming and mathematical analysis and doc-

umentation of the safety functions are closely linked in TwinCAT, thereby

saving unnecessary and error-prone steps. In the TwinSAFE Calculator, the

user can choose whether they want to analyze the safety functions ac-

cording to EN ISO 13849-1 or IEC 61508.

The required PL and SIL for dangerous areas are determined with the aid

of risk graphs, and the required safety functions are then described. This

is followed by the specification of a new bus configuration for the hard-

ware components required for the safety application or the distribution

of the required TwinSAFE terminals (KL Bus Terminals or EL EtherCAT Ter-

minals) within an existing bus structure.
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Safety loop calculation according to EN ISO 13849 or IEC 61508

Risk graph according to IEC 61508

Engineering effort reduced by a fail-safe solution
The use of TwinSAFE – together with the TwinCAT automation software

suite – offers users the significant advantage that all required steps are

integrated in TwinCAT, so that cumbersome manual calculation and ref-

erencing of tabular values, such as determining the MTTFd based on the

parts count method, estimation of DCavg or determining the PFH value

are no longer required. The result is maximum simplification and a fail-

safe solution.

The Calculator knows the structure of the TwinSAFE components. Devices

outside TwinCAT, such as sensors or contactors, can be entered. Analysis



Safety parameters for sensors and actuators

Safety parameters for sensors and actuators (manual input)

rate. The same applies to the monitoring of positively driven feedback

contacts for actuators.

The EtherCAT-specific device descriptions of the safe I/O devices, which

are networked via the TwinSAFE/FsoE protocol, have the parameters re-

quired for the calculation stored directly in the hardware. The calculation

values can therefore be compared directly with those in the devices. Er-

rors due to outdated device descriptions or data sets from databases are

thereby avoided. When a device is replaced, the values can be checked

immediately. The TwinCAT system can issue warnings and error messages

in the familiar way.

Changes in the configuration do not have to be implemented manually,

but are immediately stored in the description. All project data are always

up-to-date. The entire description of the safety application, including all

calculations and analyses, can be saved as a PDF or printed.

TwinSAFE www.beckhoff.com/TwinSAFE
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Quantification of measures against failures with a common cause

of the application and formation of the block diagram takes place auto-

matically based on the application programmed in TwinCAT and the bus

structure that the system is familiar with. Therefore, no manual analysis

is required. The Calculator deals with these steps, avoiding user errors as

a result.

The TwinSAFE Calculator continuously analyzes the application created by

the user and calculates the safety parameters. The calculation is based on

DIN EN ISO 13849 or EN IEC 61508. Compliance with the required PL and

SIL is monitored.

Project data always up-to-date
The TwinSAFE application knows, for example, whether sensors are ana-

lyzed based on 2 channels, and test pulses for detecting line errors are

used. This draws automatic conclusions regarding the error detection



The refinement of plastic surfaces, as carried
out by GfO Gesellschaft für Oberflächentech-
nik mbH, involves very complex processes that
require automated and highly flexible produc-
tion facilities. Since these are cleanroom appli-
cations, the controller must perform both
process-related and manufacturing tasks: the
production facility, which is operated with a
product mix, places MES demands on the con-
troller with RFID identification, production
control and recipe management. This also in-
cludes the computer coupling to subsystems,
such as the coating station, camera-based sur-
face inspection and robot system. All control
tasks are PC-based and are implemented with
TwinCAT. The process peripherals are coupled
to Beckhoff Bus Terminals via various fieldbus
systems.
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Flawless, 
scratchproof 
surfaces

PC Control enhances highly flexible 

production plant that refines high-grade 

plastic surfaces

GfO Gesellschaft für Oberflächentechnik mbH in Schwäbisch-Gmünd, Ger-

many, specializes in the refinement of high-grade plastic surfaces, such as

those used for display panels in measuring, control and regulating equip-

ment, medical devices, mobile phones, MP3 players, computers and naviga-

tion devices. The higher the demands on the function of a device, the greater

the resulting demands on the product’s surface: it must exhibit a high-grade

shine and be both smooth and, above all, scratchproof. Even in the automo-

tive sector, where internal parts for displays and control devices or parts of

the exterior (headlight covers, side panels, etc.) are made of plastic, physical-

ly and chemically resistant surfaces are indispensable.

In 2005, GfO opted to use a selective coating technique based on an inkjet

process, which had been patented by a partner in the UK. In order to apply

the refinement process, which takes place in the clean room, GfO developed

a completely new production facility, with which the surfaces of plastic parts

are activated fully automatically and surface-hardened after the application

of the coating. "GfO develops its own production facilities, which means that

we have our own equipment engineering department and also manufacture

the holding devices and coating receptacles for the products that we process

on our customers' behalf. In principle, we bought only the cleanroom for the

new plant, but even the planning of how the cleanrooms should be designed

was conducted mainly at our company. We also assembled the plant equip-

ment ourselves and developed the individual components, such as the pro-

cessing stations for insertion and removal,” said Peter Wasgien, Head of De-

sign at GfO.

High demand handled by TwinCAT
The complex plant was fully automated using PC-based control technology

from Beckhoff. The automation technology was planned and implemented by

APA-Tec GmbH. “In May 2005, we made the circuit diagram for the initial

planning; after that we started building the plant control system,” said Eber-

hard Vaas, Managing Director of APA-Tec. This new plant for producing

scratchproof surfaces was, however, not the first project that Eberhard Vaas

and APA-Tec have tackled together with GfO. It is also not the first GfO sys-

tem in which the Beckhoff automation platform has been used. “Due to the

complexity of the production process, which includes both an extensive range

of parts with mixed running, fully automated production as well as quality as-

In the pre-treatment station, the plastic parts are first pre-cleaned by brush 

(on the left in the picture) and then moved under the stationary plasma head 

for pre-treatment using atmospheric plasma. Both processes are performed 

dynamically by means of Servo Drive Technology from Beckhoff.
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surance measures, a flexible controller with horizontal and vertical integra-

tion capabilities was required,” said Eberhard Vaas. “The complete manage-

ment of the production process, which includes the recognition of the work-

piece carriers and the plastic parts to be processed along with the assignment

of the correct recipes, is performed by TwinCAT.”

Cleaning station is a highlight in the area of control
The demands on the system are very high: a transparent protective coating is

applied to the plastic surfaces by a special printer using the inkjet process.

The printer recipe is dependent on the plastic parts being processed. To en-

sure that the transparent protective coating also adheres securely, the plastic

parts are pre-treated in two work steps. First of all, the parts placed on the

workpiece carriers are cleaned by brushing. Regarding this, Peter Wasgien

said: “It is a wet brush cleaning process that also dissipates static charges.”

“The brush cleaning and the subsequent plasma cleaning,” adds Eberhard

Vaas, “already represent a highlight in terms of control: the brush consists of

two longitudinal brush segments that move in opposite directions. The work-

The workpiece carrier (center of picture) is located directly

under the printer head. The printing process is independent

of the TwinCAT application, but is coordinated by the 

Beckhoff system.

A fully automatic and highly flexible production facility achieves the super-puri-

fication and activation of plastic surfaces by atmospheric plasma in cleanroom 

applications. The plastic surfaces are subsequently coated with a clear, special

coating and made scratchproof by curing under UV light.

Beckhoff equipment used

Control 

| CP7201 Panel PC

| TwinCAT NC PTP

– HMI connection via ADS OCX

– Printer connection via Ethernet

I/O

| Bus Terminals with PROFIBUS DP Bus Coupler

– Integration of the stepper motors via KL2541 Bus Terminal

– Integration of the RFID reader via KL6201 Bus Terminal

Motion

| AX2500 Servo Drive with Ethernet interface

| AM3xxx series servo motors
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piece carriers are driven under the brushes following a precise pattern and at

a precise distance. This means that the distance between the brush and the

workpiece is numerically controlled, as is the speed of the workpiece carrier.

Subsequently, the workpiece carrier is blown off with ionized air and driven

under the stationary plasma head for surface activation. In order to achieve

an even pre-treatment of the surface, the workpiece carrier must be moved

in the x, y and z directions in the atmospheric plasma. Eberhard Vaas com-

ments: “The head is fixed and the TwinCAT system moves the workpiece. This

pre-treatment process represents a servo application, which was implement-

ed using Beckhoff control technology. This allows any position under the plas-

ma head to be manipulated reproducibly in accordance with the recipe.

Peter Wasgien explains the control principle for the plasma treatment as fol-

lows: “This is a cleanroom application, so we avoid having moving parts

above the workpiece carrier. Therefore the plasma supply line is rigid.”

Both the inkjet print head and the cross table mounted below it, on which the

workpiece carrier is placed by a pneumatically actuated fork lifter system, are

controlled, along with the camera system, by their own controllers. A Linux-

based controller receives information from TwinCAT directly via Ethernet re-

garding the correct recipe to use for the plastic parts to be coated.

Control technology and stepper motor drives 
for complex edge hardening
The element that connects the entire system is the circulating conveyance sys-

tem. Empty workpiece carriers circulate freely. From here they are taken into

manual equipping stations and loaded with plastic parts. They subsequently

enter the main circulation, where they are transported first to the pre-treat-

ment station and then to the coating station. After the application of the

transparent protective coating, the workpiece carriers are driven into an in-

frared (IR) heat stage, where defined pre-drying takes place by means of IR

heat sources. This is followed by transport into the ultraviolet (UV) curing sta-

tion, which is in turn followed by a second free circulation for the removal

and checking of the finished, coated parts.

The drying process has its own highlights in terms of control. As Eberhard

Vaas reports, these begin with the infrared coupling. “The required IR power

for heating is controlled by specifying the relative power value of the IR

sources: this can be, for example, 25 percent of the available power. In addi-

tion, the duration of the power input is controlled. After that, the IR power 

is initiated. This process can be varied, depending on the plastic parts.” As 

Peter Wasgien remarks, the infrared station is required in order to optimize

the flow of the coating process.

In the curing station, the surface is cured by UV light shining vertically from

above. “This is similar to the drying process,” said Peter Wasgien: “We can

precisely specify the burner power by calling up the stored recipe. For a cer-

tain product, for example, 75 percent of the UV burner power may be required

along with a defined speed with which the workpiece carrier passes under

the UV burners.”

However, because some of these plastic parts have lateral edges or web sur-

faces, with coating that is not cured by the vertical UV light, special edge lay-

er hardening is required. “The edge hardening is a special solution that we

retrofitted,” explained Eberhard Vaas. “In order for the UV light to also strike

the lateral edge surfaces, the UV sources must be adjusted by a defined an-

gle. The workpiece carriers thereby rotate under the inclined UV light source,

so that all of the edge surfaces are uniformly hardened all around. The UV

lamp is inclined by two Beckhoff stepper motors, which are controlled direct-

ly by an associated Beckhoff Bus Terminal for stepper control via I/O.

Quality assurance in the control network
After curing, the workpiece carriers are transported into a cell equipped with

several camera systems and light sensors for surface inspection. These cam-

eras observe the interference fringes projected onto the surfaces by the sen-

sors in accordance with the triangulation principle. These are compared with

the stored values of the object surfaces by a separate computer.A downstream

SCARA robot removes rejected parts. The cell computer and the robot con-

troller communicate with TwinCAT, which controls the synchronization of the

test sequence.

Following the surface inspection and sorting by the robot cell, the workpiece

carriers are transported to the manual unloading stations. There, the finished

plastic parts are removed, subjected if need be to a final visual inspection and

packed into appropriate containers. The empty workpiece carriers are placed

in the free circulation and integrated once more into the previously described

process sequence when required.

PC Control easily manages automation and IT tasks
The TwinCAT application integrates not only the surface treating process, but

also complete control of the facility’s air conditioning according to class 10000

or 1000 cleanrooms.

Picture of the IR heating station
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Mixed operation with different plastic parts represents a particular challenge.

To this end, all workpiece carriers are equipped with RFID transponders and

identified via 16 readers mounted in the plant. The readers are coupled with

TwinCAT through an AS interface integrated via the Bus Terminal I/O system,

and supply information regarding which workpiece carrier is located at which

point in the process sequence. This way, TwinCAT always knows where each

workpiece carrier is located in the plant and with what load and can select

the appropriate processing recipes. The operator at the feeding station in turn

reports which plastic parts were placed on the workpiece carrier. Currently

around 10 different parts are processed simultaneously in the plant. The av-

erage number of parts processed per shift is about 3,000.

This relationship alone illustrates that a conventional hardware PLC would

not be able to cope with the complexity of the control task. The identification

of the workpiece carrier, its insertion into the process circulation and the ad-

ministration and assignment of the recipes to be applied, from the pre-treat-

ment and the application of the transparent coating to the heating and cur-

ing, is actually a classic MES application from the point of view of data han-

dling, which TwinCAT can easily cope with.

Room control integrated into the system
Air conditioning represents another complex task handled by TwinCAT. The

processing plant itself is a complete small factory embedded in a subsection

of the overall factory facility. Regarding this, Eberhard Vaas said: “The facili-

ty is fully encapsulated and consists of different rooms with different usage

goals, including air locks for the personnel, a preparation room and various

cleanroom areas, which are supplied with air according to the respective

tasks. From the point of view of air conditioning and regulation, all rooms

such as those for pre-cleaning, the printer room, the air exhaust zone, the in-

frared zone, etc. are supplied by one air conditioning unit. The air is filtered

and cooled by three air-conditioning compressors, then heated again, set in

motion, filtered again and finally moistened.” To this end, appropriate tem-

perature, pressure and humidity sensors are connected to the Beckhoff Bus

Terminal I/O system. The air conditioning is to be adjusted using an analog

technique; i.e. the power of the air-conditioning compressors is set by an ana-

log signal. The analog values are 4 to 20 mA and 0 to 10 V; both types of sig-

nals are used. Furthermore, PT100 inputs for temperature measurement are

available on the input side. Since vacuum systems are also used in the plant,

pressure sensors are similarly integrated for this purpose. “We have full air

conditioning in the production area,” explains Peter Wasgien: “We can hu-

midify and dehumidify, heat and cool, so that we maintain constant temper-

atures and constant humidity the whole year round. TwinCAT takes care of

the entire control concept.” The air conditioning is also documented. Re-

garding this, Eberhard Vaas said: "We represent the temperature curve graph-

ically. This also includes the temperature curve outside the production area,

as well as the humidity. All climatic values and all other collected data are

stored in the form of logbooks with a time and date stamp, so that they can

always be matched to the respective processed lot at any time later on.”

APA-Tec GmbH www.apa-tec.de

GfO Gesellschaft für Oberflächentechnik mbH www.gfo-online.com

The plastic surfaces are cured in 

an encapsulated station by UV light 

shining from above.
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When Beckhoff moved into premises on the Research Campus at the 

former Philips production site in Hasselt in September 2006, the team

consisted of the managing director, a support engineer and a sales assis-

tant. The committed team managed to establish a considerable customer

base within a relatively short space of time. The main industry sectors in

Belgium are the automotive industry and its suppliers, the process indus-

try, and the tobacco and food industry. “We started with the aim of gain-

ing new customers from the mechanical engineering sector, and this is

what we have achieved,” said Managing Director Patrick Gielis. This year

Beckhoff Belgium achieved an increase in the number of customers by 

20 percent compared with 2008.

Established in all areas of PC-based automation
Beckhoff Belgium has a broad customer profile, and Beckhoff technology

is used in a wide range of sectors. The focus is on machine construction

OEM customers in a wide range of fields, including packaging, PCB pro-

duction, tobacco processing, food production, and metal working. Build-

Three years after it was established, the Belgian Beckhoff subsidiary, which is based in Hasselt, can already look back on a record
of success. Despite the current global economic crisis, Patrick Gielis, Managing Director of Beckhoff Belgium, and his team of 
8 managed to gain a number of new customers, so that the 2008 sales figures are expected to increase by 10 to 15 percent this
year.

Beckhoff Belgium: Sales increase and
EtherCAT technology as door opener

ing automation has emerged as another important business area. A sys-

tem integrator who specializes in building automation in retirement

homes is one of the largest customers of the Belgian Beckhoff branch.

Close cooperation with system integrators is a key characteristic of the

structure of the Belgian automation market.

Beckhoff has made a name for itself in Belgium as a supplier of complete

solutions. “However, there are also examples where we act solely as sup-

plier of Industrial PCs,” said Patrick Gielis, commenting on the range of

customer requirements.

Positive image thanks to reliable support 
and marketing
According to Patrick Gielis, the success of the Belgian team is based on

its good support service: “In Belgium we have an image of a technology

company. We not only promise a solution, but support our customers as

long as it takes to ensure that everything runs smoothly. We now have

three support engineers who provide this service.”

Patrick Gielis, Managing 

Director of Beckhoff Belgium:

“The EtherCAT technology is a

‘door opener’ in the acquisition 

of new customers. EtherCAT is 

not only fast, but also easy to

wire up; it is inexpensive and 

can be combined almost 

arbitrarily with third-party 

EtherCAT components.”
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Beckhoff Belgium is also engaged in intensive marketing through con-

tact with the main Belgian trade magazines, presence at all relevant 

trade fairs and by offering so-called study days and roadshows. “In this

way, we not only strengthen the relationship with our customers, we 

also welcome the emerging network among our customers,” said Patrick

Gielis.

Future-oriented with EtherCAT technology
According to Patrick Gielis, EtherCAT technology is a “door opener” for

gaining new customers. Beckhoff benefits from the fact that everyone is

talking about EtherCAT, which is regarded as the future for automation.

EtherCAT is not only fast, but also easy to wire and cost-effective. “In ad-

dition, our products offer a high degree of flexibility for combination with

EtherCAT components from third-party manufacturers,” said Patrick

Gielis. “Customers therefore no longer require convincing in this respect,

while the situation with regard to the less well-known XFC is still differ-

ent,” explains Patrick Gielis. “We therefore offer seminars and training

sessions in order to convey the benefits of this very fast

control technology to our customers.”

Close networking with colleges 
and universities
The Belgian branch office not only offers regular train-

ing for its customers, it also cooperates closely with

technical colleges, polytechnics and universities. “I re-

gard our efforts to familiarize young technicians and en-

gineers with our control philosophy and our components

as a good investment in the future,” said Patrick Gielis.

He considers the Belgian Beckhoff subsidiary to be well

positioned for further growth: “We will continue our ef-

forts in the mechanical engineering sector and also in-

creasingly focus on building automation.”

Beckhoff Belgium www.beckhoff.be

Kenan Aktas, Area Sales Manager at Beckhoff headquarters 

in Verl, Germany: “Beckhoff Belgium offers a wealth of 

technical know-how and competence, and the team is highly 

motivated. We have a very close working relationship and in 

many cases we get involved with potential customers at a very 

early stage, in order to provide customized technical support.”

Team meeting at headquarters of Beckhoff Belgium on the Research Campus 

in Hasselt, the former Philips production site: (from left) Johny Vangeel (Sales),

Patrick Gielis (Managing Director, Beckhoff Belgium), Bert Cuypers (Technical 

Support and Service) and Ronny Noynaert (Sales)

¸ 



Welding machines are among the most important items of process equipment in modern industry.
More than 740,000 electric welding machines were produced in 2007 in China alone. The welding
machine manufacturer Huaheng Welding is one of the market leaders in the Chinese market and
can look back on 15 years of experience. Huaheng uses a Beckhoff Panel PC and EtherCAT as the
control platform in its latest generation of welding power supplies.
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EtherCAT and PC Control 
guarantee high quality welding

New generation of welding machines

Huaheng Welding Co. Ltd., based in the ‘Kunshan Enterpark for Overseas 

Chinese Scholars’ (KEOCS), is one of the pioneering companies in China de-

voted to developing complete NC welding devices. Huaheng mainly manu-

factures welding power supplies, arc welding machines and welding robots.

As a technology-driven company, Huaheng owns 66 technology patents and

holds a very high share of the market in plasma, TIG and MIG welding ma-

chines.

Huaheng has relied on Beckhoff solutions in the field of special machine 

construction since late 2006. The company has now decided to equip its new

generation of welding power supplies with a PC-based control platform from

Beckhoff.

High performance in a compact design
In addition to high performance, Huaheng expected from the new control sys-

tem an efficient realization, a convenient HMI interface and a compact size.

“The control system from Beckhoff features compact I/O terminals that com-

bine reliable performance with openness and expandability and are thus ide-

ally suited to our application,” explains Liu Xiaolan, electrical supervisor of

the arc welding machines department of Huaheng.

The control platform of the welding power supply is made up of a Beckhoff

Panel PC from the CP66xx series, the TwinCAT NC PTP automation software,

Bus Terminals and EtherCAT Terminals. Since the welding current causes sig-

nificant interference when switching on, the PC must be insensitive to elec-

tromagnetic interference. The peripheral devices are connected via EtherCAT.

DC motor

Panel PC
CP6619

EtherCAT

Stepper motor

Control block 

diagram of the 

welding machine



current and the peak value of the rotational speed are also easily attainable

using TwinCAT NC. Simultaneously, the current pulse edge can also be

blocked.

Motion Control in miniature
During welding, a rapid oscillating movement must be made with precise po-

sitioning.After the welding process, this movement can be automatically end-

ed and stopped at the starting position. Powerful features such as motion and

PLC control are part of the TwinCAT system, so that servo, stepper and hy-

draulic axes can be controlled simultaneously. The Beckhoff KL2541 stepper

motor terminal in a double terminal format is built very small and is there-

fore tailor-made for the compact Huaheng control cabinet.

Software function blocks offer maximum functionality 
and flexibility
Motion control functions such as positioning and speed control can be im-

plemented via standard TwinCAT NC and MC function blocks. Since the arc

changes during the welding process, the tracking of the arc length and the
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The high performance of the EtherCAT system and its good EMC compatibil-

ity guarantee the accuracy of the current pulse and waveform required by

Huaheng. Another reason for using the EtherCAT bus system is its outstand-

ing diagnostic capability.

Full system performance of TwinCAT exploited
Welding power supplies must meet the various requirements of the applied

welding procedures, such as AC/DC and impulse welding. In the case of high-

frequency impulse welding, the formation of the welded seam is greatly 

influenced by overheating. Therefore, the precise control of the pulse current

is one of the main requirements that the equipment controller has to meet.

To meet the requirements for the accuracy of the pulse, a high-speed task

needs to be generated for pulse processing. The peak and base times of the

current amplitude can be flexibly adjusted and adapted in order to generate

the pulse waveform. The synchronization of the peak and base times of the

fast adjustment of the distance between the welding electrode and the work-

piece are implemented in TwinCAT in order to achieve greater welding 

uniformity. This is where PC-based control proves its superiority: because of

the high cycle frequency between speed and distance in the dynamic real-

time motor adjustment, it would be very difficult for a traditional PLC-based

motion control system to realize this function.

If end customers select different welding guns locally, the parameters such as

current and microstep of the stepper motor must be adjusted accordingly.

TwinCAT allows the stepper motor terminal to be switched flexibly via a sin-

gle function block. End customers can exchange welding guns at the push of

a button without having to update the program code. In this way, the effi-

ciency of the equipment is vastly improved.

Flexible adaptation to customer needs and market requirements
Huaheng manufactures a wide range of products, such as welding power sup-

plies, special pipe welding machines and welding robots,

many of which need to be adapted to suit specific cus-

tomer needs. Therefore, the question of im-

proving the recyclability of the system

controller was crucial. The openness

and extendibility of the PC-based con-

trol platform from Beckhoff meets all

of Huaheng’s machine-specific re-

quirements. In this way, for example,

the positioning of peripheral devices

can be done by simple configuration of

the servo motor and by programming the

power supply. The machine can easily be

converted into a welding machine for large

special pipes. TwinCAT NC I and CNC func-

tions are achievable via the software up-

date. Machines can thus implement com-

plex motion contours, such as lines,

curves, profiles, etc. By integrat-

ing the corresponding software

libraries, the machine becomes a

complete robot, and expansion to multiple axes is also very easy to achieve.

In this way, costs and development times can be drastically reduced for large

plants. “In the future, we plan to develop our own CNC system using this

equipment,” explains Chen Guoyu, special machine department manager at

Huaheng.

Advantages and prospects of PC-based control technology
Thanks to PC mass storage, more than one hundred process parameters can

be stored in the controller without additional costs. The manufacturing pro-

gram created on a normal PC with special programming software can be

transferred to the welding power supply via a network or a removable data

storage device. The process data from the power supply is saved as a file and

evaluated. PDF files are subsequently generated that meet the requirements

for quality tracing. Huaheng intends to offer appropriate interfaces for ERP or

MES applications.

Huaheng Welding Co., Ltd. www.huahengweld.com

Beckhoff China www.beckhoff.cn

(from left) Xu Xujiong, company president of Huaheng, and Zhang

Song, east China region sales manager of Beckhoff China

The new generation of welding power supplies, ‘Ruihu 400’, is equipped with 

a 6.5-inch ‘Economy’ CP66xx built-in Control Panel with Ethernet connection



When a building project is planned and executed, expectations
tend to be high, and naturally the goal is to complete the proj-
ect exactly as planned. After all, the home should be the domain
of rest and relaxation so everything should be just as the owners
dreamed. One could make a case that the final frontier of human
comfort is in home automation. However, practical experience
shows that there is a way to go for many high-end building proj-
ects to be executed harmoniously. The more trades and compa-
nies are involved in a building project, the more difficult the
seamless implementation of the required comfort may become.
The project goals can be achieved more successfully if as many
tasks as possible are carried out by a single company because any
requests for changes by the client during the construction phase
or at a later stage can be implemented more easily.
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Technology for well-being

Complex building automation made simple

An impressive home automation example is an exclusive urban villa in

Hanover, Germany, for which the Beckhoff Group handled the complete

design and installation. Around 1,200 square meters of living space on

three levels plus a cozy basement accommodate 14 living rooms, bed-

rooms and children's rooms, three offices, four bathrooms, two steam

saunas, three kitchens, several utility, storage and plant rooms, a fitness

room, and a high-end home cinema. The building has an elevator from

the basement to the second floor. Two roof domes – one above the stair-

well, the other above the spacious living room – provide plenty of sun-

light throughout the house. In addition, the domes capture solar energy,

providing a comfortable atmosphere in the winter. The two roof domes

can be opened, closed and of course shaded either manually or auto-

matically via a motor, depending on the weather situation. The automa-

tion throughout the house includes control of lighting scenes, window

shading devices, daylight regulation with the aid of blinds, the heating,

air-conditioning and ventilation system, the watering and lighting system

for the garden including a fountain, all multimedia applications and nu-

merous individual room controls (e.g. living room, bathrooms, fitness stu-

dio, cinema, etc.). If required, the whole system runs fully automatically

without user intervention. Of course, the occupants can intervene to make

changes at any time. In addition to various control options, the automa-

tion system offers extensive diagnostic options: it not only indicates that

an event has occurred, but also where it occurred.
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All parameters required for controlling the building functions are supplied

to the building control system via sensors. For example, the weather sta-

tion receives the data required for shading. Keys with RFID transponders

tell the building control system who is present in the house. Other sen-

sors report water pipe fractures or open windows. The air intake for the

ventilation system is monitored so that the external air supply can be shut

off if harmful gases are detected. In addition to the sensor data, the build-

ing control system uses information from other systems, including the fire

alarm system, the intruder alarm system and the video surveillance sys-

tem, which, at the control units of the home automation system, can

show uninvited guests lingering outside the house without the user hav-

ing to retrieve the camera images manually. If the monitoring function is

active, a window showing the monitoring image opens automatically if

an unauthorized person approaches a window or a door. The wealth of

functions offered by the home automation system is too extensive to ful-

ly list here. It is able to meet all conceivable user requirements. Even the

height of the flame in the chimney and the color of the lighting around

the garden fountain can be controlled as desired.

Open control system permits bundling of all functions
The openness of the PC-based control system plays a special role in this

home, since the Industrial PCs – the robust automation centerpieces –

must access the data of all building components. The PCs are equipped

with state-of-the-art processors, which are optimized for high perform-

ance with low energy consumption. For example, the power consumption

of a Beckhoff PC in this application is only 7 watts. Several Panel PCs were

installed in different locations around the building in which each feature

a monitor, control unit and PC all in one device. They are integrated in

walls, cupboards, cabinets or worktops and enable convenient operation

The entire house exists in a virtual form on the operating devices

(above). High-end home cinema with ten seats (above right).
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and monitoring. Beckhoff has developed numerous special interfaces for

building automation applications such as heating, ventilation and air-

condition systems as well as safety and fire alarm systems, which make

integration of the different components not only simple, but also cost-ef-

fective. The synergy between PC and the I/O terminal system via standard

Ethernet saves installation costs, since structured Ethernet wiring is read-

ily available in modern residential buildings. Numerous interfaces are 

already integrated in the Beckhoff Bus Terminal system as standard,

including components for KNX/EIB, LON, MP-Bus, DALI, DMX, EnOcean,

Ethernet and serial interfaces with a range of other protocols. In addition,

the Hanover project also required special solutions. For example, the con-

trol system for the heating system was completely reprogrammed and in-

tegrated into the building control system so the client could influence cer-

tain parameters that were not available in the standard control system

that was provided by the heating system supplier.

Convenient operation made simple
Operation of the whole system is straightforward: the entire house is rep-

resented in virtual form in the (permanently installed or mobile) operat-

ing devices. The user first selects the room and the required function (e.g.

curtain control) and then enters the required value (e.g.

'open'/'half'/'three quarters/'closed', to move the curtain accordingly).

The operation is straightforward, even for “novices.” In many cases, ba-

sic functions do not require an operating device. For lighting control pur-

poses, at least two control buttons are available in each of the living

spaces and at each door for calling up preprogrammed lighting scenes

such as those for 'reading' or 'guests.' Incidentally for the Beckhoff sys-

tem, it is irrelevant which switch range is used, because the switches

merely transmit a signal to the controller which analyzes the pulse and

performs the preprogrammed action, depending on the time or any oth-

er sensor values. The system can be flexibly adapted to changing situa-

tions, and offers effective protection from the influences of “electro-

smog” from household electronic devices, an aspect that is particularly

important in children's room and in bedrooms. The whole control system

is based on the common 24 V industry standard. 230 V sockets can be

switched off at the push of a button at night-time, if required.

Planning is essential
The three Beckhoff Group companies cooperated closely during the de-

sign phase of this complex project. This way, many issues could be ad-

The building control system receives addi-

tional information from the alarm system

and the video surveillance system (left).

Beckhoff has developed numerous special inter-

faces for building automation applications such

as heating, ventilation and air-condition sys-

tems as well as safety and fire alarm systems,

which make integration of the different compo-

nents not only simple, but also cost-effective.

The sturdy Industrial PCs form the core of the 

automation system. Equipped with the latest 

generation of processors, they are optimized for

high performance with low power consumption.

The technology works discreetly in 

the background and allows the user 

much more creative freedom: light 

switches with Swarovski crystal form a 

fancy wall decoration (right).
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dressed at an early stage, which in comparable projects would only have

been clarified after commissioning by the subcontractors.

The fact that the automation hardware and software, the installation 

system (including lamps, multimedia, cinema, washing machine and cof-

fee maker) come from one source ensures that all components work in

perfect harmony with each other. Beckhoff's own control cabinet build-

ing division ensures that the installation meets stringent requirements 

in terms of quality and attention to detail. Complexity is made manage-

able by the transparent control topology. Each floor features a sub-distri-

bution system for rapid troubleshooting, aided by the automation: if a

residual current circuit breaker is triggered, an error message is immedi-

ately sent to all panels. At the same time, an e-mail is sent to a techni-

cian, if required.

Technology operates discreetly in 
the background
One may think that in view of so much technology a pleasant living 

atmosphere would hardly be possible. However, the opposite is the case,

since the technology operates discreetly in the background and leaves the

user plenty of creative freedom. The buttons in this urban villa in Hanover

are anything but standard. Instead, they feature ornate Swarovski crys-

tals and are part of the wall decoration. External cameras are integrated

in natural stone and operating elements are painted in different RAL col-

or to ensure that all colors are paired well. The sub-distributions are 

invisibly located behind wall panels. The technology is unobtrusive to 

occupants by being virtually invisible and totally inaudible.

Elektro Beckhoff www.ebeckhoff.de

Beckhoff Technik und Design www.beckhoff-verl.de

Beckhoff Building Automation www.beckhoff.com/building

Beckhoff Group offers complex building 
services from one source
In high-end homes, meeting all the requirements of a home automation solution

from a single source is often difficult to achieve. The Beckhoff Group, with its

headquarters in Germany, is one of the few companies that are able to plan and

implement complex home automation systems without having to involve numer-

ous subcontractors. Elektro Beckhoff deals with design and installation, Beckhoff

Automation produces and supplies intelligent control technology components,

while Beckhoff Technik und Design is responsible for the selection and supply of

multimedia components, domestic appliances and lighting systems.



The range of services from Italy’s Apollo Solutions Srl., a young, innovative company from 
Pessano con Bornago near Milan, extends from renewable energy generation to the design of
complete systems for efficient energy usage throughout entire production processes. Apollo 
Solutions uses intelligent control technology from Beckhoff in order to optimize the control 
within a production plant for vacuum-sealed, prepackaged meals.
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Apollo Solutions’ concept is to optimize both the generation of the ener-

gy itself as well as the downstream production process with regard to en-

ergy consumption. “The aim is to promote production sites that are in-

creasingly independent of the energy costs associated with fossil fuels,”

explains Marco Brunazzi of Apollo Solutions, and he continues: “Our en-

gineering activities affect the entire chain of production, which lead to

economic savings via the use of intelligent automation systems; in turn,

these savings can be used to increase the degree of automation.”

Everything under control in the production of 
prepackaged meals
Apollo Solutions’ range of solutions extends from turnkey systems to 

contracts for the optimization of an existing system, as in the case of 

CS Vacuum Srl., a manufacturer of vacuum-sealed prepackaged meals. CS

Vacuum had a modular system for producing pre-cooked food that need-

ed to be equipped with a new control system. The old controller was

working inefficiently because the individual production plants did not

communicate with each other due to a lack of networking. Following the

re-launch by Apollo Solutions, the entire production cycle is now subject-

ed to continuous checking, from dosing, vacuuming and pasteurization all

the way through to the storage and dispatch of the goods.

High degree of automation optimizes production quality 
and reduces demands on staff
Apollo Solutions presented CS Vacuum with an integrated system for

power generation, building control, order management and traceability

of production. In the case of this application, the special requirement was

to create two integrated systems for controlling the complex air-condi-

tioning system and the production. The system was to be automated as

far as possible in order to allow qualified personnel to focus more time

and effort on recipe preparation.

Production is controlled via the local server. Once the day's pro-

gram/recipe has been entered (e.g. “spicy chicken”), the specified pro-

gram is automatically adopted by all plant modules: from the cooking

pot, scales, oven, the vacuum device, the packaging and labeling machine

and the discharge conveyor. Beckhoff CP6901 Panel PCs, which are used

for production preparation,

are equipped with touch screens and

communicate wirelessly with an access point.

A CX1010 Embedded PC controls the scales, the cook-

ing pot and the fryer (via Modbus) as well as the oven (via PROFIBUS).

Another CX1010 is responsible for archiving the data not only for a pos-

sible subsequent inspection by local health authorities, but also to verify

production performance and efficiency.

The touch screen panels mounted along the entire production line allow

the operators to monitor each production phase and to make corrective

interventions.

The second integrated system is used to control the air-conditioning sys-

tem, which consists of four air treatment units, six fans, two cooling units,

water heaters, pumps, overheat switches for the pumps (automatic or

manual) and the de-icers for the cold rooms. All consumers in the air-con-

ditioning system are connected to an additional CX1010.

“Based on the Beckhoff automation components, we have been able 

to implement the solution we developed without changing the basic 

principles stipulated by the plant designers. We see this as a big ad-

vantage alongside the impressive price-to-performance ratio,” says the

satisfied development engineer Brunazzi. “However, the ease of opera-

tion of the system control, which only requires basic knowledge of the

Windows environment, also met with a positive response from our cus-

tomer.”

Apollo Solutions Srl  www.apollosolutions.it 

Beckhoff Italy www.beckhoff.it

Energy efficiency 
improved for 
production processes

Apollo Solutions balances cost efficiency 

with environmental consciousness

The Beckhoff CX1010 Embedded PC 

is used at CS Vacuum for controlling 

both production and the complex air-

conditioning system.

Production plant with cooking pot,

fryer and oven
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The mobile Secur-O-bot safety robot for monitoring buildings and industrial facil-

ities was developed by Fraunhofer IPA and is used as an integration platform.

The robot, shown in figure 1, is a three-wheeled platform with a differential drive.

The Secur-O-bot control software is based on the navigation system developed 

by Fraunhofer IPA, which has been tried and tested in a wide range of applica-

tions and environments, in some cases involving several years of continuous 

operation. The navigation software is supplied high-precision data via a laser

scanner in order to enable autonomous robot movements. In addition to these

sensors, the robot has further sensors for monitoring.

In the past, monitoring robots were only able to monitor the environment that

was 'visible' from the current robot position. The new robot positions sensor

probes with the aid of an additional module, in order to enable extensive moni-

toring of systems and buildings without fixed sensors. The automatic positioning

and collection of small, autonomous sensor probes by the mobile robot unit sig-

nificantly enhances the monitoring capability of each individual Secur-O-bot,

while avoiding the high costs of extensive fixed installations.

Room for robot improvement
The previous mobile robots developed by Fraunhofer IPA were application-

driven, i.e. the equipment to be connected was purely selected according to ap-

plication aspects and not based on existing interfaces. The robot control system

featured a hardware abstraction layer, since different robots incorporated a range

of equipment such as drive controllers and motors. The required module was 

selected and configured depending on the interface and component used. The 

robot control system contained different driver classes, which were accessed via

an integrated interface.

As a consequence, the system had to cope with significant hardware interface 

variety, with the result that new driver classes had to be implemented on an on-

going basis. The library of available driver classes therefore keeps growing, with

a resulting increase in software maintenance effort.

Integrated control architecture through the use of Industrial PCs,
TwinCAT and EtherCAT
In order to eliminate these deficiencies, the mobile robot described above was

modified, resulting in a prototype with unified software and hardware interfaces.

The on-board computer of the robot was replaced with a Beckhoff C6920 con-

trol cabinet PC installed with Windows XP Embedded and TwinCAT I/O software.

TwinCAT automation software permits consistent access to the connected hard-

ware with the aid of an abstraction layer. The connected I/O channels relate to

each other via a real-time driver. TwinCAT I/O enables cyclic data exchange of

process variables at the task level.

The hardware layer of the computer architecture is shown in figure 2. From this

perspective, the controller communicates with the corresponding EtherCAT Ter-

minals via EtherCAT so only one fieldbus is required. The I/O station essentially

consists of digital input/output ports and fieldbus terminals for other bus systems,

Due to the fact that the mobile robotics market is still quite small
when compared with general industrial automation technology,
the choice of dedicated hardware and software products is rela-
tively limited. Gernot Gebhard and Matthias Bengel from the
Fraunhofer Institute for Manufacturing Engineering and Au-
tomation (IPA) provide an overview of solutions based on the ap-
plication of established standard solutions such as PC Control
from Beckhoff and EtherCAT as the communication system, which
offer significant potential in terms of savings, performance, ro-
bustness, and more for robotics applications.
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EtherCAT helps enhance
mobile robots

Figure 1: The Secur-O-bot monitoring robot in the PC Control Application Park 

booth at Hanover Fair 2008



such as CAN bus. Other interfaces such as PROFIBUS, serial interfaces or analog

inputs/outputs are also possible. The Bus Coupler encapsulates the data from 

other interface protocols in the EtherCAT protocol, creating an integrated view of

the data. The hardware interfaces are configured via the TwinCAT System Man-

ager. The robot controller accesses the configured process data via mapping.

Controller integration simply requires the use of an automatically created head-

er file. If the hardware is changed without a change in the type of process vari-

ables, the process is fully transparent for the controller, since the configuration

steps run within TwinCAT. The controller must only be adapted if the header file

is modified. Generally, this is only required if additional hardware must be used

that was not available when the control software was developed. Additional 

implementation of hardware drivers in the controller is no longer required as a

result.

The extension module for positioning sensor probes is carried “piggyback” by 

the mobile platform. Before the hardware conversion, the extension module 

was controlled by a microcontroller. The I/O terminals, which are connected to the

Industrial PC (IPC) via EtherCAT, are now activated directly, so that the relatively

expensive connection to the microcontroller is no longer required. The EtherCAT

protocol is available right down to the field level. Handling of the I/Os via the

EtherCAT Coupler frees up the PCI slot in the IPC so it can be used for other pur-

poses.

Considerations for programming and configuration
This approach is based on TwinCAT I/O for accessing the bus system variables

from the robot controller instead of using a driver for EtherCAT directly. To this

end, an additional task is created in TwinCAT, which reads and writes variables

cyclically. These variables map the communication with the robot controller. If the

robot controller writes to these variables, they are available in TwinCAT in the

next cycle and are written to the accordingly allocated bus variable (see figure 3).

Read access works accordingly: TwinCAT cyclically fills the task variables, so that

the robot controller can read them during the next cycle.

The highlight from the perspective of the robot controller is the utilization of these

additional task variables. One aspect of the one-time configuration effort is the

creation of the task, which mainly involves specifying the cycle time and priority.

The other aspect is the definition of variables within this task. For each variable,

the user has to specify whether it is an output or input variable and which data

type it should correspond to. Within the System Manager these variables with the

process variables of the devices are linked with the fieldbuses. To link the values

with the robot controller, a header file written in the programming language C++

is exported from this task and is integrated in the robot controller. This header file

and an additional library, which also has to be linked, are used to access the

process variables.

The advantage is that the connected hardware can be allocated to the variables

of the additional task via the graphical System Manager. Any hardware modifi-

cation merely requires this configuration step to be repeated, without the robot

controller itself being affected.

If devices such as a motor controller are connected to a fieldbus (e.g. the CAN

bus as in this case), the bus hardware layer is encapsulated via EtherCAT. From a

robot controller perspective only the EtherCAT device is visible. The device pro-

files make the controllers and the bus system downstream of EtherCAT ex-

changeable, without the need for significant software adaptations.

Outlook
The drive controllers for the robot’s drive motors are currently connected to the

higher-level software via CAN bus. The drives’ control algorithms are closed via

the bus in the IPC, with correspondingly stringent requirements for the bus. It

should be noted that the transfer fully utilizes the bandwidth of the CAN bus right

up to its limits. Particularly for complicated kinematics and associated complex

control algorithms it is clear that the CAN bus is the limiting element with regard

to the cycle time. In order to remedy this situation, EtherCAT will be used as the

drive bus in the future.

Fraunhofer Institute IPA (Institute for Manufacturing Engineering 

and Automation)

www.ipa.fraunhofer.de
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Figure 2: Hardware layer with application of TwinCAT Figure 3: Configuration of the process variables in TwinCAT



The devices at field level are controlled by a higher-level controller. Large plants

such as in the automotive industry incorporate numerous machine lines. Here, the

controllers of each area of the plant need to exchange data. Under certain cir-

cumstances, the exchange of data between I/O devices from different parts of the

plant may be useful.

This results in the following requirements for a communication protocol that must

be used at production control level:

| Data exchange between EtherCAT masters (master-master communication) =

data exchange at controller level

| Data exchange between EtherCAT master and visualization

| Connectivity of higher-level controls to devices in lower-level EtherCAT 

segments (routing)

| Data exchange between EtherCAT masters and other devices, such as 

configuration tools

The widely used and known EtherCAT Device Protocol, which is also often referred to simply as the EtherCAT protocol, is used at
the field level for I/O communication within a machine or machine part. Special features are, among others, the highly accurate de-
terminism with very low cycle times (down to < 100 µs), precise synchronization for drive and measurement applications as well as
low cabling and commissioning costs when using the technology at the I/O level. The process control level requires further commu-
nication options in order to operate a plant or a factory. EtherCAT with the EtherCAT automation protocol offers a solution to this.

EtherCAT for factory networking

Continuous EtherCAT at all levels

Printing on the fly:

for a perfect finish, the 

positioning of the news-

paper and the printing of

the address in the field

provided on the cover

sheet must be synchro-

nized precisely.

Additional requirements:

| Standard Ethernet communication interface

| No strict requirements for cycle time and synchronicity

| Cyclic communication in the millisecond range

| Use of standard infrastructure elements such as switches 

for the networking of devices

These requirements are met by the EtherCAT Automation Protocol (EAP), which

strengthens the vertical integration of EtherCAT throughout the overall system.

EtherCAT protocol types
The EtherCAT protocol can be transmitted via Ethernet (EtherType 0x88A4), via

UDP (User Datagram Protocol, UDP port 0x88A4) or via TCP (Transmission Con-

trol Protocol, TCP port 0x88A4). Here, the transmission medium is irrelevant: fast

Ethernet or Gigabit Ethernet connections via copper or optical fiber are just as
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Fig. 2: Identification of EAP devices

Structuring of the device data

Object directory
An object directory is a list of variables and parameters. Each entry is addressed

via an index of its own and possibly via a sub-index.The entire index space is sub-

divided into several ranges, as described in the table.

The separation of the index space into defined ranges makes the structuring of

the data clear. Moreover, this is the basis for the use of algorithms with which the

collation of the process data (PDO configuration and PDO assignment) is organ-

ized.

Profile-specific range for the EAP
The profile-specific range from index 0x6000 onwards is defined by so-called de-

vice profiles. Corresponding device profiles have been specified for many classes

of devices (drives, I/O devices). The Modular Device Profile (MDP profile number

5001) is used for the EAP. This profile defines the use of the index space in ac-

cordance with the table. Special classes of devices are classified into this grid by

possible as the use of the protocol via a wireless connection. This way, it is pos-

sible to integrate even complex parts of the plant that cannot be connected via

a fixed cable (e.g. floor conveyor, rack storage and retrieval systems).

The EtherCAT frame appends itself to the user data in these telegrams (Fig. 1).

Fig. 1: EtherCAT protocol transmission

The header of the EtherCAT frame specifies the EtherCAT protocol type.

EtherCAT slaves that are connected to an EtherCAT master always use the 

EtherCAT Device Protocol.

For the implementation of the protocol, an EtherCAT communication chip, the

EtherCAT Slave Controller (ESC), is used in the EtherCAT slaves. This exclusively

evaluates telegrams of type 1. Cyclic and acyclic data can be transmitted in an

EtherCAT frame with this type.

Types 4 and 5 are used for the EtherCAT Automation Protocol. If process data fol-

low, then type 4 is used; in the case of mailbox data, type 5 is in the EtherCAT

frame header. The mailbox protocols (CoE, SoE and FoE), as already used with the

EtherCAT Device Protocol, can similarly be used with the EtherCAT Automation

Protocol.

EAP message routing
Message routing must be possible from the configuration tool via the EtherCAT

master to the EtherCAT slave, so that master devices can exchange data with one

another or, for example, so that a configuration tool can set parameters in a drive

in the lower-level EtherCAT segment.

To this end, the EtherCAT Mailbox Protocol AoE (Automation Device Protocol over

EtherCAT) is used. This protocol is advantageous because it is capable of routing

and can therefore be passed through several levels in order to reach the lower-

level object directories.

Each Ethernet port in the master is implemented as an AoE device and has its

own AoE NetID assigned. In the example (Fig. 2), Port 1 and Port 2 each have an

AoE NetID. Routing from one port to another is performed by an AoE router in the

master, which is similarly assigned an AoE NetID.

Any port or AoE device and the associated information can be accessed via the

AoE NetID. The information that will be made available to the network is struc-

tured in object directories. Their precise content differs depending on the task of

the AoE device/port.

EtherCAT Device Protocol Type 1: EtherCAT Datagram(s)

EtherCAT Automation Protocol Type 4: Process data communication 

Type 5: Mailbox communication 

Subdivision of the index space

Index range Application

0x0000 – 0x0FFF Data type description

0x1000 – 0x1FFF Standard MDP objects (device name, hardware/software 

version, identity, composition of the process data)

0x2000 – 0x5FFF Manufacturer-specific index range (e.g. device parameters)

Profile-specific range (in this case profile 5001 – 

MDP profile)

Sub-profile 1000 Sub-profile 1100 Sub-profile 9000

0x6000 – 0x6FFF Input variables -- --

0x7000 – 0x7FFF Output variables -- --

0x8000 – 0x8FFF Process data Information on AoE device

configuration all connected information

slaves

::::: :::::

0xD000 – 0xDFFF Output – –

process data
0xE000 – 0xEFFF Input – –

process data
0xF000 – 0xFFFF Device-specific data (e.g. index distance, AoE NetID)
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Fig. 3: Structure of the process data telegram

The telegram segments have the following meanings:

Figure 4 shows an example of the process data configuration structure. The upper part

shows the structure of the Tx process data and the telegram configuration, the lower

part shows the received Rx process data with the associated Rx variables.

Header Header information Description

Process Data Publisher ID AoE NetID of the publisher 

Header (0xD000:06+4*n)

CntPDO PDO count in the frame

Cycle Incremented with each cycle

PDO Header Variable ID ID of each PDO (0xD000:SI3+4*n)

Version Version of this PDO 

(0xD000:SI4+4*n)

Length Length of the PDO

Quality Age of the data (in 100 µs)

sub-profiles (e.g. for gateway devices). The EtherCAT Automation Protocol has its 

own sub-profile number (1000) like the EtherCAT Device Protocol (1100) for the

EtherCAT master function to the lower-level EtherCAT segment. The AoE router

has the sub-profile number 9000.

On a master that supports both the EtherCAT Automation Protocol and the 

EtherCAT Device Protocol, the ports to the respective network have their own ob-

ject directory with the corresponding sub-profile number (see also Fig. 2).

1. Sub-profile 1000 – EtherCAT Automation Protocol

The object directory for sub-profile 1000 is used for the configuration of the com-

munication relationship between two EAP devices. It describes the process data,

as used for the EAP.

2. Sub-profile 1100 – EtherCAT Device Protocol

The object directory of the EtherCAT segment lists all connected slaves. A slave is

described here in the object directory as a module.

3. Sub-profile 9000 – EtherCAT Router Information

The router object directory contains a list with available device interfaces and

their AoE NetIDs.

EAP – cyclic data exchange
The exchange of process data in the EAP can take place following either the

“Pushed” or the “Polled” principle. In “Pushed” mode each communication 

device sends its data cyclically or in a multiple of its own cycle. The receiver can

be configured to specify which data should be received from which sender. The

configuration between the sender and receiver data is performed via the object

directory according to sub-profile 1000.

In “Polled” mode the data is queried by the devices. To this end, a device, fre-

quently the higher-level master computer, sends a telegram to the devices to

which these reply with their own telegram. This also makes it possible to syn-

chronize the devices.

Structure of the process data
The content of a process data telegram is described in the same way as the

process data of an EtherCAT slave. A telegram corresponds to a SyncManager

area, so that the structure of the process data of a telegram is determined via the

PDO assignment and PDO configuration.
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A device defines its output variables (Tx process variables) in the index range

from 0x6000. An index is used for each variable (variable 1 � 0x6000, variable
2 � 0x6001, etc.). The name, length and variable type, e.g. process data or diag-

nostic data, are combined with the actual value of the variable. Only the variable

value itself is transmitted in the process data telegram.

The process variables can then be grouped arbitrarily with the aid of the Tx Map-

ping PDOs from 0x1A00. A variable can also be transferred into several PDOs.
The structures of variables described via the mapping are combined with a vari-
able ID, version (Version) and age (Quality). This is done in the Tx process data
range from 0xD000.

The process data must now be assigned for the transmission of an Ethernet frame.

The assignment and order of each process data is defined via the assign objects

in the range from 0x8000.

On the receiver side, the sender of the received frames is determined by the pub-

lisher ID in the frame header. With this, the variable ID and version from the PDO
header, the receiver can find the Process Data Index (from 0xE000) containing the

reference to its internal target variable. Thus, the index of the target variables, in

which the received variable value is stored as an input variable, is determined via

the mapping PDO found (from 0x1600).

The configuration of the process data structure at the receiver side is arbitrary, as

at the sender side. The index assigned to an Rx process variable is independent

of the index of the Tx process variable.
Since the output and input variables are pre-configured, the establishment of an

additional connection before the beginning of communication is no longer nec-

essary.

EAP – acyclic data exchange
In order to configure the output and input variables and to access the object di-

rectories of the master or those of the EtherCAT slaves, acyclic access is enabled

to these. To this end, the AoE (Automation Device Protocol over EtherCAT) proto-

col is used. This allows multiple object directories to be addressed.

A telegram of type 5 (mailbox communication) is used as the transport protocol.

The structure of the frame is identical to the mailbox communication within an

EtherCAT segment (Fig. 5).

The mailbox protocols CoE, SoE and FoE can in turn be mapped on the AoE pro-

tocol. As a result, a configuration tool can be connected to the master, for exam-

ple, in order to access a drive in the EtherCAT network for configuration purposes.

Example of plant automation with EAP
The production of solar modules involves a large number of process steps, for

which marking and identification systems, measuring units and special handling

modules are used.

The conveyor system used is divided into as many as 14 process islands, where-

in each segment is equipped with a control computer and an operating comput-

er. Furthermore, Control Panels can be connected as necessary at any point on the

production line.

The exchange of data is realized through the EAP. Each station exchanges status

and control information bi-directionally with both the previous and next station:

600 bytes in each direction with a cycle time of ten milliseconds. Added to this is

the communication with the control computer, which additionally exchanges up

to 1 kbyte of data bi-directionally with each station.
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Fig. 5: Structure of the AoE mailbox telegram

Fig. 6: Communication architecture of a production plant for solar modules

www.ethercat.org



8th European EtherCAT
Plug Fest

37 participants attended the 8th European EtherCAT Plug

Fest, hosted by STÖBER Antriebstechnik in Pforzheim,

Germany. At this well established and also well attended

EtherCAT Plug Fest, 8 different master implementations

were tested with the slave variety of 15 different vendors.

The 9th European Plug Fest will be hosted in March 2010.
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Full house at EtherCAT Technology
Group member meeting in Japan

Like previous meetings, the latest ETG member meeting in Japan

was again very well received. Despite the travel restrictions im-

posed by the current economic downturn, 123 representatives

from Japanese ETG member companies joined the event. The in-

troduction of the new EtherCAT Test Center in Kyoto was a high-

light at the meeting. Also, in a joint presentation, Murata 

Machinery (Muratec) and Applied Materials (AMAT) introduced

an EtherCAT-based semiconductor fab automation project in-

volving wireless links. In addition, ETG Executive Director Martin

Rostan provided an update on EtherCAT technology news and the

global status of the ETG, emphasizing the outstanding adoption

rate among vendors and users alike.

Last year alone, ETG membership in Japan grew by a robust 

77 percent. In line with this growth, the ETG and its members are

taking the next steps to further promote EtherCAT as a leading

network technology in Japan. Supported by several other mem-

bers, Omron has begun to translate the entire EtherCAT specifi-

cation into Japanese language, along with large amounts of sup-

porting documentation.

So far over 40 servo drive vendors and over 30 I/O device vendors

support EtherCAT in their product offering. More than 60 com-

panies offer EtherCAT masters, which the ETG takes as a clear

sign of the technology’s openness. With respect to Japan, ETG

representative Takeshi Kameda was able to announce that an-

other milestone has been reached. “We only started promoting

EtherCAT in Japan in the middle of 2005 – now there are over 

100 Japanese ETG members, including almost all major automa-

tion system and device suppliers as well as many large end

users.”

123 EtherCAT Technology Group (ETG) member representatives attended
the recent ETG meeting in Tokyo in order to get the latest EtherCAT news
and technology updates first hand. The attendees welcomed news that the
entire EtherCAT specification as well as supporting documentation is cur-
rently being translated into Japanese. Also, the new EtherCAT Test Center
in Kyoto was introduced.



EtherCAT seminar series 
in Taiwan
Around 170 engineers took the opportunity to get information on 

the technology and its application at a series of EtherCAT seminars 

in Taiwan. The seminars were held in September in Taipei, Tainan 

and Taichung, and were organised and outstandingly well prepared 

and supported by Jidien, Beckhoff’s distributor in Taiwan. The main

speaker was the Chinese ETG representative, Beryl Fan from Peking.

EtherCAT is already in use in many different applications in Taiwan,

for example in the semiconductor industry.

Likewise Dr. James Truchard, President, CEO and cofounder of National 

Instruments, underlined in his opening speech the need of conformance and

interoperability for the success of a communication technology.

All slave devices are operated individually and in groups with all present

EtherCAT masters. In addition, the devices have been checked with the offi-

cial EtherCAT Conformance Test Tool.

With Plug Fests held in North America,Asia and Europe, the ETG improves the

worldwide support and the interoperability of EtherCAT devices. Due to the

need of upcoming EtherCAT implementations and enhancement of existing

devices, the date for the 2nd NA Plug Fest will be announced soon.

Great success with 1st North American
EtherCAT Plug Fest 
The first North American EtherCAT Plug Fest was well attended with over 20 people
from 11 ETG member companies. At this Plug Fest four new master implementations
were tested with the slave device variety of 8 different vendors. The main goal of
this event, which was hosted by National Instruments in Austin, Texas, was to check
interoperability of EtherCAT implementations.
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Dr. James Truchard, President, CEO and cofounder 

of National Instruments, at his opening speech for 

the 1st North American EtherCAT plug fest

Interoperability tests at the 1st North American EtherCAT

plug fest hosted by National Instruments in Austin, Texas



Europe

Germany

SPS/IPC/Drives

November 24–26, 2009

Nuremberg

Hall 7, Booth 406

www.mesago.de/SPS

Automatisierungstage

February 03–04, 2010

Emden

www.automatisierungstage.de

Tire Technology Expo

February 09–11, 2010

Cologne

Booth 9201

www.tiretechnology-expo.com

CeBIT

March 02–06, 2010

Hanover

www.cebit.com

Fensterbau/Frontale

March 24–27, 2010

Nuremberg

Hall 4, Booth 512

www.frontale.de/en

Light+Building

April 11–16, 2010

Frankfurt

www.light-building.messefrankfurt.com

Hanover Messe

April 19–23, 2010

Hanover

www.hannovermesse.de

Photovoltaic Technology Show

April 27–29, 2010

Stuttgart

www.photon-expo.com

Sensor+Test

May 18–20, 2010

Nuremberg

www.sensor-test.de

Trade shows and events 2009 | 2010
Automatica

June 08–11, 2010

Munich

www.automatica-munich.com

SMM

September 07–10, 2010

Hamburg

www.hamburg-messe.de/smm

Husum WindEnergy

September 21–25, 2010

Husum

www.husumwindenergy.de

EuroBLECH

October 26–30, 2010

Hanover

www.euroblech.com

K

October 27–November 03, 2010

Düsseldorf

www.k-online.de

SPS/IPC/Drives

November 23–25, 2010

Nuremberg

www.mesago.de/sps

Belgium

MAeX

February 09–12, 2010

Brussels

www.metapro.be

ECL

September 22–23, 2010

Brussels

www.easyFairs.com/ECL-BE

Denmark

AUTOMATIK

September 07–09, 2010

Brøndby

www.automatik10.dk

Finland

Tekniikka

October 05–07, 2010

Jyväskylä

www.jklpaviljonki.fi/tekniikka2010

France

In Machine

November 26, 2009

Paris

www.in-machine.com

Interclima+Elec

February 09–12, 2010

Paris

Hall 7.2, Booth P25

www.interclimaelec.com

Italy

MC4

February 18, 2010

Bologna

www.mostreconvegno.it

CONTROL & COMMUNICATION

September 23, 2010

Rimini

www.mostreconvegno.it
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Norway

EtherCAT Roadshow

February 09, 2010, Horten

February 10, 2010, Stavanger

February 11, 2010, Trondheim

www.beckhoff.no

Eliaden

May 31–June 03, 2010

Lillestrøm

www.eliaden.no

Poland

EWEC

April 20–23, 2010

Warsaw

Hall 4, Booth 4068

www.ewec.info

Russia

Automation

December 02–04, 2009

Saint-Petersburg

www.en.farexpo.ru/ais

Hi-Tech Building & House

December 08–10, 2009

Moscow

www.hitechhouse.ru

PTA Ural

December 08–10, 2009

Ekaterinburg

www.pta-expo.ru/ural

Sweden

Euro Expo

November 25–26, 2009

Luleå

www.euroexpo.se

Euro Expo

Karlstad

January 27–28, 2010

www.euroexpo.se

Easyfairs Malmö

February 10–11, 2010

Malmö

www.easyfairs.com

Nordbygg

March 23–26, 2010

Stockholm 

www.nordbygg.se

S.E.E.

April 13–15, 2010

Stockholm 

www.see-event.se

Motek 

May 18–20, 2010

Jönköping

www.elmia.se/motek

Trä & Teknik

August 24–27, 2010

Gothenburg

http://nemonet.swefair.se/templates/

StartPageMain____1059.aspx

Euro Expo

Falun

September 15–16, 2010

www.euroexpo.se 

Scanautomatic

October 26–28, 2010

Gothenburg

www.scanautomatic.se

Euro Expo

Piteå

November 10–11, 2010

www.euroexpo.se

Asia

China

Chinaplas

April 19–22, 2010

Shanghai

Hall E3, Booth B61

www.chinaplasonline.com

For additional information on our 

worldwide subsidiaries’ and partner 

companies’ trade show schedules 

please check:

www.beckhoff.com
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Go 2009, Basel, Switzerland

Ineltec 2009, Basel, Switzerland

Motek 2009, Stuttgart, Germany

Fachpack 2009, Nuremberg, Germany
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