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One of the new features of TwinCAT version 2.10 is comprehensive support for EtherCAT. The TwinCAT
implementation of the EtherCAT master offers an automation system for standard applications that is
easy to configure and diagnose. If required, it also offers very flexible, manual configuration options for
optimum adaptation of the communication system to the application.
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interview

25 years of automation technology: This year Beckhoff Industrie Elektronik can look back on 25 years of
corporate history. Hans Beckhoff, company founder and managing director, talks about the development
of open automation systems and the benefits for users.
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Machining of window profiles leads to stringent requirements for the machine and the automation
engineering, if high flexibility & quality and cost-optimized production are called for. Mutual exchange of
know-how between the machine manufacturer and the control supplier was important. Optimum teamwork, such as the long-standing cooperation between ASF Schirmer and Beckhoff, can result in truly highend solutions.
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25 years of Beckhoff –
25 years of New Automation Technology
On July 1, 2005, Beckhoff Industrie Elektronik celebrated its 25th birthday. Such an anniversary gives inspiration to look back
and to venture a look into the future to assess one’s work. On behalf of our company and our staff, who developed the company so successfully, I am pleased to undertake this task.

We can look back on 25 excellent and exciting years, as illustrated by a few statistics: Since 1980, our company has developed from a one-man business generating sales of 25,000 euros based on 25 m2 of floor area into a global business
with 600 staff, 21,000 m2 of floor area, and sales of 129 million euros. The past
25 years were characterized by strong and steady growth, enabling the company
to develop organically under its own steam. Average annual growth since 1990
was 24.2 percent. Many of you will be familiar with the “magic” growth formula derived from this: “Factor 10 every 10 years.” This requires average annual
growth of 25.9 percent, and this is indeed our ambitious target for the period up
to 2010.
Our company is not only successful economically, but also in terms of technology. Many automation technology innovations that are taken for granted today
were recognized by Beckhoff at an early stage and successfully put on the market. Important milestones include the following:
| 1982: P1000 – single-board motion controller
| 1986: PC Control – first PC-based machine control
| 1989: Lightbus – fast fieldbus based on fiber optics
| 1990: All-in-one PC motherboard
| 1995: Bus Terminals – fieldbus I/O technology in terminal block format
| 1996: TwinCAT – first highly integrated real-time software package
under Windows with PLC and motion control functions
| 1998: Control Panel – remote IPC control panels
| 2002: CX1000 – modular DIN rail IPCs
| 2003: EtherCAT – Ethernet for Control and Automation Technology
The PC control philosophy, Lightbus, the Bus Terminals and TwinCAT in particular
represented technological quantum leaps. They triggered several smaller or larger revolutions in automation technology, became widely accepted as high-performance alternatives to traditional control technology, and are today regarded
as standards. Our current contribution to technological progress is EtherCAT, the
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real-time Ethernet solution for control and automation technology. All indications
are that a new, formative standard has been created with excellent prospects for
the future.
However, at its core, Beckhoff does not consist of economic statistics and products, but of people. These people determine the performance, they are the brain,
the muscles and the soul of “New Automation Technology.” In my capacity as
managing director, partner and founder of the company I would like to thank all
staff for these 25 years. It was and is a pleasure to work with such a motivated
team that drives automation technology with technical enthusiasm, skill and personal commitment. Our joint efforts, our successes, but also our failures have generated a strong community. I am convinced that this “Beckhoff community” is the
foundation for the further successful development of our company.
Our customers are the pillars of our business success. With their orders they generate our sales, and they also have a significant formative influence. Through
long-standing cooperation, many customers have become partners who offer
technological and organizational challenges, thereby exerting significant influence on us and on our company. Many good ideas emerged from joint discussions
and were implemented in successful products. I would like to thank our customers
for this intensive cooperation, for the trust placed in us, and for the patience that
may sometimes be required. We look forward to future cooperation.
After 25 years of work, the question may, and indeed has to be asked whether
our company has achieved something useful, something that serves to achieve
progress for everyone and improves our lives to some extent. It is probably difficult to find a social consensus on an exact answer, but I am convinced that automation technology has made a significant contribution to improving our quality of life. Automation helps to optimize industrial production processes and improve product quality, enabling improvements in worldwide living standards.
Automation technology leaves its mark in almost all areas of daily life. It helps in
medicine, monitors the environment and offers protection in safety applications.
It has long since entered the sphere of culture and leisure – Beckhoff products
enhance human enjoyment in opera, rock concerts, and theme parks, to name but
a few applications. Industrial automation is also used in science and research.
We can, therefore, hope and dare say that our company has indeed made a small
contribution to the significant progress of humankind over the last 25 years.
Beckhoff has been privileged to experience 25 successful years, for which we are
grateful. We have an excellent basis for continued development well into our
future.
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Beckhoff Industrie Elektronik – Staff development 1980 – 2004
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Beckhoff Industrie Elektronik – Subsidiaries and partner companies worldwide
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news

Beckhoff increases turnover: Worldwide success
with automation and control technology
Beckhoff Industrie Elektronik with headquarters in Germany, concluded the 2004 financial year with a
worldwide turnover of 129 million euros, representing an increase of 31 % compared with the previous year.
The basis for the continuing success is the continuous introduction of new product ranges and basic
technologies, and the consistent expansion of the international sales network.

Turnover development 1999 – 2004

129 mill. U

98 mill. U

77 mill. U

77 mill. U

2001

2002

66.5 mill. U
54 mill. U

1999

2000

Sales increased both in the domestic
market and in the international
sales, with exports making up
40.5 % of the total turnover in 2004.
Overall, the Beckhoff “New Automation Technology” is now represented
in almost 60 countries worldwide
through subsidiaries or distribution
partners. Worldwide presence is a
prerequisite for a tightly knit distribution network and further export
growth: In early 2005 Beckhoff subsidiaries were established in France
and Denmark, in order to push sales
of PC-based control technology in
these countries.

Managing Director Hans Beckhoff is
optimistic about the future: “2004
was a good year for Beckhoff, and
the signs for 2005 are also very positive. The automation industry as a
whole can expect further growth
worldwide. The PC Control, distributed I/O and software PLC/NC technologies promoted by Beckhoff enjoyed above-average success.”
Due to the successful business performance, the production and warehouse capacity at the facility in
Verl/Germany were expanded: A total of 16,000 sqm of production and

2003

2004

office space is now available. I/O
components are now produced in a
separate building with a total floor
space of 4,300 sqm, while the production facilities for Industrial PCs
and Control Panels have been expanded to 2,500 sqm. An additional
2,000 sqm hall almost doubled the
warehousing and logistics capacities. Beckhoff Industrie Elektronik division currently has 565 staff worldwide (+10 % compared with the previous year).
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Bus Terminals for building automation standards

EIB and LON devices
integrated in Ethernet network

EIB and LON devices can now also benefit from Beckhoff PC- and Ethernet-based building automation technology. EIB and
LON Bus Terminal I/O can be used to integrate associated sensors and actuators into the Beckhoff Bus Terminal system and, via Bus Couplers or
Embedded PCs, into the Ethernet network or other bus systems. This approach offers cost savings during the design, construction, commissioning, and operating phases.

PC- and Ethernet-based automation is becoming more and more established as
the standard in building automation and is now often preferred over traditional
bus systems such as EIB and LON. Ethernet TCP/IP is the worldwide communication standard. As the existing data infrastructure, it can be used both for the office network and for building management purposes. The universal Ethernet communication system links the data worlds of office and building services. The
Beckhoff Bus Terminal system and associated Ethernet couplers enable consistent
application of Ethernet from the sensor/actuator level to the command level.
Further arguments in favor of the Ethernet-TCP/IP solution are transfer rate per-

formance and real-time behavior. Depending on the cabling length, the maximum
EIB transfer rate is 9.6 kbaud. The standard LON transfer rate is 78 kbaud, with
a maximum of 1.250 Mbaud. EIB and LON are therefore less than ideal for
more complex applications with high data throughput, such as HVAC control
processes.
With a transfer rate of 100 Mbaud, Ethernet TCP/IP even offers adequate reserve
capacity for image and voice data. After all, the integration of multimedia functions such as “Voice over IP” and communication access for mobile devices such
as PDAs, mobile phones, webcams, etc. are substantial reasons for the universal
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Ethernet TCP/IP

LON

EIB

Integration into the Bus Terminal system largely retains the flexible EIB and LON
topology. No EIB area or line couplers are required. Mixed operation of EIB, LON
and/or further communication terminals at a single station is possible.

Application example for PC and Ethernet-based building automation: Ethernet is
used for all office/IT infrastructure and building services communication. Subordinate

application of Ethernet. Ethernet-based bus systems for building services enable
the use of cost-effective, standard components such as hubs, switches, cables and
connectors. Since no separate bus system is required, no associated special technical know-how is required either.
The benefits offered by the Bus Terminal system
are also available for EIB and LON users
A wide range of sensors and actuators, such as room control units, sensing devices or probes, are available (and in use) for the EIB and LON bus systems. The
KL6301 (EIB) and KL6401 (LON) communication terminals were developed as extensions of the Bus Terminal system in order to enable these devices (as a quasi
sub-bus) to be connected to the Beckhoff control world. Devices for traditional
building bus systems can be integrated with the Beckhoff building control system, for example, as part of modernization or retrofitting projects.
Integration into the flexible Beckhoff Bus Terminal system opens up new application options for EIB/LON users: Due to the implementation as “fieldbus-independent” communication terminals, EIB/LON devices can be connected to all
higher-level bus systems for which Bus Couplers or Bus Terminal Controllers are
available. The system currently supports 15 fieldbuses such as Ethernet, PROFIBUS
or Interbus.
The signal variety offered by Bus Terminals is now also available to EIB/LON users.
The advantage is that standard sensors and actuators are used that do not require an additional bus interface. With more than 180 different Bus Terminals, the
modular Beckhoff I/O system supports all relevant sensors and actuators for
building automation applications. Light switches, for example, can be connected
directly to a digital input terminal. Consumers up to 16 A can be connected via

systems such as EIB, LON, DALI or devices with serial interfaces are integrated into
the overall system via distributed Bus Terminal stations.

digital output terminals. Wind or hydro/thermo sensors, actuators or universal
dimmers can be monitored and controlled via 0…10 V analog terminals. Humidity sensors can be coupled with the control system via the 4…20 mA analog signal. Even lighting and motors for blinds can be connected directly to the system
using relay output terminals.
DALI subsystems, the bus system for digital lighting system ballasts, the AS interface, RS232 or RS485, e.g. for communication with access control door terminals,
can be integrated via Bus Terminals. Radio sensors can also be integrated, using
EnOcean technology. The Beckhoff automation kit enables almost any building
services requirement to be implemented. Functions can be amended flexibly and
upgraded easily during each construction phase.
The Beckhoff Bus Terminal components enable users to operate mixed signal configurations without restriction at each station. The fine granularity of the Bus Terminals enables bit-precise composition of the required I/O channels. Several communication terminals such as EIB, LON or DALI-devices can be connected to a single I/O station, and even mixed-type configurations are possible. This significantly reduces hardware and commissioning effort and costs.
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LON

EIB

DALI

Ethernet as higher-level network
Ideally, the Beckhoff building automation concept should employ the use of
Ethernet as the bus system. The use of Ethernet as a higher-level bus system
offers several benefits for EIB/LON components:
| Almost limitless data transfer due to high transfer rate;
| in many buildings the infrastructure already exists in the form
of the office network;
| simple integration with the IT world;
| EIB/LON components become Ethernet-compatible, since no sophisticated
gateway solutions are required;
| software updates and program downloads are available via Ethernet;
| building services can be accessed from any PC, e.g. via HTML-based
user interfaces.
Through interfacing with the locally usable Bus Terminal system, EIB/LON applications can also be used in large buildings. Integration of the subsystems into the
decentralized terminal network creates smaller networks with simple and clear
topology. The overall system can be split into several similar subsystems (e.g.
rooms/storeys). The software applications for similar rooms and applications only have to be created once and can subsequently be transferred simply. An additional advantage of smaller networks is easier troubleshooting.
The new communication terminals can not only be used in Ethernet networks in
larger buildings, they also offer benefits for smaller applications such as home automation: Powerful and scalable control systems can be created based on BC/BX
Bus Terminal Controllers or on a CX series Embedded PC as intelligent head station, to which EIB and LON devices can be connected.

Application example for individual room control: The Beckhoff Bus Terminals cover all
data points in a single system. The fact that standard sensors and actuators requiring
no additional bus interface are used is an advantage compared with pure EIB and LON
systems. Using a Bus Terminal controller or an Embedded PC as a head station, compact
controllers can be configured without a higher-level system (e.g. for home automation).

EIB Bus Terminal KL6301
EIB (European Installation Bus), as the name suggests, is widely used in
Europe as a bus system for cabling in buildings. It is supported by many
manufacturers, particularly for home products. EIB runs on commercially
available twisted pair cables with a data rate of 9.6 kbaud.
The KL6301 EIB Bus Terminal is integrated in an EIB network and can receive/transmit data from/to other EIB devices. Through integration into the
Bus Terminal system, each Bus Terminal can handle up to 64 EIB components. The EIB terminal has 4 filters that filter the group addresses. Application programmers can use the filters to specify which telegrams are relevant for the application, and which are not. The start address of the group
is configured (e.g. 1/2/10). This address indicates the length of the group
address. At a length of 10, for example, all telegrams between 1/2/10 and
1/2/19 are transferred to the control system. A total of 256 group addresses, resulting from 4 filters with a maximum length of 64 per filter, are
available. The KL6301 ignores all other telegrams. If more than 256 group
addresses are required, a further EIB Bus Terminal has to be used. Arbitrary
group addresses can be used for writing data to EIB devices, offering almost unlimited flexibility. An IEC 61131-3 library is used for data communication with the Beckhoff controller and for configuring the filters.

LON Bus Terminal KL6401

Commissioning of the EIB/LON Bus Terminals
The EIB and LON Bus Terminals can be used with all Beckhoff controllers, i.e.
BC, BX, CX and PC. IEC 61131-3 function blocks for TwinCAT PLC that are
available free of charge are used for communication with the Bus Terminals.
In addition to TwinCAT PLC, the following software tools are required:
|
|

EIB: ETS software (standard commissioning tool for EIB networks) for
configuration of the connected EIB devices.
LON: KS2000 configuration software from Beckhoff, version 4.3.0.39
or higher, LON integration tool, e.g. LonMaker.

LON (Local Operating Network) is a multi-network-capable communication
system for distributed applications. In a building automation context it is
mainly used in commercial buildings. LON devices communicate with each
other via a Neuron microcontroller. The maximum data transmission rate is
1.25 Mbaud, depending on the distance that has to be covered.
The LON Bus Terminal supports 62 SNVTs (standard network variable types)
that can be chosen from more than 170 SNVTs. For example, 61 input
SNVTs and 1 output SNVT could be configured. An XIF file is created for
configuration via a LON tool, in which case no additional plugin is required.
The programmer decides how and when a network variable is to be sent;
in other words, the system offers maximum flexibility for the application.
Additional LON Bus Terminals can be integrated if more than 62 SNVTs are
required.
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New Ethernet TCP/IP Bus Couplers BK9100, BC9100

Integrated switch reduces wiring effort

The new Ethernet TCP/IP BK9100 Bus Coupler and BC9100 Bus Terminal Controller for the Bus Terminal system complement
the already wide range of Ethernet products available from Beckhoff. The two Bus Coupler versions with integrated 2-port switch simplify the
cabling between Ethernet stations and greatly reduce overall wiring effort.

The new Ethernet Bus Couplers are based on the BK9000 and BC9000 models,
which have been used for years in numerous applications. The BK9100 Bus
Coupler connects the Ethernet TCP/IP bus system with over 180 different
Beckhoff I/O terminals. The BC9100 controller version contains an additional
IEC 61131-3- programmable PLC and can be used as a low-cost local controller
for building automation applications, for example.
The new versions also feature an RJ45 port with integrated 2-channel switch.
The I/O stations can be configured with a line topology, instead of the classic
star topology via switch or hub. This significantly reduces the wiring effort and
the cabling costs in many applications. The maximum distance between two bus

stations can be up to 100 m. It is possible to cascade up to 20 BK9100 Bus Couplers or BC9100 Bus Terminal Controllers.
Beckhoff Ethernet components speak several “languages”: In addition to ADS
TwinCAT system communication, the Ethernet devices also support Modbus TCP.
With the TwinCAT System Manager as a driver, the BK9100 Bus Coupler can be
set up as a real-time Ethernet version, offering cycle times of up to 1 ms.
The Ethernet couplers support 10 Mbaud and 100 Mbaud Ethernet with automatic transfer rate detection. The IP address can be set via DIP switches, or via
the associated DHCP server (in networks with DHCP), or via the BootP server
available from Beckhoff.
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Configuration and diagnostic options for the EtherCAT master

One of the main new features of TwinCAT version 2.10 is comprehensive support for EtherCAT. The TwinCAT implementation
of the EtherCAT master offers an automation system for standard applications that is easy to configure and diagnose. If required, it also offers
very flexible, manual configuration options for optimum adaptation of the communication system to the respective application. This article describes the manual configuration options offered by the TwinCAT System Manager, the internal system processes, and the extended diagnostic
features.

EtherCAT and TwinCAT –
the next generation
of control

data synchronicity and consistency. New EtherCAT support features offered by
TwinCAT include the following:
| Configuration verification;
| separation of process data and bus diagnostics;
| automatic device and line diagnostics;
| full and equal integration of third-party devices.
Configuration verification simplifies commissioning by comparing the configuration that was created with the configuration that is actually present. Any
differences due to wiring or configuration errors are displayed and can be eliminated easily (Fig. 1).

Since its introduction nearly 10 years ago, the TwinCAT automation software has
gone from strength to strength and has been installed in tens of thousands of
applications. With appropriate adaptation to the respective boundary conditions,
it supports most fieldbuses and general communication media in a uniform and
optimized way. Apart from the classic fieldbuses such as PROFIBUS, DeviceNet,
SERCOS, CANopen, Interbus, and Lightbus, it also supports normal PC interfaces
such as USB and Ethernet in different protocol variants and with different realtime behavior. When it comes to Ethernet, the TwinCAT implementation enables
different Ethernet protocols to be run with full real-time capability.
As an open, Ethernet-based communication system, EtherCAT is designed for a
wide range of applications across the automation spectrum. With its extremely
high efficiency and synchronization quality in the range of a few nanoseconds,
EtherCAT is ideally suited for fast, high-performance machine control systems.
Less demanding applications also benefit from low connection costs, flexible
topology and the fact that, as a pure software solution, the master is based on
normal Ethernet controllers.
The combination of TwinCAT and EtherCAT offers users an automation system
that is simple to configure and diagnose and is well suited even for complex tasks.
In applications where this kind of configuration flexibility is not required, the default settings provide results that are significantly better than with conventional
fieldbus systems (see text in box: “EtherCAT – simple to configure”). In addition,
the communication system can be configured manually and is optimally adapted
to the respective application.
Proven and new features
At first glance, TwinCAT enables an EtherCAT system to be configured and
managed just as easily as any other fieldbus system. If a new master device is
inserted or automatically detected, the other devices are parameterized accordingly. Process data from the devices in the form of variables can be linked
with control task variables (e.g. with the PLC). The TwinCAT System Manager
then automatically calculates and manages all settings that are relevant for

1. Configuration verification

The clear separation of process data and bus diagnostics simplifies the development of a modular control application. To this end, the term “sync unit” is introduced as an extension to the existing fieldbus support, referring to joint, synchronized exchange of process data. While classic fieldbuses communicate across
devices or buses and can be diagnosed accordingly, with EtherCAT, any data of
individual or different devices can logically be consolidated into sync units. Data
are grouped based on the modularity of the control application, and the grouping is not affected by the rather random configuration of the I/O components.
In addition, sync units enable the communication system to be utilized in multitask mode, so that several control tasks, e.g. Motion Control and PLC tasks with
different speeds, can exchange their process data synchronously in individual
sync units. Only the data that are actually required for the respective tasks are
transferred in associated Ethernet telegrams. This significantly reduces the bus
loading.

Modular control structure

Bus diagnostic

Process data
diagnostic (1 bit)
Data exchange

Sync units for modular control architecture
The aim of a modular control architecture is to be able to develop and manage
each module as independently as possible. A module defines a certain block of
process data that have to be synchronously and consistently exchanged with the
periphery, i. e. a sync unit. The I/O components involved in the data exchange
should be transparent for the module, i. e. only the validity of the data is significant. To this end, each sync unit offers cycle-synchronized process data diagnostics indicating whether all the data of the sync unit are valid.
If individual or all sync units indicate invalid process data, an associated bus
diagnostic can be run in a separate part of the control application in order to
locate the cause of the problems. Sync units facilitate structuring of the
control tasks, particularly in applications in which parts of the machine continue
to run if others are affected by unscheduled failure or are deactivated intentionally.
The granularity of the sync units is determined by the EtherCAT devices. Each
device defines one or several process data ranges that it can exchange synchronously and consistently. EtherCAT supports a wide range of devices, ranging
from two-bit digital input terminals to devices integrating a fully, subordinate
fieldbus (e. g. a PROFIBUS master). How many independent process data ranges
an individual device can support will depend on its implementation and on the
resources of the EtherCAT Slave Controller (Sync Manager and FMMU channels)
(Fig. 2).
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2. Modular EtherCAT control structure: As an example, the diagram shows the

Process data diagnostics
A significant advantage of EtherCAT is that process data communication generates no additional overhead for the individual devices. The sync unit to be exchanged is merely extended by the associated device data. To this end, all data
ranges of the different devices of a sync unit involved are configured in a logical
memory area and exchanged via an individual EtherCAT command. Each
EtherCAT command has a “working counter” that is automatically incremented
by all devices that process the associated command, providing an effective diagnostic tool. During each cycle the controller compares this counter with the expected value and decides whether the sync unit data are valid.
If 20 devices have been consolidated into a sync unit, for example, after associated processing, the working counter must have been incremented by the devices
and match the expected value. If this is not the case, all process data from
this sync unit are declared invalid, because the validity of individual data is
not established during each cycle. Provided the sync units have been cleverly selected according to the modularity of the application, this information is, in fact,
not required at this point. On the contrary, this purely Boolean and cycle-synchronous information can be managed for the module much more generally than
a plethora of different, system-specific diagnostic data. Troubleshooting can then
be dealt with by the bus diagnostics and does not have to be synchronized with
the cycle.

allocation of the process data of the individual control modules, the temporally dependent transfer (here via two independent tasks), and the free distribution of the process data to the bus devices.

Sync units in the TwinCAT System Manager
The TwinCAT System Manager is responsible for managing and calculating the
sync units and the resulting communication configuration. This calculation is
carried out largely automatically, based on the boundary conditions resulting
from the EtherCAT device structure and the links between the different variables.
Currently, the System Manager requires assistance for the application-specific
allocation of the individual process data ranges of the EtherCAT devices to control modules. To this end the process data ranges are assigned freely definable
names. All device process data ranges that have the same name and are exchanged in the same temporal context (tasks) are consolidated within a sync unit.
All process data ranges assigned to the “feed unit” control module, for example,
will also have this name. The control module does not have to deal with the current physical distribution of the I/O devices. Instead, during each cycle it is informed via a diagnostic bit whether their relevant data are valid (Fig. 3).

12

3. Sync unit assignment

The sync unit names can either be allocated directly at the device or, as shown in
the figure, via a common list. In future extensions of the sync unit concept, the
sync units will also be compiled purely via links and the required information (i.e.
which data belong to a particular control module) will come from the source, e.g.
the PLC project. The sync units thus become a central organizational unit of the
modular control architecture.
From the sync unit allocation shown in the example, the System Manager generates the required Ethernet telegrams (at least one telegram for each task) and the
associated sync units via individual, embedded EtherCAT commands. All process
data ranges that are not explicitly allocated are automatically assigned to the
nameless default sync unit.

4. Telegram distribution of the sync units

products

The telegrams generated in this way (frame 0 and 1) and the EtherCAT commands
embedded within them are shown in the table in Fig. 4. Frame 0 is assigned to
the NC task and exchanged synchronously with a cycle time of 1 ms. The frame
contains three EtherCAT commands. The first two commands deal with process
data communication and exchange the default and feed unit sync unit data via a
logical read/write command (LRW). For both commands, the expected value for
the working counter is 3. In this example, they coincidentally also have the same
user data length, i. e. 8 bytes. The controller can now independently monitor the
working counters of the two sync units and determine whether the associated data have been exchanged correctly and whether they are valid. The third EtherCAT
command is generated for internal purposes and is used for checking which devices want to communicate acyclically via their mailbox.
Frame 1 is assigned to the PLC task. The first three EtherCAT commands exchange
the data for the default, intake and feed unit sync units. All data are updated with
the cycle of the PLC task. The fourth command is generated for internal purposes. Via broadcast read (BRD), it reads the state of the state machine of all devices
and is used for automatic bus diagnostics. For each EtherCAT command, and also for each exchanged sync unit, one bit indicating the validity of the data is available for the purpose of process data diagnostics.
Bus diagnostics
The bus diagnostics is largely independent of the process data diagnostics. It provides information about the state of the individual devices and the quality of the
communication connections. Each EtherCAT device has a uniform state machine
that indicates the communication state of the device and can be used to change
this state.
Usually, state transitions are requested by the master and executed by the device.
In exceptional cases, a device may change its state independently. TwinCAT automatically monitors the device states. In addition, fault counters and link information of the individual devices are diagnosed as required or at regular intervals.
The fault counters are integrated in the EtherCAT Slave Controller and provide information about the quality of each individual transmission link. Since EtherCAT
only involves point-to-point connections and each of these connections has its
own fault counter, problematic connections can be located precisely.
The state and diagnostic information is available for application-specific bus
diagnostics in the PLC, both via process data mapping and acyclically via ADS
(Fig. 5).
The high degree of flexibility in terms of the EtherCAT wiring topology is no doubt
a further highlight of the system, although from a diagnostic point of view it also represents an additional source of error, particularly during commissioning.
Here too, the EtherCAT Slave Controller offers a suitable diagnostic tool, i.e. the
connection states (links) of all possible ports can be read. Deviations from the required configuration are detected and displayed in the state of the respective device. Provided the target topology is known, this enables an incomplete system
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EtherCAT – simple
to configure
(with some devices missing) to be initialized. The missing devices and communication connections can be identified via the device states and can be integrated
later while the system is running.

5. Online-side System Manager

Conclusions
EtherCAT support in TwinCAT is not limited to pure utilization of the high-performance communication system. Logical addressing, the primary purpose of
which is to achieve very high usable data rates, is also used for device-independent structuring of the process data. The process data can be grouped into
sync units to match the requirements of the control application (i. e. not on the
basis of how they were wired due to geographic and electrical boundary conditions). This enables bus-independent and, therefore, application-independent development of individual control modules.
The differentiation between process data and bus diagnostics also facilitates independent development of these control modules. Process data diagnostics provides the individual modules with synchronized information about the validity of
the respective process data for each cycle. Bus diagnostics monitors the application-specific configuration of the communication system and provides detailed
information about operating states and faults of individual devices.

In conjunction with TwinCAT, EtherCAT offers innovative, high-performance options for perfectly adapting the communication to your application requirements. Not all applications require this high degree of configuration flexibility. Since EtherCAT is very fast even with the default
settings, the results are significantly better than with conventional
fieldbus systems. In this case, the simplicity of the system comes into
its own – the system usually requires much less configuration effort
than in the past.
First of all, manual adjustment of the node addresses on the field devices is no longer required. Rotary selection and dip switches and the
associated settings in the TwinCAT System Manager are also a thing of
the past. Unlike with other Industrial Ethernet approaches, most devices
do not require IP addresses to be entered or configured. Setting of the
baud rate (depending on the fieldbus, the network size and the application requirements) is also no longer required, and most limitations imposed by the network topology are also a thing of the past: EtherCAT
supports line topology, drop lines, star wiring and flexible tree structures. There are practically no restrictions in terms of the number of
network nodes: 65,535 nodes for each segment should suffice.
In the TwinCAT System Manager, the network components are merely
selected and arranged in the right order. If the network is already
online, this can be done automatically. TwinCAT automatically allocates
the logical node addresses. Additional devices can be integrated at a
later stage without changes to the existing addresses. During start-up,
the actual configuration can be compared with the specified configuration, so that cabling errors or invalid device selections are detected
quickly and reliably.
While the limited bandwidth of fieldbus systems often requires carefully
considered configuration of the communication features in order to
meet the requirements of the application, this step is usually no longer
required with EtherCAT due to its outstanding performance.
Obviously, the allocation of the physical process data to the logical
process data, i. e. the so-called mapping, still has to be configured.
This is done in the TwinCAT System Manager in the usual way by linking the bus system process variables with the control task variables.
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25 years of
automation technology

This year, Beckhoff Industrie Elektronik can look back on 25 years of corporate history. Kai Binder, chief editor of “SPSMagazin,” spoke to Hans Beckhoff, company founder and managing director about this quarter century developing open automation systems and
their benefits for machine manufacturers.

Managing director Hans Beckhoff

What did the Beckhoff world of automation look like in 1980?
| Hans Beckhoff: Over the years, particularly in the early years, the growth
of our company was driven by the introduction of new technologies. Our first
customer commissioned us to enhance a relay-based sequential control system for hydraulic machines, which we converted to a microprocessor control
system that we developed ourselves. From these (initially application-specific) solutions, we developed a general, modular control system in doubleheight Eurocard format in 1982, which we optimized for motion applications.
Our all-in-one controller board, which already offered full functionality for a
3-axis motion control system, was particularly successful. It enabled us to
break away from our competitors, who usually still required complete racks
with special hardware for the same functionality. We were able to replace all
that with a single board, offering significantly more functionality at a reduced
cost. This formed the basis for our growth in the early years.
The next significant step in the Beckhoff development history was
the application of Industrial PCs as a control platform. What made
Beckhoff use an Industrial PC as a machine controller?
| Hans Beckhoff: Our main product – our own microprocessor system – contained all the extension modules (graphics cards, controller cards, I/O cards,
etc.) that were required. Even in the early days, we used it for controlling quite
large machines and systems. In 1985, we were involved in a woodworking
machine project that required our system to be extended with a hard disk for
mass storage of processing programs. Because time was short, we decided to
integrate an IBM XT PC into our control system as a data storage subsystem
instead of developing our own hard disk controller – which at the time would
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PC Control technology from the beginning
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high-performance CPU
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S1000, Software PLC/NC
on the PC (DOS)

have been a very demanding task. Towards the end of the project, it became
clear that the PC-based data storage subsystem with a 16-bit Intel 286
processor offered higher performance and was more generally applicable
than our 8-bit microprocessor control system. For our personal pride as developers this was an unpleasant, almost bitter realization. However, one of
the distinguishing features of our company is that we don’t stand in the way
of new technologies. On the contrary, we actively pursue them, even if it
means changing or even abandoning previously successful products. 1985/86
saw a fundamental change of our product philosophy. We decided to apply
the know-how we had acquired with microprocessor-based machine and positioning control systems to software suitable for PCs, which could then be
used for machine control purposes. The operating system was MS-DOS, which
we extended with our own real-time kernel. Our algorithms were implemented in C. This was by no means an obvious choice, because Pascal was
the preferred language at the time, at least in Europe, but it was certainly the
right decision.
When was the first Beckhoff PC control system commissioned?
| Hans Beckhoff: After only a few months of development, in 1986 we delivered our first PC-based control system for a dual miter saw that was used
for the production of windows. It was an immediate success. Suddenly, there
was a machine control system with integrated disk drive, large display and
high-performance CPU! Disks containing production data could be read directly, high-performance auxiliary programs, e.g. for cut optimization, were directly executable on the machine control system. The windows industry was
enthusiastic. The timber industry followed, and today no industry blinds itself

interview

Lightbus, fast and failsafe
communication

to the benefits of PC-based control technology. I think it is fair to say – and
our company is a little proud of it – that we are among the pioneers of software-based control technology and have written a piece of technology history.
Can software-based control technology therefore be regarded as a
fundamental Beckhoff technology?
| Hans Beckhoff: Absolutely! The philosophy of providing software solutions
for automation applications associated with open hardware platforms has
been a guiding principle for our company since 1985. Today it is a central
component of our technological approach and our success. This is quite different from the approach adopted by many other suppliers who realize similar functions with embedded devices. In this context, “embedded” usually
means that software and hardware are inextricably linked. While this is a feasible approach, from our point of view it lacks technological consistency.
Function in the form of software should be available, independent of hardware and should be achievable on an open platform. Our users and customers
value this approach since we don‘t force them into an enclosed, special hardware and software world.
How have your customers benefited from this openness? Have the
machines become faster, safer and more powerful?
| Hans Beckhoff: We offer openness at three levels, i.e. CPU, I/O and software. The CPU, i.e. the PC, is available in many different designs that are optimized for particular applications. The PC architecture is standardized and
openness is provided (independent of Beckhoff) through Intel and Microsoft
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on the PC (Windows NT)

with their specifications. Our TwinCAT software package and our fieldbus
cards run on Beckhoff PCs, but also on third-party models. This is very different to the traditional PLC, where users are stuck with the hardware of the
CPU manufacturer. Our customers are free to choose from the world market
based on price and performance criteria and they naturally appreciate this.
The second area is the I/O level. With our Bus Terminal, Fieldbus Box and drive
systems, we offer an automation kit for more than 180 signal types for all
main communication systems. Our control technology currently supports 17
different communication systems including PROFIBUS, CANopen, Lightbus,
SERCOS, Modbus, different Ethernet versions, etc. Our users have a wide selection available, which they can obviously expand further at any time
through combination with third-party products. Coupling of the I/O level with
the CPU requires a high-performance abstraction layer between logical and
physical I/O. This is ensured through our TwinCAT System Manager. In principle, our users can develop an automation application without precise knowledge of the physical I/O world. Our customers are, therefore, relatively free in
terms of their choice of periphery. The third area is software. Our TwinCAT automation software acts as an integration platform for high-performance software modules for PLC, motion, CNC, control technology, measurement technology, communication and visualization. TwinCAT can be and is being extended through further software modules. Here too, openness is a significant
aspect of our control system. What are the benefits for our users? Very simply: more powerful and less expensive machine control! Feedback from our
customers suggests that PC Control technology can reduce cycle times by
great orders of magnitude, enables the application of new, intelligent algorithms, and can be up to 50 % cheaper than traditional control technology.

Another main benefit for users is greater independence – they are no longer
dependent on a particular system supplier.
What factors shaped the development of your company during the
second half of its 25-year existence?
| Hans Beckhoff: On our route from a local one-man outfit to a company
with 600 staff and 13 international branches, there were many milestones
that were crucial for our continued development. The main technological
steps resulted from the consistent pursuit of our PC Control philosophy. In
1989, we introduced Lightbus, our optical fiber-based, high-speed fieldbus; in
1990, we introduced the first all-in-one PC motherboard; in 1995, we introduced the Bus Terminals, which fundamentally influenced the design of fieldbus I/O modules in the market; in 1996, we introduced TwinCAT as the first
highly integrated real-time software package under Windows with PLC and
motion functions; in 1998, we introduced the Control Panel and in 2002,
the CX1000, our modular DIN-rail IPC, and in 2003, we introduced EtherCAT
(Ethernet for Control and Automation Technologies). We hope to continue this
list in the future and we intend to continue expanding our distribution network and the consistent internationalization of our company.
The Beckhoff growth rate in 2004 was 31 %. One of your company
aims is a ten-fold increase in sales every ten years. What will this
kind of growth be based on in the coming years?
| Hans Beckhoff: I am aware that our aim is very ambitious and it is possible, and perhaps likely, that we may not quite reach it. But then again, one
shouldn't aim too low! There are four factors that can make a significant con-
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tribution to our growth: First of all, we are lucky in the sense that the worldwide automation market is growing every year. The second aspect is that our
approach to automation, i.e. PC-based control, decentralized I/O and Ethernet, is becoming more and more widespread in automation, thereby driving
out outdated technologies. In the growing automation industry, the technologies we provide benefit from above-average growth. These are two basic growth factors that multiply with each other. Since Beckhoff provides basic technologies for a wide application layer, expansion of our distribution
network automatically leads to an increase in turnover. This means that the
expansion of our distribution network, both in Germany and naturally,
abroad, is a significant component of our growth strategy. 40 % of our sales
volume is currently generated from export.
Are there any new product groups that will complement your automation system in the near future?
| Hans Beckhoff: We are very pleased about the positive market response to
EtherCAT, in Germany and internationally. The EtherCAT Technology Group
(ETG) currently has more than 200 member companies, signifying real technological interest. EtherCAT-based developments are currently underway
worldwide – even in unexpected areas. This will create new markets to explore. As inventors in EtherCAT, we hope to be able to corner a significant portion of this market with our products. We will continue to expand the
EtherCAT range of products for control, I/O and drive applications. Furthermore, our PC Control philosophy has now become rather refined. PC controllers are increasingly being used in medium and small control applications.
New IPC series will enable us to offer solutions for less than 1000 euros and
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EtherCAT, the real-time
Ethernet fieldbus

Windows CE controllers in Bus Coupler housings from as little as 400 euros.
Additionally, components for our TwinSAFE solution will be certified and become available during the second half of 2005. TwinSAFE Bus Terminals enable connection of all common safety sensors and actuators. They can be
operated with a PROFIsafe-compatible safety controller or in stand-alone
mode with the KL6904 TwinSAFE logic Bus Terminal. The PROFIsafe or
TwinSAFE protocol is used for safe communication. We also see further
potential in special industry solutions. Our automation and control technology is inherently industry-universal. In the future, however, we will also introduce industry-specific products such as hardware and software designed for
building automation.

Kai Binder is chief editor of SPS-Magazin,
published by TeDo-Verlag in Germany,
www.sps-magazin.de
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Delta radiators: TwinCAT CNC
controls laser welding system

Delta Laserline combines state-of-the-art technology and appealing design with maximum comfort: no protruding welding
burrs inside or outside, no welding residues in the radiator. Uniform laser welding ensures long product life and high-quality
appearance.
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High-tech production for high-quality radiators
Demand for exclusive and unique household designs now applies to virtually every visible part of a home – today even radiators are part of the “make-over” trend. Radiator pipes with a D-shaped design from German company, Delta Radiatoren GmbH are optimized
not only for function, but also to meet modern aesthetic requirements. The radiators are fully laser-welded in order to avoid ugly weld seams or
welding residues. Delta’s production lines use PC-based CNC technology from Beckhoff for the precision laser welding process.

All cutting and welding processes within the radiator production line are laserbased. The benefits of laser technology include almost unlimited flexibility, fully
automatic changeover to any radiator type with extremely short set-up times and
outstanding quality. The exacting requirements for the radiator production
process necessitate automation technology that offers maximum performance.
Delta commissioned the local company Lemuth Laseranlagen und Sondermaschinen GmbH to develop a solution for the task. The company had already been using TwinCAT and Beckhoff automation solutions successfully for years. “A crucial
argument for Beckhoff was the fact that only a single software environment with
an integrated concept is required,” Uwe Büttner, who is responsible for the system’s controls, said.

Benefits of open control architecture
The main criteria for the choice of Beckhoff technology were flexibility, high production speed and full integration of the laser technology with the fieldbus technology. All control tasks are dealt with via TwinCAT and a uniform control platform including:
| Positioning and complex movements of servo axes in
point-to-point and CNC mode;
| specification of set values for the lasers via the fieldbus
with optical fiber technology or I/O interface;
| integration of the I/Os of the production line and
| provision of the user interface.
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“For the visualization we use our own, Delphi-based interface. The required communication interfaces are provided by TwinCAT without additional cost,“ Uwe
Büttner said. “Since Beckhoff uses Industrial PCs as the hardware platform, no
special hardware components for remote maintenance are required. Standard PC
technology, such as an ISDN or analog modem and a networked ISDN router can
be used. The use of an integrated hardware and software concept proved to be a
great success right from the start.“
TwinCAT CNC enables welding of any contour
“The core of the system is formed by 10 high-performance C6140 Industrial PCs
that act as control interface for the laser equipment,“ Dr. Henry Driesel, project
manager at Delta, explained. “We use three CO2 lasers for internal and external
welding and cutting of the tubes. Four solid-state lasers are used for special welding tasks. The control technology enables the lasers to be controlled via fieldbus
interfaces or via a simple I/O level. Furthermore, TwinCAT enables synchronized
reading and writing of all required process values from a PLC program.“
The movement of the welding axes is controlled from the data contained in the
construction drawings via transformation. TwinCAT CNC enables machine axis
control in PTP positioning mode and CNC control of axes with spline interpolation. Depending on the CNC path velocity, the Trumpf laser is assigned a proportional set value for the required laser power.
Cutting of pipes with 2 kW CO2 lasers
The thin-walled pipes with round or D-profile are processed in a cutting center
and made available in the required lengths for further processing. The infeed to
the cutting section is servo-controlled, with a feed velocity of 4.5 m/s. The cut itself is only 0.1 mm wide, with a pipe length precision of 0.1 mm. Due to clamping on both sides during cutting, edges are avoided during application or removal
of the laser. The cut surface is clean and burr-free. The special cutting process also leaves no shavings. Additional reworking, such as washing and drying for the
purpose of removing shavings is not required and the cut sections can be
processed further without intermediate steps.
The lasers are controlled via digital and analog signals. The short cycle time of the
PLC enables direct specification of the laser power via an analog I/O interface.

Synchronized transfer of all signals
A fieldbus cycle that is synchronized with the PLC run time deals with all signals
that are not time-critical. The time-critical signals are synchronized and transferred via fast Beckhoff optical fiber modules. The analog set values for the required laser power are transferred with a cycle time of 0.5 ms.
“All signals are available to the programmer centrally via the process image. Complex system wiring is no longer required and ultimately eliminated as a source of
faults during system installation and commissioning,“ Dr. Driesel said, highlighting the benefits of the new control system. “Recording of the process values via
the integrated TwinCAT Scope View oscilloscope software helps our experts in
their efforts to optimize the production processes. In the past, complex measurement installations were required for this purpose.“
High production output and optimization
of production times and costs
The optimized system generates almost no waste. The master computer dealing
with process planning sends the complete production plan containing the batches to be cut to the machine. Cutting can be optimized both via the process planning program or directly via the system control. Any cutoffs from large cut lengths
are reused for shorter sections.
In terms of its equipment and performance, the new pipe cutting system from
Lemuth is positioned between the familiar, simple saw cutting systems and highly complex processing centers. The combination of CAM and CNC on a common
software basis enables improved processing times and minimization of project
design times, coupled with low hardware and software costs. The Ethernet interface in the Industrial PC is used for communication with the controllers and for
programming. Once again, additional costs for special communication processors
are avoided.

Lemuth Laseranlagen und Sondermaschinen GmbH www.lemuth.com
Delta Radiatoren GmbH www.delta-radiatoren.de
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Allianz Arena

CX1000 and Bus Terminals control facade
illumination at Allianz Arena

When millions of fans from all over the world watch the opening match of the FIFA World Cup on
June 9, 2006 in Germany, Allianz Arena in Munich will be the center of the action. In addition to a wide range of architectural
and technological highlights, the planners also set new standards in facade illumination during the construction of the new
football stadium. The company responsible for the technical building services, VA TECH ELIN EBG, used Beckhoff Bus Terminals
as the I/O system and CX1000 controllers for the lighting system.

Masterly football arena
For football matches Allianz Arena replaces Munich’s Olympic Stadium, which
was opened in 1972. In the future, football matches involving FC Bayern
München, TSV 1860 München and the German national team will be played in
the new football arena in the northern part of the city. For the 2006 World Cup,
the arena will welcome fans from all over the world. The stadium illumination colored in red, white and blue has already caused a stir and plenty of discussion in
advance of the event. The arena is illuminated in each respective club’s colors, depending on the team playing at the time: white for neutral matches, red for FC
Bayern München home matches, and blue for TSV 1860 München.

The opening whistle
Allianz Arena is considered a milestone in advanced architecture. The contract
was awarded to Alpine Bau Deutschland GmbH, together with the Swiss architects’ team Herzog & de Meuron. The foundation stone was laid on October 21,
2002. After a construction time of approx. two years, the Arena was officially
opened at the end of May 2005. It has a capacity of 66,000 seats and a total usable floor space of 170,000 m2, including spacious catering areas, conference
rooms and other attractions such as “Lego Kinderland”. The technical building
services contract was awarded to VA TECH ELIN EBG GmbH, Austria. The compa-
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Allianz Arena data
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ny is part of VA Technologie AG and supplies electromechanical, electronic and integrated building systems, installations and services. The company has experience
developing solutions for industrial facilities, building services, energy supply,
automation, drive technology and facilities management. VA TECH ELIN RM was
responsible for all technical building services (electrical and mechanical) for the
new World Cup stadium.
Gottfried Blumauer, at VA TECH ELIN in Linz (Austria) responsible for the infrastructure technology section (industrial building automation, automation technology, IT, voice and data networks) and joint project manager for the implementation of the electrical control system at Allianz Arena, reflects on the magnitude of this project: “The new football arena in Munich was our largest stadium construction project to date. The services we provided include illumination,
networks, heating, air-conditioning, ventilation and sanitary engineering, as well
as instrumentation, switching and control engineering. We also dealt with all aspects of electrical engineering, medium voltage installations including energy
management, illumination, fire alarms and telecommunication systems, and the
complete safety management system. The automation systems are based on an
Ethernet network.”

Start of construction: October 21, 2002
Opening: May 30/31, 2005
Building owner: München Stadion GmbH
General contractor: Alpine Bau Deutschland GmbH
Main planner: Hypo Vereinsbank Immobilien AG
Architects: Herzog & De Meuron, Basel
Dimensions: 258 m x 227 m x 50 m, circumference: 840 m,
area occupied by the stadium: 37,600 m2,
total site area: 171,000 m2
3 tiers with a total of 66,000 seats
approx. 6,500 m2 catering area
2 video walls, 100 m2 each
460 km of high-voltage cables and 140 km of low-voltage cables
4,200 switches, sockets and signalling devices, 4,600 lamps in the
indoor areas, 4,200 lamps for the external skin, and 220 floodlights
250 control cabinets and distributors

Fast data communication via real-time Ethernet
VA TECH ELIN RM chose automation components from Beckhoff for the lighting
system, malfunction logging, and for controlling the low voltage switchgear for
the whole stadium. The systems controlled by these components include the following:
| Illumination of the external facade;
| general illumination;
| floodlighting;
| camera illumination;
| lighting in the multi-level parking ramps;
| column heaters;
| safety illumination;
| operating mode specification for the parking ramp control system;
| fault monitoring for the UPS systems.
The installation utilizes 35 CX1000 Embedded PCs running Windows CE and more
than 100 I/O stations with BK9000 Bus Couplers that communicate with the higher-level control system via real-time Ethernet. A total of around 2,500 Bus Termi-

23

worldwide

Electrical control system
ISDN
ELT/GLT
Modem alert
ELT operating
station (client)

Car park
control system

ELT mobile
operating
station (client)

Ethernet
Main distribution 1

Main distribution 2

Main distribution 26

CX1000

CX1000

CX1000
UPS
station
1 … 70

Emergency
lighting
1 … 24

BK9000
16 DI/16 DO

BK9000
16 DI/16 DO

BK9000
16 DI/16 DO

BK9000
16 DI/16 DO

BK9000
16 DI/16 DO

BK9000
16 DI/16 DO

BK9000
16 DI/16 DO

BK9000
16 DI/16 DO

BK9000
16 DI/16 DO

BK9000
16 DI/16 DO

BK9000
16 DI/16 DO

BK9000
16 DI/16 DO

BK9000
16 DI/16 DO

BK9000
16 DI/16 DO

BK9000
16 DI/16 DO

1 … 26

BK9000
16 DI/16 DO

Topology electrical control system

nals log data from approx. 9000 I/O points such as switching commands, feedback, lighting output, fault and position signals, or counter settings.
“We have already been using Beckhoff technology in other building services areas for some time,” Gottfried Blumauer explained. “For this large project, the requirement for flexible automation based on the standard Ethernet network was
a good argument in favor of the open control philosophy from Beckhoff.”
Adaptable external facade
One of the most impressive features of Allianz Arena is the illuminated external
facade that turns the stadium into an enormous light show with changing colors.
Beckhoff Bus Terminals are also used for controlling the illumination. The roof
with a total area of 64,000 square meters is the largest film roof in the world. The
film is only 0.2 mm thick and is 98 % UV-permeable. Each “cushion” has an area
of approx. 35 square meters, but none of the honeycombs, which are up to eight
meters long and are made from ethylene tetrafluoroethylene, have exactly the
same shape.
1056 of the 2874 air cushions can be illuminated in different colors, creating a
total illuminated area of 24,000 m2. Each air cushion has a special lamp from the

company Siteco in each of its four corners. Each lamp is made from 6 fluorescent
lamp bulbs from Osram (two bulbs for each color) and three electronic ballasts,
also from Osram. All 12,000 electronic ballasts are controlled via digital Bus
Terminals. Red, blue and transparent covers in each lamp allows the color to be
changed. In addition, various patterns in the colors red, white and blue can be
created over the whole external skin (honeycomb pattern), depending on
the club: Diamond patterns – optionally moving from the bottom upwards, or
rings in white/blue or white/red combinations. The patterns may be changed within two minutes, in order to prevent the light spectacle from becoming a traffic
hazard for the nearby motorway.

Allianz Arena www.allianz-arena.de
VA TECH ELIN EBG-Gruppe www.elinebg.at
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IMA Klessmann: System conversion to EtherCAT for edge banding machine

Smooth transfer to Ethernet protocol

Most manufacturers associate a change in technology with an expectation of significant cost savings and performance increases. Hesitation regarding implementation is often based on doubts relating to unpredictable expenses or fears of almost
unsolvable engineering tasks. The conversion of an edge banding machine from the Lightbus communication system to Ethernet-based
EtherCAT at IMA Klessmann demonstrated that such doubts are unfounded, at least when it comes to EtherCAT. A smooth change-over
– including the integrated system bus planned in detail – opened up a straightforward path into the new Ethernet world.

IMA Klessmann GmbH, based in Lübbecke, Germany, manufactures special purpose machines for the furniture industry, in particular, edge banding machines
and processing centers. The edge banding machines are high-performance systems that apply edges to sheet material such as chipboard or light building board
(honeycomb board). During their passage through the machine the workpieces
are milled, an edge is banded and trimmed at the ends, and edges and contours
are finished and polished. Further intermediate stations may be required, depending on the board material, the type of edge, and the shape of the workpiece.
The Novimat Concept is a single-sided, automatic edge banding machine spe-

cially developed for jointing, edge banding and edge finishing in throughfeed operation. “Single-sided” in this context means that one edge of the workpiece is
processed while it passes through the machine.
Modular, precise system
The Novimat Concept basically consists of several modularly configurable processing units, such as a milling and edge banding unit, an edge banding magazine, a trimming unit, a finishing unit (a scraper, for example), and a smoothing
unit. The system enables several workpieces to be processed at the same time,
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Gentle change-over: IMA implemented the change-over from
“conventional” fieldbus technology to the real-time Ethernet solution
in two stages. During the first phase, the Bus Couplers of the Bus Terminal
stations were switched from Lightbus to EtherCAT. During the second
phase the Bus Terminals were replaced with EtherCAT Terminals.
Fieldbus slaves without EtherCAT interface can be integrated into
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Novimat Concept from IMA
Klessmann for high-quality
edge banding.

with the workpiece positions being monitored and controlled precisely via continuous path control. Accordingly, the automation part of the Novimat Concept is
rather complex and involves around 250 I/O points, 12 axes and 30 path signals.
The Lightbus-based automation technology that was previously used in the IMA
woodworking machines uses PC-based visualization and control. Each machine
unit features a Bus Terminal station coupled via Lightbus (internally via K-bus
communication), servo drives coupled via PROFIBUS for the actual processing,
and actuators communicating via CAN. This machine was recently modernized
mainly in terms of the control technology and the fieldbus.

Future-proof thanks to EtherCAT
In the previous Novimat Concept model, IMA used a Beckhoff PC controller with
DOS operating system. Since the other IMA machines already use a Windowsbased automation platform, the company wanted to take a further step towards
modern PC technology. Günter Redeker, director for electrical design at IMA, said,
“As part of the modernization, we used the machine as a pilot application for
EtherCAT since we intend to use this Ethernet-based communication system as
our standard in the future.” There are many reasons for this: “We have very complex machines with several thousand I/Os and more than 100 axes, i.e. with very
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The Novimat Concept is a single-sided, automatic edge banding machine specially

The Novimat Concept series from IMA features a comprehensive,

developed for jointing, edge banding and edge finishing while the material passes

modular set of units for individual machine equipment.

through the machine.

High edge quality and performance through servo technology.

comprehensive periphery. In order to control these machines via bus systems we
use up to four Lightbus strands that collect or transfer a wide range of data with
the sampling rate required for the machine. This is the only way to achieve the
required performance,” Redeker said. “However, a good deal of computing
power is required for handling the large amount of data, since the processor has
to copy the data from Lightbus into the memory and back again. It also has
to sort the input/output data according to the process image. With EtherCAT,
this is not necessary since the DMA controller deals with the data traffic between
the Ethernet interface and the memory, resulting in a significant improvement for
us.”
According to Redeker, another factor is the general trend in PC technology away
from computers with PCI plug-in cards for extensions; Ethernet is available as
a standard fieldbus for this purpose. Safeguarding for the future is another key
aspect: “While the speed of currently available fieldbus systems tends to be adequate for many applications, significantly higher bandwidth and better integration is called for in many cases due to the continuously increasing complexity of
the machines. The additional potential offered by EtherCAT is particularly useful
for continuous path control. It enables the workpieces to be tracked in the machine for precise control of the units during the passage, or for synchronizing
parts for flying machining. The workpieces (e.g. chipboard) move through the machine with a speed of up to 60 m/min, corresponding to 1 mm of travel and an
associated potential deviation per millisecond. At 2 ms for continuous path control, the resulting inaccuracy over a machine length of 60 m is already 2 mm. This
is a borderline value, especially since the precision requirements are continuously increasing. Only a high-performance bus such as EtherCAT and a powerful computer can help reduce cycle times in this situation,” Redeker said.
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PC Control with Fieldbus Cards

PC RAM

Scanner card, DP RAM

Control task
PCI
CPU
bus

New technology introduced “gently”
IMA implemented the change-over from “conventional” fieldbus technology to
the real-time Ethernet solution in two stages. During the first phase, the Bus
Couplers of the Bus Terminal stations were switched from Lightbus to EtherCAT
(the BK2000 Lightbus couplers were replaced with BK1120 EtherCAT couplers).
During the second phase, the Bus Terminals were replaced with EtherCAT
Terminals. The EtherCAT Terminals maintain the Ethernet protocol down to the individual I/O terminals without the need for a further sub-bus.
The introduction of EtherCAT will also lead to a significant reduction in the complexity of the machine automation system: a fieldbus card will no longer be required in the PC. This means that fewer slots are required in the computer, and
the PCs can be smaller. The substitution of various bus systems with EtherCAT
significantly reduces the effort required for installation and training. Engineering
also becomes simpler, since system behavior, which tended to cause problems due
to different cycle times, is no longer an issue.”
Not surprisingly, Günter Redeker is satisfied with the progress of the pilot project. “The test phases at IMA have already been completed. The machine runs absolutely robustly at three pilot customers. Early next year, we will start converting the machine type fully step by step in order to ensure that staff and distribution partners can be trained accordingly,” he said. A further aim is integration of
the drives, which are currently coupled via PROFIBUS, into the EtherCAT-based
system. This also applies to the intelligent auxiliary servo drives that are operated via CAN bus, which will then be integrated via an EtherCAT/CAN gateway. “We
will continue to monitor developments in this area and use servo drive technology that supports EtherCAT in the future. Several drive suppliers already support
EtherCAT,” Redeker noted.
Redeker sees long-term potential in a full EtherCAT implementation, which enables the utilization of the latest, most powerful computer technology. The largest
machine lines currently require two computers – one for the user interface and
one for real-time control. “In the future, we expect one PC to be sufficient even
for these systems. As already mentioned, engineering and service will become
simpler, if only one bus system has to be dealt with. EtherCAT is also advantageous for networking of systems, i.e. real-time coupling between multiple machines,” Redeker concluded.

PC Control with EtherCAT

PC RAM
CPU
Control task

NIC card, DMA transfer

PCI
DMA

bus

EtherCAT improves control system performance in a variety of ways. Besides the high
speed network communication itself, the systems CPU is relieved by replacing the fairly
slow byte-wise access to DPRAM of the fieldbus card by the Direct Memory Access
(DMA) capabilities of the Ethernet Controller. Without CPU interaction data is made
available in the main memory, which saves up to 30 % processing power.

Control system, e.g. IPC
Fieldbus scanner/master
Logical process
images

DPRAM
Node 1

Node 1

Data n
Node 2
Node 2
PLC data
Node 3

Node 3

Node 4

NC data

Node 4

Mapping

Conventional fieldbus systems generate a physical process image by collecting data
of various types from the distributed nodes. The resorting (mapping) of the physical
process image to provide a logical process image has to be done by the controller CPU.

Ethernet HDR

Logical process image: up to 4 Gbytes

The decision to use EtherCAT as an Ethernet-based communication system wasn’t difficult for the experts from IMA. In addition to the impressive performance
of EtherCAT, the proven co-operation with Beckhoff over more than 10 years also provided the required peace of mind when it came to the decision. “Continued co-operation with our long-standing partner was important to us and enabled us to use the bus system that is ideally supported by the control specialists
from Beckhoff,” Redeker said.

memcopy

HDR 1

Data 1

Sub-telegramm 1

HDR 2

Data 2

Sub-telegramm 2

HDR n

Data n

CRC

Sub-telegramm n

With EtherCAT, mapping is shifted into the fieldbus slaves and processed in hardware in
the slave controller chips. The EtherCAT frame thus contains the logical process image

IMA Klessmann GmbH www.ima.de

directly. This takes further load off the master, since the resorting process is minimized.
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“Jenoptik Automatisierungstechnik” uses EtherCAT technology

The mobile laser system from Jenoptik Automatisierungstechnik

Jan Grieger, who works in the Technology Center at Jenoptik

GmbH for manual welding and brazing can produce weld seams

Automatisierungstechnik, presents the mobile laser system.

with comparable quality to that achieved with machine or robotcontrolled laser welding.

Manual laser welding is increasingly used to complement fully automatic material processing. For this type
of application, Jenoptik Automatisierungstechnik GmbH developed the mobile, manual VOTAN®H laser welding system for
manual welding of thin sheets. The real-time EtherCAT Ethernet system ensures safe and fast communication.

Real-time control for hand-operated laser system
Jenoptik Automatisierungstechnik GmbH is a subsidiary of the Jenoptik group,
with head office in the German technology region of Jena. The company develops and produces industry-specific, complex system solutions for laser material
processing and handling as well as assembly systems for the North American,
European and Asian markets. The core competency of the company is the development and manufacturing of highly flexible systems for laser material processing of workpieces.
In autumn 2003, Jenoptik Automatisierungstechnik introduced a mobile system
for laser welding and laser brazing. The quality of the manually welded or brazed
galvanized sheet metal matches the quality that can be achieved with machine
or robot-controlled laser welding.
Flexible and mobile application
Classic laser welding is not suitable for certain applications. This is not due to the
laser parameters, but due to the lack of mobility of such systems. In stationary
machining stations, robots with specified ranges and sophisticated programming
limit the applicability of classic laser processing systems. For these types of applications, the one-hand-operated laser processing system has advantages. Its
mobility and the versatility of its safety devices (resulting from the design and the
manual control) make it stand out from all other conventional laser processing
systems. This manual laser welding apparatus can also be used cost-effectively in
SMEs, the building trade, and other trades. The mobile laser welding system is

based on high-power diode laser irradiation. It features a hand-operated processing head and a light-weight laser power supply unit.
Examples for areas of application include the welding of large sheets of metal
that cannot be processed on smaller machining stations, or welding of steel,
stainless steel, galvanized sheet, or aluminum alloy components with a thickness
of up to 1.5 mm. The hand-operated laser welding system can also be used for
the production of individual parts or small-lot production, and for on-site installation of sheet metal components.
Automation for process integration
Automated welding applications are characterized by the fact that optimized
processes and their defining sub-processes, e.g. joining, motion control or workpiece handling, have to be brought together and coordinated. The welding control system and the manual processing head feature various electrical and mechanical interfaces that ensure safe operation, depending on the application. A
micro-controller controls the process and the laser power. It interfaces to a PLC,
deals with status and parameter displays as well as coupling of the distance sensor (wheel), releases the laser according to the laser safety specifications, and
controls the power supply unit and the wire feed via analog outputs (0 to 10 V).
The PLC controls the diode driver and the cooler. Via associated interfaces the operating modes, the parameters, laser safety and laser enable signals can be coordinated.
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Control with modular system configuration
The control for the laser welding system consists of a Beckhoff C6320 control
cabinet PC that couples the peripherals via the Ethernet fieldbus EtherCAT. It is
operated via a CP7801-0011 Control Panel. A Visual Basic interface is used for operation and recipe administration. Recipes in this context refer to the settings of
the welding machine for butt welds, fillet welds, overlap welding, sheet metal
thickness and material, e.g. through specifications such as “stainless steel,
0.5 mm thick, butt weld.”

A CCD camera in the processing head enables
monitoring of the welding process via a
swiveling 2.5 inch display. LEDs located near
the nozzles illuminate the welding zone.

The processing head of the
mobile laser welding system
The ability to control the laser power in relation to the speed is crucial for the
quality of the weld seam. The fast EtherCAT system was chosen for I/O communication because it meets the stringent performance requirements. Since the
welding is carried out by humans, the motion is not constant and – unlike with
robot welding – cannot be programmed. The welding head is manually guided
across the seam on small wheels. The modular auxiliary wire feed that is coupled
to the processing head is operated with a speed that is adjusted to the processing speed and realized via a stepper motor control. The motion speed has to
be monitored and the laser power controlled accordingly. This is done – via
EtherCAT – with an incremental encoder, which is monitored by the EL5101 incremental encoder terminal. EtherCAT enables scanning rates of less than 1 millisecond, so speed can be calculated at very short intervals. The laser power is supplied via EtherCAT, an analog EL4102 output terminal for 0…10 V, and high-performance, highly dynamic power supply units (0 to 60 A in 130 µs) from Jenoptik
Automatisierungstechnik GmbH.
The feed rate of the wire (required for clearances of more than 0.1 mm) is also
controlled via this speed monitoring system and the Beckhoff stepper motor Bus
Terminal.

Jenoptik Automatisierungstechnik GmbH
www.automation-jenoptik.de

The hand-held processing head for laser welding
or laser brazing is fiber-coupled. High-performance diode lasers or Nd:YAG lasers can be used.
The glass fiber transfers the laser power to the
hand-operated processing head. A CCD camera
in the processing head enables monitoring of
the welding process via a swivelling 2.5 inch
display. LEDs located near the nozzles illuminate
the welding zone and allow the welder to see
both the weld pool and the contour to be welded or brazed. A coaxial inert gas supply protects
the weld pool from atmospheric oxygen.
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CX1000 supports advanced medical engineering

Innovative,
high-tech cancer
treatment technique

An innovative proton radiation technique that is more accurate and effective than conventional radiotherapy is increasingly being used for cancer treatment. At the Munich-based Rinecker Proton Therapy Center (RPTC), proton
irradiation equipment is controlled using BX3100 Bus Terminal Controllers and CX1000 Embedded PCs from Beckhoff.

A common aspect of X-rays and proton rays is that they can be focused very accurately. The main difference is that the range of protons can also be controlled
very accurately. This is due to the fundamentally different physical properties of
electromagnetic waves (X-rays) and accelerated nuclear particles (protons). Proton rays release the majority of their energy at a specified penetration depth in
the affected tissue. The advantage compared with conventional radiotherapy is
the absence of undesirable scatter: The treatment, therefore, has much less effect
on non-affected organs than traditional cancer treatments. What’s more, the energy density at the focus of the tumor is significantly higher than in conventional photon treatment and the prospects for curing the disease are better.
The equipment for the first European proton radiation center for outpatient treatment of cancer tumors was supplied by Accel Instruments GmbH, based in
Bergisch-Gladbach, Germany. In a particle accelerator (cyclotron), protons with
strong electromagnetic fields are accelerated along a spiral to 60 % of the speed
of light, i.e. 180,000 km per second. When the protons have reached the desired
speed, they are deflected via an electric field and leave the cyclotron in a straight
line.
In order to ensure that the proton ray reaches its target precisely, 182 deflection
and guide units guide the ray directly into the cancerous tissue. The proton ray
travels inside an approx. 160 m long evacuated stainless steel tube system.
For monitoring the vacuum in the tube system, five independent measuring systems are controlled and analyzed via a BX3100 Beckhoff Bus Terminal Controller
with PROFIBUS interface. BX3100 communication terminals with KL6001 serial
RS232 interface are used for data acquisition purposes.

The deflection and guide units consist of special electromagnets that are controlled via high-precision power supply units. 10 CX1000 Embedded PCs, each
with two RS422 interfaces, are used for continuous communication with the
power supply units for the electromagnets. To this end, data packets are exchanged between the CX1000 and the coupled power supply units with a cycle
time of 2 ms. This means that very fast calculations and a very high data throughput are required. Compliance with these criteria was the crucial factor for the decision to use Beckhoff technology. “Our customer appreciates the perfect interaction of hardware and software from Beckhoff,” Uwe Behrens, freelance consultant for Accel, said. “Efficient co-operation with Beckhoff was invaluable for
our project!”
Accel Instruments GmbH www.accel.de
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In a particle accelerator (cyclotron), protons
with strong electromagnetic fields are accelerated along a spiral to 60 % of the speed of

Beckhoff Munich office relocates

light, i.e. 180,000 km per second.

CX1000 Embedded PCs control

In April 2005, the Beckhoff office in Munich, Germany
moved to a new building located in the western part of
the city. “The expansion was necessitated by the strong
growth in our southern Bavaria sales region,” branch
manager Darius Wala said. “After a prolonged search,
we found a facility that can cope with the continuous
growth of our company. We now have 250 m2 of office
space available on the western edge of Munich with
better shipping access to the transportation infrastructure.”

Apart from office space, the new Munich facility features a conference and training room where local training sessions for customers from southern Germany will
be held. Stefan Lorenz, sales manager at the Munich
branch, is pleased to be able to welcome his customers
in a modern and spacious environment. He said: “We’ll
be able to adapt this new premise according to our expected growth for the foreseeable future. In addition, a
new software engineer joined the Munich team so that
we can continue to offer optimum application support.”

the deflection and guide units.

Deflection and guide units
for the proton ray (detail).

Due to Bavaria’s significance as an industrial and business center for the machine manufacturing and automotive industries, their suppliers and other sectors,
Beckhoff has two branches in this sales area. In addition to the Munich office, the Beckhoff branch in
Nuremberg is responsible for the regions of Franconia
and northern Bavaria.

BECKHOFF
Industrie Elektronik
Office Munich
Industriestraße 31
82194 Gröbenzell/Munich
Germany
Phone: +49 (0) 81 42 / 4 10 59-0
Fax: +49 (0) 81 42 / 4 10 59-13
muenchen@beckhoff.com
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High-end window profile machining through close co-operation between machine manufacturer and control system supplier

Designing state-of-the-art technology
in a joint effort

The machining of window profiles leads to stringent requirements for machine and automation engineering if
high flexibility, quality and cost-optimized production are called for. A mutual exchange of know-how between the machine manufacturer and the control supplier is vital for applications such as these. Optimum co-operation, as practiced between Schirmer
and Beckhoff over many years, can lead to high-end solutions such as the profile machining systems from Schirmer, for which
Beckhoff contributed more than just pure automation engineering.

High-performance cutting and processing center from Schirmer.

Complex tongs for conveying a wide range
of profile types.
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The whole system is controlled via a CP7012-1011 Control Panel from Beckhoff.

NC-controlled 4-axis module for freely

Fritz J. Bentrup, managing director of Schirmer (left),

programmable PVC machining.

and Beckhoff project manager Josef Frickenstein.

Schirmer Maschinen GmbH develops cutting and processing centers for barshaped aluminum, wood, plastic (PVC) and metal profiles, mainly for the window
and door industry. BAZ 1000 is the name of a single-track machine series that, in
contrast to the previously used twin-track version, offers adequate space for highperformance CNC technology with associated motors and positioning control systems. Fritz J. Bentrup, managing director of Schirmer, said: “We are a high-end
machine manufacturer and our customers – mainly in Germany and Europe, but
also increasingly elsewhere – have a high affinity for quality and flexibility – the
higher the degree of automation, the better our prospects. Flexible positioning
and innovative tool engineering enable different materials to be processed with
the same tool. This can only be achieved with a powerful machine control system.”
Close partnership inspires
For Fritz J. Bentrup it is important to have a competent control engineering partner such as Beckhoff, who is more than just a supplier of components. “World-

wide presence is an important factor, even though it does not often come into
play,” Bentrup said. “We will shortly be supplying our second system to Novosibirsk in Russia, where Beckhoff has a branch office. Our customer there is very
satisfied because our first system has now been running for a year without problems or any service requirements.”
The partnership between Schirmer and Beckhoff already has a long tradition. The
two companies started co-operating more than 20 years ago when they developed the first processing center for Schirmer. “Beckhoff is very familiar with our
processes and the materials we process,” said Bentrup. “We co-operate very
closely and often meet customers together in order to discuss tasks and develop
solutions.” In this way, the automation of profile machining has reached very high
complexity, combining the maximum number of value-adding processes in one
machine.
Beckhoff project manager Josef Frickenstein said: “Not many companies can so
precisely adapt their machines in such a modular way to user requirements as
Schirmer. This is due to the powerful software-based PLC and Motion Control sys-
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NC-controlled sawing unit for 45° and 135° cuts in a single duty cycle.

Servo Drives and C6140 PC Controller with 2.4 GHz Intel Pentium 4.

High dynamic linear drives for profile transport.

tem – but also due to the associated modular program blocks that can be used
wherever they are required. These can be adapted to the respective machine
layout with relatively little effort.”
“Another aspect is that during our long joint history, we have implemented a wide
range of processes and archived them for reuse in other projects,” Bentrup added.
“It is difficult to build such know-how from scratch. The close co-operation and
direct contact with the specialists from Beckhoff and the modularity of our
machines are important aspects of our success, as demonstrated by the fact that
we have already implemented more than 40 systems during the current financial
year.”
The co-operation between the two partners involves a wide range of Beckhoff
products and services, starting with the TwinCAT NC I software for controlling up
to 14 servo axes, which include:
| Six transport axes with linear motors and AX2010 Servo Drives;
| a 4-axis NC processing module for PVC machining;
| an auxiliary axis (rotary linear motor) with AX2010 Servo Drive;
| three machining axes with servo drives and servo motors from Beckhoff;
| two saw axes for profile-dependent setting of the cutting speed
and the profile height, and
| a 2-axis NC processing module for steel machining.
Further components include a C6140 control cabinet PC, a Control Panel, a Bus
Coupler with Lightbus interface, and various Bus Terminals. This application with
approx. 850 I/O points also involved all projecting tasks, control cabinet
construction, machine installation and modular programming of the individual
machine components. These aspects generally apply to any application.

Buffer for cycle-independent conveying of workpieces.
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Complex counter profile guide for a wide range of profile types.

Complex and modular machine operation
In principle, profile machining is a simple procedure that is easy to automate: A
hollow PVC profile has to be cut with a miter saw, both sides have to be joined,
and the ends have to be heated and stuck together. However, over the years more
and more functionalities have been integrated into the machines, making them
increasingly complex. “For example, holes and cuts for handles and striker plates,
plus positioning and dowel holes have to be provided in window frames and
casements,” Bentrup explained. “We realized this using a swivelling twin miter
saw and fully automatic length positioning, which we developed in collaboration
with Beckhoff. Further components include a profile magazine and gripper for
transporting the parts between the individual machine sections.”
Schirmer pioneered a way of thinking that was completely opposite to the classic production process. Conventionally, the first process step is formatting (sawing) of raw material, followed by value-adding steps that are automated as far as
possible. However, taking the cut workpiece to the next station and repeatedly
picking it up and setting it down takes a lot of time and energy so Schirmer reversed the production process: “A dataset describes how and in what order the
extruded bar is to be divided. This enables us to deal with all cutting steps first,
which means we only have to grip the part once. After the machining process, the
bar is cut according to the datasets.”
In conjunction with increasingly specialized user requirements, this led to ever
larger and more complex systems and ultimately to the idea to create different,
reusable modules. Examples include a magazine, a transport module, a module
for CNC-controlled machining on all sides or a cutting module. In this way, up to
30 stations can be linked in series and supplied with material handling systems
so that in some cases a machine may hold up to 200 workpieces at any one time
(including the intermediate buffer). According to Bentrup, parts tracking is ex-

tremely important. Beckhoff automation engineering enables Schirmer to control
this aspect perfectly. Another special feature in this context is process optimization: “For us, it is not only important to be able to process the production data
sequentially, the system also enables us to post-optimize. Since a machine cannot be designed for maximum throughput at all stations because some machining stations simply require more time, we distribute the processes that cause bottlenecks, without impairing cut optimization.”
Development continues
“We are continuously working to safeguard the future of the automation concept,” Josef Frickenstein from Beckhoff said. “We use our own drives, which are
currently connected via Lightbus. Over the next few months we intend to convert
the system to EtherCAT in order to achieve a reduction in connection costs and
shorter cycle times.”
Bentrup also sees benefits: “It is always better to have more automation power
available since it enables us to develop our machines accordingly. The symbiosis
between control system and mechanical components is a very important aspect.
After all, co-operation based on partnership and continual consultation with
Beckhoff has enabled us to realize even the most complex systems in any form
required. EtherCAT offers large potential for innovation, since data transfer speed
is important for simultaneous operation of many separate stations, – and with
completely different materials that have to processed according to different standards and in a certain order and dependency. Examples are welding, formatting
and buffering of steel profiles, followed by fully automatic insertion into a section
within a buffer.”
Schirmer Maschinen GmbH www.schirmer-maschinen.com
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Pilot-less, remote-controlled
suction dredger uses PC Control
The automation technology aboard the suction dredger ship, “Werthersechte” was recently
modernized to improve cost-effectiveness while reducing wear-and-tear and energy consumption. Pilot-less automatic operation of the suction dredger was achieved with the DredgerControl system from German company Team
GmbH, based on Beckhoff Bus Terminals and TwinCAT software. The monitoring system enables all dredger components to be visualized and controlled either from the dredger or from land.

The suction dredger “Werthersechte” can be controlled remotely via a mobile hand terminal.

Suction dredgers extract sand and gravel via a suction tube and deliver the materials ashore using a tube assembly. With a suction pressure of approx. - 0.7 bar
(vacuum) a delivery volume of 300-400 tons per hour is standard. The vacuum
control is designed to precisely guide the suction tube head to the material. The
flow of material should be smooth and without large fluctuations in order to
achieve a uniform operating point for sand pumps. Any events that interfere with
the process, such as cave-ins or obstructions, are dealt with immediately. The control system from Team GmbH monitors all main process parameters such as vacuum, pressure, flow velocity, power and speed of the different components. The
DredgerNaut measuring and visualization system is used for optimizing extraction from sand and gravel pits.
High-tech aboard
The suction dredger is equipped with DGPS (Differential Global Positioning System) receivers, sonic sensors, as well as angle and position sensors for obtaining
required measurement readings. The monitoring system receives the required dig-

ital and analog process signals from the DredgerControl system via the ADS interface of the TwinCAT system. The functions offered by the control system include
the following:
|
|
|
|

|
|

Positioning of the dredger in the sand/gravel pit via a high-precision
DGPS receiver system;
visualization of the dredger via topographic maps and in 2D and 3D;
data management in different terrain models;
apart from the terrain models generated from actual and target depth
values, the system also manages maximum depths and interference or
transition layers and processes them online;
actual depths are continuously updated;
maps and digital terrain models are updated every 20 seconds.

The visualization of the warps and the position of the dredger on the gravel pit
enable the dredger to be moved safely via remote control.
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Working current monitoring
via KL3403 power terminal

Remote control from solid ground
Two land-based stations handle the remote control of the dredger. A comprehensive operation protocol indicates the state of the suction dredger and the landbased units connected to it. The land stations are connected to the telephone network, providing fast and simple access to the suction dredger system for the
DredgerTec team and the head office. Staff can remotely service and diagnose the
system from their workstation. This enables short response times with extremely
low costs.
Communication between the individual DredgerTec systems takes place via the
TwinCAT ADS interface. All connected systems access the same master data. The
visualization is based on the Visual Studio.Net development environment.
Depending on the application, the visualization is done on an Industrial PC,
Panel PC or an additional PDA hand terminal. Communication with the TwinCAT
system of the suction dredger takes place via TCP/IP and copper, optical fiber or
wireless LAN connections.

The suction dredger is positioned on
the lake via four ropes. The position of
the suction dredger has to be changed
depending on the extraction depth.
The following parameters have to be
considered for the remote control:
| What is the position of the dredger
located on the gravel pit?
| At what angle are the ropes
attached to the dredger?
| What movements are possible
with a given anchor position?
| Are the ropes taut or slack?
| Is the rope tension influenced
by wind?

The working current of the winches
is monitored via the 3-phase KL3403
power terminals. All four winches can
be operated simultaneously via direction keys. The function is automatically
deactivated if the winch current at one
or several winches exceeds a preset
value. The monitoring function for the
winch working current is integrated in
the PC Control system and prevents
overloading of the drives and triggering
of the motor protection switches. This
technology enables “old” winches with
worm gear to be used without modification.

Each unit of the suction dredger can be controlled via the visualization system on the
dredger or from land.

Production increase exceeds expectations
“The chance we took with the application of a new technology has paid off,”
Bernhard Wittenberg from Team GmbH said. “During practical application, our
control system has exceeded the original expectations. Dredger production has
increased by around 22 percent. In more than two years of operation, we had no
unscheduled downtime caused by the control system. One big advantage of the
Beckhoff Bus Terminal I/O system is optimum expandability. Downtime for setting
up extensions, such as commissioning of the recently installed booster station, is
extremely short. Apart from inspections, the new solution enables pilot-less operation of the suction dredger via remote control from the shore. Since the prototype system was commissioned in Werth, Germany in 2002, six additional suction dredgers have been equipped with the DredgerControl system.

Team GmbH www.dredgertec.de
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3D and clay simulation in synch
for car prototypes
Kolb has been producing and supplying modelling material for more than 100 years. For the last 15 years, the focus has been on industrial plasticine for design
model making – particularly for the automotive industry. The problems customers used to be confronted with in the production of the models led the company to
develop its own measuring and milling systems. Tools and accessories round off the product range. In 2001 the subsidiary Kolb Technology GmbH was established
in order to be able to serve this industrial sector even better.

The company Kolb Technology GmbH, based in the German Hengersberg, manufactures and supplies
industrial plasticine and milling systems for producing prototypes in the automotive sector. The specialists at the company
supply milling systems worldwide. The systems are equipped with Beckhoff Control Panels as remote operating and visualization units.

A few years ago it looked as if 3D computer simulation would replace traditional shape finding techniques such as design model making. While the computer
representation is very efficient and simple, it soon became clear that the powers
of imagination are often insufficient for deciding every single detail of a new body
design based on a digital model. For this reason, sophisticated models made from
plasticine are still used for the development of new car series in order to be able
to properly assess the appearance of the final shape.
It often involves many years of development work to go from the first sketch to
a new car leaving the assembly line and entering the market. Obviously, the body
design is a crucial factor in the success or failure of a new car so it is one of the
most important design decisions to make. Designs on paper are followed by 3D
computer models, which are then transformed into physical models at a scale of
1:4 or 1:1. In order to make the models as realistic as possible, the prototypes are
made from industrial plasticine and are even equipped with metal wheel rims and
painted. The executive board of the car company will ultimately base its decision

about the shape of the new car series on this kind of model. Based on the computer software, the shape is cut from “SuperClay” and “TecClay” industrial plasticine developed by Kolb Technology. Design studios normally work with components from different manufacturers. The integration of the individual components
into a functioning system often causes problems. In contrast, Kolb Technology
supplies a modular system that systematically integrates digital and physical
shape finding (CAD and clay model), significantly simplifying communication between these two “worlds.” Xaver Zistler from Kolb marketing explained: “Subsequent changes, for example, to an edge line in side view or the shape of a roof
edge are scanned in and incorporated in the milling software.”
One of Kolb’s first large customers was Hidea Autodesign in Shanghai, prototype
supplier for the Chinese motor vehicle manufacturer Brilliance. Hidea uses the
complete Studioline package, including the software. “For this system we used
Beckhoff Control Panels as visualization and operating units for the first time,”
Xaver Zistler said. “We are currently fitting out the BMW research and innovation

39

worldwide

Manual measuring machine
(StudioLine3 easy) at Hidea
Autodesign in Shanghai.

Beckhoff at EMO 2005:
Hall 13, booth E60
Between September 14 and 21, the world of metal working will meet at
EMO 2005 – the biggest international fair for production engineering –
in Hanover (Germany). More than 1900 exhibitors from a total of 38
countries will take part in this leading international trade fair for the
whole production engineering sector. The countries with the strongest
presence will be Germany, Italy, Switzerland, Taiwan, Spain, and Japan.

StudioLine3 CNC milling
machine at the Kolb studio in
Hengersberg with a 1:1 clay
model and Beckhoff Control
Panel on a mobile trolley.

center in Munich with our integrated measuring and milling system. At present,
BMW operates four 16 m long duplex measuring machines – a total of eight CNC
machines – each with an option for manual operation.” The latest consignment
(the milling systems developed for BMW) was also equipped with Beckhoff Control Panels. “As remote control units, the Control Panels enable working directly
at the model. The control computer can be visualized on an operating panel that
is integrated on a mobile trolley so the user doesn’t have to waste time moving
between the workstation and the model,” Josef Schleipfer from Kolb Technology
explained. The PC and the operating panel are linked via Ethernet (remote desktop or wireless via WLAN) or via a DVI/USB connection over a distance of up to
30 m. For Josef Schleipfer the reason why Kolb decided to use the Control Panel
from Beckhoff is clear: “It combines good design, robustness and stability in a
way that offers numerous benefits for the industrial sector.”
Kolb Technology GmbH www.kolb-technology.com

At EMO 2005 the whole range of innovative production techniques
will be presented, including machine tools for machining and forming,
precision tools, tool and mold construction, manufacturing and process
automation. With PC-based control Beckhoff offers the machine tool
sector a high-performance control platform with open interfaces to the
I/O and drive world. At EMO Beckhoff will present concrete application
options for the TwinCAT software PLC/NC/CNC and other highlights.
The TwinCAT NC I or TwinCAT CNC Motion Control solutions can be
used for milling machines and processing centers, lathes, sheet metal
working, grinding, sawing and cutting machines, to name but a few
applications.
As for components, Beckhoff will present the whole range including
IPC, I/O and drive technology. Visitors will also be able to see product
innovations such as the Transline-compatible Control Panels for the
machine tool sector.
The main information at a glance:
| EMO Hanover 2005, Germany, September 14 – 21, 2005
| Opening hours: 9 am – 6 pm daily
| Beckhoff booth: Hall 13, booth E60

www.emo-hannover.de
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Tiefkühl-Center Birrfeld AG
monitors temperature via Ethernet

Swiss company Tiefkühl-Center Birrfeld AG has been operating a deep-freeze warehouse for storing convenience food products in Lupfig, Switzerland for 10 years. Storage and logistics for the perishable products require a reliable
monitoring system that was achieved using Ethernet and web-based technologies.

Temperature under control
Tiefkühl-Center Birrfeld AG offers a unique combination of deep-freeze and logistics services for food industries in Europe. As ready-made “convenience food”
pioneers, the company has experienced phenomenal growth since it was established.
Deep-frozen products are delivered to and from the warehouse via six vehicle
ramps. The temperature in the handling zone is 0 – 5 °C (32 – 41 °F) and the temperature in the warehouse is - 25 °C (- 13 °F). In a deep-freeze buffer space (which
avoids the need for night and weekend work), the products are supplied via an
automatic pallet conveying system and subsequently positioned in the high-bay
warehouse (which has a height of 15 m). Incoming orders are processed in the
morning. The products are picked in the afternoon and collected in the late afternoon or evening. The boxes for individual orders are labeled in the high-bay
warehouse, retrieved via a conveyor belt and checked. Every day, 50 employees
handle up to 500 pallets or 12,000 – 18,000 boxes for up to 1,000 consignments.
The warehouse has room for 5,000 pallets – this means that the warehouse stock
is completely replaced about every two weeks.

Frosty work: Picking at - 25 °C (- 13 °F)
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Tiefkühl-Center Birrfeld

An icy challenge
The deep-freeze process must obviously rely on precise temperature control. This
process is specifically defined in the quality assurance system and a verifiable
three month history of temperatures must be kept. Compliance with these quality mandates is verified during annual audits. The requirements for verification
and traceability of temperatures will become even more stringent in the future,
largely a result of evolving European Union standards.
During the commissioning of the warehouse, a networked temperature control
system with PC-based monitoring was installed, but the system did not meet the
stringent quality requirements: It was prone to faulty alarms, and it was not possible to extend the monitoring system to several PCs. Building automation specialists, Bühler + Scherler from St. Gallen, Switzerland were chosen to develop an
alternative solution, which was implemented using Beckhoff Ethernet I/O components and the CX1000 Embedded PC as the controller.
Smart implementation
I/O stations with the BK9000 Ethernet coupler are installed at the two collection
points tracking five temperature values from the zone controls of the refrigeration plant, door monitoring system and from fault annunciators. A CX1000 is installed at the main collection point. A total of 80 data points communicate via
Ethernet with a server that can be accessed by any PC using the correct username
and password. The temperature readings are stored every second and averaged
every 15 minutes. Traceability is now ensured for at least one year. All communication connections comply with the maximum safety requirements of the VPN
(Virtual Private Network).
Software records the temperature curves and triggers an alarm in the event of a
critical situation. Service staff can be notified via e-mail, pager, SMS, fax, or voice
message.
This example demonstrates how Ethernet and web-based technology has increasingly replaced proprietary and traditional bus systems in building automation applications. The fact that the Ethernet technology provides data in a format
that can be processed via PC and is automatically available worldwide via Internet is particularly convincing.

Bühler + Scherler AG www.buhler-scherler.com
Beckhoff Schweiz www.beckhoff.ch

Beckhoff Building and Home
Automation at Ineltec in
Basel: Hall 1.1, Booth D34
Beckhoff will present its “New Automation Technology” at this year’s
Ineltec between September 6 and 9 in Basel. At Booth D34 in Hall 1.1
Beckhoff will focus on industrial control engineering and automation
solutions for building and home automation.
Beckhoff Building Automation enables integration of the IT and
automation worlds with building automation using PC- and Ethernetbased control technology. Intelligent building services are based on
a universal control platform involving Industrial PCs as master or building computers, Embedded PCs with integrated I/O system, and decentralized Ethernet controllers throughout the building.
Innovations presented at Basel include further Bus Terminal system
components that will make the system even more efficient for building
applications. Examples of recent developments are the EIB and LON Bus
Terminals, through which associated sensors and actuators can be integrated into the Bus Terminal system. In combination with higher-level
PC- and Ethernet-based control technology a powerful and cost-effective overall system can thus be configured. In addition to EIB and LON,
the DALI, RS232, RS485 subsystems or radio sensors with EnOcean
technology can also be integrated via communication Bus Terminals.

Ineltec www.ineltec.ch
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Automated system control for water treatment plant

Beckhoff components help produce
clean potable water from the river Nile
Over recent years, the water industry has increasingly taken advantage of the advances in the field of
process control and automation technology. Bamag GmbH, an international company for potable water and effluent treatment,
was the main contractor for the construction of a water treatment plant for the National Organization for Potable Water in
Egypt, a project involving three plants with a potable water capacity of 800 liters per second.

The three plants are located at Shebin El Kom, El Baliana and Al Edwa, each featuring approximately 1200 I/O points. The aim was to automate process and system control to a large extent. This was achieved using Beckhoff technology.
The first step of the potable water treatment process is clarification and filtering
of the river water. Raw water to be treated is drawn from the river Nile to the raw
water sump pump which serves as suction reservoir for the six raw water pumps
contained in the pumping station. From here, raw water is passed into the flash
mix chamber of the treatment plant. Clarified water is passed to the filter units
via a clarified water channel and automatically controlled valves. All valves used
for controlling the backwash procedure are controlled by a PLC. The filters are
constant level type filters. The level is controlled by a level sensor in each filter
cell and a controller installed in the control desk of each filter.
Wash water pumps draw water from compartments in the wash water reservoir.
Manual control is provided for the raw water chlorinators while automatic control is for the treated water chlorinators. An automatic scrubbing system is installed for neutralization of high chlorine leakage.
Control system automation objectives
Bamag’s aims for the automation of the control system included
the following:
| Reliable system performance;
| increasing plant productivity in terms of potable water quality and quantity;
| safe operation regardless of operator mistakes;
| maintaining the performance of each plant within the design limits without
the need for deployment of expensive experts to respective sites;
| cost-effective system support during the warranty period;
| general maintenance has to be simple so that it can be performed by the
normal operating staff of the client;
| minimum inventory of spare parts.
Due to the history of successful cooperation between Bamag and Industrial Control Systems, Cairo-based specialists for automation solutions and process control, ICS was awarded the contract for developing the control systems for the

three water treatment plants. The control system was developed to be modular,
expandable, cost-effective and rich in features, with an emphasis on reliability
and minimum cost of system maintenance and support.
“After an elaborate task of evaluating and comparing systems offered by all
major vendors, we came to the conclusion that they largely complied with our
system requirements, but the initial cost and running costs were significantly
higher when compared to the Beckhoff system,” Ahmad Sadek from ICS said.
“The Beckhoff product range met all our criteria, and the CX Embedded PC and
the Bus Couplers met our design objectives particularly well.”
The operating temperature and relative humidity were important factors for the
decision to use Beckhoff products. At the three plant locations, two of which are
in northern Egypt, temperatures during summer months can reach up to 50 °C
(122 °F). Further benefits for the customer are the uniform design of the system
components and their compatibility, which translates into minimum inventory of
spare parts, and rapid training and familiarization for the operating staff.
System control components
The control system consists of the PLC for automatic and manual functions, the
control desks for manual operation and status feedback, and a mimic diagram for
displaying the entire plant process flow diagram. Each part of the plant (sump
pump for raw water, treated and sludge water, filtration system sump pump,
chlorination and chemical dosing system) is equipped with a CX1000 that controls all functions. The filter system features 10 filters, each equipped with its own
autonomous PLC (CX1000 with PROFIBUS interface) that controls the individual
filter operations, both in automatic and in manual mode. The CX is networked via
PROFIBUS with a master PLC that controls the backwash process according to the
individual filter requirements. Due to the nature of the plant layout and the close
interaction between events taking place at different parts of the plant, data have
to be transferred from where they originate to where they are needed. In this way
they become part of a complex protection or interlock scheme, leading to significant savings in cable runs, cost and time. Instead of using conventional hardwired control desks, the Beckhoff CP7831 and CP7832 Control Panels are utilized
to function as the control desks.

43

worldwide

Sludge water
control desk
Display panel

Ethernet

Clariflocculators

Clariflocculators

Raw water
control desk

Filter station
PROFIBUS

Raw water
pumping station
Filter

Filter

Filter

Treated water
control desk

Treated water
pumping station

Transformer
building

Chlorination building

Chemical dosing

PID soft controllers are used throughout the plant for level, pressure and flow
control. They feature advanced algorithms and offer bumpless transfer. The integration of the PID soft controllers into the Beckhoff system proved to be highly
efficient. The entire plant is networked via Industrial Ethernet with a transfer

speed of 100 Mbaud. The system achieves a response time of less than 10
milliseconds, ensuring a high degree of integrity. The traditional central mimic diagram was replaced with a large plasma display that provides real-time dynamic display of the central plant.
Industrial Control Systems www.ics-me.com

New Automation Technology
seminar in Jakarta

TDS Technology (S) Pte Ltd has been Beckhoff’s exclusive distribution partner for Singapore and Southeast Asia since 2000. In an effort to further expand
the distribution network in this region, TDS recruited
the Indonesian company PT. Industrindo Niagatama
as a business partner in early 2005. In April of this
year, a seminar on “New Automation Technology”

from Beckhoff took place in Jakarta, Indonesia.
Kai Ristau, International Sales Manager at the
German Beckhoff head office and Wan Chon Kong
and Chan Chek Jin from TDS gave a presentation
about their long-standing experience with Beckhoff
products.
The seminar attracted a great deal of interest: 95 engineers and managers from a total of 50 companies
from a wide range of sectors such as steel and cement works, cigarette, textile, foodstuff and chemicals plants attended the event. Automation compo-

nents from Beckhoff and actual system solutions
were presented. “Due to increasing demand for highperformance machines offering maximum productivity, interest in the “New Automation Technology”
from Beckhoff is also increasing continuously,”
Wan Chong Kong, application engineer at TDS, said.
“We intend to meet this demand by expanding our
distribution network and our range of training
sessions and seminars.”
TDS Technology (S) Pte Ltd
www.tdstech.com
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A safe bet: Automation gets lean with PC-based control

Optimized: 30 percent reduction in I/O wiring
and fewer control components
Safety system suppliers to the automotive industry continually strive to utilize the latest technologies to
stay ahead of the curve of evolving safety regulations. Knowing that its safety testing equipment can be responsible for saving
lives, Sterner Automation believes that simply meeting expectations is just not good enough. Equipped with automation technology from Beckhoff, Sterner feels well prepared for the future.

A seat undergoing sensor test and calibration in the testing station.

The “butt form” applies varying degrees of weight. This test the sensors to make sure
the safety system will be able to differentiate between an adult and a child by weight.

Sterner Automation is a Toronto-based engineering firm, specializing in custom
testing machinery and end-of-line test calibration equipment. They recently
looked for an alternative to their PLC and motion-controller-based machine that
calibrates and tests in-vehicle safety sensors for the automotive industry. Sterner
Automation sought a solution that would allow remote monitoring of their
machines’ performance, while reducing training and maintenance costs within
the plant. Sterner Automation also sought to decrease assembly time and to
simplify the hard-wiring and connections required in the machines.
Optimizing remote diagnostics while maintaining
programming standard
“We used to apply a typical PLC architecture along with either an industrial PC
running an operator interface package or a simple touch screen,” Victor Hilario,
manager of the electrical and control systems group for Sterner Automation, said.
“Our systems used DeviceNet and SERCOS networks for I/O and Motion Con-

trol. We felt that a PC-based system would allow us to enhance the remote
diagnostic and troubleshooting capabilities of the product, while staying within
industry accepted standards for programming.”
Hilario was attracted to the Beckhoff open IEC 61131-3 TwinCAT programming
package, which defines six different languages for programming logic control systems. “We didn’t want to offer a PC-based solution that was going to be heavily
proprietary and would limit our ability to program effectively. TwinCAT allowed
us to apply the appropriate language to the algorithms we were writing, resulting in code that was cleaner and easier to maintain.”
Sterner Automation’s engineers designed a system that uses a Beckhoff
C6140 Industrial PC with PROFIBUS and SERCOS network cards, TwinCAT NC
point-to-point software, SERCOS servo drives and PROFIBUS I/O. For sensor connection, they chose IP 20 Bus Terminal I/O and rugged IP 67 Fieldbus Box I/O.
“Fortunately, the engineers on my team had previous experience working with
IEC 61131-3. This gave us a running start on the project,” Hilario said.
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Beckhoff at the first
SPS Electric Automation America

Streamlined, integrated, high-speed system
The integration of the PC control into the customers’ plant network reduced the
need for machine wiring and interconnections. “The new system has one PC operating on TwinCAT that runs all the controls and communicates with Beckhoff
servo drives using SERCOS. There are three servo drives in our system to manage
the x, y and z axes,” Hilario explained. “We communicate with the factory information system to determine the identity of the device under test. Based on that,
we use the appropriate recipe for the x, y, and z positions of our testing equipment.”
The system utilizes an oscilloscope card (KL3362 Bus Terminal) to capture a timevarying signal from the test process. This card made it possible to obtain data
at a capture rate as fast as 100 microseconds. These data are then analyzed to
ensure that the test parameters are within specified limits. The data are then
transferred from the oscilloscope card to the main PC using PROFIBUS communications and a dedicated 1 millisecond PLC task. This makes it possible to retrieve
over 4000 data values from the card within a limited period of time.
A smooth ride ahead
Hilario was impressed with the support he received during the development
period. “We worked closely with Beckhoff engineers in the U.S. and Germany,
as well as with the local technical sales staff in Toronto. Their assistance contributed significantly to the rapid success of the project.” The new control solution also offers convincing cost optimization benefits. “We achieved a 30 percent
reduction in I/O wiring due to terminating signals directly to field I/O stations (distributed I/O),” Hilario said.
This newly designed control system also offers Sterner Automation’s customers a
testing machine with expanded diagnostic capabilities. “With TwinCAT, we
are able to get detailed information about each individual I/O node. With the
TwinCAT event logger hooked into our Visual Basic application, we are able to offer data logging and create a pop-up alarm handler,” the automation expert explained. “The PC also provides remote communication with machines half-way
around the world. We can pull out historical performance data and provide a
greater wealth of information to our customers.”
“I/O components from Beckhoff lend themselves to making the machine more
modular,” Hilario said. “We also reduced the overall component count and were
able to maximize our hardware panel space rather than wasting that space on
additional terminal blocks for intermediate connections. All these new features
give Sterner Automation greater freedom of design and add up to a huge value
for our customers,” Hilario said.

In 2005, SPS Electric Automation – which has been
an institution in Europe for some time in the form
of SPS/IPC/DRIVES in Germany – made its debut in
America. Together with other automation market leaders, Beckhoff and the EtherCAT Technology Group (ETG)
displayed their latest technologies during the three-day
event at the Donald E. Stephens Convention Center in
Rosemont, IL.
“SPS Electric Automation has a worldwide reputation
for presenting state-of-the-art industrial technology,”
Graham Harris, president of Beckhoff Automation, said.
“It will be interesting to see how the fair is going to
grow in the USA and develop its own character and
style.”
During the fair, Rob Rawlyk, Joey Stubbs and Bob Trask
from Beckhoff Automation gave technical presentations
on a variety of white paper topics. Graham Harris and
Gerd Hoppe from the German head office also took part
in roundtable discussions with other industry experts,
providing insight into the current state of the automation market in America and about the future direction
of automation technology.

SPS Electric Automation www.ea-america.com
Sterner Automation www.sternerautomation.com
Beckhoff North America www.beckhoffautomation.com
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Securely controlling production at ZF Lemförder

Axle production for the BMW 3 series
ZF Lemförder South Africa (Pty.) Ltd., with head office in Rosslyn, is global player in the production of sub components for
motor vehicle manufacturers around the world. ZF Lemförder produces the front and rear axles for the BMW 3 series sedan, which is produced
at BMW’s South Africa plant, also based at Rosslyn. ZF Lemförder’s production lines and custom built machines are equipped with Beckhoff
technology.
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BMW operates according to a build plan, and an intelligent forecasting mechanism allows them to order the exact required axles from ZF Lemförder 310 minutes ahead of when they are needed for fitment. Every axle requested joins the
queue of axles to be built. The call off not only provides a unique identification
number and model detail, but also links to an entire database containing exact
part and build requirements for each variant of axle.
The assembly lines for the front and rear axles of the BMW 3 series E90 model
were conceptualized, designed, installed and commissioned by Jendamark
Automation, the Beckhoff partner in South Africa. Jendamark first built production lines and custom built machines for ZF Lemförder in 1998. These production
facilities were used to produce the differentials as well as front and rear axles for
the BMW E46 series. Since then, the two companies have been co-operating continuously. Jendamark Automation also provided the axle production lines for ZF
Lemförder in China, building the BMW E90 and E60 series axles.
Process of operation
The transport of all axles on the production line occurs by means of AGVs (Automated Guided Vehicles). When an empty AGV stops at the start of the production
line, the RFID (Radio Frequency Identification Device) of that specific AGV is linked
to a particular axle in the database. At this point, the production of a new axle is
started, and the axle’s position in the database will be continuously updated
through means of the RFID tracking at each station.
Each station is controlled by a Beckhoff CX1000 with Windows XP embedded as
operating system and TwinCAT real-time PLC. This allows all the I/Os of this station to be controlled locally, while Ethernet and PROFIBUS fieldbus systems allow
for interaction between the control system and the rest of the production facility. (See system configuration diagram). All the Beckhoff Bus Terminals connect directly to the CX1000 and provide I/O capabilities for digital, analog, serial as well
as load cell and position measurement signals. The TwinCAT PLC on the CX1000
interacts with a station control application (developed in Microsoft Visual Basic),
which acts as front end user interface to the station‘s operation.
Production monitoring via SQL server
As a new part enters the station on the AGV, the RFID identifies the specific axle.
The station control application retrieves all required variant and building instructions from the SQL server. Variant specific screens indicate to the operator how to
proceed with the assembly, and variant lamp indicators assist them in using the

correct parts for the build. According to the variant requirement, the bolting, camera inspection and assembly procedure is adapted by the station control – and
the onscreen representation of the process is displayed. In addition to selecting
the correct bolting parameters from the SQL server, the actual position of the bolting tools are being monitored by means ultrasonic sensors in each station to further ensure correct operating procedures. All results gathered from the
assembly process are first logged to the SQL server, and then verified against the
predefined specifications.
Straightforward integration into the company network
All operations are enabled by the use of an operator identification mechanism.
This is utilized to ensure that the particular operator in that station has been
trained sufficiently in order to safely and correctly use all equipment in that
particular station. This same identification mechanism is used to allow system
administrators and maintenance personnel to access restricted higher level functions on the system control. The advanced features of the station control system
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Production system
The production facilities consist of the following items:
| SQL server containing all forms of information
- axle build requirements
- variant information
- specifications
- part drawings and assembly instructions
- operator/maintenance/administrator
security control
| 1 central C3640 Industrial PC with TwinCAT
software PLC
- controlling PROFIBUS fieldbus system for
Bosch bolting tool control
- controlling several independently operated
stations
| 40 Beckhoff CX1000 solid state Embedded PCs
- PLC controlling every stations operations
- Windows XP embedded for front end applications
- PROFIBUS interface for connecting to
bolting tools
- Visual Basic user interface software
- web browser for production information
and notifications
| Ethernet communication backbone between
all control devices and SQL server and web server
| Bosch bolting controllers and bolting tools
| AGV (Automated Guided Vehicles) acting as
axle carriers

allow administrators to alter station specific settings. The required position of
bolting tools, amount of operations, tool verification, calibration, reworks and order of axles to be built; can all be administrated right from the station.
The Ethernet connectivity of the CX1000 allows for very easy integration into the
standard plant network. Using Microsoft Internet Explorer, embedded in the
Visual Basic station control application, the production information system completes the software component of each station. The production information
system allows the operator in each station to view the exact part drawings and
assembly instructions for the individual axle variant he is currently working on.
System notifications and warnings are also indicated by means of the information system.

ZF Lemförder South Africa www.zf.com
Jendamark Automation www.jendamark.co.za
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EtherCAT team is strengthened
Dr. Karl Weber joined the Beckhoff EtherCAT team
on March 1, 2005. He is already well known in the fieldbus scene through
his long-standing involvement as leading technical expert with PNO.

Karl Weber is a computer scientist
and has been involved in the
development of PROFIBUS and
PROFINET right from the start. He
led various PNO working groups
and has been a member of different
IEC committees. Weber is editor of
the PROFIBUS part of fieldbus standard IEC 61158 and co-author of
the PROFINET book “The Rapid
Way to PROFINET”. He is also a
member of IEEE 802.1 and the IEEE
1588 Working Group. His previous

work focused on protocol and ASIC
specification, and on technical consultancy.
Along with Martin Rostan and
Michael Jost, Karl Weber will now
promote the standardization and
worldwide acceptance of EtherCAT
technology. “I decided to become
involved with Beckhoff because the
company offers huge creative potential with unique opportunity for
growth,” Karl Weber said.

Dr. Karl Weber strengthens the Beckhoff EtherCAT team.

“EtherCAT is the pre-eminent communication technology for automation applications, and I look forward to co-operating and sharing
experience with EtherCAT device
manufacturers and users.”

Dr. Karl Weber will work on the further development of EtherCAT from
the Nuremberg branch in Germany
and will also offer support for ETG
partners.

Industrial Ethernet seminar

Detailed technical information: This was the focus of the Industrial Ethernet
seminar series organized by the EtherCAT Technology Group. End of April seminars in Germany, Switzerland and Austria were in the agenda, end of May the
events took place in the USA. The attendees – showed up in Hanover, Stuttgart,
Zurich, Linz, Nuremberg, Chicago, Atlanta, Charlotte and Detroit – exceeded the
expectations. The seminar series was sponsored by the companies Baumüller,
Beckhoff, Danaher Motion, Moog, MTS, SEW and Tenasys, which clearly showed
that EtherCAT is supported by a wide vendor basis.
After an introduction in Ethernet and the Internet protocols and the EtherCAT
introduction a comparison of various industrial Ethernet technologies was presented – which was of particular interest for the participants. The functional
principles and features of the different systems were introduced and compared
with respect to their technical data. The presentations about master and slave
implementations aimed primarily at device manufacturers, before the seminar
was completed with talks on migration strategies from fieldbus to EtherCAT
and application examples.

EtherCAT in motion at Hanover fair 2005 in Germany: The ETG has its own booth and presented EtherCAT products from various manufacturers, as well as a concrete EtherCAT application.

EtherCAT Technology Group www.ethercat.org
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Beckhoff Bus Terminal

Beckhoff Bus Terminals:
The automation kit
Bus Coupler series BK, the link
between Bus Terminals and fieldbus

Bus end terminal
Free mix of signals:
More than 180 different
Bus Terminals for connection
to all common sensors and
actuators

Communication terminals
enable the integration
of subsystems such as
AS interface, RS232 and
RS485

Terminal bus extension for the connection
of up to 255 Bus Terminals to a single station

Bus Terminal Controller series BC
with integrated IEC 61131-3 PLC

Bus Terminal Controller series BX
with integrated IEC 61131-3 PLC
and extended interfaces

Integrated safety:
The TwinSAFE Bus
Terminals enable
the connection
of all common
safety sensors
and actuators

Bus Terminals in
1-, 2-, 4- and 8channel modularity,
no restriction on
mixing of signal
types

The power terminal transforms a standard
contactor into a motor protection relay with
comprehensive diagnostic functions

Embedded PC series CX for PLC
and Motion Control applications

The complete I/O system
➔ Over 180 different Bus Terminals for all signal types:
digital I/O, 0 ... 10 V, ±10 V, 0 ... 20 mA, 4 ... 20 mA, thermocouple, PT100,
strain gauges, relay, counter, PWM, SSI, incremental encoder interface,
and subordinate subsystems: RS232, RS485, AS interface or DALI
➔ Bus Couplers for 15 fieldbus systems: PROFIBUS, Ethernet TCP/IP,
EtherCAT, CANopen, DeviceNet, Interbus, RS232, RS485, Modbus,
SERCOS interface, USB, ControlNet, Fipio, CC Link and Lightbus
➔ Scalable control system: With the BC/BX series or the CX1000 Embedded
PC, Bus Terminal Controllers are available in different performance classes.
All Beckhoff controllers are programmed in IEC 61131-3 with the TwinCAT
automation software.

For further information and international sales contacts see:
www.beckhoff.com

BECKHOFF New Automation Technology

