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Presentation of Beckhoff Bus Terminals

at the Hanover Fair

Mass delivery of the first Bus Terminals
“Standard” and “Economy” Bus Coupler
(BKxx00, BKxx10) for PROFIBUS, Lightbus,

First Bus Terminal Controller: PROFIBUS (BC3100)
ControlNet Bus Coupler (BK7000)
RS232/RS485 Bus Coupler (BK8000/BK8100)

Interbus, CANopen and DeviceNet

From brave idea to technology standard

Within only one decade, the Beckhoff Bus Terminal has become a major automa-
tion technology standard. Although ten years is a long time, especially for a tech-
nology company such as Beckhoff, the 1/0 system is by no means “running out of
steam” — on the contrary, it continues to be developed further with undiminished
vigor. After all, innovation runs like a continuous thread through its history.

“A particularly interesting aspect is the original conceptual approach for the Bus
Terminal,” said Uwe PriiBmeier, product manager for Bus Terminals, who has been
involved with their development right from the start, i.e. since 1994, when the
idea began to take shape. Only one year later, i. e. exactly a decade ago, the first
products were released into the “world of automation.” At the time, a number of
other players wanted to use block modules to reduce the wiring time in the field.
Beckhoff too offered an associated block solution based on their own fieldbus,
Lightbus. “However, the new concept went a step further,” said Uwe PriiBmeier.
“We not only wanted to reduce the number of wires, we also wanted to replace
the traditional terminal block with an electronic version, thus pushing electronics
into the field further than ever before. Due to the amount of electronics that had
to be integrated, it was not possible to retain the typical terminal block width of
6 mm, so we decided to use a double-width block in order to retain the original
grid size.”

A further aim of the concept was to create a fieldbus-independent I/0 system,
which ultimately manifested itself in the wide variety of Bus Couplers available

today. Uwe PriiBmeier explained that this kind of openness was in fact deliber-
ate: “Within a very short time we implemented the first Bus Couplers. After only
one and a half years, in addition to the Bus Coupler, we were able to offer our
own Lightbus plus variants for CAN, Interbus, PROFIBUS and serial coupling sta-
tions. The fact that the implementation of the innovative concept required a good
degree of courage at the time is demonstrated by the fact that, due to its modu-
larity, our competitors regarded the whole system as too expensive and complex
and therefore as insoluble for around two years.” However, open-minded pilot
customers such as Bertelsmann and Miele were very interested in the benefits of-
fered by the system.

They were impressed by the flexibility of the Beckhoff system compared with the
previously available block modules, the looped through power contacts and the
simple handling thanks to the “invisible” internal K-Bus. The Bus Terminals were
also convincing in terms of cost, which were comparable with those for the block
modules. The system was, in fact, less expensive overall due to the reduced num-
ber of channels.

Unrivaled modularity and flexibility

Michael Jost, product manager for Bus Terminals and EtherCAT, confirmed the sig-
nificance of modularity: “Especially in the early days ten years ago, the modular
concept, which only requires one address for each Bus Coupler, was particularly



Modbus Bus Coupler (BK7300, BC7300)
“Low Cost” Bus Coupler (LCxxxx) for PROFIBUS,
CANopen and DeviceNet

Ethernet TCP/IP Bus Coupler (BK9000, BC9000)
Universal Serial Bus (USB) Bus Coupler (BK9500)
Analog input/output terminals, 16 bit (KL31x2, KL41x2)

Resistance bridge Bus Terminal (KL3351)

Fieldbus Box, the data-compatible extension for the Bus Terminal system in protection class IP 67

significant because bus addresses were very ‘precious’ at the time. The only rea-

son for block modules requiring a second master or repeater was often the fact
that they ran out of bus addresses.” However, the block concept, e.g. in the form
of the new, compact Beckhoff KM modules, makes sense again today, since ma-
chines now offer much higher 1/0 capacity. The early Bus Terminal customers, for
example, currently use up to 60% more sensors. Uwe PriiBmeier added: “Users
now benefit from the granularity of the system, for example, if a new sensor is
added.”

Bus Terminals also set standards right from the start in terms of the signal range
they covered. Initially, the standard signals (0 to 24 mA, +10 V) and temperature

The Bus Terminal product managers:
Uwe PriiBmeier (Bus Terminal, customer-
specific developments), Ralf Vienken

(Bus Coupler and Bus Terminal Controller),
Michael Jost (Bus Terminal and EtherCAT
Terminal), Dirk Bechtel (Fieldbus Box).

were implemented so that Beckhoff was at eye level with the competition im-
mediately. However, Beckhoff wanted more, an incremental encoder/SSI interface
for drive systems, or a serial interface for scanners and printers, for example. Uwe
PriiBmeier explained: “This wide range of possible applications was new for our
customers. Thanks to these additional features, which we were able to offer as a
supplement to the already very well received Bus Terminal system, we experi-
enced almost no acceptance problems in the market.” Ralf Vienken, product man-
ager for Bus Couplers, said: “Our competitors offered hardly any serial interfaces
and if they did, they were very expensive. With Beckhoff products, they could sim-
ply be configured with the /0 system. Plus, our system already included the Bus



SERCOS interface Bus Coupler (BK7500)
"“Economy plus” Bus Coupler (BKxx20) for Lightbus, PROFIBUS, Interbus and DeviceNet
Interbus Bus Terminal Controller (BC4000)

Terminal bus extension, end terminal and coupler terminal (KL9020, KL9050)

Digital terminals for type 2 sensors (KL13x2, KL13x4)

Digital terminals for NAMUR sensors (KL1352)
Triac output terminal (KL2712)
4-channel analog input/output terminal (KL3xx4, KL4xx4)

Coupler. In other systems, users had to pay additional, basic bus interface costs
for the serial interface.”

Retaining the edge through technology

Technological awareness has not only paid off in the development of the Bus Ter-
minal, but runs like a thread through the whole decade. Ralf Vienken said: “We
still have the edge over competitive products. Every year we develop new termi-
nals and Bus Couplers. We deliberately combine technology with practical know-
how, i.e. our system offers exactly what is required in practice.” Uwe PriiBmeier
added: “On the one hand, the establishment of the Bus Terminal technology as
an automation standard confirms that our original strategy was right, and it
means investment security for the market. On the other hand, we utilized the time
for further developments; for example, we took new technologies on board such
as better processors and smaller chips and we were also able to offer our cus-
tomers more cost-effective designs. State-of-the-art technology also enabled us
to open up new areas of application. Examples are the power terminal, the pow-
er measurement terminal and the oscilloscope terminal.”

Another system enhancement was the integration of the stepper motor output
stage into the Bus Terminal. And then there was the master terminal, enabling the
system to be used not only for signal acquisition, but also as a gateway. For Uwe

Power terminal for Siemens contactors
of the Sirius 3R series (KL8001)
8-channel digital input/output terminal (KL1xx8, KL2xx8)

Pulse train output terminal (KL2521) 10 Years

Oscilloscope terminal for resistance bridges (KL3361, KL3362) Beckhoff

PriiBmeier this is particularly important: “Because each gateway means addi-
tional expenses and usually a significant break in continuity. The master terminal
enables customers to remain within the “Beckhoff world” throughout. Largely
thanks to our TwinCAT software, the complete automation technology from the
controller (BC and BX series) to the Industrial PC (CX1000, IPC) can be covered
with a single development system. This represents another communication ben-
efit, especially since we are already offering a coherent system with very little
overhead.”

The Bus Terminal innovation continues

Meanwhile, Bus Terminals have been produced on the order of millions and have
become established in all industry sectors around the globe. Due to its universal
concept, the Beckhoff 1/0 system is used in a wide range of applications, from
production machines to Ethernet-based building automation.

The Bus Terminal system from Beckhoff offers many advantages, based on our
comprehensive and long-standing know-how. If required, we are able to develop
couplers for new bus systems very quickly, which are then immediately available
for the complete 1/0 range. As of early 2005, 57 standard Bus Couplers and con-
trollers and 187 different standard Bus Terminals were available. In addition, there
are 16 customer-specific Bus Couplers and 210 special Terminals. The breadth of

Bus Terminal



Embedded PC CX1000

Digital input terminal for break-in alarm (KL1362), thermistor (KL1382)
Triac output terminal (KL27x2)

Accurate resistance bridge evaluation (KL3356)

3-phase power measurement terminal (KL3403)

Incremental Encoder Interface (KL5151)
AS interface master terminal (KL6201)
DALI/DSI master and power supply terminal (KL6811)

possible applications demonstrates the Beckhoff market orientation, which man-
ifests itself in rapid recognition of new trends and requirements. Implementation
is usually very quick, since no additional equipment has to be purchased and all
the know-how required is available in-house.

According to Uwe PriiBmeier, another concrete innovation for the future is that
TwinSAFE now offers the advantages of fieldbuses for safety technology: “The
current solution is used mainly as a relay replacement, but in the future, users are
likely to ask for more. By mid-2005, the system will have been fully SIL 3-certi-
fied.” The safe logic terminal from Beckhoff covers around 90 percent of applica-
tions so that in many cases, no additional safety PLC or, as mentioned above, few-
er safety relays are required, and therefore, more space is available in the control
cabinet. This results in better availability of safety technology for customers since
separate safety PLCs are not only expensive, but they are also difficult to config-
ure and would have to be linked to the general control system. Uwe PriiBmeier
sees significant innovation potential in this area: "We currently support the
PROFlsafe safety bus. For the purpose of openness, our aim is to implement ad-
ditional safety buses.”

S e =
N TR

i

TwinSAFE Bus Terminals — Integration of safety functions into

the Bus Terminal system

Bus Terminal Controller series BX for PROFIBUS, CANopen, DeviceNet,
RS232/RS485, Ethernet TCP/IP

EtherCAT Bus Coupler (BK1120)

|- Compact Bus Coupler/Controller (BKxx50, BXxx50) for PROFIBUS,
CANopen, DeviceNet

- Fipio “Economy plus” Bus Coupler (BK7420)

I- 8-channel analog input/output terminal (KL3xxx, KL4xxx)

I- Wireless Adapter for EnOcean radio technology (KL6023)

I Connection for Schneider motor starter TeSys Model U (KL86xx)

Bus Terminal technology also opens up new application areas in another way, i.e.
in the form of the Fieldbus Box system in protection class IP 67, which can be
mounted directly at the machine. Dirk Bechtel, Fieldbus Box product manager at
Beckhoff, said: “The benefits of Bus Terminals such as openness, large signal va-
riety and a high degree of flexibility, have been transferred to the concept of the
IP 67 system.”

The trend towards customer-specific Bus Terminals with tailor-made signal mix al-
so originated from concrete demand for practical applications. “This was the rea-
son for the development of the KMxxxx terminal modules, which offer significant
cost benefits through their higher packaging density and application-specific sig-
nal mix, particularly for systems with a large number of units,” explained Ralf
Vienken. “The KM modules, therefore, are the logical next step in the develop-
ment of the Bus Terminal system. They offer the familiar flexibility, since Bus Ter-
minals can still be connected as usual.”
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16-, 32- and 64-channel digital output terminal module (KMxxxx) Hans Beckhoff demonstrates the Bus Terminal system P |
CC-Link “Compact” Bus Coupler, Modbus “Compact” Bus Coupler (BK7150, BK7350) to Bill Gates at the Home of Today (see also report on p. 34).
PROFInet, Ethernet/IP Bus Coupler (BK9000, BC9000)

Ethernet TCP/IP Bus Coupler with 2-channel switch (BK9100), BC9100
Stepper motor terminal (KL25x1)

Cycle monitoring terminal (watchdog) (KL2692)

High-precision 2-channel analog input terminals with self-calibration (KL31x2)

Bus Terminal features

Modular 1/0 system in protection class IP 20, consisting of electronic terminal blocks with a 12 mm wide case, for direct sensor/actuator wiring.
Over 180 different Bus Terminals for all signal types: digital /0,0 ... 10V, £10V, 0 ... 20 mA, 4 ... 20 mA, thermocouple, PT100, strain gauges,

relay, counter, PWM, SSI, incremental encoder interface.

Communication terminals enable the integration of subsystems such as AS interface, R5232, RS485 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.

Space saving and cost-efficient through fine modularity: Bus Terminals as 1-, 2-, 4- and 8-channel versions, no restriction on mixing of signal types.
Terminal modules with plug-in wiring combine 16, 32 or 64 digital I/0s within a very small space and with high packaging density.

Potential feed terminals, optionally available with fuse, diagnostic functions and overvoltage protection, enable configuration of different potential groups.
Terminal Bus extension enables the connection of up to 255 Bus Terminals to a single station.

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

Integrated Motion Control solution for DC and stepper motors.

Bus Terminals enable measuring tasks to be dealt with high precision and particularly fast sampling.

Scalable control system: With the BC/BX series or the CX1000 Embedded PC, Bus Terminal Controllers are available in different performance classes.

—— > Beckhoff Bus Terminal:

www.beckhoff.com/busterminal



Interview with Hans Beckhoff on
10 years of Bus Terminal technology

10 years of Beckhoff Bus Terminals:
A principle conquers
the automation industry

10 years ago, Beckhoff presented fieldbus terminal technology for the first time at the Hanover Fair. In 1995, many users and
competitors alike hailed this new type of automation technology as a technological revolution, because no similar approach had existed in the
past. The Bus Terminal 1/0 principle was convincing and successful, so that today almost all automation manufacturers have adopted the princi-

ple and are offering their own product ranges.

Hans Beckhoff: “Our Bus Terminal system was one
of the key technologies that shaped automation
technology over the last 10 years. It has become
a standard that is continuously developed further
and, through EtherCAT, will set new standards in
terms of performance and costs. From the original
Bus Terminals, which in 1995 were still limited to
standard signals, an almost seamless product range
covering 187 Bus Terminals, 57 Bus Couplers and

Controllers has emerged.

Over the last 10 years, Beckhoff has continually expanded the Bus Terminal sys-
tem and today is able to offer optimized solutions for a wide range of applica-
tions based on a selection of 187 different standard Bus Terminals. Beckhoff Bus
Terminals have developed into fundamental automation technology components.
In an interview with Stefan Ziegler, chief editor of “elektro Automation”, Hans
Beckhoff explains how Bus Terminals originated from an idea and developed in-
to their current form over 10 years and what further developments can be ex-
pected.

Mr. Beckhoff, your Bus Terminal is ten years old this year. Could you
tell us a little bit about the early days of this technical revolution,
i.e. how did the idea of the Bus Terminal come about, and how long

did it take to develop the product from an idea to its market intro-

duction in 1995?

|  Hans Beckhoff: Looking back over a whole decade of development in a par-
ticularly innovative area, such as automation technology, feels a bit like time
travel. Today, fieldbus technology has become the standard in automation
and is used by around 60% of users, according to statistics. Ten years ago this
was certainly not the case. On the contrary, fieldbuses went through their
"adolescence” period at the time. In 1989, a very early stage, Beckhoff intro-
duced the fast fiber optic bus called “Lightbus”. The basic idea for the Bus
Terminal was born at the 1994 Hanover Fair when it became apparent that



— 10 Years
- Beckhoff

our competitors started to pick up and implement our technological innova-
tions. This was an incentive for me to think of something fundamentally new.
Only one year later we presented our Bus Terminal concept. This was in 1995.
| think it is fair to say that the concept set new standards for 1/0 technology
in automation applications at the time.

What technical market requirements were you influenced
by at the time?

Hans Beckhoff: Our efforts were based on a precise analysis of the
application environment for our fieldbus products. This analysis showed
that the fieldbus made more and more inroads into the wiring level, where
previously classic terminal blocks had been used. Moreover, the only devices
provided by the industry at the time were electronic modules with the
typical appearance and handling. The bottom line was that a new electronic
module had to be packaged in a way that was suitable for the wiring
level, and installers or electricians had to be able to handle it as easily as
a terminal block. A second technological aspect was the requirement of
modularity in order to be able to cope with the mixture of signal types that
are invariably found in terminal boxes. One of the organizations expressing
this requirement very strongly was the VDMA working group on automation
technology for woodworking machines, which was looking for a fine-
granular 1/0 system. Another important factor were influences from within
our own company, which originated from systems engineering, and we still
have a strong control cabinet section with more than 100 staff today.
Based on our practical know-how, we knew that the new product had to fit
into the typical size 80 terminal box, which was a significant factor in our de-
sign considerations. To summarize: We had to utilize the proven design of the
passive terminal block as a basis for developing an electronic terminal block,
which had to be very granular, easy to handle, and suitable for an appropri-
ate signal mix at the terminal point. And we wanted to offer all this for the
price of a comparable conventional solution, despite the increased practical
benefit. As a matter of fact, we were able to accomplish all this within one
year.

Among the first customers:

Miele and Bertelsmann

How were you able to do it within such a short time?

Hans Beckhoff: It was a demanding time, but also a very exciting time. We
resolutely concentrated on this new and promising idea. After all, in addition
to thorough analysis, any innovation requires a high degree of intuition and
courage. Fortunately, our courage was rewarded — today approximately 50%
of our sales are from 1/0 products, a significant proportion of which are Bus
Terminals. During the development phase of the Bus Terminal system, a par-
ticularly important factor was that Beckhoff was not on its own, but was able
to co-operate closely with Wago. Bus Terminals are a good example for suc-
cessful co-operation, with a clear division of tasks at that time. In their ca-
pacity as terminal specialists Wago developed and supplied the housing tech-
nology, while Beckhoff dealt with electronics, software and system design.
This proved to be a very fruitful co-operation for both companies, since dif-
ferent talents could approach the problem from two sides: Mechanics on the
one hand and electronics on the other. The result was economic success for
both sides and mutual transfer of know-how. Today Wago has a strong inde-
pendent electronics development section, and Beckhoff learned a lot about
housing technology.

Over the past ten years, the development was advanced

continuously. What were the special highlights for you?

Hans Beckhoff: In the early days, the Bus Terminal system only covered
“normal” signals, i.e. digital and analog standard inputs and outputs. As
someone who enjoys technology, | am particularly pleased that we were able
to significantly advance the system technologically. The resolution of the ana-
log outputs increased from initially 12 bits to 16 bits and then to 24 bits. In
the meantime, certain special terminals achieve an absolute precision of
0.01%, which means they meet stringent measuring requirements. Today, our
Bus Terminals are not only suitable for PLC and motion control functions, but
also for measuring functions. In the future, measuring, control and motion
technology are likely to become more integrated. A particularly important as-
pect of this development is the tremendous flexibility and universality of our
Bus Terminal system.

Bus Terminal



Hans Beckhoff: “When it comes to fieldbus systems, the future clearly belongs to

Ethernet. With EtherCAT, which on the master side only requires an Ethernet port
and no special hardware, Beckhoff is particularly well prepared for this develop-
ment. A smooth transition is ensured because the EtherCAT system and standard
Bus Terminals are compatible: Bus Terminals can be freely integrated into EtherCAT
systems via EtherCAT Bus Couplers. In addition, we will offer EtherCAT terminals
containing EtherCAT as a basic communication system so that no Bus Coupler
functionality is required. Depending on the application, the user can then decide

whether to use standard terminals or EtherCAT terminals.”

What exactly does this mean?

Hans Beckhoff: Today, a total of 187 different standard Bus Terminals are
available that can deal with any task the market asks for. This number will
continuously increase. For example, we are currently developing servo power
sections that can handle small motion control applications directly from the
Bus Terminal. In the course of time a universal I/0 system has emerged that
constitutes a cornerstone of automation technology. From my point of view,
it is a novelty in the world of automation that a single type of hardware is
able to cover such a wide range of applications, starting from classic machine
automation to building automation and process engineering. The same prod-
uct range can thus be used for controlling a high-performance CNC, for au-
tomating the administration building of an industrial company, or for moni-
toring a sewage works or an oil platform, for example. This is not least a con-
sequence of our basic concept dating back to 1995: We replaced the tradi-
tional terminal block, which after all had a similarly wide range of uses. Apart
from these fundamental highlights, there are naturally also many technolog-
ical ones. Examples are the oscilloscope terminal that can be used to visual-
ize the forces within a machine in real time, or Bus Terminal Controllers with
integrated intelligence that enable /0 systems to be used as decentralized
stations.

How were you able to keep ahead of your competitors in terms of

technology and know-how over the years?

Hans Beckhoff: One reason for the continuing success of the Bus Terminal
system is the clever design of the system. It is basically a large construction
kit comprising a wide range of I/0 modules and different central processing

units, so that the system design and the interfaces on which it is based had
to be defined very clearly, robustly and far reaching. The fact that in 1994 we
looked ahead very well and very far had become apparent quite some time
before the 10th birthday of the Bus Terminal system. It was, therefore, quite
easy for us to implement subsequent requirements such as complex commu-
nication terminals or special motion terminals. Another aspect is close co-op-
eration with our customers, from which new product ideas emerge on a reg-
ular basis. Furthermore, Beckhoff as a technology company also regards cus-
tomer orientation as an obligation for proposing innovations or for introduc-
ing innovations in the market. We monitor the general electronics market very
thoroughly, in order to be able to utilize the latest components and tech-
nologies for automation technology applications. One of the factors for our
success is, no doubt, the fact that we quite simply enjoy developing high-end
electronics.

Where do you see further potential for your Bus Terminal system?

Hans Beckhoff: Even after ten years, the Bus Terminal enjoys strong growth
and we, therefore, continue to develop the technology further. Our innovation
efforts are aimed in two directions: Technological advancement on the one
hand, and price reduction on the other. | believe our system will continue to
set technological standards, and at the same time established products will
become more cost-effective. As already mentioned, classic automation will be
joined by the measurement technology and the classic PLC will have trouble
handling this.

Stefan Ziegler is chief editor of “elektro Automation”,
published by Konradin Verlag in Germany, www.ea-online.de
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Due to their flexible concept, Beckhoff Bus Terminals can be used as a universal /0 system in a wide range
of industries. The electronic terminal blocks are in use in many applications worldwide, from machine construction to building
technology. Examples of different applications are described below, ranging from “classic” to more “unique”.

Hayes-Lemmerz AG based in Germany,
established the most advanced wheel pro-
duction facility in the world. For automation,
Beckhoff technology is used exclusively: in-
cluding PC-based TwinCAT controllers, In-
dustrial PCs and Beckhoff Lightbus for I/0
communication. It's a long way from sheet
metal to the finished wheel: Initially, the
wheel disc and wheel rim are produced in
separate production processes and subse-
quently welded together in an assembly line.
The different production processes are inter-
linked in a 200 m long production line. The
assembly system features a total of 57 servo
axes. The servo axes and an additional 1,500
digital and analog machine 1/Os are con-
trolled via a single TwinCAT controller. Over-
all, the production line features 120 Lightbus
Bus Terminal stations with 5,000 digital and

1,000 analog Bus Terminals.

10 Years

Bus Terminals in use worldwide

Husky Injection Molding Systems Ltd., Canada, one of the world’s leading
manufacturers of plastic injection molding machines, uses Beckhoff technology
for control purposes throughout. Many plastic products, ranging from electrical
wall plugs to car hoods, are produced using injection molding techniques. The PC-
based control concept adopted by Husky combines all control functions of the
complex production process in an Industrial PC. The main areas covered by the
control system are hydraulics, temperature, robotics and visualization. The plastic
injection molding machine signals are picked up or issued via PROFIBUS Bus Ter-

minals.

The Swiss company Bruderer AG manufac-
turers high-performance automatic punching
presses for customers worldwide. The term
“high-performance” encompasses a wide
range of features such as fast, accurate,
durable, safe, flexible, simple operation and
integration options. A high-performance
controller is needed for meeting all of these
requirements. Bruderer has been using
Beckhoff as their single-source system sup-
plier of 1/0 components, Industrial PCs and
control software for years. One of the re-
quirements for the 1/0 system was flexible
wiring. This is where the Bus Terminal system
could fully demonstrate its power and flexi-
bility. It offers wiring of the field devices lo-
cally at the machine, quick integration of
new functions through connection of a Bus
Terminal, and simple replacement of the Bus
Couplers when the fieldbus system is
changed.

Beckhoff
Bus Terminal



The tire manufacturing giant, Continental
AG uses PC-based automation technology
from Beckhoff. Far in excess of 1,000
Beckhoff controllers are used in Continental

plants worldwide for controlling tire produc-
tion machines. The system consists of: Indus-
trial PCs, Control Panels, TwinCAT for PLC
and motion control applications, drive sys-
tems and Bus Terminals as the 1/0 system.
One application example is the Continental
: plant at the Romanian town of Timisoara,
ITrm ﬁ?J Europe’s most advanced factory for mass-

”h JI produced automobile tires. All production
~ —— machines and systems are equipped with
Beckhoff control technology throughout.
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More than 230 IPC controllers are used, plus
more than 250 Beckhoff servo axes. The

plant is networked via Bus Terminals, Light-
bus and PROFIBUS DP.

ALmix Asia, Asphalt Equipment Pte. Ltd., Singapore manu-
factures hot mix plants equipped with complex and highly-auto-
mated control systems. “In the past ALmix had seen many con-
trol technology developments that promised open and adaptable
systems. But only Beckhoff, with their open Bus Terminal tech-
nology, provided us with the opportunity to completely separate
the application layer from the physical layer,” said Mohamed Zu-
bir Baboo, system manager at ALmix. “The Beckhoff Bus Termi-
nals offer unlimited autonomy with regard to the different hard-
ware components. This is a prerequisite for us due to the differ-
ent concepts for the individual projects we deal with. The tech-
nology enables us to increase our product flow while maintain-
ing the reliability and quality of our products.”

Bertelsmann in Germany has been a Bus Terminal customer right
from the start. The company uses the electronic terminal blocks for a
wide range of applications. One example is the company's distribution
center at Harsewinkel, from which large customers are supplied at
short notice with printed advertising material, forms and a wide range
of office supplies. The carton conveyor system for the distribution cen-
ter (with a floor area of 20,000 sqm) was based on PC control tech-
nology, including Bus Terminal technology. The Beckhoff Lightbus field-
bus is used for interference-proof data transfer. The control compo-
nents for each individual conveying unit are mounted in terminal box-
es, for example, at the roller conveyor. The signals for bar code scan-
ners, light barriers, etc. are picked up locally via a Bus Terminal system.

Otto NuBbaum GmbH & Co. KG, based in
Germany, manufactures high-quality lifting
equipment. The company uses electronic Bus
Terminals from Beckhoff for their latest parking
system for Smart. Fully automatic parking sys-
tems offer room for up to 35 Smart cars on sev-
eral levels. The cars are presented behind a glass
facade. The system has a very small footprint of
only 67.24 sqm. The average duration of a park-
ing or removal procedure is only about 2.5 min-
utes. Inductive sensors and light barriers provide
extensive checks on presence and monitoring of
position. The electronic Bus Terminals transfer
the signals for the necessary control information
to the control PC via CAN bus.




The Hungarian company, Nitrogen Work is a major
producer of fertilizers. For the redesign of its produc-
tion facilities, the company was looking for a soft-
ware-based recording device for monitoring a two-
stage turbine and for logging temperature, flow and
pressure data. The device switches the turbine off

when a temperature exceeds the set value. Miklds
Resz, director of maintenance at Nitrogénmivek, had
a compact solution in mind, consisting of a PLC and a
data acquisition device that doesn't need paper or ink.
“The Embedded CX and the wide range of Bus Termi-
nals available from Beckhoff provides us with the flex-
ibility we need — and at a reasonable price.”

At the Microsoft headquarters in Munich, Germany intelligent building con-

trol is realized with PC- and Ethernet-based control technology. The Microsoft
head office comprises two main buildings and nine office buildings with a total
floor area of 27,600 sqm. In each building, an Industrial PC with TwinCAT au-
tomation software controls central building functions and deals with the coordi-
nation of the decentralized Bus Terminal stations. In 2000, the Microsoft project
in Munich was the first to use Ethernet Bus Terminals for building automation.
More than 12,000 data points for HVAC, security, access and other functions are
monitored by about 200 Ethernet Bus Terminal stations. Signals for light, tem-
perature, shade and HVAC control are handled directly in the BC9000 Ethernet
Bus Terminal Controller so that if there should be a network failure all functions

affecting safety remain intact.
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“Auf Schalke” is one of the most advanced stadiums in Europe and will be a
venue for the 2006 Football (Soccer) World Cup in Germany. Technical highlights
of the multi-purpose arena are the movable stands, the unique roof construction
and the 11,500 ton pitch area (playing field) that can be moved via Beckhoff Bus
Terminals. Four hydraulic grippers drive the movable pitch. A total of nine Bus Ter-
minal stations that are connected via PROFIBUS deal with control and monitor-
ing functions. Four BC3100 Bus Terminal Controllers synchronize the movement
of the pitch slab. Displacement sensors in the advance cylinders are used to meas-
ure the cylinders’ positions, and the data is passed to the Bus Terminals via the

Control functions in today's automation engineering are moving to be housed SSl interface. Other parameters measured are the clamping and shifting pressure
locally at the machine. In addition to Bus Terminals in protection class IP 20, of the cylinders. The proportional valves for the synchronous movement of the
fully sealed Fieldbus Box modules in protection class IP 67 are ideally suited pitch are also controlled. Other Bus Terminal stations with BK3100 Bus Couplers
for this purpose. Leonhard Moll Betonwerke GmbH & Co. in Germany us- are responsible for supervising the lubrication and for the operating panel. This
es a combination of both Beckhoff 1/0 systems at their production plant for provides the operator with all the position data as well as the oil temperature in
concrete sleepers. Together with the PC-based control platform TwinCAT, both the cylinders via a display. At several locations, eight PT100 sensors measure the
the efficiency and the quality of the concrete sleepers produced could be sig- precise temperature profile of the pitch at different depths.

nificantly improved. The fieldbus system is based on PROFIBUS DP with 12
Mbaud.




Beckhoff Bus TermirInaA/ww.beckhoff.com/BusTerminaI/

More than 180 different standard Bus Terminals
57 Bus Couplers for all main fieldbus systems
Low system costs through the use of 1-, 2-, 4- and ————

8-channel Bus Terminals
10 Years

Beckhoff

Bus Terminal

JI|II

Bus end terminal

3-phase power measurement | Integrated safety: The TWinSAFE Bus
capability enables all relevant | Terminals enable the connection
electrical data of the supply of all common safety sensors and
network to be measured actuators

The terminal bus extension
enables the connection of up to
255 Bus Terminals (instead of 64)
to a single station

Bus Terminals with a

maximum measurement Communication terminals
error 0f0.01% expand enable the integration
the range of applications of subsystems such as
to high-precision AS-interface, RS232
measurement technology and RS485

0OE10V X X X x| 0OE1I0V  x x x x| SSl-sensor X

+10V X X X X| x10V X X X X| Incremental encoder |x

0 E 20 mA X X X x| 0OE20mA x x x x| RS232 X

4 E 20 mA X X X x| 4E20mA x X x x| RS422/RS485 X L

0E2V X AS interface

+2V X EIB

Thermoelements X X X LON

Resistance thermometer x x X DALI/DSI

Resistorbridge X EnOcean

Oscilloscope XX Safety logic The power terminal transforms a standard contactor
Power measurement X into a motor protection relay with comprehensive

diagnostic functions

BECKHOFF




IMA Automation in Germany is part of the Feintool Automation Division and a leading global supplier of

automatic assembly machines. “In 1997, we switched our complete control concept from a centralized hard-
ware PLC to a PC-based control system from Beckhoff including Industrial PCs, the TwinCAT software PLC,
and Bus Terminals,” said Ginter Sterk, director for electrical systems at IMA Automation. “We decided to use
Lightbus as our standard fieldbus,” explained Giinter Sterk. “In the meantime, we have installed additional
fieldbus systems: SERCOS for highly dynamic applications, DeviceNet for systems operating in conjunction
with robot applications, PROFIBUS as the periphery for customer-specific systems, more recently also real-
time Ethernet couplers,” he continued. “Why do we use Beckhoff Bus Terminals? The main reasons are high
modularity and a significant price advantage compared with other vendors’ systems. Additional factors are
the wide range of terminals with special functions, e.g. serial terminals for systems with up to 13 serial in-
terfaces, oscilloscope terminals, AS interface master terminals, negative switching terminals, SSI, which we
found very impressive,” Giinter Sterk stated on the 10th anniversary of the introduction of Beckhoff Bus Ter-
minals.

Koch in Germany, makers of packaging machinery, uses TwinCAT control software for controlling medium-
sized and large machines. One example for a typical application is a Varta AG blister line for packing flash-
lights, associated batteries and a product information sheet into a transparent dual blister pack. The
automation system for the machine also features Bus Terminals that are connected to the PC controller via

Lightbus. For packing machines using other fieldbus systems, only the Bus Couplers have to be replaced, with-
out having to redesign the complete application.

Fronius International GmbH of Austria is a leader in
welding technology and a one-stop provider for welding
products. “We have been using the Bus Terminal system from
Beckhoff for many years. It enables our fully digital current
sources to communicate with a wide range of robot sys-
tems,” said Wilhelm Ortbauer, software developer for field-
bus communication at Fronius. “The Bus Terminal system re-
duces our development time, i.e. a new robot can be inte-
grated into the overall system by simply replacing one of the

Wheaton Brasil, based in Sao Bernardo
do Campo, Brazil, supplies glass packaging
for the cosmetics, pharmaceuticals and food
industries. In one of the glass packaging ma-
chines, the mechanical camshaft for syn-
chronizing the machine’s sections was re-
placed with a BC9000 Ethernet Bus Terminal
Controller. “The Beckhoff Bus Terminal sys-
tem led to a significant reduction in change-
over time for these machines. This will lead
to higher production volume and greater
precision,” said Mauro Poltronieri, director
for automation systems at Wheaton Brasil.
“In our existing conventional machines we
had to adjust settings during operation, re-
sulting in a high risk of operator accidents,
or we had to stop the plant and interrupt
production. The Beckhoff system enables us
to carry out adjustments ‘online’ via control

software.”
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modules. In this way we are able to offer rapid market avail-
ability and the system makes commissioning on site simple
and safe. Our customers include well-known motor vehicle
manufacturers such as Volkswagen AG. Our international
presence also requires our system partners to offer rapid and
competent support worldwide. With Beckhoff as a partner,
Fronius manages to achieve successful synergy effects
worldwide.”



Pilkington Italia SpA, based in San Salvo, Italy, manufactures
glass and glass products for buildings and cars. It operates produc-
tion facilities in 24 countries on five continents and sales offices in
130 countries worldwide. With the production of glass for car win-
dows, the Pilkington subsidiary at San Salvo generates an annual
turnover of approx. 400 million euros. In 2004, the plant started us-
ing the Bus Terminal I/0 system from Beckhoff, which led to a sig-
nificant increase in productivity.

Cement manufacturing is a world in itself. The production process
cannot be measured against ordinary standards, since it is subject
to high temperatures and vibrations. Here too, distributed Bus Ter-
minal stations are used. The cement plant at Hover is one of sever-
al cement, lime and ready-mixed concrete production facilities in
Germany operated by Holcim AG. The strategy adopted at the

Hover facility is one of decentralized automation. The system in-
volves about 100 terminal boxes distributed across the plant, fea-
turing more than 2000 Bus Terminals for transferring process sig-
nals to the control center via PROFIBUS Bus Couplers. Conversion
to a standardized I/0 system not only reduced the cabling work, but
also led to improved transparency of the system for the individual
stations of the concrete production.

The German company Miele & Cie. GmbH & Co., manufacturer of high-qual-

ity domestic appliances such as washing machines and dryers, was one of the first
to use Beckhoff Bus Terminals in their production lines. The electronic terminal
blocks enabled Miele engineers to implement tailor-made control solutions with
cost-effective standard components. Miele's intention was to use a decentralized [} e
approach for reducing the costs for comprehensive and sophisticated control cab- :
inets, cable routes and installations, and at the same time to reduce the effort in-
volved in line conversions. For this reason, individual stations with Beckhoff Bus
Terminals were installed at each assembly or supply port.

{10 Years
Beckhoff

Bus Terminal

The German company IMA Klessmann Maschinenfabrik has been a trendsetter
for wood processing technologies for several years. In collaboration with Beckhoff,
IMA realized a concept for PC-based control of edge processing machines, including
the “Combima” machine series. All hardware components such as fieldbus devices,
valves, drives etc. are directly located at the unit. The I/0 data generated in the ma-
chine are recorded via the Bus Terminals. Communication between the controller and

the decentralized 1/Os is via Lightbus. EtherCAT terminals are now used in more re-
cent machine designs.



Beds with variably adjustable wooden
slat frames can be a significant factor for
ensuring a good night's sleep. Wood-
working machines from Koch-Maschi-
nenbau in Germany play an important
role here. Equipped with advanced In-
dustrial PC Control technology, they en-
sure the dimensional accuracy of the
bore holes and milled slots. Like for oth-
er machines, Koch uses Beckhoff hard-
ware and software for this application,
consisting of an Industrial PC with Twin-
CAT NC PTP, a 15-inch Control Panel,
30 AL2000 linear servomotors and Bus
Terminals as the 1/0 system for accurate
positioning of the processing heads.

Billh6fer of Germany is a worldwide supplier of machines,
systems and components for coating, refinement and con-
nection of planar substrates made from paper, metal, textiles,
plastic and other materials. “We have been using Beckhoff
Bus Terminals in our machines since 1991," said Peter Micz-
ka, director for electronic systems at Billhofer. “At that time
we switched from a centralized control configuration to a
modular machine concept with local control. The Bus Termi-
nal system from Beckhoff offers a key advantage — the same
periphery can be connected to different bus systems by sim-
ply replacing the Bus Coupler, which makes service and in-
ventory management much easier,” said Peter Miczka's col-
league, Gerhard Wiichner. “Due to the modularity of the sys-
tem, only those inputs and outputs that are actually required
have to be connected. This means that the system can be very
compact and space-saving. This in turn leads to a price ad-
vantage we can capitalize on.”

At their plant in Genk, Belgium, car manufacturer Ford was faced with the task of replacing
their 40-year-old mechanical kWh measuring instruments with a new, modern energy meas-
uring system that stores measured data in such a way that they can be retrieved again. The
new system had to be affordable and more cost-effective than simply replacing the existing
kWh measuring instruments. Ford decided to use the KL3403 3-phase power measurement I/0

terminals from Beckhoff. The Bus Terminal is currently only used for kWh measurements. How-

ever, in the future the company also intends to record the phase shift angle cos ¢ and peak

currents in order to obtain more detailed energy consumption information. This enables Ford

to meet the Kyoto standard for environmental protection, which came into force in Belgium

on 16 February 2005.

The Spanish company, Ecotécnia has been
involved with renewable energy projects
since 1981. It designs, manufactures and op-
erates wind power plants and turnkey wind
parks. Beckhoff Bus Terminals have become
the standard control system for the compa-
ny's wind turbines. Jordi Roca, director of
Ecotécnia’s electronic systems section, said:
“In our wind parks in Spain, we have in-
stalled more than 1000 DeviceNet Bus Cou-
plers and a variety of Bus Terminals from
Beckhoff”. “In conjunction with Ecotécnia’s
know-how in this market segment, the com-
bination of operator convenience, modular
design and flexibility offered by the Beckhoff
Bus Terminals leads to an end product that
offers excellent performance.”

The Dutch company ASML, one of the
world’s leading manufacturers of high-tech
machines for the semiconductor industry, de-
veloped a production line for 300 mm wafers
using TWINSCAN. The control solution for
monitoring and diagnosis of the complete
system was realized with Beckhoff compo-
nents. The system monitors all safety and
emergency systems and logs any alarms. At
the same time, the current state of produc-
tion is visualized on two 10-inch Control
Panels. Apart from PC Control, eight Bus Ter-
minal stations for monitoring and diagnostic
functions are integrated for each production
line at the I/0 level. DeviceNet is used as the
fieldbus — increasingly establishing itself as

the standard for the semiconductor industry.




The German company, Team GmbH was estab-

lished in 1984 and specializes in control and visual-
ization technology. Improving cost-effectiveness

Over the past few years, nearly all the lines in the engine assem-
bly area at the VW factory at Uitenhage in South Africa have
been converted to PC-based control technology from Beckhoff.
There are also TwinCAT controlled lines in final assembly and
body shop. In the past, the production plant was expanded for the
PQ24 Polo (a light passenger vehicle), for example. The control
system — consisting of seven C33xx type Industrial PCs — was op-
timized for process security during production and machine con-
trol with integrated data acquisition and monitoring of the sub-
systems. The 1/0 data required to control the conveying systems,
special purpose machinery, bolting and pressfit systems are trans-
ferred across the entire assembly area reliably and rapidly over
Lightbus. The Lightbus ring passes through a series of Bus Termi-
nal stations with their associated digital, analog and serial /0
terminals.

Came Security of Italy specializes
in PC-based control and monitoring
for ships and yachts. “Came Security
was one of our first Italian customers
to use Bus Terminals from Beckhoff,"
said Pierluigi Olivari, managing di-
rector of Beckhoff Italy. “The huge
savings in terms of space and wiring
time offered by the system proved
very useful and advantageous in
shipbuilding applications,” explained
company director Riccardo Matteuc-
ci. “The CX1000 Embedded PC and
the TwinCAT software PLC are ideal
for controlling all electrical systems
on a yacht.”

Bus Terminal

Wuhu Cigarettes, Jiang Cheng, China. “Our plant has a very high throughput with demanding re-
quirements for our control system,” said Huai Zhe, works engineer at Wuhu cigarette factory. “One

of the key features of this tobacco cutting line is that all components, such as vibratory conveyors,

rollers and conveyor belts are driven by motors with less than 5.5 kW capacity. In order to ensure ro-

bust, interruption-free operation it is particularly important that status and fault displays are avail-
able without any delays. The KL8001 power terminal from Beckhoff makes this possible. What's more,
each motor can be controlled via the same terminal type. The system also offers significant benefits
during installation, leading to reduced maintenance time and costs. Compared with previous control
systems, the plant now operates at much higher speed, leading to significant productivity improve-

ments.”

The densely populated “Xu Jia Hui” district in the south-

was the main driving force behind a recent project west of Shanghai is a flourishing business quarter in

involving the conversion of a floating dredger for China. The speed of the economic development and intense
sand and gravel extraction to fully automatic con- construction activities meant that the old waste water sys-
trol. “The DredgerControl control system we special- tem could no longer cope with demand and a major recon-
ly developed for this purpose is based on Beckhoff
Bus Terminals and the TwinCAT software PLC. During
the actual operation, it exceeded our expectations,”
said Bernd Wittenberg from Team GmbH. “Dredger

production increased by around 22 percent. So far,

struction was required. In the second development phase of
the project, a new pumping station was connected to the
central monitoring and control system of the “Zhao lia
Bang” waste water treatment plant. All 1/0 points in the field
from a total of 38 distributed Beckhoff Bus Terminal stations
the system has suffered no control-related downtime are connected with the central control system via DeviceNet.

since it was installed more than two years ago. A In order to optimize the price/performance ratio, “Compact”

further advantage of the Bus Terminal system is its and “Low Cost" type Bus Couplers were used.
expandability. The recent extension involving a
booster station only took a few hours to implement,

including commissioning.” —> Additional applications and solutions using Beckhoff Bus Terminals can be found at:

www.beckhoff.com/applications/





