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Foreword

The success story of Industrial Ethernet began in 1985 when Siemens presented
the SINEC H1 based on IEEE 802.3. Especially because of its ability to exchange
large quantities of data, Industrial Ethernet was predestined for use in production
control systems. Three years later, special fieldbus systems such as Profibus start-
ed to establish themselves for communication at the field level. These permitted
fast and reliable exchange of data between controllers and distributed I/O devices.

However, the increase in the volume of data to be transmitted resulting from in-
creasingly intelligent field devices means that current fieldbus systems have
reached their performance limits. With the first presentation of Profinet by PROFI-
BUS International in August 2000, Industrial Ethernet started to overcome this
limitation. Profinet is making the way free for continuous communication from
the field level up to the corporate management level.

Profinet as an open Industrial Ethernet standard now satisfies all requirements for
industrial applications. It is a standard which combines industrial performance
and the strict real-time communication requirements necessary for motion con-
trol applications with the advantages of modern office communication.

Profinet 10 permits automation solutions to be implemented which were previous-
ly exclusively reserved for fieldbus applications. Profinet CBA divides complex au-
tomation applications into autonomous technological modules of manageable
size. In both cases, existing fieldbuses can be integrated into future structures us-
ing proxies.

Profinet is the first communications standard which permits both standard and
safety-related communication over Industrial Ethernet. With the PROFIsafe profile
certified in accordance with IEC 61508, Profinet satisfies the highest safety re-
quirements for the process and manufacturing industries in accordance with SIL 3
and EN 954-1 Category 4.

Profinet offers a complete solution ranging from industry-compatible cables and
connectors up to switches with real-time capability. A security concept specially
tailored to automation engineering covers access control, data encryption, au-
thentication and logging, and takes into account the high network security re-
quirements.

By means of Profinet, Industrial Ethernet has been “reinvented”, and its success
story extended by a further chapter.

It is also our hope with the second edition of this book that readers will become
rapidly and practically acquainted with the topic of Profinet. In addition to correc-



Foreword

tions, the previous focal points “Distributed I/0” and “Distributed automation”
have been updated, and the new topic “Safety” included.

This new edition would not have been possible without our readers and their in-
terest in this exciting topic, without Siemens and its friendly support in all techni-
cal matters. Thanks also to everyone who proof-read it in their free time and con-
tributed to continuous improvement of the book with a wide range of constructive
suggestions, and last but not least to our families for their understanding and pa-
tience during many late nights.

Sincere thanks to all!

Erlangen, August 2008

Q“‘"@t e At

Raimond Pigan Mark Metter
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1 From Contactor to Open Standard

The predecessors of current programmable logic controllers (PLC) were connec-
tion-oriented controls with the bis dato customary contactor controls. Up to that
point in time, controls were characterized by circuit technology. Control tasks
were solved by hardware connections between simple logic circuits. The hardware
had high space requirements, but the flexibility was greatly limited: every modifi-
cation usually required arduous conversion work.

In 1968, a group of engineers at General Motors designed the first PLC, and the
first functional programmable controllers appeared at the beginning of the seven-
ties. The first devices were designed similar to power equipment, and could be
connected using the same cables and tools as for contactor controls. The most sig-
nificant benefit was that modifications could be carried out independent of the
hardware. Microprogrammed PLCs with multiprogram capability came on the
market at the beginning of the 1980s, and permitted control tasks to be imple-
mented in the form of software routines.

1.1 The Simatic Success Story

In 1958, Siemens AG introduced the Simatic G, a first modular but not yet pro-
grammable concept based on germanium semiconductors with resistor-transistor
logic (RTL) (see Fig. 1.1). The Simatic N and H systems with silicone semiconduc-
tors and diode-transistor logic (DTL) initially followed in 1964. In the next step,
the Simatic C1 and C2 with integrated circuits with high-noise-immunity and
surge-proof logic (HLL) were launched on the market starting in 1971, as well as
the Simatic C3 with transistor-transistor logic (TTL). One feature was common to
these continuously improved systems: none of them was freely-programmable.

Fig.1.1
Simatic G module
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Fig. 1.2 Simatic S5

The freely-programmable Simatic S3 controller was developed in 1973. This PLC is
the great-grandfather of modern PLCs. With the Simatic S5 system in 1979,
Siemens achieved the complete breakthrough in the mass market to become the
global leader (Fig. 1.2).

The Simatic S5 could be programmed using various special languages. Those ini-
tially used were the statement list (STL), function block diagram (FBD) and ladder
diagram (LAD) in the Step5 software package.

The Simatic S7 range was introduced in 1995. Simatic S7 is the basis for Totally
Integrated Automation (TIA). TIA is a uniform solution platform from Siemens for
all industrial sectors, and consists of a complete range of matched products and
solutions for solving automation tasks.

Generations

A Ist 2nd 3rd 4th  5th 6th

Networking
Operation
Monitoring
Logging

Control
Computing
Counting, saving
Sequencers
Timers

Logic operations

Functionality

Start of delivery 1958 1964 1971-73 1979 1995

> >
Hardwired Programmable

Fig. 1.3 Summary of dates and functions of the Simatic generations
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1.2 The Road to Industrial Ethernet

In the course of further development of the Simatic S7, the range was extended by
a series of controllers with graded performances and configurations with the asso-
ciated signal converters for various input and output voltages as well as output
currents. In the meantime, the range extends from small PLCs for simple binary
operations up to large devices for complex tasks which previously could only be
handled by process computers (see Fig. 1.3).

One of the most important factors in the development was the simple handling of
the system. A rugged design without fans has been made possible which permits
direct connection of external cables using screw or plug systems.

Not only the controllers developed further, the programming environment did as
well. In addition to the generation of programs, the programming devices allowed
their correction and documentation, plant commissioning and troubleshooting.
To permit the supervision and documentation of functional sequences it soon be-
came possible to connect standard I/O devices such as printers and display termi-
nals to the PLCs. The first Windows-based graphical user interfaces for program-
ming became available from 1985. Programming with comment lines and the
structured design of PLC programs then became possible.

1.1.1 Change in Structure Through Decentralization

The next innovation jump in the PLC’s history was triggered by a change in struc-
ture toward the decentralization of inputs and outputs. Decisive for this was the
desire to reduce cabling costs. The 1/0s moved closer to the place of action, and
were connected to the central controller by means of thin two-wire or four-wire ca-
bles (fieldbuses). Mini programmable controllers now handled simple tasks di-
rectly on site, the central PLCs were offloaded. Control commands were passed on
from the central controllers to the distributed switching devices over fieldbus net-
works. The first /0 devices in IP 65/67 degree of protection meant that additional
terminal boxes could also be omitted.

It became quickly evident that further field devices such as drives or valves are re-
quired for a distributed automation solution in addition to the distributed input
and output devices. At the beginning of the 1990s, a start was made toward stan-
dardization of many fieldbuses with the target of defining a future-oriented stan-
dard open to all manufacturers. Nowadays, all important bus systems can be con-
nected over different communication interfaces, where Industrial Ethernet, Profi-
bus and AS-Interface are the most important representatives in Europe.

1.2 The Road to Industrial Ethernet

Robert Metcalf presented his idea of the “Ethernet” (Fig. 1.4) at the National Com-
puter Conference in 1976. The term “Ethernet” should be a reminder of the old
idea of the “light ether” which surrounds the earth and which, according to an-
cient tradition, was the propagation medium for electromagnetic energy. Similar
to the “light ether”, the coaxial cable should be the passive medium for passing on
the message from a transmitter to all connected participants.
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In 1980, a group of companies with DEC, Intel and Xerox published the so-called
DIX standard. This replaced the bis dato experimental state of the Ethernet by an
open, fully-specified 10-Mb/s system. Standardization was carried out in 1985 by
the Institute of Electrical and Electronics Engineers (IEEE) under the number
802.3 as a networking standard for local area networks (LANs). The way was then
opened up for establishment as an industrial standard.

Fig. 1.4 Presentation of the Ethernet at the National Computer Conference

The so-called “Ethernet” is basically a data network technology based on data
frames. Ethernet allows all participants present in a LAN to exchange data with ev-
ery other device connected in the same network in the form of so-called frames or
packets. Nowadays, Ethernet technology links devices over long distances all over
the globe. The Internet is based completely on this technology. Ethernet describes
the type of signaling, and defines the packet formats and protocols. Various com-
ponents of it also specify standards for media such as cables and connectors. From
the viewpoint of the OSI model, Ethernet specifies both the physical layer (OSI Lay-
er 1) and the data link layer (OSI Layer 2). Ethernet is standardized to the greatest
possible extent in the I[EEE standard 802.3. In the nineties, it advanced to the most
widely used LAN technology, and has now displaced all other LAN standards such
as Token Ring, FDDI and ARCNET. Ethernet can provide the basis for network pro-
tocols such as TCP/IP, AppleTalk or DECnet.

A number of extensions to the Ethernet standard were introduced in the course of
time, especially with respect to cabling and speed. The original Ethernet 10BASES5,
also known in the meantime as “Thicknet” is of no significance any more. The
Thicknet was followed by 10BASE2 “Thinnet”, also named Thinwire or Cheapernet.
10BASE2 used significantly thinner and therefore cheaper coaxial cables, and be-
came extremely popular. It can still be encountered in home or older office net-
works. The triumph of the twisted-pair standard started in 1990. With 10BASE-T
and the associated data transmission rate of 10 Mb/s, Ethernet achieved the final
industrial breakthrough.
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