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SIEMENS

Warning

Risks involved in the use of so-called SIMATIC-compatible modules of non-Siemens
manufacture

"The manufacturer of a product (SIMATIC in this case) is under the general obligation to give
warning of possible risks attached to his product. This obligation has been extended in recent
court rulings to include parts supplied by other vendors. Accordingly, the manufacturer is obliged
to observe and recognize such hazards as may arise when a product is combined with products
of other manufacture.

For this reason, we feel obliged to warn our customers who use SIMATIC products not to
install so-called SIMATIC-compatible modules of other manufacture in the form of
replacement or add-on modules in SIMATIC systems.

Our products undergo a strict quality assurance procedure. We have no knowledge as to
whether outside manufacturers of so-called SIMATIC-compatible modules have any quality
assurance at all or one that is nearly equivalent to ours. These so-called SIMATIC-compatible
modules are not marketed in agreement with Siemens; we have never recommended the use of
so-called SIMATIC-compatible modules of other manufacture. The advertising of these other
manufacturers of so-called SIMATIC-compatible modules wrongly creates the impression that
the subject advertised in periodicals, catalogs or at exhibitions had been agreed with us. Where
so-called SIMATIC-compatible modules of non-Siemens manufacture are combined with our
SIMATIC automation systems, we have a case of our product being used contrary to recommen-
dations. Because of the variety of applications of our SIMATIC automation systems and the large
number of these products marketed worldwide, we cannot give a concrete description specifi-
cally analyzing the hazards created by these so-called SIMATIC-compatible modules. It is be-
yond the manufacturer's capabilities to have all these so-called SIMATIC-compatible modules
checked for their effect on our SIMATIC products. If the use of so-called SIMATIC-compatible
modules leads to defects in a SIMATIC automation system, no warranty for such systems will be
given by Siemens.

In the event of product liability damages due to the use of so-called SIMATIC-compatible mo-
dules, Siemens are not liable since we took timely action in warning users of the potential ha-
zards involved in so-called SIMATIC-compatible modules."
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ESD Guidelines

Guidelines for Handling
Electrostatically Sensitive Devices (ESD)

1 What is ESD?

VSLI chips (MOS technology) are used in practically all SIMATIC and TELEPERM modules.
These VLS| components are, by their nature, very sensitive to overvoltage and thus to
electrostatic discharge:

They are therefore defined as
Electrostatically Sensitive Devices: "ESD"

"ESD" is the abbreviation used internationally.

The following warning label on the cabinets, subracks and packing indicates that electrostatically
sensitive components have been used and that the modules concerned are susceptible to touch:

A
At

ESDs can be destroyed by voltage and energy levels which are far below the level perceptible
to human beings. Such voltages already occur when a component or a module is touched by a
person who has not been electrostatically discharged. Components which have been subjected
to such overvoltages cannot, in most cases, be immediately detected as faulty; the fault occurs
only after a long period in operation.

An electrostatic discharge

— of 3500 V can be felt

— of 4500 V can be heard

— must take place at a minimum of 5000 V to be seen.

But just a fraction of this voltage can already damage or destroy an electric component.

The typical data of a component can suffer due to damage, overstressing or weakening caused
by electrostatic discharge; this can result in temporary fault behavior, e.g. in the case of

temperature variations,
mechanical shodks,
vibrations,

change of load.

Only the consequent use of protective equipment and careful observation of the precautions for
handling such components can effectively prevent functional disturbances and failures of ESD
modules.

C79000-D8076-C333-01 i
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When is a Static Charge Formed?

One can never be sure that the human body or the material and tools which one is using are not
electrostatically charged.

Small charges up to 100 V are very common; these can, however, very quickly rise up to
35 000 V!

Examples of static charge:

Walking on a carpet up to 35 000 V
Walking on a PVC flooring up to 12 000 V
Sitting on a cushioned chair up to 18 000 V
Plastic desoldering unit up to 8 000 V
Books, etc. with a plastic binding up to 8 000 V
Plastic bag up to 5000V
Plastic coffee cup up to 5000V

Important Protective Measures against Static Discharge

Most plastic materials are highly susceptible to static charge and must therefore be kept as
far away as possible from ESDs!

Personnel who handle ESDs, the work table and the packing must all be carefully grounded!

Handling of ESD Modules

One basic rule to be observed is that electronic modules should be touched by hand
only if this is necessary for any work to be done on them. Do not touch the component
pins or the conductors.

Touch components only if

— the person is grounded at all times by means of a wrist strap

or

— the person is wearing special anti-static shoes or shoes with a grounding strip.

Before touching an electronic module, the person concerned must ensure that (s)he is
not carrying any static charge. The simplest way is to touch a conductive, grounded
item of equipment (e.g. a blank metallic cabinet part, water pipe, etc.) before touching
the module.

Modules should not be brought into contact with insulating materials or materials which
take up a static charge, e.g. plastic foil, insulating table tops, synthetic clothing, etc..
Modules should only be placed on conductive surfaces (table with anti-static table top,
conductive foam material, anti-static plastic bag, anti-static transport container).
Modules should not be placed in the vicinity of visual display units, monitors or TV sets
(minimum distance from screen > 10 cm).

The diagram on the next page shows the required protective measures against electrostatic
discharge.

C79000-D8076-C333-01
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5 Measurements and Modifications to ESD Modules
» Measurements on modules may only be carried out under the following conditions:

— the measuring equipment is grounded (e.g. via the PE conductor of the power supply
system) or

— when electrically isolated measuring equipment is used, the probe must be discharged
(e.g. by touching the metallic casing of the equipment) before beginning measurements.

» Only grounded soldering irons may be used.

6  Shipping of ESD Modules

Anti-static packing material must always be used for modules and components, e.g. metalized
plastic boxes, metal boxes, etc. for storing and dispatch of modules and components.

If the container itself is not conductive, the modules must be wrapped in a conductive material
such as conductive foam, anti-static plastic bag, aluminum foil or paper. Normal plastic bags or
foils should not be used under any circumstances.

For modules with built-in batteries ensure that the conductive packing does not touch or
short-circuit the battery connections; if necessary cover the connections with insulating tape or
material.

C79000-D8076-C333-01 iii
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Notes on Using this Manual

1

The S5-135U/155U PLC is a member of the family of SIMATIC S5
programmable (logic) controllers. The controller can be used in single

and in multiprocessor operation with up to four CPUSs. In
multiprocessor operation, each CPU processes its individual user
program independently of the other CPUs (multi-computing).

The following are available as CPUs:

for fast word and binary signal processing,
especially fast double-word and floating point
processing, and for large programs with a high
storage requirement; programming in STEP 5.
When you use a CPU 948, you have an S5-155U
PLC.

for fast word and binary signal processing and for
communication; programming in STEP 5.

for fast binary signal processing and for word
processing; programming in STEP 5.

for word processing
(computing, controlling, monitoring, signalling);
programming in STEP 5.

CPUs available
CPU 948
CPU 928B
CPU 928
CPU 922
(R processor)
Slots

controller:

You can combine the CPUs arbitrarily at the CPU slots in the central

CPU Slot Requirement
CPU 948/CPU 928B/CPU 928§ 2 slots
CPU 922 1 slot
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Notes on Using this Manual/Overview

Given as a guide in the following are pointers on how this manual is
organized; they will assist you when using your S5-135U/155U
programmable controller.

At the end of this manual you will find tHESD Guidelines"

You must observe these to the letter and follow them during the
entire time you are working with the S5-135U/155U PLC. If your
PLC requires repair, you must observe the Repair Guidelines in
Section 4.1.4.

Chapter 3 contains the Installation Guidelines with information
on interference-free installation of the S5-135U/155U PLC.

Which of the remaining chapters of this manual you may require
when working with your PLC will depend on the extent of your
automation task and on the configuration of your PLC.

For a basic configuration in single-processor operation without
expansion units, you will need the following chapters:

Chapter 4 describes the central controller (CC) in Section 4.1.
Described are the technical features, installation, startup and
maintenance of the CC. Section 4.3 describes the power supply
units. You will find a separate description of the 6ES5 955-3NA12
power supply unit in Section 4.5. Both sections describe the
installation and startup as well as the necessary maintenance on
the power supply units. The 24 V/4 A load power supply is
described in Section 4.4.

Chapter 5 contains the instructions for the individual CPUs.
Described here are the technical features, installation and startup
of the individual CPUs. The various methods of operating the
CPUs are also described, as are the CPU statuses where they can
be directly indicated by the LEDs on the module. If you use
memory submodules or memory cards (CPU 948), you can look
up the necessary information in Sections 5.5 to 5.7.

Chapter 8 andChapter 9 describe the digital and analog I/O
modules. Described here are the installation, wiring and operation
of these modules. Individual I/O modules exhibit specific features
which are discussed in separate chapters.

System Manual
C79000-D8576-C199-03



Notes on Using this Manual/Overview

To configure your PLC with expansion units (EUs) you will need the
following chapters:

e Chapter 2 shows how you can configure a PLC with expansion

units in a centralized or distributed arrangement.

« Described irChapter 4, Section 4.2, are the EU 183U, EU 184U,
EU 185U and EU 187U. Those EUs which operate with their own
power supply unit are described in Section 4.3.

e Chapter 7 describes the interface modules (IMs) which serve for
data communication between central controllers and expansion
units.

To operate two or more CPUs in multiprocessor mode in your PLC,
you will need Chapter 6.

e Chapter 6 describes multiprocessor operation. This chapter
contains all the measures you must take for startup of the PLC in
multiprocessor operation. Described in Sections 6.5 and 6.6 are the
923C and 923A coordinators.

Given in theChapter 10are the connector assignments of the
individual modules and subracks.

Chapter 11 contains ordering data for the product described in this
manual and references to further reading.

Chapter 12 contains théndex of keywords in this manual.
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Centralized and Distributed 2
Configuration of a Programmable
Controller

Contents of Chapter 2
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Centralized and Distributed 2
Configuration of a Programmable
Controller

This chapter contains an overview of the methods of configuring an
S5-135U/155U PLC. You will find a description of the types of
communication between a central controller and the expansion units,
and an overview of the interface modules required for the different
types of communication.

System Manual
C79000-B8576-C199-03 2-3



Application

2.1

Application

The S5-135U/155U programmable controllers comprise a central
controller (CC) and, if required, one or more expansion units (EUS).
You need EUs when there are insufficient slots in the CC for the
modules to be used.

Various interface modules (IMs) are available for communication
between the CC and the EUs and between the EUs. It is therefore
possible to install an EU or EUs in the immediate vicinity of the CC
(centralized configuration) or at some distance (distributed
configuration). A combination of both types of configuration is also
possible by connecting additional EUs in a centralized configuration
with a distributed EU (see Figure 2-6).

This is clarified on the following pages.
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Centralized and Distributed Configuration

2.2 Centralized and Distributed Configuration

You can install a PLC in centralized or distributed configuration
according to your application.

IF... THEN...

you wish to position the modules as closely as |choose the
possible to the CC and can accept longer cable |eergralized
to the process, configuration

you wish to position the I/O modules as closely ashoose the
possible to the process and can accept longer catitributed
runs to the CC, configuration.

With the centralized configuration, you can install the CC and EUs in
the same cabinet or in adjacent cabinets. Data transmission is parallel.
Shown in the following figure is a centralized configuration.

EU

EU

CcC
IIEBODIEENE =
Load Power Supply

Figure 2-1  Centralized Configuration
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Centralized and Distributed Configuration

With the distributed configuration, a distinction is made between
parallel and serial communication. The main features of these types of
communication are as follows:

o Parallel fast data transmission
line length of up to 600 m

e Serial slower data transmission
line length of up to 3000 m

221
Installing a PLC with The following table shows which interface modules and connecting
Centralized Configuration cables can be used for connecting the various expansion units to the

CC in a centralized configuration.

Interface Module in Expansion Unit Interface Module in Connecting Cable

the CC the EU Max. Distance
IM 300-3 EU 183U IM 312-32 fixed to the IM 312 module
6ES5 300-3AB11 EU 185U 6ES5 312-3AB11 0.5m, 0.95m

(1/0 mod. only)
IM 301-3 EU 183U IM 312-32 fixed to the IM 312 module
6ES5 301-3AB13 EU 185U 6ES5 312-3AB31 0.5m, 0.95m

(1/0 mod. only)
IM 300-5 EU 184U IM 312-5 fixed to the IM 312 module
6ES5 300-5CA11 EU 187U 6ES5 312-5CA11 05m,1.5m
IM 301-5% EU 184U IM 312-5 fixed to the IM 312 module
6ES5 301-5CA12 EU 187U 6ES5 312-5CA21 05m,1.5m
IM 300-5 ER 701-1 IM 306 6ES5 705-0xxxX
6ES5 300-5LB11 6ES5 306-7LA11 05mto2.5m

1)
2)

This IM has a second interface for distriédd communication.
The last IM 312-3 always requires a 6ES5 760-0AB11 terminator.
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222
Installing a PLC with
Distributed Configuration

To install a PLC in a centralized configuration, you must observe the
following conditions:

e A centralized configuration is generally only suitable for
connecting 1/0 modules (DI, DQ, Al, AQ) and some intelligent
I/O modules (IPs) in the EU (see the Configuring Aids in the
catalog and Chapter 4).

e The line length between the IM in the CC and the last IM in the
EU must not exceed 2 m.

To install a PLC in a distributed configuration, you have a choice of
parallel/symmetrical and serial communication. The following table
shows which interfaces and connecting cables can be used to connect
the various expansion units (EUs/ERSs) to the CC in a distributed
configuration.

Interface Module in  |Expansion Unit Interface Module in Connecting Cable
the CC the EU Max. Permissible Line Length
IM 301-3 EU 183U IM 310" 6ES5 721-0XXXX
6ES5 301-3AB13 ER 701-2 6ES5 310-3AB11 1mto200m
(not for S5-155H) ER 701-3
IM 301-5 EU 183U IM 310V
6ES5 301-5CA12 EU 185U 6ES5 310-3AB11
IM 304 ER 701-2 IM 314 6ES5 721-0xxxx
6ES5 304-3UB11 ER 701-3 6ES5 314-3UA11 1 mto 600 m

EU 183U

EU 185U
IM 308 ER 701-2 IM 318-3 6ES5 707-5AA00
6ES5 308-3UA12 ER 701-3 6ES5 318-3UA11 V45551-F21-B5

EU 183U up to 3000 m

EU 185U

ET 100U IM 318-8

(Catalog ST 52.1) |6ES5 318-8MA12

ICM 560 -
IM 308-B ET 200 IM 318-B Cable connection
6ES5 308-3UB11 6ES5 318-8MB11
IM 307 ER 701-2 IM 317 B6ESS 722-2XXxX
6ES5 307-3UAL11 ER 701-3 6ES5 317-3UA11 Fiber optic cable

up to 1500 m
EU 183U IM 317
EU 185U 6ES5 317-3UA11

D' The last IM 310 or IM 314 always requires a 6ES5 760-1AA11 textimin
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for communication via an IM 304, IM 307 or IM 308.

To install a PLC in a distributed configuration, you must observe the
following conditions:



Centralized and Distributed Configuration

e With the IM 301/IM 310 pair of interface modules, you can only

use 1/0 modules (DI, DQ, Al, AQ) and IPs without page
addressing in the EUs.

e With the IM 304/314 pair of interface modules, you can use all
IPs, CPs and I/O modules in the EU 185U.

Note

The IM 307/317, IM 308/318 and IM 308-B/318-B each have their
own manual (see catalog).
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2.3 Examples

Given in the following are some examples of centralized and
distributed configuration of various SIMATIC S5 components.

3 EUs max.

EU 184U IM 312-5
| o
1
J 4 EUs max.
EU 184U IM 312-5 EU 183U IM 312-3
L] [ m
6ES5 760-0AB11
i i
EU 184U EU 183U

IM 312-5

4 | -1M312-3

[
F

il

IM 300-5
IM 300-3
0 | L)
G,
CC S5-135U/155U CC S5-135U/155U

Figure 2-2  Centralized Configuration of an S5-135U/155U with the IM 300
and IM 312

3 ERs max.

ER 701-1

il IM 306

ER 701-1 ¥ IM 306

ER 701-1 ¥ IM 306

E IM 300-5LB
]

0

CC S5-135U/155U

Figure 2-3  Centralized Configuration of an S5-135U/155U with ERs 701

System Manual
C79000-B8576-C199-03 2-9



Examples

6ES5 721-0xxx0

/ EU 185U EU 185U
# | Im314 4 EUs max. 8§ | IM314
= & N
\
C . BESS5 760-1AA11
A |

IM304 | 600 m max.

CC S5-135U/155U

EU 185U EU 185U

8§ | IM314 4 EUs max. -IM 314

6ES5 721-0xxx0
C 6ES5 760-1AA11

2

Figure 2-4  Distributed Configuration of an S5-135U/155U with the IM 304 and IM 314

6ES5 760-0AB11 IM 312-3 6ES5 760-0AB11 IM 312-3 6ES5 760-0AB11 IM 312-3

EU 183U EU 183U EU 183U

I

[
T

EU 183U EU 183U EU 183U

T )

nby g gy Wi,
|

[
T
T

EU 183U EU 183U EU 183U

b gy ™\t
|\
[r\-@

:
T

] ] ]
( ( 1M300-3 (  1M300-3
(7 -M3013  “egissu EU 183U \
] i ] i 8
[ 0 l 0

CC S5-135U/155U IM 310-3 — IM 310-3 \6ESS 760-0AA11
6ES5 721-0xxx0

Figure 2-5  Distributed Configuration of an S5-135U/155U with Expansion Units in Centralized Configuration
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3 EN

The Installation Guidelines provide you with information for the
interference-free installation of the SIMATIC S5-135U/155U
programmable controllers.

Installation Guidelines

This chapters describes the following:

e Paths which serve for interference pickup in programmable
controllers, and five rules for ensuring electromagnetic
compatibility (EMC)

« Interference-free installation of the programmable controllers

e Cable routing, the connecting of cable shields and equipotential
bonding between equipment

« The power supplies for control and load circuits, and the different
grounding concepts

« Shielding and grounding for the connection of centralized and
distributed expansions and monitors to programmable controllers

e The selection and design of cabinets
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Principles of Installation of Systems for EMC

3.1  Principles of Installation of Systems for EMC

What does EMC mean?

3.1.1
Overview of Possible
Interference

Electromagnetic compatibility (EMC) is understood to mean the
capability of electrical equipment to operate correctly in a defined
electromagnetic environment, without being affected by the
environment and without affecting the environment to an unacceptable
degree.

All SIMATIC S5 products have been developed for applications in
harsh industrial environments and meet high requirements for EMC.
Before installing the control system, however, you should still carry
out EMC planning and involve possible interference sources in the
assessment.

Described in the following chapter are

« the various paths over which interference can be picked up in the
PLC;

 typical interference sources and their coupling mechanisms,

e basic rules for ensuring EMC.

Electromagnetic interference can be picked up over different paths by
the programmable controller:

N

SINEC Bus System>

Power Supply

Fields

Controller

|

Programmable < I/O Signal Lines

Protective Conductor

Figure 3-1  Electromagnetic Interference with Programmable Controllers
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Depending on the propagation medium (conducted or non-conducted
interference) and distance from the source, interference can be picked
up by the programmable controller via different coupling mechanisms.

A distinction is made between the following:

e Direct coupling

e Capacitive coupling

« Inductive coupling

* Radiated interference



Principles of Installation of Systems for EMC

Coupling mechanisms and
typical interference sources at
a glance

Shown in the following table are the four different coupling
mechanisms, their causes and possible interference sources.

Coupling Mechanism

Cause

Typical Interference Sources

e Direct Coupling

Interference

Direct Coupling
<4— ran

SIMATIC S5

Direct or metallic coupling
always occurs when two circuits
have a common conductor.

Switched devices (supply
affected by inverters and
external power supply units)
Motors being started
Different potentials of
component cases with a
common power supply
Static discharges

e Capacitive Coupling

Interference

k_

SIMATIC S5

Capacitive
Coupling Path

Capacitive or electrical coupling

occurs between conductors which

are at different potentials. .

The degree of coupling is .
proportional to the voltage
variation as a function of time.

Interference pickup via
parallel signal cables
Static discharge of the
operator

Contactors

e Inductive Coupling

Interference

Inductive
Signal ‘ Coupling Path
SIMATIC S5

Inductive or magnetic coupling
occurs between two conductor
loops through which current is
flowing. Interference voltages arg
induced by the magnetic fluxes
associated with the currents. The
degree of coupling is proportiona
to the current variation as a
function of time.

Transformers, motors, electr
welders

Parallel AC supply cables
Cables whose currents are
switched

Signal cables with a high
frequency

Unconnected coils

+ Radiated Interference

Interference
Radiation
‘ Path

SIMATIC S5

There is a radiation path when a
conductor is subjected to an
electromagnetic wave. Impinging
of the wave results in induced
currents and voltages.

Local transmitters

(e.g. two-way radios)

Spark gaps (spark plugs,
collectors of electric motors,
welders)
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Principles of Installation of Systems for EMC

3.1.2
The Most Important Basic It is often sulfficient to comply with a few elementary rules for
Rules for Ensuring EMC ensuring EMC. When installing the control system, therefore, observe

the following five basic rules.

When installing the programmable controllers, provide large-area
good quality grounding of the inactive metal parts (see Section 3.2).

* Make a large-area low-impedance interconnection of all inactive

metal parts.

« For screw connections on painted and anodized metal parts, either
use special contact washers or remove the insulating protective
layers.

« If possible, do not use aluminium parts. Aluminum oxidizes easily
and is therefore less suitable for grounding.

« Make a central connection between the chassis ground and the
ground/protective ground conductor system.

Ensure proper routing of lines when wiring (see Sections 3.3.1
and 3.3.2).

e Arrange the cabling in line groups.
(AC power cable, power supply lines, signal lines, data lines)

« Always install AC power cables and signal or data lines in separate
ducts or bunches.

* Route the signal and data lines as closely as possible to grounded
surfaces such as cabinet elements, metal bars and cabinet panels.

Ensure that cable shields are properly secured (see Section 3.3.3).

+ Data lines must be shielded. The shield should be connected at
both ends.

e Analog lines must be shielded. For the transfer of signals with low
amplitudes, it may be advisable to connect the shield at only one
end.
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Principles of Installation of Systems for EMC

Provide the line shields with a large-area connection to a
shield/protective conductor bar immediately after the cabinet inlet,
and secure the shields with cable clamps. Route the grounded
shield as far as the module without interruption, but do not connect
the shield there again.

Ensure that the shield/protective ground bar has a low-impedance
connection to the cabinet.

Use metal or metallized connector cases for shielded data lines.

Employ special EMC measures for particular applications
(see Section 3.3.4).

Fit quenching elements to all inductances which are not controlled
by SIMATIC S5 modules.

Use incandescent bulbs for illuminating cabinets, and avoid
fluorescent lamps.

Create a standard reference potential; ground all electrical
apparatus if possible (see Sections 3.4 and 3.5).

Use specific grounding measures. Grounding of the control system
is a protective and functional measure.

System parts and cabinets with central controllers and expansion
units should be connected to the ground/protective conductor
system in star configuration. This serves to avoid the creation

of ground loops.

In the case of potential differences between system parts and
cabinets, install equipotential bonding conductors of sufficient
rating.
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3.2 Installation of Programmable Controllers for EMC

Measures for suppressing interference voltages are often applied only
when the control system is already operational and proper reception of
a useful signal is impaired. The reason for such interference is usually
inadequate reference potentials caused by mistakes in equipment
assembly. Described in the following sections are:

e Basic rules for grounding the inactive metal parts

« Examples of cabinet assembly for EMC 3
e Example of rack and wall mounting for EMC

3.21

Basic Rules for Assembling Ensure wide-area chassis grounding of the inactive metal parts when

and Grounding the Inactive mounting the equipment. Properly implemented grounding creates a

Metal Parts uniform reference potential for the control system, and reduces the

effects of picked-up interference.

Chassis grounding is understood to mean the electrical connection of
all inactive parts. The entirety of all interconnected inactive parts is
the chassis ground.

Inactive parts are conductive parts which are electrically isolated from
active parts by basic insulation, and can only develop a voltage in the
event of a fault.

The chassis groundust not develop a dangerous touch voltage

even in the event of a fault. The ground must therefore be connected
to the protective ground conductor. To prevent ground loops, locally
separated ground elements such as cabinets, structural and machine
parts, must always be connected to the protective ground system in
star configuration.

Ensure the following when chassis grounding:

« Connect the inactive metal parts with the same degree of care as
the active parts.

e Ensure low-impedance metal-to-metal connections, e.g. with
large-area good quality contact.

e When you are incorporating painted or anodized metal parts in the
grounding, these insulating protective layers must be penetrated.
Use special contact washers or remove the insulating layer.

« Protect the connection points from corrosion, e.g. with grease.

* Movable grounded parts such as cabinet doors must be connected
via flexible grounding strips. The grounding strips should be short
and have a large surface because the surface is decisive in
providing a path to ground for high-frequency interference.

System Manual
C79000-B8576-C199-03 3-9



Installation of Programmable Controllers for EMC

3.2.2
Example of Cabinet The example of cabinet assembly in the figure shows the various
Assembly for EMC measures, the grounding of inactive metal parts and the connection of

shielded cables. This example applies only to grounded operation.
Follow the points numbered in the figure during assembly.

soe

)

Figure 3-2  Example of Cabinet Assembly for EMC
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[1 Grounding strips
If there are no large-area metal-to-metal connections, you must
connect inactive metal parts such as cabinet doors and supports
with grounding strips. These should be short and have a large
surface.

[] cabinet members
The cabinet members should have a large-area connection to the
cabinet housing (metal-to-metal connection).

N Mounting bracket for subrack -

There must be a large-area metal-to-metal connection between
cabinet member and mounting bracket.

[] Signal lines
With shielded signal lines, the shield must be secured to the
protective conductor bar or an additionally fitted shield bar using
large-area cable clamps.

[1 cable clamp
The cable clamp must enclose and make contact with the shield
braid over a large area.

[] Shield bar
This bar must have a large-area connection to the cabinet
members (metal-to-metal connection). It serves for grounding the
cable shields.

[] Protective conductor bar
The protective conductor bar must have a large-area connection to
the cabinet members (metal-to-metal connection). The protective
conductor bar must be connected to the protective conductor
system via an external conductor (at least 1(?):rﬂﬂnis is
essential for providing a reliable path to ground for fault currents
and interference currents.

[1 Conductor to the protective conductor system (ground point)
The conductor must have a large-area connection to the protective
conductor system (ground point).
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3.23
Example of Rack and Wall
Mounting for EMC

To operate your control system in a low-interference environment
whilst observing the permissible ambient conditions (see "Technical
Specifications"), you can mount the programmable controllers on
racks or directly on walls.

Picked-up interference should be given a path to large metal surfaces.
You should therefore secure standard sectional rails, shield and
protective conductor bars to metal structural elements. For wall
mounting in particular, installation on reference potential surfaces
made of sheet steel has proved advantageous.

When installing shielded cables, provide a shield bar for connecting

the cable shields. The shield bar can also be the protective conductor

bar.

Ensure the following for rack and wall mounting:

« Suitable contacting aids should be used on painted and anodized
metal parts. Use special contact washers or remove the insulating

protective layers.

« Provide large-area, low-impedance metal-to-metal connections
when securing the shield/protective conductor bar.

¢ AC conductors must be covered.
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Connection to
P. Ground: 10 mm?2 @

Reference Potential
Surface

Shielded Signal
Line

| — Cable Clamp for
Shield Contact

Shield/Protective
Conductor Bar

Figure 3-3  Wall Mounting of an S5-135U/155U PLC
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3.3 Wiring of Programmable Controllers for EMC

3.31
Routing of Cables

Routing of cables within
and outside cabinets

Group A

Group B

Group C

Group D

The following section describes:

¢ Routing of cables within and outside cabinets

« Equipotential bonding between devices

« Single and double-ended connection of cable shields

« Checkilist for electromagnetically compatible installation

This section covers the routing of bus, signal and supply lines. The
purpose cable routing is to suppress crosstalk between cables laid in
parallel.

For electromagnetically compatible routing of cables and lines, it is
expedient to subdivide the lines into the following line groups and lay
the groups separately.

¢ Shielded bus and data lines (for programmer, OP, SINEC L1,
SINEC L2, printer, etc.)

« Shielded analog lines

e Unshielded lines for DC voltags 60 V

e Unshielded lines for AC voltage 25 V

* Coaxial cables for monitors

¢ Unshielded lines for DC voltage > 60 V asd 400 V
¢ Unshielded lines for AC voltage > 25 V ard 400 V

e Unshielded lines for DC and AC voltage > 400 V

e Lines for SINEC H1

From the combination of individual groups in the following table, you
can read off the conditions for laying the line groups.

Group A |Group B GroupC |Group D
Group A g g (] g
Group B g g (] g
Group C g g (] g
Group D g g (] g
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Legend for the table

O

Lines can be laid in common bundles or cable ducts.

O |Lines must be laid in separate bundles or cable ducts (without
minimum clearance).
0 |Lines within cabinets must be laid in separate bundles or cable
ducts; outside the cabinets but within buildings, they must he
laid over separate cable routes with a clearance of at least 10 cm.

0 |Lines must be laid in separate bundles or cable ducts with a
clearance of at least 50 cm.

Routing of cables outside Outside buildings, lay the lines on metal cable trays if possible.
buildings Provide the joints between cable trays with an electrical connection
and ground the cable trays.

When laying lines outside buildings, you must observe the valid
lightning protection and grounding measures. The following applies in
general:

Lightning protection
Caution

Where cables and lines for SIMATIC S5 controllers are to be laid
outside buildings, you must apply measures for internal and
external lightning protection.

Outside the buildings, lay your lines either

e in metal conduit grounded at both ends,
or

* in concreted cable ducts with continuously connected
reinforcement.

Protect the signal lines from overvoltages by means of
e varistors

or
 inert gas-filled surge diverters.

Fit these protective devices at the cable entry into the building.

Note

Lightning protection measures always require an individual
assessment of the entire installation. For clarification, please
consult your Siemens regional office or a company specializing in
lightning protection.

Equipotential bonding Ensure adequate equipotential bonding between the connected
equipment (see Section 3.3.2).
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3.32
Equipotential Bonding

Between separate sections of an installation, potential differences can

develop if

e programmable controllers and I/O devices are connected via a
non-floating link, or

« cable shields are connected at both ends and are grounded at
different parts of the system.

Different AC supplies, for example, can cause potential differences.
These differences must be reduced by installing equipotential bonding
conductors to ensure functioning of the electronic components.

The following points must be observed for equipotential bonding:

e The lower the impedance of the equipotential bonding conductor,
the greater is the effectiveness of equipotential bonding.

*  Where shielded signal lines are laid between the relevant sections
of the system and connected at both ends to the ground/protective
conductor, the impedance of the additional equipotential bonding
conductor must not exceed 10 % of the shield impedance.

e The cross-section of the equipotential bonding conductor must be
rated for the maximum circulating current. The following
cross-sections of copper have proved to be satisfactory in practice:

- 16 nf of copper for equipotential bonding conductors of up to
200 m in length

- 25 nfof copper for equipotential bonding conductors of more
than 200 m in length

« Use copper or zinc-plated steel for equipotential bonding
conductors. They must be given a large-area connection to the
ground/protective conductor and protect it from corrosion.

e The equipotential bonding conductor should be laid so that the
smallest possible areas are enclosed between the equipotential
bonding conductor and signal lines.

Signal Line

Equipotential Bonding Conductor

Figure 3-4 Routing of Equipotential Bonding Conductor and Signal Line
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3.33
Shielding of Cables and
Lines

System Manual
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Shielding is a method of attenuating magnetic, electrical or electro-
magnetic interference fields.

Interference currents on cable shields are given a path to ground via
the shield bar which is electrically connected to the housing. A
low-impedance connection to the protective conductor is particularly
important so that these interference currents themselves do not
become an interference source.

Where possible, only use lines with a braided shield. The coverage
density of the shield should be more than 80 %. Avoid lines with a foil
shield because the foil can be very easily damaged by tensile strain
and compression during fitting; this results in reduced effectiveness of
the shield.

As a rule, line shields should always be connected at both ends. This
is the only way to achieve a good degree of interference suppression
in the higher frequency region.

Only in exceptional cases should the shield be connected at one end
only, as this only achieves attenuation of the low frequencies.
Single-ended shield connection may be more advantageous when:

e an equipotential bonding conductor cannot be laid;
e analog signals (of a few mV @A) are to be transmitted;
« foil (static) shields are used.

With data lines for serial communication, always use metal or
metallized connectors. Secure the shield of the data line to the
connector case. Duot connect the shield to Pin 1 of the connector.

For stationary operation, it is advisable to fully strip the insulation
from the shielded cable and connect it to the shield/protective
conductor bar.

Note

In the event of potential differences between ground points, a
circulating current may flow through the shield connected at both
ends. In this case, install an additional equipotential bonding
conductor (see Section 3.3.2).
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Please observe the following points when connecting the shield:

¢ Use metal cable clamps for securing the braided shield. The
clamps must enclose the shield over a large area and provide a
good contact.

e Connect the shield to a shield bar immediately after the cable entry
into the cabinet. Route the shield as far as the module but do not
connect it there again.

Figure 3-5  Examples of Securing Shielded Lines with Cable Clamps
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3.34
Special Measures for
Interference-Free Operation

Fitting quenching elements to  As a rule, inductances such as contactor or relay coils controlled by
inductances SIMATIC S5 do not require external quenching elements in the
circuit, because the quenching elements are already integrated in the

modules.
Inductances should only be fitted with quenching elements

« when SIMATIC S5 output currents can be switched off by
additionally fitted contacts, such as relay contacts. In this case the
integrated quenching elements in the modules are no longer
effective;

 if they arenot controlled by SIMATIC S5 modules.

You can place freewheel diodes, varistors or RC networks in circuit
with inductances.

Circuitry for DC-Operated Circuitry for AC-Operated
Inductances Inductances
With Diode With Zener Diode With Varistor With RC Network
+ + J
R SR v B\ R S e
—

Figure 3-6  Quenching Circuits for Inductances
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AC power connection for
programmers

Cabinet lighting

A power socket should be fitted in each cabinet for the AC supply to
programmers. The sockets should be powered from the distribution
system to which the protective conductor for the cabinet is also
connected.

Use incandescent bulbs, such as LINESTRA lamps, for cabinet
lighting. Avoid using fluorescent lamps because they generate
interference fields. If the use of fluorescent lamps cannot be avoided,
apply the measures shown in the following figure.

Screen Over the Lamp

E I Shielded Cable

(}7 —— Metal-Enclosed Switch
~(_|—+—AC Filter or
Shielded Power Cable

Figure 3-7 Measures for Interference Suppression of Fluorescent Lamps
in a Cabinet
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3.35

Checklist for the
Electromagnetically
Compatible Installation
of Control S ystems

EMC Measures

Notes

Connection of inactive parts (Section 3.2)

Check, in particular, the connections on:
» Subracks

* Cabinet members

» Shield and protective conductor bars

Do all inactive metal parts have a large-area, low-impedance
interconnection and ground?

Is there a satisfactory con