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S5-115F Manual Preface

Preface

The S5-115F is a failsafe programmable controller for the mid performance range. It is for use
wherever safety is the first priority and where potential dangers must be avoided.

Hardwired solutions have dominated failsafe technology until now. With the S5-115F, you can
now apply all the advantages of our programmable controllers (PLCs) to your safety-related
controls. You write your process-oriented program as before and then enter all safety-related data
with the COM 115F programming software.

You require detailed information in order to use the controller to its best advantage.

This manual aims to provide the necessary information in condensed form without overloading
the user with superfluous knowledge, which means:

e Standardization of terminology

¢ More detailed breakdown of subjects

e [lllustration of individual problems

« User-friendly arrangement of the contents

« Particular observance of the rules of safety technology

In this way, you will gain all the information required to operate your S5-115F. This manual is
aimed at:

e Users with little previous experience
¢ SIMATIC S5 experts
e Officials conducting Licensing Authority acceptance tests.

However, the applications are so numerous that not all the problems that might occur can be dealt

with in one manual. You will find a list of Siemens representatives in the Appendix who will help
you in those cases where the manual cannot answer your questions.

EWA 4NEB 811 6148-02 Xili



S5-115F Manual Introduction

Introduction

Please read the introduction carefully. You will then find it easier to use the manual and this will
save time.

This manual contains a detailed description of the S5-115F PLC with the CPU 942-7UF15.

For the description of the S5-115F PLC with the CPU 942-7UF11 or CPU 942-7UF12, see the manual
with the order no. 6ES5 998-1UF21. For the description of the CPU 942-7UF13 or CPU 942-7UF14
(incl. product information), see the manual with the order no. 6ES5 998-1UF23.

Description of Contents

This manual consists of two volumes and contains a detailed description of our SIMATIC S5-115F
failsafe programmable controller.

Volume 1 contains the description of the hardware components. The contents of this volume can
be divided into blocks according to topic:

* Reference manual
(System Overview, Technical Description)
¢ Installation and operation
(Installation Guidelines, Startup, Addressing)
e Special capabilities
(Analog Value Processing, Communications Capabilities)
e Overview of technical specifications
e Safety-related rules and regulations

Volume 2 contains the description of the software components. The contents of this volume can
be divided into blocks according to the following topics:

e Working with COM 115F programming software
In the chapter "Configuring with COM 115F” you will find all the steps you require for con-
figuring your S5-115F with the CPU 942-7UF15. Of course, you can also configure pro-
grammable controllers with the CPU 942-7UF11 to CPU 942-7UF14 using COM 115F system
software, Version 3.2.

e Programming Guide
(Introduction to STEP 5, STEP 5 Operations)

e Testing
(Program Test, Error Diagnostics)
* Blocks

(Description of integral blocks and the use of loadable function blocks)
*  Simple installation example with configuration of an S5-115F

You will find additional information in tabular form in the Appendices.

At the end of the book you will find correction forms. Please enter in these forms any suggestions
you may have for improvements and corrections and send them to us. Your comments will help us
to improve the next edition.

EWA 4NEB 811 6148-02 XV



Introduction S5-115F Manual

Conventions

In order to improve the readability of the manual, a menu-style breakdown was used, i.e.:

The individual chapters can be quickly located by means of a thumb register.

At the front of the manual is an overview containing the headings of the individual chapters.

Each chapter has its own detailed table of contents.

The individual chapters are subdivided into sections and subsections. Bold-face type is used for
further subdivisions.

Figures and tables are numbered separately in each chapter. The page following the chapter
table of contents contains a list of the figures and tables appearing in that chapter.

Certain conventions were observed when writing the manual. These are explained below.

A number of abbreviations have been used.

Example: CPU (central processing unit)

Footnotes are identified by superscripts consisting of a small digit (e.g. "") or ™". The actual
footnote is generally at the bottom left of the page.

Cross-references are shown as follows:

"( 7.3.2)" refers to subsection 7.3.2.

No references are made to individual pages.

Dimensions in drawings are given in "mm” with the value in inches given in brackets.
Example: 187 (7.29).

Values may be given in binary, decimal or hexadecimal numbers. The number system used is
indicated in each case with a subscript, e.g. FOOOy.

Information of special importance is printed black-framed "windows”.

A Warning

See the Safety-Related Guidelines for the user for definitions of the terms "Note”, "Caution”,
"Important”, "Warning” and "Danger”.

Manuals can only describe the current version of the programmable controller. Should
modifications or supplements become necessary in the course of time, a supplement will be
prepared and included in the manual the next time it is revised. The relevant version or edition of
the manual appears on the cover. The present manual is edition "1". In the event of a revision, the
edition number will be incremented by "1”.

XVi
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S5-115F Manual Introduction

Courses
Siemens provides SIMATIC S5 users with extensive opportunities for training.

For more information, please contact your Siemens representatives.

Reference Literature

This manual is a comprehensive description of the S5-115F programmable controller. Topics not
specific to the S5-115F, however, are only briefly dealt with. You will find more detailed in-
formation in the following literature:

e Automating with the S5-115U
SIMATIC S5 Programmable Controllers

Hans Berger
Siemens AG, Berlin and Munich 1987

Contents:

- STEP 5 programming language
- Program scanning

- Integral program blocks

- Interfaces to the I/Os

Order No.: ISBN 3-8009-1484-0

You will find information on the range of controllers and programmers in the following catalogs:

e ST523 "S5-115U, S5115H and S5115F Programmable Controller”

e ST57 "Standard Functions Blocks and Driver Software for Programmable Controllers of
the U Range”

e STH59 "Programmers”

« ET11 "ES 902 C 19 in. Packaging System”

e MP11 Thermocouples, Compensation Boxes

Further components and modules (e.g. CPs and SINEC L1) have their own manuals. We will refer
you to these sources at the appropriate points in the text.

EWA 4NEB 811 6148-02 XVii
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S5-115F Manual System Overview

1 System Overview

1.1 Areas of Application

The S5-115F programmable controller is used in the most varied industrial fields. The following are
the main areas of application:
« Safety-oriented applications requiring official authorization
(e.g. burner controls, cable-car controls, fairground carousels)
* Applications not requiring official approval but constituting a high degree of danger for per-
sonnel and environment (e.g. controls for chemical processes)
« Applications with high capital risk (e.g. controls for processing expensive materials).

1.2 Regulations for Applications Requiring Official Approval

The failsafe S5-115F has been prototype-tested by the Bavarian Technical Inspectorate (TUV). The
prototype test covers a range of different regulations laid down by the various supervisory bodies
and professional associations.

The S5-115F meets the requirements for safety-related applications

« with TUV safety class 2

e with quality level 6 to DIN V 19250

TOV safety classes

The Technical Inspectorate (TUV) has arranged the requirements laid down in the regulations into
five safety classes with the strictest requirements in safety class 1. It should be noted that the
safety class is not necessarily an indication of the risk involved in the areas of application in
guestion.

The S5-115F PLC meets the requirements of all regulations belonging to safety class 2 of the
Technical Inspectorate. This means that the regulations of safety classes 3 to 5 are also met:

Class 2: - Elevator controls to TRA 200/101
- Escalator controls (not to EN 115)
Class 3: - Road traffic signal systems to DIN 57832/VDE 0832

- Electrical equipment of furnaces to DIN 57116/VDE 0116
- Telecontrol installations for gas and oil pipelines to TRGL 181
- Fairground carousels (present plants)
- Cable-car controls
Class4: - Electromedical equipment to DIN IEC 601/VDE 0750
- Remote radio control for cranes to ZH1/547
- Manufacturing and processing machines to DIN 57113/VDE 0113
- Flame monitoring equipment
- Lifting platforms to VBG 14
Powered gates (controls)

Class 5:

Quality levels to DIN V 19250

The classification to DIN 19250 is not based on existing regulations but rather uses risk parameters
to define the risk inherent in a process. Risk parameters are the degree of damage, duration of
stay in danger areas, the possibility of avoiding danger and the probability of undesired states
arising. The risk graph gives information on the quality level in the case of protection facilities for
measurement, open-loop control and closed-loop control.

EWA 4NEB 811 6148-02 1-1



System Overview S5-115F Manual

1.3 System Components

The S5-115F system is made up of various modular components, as pictured in Figure 1-1. These
components include the following:

e Power supply modules (PS)

e Central processing units (CPU)

¢ Input and output modules (I/O)

¢ Interface modules

e CP 523 communications processor

=1 1B = R LS

Figure 1-1. S5-115F Components

1.3.1 Power Supply

The power supply module (PS) converts the external power supply to the internal operating
voltage. Supply voltage for the S5-115F is 24 V DC. The 24 V DC system voltage must be reliably
isolated from the line voltage (e.g. 220 V).

Screw-type terminals connect the power supply lines to the bottom of the PS.

Lithium batteries ensure that the CPU RAM is backed up in the event of a power failure. Battery

failure is indicated by an LED. Backup voltage can be supplied externally via sockets so that the
batteries can be changed also when the PLC is in RUN.

1-2 EWA 4NEB 811 6148-02



S5-115F Manual System Overview

1.3.2 Central Processing Unit

The central processing unit (CPU) is the "brain” of the programmable controller. It executes the
control program.

The CPU 942F is used in the S5-115F. This is a slightly modified version of the CPU 942 in the
S5-115U.

 PG/SINEC L1 interface optocoupler, for reliable electrical isolation

* No 5.2 V supply for the SINEC L1 terminal on the interface connector (so that the SINEC L1 LAN
does not bypass the reliable isolation, even in the event of a fault)

¢ Operating system with all the safety functions of the S5-115F

You can use the CPU 942F in combination with analog modules and closed-loop control software
to control nonsafety-related processes. A PID algorithm is integrated in the operating system of
this CPU. Time constants starting at approximately one second are possible. You can implement a
maximum of eight control loops.

1.3.3 Input and Output Modules

Input and output modules are the interfaces to the sensors and actuators of a machine or
controlled system.

The following features make S5-115F modules easy to handle:

* Fastinstallation

e Mechanical coding

e Large labeling areas

Digital Modules

Digital modules conform to the voltage and current levels of your machine.
Digital modules have the following convenient features:

e Connection of signal lines via front connectors

* A choice of screw-type or crimp snap-in connections

Analog Modules

As a programmable controller's degree of performance increases, so does the significance of its
analog value processing. The significance of the analog input and output modules increases
accordingly.

The S5-115F offers the AE 460 and 463 nonfloating analog input modules. The desired level for the
AE 460 is set via range cards and for the AE 463 via jumpers in the front connector. A range card is
required for each of the four channels on the AE 460. This feature allows you to do the following:

e Have up to two different measuring ranges on one module.

« Change the measuring ranges simply by exchanging range cards.

In the case of the AE 463, the measuring range is jumpered separately for each of the four
channels.

One analog output module covers the various voltage or current ranges of analog actuators.
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1.3.4 Intelligent Input/Output Modules and Communications Processors

You can connect the CP 523 to the S5-115F direct in the central controller or in expansion units of
one of the subunits. All further CPs and IPs of the SIMATIC family are used via an S5 controller of
the U range (S5-115U, -135U, -150U, -155U) connected via a SINEC L1 LAN.

Intelligent input/output modules (IPs) preprocess input signals and data.
Communications modules (CPs) control communications using:

e Operator panels

¢ Process visualization panels

e Other programmable controllers

Intelligent I/Os and communications processors the offload the CPU considerably.

1.4 Expansion Capability

If the connection capability of one central controller (CC) is no longer sufficient for your machine
or system, increase the capacity with expansion units (EUS).

Interface modules connect a CC to EUs and connect EUs to each other. Choose an interface module
to suit the controller configuration you need.

1.4.1 Centralized Configuration

The interface modules for centralized configurations connect bus lines and supply voltage to the
EUs. The expansion units in such configurations therefore need no power supplies of their own.

A centralized configuration allows you to connect up to three EUs to one CC. The cables between
the individual controllers or expansion units have a total maximum length of 2.5 m (8.2 ft.).

1.4.2 Distributed Configuration

A distributed configuration allows you to relocate expansion units nearer to the sensors and
actuators of your machine.
Distributed configurations reduce cabling costs for these devices.

The flexibility of a controller is of decisive importance for the productivity of a manufacturing
plant. Complex control tasks can be shared out among distributed controllers in order to achieve
the highest possible flexibility.

This means you have:

< Smaller, more manageable units. This makes configuring, startup, diagnostics, modification
and operation easier, and facilitates monitoring of the overall process.

« More availability in the system since the remaining system can continue to operate despite the
failure of one unit.

Information flow between the individual controllers must be guaranteed in the case of distributed
systems so that

« Data can be exchanged between the individual programmable controllers

e Manufacturing plants can be monitored, operated and controlled centrally

« Management information can be gathered (e.g. production data and stock levels).
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15 Communications Systems

We offer the following communications facilities for the S5-115F programmable controller via the

SINEC L1 LAN:

¢ Reliable communications among several S5-115F controllers (max. 30) (single-channel SINEC L1
LAN)

¢ Reliable and fault-tolerant communications among several S5-115F controllers (max. 15)
(double-channel SINEC L1 LAN)

e Communications with an S5 controller of the U range for operator-process communication
and visualization (single-channel SINEC L1 LAN) (Reaction-free, i.e. no adverse effects possible
on the safety-oriented parts of the system.)

e Communications with two S5 controllers of the U range for operator-process communication
and visualization (double-channel SINEC L1 LAN) (Reaction-free, i.e. no adverse effects
possible on the safety-oriented parts of the system.)

A failsafe point-to-point connection between two S5-115F PLCs can also be established using the
CP 523 ( Catalog ST57).

Note

Since the SINEC L1 link has been proven to be reaction-free, the area in which
acceptance tests are required ends at the CPU 942F.

The user program must constitute a safety filter for incoming data. Higher-level
systems then have no influence on the reliable functioning of the S5-115F. This
considerably simplifies individual system acceptance tests.
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1.6 Operator-Process Communication, Process Visualization, and
Programming

Today, users expect good process visualization with the capability to intervene where necessary.
Previously, they had to hard-wire indicating lights, switches, potentiometers, and pushbuttons,
even for simple requirements. For more complex processes, they had to use expensive video
display terminals.

The S5-115F enables you to react optimally to the most varied automation requirements, even
where programming is concerned.

To help you with this, the following performance-graded and compatible spectrum of pro-

grammers is available:

« The PG 635 in briefcase design with swing-up liquid crystal display,

e« The PG 685 CRT-based programmers,

e The PG 695 with Siemens PC 16-11/PC 16-20 hardware as programming and documentation
workstation,

e PG 710, PG 720, PG 730 and PG 740 as portable programming unit

e PG 750 and PG 770 with colour monitor.

All the programmers feature high performance, simple handling, user-friendly operator
prompting, and the standard, easily learned STEP 5 programming language.

1.7 Software

Until now, prices for hardware components tended to drop constantly and prices for software
tended to increase. The reasons were as follows:

e The processes to be automated became more and more complex

e Safety requirements increased

e Personnel costs increased

« Ergonomic demands increased

Siemens has put an end to this trend. SIMATIC provides the following four solutions to keep

software costs down:

e The user-friendly STEP 5 programming language with its four methods of representation and
convenient structuring capabilities

¢ An extensive software catalog

e User-friendly programmers

« Menu-driven configuration of safety and system features
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1.8 Redundancy Structure
1.8.1 Hardware

The CPU 942F and the input/output modules are designed with two-channel redundancy. Both
channels, referred to below as subunits, are connected via the parallel interface. The operating
system and the user program are identical in both subunits.

The parallel interface has the task of implementing event-driven synchronization of both subunits
and also data exchange. Synchronization is triggered by external interrupts (process interrupts) or
internal interrupts (time interrupts, time updates, input module accesses).

Both subunits work with the same programs in such a way that user programs are run on the same
program paths. In contrast, the operating system in both subunits does not run path-identically.
This allows an assymetrical hardware structure of the subunits, such as:

e A programmer to a subunit

* ASINEC L1 LAN to a subunit

¢ Single-channel, nonsafety-related input/output modules

e Single-channel test outputs for safety inputs.

Parallel interface

P(C [ P(C I {1
S|P M| M S|P M| M
U U
9 CC 3|3 9 CC 3|3
519 210 519 00
1|4 115F 416 1|4 115F 416
2 2
F F
I |
M M
3 3
|1/ O 0 |1/ O 0
6 6
| |
Features:

e Two-channel redundancy structure (2-out-of-2 system)

e Event-driven synchronous processing of the user program

« Data exchange via high-speed parallel interface

» Expanded operating system: self-test, time-driven synchronization, image comparison

Figure 1-2. Hardware Structure Overview
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1.8.2 Operating System - Additional Tasks

The operating system of the S5-115F has the following additional tasks compared to those of the
S5-115U:
¢ Subunit synchronization
- Program synchronization
- Standardization of input data (necessary for path-identical processing of control programs)
- Standardization of user times (necessary for path-identical processing of control programs)
- Transfer of data from components connected at one end (e.g. PG 685, single-channel
SINEC L1 LAN, single-channel I/O modules) to the other subunit
¢ Component test
- Cyclical I/0 module test with input signal discrepancy analysis
- SINEC L1 LAN test for every message
- Supplementary test of all function units such as processors, memory, parallel interface and
I/O modules
< Error analysis and error response for
- Subunit synchronization
- Component test
- CPU defects
- Erroneous programming, configuration and handling by the user
- System interrupts

1.8.3 Control Programs

The control program is fundamentally the same as a single-channel S5-115U program. A single
logic operation (e.g. AND input) referenced to an I/O address is all that is required to scan a
double-channel input. Similarly, an output operation referenced to an I/O address is used to
output a control command via a double-channel output. This is the basic facility. Beyond this, the
user must program the following:
« Standard synchronization function block FB 254 SYNC calls at intervals freely selectable by the
user, in order to enable
- Synchronous updating of user data
- Synchronization of time calls, process interrupts and SINEC L1 LAN traffic;
« Command sequence to increment the logical program counter after every 127 words
(maximum) of program code.

1.8.4 Programmer Functions

In addition to the programming functions of STEP 5 and startup support (e.g. with "Status

display”) familiar from the S5-115U, the programmer can also be used for the following in the case

of the S5-115F:

e Safety parameter configuration for the operating system (monitoring times, structure of the
feedback module required for the 1/O) including check display of the configuration data

e Error display in plaintext.

These additional functions are implemented using the COM 115F programming package, which
offers a modern forms-oriented operator interface.
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2

Technical Description

This chapter describes the design and principle of operation of an S5-115F with accessories.

2.1

Modular Design

The S5-115F consists of various functional units that can be combined to suit the particular
problem. Figure 2-1 shows an S5-115F system.
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Figure 2-1. The S5-115F (Central Controller)

The numbered information below briefly describes the most important components of the
S5-115F. The circled numbers refer to Figure 2-1:

Power Supply Module (PS 951)

The PS 951 power supply module generates the operating voltage for the programmable
controller from the 24 V DC power system voltage. This module use batteries or an external
power supply to back up the RAM.

The PS 951 power supply module also performs monitoring and signalling functions.

Central Processing Unit (CPU)

The central processing unit reads in input signal states, processes the control program, and
controls outputs. In addition to program scanning functions, the CPU provides internal
flags, timers, and counters.

You can diagnose errors using the LEDs of the CPU. Use the Overall Reset switch on the CPU
to delete the RAM contents.

The control program can be transferred to the CPU using a programmer or a memory
submodule.
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Input and Output Modules (1/0s)

» Digital input modules adapt digital signals, e.g. from pressure switches or BERO®
proximity switches, to the internal signal level of the S5-115F.

» Digital output modules convert the internal signal level of the S5-115F into digital
process signals, e.g. for relays or solenoid valves.

* Analog input modules convert analog process signals, e.g. from transducers or resistance
thermometers, to the S5-115F, which functions digitally.

» Analog output modules convert internal digital values of the S5-115F to analog process
signals, e.g. for speed controllers.

Interface Module (IM)

The S5-115F is installed on one or more mounting racks with a specific number of mounting
locations (slots). An installation with power supply, CPU, and input/output modules is called
a central controller. If the slots on the central controller's mounting rack are insufficient,
you can install expansion units (systems without CPUs) on additional mounting racks.
Interface modules connect an expansion unit to a central controller.

Mounting Rack (CR, ER)
A mounting rack consists of an aluminum mounting rail to which all the modules are

fastened mechanically. It has one or two backplanes that connect the modules to each other
electrically.

TTY Interface

Connect a programmer or an operator panel at the TTY interface. You can also set up a
SINEC L1 interface here.

Memory Submodule

Battery Compartment

Parallel link
The parallel interface is used to synchronize data exchange between the two subunits.
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2.2 Principle of Operation of the Programmable Controller

This section describes how the PC processes your program.

2.2.1 Functional Units
e ——— - =1 F e e ————— |
| Internal ||| Memory Memory |]| Internal I
| program I submodule submodule I program

CPU memory (EPROM/ (EPROM/ memory cpu |
| (RAM) |] EERPAF'e\A?M/ EEPROM) ||| (RAM) I
| | I |
| l

ACCUM ACCUM I
! I Serial Serial I I
I Timers, l inter- inter- |1 Timers, | |
| | counters, | face face | —{ counters, ||
| flags Processor Lt —— -| r —— Processor flags |
|
I PII —| PIQ | 1 | PIQ I— PII |
A - P N O R - I ]
Subunit A Subunit B
Parallel interface
1/O bus 1/O bus
r-—-——====="=—"—mr s === 1 r=/|=-===-"=-""="l@myr - ====== 1
Input modules Output modules Output modules Input modules

| dul dul 11 dul dul |
| (digital / analog) (digital / analog) 11 (digital / analog) (digital / analog) |
| 11 |
I Function (I Function I
| modules /0 modul 1 1 modules /0 modul |
S e S DD bt o |

Figure 2-2. Schematic Representation of the S5-115F

Program Memory

The control program is stored in the memory submodule ( 2.3.2) or in the internal RAM.

To safeguard against losing the program, dump it in an external EEPROM/EPROM memory sub-
module. In contrast to these memory submodules, the internal RAM or a RAM memory submodule
has the following characteristics:

« The memory contents can be changed quickly.
¢ User data can be stored and changed.
« When the power fails and there is no battery, the memory contents are lost.

In safety mode, the control program must be stored in the EEPROM/EPROM submodule. If no

memory submodule or another memory submodule is connected, the S5-115F switches auto-
matically into test mode.
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Process images (PIl, PIQ)

The signal states of input and output modules are stored in the CPU in "process images”. Process
images are reserved areas in the RAM of the CPU. Input and output modules have separate images
as follows:

¢ Process image of the inputs (PII)

¢ Process image of the outputs (PIQ)

Serial interface

You can connect programmers and also the SINEC L1 local area network.

Flags, timers, and counters

The CPU provides internal flags (memory locations for storing signal states), timers, and counters
that the control program can call.

The following are available

e 2048 flags*

e 128 timers

» 128 counters

Accumulator (ACCUM)

The accumulator is an arithmetic register for loading internal timer and counter values.
Comparison, arithmetic, and conversion operations are also executed in the accumulator.

Processor

The processor calls statements in the program memory in sequence and executes them according
to the control program. It processes the information from the PII and takes into consideration the
values of internal timers and counters as well as signal states of internal flags.

Input/output bus

The input/output bus establishes the electrical connection for all signals that are exchanged
between the CPU and the other modules in a central controller or an expansion unit.

Parallel interface

The parallel interface is the electrical connection between both subunits for synchronization and
data exchange.

* FW 0 is reserved for the logical program counter.
FW 2 to FWS 198 (F 2.0 to F 199.7) are permitted for the control program.
FW 200 to FW 254 (F 200.0 to F 255.7) can only be used if you are not using standard FBs.

2-4 EWA 4NEB 811 6148-02



S5-115F Manual Technical Description

2.2.2 Program Scanning

The input signals to the input modules are scanned cyclically before program scanning and
mapped in the PIl. The control program processes this information along with the current flag,
timer, and counter data. The control program consists of a sequence of individual statements. The
processor fetches the control program from the program memory and processes it statement by
statement.

The results are written to the PIQ. After the processor scans the program, it transfers the PIQ data
to the output modules.

The operating system of the S5-115F executes the following additional functions when addressing
double-channel I/O modules:
« Digital inputs - Readin
- Exchange and comparison
- Discrepancy analysis (differentiation between long-term and short-
term signal discrepancies with uniform input signal generation)
Exchange and comparison of I/0O images
- Output
e Analog inputs - Readin
- Exchange and comparison
- Discrepancy analysis (differentiation between permissible and im-
permissible discrepancies between both analog values and between
short-term and long-term impermissible discrepancies)

« Digital outputs

Even during cyclic program scanning, quick response to signal changes is possible using the
following methods:

e Using operations with direct I/O acces (e.g. L PB, T PB).

e Programming multiple direct /O scans in the control program.

e Programming organization blocks to handle interrupts.

The processor starts a monitoring time every time program scanning starts (scan trigger). If the
scan trigger is not restarted within the configured scan time, e.g. because the control program
contains an infinite loop or there is a malfunction in the CPU, the PC goes into the "STOP” mode
and disables all output modules. Figure 2-3 shows a schematic representation of cyclic program

scanning.
< RESTART >

Start the
monitoring time
[

Update the PII
I
Scan the
control A
program
[
Transfer the PIQ

Figure 2-3. Schematic Representation of Cyclic Program Scanning
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System response time:

Response time is the period between the input signal change on the process side and the output
signal change on the process side.

This time is typically the sum of the following elements ( Figure 2-4):
e The inherent delay of the input module

e The program scan time

e The inherent delay of the output modules

Input signal on
the process side

Input signal on
the CPU side

_Uniform value
in Pl

Result in PIQ

Output signal
on the CPU side

Ouptut signal on
the process side

User Operating | User Operating User program
program n-1 [ system program n | system n+1
PLC cycle n-1 PLC cycle n PLC cycle n+1

A
Y

System response time
2 x PLC scan time

Module delays

Figure 2-4. Definition of the System Response Time

Under worst case conditions, the system response time is double the PLC scan time.
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Discrepancy times

The operating system tests the logical signal levels of the digital inputs in both subunits. If the
level of a DI bit differs between the two subunits, this is referred to as a discrepancy.

Discrepancy can be caused by

« Fleeting errors (e.g. edge change)
e Permanent errors (e.g. hardware errors)

The duration of the discrepancy is monitored by the 115F operating system. The discrepancy time
begins when the discrepancy is first detected, and ends only when the operating system detects
that both DI bits match or when the discrepancy time has elapsed.

You can choose between two different discrepancy times when configuring the 1/0Os with the
COM 115F programming software:

e Short discrepancy time

This is configured for inputs with a typical discrepancy time of less than 50 ms. When a
discrepancy occurs, the 115F operating system scans the relevant input continuously until the
discrepancy has disappeared or until the discrepancy time has elapsed. After the maximum
discrepancy time has run, the 115F operating system initiates an error response.

You configure the short discrepancy time
- Uniformly between 10 and 2550 msec. for all noninterrupt DlIs.
- Uniformly between 1 and 255 msec. for all interrupt DlIs.

Operating system detects discrepancy
‘ Discrepancy persists

{ Discrepancy no longer exists

Digital input |

in subunit A

Digital input
in subunit B

Pl

—) Discrepancy time +—

PLC cycle n

Figure 2-5. Definition of the Short Discrepancy Time
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e Long discrepancy time

Long discrepancy times are defined if discrepancies at the inputs

- last longer than 2550 msec. in error-free operation as a result of the particular process
- are greater than the defined short discrepancy time

- are to be differently defined bitwise.

Configure the long discrepancy time individually for each digital input. The 115F operating system
checks the DI bits for discrepancy only once per PLC cycle.

Operating system detects discrepancy
Discrepancy persists

Discrepancy no longer exists

Digital input in
subunit A

Digital input in
subunit B

Pl

Discrepancy time

PLC cycle n PLC cycle n+1 PLC cycle n+2

Figure 2-6. Definition of the Long Discrepancy Time
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2.2.3 Central Processing Unit Description

The following table shows the most important features of the CPU 942F.

Table 2-1. Execution Times ofthe CPU942Fin  ps (rounded off)

Boolean logic operations 16
Load/Transfer operations 16
(,Q FT,C) '
Comparison/ Arithmetic operations 1.6
Jump/Conversion operations 1.6
Timer/Counter operations 81lto 124
Block call operations 66 to 161
Load/Transfer operations (DW) 64 to 72
Substitution operations (formal operands)* 129
Load/Transfer operations
92 to 155
(LIR, TIR, TNB)**
Bit test operations 152 to 154
Load/Transfer operations 1330
I/O modules

* Plus execution time of the substituted operation!
**  Plus transmission time!
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Table 2-2. CPU Description

S5-115F Manual

Typical run time of operating
system
(dependent on - configuration

- programming)

60 ms

Execution time per
- 1000 statements

approx. 15 ms

Internal program memory
(RAM)

5 Kbytes

Total program memory (max.)

32 Kbytes

Scan monitoring time

configurable

Program scanning

cyclical, time-driven, interrupt-driven

Address range max. 1024
(Digital inputs) 10.0to | 127.7
Address range max. 1008
(Digital outputs) Q0.0to Q 125.7
Address range max. 64
(Analog inputs) PW 128 to PW 254
Address range max. 64
(Analog outputs) PW 128 to PW 254
Flags (nonretentive) 2048

FW 0 to 254+
Timers (nonretentive) TOto T127
Counters (nonretentive) COto C127

Time range

0.01to 9990 s

Counting range

Oto 999

Operation set

approx. 170 operations

Integral PID control FB

yes

= FW 0 is reserved for the logical program counter.

FW 2 to FW 198 (F 2.0 to F 199.7) are permitted for the control program.
FW 200 to FW 254 (F 200.0 to F 255.7) can only be used if you are not using standard FBs.

2-10
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CPU 942F

The CPU 942F has a microprocessor and an application-specific integrated circuit (ASIC1). The
microprocessor handles all programmer interface module functions, processes integral timers,
processes word operations, and controls the S5 bus. The microprocessor also controls the ASIC that
monitors scan time, processes bit operations quickly, and processes some word operations. Besides
the operating system memory, the CPU 942F contains an internal RAM that can be used to store up
to 5 Kbytes of user data. External memory submodules with a capacity of 8 to 32 Kbytes can also be
plugged into the CPU.

Memory sub- Operating Internal RAM
module for system memory 5 Kbytes

8 to 32 Khytes User data
User data 64 Kbytes

Con-

Control
troller

panel >
for /0
modules
S5bus
Microprocessor ASIC
- processes word - processes bit
operations anddsome
; word opera-
- processes timers X P
tions
| | > controls bus monitors scan
- handles program- X
— . time
mer interface

PG

Figure 2-7. Schematic Representation of CPU 942F

Note

Two CPU 942Fs of the same version are always required to construct an S5-115F. You
can read and check the system software version using the "SYSPAR” (system
parameter) programmer function.

1 application specific intergrated circuit
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2.3 Accessories

You can optimize the degree of expansion of your programmable controllers with the accessories
listed in 2.3.1 through 2.3.4.

2.3.1 Backup Battery

For each S5-115F submodule there is minimum one backup battery indispensable. They maintain
the program and data when the S5-115U is switched off. The backup battery has a service life of
approximately two years but, for safety reasons, it must be replaced every year.

Note

The existing regulations on dangerous materials must be observed when transporting
lithium batteries!

2.3.2 Memory Submodules

The following three memory submodule types are available for the S5-115F to store the control

program or to transfer the program to the PLC:

e The EPROM submodule is a read-only memory. Program an EPROM module on a PG 635,
PG 675, PG 685, PG 695 or PG 750 programmer. Use an ultraviolet erasing device to erase the
submodule's contents ( 2.1.1).

¢« The EEPROM submodule is a read-only memory. Program and erase an EEPROM submodule on
a PG 635, PG 675, PG 685, PG 695 or PG 750 programmer.

< The RAM submodule is used, in addition to program storage, to test a control program during
system startup. It should be used as a program memory only when backup is guaranteed.

Safety mode in the S5-115F requires EEPROM/EPROM submodules as code memories for the con-

trol program. The system automatically switches to Test mode in the case of other submodules

(RAM).

The individual memory submodules are available with different memory capacities as shown in
Table 2-3 and 2-4.

Table 2-3. Memory Submodules for Safety Mode

6ES5 375-0LA15 / EPROM 8x210 Byte 11
6ESS5 375 -0LA21 / EPROM 16x210 Byte 12
6ES5 375 -0LA41 / EPROM 32x210 Byte 17
6ES5 375-1LA15 [/ EPROM 8x210 Byte 411
6ES5 375-1LA21  / EPROM 16x210 Byte 412
6ES5 375-1LA41  / EPROM 32x210 Byte 417
6ES5 375-0LC31 / EEPROM 8x210 Byte 211
6ES5 375-0LC41 / EEPROM 16x210 Byte 212

* 2 Kbytes (=2 x 210 Byte) correspond approximately to 1000 STEP 5 statements.
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Table 2-4. Memory Submodules for Test Mode

6ES5 375-0LD11 / RAM 8x210 Byte -
6ES5 375 -0LD21 / RAM 16x210 Byte -
6ES5 375 -0LD31 / RAM 32x210 Byte -

2.3.3 Programmers (PG)

The programmer has the following applications:
*  Entering programs
e Testing programs
e Monitoring programs

and with the COM 115F programming package:
» Configuring of safety-related systems

e Error messages in plaintext

« Extension of signature and subunit identifier

You can use the following programmers:
e With COM 115F: PG 635, PG 685, PG 695, PG 710, PG 720, PG 730,
PG 740, PG 750, PG 770
e Without COM 115F: PG 605, PG 615, both with adapter for separate
power supply.

You can work in on-line or off-line mode with the programmers.

2.3.4 Printers (PT)
Use a printer to output the following items:
* Inputs
¢ Outputs
* Programs
e Configuration data
The following printers can be used: confer Catalog ST59

The printers can be connected to programmers from PG 615 upwards.
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3 Installation Guidelines

Programmable controllers of the S5-115F system consist of two central controllers to which one or
more expansion units can be connected if necessary. The modules that make up the S5-115F are
mounted on racks which are located in cabinets to reduce the effects of interference.

3.1 Mounting Rack

Various mounting racks are available to suit the performance or the degree of expansion the
control system is to have.

Each mounting rack consists of an aluminum mounting rail for fastening all modules mechanically
and one or two backplanes for connecting the modules to each other electrically. The module
locations (slots) are numbered in ascending order from left to right.

3.1.1 Central Controller (CC)

A central controller has a power supply module (PS), a central processing unit (CPU), and various
input/output modules (1/0Os). Depending on requirements, digital or analog modules can be used.
Interface modules (IMs) are required when expansion units are used.
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Figure 3-1. Programmable Controller without Expansion Units

A CR 700-2F or a CR 700-0 mounting rack is required for installing a central controller.
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Possible configurations on mounting rack CR 700-2F (6ES5 700-2LA22)

The CR 700-2F mounting rack allows you to install safety-related controls in 19 in. cabinets. It has
slots for a power supply module, a central processing unit and up to six input/output modules. An
interface module can be used to:

e Link both subunits (IM 304 to subunit A, IM 324 to subunit B or vice versa)

*  Connect expansion units in distributed configurations (IM 304 and IM 314).

Mounting rack
CR 700-2F

Power Supply Module

Central Processing Unit

Digital Module

Analog Module

CP 523

IM 306, centralized config.

IM 304, distributed config.

IM 304 / 324, parallel link

* The central rack is supplied with a termination connector in this slot. It can stay in this slot if you use the central rack
without expansion racks. This assigns fixed initial module addresses to the slots in the central rack ( 5.2).

Figure 3-2. Possible Configurations on Mounting Rack CR 700-2F
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Possible configurations on mounting rack CR 700-0 (6ES5 700-0LB11)

The CR 700-0 mounting rack is suitable for installing smaller controls.

You can also use adapter casings with two printed circuit boards in the case of the CR 700-0
(6ES5 700-0LB11) mounting rack. There are also slots available for a power supply module (PS), a
central processing unit (CPU), digital and analog block-type modules, the CP 523 communications
processor and interface modules for expansion units.

Mounting rack -
CR 700-0LB

Power Supply Module

Central Processing Unit

Digital Module

Analog Module AE 460, AA 470

Analog Module AE 463

RXXXARXKIR
SOHKIKIEK
2000 0 00 %0 %e %%
0t 0% e %0 %0 %%
0t 0% e %0 %0 %%
2000000 e %0 %0 %0 %
SESOHARKXK
REXX AR
SOOI
SOCOHKIKK
SRR
SOCRRKKKKK
2000 0 00 %0 %e %%
SRR
SOCRRKKKKK
SOSOBOOEK
RRRRARRRR
SOOIOEL,
SRR
SOCOHKIKK
SRR
SOCRRKKKKK
2000 0 00 %0 %e %%
SOSOEIXK

CP 523

IM 306, centralized config

IM 304, distributed config

RIS
SRRIIER,
000000 Pe 20 %0 %%
SCOLHKIKK
SOEKIRIEK
SCOLHKIKK
90090 %% % %%

IM 304 / 324, parallel link
Only with the 6ES5 491-0LB11 adapter casing

*  Only the 6ES5 491-0LB11 adapter casing can be used in these slots.
1 The central rack is supplied with a termination connector in this slot. It can stay in this slot if you use the central rack
without expansion racks. This assigns fixed initial module addresses to the slots in the central rack ( 5.2).

Figure 3-3. Possible Configurations on Mounting Rack CR 700-0
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3.1.2 Expansion Units (EU)

If the slots of a central controller are not sufficient for the installation of a control system, one or

more expansion units can be connected to the central controller.

A distinction is made between centralized and distributed configurations:

» Centralized configuration
Up to three expansion units can be connected to one central controller (CC) or to one special
expansion unit (EU). These are without power supply. The cable must not exceed 2.5 m (8.2 ft.).

 Distributed configuration
Up to eight EUs can be connected to one CC. Each of the EUs has a power supply module. The
cable must not exceed 600 m/2000 ft.

This allows a maximum configuration of five groups of four racks each, one rack being the central
controller rack.

]

]

EU1 |

EU1 |

EU1 EU1 EU1
or or or or or
EU3 U EU3 EU3 EU3
Centralized config.
EU1 EU1 EU1 EU1 EU1
or or or or or
EU3 EU3 EU3 EU3 EU3
EU1 EU1 EU1 EU1 EU1
or or or or or
EU3 EU3 EU3 EU3 EU3
max 4 EU 2/3
"""" I ——1 I
euz | | euz | | EU2 euz | |
CcC or or or or
EU3 | | EU3 | | EU3 EGU | |
— ] 1
Distributed configuration max 4 EU 2/3

Figure 3-4. Maximum Configuration of an S5-115F Subunit
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Three mounting racks are available for expansion units. The type used depends on the con-
figuration. The three types of expansion racks are as follows:

e ER701-1 for expansion unit "1" (EU1)
e ER 701-2 for expansion unit "2" (EU2)
¢ ER 701-3 for expansion unit "3" (EU3)

-
-

|
|

0 0
|

1
T
[

HI==IE 306

= 000 000 000 000 (=
—

Figure 3-5. Possible Configurations on Expansion Unit 1

The IM 306 expansion unit interface module connects expansion units to a central controller in
centralized configurations ( 3.2.5).

A combination of the IM 304 and IM 314 interface modules connects expansion units to a central
controller in distributed configurations ( 3.2.6).
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Possible configurations on mounting rack ER 701-1

Use expansion mounting rack ER 701-1 to install expansion unit EU 1. EU 1 is suitable for centra-
lized connection to a CC or distributed EUs.

The ER 701-1 has nine slots for digital and analog input or output modules and one slot for an
IM 306 expansion unit interface module. The expansion unit is powered via the EU interface
module.

Mounting rack
ER 701-1

Digital Module *

Analog Module 2

IM 306

1 Interrupt input module 6ES5 434-7LA12 cannot be plugged into these slots.
2 Safety-related analog input module 6ES5 463-4UA11 cannot be plugged into these slots.

Figure 3-6. Possible Configurations on Mounting Rack ER 701-1

3-6 EWA 4NEB 811 6148-02



S5-115F Manual Installation Guidelines

Figure 3-7 shows the possible location of an EU 1 in the maximum configuration of a subunit:

Centralized config.

max. 4 EU 2/3
[ e | R | |
| Eu2 | | Eu2 | | eu2 | | Eu2 | |
CcC or or or or
EU3 | | EU3 | | EU3 | | EU3 | |
e ] ]
Distributed configuration max. 4 EU 2/3

Figure 3-7. EU 1 in Maximum Configuration of an S5-115F Subunit
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Possible configurations on mounting rack ER 701-2

Use expansion mounting rack ER 701-2 for expansion unit EU 2. EU 2 is suitable for distributed
connection to a central controller or to an EU 2 expansion unit.

The ER 701-2 has slots for a power supply module, digital and analog input or output modules and
the IM 306 and IM 314 central controller interface modules.

Mounting rack
ER 701-2

Power Supply Module

Digital Module 1

Analog Module 2

IM 306

IM 314

1 Interrupt input module 6ES5 434-7LA12 cannot be plugged into these slots.
2 Safety-related input module 6ES5 463-4UA11 cannot be plugged into these slots.

Figure 3-8. Possible Configurations on Mounting Rack ER 701-2
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Figure 3-9 shows the possible location of an EU 2 in the maximum configuration of a subunit:

-

-

-

-

Installation Guidelines

-

EU1 EU1 EU1 EU1 EU1
or or or or or
EU3 EU3 EU3 EU3 EU3

Centralized config.

EU1 EU1 EU1 EU1 EU1
or or or or or
EU3 EU3 EU3 EU3 EU3
EUl EU1 EUl EU1 EUl
or or or or or
EU3 EU3 EU3 EU3 EU3

max. 4 EU 2/3

CcC

L |

[

Distributed configuration

max. 4 EU 2/3

Figure 3-9. EU 2 in Maximum Configuration of an S5-115F Subunit
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Possible configurations on mountning rack ER 701-3

The modules on an ER 701-3 mounting rack form an EU 3. The EU 3 is suitable for
e Connection to a central controller (CC) in centralized configurations

or

« Connection to a distributed EU 2 or EU 3 in centralized configurations

or

e Connectiontoa CC, EU 1 or EU 2 in distributed configurations.

Note

You must always use an EU 3 if you want to operate several safety-related 463 Al
modules or CP 523 communications processors in one expansion unit.

When the AE 463 is used in a central configurated ER 701-3 with IM 306 please notice:

e the 705 connecting cable must not longer than 0.5 m

e itis not allowed to use the AE 463 in the third expansion unit (EU)

The ER 701-3 has slots for a power supply module, digital and analog input or output modules, the
CP 523 as well as the IM 306 and IM 314 EU interface modules.

Mounting Rack
ER 701-3

Power Supply Module 1

Digital Module 2

Analog Module 3

CP 5234

IM 306

IM 314

Only required in the case of distributed configurations
Except the 6ES5 434-7LA12 interrupt input module
Also for the 6ES5 463-4UA11 safety-related Al module
Only in the case of distributed configurations

A WN P

Figure 3-10. Possible Configurations on Mounting Rack ER 701-3
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Figure 3-11 shows the possible location of an EU 3 in the maximum configuration of a subunit:

Centralized config.

max. 4 EU 2/3

CcC

m— C

Distributed configuration max. 4 EU 2/3

Figure 3-11. EU 3 in Maximum Configuration of an S5-115F Subunit
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3.2 Mechanical Installation

Fasten all modules on the appropriate mounting racks. You can install the mounting racks in
cabinets with dimensions in inches or millimeters. You can also fasten the racks to surfaces that are
at an angle of up to 15° to the vertical. Block-type modules are mounted directly on the rack. Place
printed circuit boards in double-height Eurocard format in adapter casings.

3.2.1 Installing the Modules

Install block-type modules according to the following procedure:

« Remove the protective caps from the socket connectors on the backplane

* Hook the top of the module into place between the two guides on the top of the mounting
rack

< Swing the module down until it engages with the socket connectors on the backplane

e [Fasten the screws at the top and bottom of the module.

(@)

AR,

Figure 3-12. Installing the Modules

If the modules are subjected to mechanical vibration, they should be installed as close together as
possible, i.e. do not leave slot empty between the modules.

A Important

Turn off the power supply for the central controller and the sensors before plugging in
or removing input/output modules.
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Mechanical slot coding

On the back of each module, with the exception of the power supply and central processing unit,
is a slot coding element in the form of a two-part plastic cube. This coding element ensures that,
when a module is replaced, only another module of the same type will be plugged in in its place.

The coding element consists of two parts, one like a lock and one like a key. The two parts fit
together in a defined position. This position is specific to each type of module. When you install
the module, the coding element is inserted into the mounting rack. When you swing the module
out, the key-shaped part of the element stays in the mounting rack and the lock-shaped part stays
on the module.

Now you can install only this particular module or an identical one in this slot.
If you want to install a different module, you have to remove the coding element from the
mounting rack.

You can also work without slot coding. To do this, you must pull the coding element off the
module before you swing the module into place for the first time.

[

Figure 3-13. Slot Coding Element
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Adapter casing

Use an adapter casing to fasten printed circuit boards in double-height Eurocard format to a
mounting rack as you would fasten block-type modules. The adapter casing is required for the
following modules in the S5-115F:

« IM304
« IM314
e IM324
« AE 463
» CP523

Figure 3-14. Installing a Printed Circuit Board in an Adapter Casing (6ES5491-0LB11)

Push the printed circuit board into the casing along the guide tracks. Lock the module into place
with the eccentric locking collars at the top and bottom of the casing.

If an opening remains on the front after the module has been inserted, cover it with a blanking
plate.

Hang the completed unit on the mounting rack and fasten the screws at the top and bottom of
the adapter casing.
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3.2.2 Dimension Drawings

SIEMENSO O O O O O
SIMATIC S§ 1| 1| I: 1|
~ |
190.5
I: (7.43)
\_/
Ul s
O
SYe) [
Olo|O|o|©
» 465" (18.14) >é

CR 700-2F; ER 701-1 ... 3

* The width of the CR 700-0 (6ES5 700-0LB11) is 353 mm (13.9 in.)

Figure 3-15. Dimension Drawing of Mounting Racks
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1 Controls and front connectors extend beyond the front

Figure 3-16. Dimension Drawing of Module without Adapter Casing

Power Supply Module 65 (2.54) | 187 (7.29)

Central Processing Unit 43 (1.68) | 187 (7.29)
Digital and Analog Modules built in
Interface Module 25(0.98) | 133(5.19)
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1 Controls and front connectors extend beyond the front

Figure 3-17. Dimension Drawing of Module with Adapter Casing

Adapter Casing

43 (1.68) | 187 (7.29) built in
Analog Input Module
Interface Module 25(0.98) | 133(5.19)
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3.2.3 Cabinet Installation
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Figure 3-18. Dimensions for Installation in a 19-in. Cabinet
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3.2.4 Interconnecting the Two Subunits

The two subunits are interconnected via an IM 304 / IM 324 parallel link. The IM 304 interface
module can be plugged into either subunit A or subunit B.

The IM 304 and IM 324 modules are connected to each other with the 721 connecting cable over a
maximum distance of 10 m (33 ft.). The cable is connected to the lower of the two interface ports.
Please use the switch and jumper settings shown in Figures 3-19 and 3-20 for establishing the
parallel link between the two subunits.

IM 304
X3 X1
LEDZ\—_— X22
-
OFF__ON
ﬂ N ]
OFF X13 EZ
ON bl [
OFF
/:I:
LED1 TE—xa

— 97531 X12 4 , 4

X4 =" == | X2
— 10864 2 X15
— X11

Figure 3-19. Switch and Jumper Settings on the IM 304-3UB11 for the Parallel Link
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IM 324

[e==] [oe]

BR7 BR6

BR3

i

BR2

Pyl

‘—'E

BR5

BR1

J30

BR4

X1

X2

3-20

Figure 3-20. Switch and Jumper Settings on the IM 324-3UA12 for the Parallel Link
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3.2.5 Centralized Configurations

A central controller connected to as many as three expansion units makes up a centralized con-
figuration. Use only the IM 306 interface module to connect an ER 701-1 mounting rack. If a 463
analog input module is to be plugged into the expansion unit, an ER 701-3 without power supply
module must be used. Please note the following when installing the IM 306:

¢ Number of EUs: max. 3

e Total cable length: max. 2.5 m (8.2 ft.)

e Slot addressing: variable (in the case of the CC and the EU)
e Power supply to the EUs: max. 2 A*

ER 701-1 or
ER 701-3

ER 701-1 or
ER 701-3

ER 701-1 or
ER 701-3

CR 700-2For
ER 701-2 or
ER 701-3

7051 Connecting cable

IM 306 Interface Module

Central Processing Unit2

Power Supply Module

1 You can also order a 1.25m (4.1 ft.) 705 connecting cable (Order No.: 6ES5 705-0BB20), and use it to mount two EUs
next to each other.
2 Only in the CR 700-2F central controller rack

Figure 3-21. Centralized Configuration with the IM 306 Interface Module

* The EU with the highest current should be located as closely as possible to the CC.
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3.2.6 Distributed Configurations

A central controller connected to expansion units installed over a maximum distance of 600 m
(approx. 2000 ft.) makes up a distributed configuration. A distributed configuration is described

on the pages that follow.

Please note the following:

e Each ER 701-2 expansion rack, or ER 701-3 in a distributed configuration, requires a PS 951
power supply module and an IM 306 interface module for addressing input/output modules.

+ Please note Section 3.4.4!

e If you use digital input modules on the ER 701-2 or ER 701-3, it is recommended that these be
modules with revision level "2” (or higher).

Table 3-1. Technical Specifications for Distributed
Configuration Interface Modules

Maximum number of EUs that 8

can be connected

Max. total cable length 600 m
Current consumptionat 5 V 1.2A [ 0.85A

3-22
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Connection with IM 304/IM 314 interface modules

Plug the IM 304 interface module into a CR 700-2F central rack to connect as many as four EUs per
interface to the CC. In this way, you can connect up to eight distributed EUs to the CC via the
IM 304. Plug an IM 314 into each ER 701-2 or ER 701-3 expansion rack. Connect the interface
modules with the 6ES5 721-.... connecting cable as shown in Figure 3-22.

Please note the following special features:

e« Switches S1 and S2 on the frontplate can be set to determine whether only one interface
(X3 or X4) or both interfaces (X3 and X4) should be in operation.
Switch in RUN position: relevant interface in operation
Switch in OFF position: relevant interface not in operation; LED off.

« The lower front socket (X4) on the last IM 314 must always have a termination connector
plugged into it.

Connecting cable 721 Connecting cable 721
ER 701-2/-3 \ f ER 701-2/-3 \
P :: P F¥i
CR 700-2F S S f
P|C
S|P
U . A
| cenn
l max. 4 distributed EUs
|
|
IM 304 Connecting cable 721 Connecting cable 721

ER 701-2/-3 \

.7,

ER 701-2/-3 \

P
S

P

c /

max. 4 distributed EUs

P
@ IM 314 interface module

IM 306 interface module Termination connector 6ES5 760-1AA11

®  You can connect up to three ER 701-1 expansion racks here

Figure 3-22. Distributed Configuration with IM 304/314
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Switch and jumper settings on the IM 304 interface module in the case of distributed

configurations

Figure 3-23 shows switch and jumper positions on the IM 304 module. If you use the IM 304
interface  module for distributed configurations, please adopt the jumper settings shown on

jumper block X11.

All toggles must be in the ON position on the S3 switch.

IM 304
X3E=— X1
= x22
LED2 —
N
OFE_ON
ON .
1
E OFF = <3 X13 E§
ON
E OFF |
/:IZ E| 1
L 2
LED1 — X21 °l3
— X14 97531 X12 5 , 4
X4E=— SI=] | X2
— 10864 2 X15
— X11
Figure 3-23. Switch and Jumper Settings on the IM 304-3UB11 for Distributed Configurations

In Figure 3-23, the IM 304 has been set for distributed configuration.
e Permissible cable length up to 100 m (328 ft.) (X11)

e The PLC evaluates the PEU CPU signal if one interface signals "not ready” (X14)
¢ The PLC evaluates the PEU (I/O module not ready) CPU signal (X15)

* Both interfaces are switched on (X21 and X22)

You can change the settings of jumpers X21, X22 and X11, X14 and X15.
¢ You can switch the interfaces on or off with jumpers X21 and X22.

x21 I
or
X22
o
O

*—0

3-24

ON

Interface switched on

OFF

ON

Interface switched off
(no EU connected via this interface).

OFF
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* Use jumper X11 to set the total cable length to the last EU of the 721 connecting cables of one

Installation Guidelines

interface. The interface with the longest connection is decisive for the setting of jumper X11.

Jumper plug X11

Positonofthe | 9 7 53 1 97531 97531 97531 97531
jumper oooo0e® oooe¢oO ooe@oO oe@ooO0O @oO00O0O0
oOoo0o0e oOooeoO ooeo0oO0 oOeoo0oO0 ®@00O0O0
10 8 6 4 2 1086 42 108642 108642 1086 42
Cable length upto10m 10to 100 m | 100to 250 m | 250t0 450 m | 450 to 600 m

(32 ft)* (32 to 328 ft.) (328 to (820 to (1476 to

820 ft.) 1476 ft.) 1968 ft.)

* Setting only permissible for parallel configuration of central controllers.

e The X14 and X15 jumpers can be set as follows in the case of IM 304 / 314 distributed
configuration:

1
x14 I 9 The PLC outputs the PEU fault signal if one interface signals
"not ready”.
© 13
° 1 The PLC outputs the PEU fault signal if both interfaces signal
I 2 "not ready”.
3
X15 o o o The PLC does not evaluate the PEU fault signal.
2 1 .
The PLC evaluates the PEU fault signal.
o e Note: In the case of power ON, an additional cold restart

(RN-ST-RN)isrequired.

Note

If the PEU signal is not evaluated, you must make sure at restart that the EU is ready for
operation before the CC or that the necessary adjustments to the process I/O images
will be made in OB1.
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Switch and jumper settings on the IM 314 interface module in the case of distributed

configurations

Figure 3-24 shows the switch and jumper positions on the IM 304 module. If you use the IM 314
interface module for distributed configurations, please adopt the settings shown in the figure.

All toggles must be in the OFF position on the S1 switch.

IM 314

X3

X4

2 1

=] [ =]

BR1

3

2 1

BR2

OFF
ON

i

3 2 1

i

BR3

X1

X2

Figure 3-24. Switch and Jumper Settings on the IM 314 for Distributed Configurations

Note

For distributed configurations, you must not change the IM 314 setting shown above.

3-26
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3.3 Wiring
The backplane on the mounting rack establishes the electrical connection between all modules.

Make the following additional wiring connections:

¢ The PS 951 power supply module to the power line

e The sensors and actuators to the digital or analog modules.
Connect the sensors and actuators to a front connector that plugs into the contact pins on the
front of each module. You can connect the signal lines to the front connector before or after
you plug it into the module. The connection diagram of each module is on the inside of the
front door.
Perforated label strips are included with each input and output module. Use these strips to
note the addresses of the individual channels on the module.
Slip the strips along with their protective transparent covers into the guides on the front door.

< A number of check modules are required to ensure the safety of the I/O modules:
- Check digital output modules for digital input modules
- Readback digital input modules for digital output modules
- Check relay output modules and check analog output modules for analog input modules.

Subsections 3.3.1 through 3.3.6 explain how to connect individual modules.

3.3.1 Connecting the PS 951 Power Supply Module

Connect the power cable of the 24 DC supply to terminals L+, M and @ in order to connect the
PS951.

/\/_\/

O L+
Owm
O

24V DC
\@ @ A
- J

Figure 3-25. PS 951 Power Supply Module
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3.3.2 Connecting Digital Modules

Floating digital modules are available for the S5-115F. An optocoupler isolates the external
voltages from the internal voltages.

Floating
Sensor L+ Module
@
[ ]
[ ]
[ ]
[ ]
[ ]
" :
M
=2

Figure 3-26. Connection to Floating Modules

Feedback modules are required for digital modules used in safety-related systems ( 10.9).

3.3.3 Connecting Analog Modules

See Section 6 and 10.11 to 10.14 for a description of connecting and starting up analog modules.
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3.3.4 Front Connectors

Various front connectors are available for wiring:

Table 3-2. Front Connector Overview

6ES5 490-7LB11 24 Screw connection 1x (1.0 ... 2.5) mm2
(SIGUT) or
2x(0.5...1.5) mm2 *
6ES5 490-7LC11 46 Spring-loaded connection 1x(0.25 ... 1.5) mm2**
or
6ES5 490-7LB21 46 Screw connection*** max. 1.5 mm2 in the case of
(box terminal) combinations of conductors
6ES5 497-4UB11 42 in one end sleeve

6ESS5 490-7LA11
(with crimp snap-in contacts) 1x(0.5 ... 2.5) mm2
46 Crimp snap-in or

6ES5 490-7LA12 (without (mini-spring contact) 2x(0.5 ... 0.75) mm2
crimp snap-in contacts)?

1  When plug-in jumpers are used, the conductor cross sections are reduced.

Use crimp snap-in contacts with the order no. 6XX5 070 (Qty: 250)
Flexible cable with end sleeves: 0.75 to 1.5 mm?2

**  With end sleeves: 0.5 to 1.5 mm?2

*** 1.5 mm2 with jumer comb

* N

In general, we recommend use of end sleeves, especially where corrosion is to be expected.

Screw-type connections Crimp snap-in connections  Spring-loaded connection
24-pin 46-pin 46-pin 46-pin
519 el O
Hlo =
H (e =
Hle =
Hle =
Hle =
3| =
dle =
Hlel =
dle s
al B0 1= =
o =
d el E
de =
H [e] =
H el =
H e =
= le =
H e
H [e]
H e
2 o) i

Figure 3-27. Front Connector - Front View

The connectors have openings at the bottom for standard strain-relief clamps.
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Installing the front connector  (on all I/Os except the 463 analog input module)
Install the front connector as follows :

1. Open the front door of the module.

2. Hook the front connector into the pivot at the bottom of the module.

3. Swing the front connector up and in until it engages with the module.
4
5

Tighten the screw at the top of the front connector to secure it.
Close the front door of the module

Module
Front door is open

Front connector is swung
up and in

Screw

Pivot

Figure 3-28. Installing Front Connector

Installing the front connector of the 463 analog input module

Proceed as follows:

Unscrew the connector cover.

Hook the front connector into the pivot at the bottom of the module.
Swing the front connector up and in until it engages with the module.
Tighten the screw at the top of the front connector to secure it.
Screw on the connector cover.

agrwpdPE
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3.3.5 Simulator

You can use an appropriate simulator instead of a front connector. Use the toggle switches on the
front of this device to simulate input signals ( Figure 3-29). A simulator needs an external power
supply.

Simulators can not be used for mixed digital input/output modules or for output modules.

3
)

Fastening screw

wWN RO

Screw-type terminals
for supply voltage

~No s

WN RO

T
¥IS VI BTN ST

~No s

b
)

R

Figure 3-29. Simulators

3.4 General Configuration

The following sections explain the electrical installation of the S5-115F.

3.4.1 Power Supply
A completely assembled controller consists of the following separate electrical circuits:

e The control circuit for the central controllers and expansion units
e The load circuit for the sensors and actuator.
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PS 951 power supply module

The PS 951 power supply module supplies the following:
« CPU

e 1/O bus

e Control circuits of the input/output modules.

The following table gives you an overview of the power supply modules which can be used in the
S5-115F.

Table 3-3. Overview of Power Supply Modules for S5-115F

6ES5 951-7ND21 | 24V DC Max.7A | No High-level external voltage monitor

required
6ES5 951-7ND31 | 24V DC Max.7 A | Yes To be replaced by 6ES5 951-7ND41

6ES5 951-7ND41 | 24V DC Max.7A | Yes | = mmmmmmmmmmmmmeeeeee-

Please note the following points when using the PS 951 power supply module:

e S5-115F central controllers and expansion units may only be operated with the power supply
modules listed in Table 3-3.

These power supply modules have been prototype-tested and approved for use in safety-
related systems.

e The PS 951-7ND31 and PS 951-7ND41 power supply modules have safe electrical isolation to
DIN VDE 0160. The 24 V DC input voltage must be a functional extra-low voltage in accordance
with DIN VDE 0100 or a comparable standard. If not, the PE terminal must be connected to the
protective ground wire.

e The PS 951-7ND21 power supply module has no galvanic isolation between the primary and
secondary sides. If you want to use this module, you will require high-level monitoring
facilities for the 5 V DC operating voltage on the secondary side. The 24 V DC input voltage
must be switched off automatically in the event of overvoltage.

Note

Since the S5-115F is operated without fans for safety reasons, the power supply
module must not be loaded with more than the rated value of 7 A/5 V. This means that
the current consumption of all the modules used must not exceed 7 A.

e Magnetic voltage stabilizers must not be connected direct on the input side of the power
supply module!
If you use magnetic voltage stabilizers in parallel circuit branches, there is a likelihood of
overvoltages, which could destroy the power supply module! Please consult your local
SIEMENS regional office in such cases.
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Load power supply

The load power supply supplies the following:
* Input and output circuits (load circuits)
+ Sensors and actuators.

For monitoring reasons, both control and load circuits should be connected to the same power
supply.

We recommend that you use our load power supply units from the 6EV1 series. If you decide to use
load power supply units of a different type, please note that you must monitor the output
voltage. The output voltage of a 24 V DC load voltage supply unit must not exceed 30 V DC.
Modules may be destroyed at higher voltages.

A Warning

For SIMATIC modules supplied with functional extra-low voltages
(Vv 60V DC,V 25V AC), you require load power supply units with safe (electrical)
isolation to DIN VDE 0160.

Load power supply for non-floating modules

If you use non-floating modules, you must create a common reference potential for the internal
control circuits of the PLC and for the load circuits. For this reason, connect the reference potential
of the load power supply unit with the ground connection of the PLC (PE terminal or @)). The
ground connection is permanently connected to the internal reference potential of the controller.

Load power supply for floating modules

Note

If you use switched-mode power supply units to supply floating analog modules and
BEROSs, you must first run this supply over a mains filter.

Dimensioning the load power supplies

The electronic short-circuit protection of DO modules activates only when triple the rated current
is exceeded. For this reason, dimension the load power supply units in such a way that the power
supply can deliver the current required for switching off in the case of a short-circuit at an output.

If the load power supply unit has not been sufficiently dimensioned, this can result in a current
higher than the rated current flowing for an extended period in the case of a short-circuit at
digital outputs, without the short-circuit protection of the DO module activating. Overrange
operation can destroy the module.
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3.4.2 Electrical Installation with Field Devices

The following figures each show an example circuit for connecting control power supply and load
power supply. They also show the grounding concept for operation from the following:

¢ Grounded supplies

e Centrally grounded supplies

¢ Nongrounded supplies.

Please note the following when installing your controller. The text contains reference numbers
which you can find in Figures 3-30 to 3-32.

Master switch and short-circuit protection

e You must provide a master switch to DIN VDE 0113, Part 1, or a disonnecting device to DIN
VDE 0100, Part 460, for the programmable controller, sensors and actuators.

These devices are not required in the case of subsystems where the relevant device has been
provided at a higher level.

* You can provide the circuits for sensors and actuators with short-circuit protection and/or
overload protection in groups. According to DIN VDE 0100, Part 725, single-pole short-
circuit protection is required in the case of grounded secondary side and all-pole protection is
required in all other cases.

e For nonfloating input and output modules, connect terminal M of the load power supply unit
with the PE ground conductor of the control circuit's PS 951 power supply module.

Load power supply

e For 24 V DC load circuits, you require a load power supply unit with safe electrical isolation.

¢ You require a back-up capacitor (rating: 200uF per 1 A load current) for nonstabilized load
power supply units.

« For controllers with more than five electromagnetic operating coils, galvanic isolation by a
transformer is required by DIN VDE 0113, Part 1; it is recommended by DIN VDE 0100, Part 725

e For nonfloating input and output modules, connect terminal M of the load power supply unit
with the PE ground conductor of the control circuit's PS 951 power supply module.
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Grounding

* You should ground load circuits where possible . Provide a removable connection to the
protective conductor on the load power supply unit (terminal L- or M) or at the isolating
transformer in secondary circuit.

+ To protect against stray noise, use copper conductors of at least 10 mm2 cross section to
ground the mounting racks by the shortest possible route.

A Warning

You must provide insulation monitoring devices for nongrounded power supply

modules

» If hazardous plant conditions could arise from double-line-to-ground faults or
double fault to frame faults

« If no safe (electrical) isolation is provided

» If circuits are operated with voltages > 60 V DC

» If circuits are operated with voltages > 25 V AC.

e The mounting racks of the S5-115F must be connected to the protective conductor. This
grounds the reference potential of the controller.
Nongrounded operation of S5-115F controllers is only permissible if all the circuits are
operated with functional extra-low voltage. In this case, connect the mounting rack or DIN rail
over an RC network with the protective conductor.
(rating: C=1yF, R=100k ).
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Operating a programmable

controller with field devices on grounded supply

Operation from grounded power supplies offers the best protection against interference.

Low voltage distribution
e.g. TN-S system

L2

L3

PE

_—

Cabinet Programmable controller

Control power supply

>

\ Y

\Y v

DC

"V

uP

Non-
floating
input

Floating
input

Non-
floating
output

Floating
output

CPY

AC

Protective conductor
bar in cabinet

>

Field devices

oy
-

AC

AC

- - - -

24 to 230 V AC load power supply unit for
AC modules

>

-

DC

AC

51to 60 V AC load power supply unit for
nonfloating DC modules

>

olle

oy
-

DC

5to0 60 V AC load power supply unit for
floating DC modules

Figure 3-30. Operating a Programmable Controller with Field Devices on Grounded Supply
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Operating a programmable controller with field devices on a centrally grounded supply

In plants with their own transformers or generators, the PLC is connected to the central grounding
point. A removable connection must be provided for measuring ground faults.

Installation of the PLC must be such that there is insulation between the cabinet potential and the
protective conductor potential. In order to maintain the insulation, all connected devices must be
grounded capacitively or they must be nongrounded . For this reason, programmers must be
supplied only over an isolating transformer.

Low voltage distribution

§ § % Removable connection 4
for measuring purposes | capinet
Programmable controller with insulated installation
— Central operating
ground or
- fundamental groun
'_V'\V\\ undamental ground
Control power supply v v ¥ v
v \Y \Y \Y
AC > L+ P /// /
C cpu || Non- Non- Floating Floating
L- floating floating input output
input output
PE
Protective conductor bar in
cabinet, insulated
v P — Field devices
¢ AC - - -
24 to 230 V AC load power supply unit for
AC modules
AC > > ———
DC [—* -+ - - -
510 60 V AC load power supply unit for
nonfloating DC modules
e > —
c - - - - -
5to 60 V AC load power supply unit for
floating DC modules

z

Figure 3-31. Operating a Programmable Controller with Field Devices
on Centrally Grounded Supply
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Operating a Programmable Controller with Field Devices on Ungrounded Supply

Neither the outer conductor nor the neutral are connected to the protective conductor in the case
of nongrounded supplies. Operation of the PLC with nonfloating power supply modules is not
permissible.

Please note the following when connecting power supply modules:

In networks with 3 x 230 V, you can connect the power supply module direct to two outer
conductors (see Figure 3-32).

In networks with 3 x 400 V, connection between the outer conductor and the neutral conductor is
not permissible (unacceptably high voltage in the case of ground fault). Use intermediate
transformers in these networks.

Low voltage distribution
e.g. IT system

L1

L2

L3

h 4
(- _\_ Cabinet

Programmable controller

Control power supply v v Il v
\Y v \Y \

A = L ////

+ P
C . cpu || Non- Non- Floating Floating
L- floating floating input output
input output

PE

Protective conductor bar
L in cabinet
Operating
ground
A2 > —— - - Field devices

AC - - - -
24 t0 230 V AC load power supply unit for
AC modules

AC > —

DC —&- -— - - - -
5to 60 V AC load power supply unit for
nonfloating DC modules

AC | -9 > » R
be 9 - - - - -

51to 60 V AC load power supply unit for
floating DC modules

Figure 3-32. Operating a Programmable Controller with Field Devices on Nongrounded Supply
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3.4.3 Connecting Nonfloating and Floating Modules

The following sections show the special features involved in installations with nonfloating and
floating modules.

Installation with nonfloating modules

In installations with nonfloating modules, the reference potential of the control circuit (Miyerma)
and the load circuits (M.ema) @re not galvanically isolated.

The reference potential of the control circuit (M;ema) IS at the PE terminal or @ and must be
connected to the reference potential of the load circuit via a line to be run externally.

Figure 3-33 shows a simplified representation of an installation with nonfloating modules. The
installation is independent of the grounding concept. The connections for the grounding
measures are therefore not shown:

,/ Vint
Data
Mint

\J
e
\J

N

N
RS
~
NN
N
~
N
N

. 7 7 /
PS . CPU DI ' ' DQ!

1L- o——— |

PE o———¢
Control power

-

| External connection for
supply uniform reference potential

2L+ &<

2L-o

24 V DCload power
supply

Figure 3-33. Simplified Representation of an Installation with Nonfloating Modules

Voltage drop on line  must not exceed 1 V, otherwise the reference potentials will shift and
result in failures of the module.
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Note

It is imperative that you connect the reference potential of the load power supply unit
with the L- terminal of the module in the case of 24 V DC DQ modules. If this
connection is missing (e.g. wirebreak), a current of typically 15 mA can flow at the
outputs. This output current can be sufficient to ensure that
» Energized contactors do not drop out

and
* High-resistance loads (e.g. miniature relays) can be driven.

Installation with floating modules

Control circuit and load circuit are galvanically isolated in the case of floating modules.
Installation with floating modules is necessary in the following cases:

e All AC load circuits
and

¢ Non-connectable DC load circuits.
The reasons for this are, e.g. different reference potentials of the sensors or the grounding of
the plus poles of a battery, ...

Figure 3-34 shows the simplified representation of an installation with floating modules. The
installation is independent of the grounding concept. The connections for grounding measures
are therefore not shown.

2 2 = ~‘/ \éiar\]tta
1 /= /= /= . Mint
Yavs Vs W’
*—
A /
ps. ¢ ° CcPU
1L+ OJ
1L-o0——
PE o—m
24V DCcontrol power
supply
2L+ © oll
2L- © oN
24 V DCload power 230 V AC load power
supply supply

Figure 3-34. Simplified Representation for Installation with Floating Modules
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3.5 Installing Programmable Controllers in Conformity with EMC Guidelines

Measures to suppress interference are frequently only taken when the controller is already in
operation and reception of a signal has already been affected. In most cases, such interference is
attributable to inadequate reference potentials caused by faulty installation of the programmable
controller.

When installing the programmable controller, you must ensure that all inactive metal parts have
surface contact grounding. Correct grounding creates a uniform reference potential for the
controller and reduces the effects of strays.

Grounding means the conductive connection of all inactive metal parts. The total of all
interconnected inactive parts is called the ground.

Inactive metal parts are all conductive parts that have at least basic electrical isolation from active
parts and that are energized only in case of a fault.

Even in case of a fault, the ground must not carry a dangerous touch voltage . The ground must
therefore be connected with the protective conductor. To avoid ground loops, you must always
connect locally separated ground configurations (cubicles, structural parts and machine parts) to
the protective conductor system in a star configuration.

Note the following when grounding:

e Connect the inactive metal parts as carefully as the active parts.

« Make sure that the metal-to-metal connections are of low impedance, e.g. through large-
surface contacting with good conductivity.

e If you include enamelled or anodized metal parts in the grounding, these insulating protective
layers must be penetrated. For this purpose, use special contact washers or remove the
insulation layers.

« Protect joints against corrosion, for example, by means of grease.

« Movable ground parts (e.g. cubicle doors) must be connected via flexible grounding strips. The
grounding strips should be short and have a large surface, since the surface is decisive for the
discharge of high-frequency interference.
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3.6 Wiring Arrangement

This section describes the wiring arrangements for bus cables, signal cables, and power supply
cables that guarantee the electromagnetic compatibility (EMC) of your installation.

3.6.1 Running Cables Inside and Outside a Cabinet

Dividing the lines into the following groups and running the groups separately will help you to
achieve electromagnetic compatibility (EMC).

Group A: Shielded bus and data lines (for programmer, OP, SINEC L1, SINEC L2, printer, etc.)
Shielded analog lines
Unshielded lines for DC voltage 60 V
Unshielded lines for AC voltage 25V
Coaxial lines for monitors

Group B: Unshielded lines for DC voltage > 60 V and 400 V
Unshielded lines for AC voltage > 25V and 400 V

Group C: Unshielded lines for AC voltage > 400 V
Group D: Lines for SINEC H1

You can use the following table to see the conditions which apply to the running of the various
combinations of line groups.

Table 3-4. Rules for Common Running of Lines

Group A

Group B

Group C

Group D

Legend for table:

Lines can be run in common bundles or cable ducts

Lines must be run in separate bundles or cable ducts (without minimum distance)

Inside cabinets, lines must be run in separate bundles or cable ducts and outside cabinets but
inside buildings, lines must be run on separate cable trays with a gap of a least of 10 cm
between lines.

Lines must be run in separate bundles or cable ducts with at least 50 cm between lines.
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3.6.2 Running Cables Outside Buildings

Run lines outside buildings where possible in metal cable supports. Connect the abutting surfaces
of the cable supports galvanically with each other and ground the cable supports.

When you run cables outdoors, you must observe the regulations governing lightning protection
and grounding. Note the general guidelines:

Lightning Protection

If cables and lines for SIMATIC S5 devices are to be run outside buildings, you must take measures
to ensure internal and external lightning protection.

Outside buildings run your cables

either

- In metal conduits grounded at both ends
or

- In steel-reinforced concrete cable channels

Protect signal lines from overvoltage by using:
e Varistors

or
e Lightning arresters filled with inert gas

Install these protective elements at the point where the cable enters the building.

Note

Lightning protection measures always require an individual assessment of the entire
system. If you have any questions, please consult your local Siemens office or any
company specializing in lightning protection.

Grounding

Make certain that you have sufficient equipotential bonding between the devices ( 3.7).
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3.7

Equipotential Bonding

Potential differences may occur between separate sections of the system if

Programmable controllers and I/Os are connected via non-floating interface modules or
Cables are shielded at both ends but grounded via different sections of the system.

Potential differences may be caused, for instance, by differences in the system input voltage.
These differences must be reduced by means of equipotential bonding conductors to ensure
proper functioning of the electronic components installed.

Note the following for equipotential bonding:

A low impedance of the equipotential bonding conductor makes equipotential bonding more
efficient.

If any shielded signal cables connected to earth/protective earth at both ends are laid between
the system sections concerned, the impedance of the additional equipotential bonding
conductor must not exceed 10 % of the shield impedance.

The cross-section of the equipotential bonding conductor must be matched to the maximum
compensating currents. The following cross-sections are recommendable:

- 16 mm2 copper wire for equipotential bonding line up to 200 m (656.2 ft).

- 25 mm?Z copper wire for equipotential bonding line over 200 m (656.2 ft).

Use equipotential bonding conductors made of copper or zinc-plated steel. Equipotential
bonding conductors are to be connected to earth/protective earth via a large contact area and
to be protected against corrosion.

The equipotential bonding conductor should be laid in such a way as to achieve a relatively
small contact area between equipotential bonding conductor and signal cables
(see Figure 3-35).

Signal cable

Equipotential bonding conductor

Figure 3-35. Laying Equipotential Bonding Conductor and Signal Cable
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Protection in the case of Indirect Contact
For distributed configurations, differentiate between the following cases:

e Separate arrangement (up to 200 m/656.2 ft.) of central controllers and expansion units when
connected by the IM 304/314 interface modules.
The IM 304/314 interface modules are nonfloating. In this case, provide a potential
equalization line (see VDE 0100. Section 547).

« Signal transfer between separate systems via input and output modules.
Use floating input and output modules for signal transfer.

3.8 Shielding Cables

Shielding is a measure to weaken (attenuate) magnetic, electric or electromagnetic interference
fields.

Interference currents on cable shields are discharged to ground over the shield bar which has a
conductive connection to the housing. So that these interference currents do not become a source
of noise in themselves, a low-resistance connection to the protective conductor is of special
importance.

Use only cables with shield braiding if possible. The effectiveness of the shield should be more
than 80%. Avoid cables with foil shielding since the foil can easily be damaged by tension and
pressure; this leads to a reduction in the shielding effect.

As a rule, you should always shield cables at both ends. Only shielding at both ends provides good
suppression in the high frequency range.

As an exception only, you can connect the shielding at one end. However, this attenuates only the
lower frequencies. Shielding at one end can be of advantage in the following cases:

< If you cannot run an equipotential bonding conductor

« If you are transmitting analog signals (e.g. a few microvolts or microamps)

e If you are using foil shields (static shields).

Always use metallic or metalized connectors for data lines for serial connections. Secure the shield
of the data line at the connector housing. Do not connect the shield to the PIN1 of the connector
strip!

In the case of stationary operation, you are recommended to insulate the shielded cable without
interrupt and to connect it to the shield/protective ground bar.

Note

If there are potential differences between the earthing points, a compensating current
can flow over the shielding that is connected at both ends. For this reason, connect an
additional equipotential bonding conductor ( 3.7).
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Note the following when connecting the cable shield:
¢ Use metal cable clamps for fixing the braided shield. The clamps have to enclose the shield

over a large area and make good contact (see Figure 3-36).
e Connect the shield to a shield bar immediately at the point where the cable enters the cabinet.
Route the shield to the module; do not connect it to the module.

Figure 3-36. Fixing Shielded Cables with Various Types of Cable Clamps

3.9 Special Measures for Interference-Free Operation
Arc Suppression Elements For Inductive Circuits

Normally, inductive circuits (e.g. contactor or relay coils) energized by SIMATIC S5 do not require
to be provided with external arc suppressing elements since the necessary suppressing elements
are already integrated on the modules.

It only becomes necessary to provide arc supressing elements for inductive circuits in the following

cases:

« If SIMATIC S5 output circuits can be switched off by additionaly inserted contactors (e.g. relay
contactors for EMERGENCY OFF). In such a case, the integral suppressing elements on the
modules become ineffective.

e If the inductive circuits are not energized by SIMATIC S5.

You can use free-wheeling diodes, varistors or RC elements for wiring inductive circuits.

Connecting DC-controlled coils Connecting AC-controlled coils
with diode with zener diode with varistor with RC element
+ +
[ L
74 B N VA B\ /] /]
—
q

Figure 3-37. Connecting Coils
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Mains connection for programmers

In each cabinet group, provide a grounding-type receptacle to supply power for a programmer.
The receptacle should be supplied from the distribution board to which the protective ground for
the cabinet is connected.

Cabinet lighting

Take normal lamps for cabinet lighting, e. g. LINESTRA® lamps are more suitable. For reasons of

noise immunity, do not use flourescent lamps inside the cabinet. If you must use fluorescent lamps,
take the measures shown in Figure 3-34.

Shielding grid over lamp

r———<---=-= 1

I I

l P

L d — 1 Completely shielded cable
07|[H— Metal-encased switch
>4 Mains filter or shielded mains cable

Figure 3-38. Measures for Suppressing Noise from Fluorescent Lamps in the Cabinet

Separating inductors

Sheet-metal barriers are recommended for the part of the cabinet containing strong inductances
such as transformers or contactors.

Protection against electrostatic discharge

Metal housings or cabinets closed on all sides and with good metallic contact to the grounding
point at the installation location should be used to protect decivers and modules from electro-
static discharge.

If you install your controller in a terminal box, use cast or sheet-metal where possible. Plastic hou-
sings should always have a metallic surface.

Housing doors and covers must be connected to the housing ground with grounding strips or con-
tact springs.

If you are working on the controller with the cabinet open, please observe the guidelines on pro-
tective measures for ESD-(electrostatic discharge) endangered components and modules.
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Filters for power cables and signal cables

Filtering of power and signal cables is a measure for suppressing conducted interference. Over-
voltages must not occur on power cables within the cabinet.
Suppress overvoltages with the following measures:

e Suppressing interference in power cables
A mains filter (e.g. B84299-K64, 250 V AC/10 A) should be installed in the supply cable in the
case of a mains supply of 230 V. The mains filter must be located at the entrance to the
cabinet. Please note that the filter must have a large surface contact and low-impedance
connection with the cabinet ground (contact surfaces must be uninsulated).

* Noise suppression capacitors for DC supply voltage
If a cabinet is connected to a central 24 V supply, noise can reach the controller via this supply
cable.
You are therefore recommended to install 24 V noise suppression capacitors. These should be
installed at the cabinet ground or on the shielding bar.

e.g. 0.6 pF
B81551-A-B16

| | Cabinet ground Block diagram
1|
0.2 yF

e.g. 0.2 uF

B81111-A-B42 |

0.6 uF 0.6 pF
24V
oV +24V oV

Figure 3-39. Arrangement of Suppression Capacitors
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3.10

Checklist for the Installation of Programmable Controllers in Conformity
with EMC Guidelines

Table 3-5. Checklist for the Installation of Programmable Controllers
in Conformity with EMC Guidelines

Installation Guidelines

Connection of inactive metal parts (Section 3.5)
Specially check the connections on:

* Racks

e Supporting bars

*  Shielding buses and protective conductor bars

Have all inactive metal parts been connected and grounded with
large surface contact and a low impedance?

Is there a sufficient connection to the ground
electrode/protective conductor system?

Have insulating layers on enamelled and anodized surfaces been
removed or have the connections been implemented with special
contact washers?

Have the joints been protected against corrosion, e.g. by means of
grease?

Have the cubicle doors been connected to the cubicle body via
grounding strips?

Wiring arrangement (Section 3.6)

Cabling divided into cable groups?

Supply lines (230 to 400 V) and signal cables run in separate ducts
or bundles?

Equipotential bonding (Section 3.7)

In the case of a distributed configuration, check the installation of
the equipotential bonding conductor

Cable shielding (Section 3.8)

Have metal connector sockets been used everywhere?

Have all analog and data lines been shielded?

Have cable shields been applied to the shield bus or protective
conductor bar?

Have cable shields been fixed with a large surface contact and a
low impedance by means of cable clamps?

Have cable shields been connected at both ends where this is
possible?

Inductive circuits (Section 3.9)

Have contactor coils that are not energized via SIMATIC contacts
been provided with arc suppression elements?
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4 System Startup

This chapter tells how to operate the S5-115F programmable controller, including its input and
output modules.

4.1 Operating Instructions

Subsections 4.1.1 through 4.1.6 provide important information on operating an S5-115F.
4.1.1 Controls on the Power Supply Module and Central Processing Unit

Use the switches on the power supply module and CPU to control PC operation. LEDs indicate
current statuses.
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Power supply module

You can set the following switches on the PS 951 power supply module ( Figure 4-1):

e The ON/OFF switch turns the 5V power on or off.
 The RESET switch acknowledges a battery failure indication.

N

24V DC

INT DC \
POWER | g

\

SIEMENS
SIMATIC S5
PS
TAI15A
BATT1-BATT2 L
3.4V/2Ah
Replace by
trained
personnel
only!
- + Z
EXT BATT ({g /
3.4..9V %
BATT LOW o/o/ /
RESET D//
Ll
5V DC 6|
5.2V DC o /
o

i

ot
e

24V DC

Battery compartment

Sockets for external DC voltages 3.4 to 9 V for memory
backup during battery change. The battery can be
changed in PLC RUN.

Battery failure indicator

The LED lights up under the following conditions:

» there is no battery

» the battery has been installed incorrectly

« the battery voltage has gone below 2.8 V

If the LED lights up, the "BAU” signal is sent to the CPU
and the PLC goes to STOP.

RESET switch

Use this switch to acknowledge a battery failure signal
after you have installed a new battery. If you are oper-
ating the PS 951 power supply module without a
battery, activate this switch to suppress the "BAU” sig-
nal.

Operating voltage display of 5 V for the central control-
ler and expansion units in centralized configurations.

ON/OFF switch (I=ON, O= OFF)

When the switch is in the "OFF" position, the operating
voltage is disabled without interrupting the connected
line voltage.

Screw-type terminals for connecting the line voltage

42

Figure 4-1. Front View of the Power Supply Module
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Central Processing Unit
The following operator functions are possible on the front panel of the CPU:

¢ Plug in a memory submodule
e Connect a programmer (PG)
¢ Connect SINEC L1

e Select the operating mode

e Perform an Overall Reset

LEDs indicate the current CPU operating mode. A slot in the CPU front panel contains a plastic card
with the most important operating instructions for the PS and CPU. Figure 4-2 shows the front of
the CPU.

o
)
115F
CPU
942
7 Receptacle for memory submodule
Control panel
) Instruction card
N -
/// Connectors for PG or SINEC L1 LAN
RN Fault LEDs
ST O QVZ: Time-out
RN P ZYK: Scan time exceeded
T 1 BASP: Command output disable
x| O
—
N
BASP @//
O
O
J

Figure 4-2. Front View of the CPU
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The CPU controls are arranged in a panel on the front of the CPU and are shown in Figure 4-3
below.

T RUN / STOP mode selector

=

\

Mode LEDs

RN
ST
Switch for Overall Reset (OR)

For safety reasons, there is no "retentive /
nonretentive” setting.

A\

RN

T
C
o

st| &
&

B

NARER

\

OR

\_/\_/_\

CPU 942F

Figure 4-3. CPU Control Panel

4.1.2 Operating Modes

Use the mode selector to set the "STOP” (ST) or "RUN” (RN) mode. The CPU executes the initiali-
zation program automatically on power up and the "RESTART from STOP” program when the
RUN mode is selected.

"RESTART from POWER ON” program and "RESTART from STOP” program

¢ Restart block OB 22 (RESTART from POWER ON) or OB 21 (RESTART from STOP) is processed.
e Allinput and output modules are disabled. Outputs have signal state "0".

< Allinputs and outputs in the process image have signal state "0”".

e Scan time monitoring is inactive.

* No restart test is run in test mode ( 4.1.3).

e The restart test (approx. 2 min.) is run in safety mode ( 4.1.3) .

A Important

When the CPU goes from "STOP” to "RUN?", the process images and the nonretentive
flags, timers and counters are set to zero.

4-4 EWA 4NEB 811 6148-02



S5-115F Manual System Startup

"RUN” Mode

< Allinput and output modules are enabled before the start of cyclical program scanning.
e The program is scanned cyclically.

¢ The two subunits are synchronized.

e Timers that were started in the program run down.

* Input module signal states are read in, exchanged and compared.

e Output modules are addressed.

e S5-115F self-test runs (organized in time slices).

"STOP” mode, large Stop loop

e The program is not scanned.

e The two subunits are synchronized.

e The values of the timers, counters, flags, and process images that were current when the CPU
went into the "STOP” state are maintained.

« Digital output modules are disabled (signal state "0”). The “BASP” LED lights up.

¢ An S5-115F self-test runs (organized in time slices).

« Use of the programmer and SINEC L1 transfers are possible.

e Mode change possible.

STOP mode, lesser Stop loop
(activated if serious errors are detected)

e The program is not scanned.

e The subunits are not synchronized.

* The values of timers, counters, flags and process images are maintained.

« Digital output modules are disabled. The "BASP” LED lights up.

e The self-test no longer runs.

« SINEC L1 transfers are no longer processed. Programmer operation is restricted to reading out
error DBs.

e Mode changes are no longer possible.
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4.1.3 CPU Operation in "TRUN” and "STOP” Modes

In these modes the CPU can operate in two ways:

Safety mode
The CPU is automatically in safety mode as soon as an EPROM submodule is plugged in.

Test mode
In all other cases, the CPU is automatically in test mode.

Safety mode and test mode differ from each other in the following points:

4-6

Programmer operation ( Volume 2, Chapter 4 of the manual):

In safety mode and in "RUN” mode at present, the operator cannot use the programmer input
functions; in "STOP” mode, he is restricted mainly to enquiry functions only, but cannot make
entries that will change the contents of the RAM (exception: inputs using the parameter entry
DB). In test mode and in "RUN” mode, the programmer can be used for enquiry and test
functions and, in "STOP”mode, the whole range of programmer functions is available.

Supplementary self-test with test slice organization ( Volume 2, Section 5.4.1 of the manual)
In test mode, the RAMs of the two subunits are not compared and no restart test takes place.

Transmission of the RAM contents of subunit A to subunit B (on restart, to transfer any pro-
gram changes to subunit B):

In safety mode, the parameter entry DB can only be changed when the PC is in "STOP” mode;
for this reason, it is transferred to subunit B on restart. In test mode, the entire user RAM
(5 Kbytes of internal RAM plus the contents of any RAM submodules) is transferred to
subunit B to cope with any blocks loaded later.

Error response:

In safety mode, there are the following error responses:
- "Passivate” (deactivation of I/O modules)

- "Large STOP loop” and

- "Lesser STOP loop”.

Passivation entries

Passivated 1/0 modules can be re-activated during operation using the FB 255.
The passivation entries in the error DB are deleted.

Passivation is also revoked in the following cases:

- In safety mode with Overall Reset

- In test mode by performing the following: Power OFF, Power ON, RUN.

Deleting entries for RAM comparison errors

In safety mode, entries for RAM comparison errors can only be removed with an Overall Reset.
Other error entries are deleted on restart.
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Meaning of the LEDs

Two LEDs on the control panel of the CPU indicate the status of the CPU ( and in Figure 4-3).
Table 4-1 lists the possible displays.

Table 4-1. Coordination of Operating Mode Settings and LEDs

System is in large STOP loop
Section 4.1.2

N
_._
1IN\
o
N %
_._
1IN\
[e]

System is in lesser STOP loop

I } I o I ; I o Section 4.1.2

First subunit is switched to RUN and is
waiting for the second subunit to be
switched to RUN also

N
_._
I\
N %
_._
I\
[e]

System is processing the restart selftest or

N2 N2 N2 N2 the restart OBs. The test lasts between 30 to
71N /1N /1N 71N\ 120 secs approximately, depending on
number of /O modules.
System is in PLC RUN
A \I
(@] —0— (@] — 0 —
/N /N
o LED off

M2 LEDon
71\

| lI LED flashes
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Changing the operating mode

Figure 4-4 shows the conditions for changing the operating mode.

Overall Reset
with mode selector

Turn the power supplies in both
subunits off and on again

C

STOP

lesser STOP Ioop>

A Selftest in large

STOP

< large STOP loop

> m—

STOP loop
€

- Serious error e.g.
PS error
STOP LED flashes

After power restore
if PLC statuses
were previously
RUN or RESTART

|

- Mode selector is set
from STOP to RUN
- Select RUN with

programmer

Cold restart routine
+

restart selftest in

- Serious error e.g.
PS error
STOP LED flashes

safety mode
+

restart

- Negligible error e.g.
1/0 error

Y

Restart OBs processed
- OB21if STOP-RUN
- OB22 if power ON

RUN

-

- Serious error e.g.
PS error
STOP LED flashes

-
(N

- Mode selector is set
from STOP to RUN

- Causes of interrupt
(Vol. 2, Section 5 of
manual)

- Control program

destroyed

/- Negligible error e.g.

1/0 error

- Mode selector is set
from STOP to RUN

- Causes of interrupt
(Vol. 2, Section 5 of
manual)

- Select STOP with

programmer

Figure 4-4. Conditions for Changing the Operating Mode

4.1.4 Cold Restart and Warm Restart

The S5-115F undergoes a cold restart after POWER ON which takes it into RUN mode via the STOP
program, provided all RUN conditions are met. It can also be restarted from the STOP mode (loop
in the STOP program).
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@Id restart after POWER OD

v

< Lesser STOP loop >

Generate user memory
submodule identifiers

e
Enable output of both

Initialize S5-115F

User memory
type valid?

Determine safety/test mode
according to user memory
type

Has
user memory
submodule been
changed?

error DBs

Lesser STOP Ioop>

Safety operation if EPROM, EEPROM

Test operation if RAM

Overall reset and
initialize RAM
(red and green LEDs off)

Was power
off; has NAU rou-
tione been
run?

yes

Has
there been a RAM
error?

Lesser STOP Ioop)

yes

Inhibit restart
(NINEU bit)

Delete both error DBs; do
not delete any passivation
information

v

OS initialization:
Defaults

v

User memory
type= RAM?

EEPROM

Subunit
identifier already
entered?

Lesser STOP Ioop>

yes=RAM

Subunit
ID not
identical

< STOP program >

yes

Lesser STOP loop >
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Figure 4-5. Restart after POWER ON
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< STOP program >

Disable 1/0 via BASP

Delete I/O

User memory

types of both’
subunits identi-
cal?

< Lesser STOP Ioop>

OS-EPROM no

sign. of both subunits
identical?

< Lesser STOP loop >

large

STOP
loop

no, test mode

< Lesser STOP loop >

CE—

Enable output of both
error DBs

Safety mode?

- Error
with "Lesser STOP
loop”
response?

Lesser STOP Ioop>
no *4

Self-test in slices, without STEP 5 standard processor test,
user EPROM test, RAM comparison, SAC test

Compress PLC, if necessary

Generate common operating mode for both subunits

Restart program >

no, STOP
OR (overall reset)?

Overall reset

Figure 4-6. STOP
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C Restart (ANL) }

Has there been
a RAM comparison
error?

Generate user memory
submodule identifiers

Y

User memory
type of both sub-
units valid?

Determine safety/test
oper. according to user
memory type

ser memory
types of both
subunits
identical?

User
EPROM/EEPROM
signatures
identical?

Battery ok?

Cold restart
ermissible
INEU=0)?

Generate block address
lists

Block address
lists
ok?

yes

no

C

Lesser STOP Ioop}

C

STOP program >

STOP program

STOP program

STOP program

STOP program

N N N A NG

C

STOP program >

(Continued on next page)

System Startup

EWA 4NEB 811 6148-02

Figure 4-7. Restartfrom PLC STOP Program
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(Continued from previous page)

List 1/0O configuration

'

I/O configuration
ok?

Transfer RAM contents from sub-
unit A to subunit B (only parame-
ter entry DB in safety mode)

Reset  flags
timers,
counters

yes
Safety mode?

no, test

STOP program >

Short S5-115F test
(green and red LEDs on,
1to 2 min.)

mode

< RUN

)

S5-115F Manual

Figure 4-7.

4-12

Restart from PLC STOP Program (continued)
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4.1.5 Battery Backup

A battery is absolutely necessary for program and data backup on RESTART after POWER OFF.
Flags, timers, and counters are always set to zero in the "RESTART” mode.

Note

If a battery failure is detected in the "/RESTART” mode after POWER ON, the PLC goes
into the "STOP” mode.

416 Overall Reset

It is recommended that you perform the "Overall Reset” function before entering a new program.
Overall Reset clears the following items:

e The PLC program memory,

* All data (flags, timers, and counters),

e Allerror DBs.

Note

Without Overall Reset, information is maintained even if the program is overwritten.

You can perform Overall Reset on the CPU in the following ways:
¢ in online mode via the "Overall Reset” programmer function

e by replacing the memory submodules

* viathe switches on the CPU.

Overall Reset via the switches on the CPU:
1. Hold the switch in the OR position
2. Switch the mode selector twice from RUN to STOP.

The red and green LEDs go out briefly during Overall Reset.

A Important

Overall Reset is of great significance in safety mode because it leads to the loss of error
information.

An Overall Reset should only be carried out after repair of all defective components
and is done at the user's own risk!
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4.1.7 Steps for System Startup

The following pages contain flowcharts, which will help you in starting up your S5-115F.

STARTUP

Insert and wire modules

!

Check the jumper settings on the
parallel link modules
( 3.2.6)

Are the jumper settings on
the parallel link modules
correct?

Power up PLC

Are the subunit IDs available?

Enter subunit IDs
( Figure 4-9)

Label 1 Y€S

operating system
configurations (DB 1) and
the 1/O configurations
been loaded into
the PLC?

Load the operating system
configuration and the I/O
configuration ( Figure 4-10)

Label 2 yes

Transfer the user program
to the PLC

Is the user program in
the PLC?

PLC in RUN mode

Figure 4-8. Flowchart for Startup: Overview (Main Tree)
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Enter subunit IDs

\ 4

Connect programmer to
subunit that is to be "subunit A”

<
A4

Enter subunit ID "A”

Does a programmer yes

error message
appear on the screen?

no |«

Switch PS 951 power supply
in both subunits OFF and ON again

2

Switch mode selector from
STOP to RUN

v

Read error message via COM 115F

Does the
"DB1 not in PLC”
error message appear?

Return to label 1 in Figure 4-8

no

Correct error with the help of
Appendix B in Volume 2 of the
manual

Is the red LED on the
CPU flashing
(lesser STOP loop)?

Figure 4-9. Flowchart for Startup: Entering the Subunit IDs

EWA 4NEB 811 6148-02
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Configuration of the operating
system and the 1/O modules

v

Configure the operating system
and 1/0O modules with COM 115F

<
v

Switch the mode selector to STOP

!

Transfer the entire configuration ) .
to subunit A Check configuration

Configure the second word also in
the case of 32-bit modules

\ 4

Configure all channels in the case
of analog modules

Switch the mode selector from
STOP to RUN

Is the green LED on

Does the error message
both CPUs lit?

refer to configuration
errors?

Read error with L »
COM 115F

yes
Correct the error with the help of
Appendix B in Volume 2 of the
manual
\ 4
Return to label 2 in Figure 4-8. Perform cold restart

Figure 4-10. Flowchart for Startup: Configuring the Operating System and the I/O Modules
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=

v

Plug in memory
submodules

v

Switch on the supply
voltages of both subunits
within 60 sec.

Are

the green LEDs
on the PS 951

lit?

Replace power supply
module

CPU overall reset
possible (Caution, 4.1.6)

Are

the STOP LED
and the BASP

LED lit?

Replace CPU
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System Startup

Figure 4-11. Startup of an S5-115F in Safety Mode
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4.2 Working with Input/Output Modules

A distinction is made between the following two module types according to the type of process
signals they handle:
« Digital modules
¢ Analog modules.

Please observe the rules laid down in Chapter 10 for feedback modules and their configuration.

A Important

Turn off the power supply for the central controller and the sensors before plugging in
or removing input/output modules.

Suitable digital modules are available for various signal levels. The wiring of the power supply,
sensors, and actuators is printed on the front doors of the modules.

LEDs on the frontplate indicate the signal states of inputs and outputs. The LEDs are assigned to
the front connector terminals.

4.3 System Startup Procedure

This section contains information on how to configure a system incorporating programmable con-
trollers and how to put such a system into operation.

4.3.1 Safety Measures

When configuring systems incorporating programmable controllers, follow the relevant VDE reg-
ulations (e.g. VDE 0100 or VDE 0160). Pay special attention to the following points:

* The 24 V DC supply must be safely isolated from the power system voltage (e.g. 220 V AC).
¢ Prevent conditions that might endanger persons or property.

¢« When switching the S5-115F on for the first time, the user must make sure that the discon-
nection facilities are in order.

« When power is restored after a power failure or after EMERGENCY OFF devices have been
tripped, machines must not be able to restart automatically.

e When EMERGENCY OFF devices are activated, safety must be guaranteed for persons and
equipment as follows:

- Actuators and drives that could cause dangerous situations (e.g. main spindle drives for
machine tools) must be shut off.

- On the other hand, actuators and drives that could endanger persons by being shut off
(e.g. clamping devices), must not be shut off by EMERGENCY OFF devices.

e The programmable controller must be able to record the activation of EMERGENCY OFF
equipment and the control program must be able to evaluate this information.
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4.3.2 Checking a Plant or Controlled System before Startup

Perform each step in the operator procedure shown in Table 4-2 before switching on the power

supply.

Table 4-2. Operator Procedure Prior to Switching On the Power Supply

ExsiEho

The plant and S5-115F are not
live, i.e. the main switch is turned
off.

Check the line voltage connections.
Protective ground conductorss must be
connected.

Make sure that all modules plugged in
are screwed tightly to the mounting
rack.

Compare the configuration of the 1/0
modules to the location diagram. (Pay
particular attention to fixed and
variable addressing).

For 1/0 modules, make sure that no
high-voltage lines (e.g. 220 V AC)
terminate at low-voltage connectors
(e.g. 24V DC).

Visual check of the installation,
observing VDE 0100 and
VDE 0113.

Disconnect fuses for sensors and
actuators. Switch off the power
circuits of the actuators. Turn on
the main switch.

Plug RAM user submodules required
into subunit A and B

Enter subunit identifier in subunit A
using the programmer

( Vol. 2, chap. 1)

Perform Overall Reset on S5-115

After the power switch is turned
on, the green LEDs light up on the
power supply and the red "ST”
LED lights up on the CPU.

Test mode* / Stop

Insert the fuses for the sensors.
Leave the fuses for the actuators
and power circuits disconnected.

Activate all sensors in sequence.
You can interrogate each input using
the "STATUS VAR" programmer
function.

If the sensors function properly
and their signals are received, the
appropriate input LEDs must light
up on the /0O module.

Test mode* / Stop

Insert the fuses for the actuators.
Leave the power circuits of the
actuators disconnected.

You can force each output using the
"FORCE VAR" programmer function.

The LEDs of the forced outputs
must light up and the circuit
states of the corresponding
actuators must change.

Test mode*
Leave the power circuits for the
actuators disconnected.

Switch PC to Stop. Transfer all
configuration DBs to subunit A using
COM 115F

Switch both subunits to RUN thus
triggering comparison of configured
I/0Os with actual I/Os

Remarks: The green LED will light up if
there is no discrepancy

Test mode* / STOP

- Test the program, block by block

Block input via subunit A only
possible in PLC Stop mode

Test mode*
Switch on power circuits of the
actuators

- Switch the PLC to "RUN" mode.

The PLC scans the program.

Safety mode**;
Individual system acceptance test
required

Switch the PLC to "RUN” mode.

The PLC scans the program.

Individual system acceptance test by relevant authority, where applicable

*  Control program and configuration data in RAM
** Control program and configuration data in EPROM/EEPROM
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5  Addressing

Assign specific addresses to input and output modules so that you can reference them.
Please note the following when assigning addresses:
¢ In the case of two-channel I/Os, the modules in both subunits must be assigned the same

addresses.
¢ Inthe case of single-channel I/Os, an assigned address must not be used in the other subunit.

5.1 Address Structure

Digital modules generally have bit addresses. Analog modules generally have byte or word
addresses. Consequently, their addresses have different structures.

5.1.1 Digital Module Addresses

One bit represents a channel of a digital module. You must therefore assign a separate number to
each bit. When numbering, note the following:

e The CPU program memory is divided into different address areas ( 5.4).
* Number individual bytes consecutively in relation to the starting address of each address area.
* Number the eight bits of each byte consecutively (0 to 7).

Figure 5-1 shows the format of a digital address:

0O .5
L BitNo. (channel number)

Byte No.

Figure 5-1. Digital Address Structure

5.1.2 Analog Module Addresses

Each channel of an analog module is represented by two bytes (two bytes are equal to one word).
An analog channel address is represented by the high-byte number.
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5.2 Slot Addressing

Variable addressing is possible since an IM 306 interface module is plugged into each central con-
troller and each expansion unit. For addressing purposes, it does not matter whether the module
in question is plugged into a central controller or an expansion unit. Under a hinged cover on the
right side of the interface module is an addressing panel. It has a DIP switch for each slot. Use the
DIP switch to set the least significant byte number for a particular slot ( Figure 5-2).

Note

Input and output modules in different slots can have the same address.

Note

In the case of the 463 analog input module and the CP 523, the initial address is set on
the module and not on the IM 306 interface module. The address set for this slot on
the IM 306 is not significant.

We recommend that the address set on the module be repeated on the IM 306 for
reasons of clarity.

I/0 modules that are not safety-related are not duplicated. Each module is assigned to one of the
subunits. The address in question may not then be set in the other subunit.

The control program is identical in both subunits. The operating system assigns the "correct” sub-
unit.

If you are operating the central controller without expansion units, you can do without the IM 306
for variable slot addressing. You must then use the terminating connector supplied instead of the
IM 306 interface module. This assigns fixed addresses to slots 0 to 5.

Fixed slot addressing

0 0 128
1 4 160
2 8 192
3 12 224
4 16 -
5 20 -
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Addressing

ot | roonessar
i 16| ON on | |
0 o DEREEED]
i 16 0|N ON i
|l HEEEEEN
i 16 0|N ON i
s Inininlnialan]
i 16 0|N ON i
I njin[n[aaaaElk
E 16 0|N ON i
4 ol HEEEEEH]
i 16 0|N ON i
° | OMEEEE]
i 16 0|N ON i
I injninininnininig
i 16 0|N ON i
A njninan(n/nn]g
L —
P wll QUEEEEM |

@

: Slot number

. Switch for setting the number of inputs or

outputs

per slot

® @

Addresses for

Address switches (1= ON; 0 = OFF)

digital

modules 7 6 5 4 3 2 1
0 0O o0 o O O o0 o

2 0O 0 O o 0 o 1

4 0O o o O O 1 o

6 0O 0 o o0 o0 1 1

8 0 0 0 0 1 0 0

10 0 0 0 0 1 0 1
12 0O 0o o O 1 1 o
14 0 0 0 0 1 1 1
16 o o0 o0 1 o0 0 oO
18 0O 0 o 1 0 O 1
20 o o0 o 1 o0 1 o
22 0 0 0 1 0 1 1
24 o o o0 1 1 0 O
26 0 0 0 1 1 0 1
28 o o o 1 1 1 o
30 o 0 o 1 1 1 1
32 o 0 1 o O 0 o
34 0O 0 1 0 0 O 1
36 o o 1 o0 O 1 o0
38 o o0 1 0o o0 1 1
40 o o0 1 o 1 0 O
42 0 0 1 0 1 0 1
44 0 0 1 0 1 1 0
46 0 0 1 0 1 1 1
48 o o0 1 1 o0 0 oO
50 0o 0 1 1 0 O 1
52 o o 1 1 o0 1 o
54 0 0 1 1 0 1 1
56 o o 1 1 1 0 O
58 0 0 1 1 1 0 1
60 o o 1 1 1 1 o0
62 0 0 1 1 1 1 1

L
T

Addresses for

|

Address switches

analog
modules 7 6 5 4 3 2 1
128 1 0 0 0O O 0 O
144 1 0 0 1 0 0 O
160 1 0 1 0 O 0 O
176 1 0 1 1 0 0 O
192 1 1 0 0 0 0 O
208 1 1 0 1 0 0 O
224 1 1 1 0 0 0 O
240 1 1 1 1 0 0 O

: Address switches

. DIP switch

Figure 5-2. Setting Addresses on the Addressing Panel of the IM 306 Interface Module
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Setting addresses

Use the left-hand switch ( in Figure 5-3) on the addressing panel of the IM 306 to indicate what
type of module” you have plugged into the slot. Proceed as follows:

Set the switch to OFF for a 32-bit digital module.
Set the switch to ON for a 16-bit digital module or an 8-channel analog module (16 bytes).

Use the seven address switches ( in Figure 5-3) on the addressing panel of the IM 306 to indicate
the least significant address (the address for channel "0”) for the module in question. This setting
establishes the addresses of the other channels in ascending order.

When setting starting addresses, note the following:

e 32-bit digital modules can only have starting addresses whose byte number is divisible by 4
(e.g. 0, 4, 8 etc.).

e 16-bit digital modules can only have starting addresses whose byte number is divisible by 2
(e.q. 0, 2, 4 etc.).

e 16-bit addressing is used for 8-bit digital modules. The even-numbered byte is used and the
remaining eight bits are unused.

< The interrupt input module also has eight bits. The following assignment applies:
- Read even byte (e.g. byte 0): Status byte
- Read odd byte (e.g. byte 1): Interrupt register byte
- Write even byte (e.g. byte 0): Interrupt enable byte ("1” =enable)
- Write odd byte (e.g. byte 1): Interrupt edge byte ("1” = falling)

e 16-channel analog modules can only have the starting addresses 128, 144, 160 to 240.

e The four-channel 463 analog module is addressed without gaps using a switch on the front
cover of the module.

Example

Plug a 16-bit digital input module into slot 2.
Assign it starting address 46.0 by performing the following steps:

e Check to see if the byte number of the starting address can be divided by 2 since you are
dealing with a 16-bit digital module.
46 :2 =23 Remainder 0
e Set the number of input bits (switch in ON position).
e Set the address switches on the DIP switch for slot number 2 as shown in Figure 5-2.

Switch for setting the number of input bits

i

!

R I v :
32 E E : Address switch

|

i

j

Figure 5-3. Setting a DIP Switch

*  The digital input/output modules 482-7LA 11, 482-7LF11, 482-7LF21 and 482-7LF31 are handled like 16-channel
modules.
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The module is then addressed as follows:

Bit No. 0 1 2... 7 8 9 10... 15

Address 46.0 | 46.1 46.7 |47.0 471 47.7

5.3 Handling Process Signals

Input/output module signal states can be read from, or written to, the addresses shown in
Figure 5-4.

FO00,, 0

Digital modules

FO7F, 127

F080y 128

Analog modules

FOFF, 255

Absolute addresses Relative byte addresses

Figure 5-4. Addressing Input and Output Modules

Digital module signal states are also stored in a special memory area called the process image. The
process image has two sections, namely the process image of the inputs (PIl) and the process image
of the outputs (PIQ). Figure 5-5 shows where the process images are in the program memory:

EF00,, 0
Pl
EF7F, 127
EF80,, 0
PIQ
EFFF, 127
Absolute addresses Relative byte addresses

Figure 5-5. Location of the Process Images

Process signals can be read or output either via the process image or directly.
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5.3.1 Accessing the PII

In the "RESTART” mode and at the beginning of program scanning, the digital and analog input
module signal states are written into the PII. The input images of subunit A and subunit B are then
exchanged and compared. Any differences in input information are subjected to discrepancy
analysis to establish whether there is a hardware error in the relevant input module or whether
the deviation is tolerable. A standard value is generated from tolerable input value differences.
This uniform value allows both subunits to execute identically.

The statements in the control program use a particular address to indicate what information is
currently needed. The processor then reads the data that was current at the beginning of program
scanning and works with it.

PIl
Reading bit by bit _
for binary operations: 76543210| BitNo.

[ TTTT B[] Byte 2
Al 22 <« !

Reading byte by byte
for loading into ACCUM 1:

LIB12 ii [TTTTTT] Byte12

15 0
ACCUML zzzzZz T TT T T 1111
High byte Low byte

Reading word by word
for loading into ACCUM 1:

L IW 40
[T 11111 Byte40
LY v OO eye 4
ACCUM 1 [T TTTTITIIITITIT]
High byte Low byte

Figure 5-6. Accessing the Pll in the Case of Digital Input Modules
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5.3.2 Accessing the PIQ

New signal states are entered in the PIQ during program scanning. At the end of each program
scan, the PIQs are exchanged between the two subunits, compared, and transferred to the output
modules only if they are identical.

PIQ
Writing bit by bit _
for binary operations: 7654321 0] BitNo.
=Q 4.6 —» | BT[] Byte4
Writing byte by byte
for transfer from ACCUM 1.:
T QB 36 —» [ TIT T[] Byte36
15 0
ACCUM L1 7z T TT T T 1111
High byte Low byte
Writing word by word
for transfer from ACCUM 1:
T QW 52
» [T T[] ] Byte52
. | > H0 T syte 53
ACCUM 1 LIITTTTTITTTTTTITT]
High byte Low byte

Figure 5-7. Accessing the PIQ
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5.3.3 Direct Access

Analog values are read in direct or transferred to the output module by calling the ANEI or ANAU
function blocks. All safety functions are performed in these FBs.

You can also exchange information with digital modules direct. This is necessary when signal
states have to be processed in the control program immediately. Figure 5-8 shows the differences
when loading signal states.

Oto 127 128 to 255

v
Al X.X FB
TIB X L IB x L PY x 250
TIW x L IW x L PW x ANEI

=Q Xx.X FB
L QB x T QB x T PY x 251
L QW x T QW x T PW x ANAU

: 4
0to 125 128 to 255

Figure 5-8. Loading Input and Output Values

Note
The PII is not updated in the case of direct read access with the "L PY x”, "L PW X"
statements.
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First The accumulator is loaded The I/O byte/word is output

The PIQ byte/word is overwritten with

Then the new 1/0 byte/word.

Note

If you use direct access to call an address whose slot is unoccupied, the CPU goes into
the "STOP” mode with the "QVZ” (time-out) error message.
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5.4 CPU Address Assignment
Figure 5-9 shows the CPU RAM map.

Address Kbytes
00004 0
1000y 4
30004, T 12
70004, 16K ST T 28

Memory )
9000, 8KST A 36
submodule
¢4KST :
¥
BOOOH | Internal user memory 44
' (5 Kbytes) '
€400y (Internal data) 49
DCO0y | Block address list 55
E600y (Internal data) 57.50
EA0Oy System data RS 58.50
ECO04 | Timers T 59
EDOOy | counters C 59.25
EEOQOy Flags F 59.50
EFO04 | process 110 image 59.75
FO00 | /o area and 60
: internal registers '
FFFFy 64

CPU942 F

* ST = Statements = Code words (2 bytes each)

5-10

Figure 5-9. CPU Memory Map
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The input/output area is divided as shown in Figure 5-10:

Address Kbytes
FO00y | I/0O modules P 60
F100y 60.25
F200y 60.50
F300y 60.75
F400, | Page frames (parallel interface) 61
F800y 62

FFOOy | (Internal registers) 63.75
FFFF, 64

Addressing

EWA 4NEB 811 6148-02

Figure 5-10. Address Assignment in the 1/O Area
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5.5 Process Interrupt Generation with the 6ES5 434-7LA12 Digital Input
Module

Interrupt generation can be programmed on the 6ES5 434-7LA12 input module. In the S5-115F
there are only two-channel, i.e. safety-related, interrupt inputs. There is a limit of one module per
subunit. This module must be plugged into the central controller.

5.5.1 Functional Description

Process interrupts trigger two different responses in the interrupt module:

« They change register contents
- The interrupt register stores configured edge changes with a "1” (LPY with module address

+1)

- The status register flags the current signal status (LPB with module address).
Register contents are not transferred cyclically to the PIl. They can only be read in by direct
access. The interrupt register is automatically deleted when read.

e An LED lights up on the module and a relay picks up. This indication is also retained even after
power failure, and can only be reset by pressing the 24 VV Reset input.

5.5.2 Initialization

The CPU 942-7UF12 operating system automatically programs the interrupt DI bits used in the
screen form for negative-going edge.

However, the user can change the parameters in the restart OBs (OB 21, OB 22). The operating
system monitors that none of the enabled interrupt DI bits is assigned a positive-going edge
during edge initialization. This ensures that a sensor in the process of losing voltage can initiate
the safety function.

The following must be programmed in the OB 21 and OB 22 restart blocks

* Those inputs which are to trigger an interrupt

¢ Whether the interrupt is to be triggered by a rising or falling edge (in the case of the safety-
related S5-115F, interrupts can only be triggered by a falling edge).

This information is defined in two bytes, which are transferred to the module by the program in
OB 21 or OB 22.
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Programming the restart blocks

L KM ab Load a two-byte bit pattern into ACCUM 1.

T PW X Transfer the information from ACCUM 1 to the module
(x=initial module address)

The bits in the high-order byte! (byte a in this example), which have been loaded into ACCUM 1
with the "L KM a b” statement, correspond to the bit addresses of the eight input channels. If a bit
is set to "1”, the interrupt is enabled for this channel.

The bits in the low-order byte! indicate whether the interrupt on this channel is triggered by a
rising edge ("0") or by a falling edge ("1") .

Note

< Inthe case of the S5-115F, interrupts may only be configured with falling edge.
All interrupts used must be enabled.

e Initialization may only be implemented in OBs 21 and 22.

e The interrupt register must be scanned in OB 2.

5.5.3 Access

Status processing

Unlike the interrupt register, a status scan may also be programmed in OB 1.

The signal states should be loaded into the PII before further processing as the status byte is not

written cyclically to the PII.

OB1:

L PY X Load I/O byte "x".

T B X Transfer loaded 1/O byte to the PII
(x=Initial module address)

A I X.y Evaluate inputs (y=Bit address).

1 The high-order byte is the even byte (e.g. 2) and the low-order byte the odd byte (e.g. 3)
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Interrupt processing

There must be a precise response to an interrupt in OB 2 once the interrupt has been enabled.

This block is called by the module with the PRAL-N* signal (process interrupt). This signal is pro-
duced as follows:

The interrupt flag is "1” if an interrupt is present, irrespective of the type of pulse edge generating
the interrupt.

Every interrupt request is stored until the interrupt is serviced. The module reports the request via
the internal bus system of the CPU (PRAL-N signal).

This produces the following chronological sequence:

Subunit A Subunit B
Interrupt request Interrupt request Response time of the
6ES5 434-7LA12
v ¢ interrupt module
(typ. 1 ms)
PRAL-N PRAL-N
v ¢ Response time
_Synchronization of - ‘Synchronization of
interrupt processing T interrupt processing
of the
Call OB 2 - Call OB 2
with LPY, LPW - with LPY, LPW
CPU
\ 4 i
Evaluation of the inputs Evaluation of the inputs

Figure 5-11. Chronological Sequence of Interrupt Processing

Every input enabled for the interrupt must be scanned in OB 2. The address of the inputs is
obtained by incrementing the initial module address by one.

Example: Scanning inputs 0 and 1 of the module with the initial address 8 for an interrupt.

L PY 9 Interrupt register is read.

T B 9 The information is transferred to the PII.
A I 9.0 Scan input 0.

JC PY 1 Process interrupt 0 in PB 1.

A I 9.1 Scan input 1.

JC PY 2 Process interrupt 1 in PB 2.

BE

1 Negation of the PRAL signal
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5.5.4 Programming Example
The digital module with process interrupt generation has the initial module address "8".

Input 0 is an interrupt input that responds to a falling* pulse edge. FB 12, in which output byte 13
is overwritten with FF,;, is called by an interrupt request at this input.

Input 1 is an interrupt input that responds to a falling* pulse edge. FB 13, in which output byte 13
is overwritten with FF, , is called by an interrupt request.

OB 21 and 22:
L KHx** 0303 Initializing interrupt input enable and edge
generation
T PW 8
BE
oB2:

Evaluating the interrupt request
L PY 9 Reading the interrupt byte
T B 9 Updating the PII
A I 9.0
JC FB 12
A I 9.1
JC FB 13
BE
FB12:

Name: Case A Loading QB 13
L KH 00FF
T QB 13
BE

FB13:

Name: CaseB Loading QB 14
L KH O00FF
T QB 14
BE

* In safety-related programs, interrupt inputs must be initialized with a falling edge only.
**  This value can be entered as bit pattern KM 00000011 00000010 in the case of larger programmers.
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6  Analog Value Processing

Analog input modules convert analog process signals to digital values that the CPU can process.
Analog output modules perform the opposite function.
This chapter explains the relationship between the two conversion types.

6.1 Analog Input Modules

The analog measured value is digitized and stored in a data memory in the module. You can
transfer it to the CPU where it can be processed further.

Signal exchange between module and CPU
The CPU reads the digitized value from the module memory with the FB 250 ANEI. The total
measured value (2 bytes) is stored in the CPU. The measured value contains additional condition
code bits as well as the coded analog value.

460 and 463 analog input modules
There are two analog input modules available with the following characteristics:

6ES5 460-7LA12

- Floating

- Eight channels

- 2range cards

- 60V AC/ 75V DC maximum permissible isolation voltage between each channel and M as well
as between the channels

- Not permissible for safety-related use

6ES5 463-4U...

- Floating

- Four channels

- Measuring range set via plug-in jumpers

- 30V AC/ 75V DC maximum permissible isolation voltage between each channel and M as well
as between the channels

- Permissible for safety-related use.
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6.2 460-7LA12 Analog Input Module
6.2.1 Connecting Sensors to the 460 Analog Input Module

Pin assignment on the front connector

a b
| ® ] 1 L+=24V
| ®] 2
| ® | 3 MO+
| ® | 4
| ® | 5 MO -
| ® ] 6
| ® ] 7 M1+
| ® | 8
| ®f 9 M1 -
| ® | 10
| ® [ 11 S+
| ® | 12
| ® | 13
| ® | 14
| ® [ 15 M2+
| ® | 16
| ® [ 17 M2 -
| ® | 18
| ® [ 19 M3+
| ® | 20
| ® [ 21 M3 -
| ® | 22
| ® ] 23 KOMP+
| ® | 25 KOMP -
L ® 1 26 A
| ® | 27 M4+
| ® | 28
| ® [ 29 M4 -
| ® | 30
| ® | 31 M5+
| ® | 32
| ® | 33 M5 -
| ® | 34
| ® | 35 S
| ® | 36
| ® | 37
| ® | 38
| ® | 39 M6+
| ® | 40
| ® | 41 M6 -
| ® | 42
| ® [ 43 M7+
| ® | 44
| ® | 45 M7 -
| ® | 46
| ® | 47 L

460-7LA12
a = Pin No.

b = Assignment

Figure 6-1. Pin Assignments of the 460 Analog Input Module
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Depending on the design of the current or voltage sensor, you must observe different conditions
when connecting analog input modules.

A Important

Unused inputs must be terminated with a voltage divider or shunt ( Table 6-1).

In the case of the 498-1AA11 module, the unused inputs must be short-circuited (M+
and M- in each case).

Other modules require no additional circuits.

The galvanic isolation between analog inputs and L+ or L- is revoked when using the
498-7LA51 module for a 2-wire transducer!

Connecting sensors
Certain precautions must be taken so that the permissible potential difference Vgp is not
exceeded. These precautions differ for floating and nonfloating sensors.

For floating sensors, the measuring circuit can accept a potential to ground that exceeds the
permissible potential difference V¢ (see maximum values of the individual modules).

Prevent this by connecting the negative potential of the sensor to the reference voltage of the
module (reference bus).

Example: Temperature is measured on a busbar with an isolated thermocouple.

Under worst case conditions, the measuring circuit can accept a potential that would
destroy the module. Prevent this with an equipotential bonding conductor
( Figure 6-2).

Possible causes:

e Static charge

» Transfer resistances through which the measuring circuit assumes the potential of

the busbar (e.g. 230 V AC)

For nonfloating sensors, the permissible potential difference Vcy between the inputs and the
reference bus must not be exceeded.
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Example: Measuring the temperature of the busbar of a galvanic bath with a nonisolated
thermocouple. The potential of the busbar compared with the reference potential of
the module is 24 V DC (max.). A 460 analog module with floating input is used
(permissible Vo 60 V AC /75 V DC).

Sensor Module Sensor Module
floating floating
M+ M+
0 0
= 90—
o O
= Vem =
Equipo- [ = - [
tential | O — | &
bonding | & - | €
conductor | & | &
Vew
——  Reference bus ——  Reference bus
Range card for four inputs V| = Input voltage
(For adapting to different input M+ = Measuring input+
voltages/currents M- = Measuring input-

Figure 6-2. Connecting Sensors to the 460 Analog Input Module

Connecting thermocouples with compensating box

The influence of temperature on a reference junction (e.g. in a terminal box) can be offset with a
compensating box. To do this, bring the compensating box into thermal contact with the ter-
minals. For the analog input modules, a group signal line is brought out to pins 23 and 25 as input
for the compensation voltage. Use the function selection switch to set the module for compen-
sating box operation. When connecting the compensating box, please note the following:

e The box must have a floating supply.

«  The power supply for the compensating box must have a grounded shielding winding.

Each module must have its own compensating box with its own power supply unit.

Note

If you connect a measuring point with compensating box to a reference junction, you
can use the measured input voltage to correct other measuring points through
software.
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Terminal box Module
Thermo- M+
7 N\
couple ~ N o
~ N
< N 'R
© ——F
N_/ [ =
| O
p— | &
— =
| O
| 0
7 N\
Compen- ! } j 23
sating : : .
box —+—F® ] 25
I
I\ /
(/— _____ B I
\-_ _____ -
— Reference bus
Power
supply
unit

Range card 6ES5 498-1AA11

Figure 6-3. Connecting Thermocouples to the 460 Analog Input Module

Consult Catalog MP 11 for information on thermocouples and compensating boxes.
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Connecting resistance thermometers (e.g. PT 100)

In the case of 6ES5 460-7LAlland 6ES5 460 -7LA12:

A constant-current generator supplies series-connected resistance thermometers (maximum
8 x PT 100) with a current of 2.5 mA via pins "S+” and "S-".

If no PT 100 is connected to input channels 4 to 7, other voltages and currents can be measured at
these channels with the range cards 498 1AA21, -1AA31, -1AA41, -1AA51, -1AA61 or -1AA71
( Figure 6-4, card 2).

You need not connect short-circuit jumpers to the unused channels if you are using range cards
498-1AA41, -1AA51 or -1AA71. If you are using other range cards, you must connect short-circuit
jumpers to the unused input channels ( Figure 6-4, channels 5 and 6).

460 Al module

PT 100 - Module 1

o
Channel 0 — v

=

PT 100

Channel 1

Channel 2
a)

Channel 3\/
A 0to500mV

=

PT 100

211/ lo/ 4] ¢/ Lo/ 4

Module 2

V =
cM [OChann. 4

f 0 to 500 mV
Vem
Channel 7

PT 100 H

Reference bus

Figure 6-4. Connecting Resistance Thermometers to the 460 Analog Input Module
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Front connector terminal assignment

Figure 6-5 shows the input module terminal assignment for resistance thermometers in the case of
the 460 analog input module.

a b
(@ | 1 L+=24V
| ® ] 2
o 3 MO+
| ® | 4
o | 5 MO -
| ® [ 6
o | 7 M1+
| ® [ 8
fi 9 M1 -
L | ® | 10
@ | 11 S+
| ® | 12
| ® | 13
0—\— [ ] 14
—® | 15 M2+
| ® | 16
—® | 17 M2 -
| ® | 18
o | 19 M3+
| ® | 20
fi 21 M3 -
L e | 22
® | 23 KOMP+
| ® | 25 KOMP -
"—\—L 26
® | 27 M4+
| ® [ 28
® | 29 M4 -
| ® | 30
® | 31 M5+
| ® | 32
,7—0_ 33 M5 -
L | ® | 34
® | 35 S-
| ® | 36
| ® | 37
| ® | 33
® | 39 M6+
| ® [ 40
® | 41 M6 -
| ® | 42
® | 43 M7+
| ® | 44
® | 45 M7 -
| ® [ 46
| ® | 47 L-
460-7LA12
a=Pin No.

b=Assignment

Figure 6-5. Analog Input Module Terminal Assignment in the Case
of the 460 Analog Input Module
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Connecting transducers

In the case of two-wire transducers, the supply voltage is fed via the range card of the analog
input module and is inherently short-circuit-proof.

Four-wire transducers have a separate supply voltage.

Figure 6-6 shows how to connect transducers.

Two-wire transducers Four-wire transducers
Module Ve (220V) Module
+ | M+ | | + | M+
- o—— —o———
Trans- Trans_
ducer M - ducer M -
+o— o
) = ) =
| & | &
| & | &
| & | &
- = =
=4 1020 mA o =4 to 20 mA o
—— Reference bus ——  Reference bus

Figure 6-6. Connecting Transducers

6.2.2 Startup of the 460 Analog Input Module

You can set different measuring ranges on the module. For this purpose, voltage dividers or shunts
must be plugged into the input module in the form of cards ( Table 6-1). They adapt the process
signals to the input level of the module.

Plugging in range cards
Two range cards can be plugged into the 460 analog input module. One card defines the
measuring range of four inputs.

We offer voltage dividers, shunts and through connection cards for different measuring ranges
( Table 6-1).
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Table 6-1. Range Card Description

d
-1AAl1l1 I I
= 500mV;
(enables detection of | | + 50 mV
hardware wire break) | | PT 100
—o
| I
| |
- 1AA21 i i +1V +100 mV *
| |
! !

- 1AA31 | |
| | +10V +1V+

| |

!

-1AA41 | |
| | +20 mA +2 mA *
| |
|
- 1AA51 L+ I@ : +4to+ 20 mA
|
|
|

2-wire transducer

- 1AA6G1
*5V + 500 mV *

- 1AAT1 + 410+ 20 MA

|
|
| .
I 4-wire transducer
|
|

* Possible combination in the case of the "50 mV” setting but with greater error.

Note

Unused inputs must be terminated with a voltage divider or shunt card. For through-
connection cards 6ES5 498-1AA11, insert jumpers in the front connector.
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Various measuring ranges can be set for the 460 analog input module using range cards. You can
set various functions for analog input modules by putting the function selector on the back of the

module to the position desired ( Table 6-2).

T o

S5-115F Manual

1

|

i

: Connector Connector

I

I

I

! [ | [ [ 1111

: L [ ] | [ 1 [ ]

' 7 7 7
PCB plug connector Switch Switch

Figure 6-7. Position of the Function Selector Switches of the 460-7LA12 Analog Input Module
(Back of the Module)

Note

When selecting functions, set all switches.

Table 6-2. Function Settings on the 6ES5 460-7LA11 Module

Reference junction
compensation

Measuring range*

(nominal value)

No wire break indication

HFHH

A

Analog value Two's Value and
representation complement sign
) Cyclic Selective
Sampling
50 Hz 60 Hz
Wire break indicati Channels 1 to 3| Channels4 to 7
ire break indication
[ 11 [T
H:@ [ 1] 11 ﬁ
Channels 0 to 3 | Channels4 to7

* Setting for PT 100: measuring range 500 mV

6-10
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6.3 463-4U... Analog Input Module

When the AE 463 is used in a central configurated ER 701-3 with IM 306 please notice:
e the 705 connecting cable must not longer than 0.5 m
e itis not allowedto use the AE 463 in the third expansion unit (EU)

6.3.1 Connecting Sensors to the 463 Analog Input Module
Connecting sensors

Sensors are connected to the analog input module by shielded cables with a max. length of 200 m
(650 ft.). If the cables are run separately from power cables, distances of up to 500 m (1650 ft.) are
possible.

Voltage sensors, current sensors, two-wire and four-wire transducers can be connected in any
combination. There are four short-circuit proof terminals on the front connector for two-wire
transducers.

A Important

When two-wire transducers are used, the common input of these channels must be
connected to L-. This cancels the galvanic isolation between the channels and the
supply voltage L+/L-. ( 10.11.2 )

It must be noted that the module is enabled via the enable lines F+ and F- on the front connector
with a 24 V DC signal.

Installing the front connector
You must execute the following steps to install the front connector on the analog input module:

Unscrew the connector cover.

Hook the front connector into the pivot at the bottom of the module.
Swing the front connector up and in until it engages with the module.
Tighten the screw at the top of the front connector to secure it.
Screw on the connector cover.

gL
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Front connector terminal assignment

Figure 6-8 shows the terminal assignment for the 463 analog input module.

Front connector terminal assignment

Input range Oto 1V Input range 0to 10 V

1
l
Front strip i Front strip
Pin : Pin
I
Enable F+ —" 1 : F+ —" 1 —
F- 24V 5 i F- —— 2
L+ 3 —_ i L+ — 3
Power supply 4 — : + 4 —
24V 5 —_ | 5 —_
+ 6 - i 6 -
@5 = , @ o =
8 —_ [ 8 —_
9 — i I: 9 —
10 —_ ! 10 —_
11 — : 11 —
12 —_ ! 12 —_
13 —_ ! N 13 —_
14 —_ ! 14 —_
G:)"': 15 - ! 15 -
- 16 —_ ! o 16 —_
17 —_ ! 17 —_
18 — i I: 18 —
19 —_ : 19 —_
20 —_ : 20 —_
L- 21 —_ : L- 21 —_
22 —_ : 22 —_
23 —_ : 23 —_
24 —_— : 24 —_—
25 —_ : 25 —_
26 —_ : T 26 —_
& 27 _— ! (i) 27 _—
|
6'9_: 28 —_ : = 28 —_
29 —_ l 29 —_
30 —_ l I: 30 —_
31 —_ l 31 —_
32 —_ | 32 —_
33 — l 33 —
34 —_ | 34 —_
35 —_— I T 35 —_—
+ | 6’5
%}: 36 _— | 36 _—
— 37 —_— | = 37 —
38 — l 38 —_
39 —_ I I: 39 —_
0 — i 40
41 | 41
42 I 42 -

Figure 6-8. Front Connector Terminal Assignment for the 463 Analog Input Module
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Front connector terminal assignment

Input range 0 to 20 mA Input range 4 to 20 mA Input range 4 to 20 mA

1 1
| |
| |
Frontstip |  (onlyin the case of Front : Front strip
| single-channel | (4-wire trans-
Pin ! I/0s with two-wire Pin I ducers) Pin
| transducers) !
| |
|
F+ 1 R 1| F+ - 1
F- 2 |1 g 2| F- - 2
| |
L+ 3L 3|1 L+ I 3
4| t 4 || - 4
5 |1 @ —_ 5 || —_ 5
& 6 |1 T 6 | | F L — 6
(-E)_ 7| 7| %D: —_ 7
8 |1 8 | | 8
—_ 9 |1 —_ 9 | | —_ 9
—_ 10 |1 _ 10 | | —_ 10
—_ 11 |1 1 || 11
- 12 |1 _ 12 | 12
— 13 |1 + 13 | | 13
_ 14 |1 @ —_ 14 | _ 14
+ ! ! +
15 | 15 | | L 15
S | iy S J C N
T, 16 |1 16 | | _ 16
17 | 17 | 1 17
—_ 18 |1 —_ 18 | | T
|
19 | _ 19 | 19
|
— 20 | 20 | 1 20
L- 20 (1 L- e L— 2 PoL- L 21
- 22| - 22 | - 22
— 2| —_ 23| - 23
— 2| —_ 24 | | —_ 24
|
- 25| + 25 | 1 - 25
|
- 2 |1 @ —_ 26 |1 —_ 26
+ ! +
@ w |l " S N —
T, 28 |1 ¢ — 28| _ 28
20 |1 20 | 1 29
- 30 | - 30 |1 30
31 |! - 3| 31
32 | 82 | | 32
—_ 33 |1 —_ 33 |1 — 33
| + |
— 34| 34 | —_ 34
— 3! @ - 3| —_ 35
+ +
@ I R T € I B
=, 37 |1 37 | _ L 37
38 | 38 | | 38
— 39 || - 39| —_ 39
a0 |1 — 40 |1 —_ 40
- 4| ar || 4
- 4| — 2| —_ 42

Figure 6-8. Front Connector Terminal Assignment for the 463 Analog Input Module (cont.)
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6.3.2 463 Analog Input Module
The various measuring ranges of the 463 analog input module are defined with jumpers.
Setting the data format for the 4 to 20 mA range

When using the 4 to 20 mA inputs, press the relevant switch to select between a resolution of 0 to
1023 units or 256 to 1279 units. Different data formats can be selected for all four input channels.

The relevant switches remain at the off position when using the following inputs
e OtolV

e QOtol0V
¢ 0to 20 mA.
Channel 0
Range 4 to 20 mA | channel 1
0to 1023 Channel 2 |
Channel 3 *
1 On
AAAA _ .
Range 4 to 20 mA | Channel 3 1) Itis advisable to mark the selected
256 to 1279 Channel 2 switch positions in these fields.
other ranges Channel 1
0to0 1023 Channel 0

Figure 6-9. Labelling of the Switches on the 463 Module

Address setting

The 463 analog input module has four galvanically isolated input channels. The analog input
signals are coded using voltage/frequency converters (V/F) with an integration time of 20 msec.

The sequencer control coordinates the setting of the counters, the duration of the integration
time and the transfer of the counter results of the four input channels to the four measured value
memories.

The measuring range of each channel is adapted by the relevant sensor connection and by jumpers
in the front connector of the module.

The four 16 bit (2 bytes) wide measured value memories can be scanned one after the other by the
STEP 5 program using word operations. The 463 analog input module requires eight bytes of
address space.

The results of the measurements made on the various channels are stored under the addresses
ADB 0to 2 ( Table 6-3).

The module address is set on a switch in the module cover.

The setting on the IM 306 is not significant for this slot.
However, for the sake of clarity, set the same address here.
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Table 6-3. Memory Addresses on the 463 Analog Input Module

== | N

Plug connector

Switch addressing

Setting the data format

=1

Figure 6-10. Position of the Switches on the 463 Analog Input Module
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6.4 Representation of the Digital Input Value

6.4.1 Digital Representation of a Measured Value (460 Analog Input Module)

Note

The 460 analog module cannot be used in safety-related systems.

Byte No. n n+1

Bit No. 15|14 13|12 |11f(10(9 (8|7 |6 | 5|4 |3|]2|1|O0

212 211 210 29 28 27 26 25 24 23 22 21 20 T F U

(. J
Y

binary measured value

Activity bit;

Error bit; is set in the event of an internal error;
the measured value read in is then invalid

Overflow bit (is set when the
measuring range limit is reached)

Figure 6-11. Representation of the Digitized Measured Value in the Case of the
460 Analog Input Module

Bits 0 to 2 are insignificant for the measured value. They provide information on the measured
value representation. Table 6-4 describes these bits.

Table 6-4. Meaning of Bits 0 to 2 in the Case of the 460 Analog Input Module

ov Overflow bit 1 Range exceeded”
Error bit 1 Wire break
A Activity bit 0 Cyclic scan or "Not active”

(for selective sampling)

1 Coding procedure not yet terminated in
selective sampling operation

* In the case of overflow at one measuring point, the overflow bits of the other channels remain unaffected; i.e. the

values of the other channels are correct and can be evaluated.
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The measured value is represented in different number formats. You can define the number
format via selector switches.

Table 6-5. 460 Al Module: Digital Representation of Analog Values as a Positive Binary Number
(4 to 20 mA), Channel Type 3

32.796 | 4096+0V | 1024 01111111111 1 1|01 0 1 Overfl ow
31.992 4095 1023. 76 01111111111 1 1{01 0 O Over -
24.0 3072 750.0 0 11 00 0 O0OO0OOTOUOTUOTUO|O01L 0O range*
23.992 3071 749.76 01011111111 1 1|01 0 O

20. 008 2561 625. 24 0101 0 0 O0OO0OOOUOTU O 11|01 0 O

el ow
3.992 | 511 124.76 | 0 0 0 © 111 1 1 1 1 1[01 0 0 |, 0ung
3.0 384 93.75 | 0 0 0 © 1 000000 0|01 0 O [rangelinit
2.992 | 383 93.5 0 000 01 1 1 1 1 1 1|0/1 0 0 |wWre-break
0.0 0 0.0 0000 0000 O0OTU O 0|01 0 O

* Short circuit of the two-wire transducer
Explanation of Table 6-5

« Representation: Positive binary number

e Overrange condition at values above the upper nominal value but under double the nominal
span (16 mA); no overflow bit set!

e Lower range limit exceeded at values >0 and below the lower nominal value; no overflow bit
set!

e Overflow in the case of values exceeding double the nominal span (from 16 mA upwards);
overflow bit (OV) set

e Configuration aids
Set the measuring range of the module to 500 mV and plug in the 6ES5 498-1AA71 card.
The measuring range 4 to 20 mA is divided into 2048 units in the interval 512 to 2560 units. For
representation in the range 0 to 2048, 512 units must be subtracted per software
- configure channel type 3 with COM 115F

e FB 250 detects wirebreak ( 6.5 ).
When the lower limit of 384 units is exceeded, FB 250 ANEI sets error bit F ( 6.9).

* The 460 Al module can only be used with 1/O type 13 (nonsafety-related).

Note

The 31.25-ohm shunt resistor integrated on the 498-1AA71 card prevents the
wirebreak signal (F bit is not set). You can therefore only detect a wirebreak by
scanning the measured value in the user program for a lower limit. You would then
interpret a measured value of less than e.g. 1 mA (=128 units) as a wirebreak.
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Table 6-6. 460 Al Module: Digital Representation of Analog Values for
Resistance-Type Sensors, Channel Type 4

400.0 4095 01111111111 1 1|01 0 1 Over fl ow
399. 90 4095 01111111111 1 1|01 00 Over -
200. 098 2049 01 0 0 0 0 O0O0OO0OO0OO0OO0O 1001 0 O range

Explanation of Table 6-6

* Representation: Positive binary number (unipolar)
¢ Resolution of the PT 100 is approximately 1/3° C. 10 units correspond approx. to 1 ohm.
« Overrange condition at values exceeding the nominal range; no overflow bit set
< Overflow at values exceeding the overrange; overflow bit (OV) set
e Configuration aids
- Plug in the 6ES5 498-1AA11 range card (for 4 channels)
- Set the jumper switch on the 460 module ( 6.2.2)
- Configure channel type 4 with COM 115F
* Wire break is recognized by the hardware (method , 6.5) and causes error bit F to be set. This
bit is read by FB 250, which then sets error bi