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S5-115U Manual Preface

Preface

The S5-115U is a programmable controller for the lower and mid performance ranges. It meets all

the demands made of a modern programmable controller.

The performance capability of the S5-115U has recently been enhanced. In addition to increases in
speed, the new generation of CPUs also offers uniform and user-friendly handling.

To put the controller to optimum use, you require a certain amount of detailed information. This
manual presents all this information in an organized manner.

We have also been able to improve the quality of the manual with the help of your corrections
and improvement suggestions. A proforma for further corrections and improvement suggestions
is included at the end of the manual. You can help us to improve the next edition.

Important Changes and Additions in this Manual:

e Detailed and uniform description of the CPU operating modes and the STARTUP charac-
teristics (Chapter 2)

» Taking account of EMC-oriented cable laying in the design of a controller (Chapter 3)

»  Operator-oriented presentation of Chapter 4 ("PLC System Start-Up and Program Test")

« Improved representation of the structure of the STEP 5 programming language (Chapter 7)

e Additional "Interrupt Processing" section (Chapter 9)

* New version of the "Analog Value Processing" section (Chapter 10)

« Description of new integral organization blocks (Chapter 11)

« Simplified initialization of internal functions in DB1 (Section 11.3)

The idea behind all this has been to make sure you receive all the information you require for
working with the S5-115U.

However, not all problems that might occur in the many and varied applications can be handled in

detail in a manual. If you have a problem that is not discussed in the manual, contact your nearest
SIEMENS office or representative. You will find a list in Appendix D.

EWA 4NEB 811 6130-02b Xv
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S5-115U Manual Introduction

Introduction

The following pages contain information to help you familiarize yourself with the manual.

Description of contents

The contents of the manual can be broken down subject-wise into a number of blocks:

e Description
(System overview, technical description)
« Installation and operation
(Installation guidelines, system start-up and program test, fault diagnostics, addressing)
e Programming instructions
(Introduction to STEP 5, STEP 5 operations)
e Special capabilities
(Analog value processing, integral blocks, communications)
« Technical specifications overview

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

Please use the forms at the back of the manual for any suggestions or corrections you may have
and return the forms to us. This will help us to make the necessary improvements in the next
edition.

Training courses
Siemens offer comprehensive training facilities for users of SIMATIC S5.

Details can be obtained from your nearest Siemens office or representative.

Reference literature

The manual contains a comprehensive description of the S5-115U. Subjects that are not specially
related to the S5-115U have only been treated in brief, however. More detailed information is
available in the following literature:

*  Programmable controls

Volume 1: Logic and sequence controls; from the control problem to the control program

Gulnter Wellenreuther, Dieter Zastrow
Brunswick 1987

Contents:

- Theory of operation of a programmable control system

- Theory of logic control technology using the STEP 5 programming language for SIMATIC S5
programmable controllers.

Order No.: ISBN 3-528-04464-0

EWA 4NEB 811 6130-02b XVii
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Automating with the S5-115U
SIMATIC S5 Programmable Controllers

Hans Berger
Siemens AG, Berlin and Munich 1989

Contents:

- STEP 5 programming language
- Program scanning

- Integral software blocks

- /O interfaces

Order No.: ISBN 3-89578-022-7

Information on the programmable controller hardware is to be found in the following cata-
logues:

ST 52.3 "S5-115U Programmable Controller”

ST 57 "Standard Function Blocks and Driver Software for Programmable Controllers of
the U Range"

ST 59 "Programmers"

ET1.1 "ES 902 C Modular 19 in. Packaging System"

MP 11 "Thermocouples; compensating boxes"

The relevant manuals are available for other components and modules (e.g. CPs and SINEC L1).
Reference is made to these sources of information at various points in the manual.

The S5-115U programmable controller is designed to VDE 0160. The corresponding IEC and VDE
(Association of German Electrical Engineers) standards are referred to in the text.

Conventions

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

XViii

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

There is an overview containing the headings of the individual chapters at the beginning of
the manual.

Each chapter is preceeded by a breakdown to its subject matter.

The individual chapters are subdivided into sections. Boldface type is used for further sub-
divisions.

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

EWA 4NEB 811 6130-02b
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Certain conventions were observed when writing the manual. These are explained below.

* A number of abbreviations have been used.
Example: Programmer (PG)

« Footnotes are identified by superscripts consisting of a small digit (e.g. "1") or "*". The actual
footnote is generally at the bottom left of the page or below the relevant table or figure.

e Lists are indicated by a black dot (¢), as in this list for example, or with a dash (-).
Instructions for operator actions are indicated by black triangles ().

» Cross references are shown as follows:
"( Section 7.3.2)" refers to Section 7.3.2.
No references are made to individual pages.

« All dimensions in drawings etc. are given in millimetres followed by inches in brackets.
Example: 187 (7.29).

 Values may be represented as binary, decimal or hexadecimal numbers. The hexadecimal
number system is indicated with a subscript (example FOO0y)

< Information of special importance is enclosed in black-edged boxes:

A Warning

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

Manuals can only describe the current version of the programmer. 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 "04". In the event of a revision, the edition number will
be incremented by "1".

After revision of edition "03", the contents of edition "04" were updated.
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Safety-Related Guidelines for the User

This document provides the information required for the intended use of the particular product.
The documentation is written for technically qualified personnel.

Qualified personnel as referred to in the safety guidelines in this document as well as on the

product itself are defined as follows.

e System planning and design engineers who are familiar with the safety concepts of

automation equipment.

e Operating personnel who have been trained to work with automation equipment and are
conversant with the contents of the document in as far as it is connected with the actual

operation of the plant.

« Commissioning and service personnel who are trained to repair such automation equipment
and who are authorized to energize, de-energize, clear, ground, and tag circuits, equipment,
and systems in accordance with established safety practice.

Danger Notices

The notices and guidelines that follow are intended to ensure personal safety, as well as protect
the products and connected equipment against damage.

The safety notices and warnings for protection against loss of life (the users or service personnel)
or for protection against damage to property are highlighted in this document by the terms and
pictograms defined here. The terms used in this document and marked on the equipment itself

have the following significance.

Danger

indicates that death, severe personal injury
or substantial property damage will result
if proper precautions are not taken.

Caution

indicates that minor personal injury or
property damage can result if proper
precautions are not taken.

Proper Usage

Warning

indicates that death, severe personal injury
or substantial property damage can result if
proper precautions are not taken.

Note

contains important information about the
product, its operation or a part of the doc-
ument to which special attention is drawn.

A Warning

The equipment/system or the system components may only be used for the
applications described in the catalog or the technical description, and only in
combination with the equipment, components, and devices of other manu-
facturers as far as this is recommended or permitted by Siemens.

e« The product will function correctly and safely only if it is transported, stored,
set up, and installed as intended, and operated and maintained with care.

XX
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1 System Overview

The SIMATIC® S5-115U programmable controller is used worldwide in almost all fields in a wide
range of applications. Each of its modular components handles a specific task. Therefore, you can
expand the system according to your needs. Three types of communications systems pass informa-
tion among multiple controllers. The S5-115U system provides operator panels, monitoring de-
vices, and various programmers to suit your needs. The STEP 5 programming language and an
extensive software catalog make programming easy.

1.1 Application

Many different industries use the S5-115U. Even though each automation task is different, the
S5-115U adapts optimally to the most varied jobs, whether they involve simple open-loop control
or complex closed-loop control.

Present areas of application include the following:

«  Automobile Industry
Automatic drill, assembly and test equipment, painting facilities, shock absorber test bays

« Plastics Industry
Blow, injection, and thermal molding machines, synthetics production systems

e Heavy Industry
Molding equipment, industrial furnaces, rolling mills, automatic pit shaft temperature control
systems

e Chemical Industry
Proportioning and mixing systems

* Food and Beverages Industry
Brewery systems, centrifuges

e Machinery
Packing, woodworking, and custom-made machines, machine controls, machine tools, drilling
mills, fault alarm centers, welding technology

*  Building Services
Elevator technology, climate control, ventilation, lighting

e Transport Systems
Transport and sorting equipment, high-bay warehouses, conveyor and crane systems

+ Energy, Gas, Water, Air

Pressure booster stations, standby power supply, pump control, water and air treatment,
filtering and gas recovery systems
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1.2 System Components

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

e power supply module (PS)

central processing unit (CPU)

input and output modules (1/0s)

intelligent input/output modules (IPs, WFs)

communications processors (CPs)

Figure 1-1. S5-115U Compunents

1.2.1  Power Supply

The power supply module (PS) converts the external power supply to the internal operating vol-
tage. Supply voltages for the S5-115U include 24 V DC, 120 V AC, and 230V AC.

Screw-type terminals connect the power supply lines to the bottom of the PS. Three maximum
output currents are available. Choose 3 A, 7 A, or 15 A according to the number of modules you
have or according to their power consumption. A fan is not necessary for output currents up to
7A.
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A lithium battery backs up the program memory and the internal retentive flags, timers and
counters in the event of a power failure. An LED signals battery failure. If you change the battery
when the power is shut off, connect a back-up voltage from an outside source to the sockets
provided for this purpose on the power supply module.

1.2.2 Central Processing Units

The central processing unit (CPU) is the "brain" of the programmable controller. It executes the
control program. Choose from the following four CPUs, depending on the degree of performance
your S5-115U must have:

CPU 941, CPU 942, CPU 943 and CPU 944.

The more powerful the CPU you choose, the shorter are your program execution times and the
larger the user memory. You can use CPUs 941 to 944 also for PID control - in conjunction with
analog modules and PID control software - since the operating systems in these CPUs contain
integral PID control algorithms. Sampling times from 100 ms are possible for a PID control loop.
You can implement up to eight PID control loops.

CPU 943 and CPU 944 (each with two serial interfaces) offer further possibilities for controlling the
process thanks to their integral hardware clock.

1.2.3 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 S5-115U modules easy to handle:

» fastinstallation

* mechanical coding

* large labeling areas

Digital Modules

Digital modules conform to the voltage and current levels of your machine. You do not have to
adapt the existing level to the programmable controller. The S5-115U adapts itself to your
machine.

Digital modules have the following convenient features:

e connection of signal lines via front connectors

« achoice of screw-type or crimp shap-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.

Analog modules handle mainly closed-loop control tasks, such as automatic level, temperature, or
speed control.
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The S5-115U offers floating and non-floating analog input modules. They use one range card for
every four channels to adapt the desired signal level.

This feature allows you to do the following:

 have up to four different measuring ranges on one module, depending on the number of
channels a module has

« change the measuring ranges simply by exchanging range cards

Three analog output modules cover the various voltage or current ranges of analog actuators.

1.2.4 Intelligent Input/Output Modules

Counting rapid pulse trains, detecting and processing position increments, measuring time and
speed, closed-loop control, and positioning are just a few of many time-critical jobs. The central
processor of a programmable controller usually cannot execute such jobs fast enough in addition
to its actual control task. The S5-115U provides intelligent input/output modules (IPs) to handle
these time-critical jobs. Use these modules to handle measuring, closed-loop control, and open-
loop control tasks rapidly in parallel to the program.

Most of the modules have their own processor to handle tasks independently. All these modules
have a high processing speed and are easy to handle. Standard software puts them into
operation.

1.2.5 Communications Processors

The S5-115U offers a number of special communications processors (CPs) to make communication
easier between man and machine or machine and machine.

The two main groups of CPs are as follows:
» CPs for local area networks

«  CPs for linking, signalling, and logging
1.3 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 suitable to the controller configuration you need.
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1.3.1 Centralized Configuration

A centralized configuration allows you to connect up to three EUs to one CC. The interface
modules for this purpose connect bus lines and supply voltage to the EUs. The EUs in such configu-
rations therefore need no power supplies of their own. The cables between the individual
controllers have a total maximum length of 2.5 m (8.2 ft.).

1.3.2 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.

1.4 Communications Systems

Controller flexibility is critical to manufacturing productivity. Complex control tasks can be divi-
ded and distributed over several controllers to achieve the greatest flexibility possible.

Distribution offers the following advantages:

« small units that are easier to manage. You can plan, start up, diagnose, modify, and operate
your system more easily, and observe the entire process more easily

« enhanced system availability because, if one unit fails, the rest of the system continues to
function

Information must flow between distributed controllers to ensure the following:

» data exchange between programmable controllers

« central monitoring, operation, and control of manufacturing systems

« collection of management information such as production and warehousing data

For this reason, we offer the following communications facilities for the S5-115U programmable
controller:

* Point-to-point connection with the CP 524 and CP 525 communications processors

* Local area network communications via the SINEC L1 network

e Industrial Ethernet

*  PROFIBUS

e Point-to-point connection with the CPUs 943 and 944

» ASCllinterface (in CPU 943 and CPU 944) for connecting printer, keyboard, etc.

e Computer connection with 3964/3964R protocol (in CPU 944)

15 Operator-Process Communication, Monitoring, 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. Inflexible or expensive solutions are a thing of the past.
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In price and performance, the S5-115U offers you a graduated spectrum of operator panels and
monitoring devices - from a small hand-held operator panel to a convenient color video display
terminal.

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

To help you with this, the following graduated and compatible spectrum of programmers is
available:

e the economical PG 605U hand-held programmer

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

¢ PG 685 with CRT-based user friendliness

« PG710
« PG730
« PG750
« PG770

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

1.6 Software

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

« the processes to be automated became more and more complex

« safety requirements increased

» personnel costs increased

e ergonomic demands increased

Siemens has put an end to this trend. SIMATIC provides the following three solutions to keep soft-

ware costs down:

« 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
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2  Technical Description

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

2.1 Modular Design

The S5-115U consists of various functional units that can be combined to suit the particular pro-
blem.

0 SIEMENS —Og i Og Og—(Jg @
I T EREEES SIS
% ol E==IN==|N==q=— —
@]
e HEEL |-

Figure 2-1. The S5-115U (Central Unit)

The numbered information below briefly describes the most important components of the
S5-115U.

Power Supply Module (PS 951)

The PS 951 power supply module generates the operating voltage for the PLC from the
120 V AC/230 V AC or 24 V DC power system voltages. This module uses a battery or an
external power supply to back up the RAM.

The PS 951 power supply module also performs monitoring and signalling functions.
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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 preset the restart procedure and diagnose errors using the CPU's
LEDs. Use the Overall Reset switch on the CPU to delete the RAM contents.

Use a programmer or a memory submodule to transfer the control program to the CPU.

Communications Processors (CP)

Communications processors can be used in the S5-115U for communication between man and
machine and between machines. Communications processors perform the following func-
tions:

» operator monitoring and control of machine functions or process sequences

* reporting and listing of machine and process states

You can connect various peripheral devices to these processors, e.g. printers, keyboards, CRTs
and monitors as well as other controllers and computers.

Input/Output Modules (I/0Os)

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

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

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

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

Interface Modules (IM)

The S5-115U is installed on mounting racks with a specific number of mounting locations
(slots). A configuration comprising 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 Racks
A mounting rack consists of an aluminium rail to which all the modules are fastened mechani-
cally. It has one or two backplanes that connect the modules to each other electrically.

Serial Interface

You can connect the following at this interface:
* Programmer

e Operator panel

e SINEC L1 bus terminal

Memory submodule

Battery compartment
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Not represented:

Operating System Submodule (only CPU 944)
As well as the PLC operating system, this submodule also contains driver blocks for the second
interface. They are loaded into the user memory of the interface after power restore.

Intelligent Input/Output Modules (IPs)

Intelligent input/output modules are available for handling the special tasks:

e counting rapid pulse trains

e measuring and processing positioning increments

* measuring speed and time

« controlling temperatures and drives, and so on.
Intelligent input/output modules generally have their own processor and thus off-load the
CPU. Consequently, they can process measuring and open- and closed-loop control tasks
quickly while the CPU handles other jobs.

2.2

Functional Units

______________________ 1
CPU |
Internal I Memory
program I submodule
memory I (EPROM/
ACCUM (RAM) I EEPROM/
. RAM)
|
Timers, ! Serial
counters,  — i interface
flags
Processor Lo o

I/0 bus
Input Output
modules modules
(digital/ (digital/
analog) analog)
Functional
modules

Input/output modules

B o o e e e e ——

Technical Description
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Program Memory (Internal Program Memory, Memory Submodule)

The control program is stored in the memory submodule or in the internal program memory
(RAM). The CPU 943 and CPU 944 can hold the entire program in internal RAM.

To safeguard against losing the program, dump it in an external EPROM or EEPROM memory sub-
module. In contrast to these memory submodules, the internal RAM or a RAM memory submo-
dule 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.

Process Images (Pll, PIQ)

Signal states of input and output modules are stored in the CPU in "process images". Process
images are reserved areas in CPU RAM.
Input and output modules have separate images as follows:
¢ Process input image (PII)
and
*  Process output image (PIQ)

Serial Interface

You can connect programmer, operator panels and monitors at the serial interface. You can also
connect the SINEC L1 local area network at the serial interface on all CPUs. You can order CPU 943
and CPU 944 with a second serial interface. The following additional functions are possible at this
interface:

« Point-to-point connection to other programmable controllers

e ASCII driver for connecting printer, keyboard, etc.

« Integral real-time clock (see Chapter 13);

CPU 944 only:
*  Communications link (3964/3964R line procedure; see Chapter 12)

Timers, Counters and Flags
Each CPU provides the control program with internal timers, counters and flags. Flags are memory
locations for storing signal states. Timers, counters and flags can each be set as "retentive" (by

area), i.e. their contents are not lost at POWER OFF. Memory areas whose contents are reset at
POWER OFF are "non-retentive".
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Accumulator (ACCUM)

The accumulator is an arithmetic register for loading, for example, internal times and counts.
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 in accor-
dance with the control program. It processes the information from the PIl and takes into consi-
deration the values of internal timers and counters as well as the signal states of internal flags.

1/0 Bus

The /O 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.

Memory Submodules

The following three memory submodule types are available for the S5-115U to store the control
program or to transfer the program to the PLC:
« EPROM Submodules
Use an ultraviolet erasing device to delete the submodule's contents.
« EEPROM Submodules
Program and erase EEPROM submodules on a programmer.
*  RAM Submodules
are used in addition to program storage to test a control program during system start-up.
They should be used as program memories only when backup is guaranteed.
The individual submodules are available with different memory capacities. See the end of this
section for a table of memory submodules you can use (see Accessories).
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2.3  Power Supply Modules

Power supply modules generate the operational voltages for the PLC from the 120/230 V AC or
24 VV DC mains supply and they provide backup for the RAM with a battery or an external power
supply.

Power supply modules also execute monitoring and signalling functions.

You can set the following switches on the PS 951 power supply module:
« The Voltage Selector switch sets the line voltage at either 120 V AC or 230 V AC for AC
modules. The PS 951 can also be operated with a 24 V DC power supply.

* The ON/OFF switch turns the operating voltages on or off.
* The RESET switch acknowledges a battery failure indication.

Battery compartment

Sockets for external 3, 4 to 9 V DC for backup (when

SIEMENS @) battery is changed and power supply is shut off)
SIMATIC S5
PS Battery failure indicator
The LED lights up under the following conditions:
v // e There is no battery.
343\22_%/ e The battery has been installed incorrectly.
¢ The battery voltage has dropped below 2.8 V.
Replace by If the LED lights up, the "BAU" signal is sent to the
pe;sr:)l;nel / CPU.
RESET switch
EXT BATT 3.4 7& Use this switch to acknowledge a battery failure signal
// after you have installed a new battery. If you are
BATT LOW | operating the PS 951 power supply module without a
RESET O”/ battery, activate this switch to suppress the "BAU"
5V DC o— | signal.
5.2vDC o———> g
24vDC T Operating voltage displays
POWER | & 0O e 45V supply voltage for the input/output mo-
L dules
« +5.2V supply voltage for PG 605U, OPs, BT 777
VOLTAGED—’—_ bus terminal
SELER e +24V for serial interface (20 mA current loop in-
u / terface).
@N/ ON/OFF switch (I=ON, 0=OFF)
@9 When the switch is in the "OFF" position, the opera-
S ting voltgg{_es arle disabled without interrupting the
connected line voltage.
o[ @ :

120 V AC/230 V AC Voltage Selector switch with trans-
parent cover.

Screw-type terminals for connecting the line voltage

Figure 2-3. Power Supply Module Control Panel
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2.4 Central Processing Units

Technical Description

Four CPU types are available for the S5-115U. Tables 2-6 and 2-7 show the most important CPU

features.

Table 2-1.

CPU Comparison

Execution time per
- 1000 statements Approx. Approx. Approx. Approx.

(see Appendix A for specific 10 msec. 10 msec. 5 msec. 1.5 msec.
information)
Internal program

2 Kbytes 10 Kbytes 48 Kbytes 96 Kbytes
memory (RAM) y y y y
Total program memory, 18 Kbytes” 42 Kbytes* 48 Kbytes 96 Kbytes
maximum

Cycle monitoring time

Default approx. 500 ms, programmable

Program scanning

Cyclic, interrupt-driven, time-controlled

(digital outputs)

Address range, maximum 1024
(digital inputs) 10.0to 1 127.7
Address range, maximum 1024

Q0.0to Q 127.7

Address range, maximum
(analog inputs)

64
PW 128 to PW 254

Address range, maximum
(analog outputs)

64
PW 128 to PW 254

Flags 1024, optionally « all retentive

* half retentive

e all non-retentive
Timers 128, optionally « all retentive

¢ half retentive

* all non-retentive
Counters 128, optionally o all retentive

* half retentive

« all non-retentive
Time range 0.01t0 9990 s

Counting range

0to 999

Operation set

Approx. 170 operations

* Sum from the internal program memory and submodule
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Table 2-1. CPU Comparison (Continued)
S5-115U Closed-loop Yes Yes Yes Yes
control
ASCII driver No No Yes* Yes*
Pomt-to?pomt No NoO Yes* Yes*
connection (as master)
SINEC L1 Yes Yes Yes Yes
Communications link No No No Yes”
Realtime clock No No Yes* Yes*™

*  Only at interface Sl 2 in the case of CPUs with two serial interfaces
** Only in the case of CPUs with two serial interfaces

2-2. E

fi

Boolean logic operations

1.6

0.8

Load/Transfer operations
(I) Q! Fy T! C)

1.6

0.8

Comparison/Arithmetic
operations

1.6

0.8

Jump/Conversion
operations

1.6

0.8

Timer/Counter
operations

3.7

18

Block Call operations

1.6t06.7

0.8t0 3.6

Load/Transfer operations
(Bw)

2.21t03.9

1.1t01.9

Substitution operations
(formal operands)*

160

3.6

Load/Transfer operations

(Periph., LIR, TIR, TNB)=

7010 126

DO operations
(DO DW, DO FW)

134 to 162

3.6/2.6

Bit Test operations

159

& plus execution time of the substituted operation
**  plus transfer time (see Appendix A.2 and A.4)

2-8
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CPU 941 and CPU 942

The CPU 941 and the CPU 942 both
contain a microprocessor and an ap- S ersiing nternal
plication-specific integrated circuit Memory 1| system RAM 2
(ASIC). The microprocessor handles all submodule memory Kbytes
programmer mte_rface module func_- 32 Keytes or
tions, processes interrupts and substi- ) 19 Kbytes
tution operations and controls the A A
S5 bus. The microprocessor also con- v
trols the ASIC that handles high-speed Control Controller
processing of STEP 5 operations. Be- panel v \ A >
sides the operating system memory, A A o
the CPU 941 and CPU 942 also contain e modules
an internal RAM that can be used to
store the control program v h 4
(CPU 941 2 Kbytes Microprocessor ) /;rsolé:esses it
CPU 942: 10 KbyIES) ’ 5,,?,?2;?;;?5 [~ | andsome word
- controls bus operations
(U* e || e
PG

Figure 2-4. Schematic Representation of CPU 941 and CPU 942
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CPU 943

The CPU 943 contains an application-
specific integrated circuit (ASIC) and a
microprocessor. The microprocessor
handles all programmer interface mo-
dule functions, processes interrupts
and substitution operations and con-
trols the S5 bus. The microprocessor al-
so controls the ASIC that handles high-
speed processing of STEP 5 operations.
Besides the operating system memory,
the CPU 943 also has an internal RAM
(48 Kbytes) that can be used to store
the control program.
The contents of memory submodules
are copied to the internal RAM after
POWER UP and after overall reset.
The CPU 943 can also be ordered with
two interfaces. The second interface is
controlled by a further microprocessor
with its own operating system. This
operating sytem is also stored in the
operating system memory for the CPU.
Programmers, operator panels (OPSs)
and SINEC L1 can be connected to the
second interface; point-to-point con-
nection via the SINEC L1 protocol is al-
so possible. The CPU 943 operating sy-
stem also supports the following addi-
tional functions:

e« ASCIl driver for data interchange
over the second interface and for
connecting peripheral devices (e.g.
printers)

* Integral real-time clock.

Memory Operating
submodule system memory el
64 Kbytes for ema
- CPU RAM
- 2nd serial in- 48 Kbytes
terface
A
A
Control A Y
panel
v Controller
for —>
A\ 4 sb 10
A A us modules
\ 4 \ 4
Microprocessor ASIC
- processes some - processes bit
word operations and some word
; controlous - processes times
- handles 1st serial - monitors scan
interface time
>
A
Pro-
grammer
\ 4
Micropro- Operating
cessor for system
memo
2nd serial ol
32 Kbytes
interface
>
:

OoP

Figure 2-5. Schematic Representation of CPU 943
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CPU 944

The CPU 944 contains two application-
specific integrated circuits (ASICs) and
a microprocessor.
The microprocessor handles all pro-
grammer interface module functions
and processes interrupts. The micro-
processor also controls the ASIC that
handles high-speed processing of
STEP 5 operations, monitors the scan
time and controls /0 accesses. The
CPU 944 also has an internal
(48 Kbytes) that can be used to store
the control program.
The contents of memory submodules is
copied to the internal RAM after
POWER UP and after overall reset. The
operating system is stored on a special
memory submodule and can be re-
placed without opening the module.
The CPU 944 can also be ordered with
two interfaces. The second interface is
controlled by a further microprocessor
with its own operating system. This
operating system is also stored on the
special memory submodule that can be
replaced without opening the module.
Programmers, operator panels (OPSs)
and SINEC L1 can be connected to the
second interface; point-to-point con-
nection via the SINEC L1 protocol is
also possible. The CPU 944 operating
system also supports the following
additional functions:

e« ASCIl driver for data interchange
over the second interface and for
connecting peripheral devices (e.g.
printers)

e Computer interface
(3964(R) procedure) with oper-
ating system submodule for this
purpose

e Integral real-time clock.

RAM

Technical Description
I
Operating
system memory
64 Kbytes for
- CPU
- 2nd serial in-
terface
Internal
4
Memory RAM
submodule Y 96 KBytes
A
Control
panel v
1 1 7y
A 4

Microprocessor

- processes some
word operations

- controls bus

handles 1st serial

interface

2 x ASICs

- processes bit and
word operations

- processes times

- processes sub-

1/0 module

stit. operations
- controls 1/O
accesses

!

Pro-
grammer

\ 4

Microprocessor
for
2nd serial

interface

@

A 4

Operating

system
memory
32 Kbytes

OP

»
|

Figure 2-6. Schematic Representation of CPU 944
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Front Panels of the Central Processing Units

The following operator functions are possible on the front panel of the CPUs:

Plug in a memory submodule

Connect a programmer (PG) or an operator panel (OP)

Connect SINEC L1

Connect PLCs or devices of other manufacture

- CPU 943/944: connection with ASCII driver or point-to-point connection (master function)
- only in the case of the CPU 944: computer interface (3964(R) procedure)

Set the operating mode

Preset retentive feature

Perform Overall Reset

Change the operating system submodule (only CPU 944)

LEDs indicate the current CPU status. Figure 2-7 compares the individual CPUs.

© ©
115U 115U
5 5
] ]
o | sl 11—
RN RN
% ST ST Q
//0 Qvz QV| o]
é,_——e ZYK Zv| o §
—0 BASP BA J
0 |r¢ Re| O
OR OR
— /—
Si1
o3
©
View of CPU 941/942 View of CPU 943/944
Receptacle for memory Connection sockets for PG, OP or SINEC L1 LAN,
submodule point-to-point connection (master function),
Control panel ASCII driver, (CPU 944 only:) computer interface
Connection sockets for PG, Operating mode and error LEDs
OP or SINEC L1 LAN Receptacle for operating system submodule (only

CPU 944)

Figure 2-7. Front View of the Central Processing Units
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The CPU controls are arranged in a panel. Figure 2-8 shows the control panel of the different
CPUs.

RN
ST

)

——9 RN
—o ST
| —©

Qvz
1 45 ZYK
o BASP
NR
0 |
OR

~—————

Mode selector STOP/RUN Switch for the following RESTART settings:
RUN LED * nonretentive presetting (NR)
STOP LED retentive presetting (RE)
e overall reset (OR)
Error LEDs (QVZ, ZYK)
BASP (output disable); outputs of the
output modules are not enabled

Figure 2-8. Control Panel of the Different CPUs

Meaning of the LEDs

Two LEDs on the control panel of the CPU indicate the status of the CPU ( and in Figure 2-8).
Table 2-3 lists the possible indications.
A flashing or flickering red LED indicates PLC malfunctions (see Chapter 5).

Table 2-3. Operating Mode LEDs

— & — — o — o , _
J | N 2 | N CPU is in cold restart routine or in RESTART mode
I
—\‘ /— o STOP mode
/ 1\
I
o —\0 /— RUN mode
/ 1\
) o Program check running
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2.5 Operating Modes

Use the mode selector to set the "STOP" (ST) or "RUN" (RN) mode. The CPU executes the
"RESTART" mode automatically between "STOP" and "RUN".

2.5.1 STOP Mode

The program is not scanned in STOP mode. The values of the timers, counters, flags and process
images that were current when the CPU went into the STOP state are maintained. Output
modules are disabled (signal state "0"). The BASP (output disable) LED lights up. The BASP signal
is cancelled only after OB21 or OB22 (RESTART) have been processed.

2.5.2 Restart Characteristics

Everything that takes place between

e« a STOP RUN transition (manual cold restart) or

« a POWER UP RUN transition (automatic cold restart after power up)
is referred to as restart characteristics.

Two phases can be distinguished during restart:
e The cold restart routine (PLC cannot be directly influenced)
e The actual RESTART (PLC characteristics can be controlled in RESTART OBs (OB21 and OB22)).

Cold Restart Routine

The following applies while the CPU runs the cold restart routine:
e The BASP LED lights up;
- The status of the error LEDs remains unchanged during manual cold restart
- The error LEDs light up momentarily during automatic cold restart after power up
e Outputs display signal "0" if all output modules are disabled
e Allinputs and outputs in the process I/O image display signal "0"
* Scan time monitoring is inactive.

During the cold restart routine, the processor ascertains the configuration of the I/O modules and
stores this information. This procedure is described in detail in the following.

To establish the configuration of the 1/O modules, the processor checks the full address area of
the input/output modules word by word. If it addresses a module over an I/O word (=2 bytes),
the processor "notes" this word by setting the bit allocated to it in a special memory area called
the system data area. This bit is only set by the processor if both I/O bytes of an /O word are
addressable.

The processor uses a system data word (SD) to check 16 I/O words (=32 1/O bytes).

2-14 EWA 4NEB 811 6130-02b
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Using this method, the processor determines the bytes of the process I/O image to be updated
during process I/O image transfer. Table 2-4 lists all relevant system data words in the system data
area.

If, for instance, 1/O bytes 24 and 25 (=1/0 word 24)

e can be read, bit 4 is set in system data word (SD) 16 ;

e can be written to, bit 4 is set in system data word 20 .

Table 2-4. System Data Area; List of All Addressable /0O Words (DI=Digital Input Byte,
DQ=Digital Output Byte, Al=Analog Input Byte, AQ=Analog Output Byte)

0

DI 15|DI 13|DI 11| DI 9| DI 7| DI 5| DI 3| DI 1| EA20H
16

DI 30|DI  28|DI  26|DI  24|DI  22|DI 20|{DI  18|Dl 16| paoq

DI 31|pDl 29|DI 27|DI 25|DI 23Dl 21|DI 19|DI 17 H

DQ 14|DQ 12|DQ 10|DQ 8|DQ 6|(DQ 4|DQ 2|DQ

po 15|pQ 13|pQ 11|po  9|pe  7|pe  s|pe  3|pg 1| EA28H
20

DQ 30|DQ 28|DQ 26|DQ 24|DQ 22|DQ 20{DQ 18|DQ 16| paog

DQ 31|DQ 29|DQ 27|DQ 25|DQ 23|DQ 21|DQ 19|DQ 17 b

Al 14 | Al 12 | Al 10 | Al 8 | Al 6 | Al 4|Al 2| Al

Al 15 | Al 13 | Al 11| Al 9|Al 7| Al 5| Al 3| Al 1 | EA30H
24

Al 30 |Al 28 | Al 26| Al 24 |Al 22 | Al 20 | Al 18 | Al 16| £a31

Al 31|Al 29 | Al 27|1A1 25| Al 23 | Al 21| Al 19 | Al 17 H

AQ 14|AQ 12|AQ 10|AQ 8| AQ 6|AQ  4|AQ 2| AQ

AQ 15|AQ 13|AQ 11|AQ 9| AQ 7| AQ 5| AQ 3|AQ 1| EA38H
28

AQ 30|AQ 28|AQ 26[AQ 24|AQ 22|AQ 20[AQ 18|AQ 16| pasg

AQ 31|AQ 29|AQ 27|AQ 25|(AQ 23|AQ 21|AQ 19|AQ 17 H

AQ 110 |AQ 108|AQ 106|AQ 104[AQ 102|AQ 100|AQ 98|AQ 96

AQ 111|AQ0 109|AQ 107|AQ 105|A0 103|AQ 101]|AQ 99 |ao 97| EASEH
31

AQ 126 |AQ 124|AQ 122|AQ 120 |AQ 118|AQ 116 |AQ 114|AQ 112 pagr

AQ 127 |AQ 125|AQ 123|AQ 121|AQ 119|AQ 117|AQ 115|AQ 113 H
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Programmable Restart Delay at Cold Restart and After Power Restore

If you want to delay checking the module configuration because, for example, switching the

voltage to a remotely connected EU is delayed, you must modify system data word 126 (EAFC,)) in

one of the following ways:

« With the DISPL ADDR programmer function (only permissible when the CPU is in the STOP
mode!)

»  With STEP 5 operations in the control program (only in FBs).

In any event, the restart delay will only become effective after the next POWER OFF POWER ON
transition and remains effective until the next modification to this system data word. After
Overall Reset, the default applies (0000,, i.e. no delay). One unit in system data word 126 corre-
sponds to a restart delay of 1 ms; the longest possible delay is 65535 ms (FFFF,).

Example: Programming a restart delay of approximately one minute

:L KH EA60 Restart delay of 60,000 ms (1 minute)
‘T BS 126
‘BE

Note

If no backup battery has been inserted in the power supply module (or if the inserted
battery is defective) and the control program is stored on an E(E)PROM submodule,
the restart will be delayed by approximately one second.

Restart

While the CPU is in RESTART, the following applies:

e The fault LEDs are dark; the RUN, STOP and BASP LEDs light up

¢ All output modules are disabled (outputs show signal "0")

« The PIl is not yet updated; evaluation of the inputs is only possible with direct I/O access

(L PY../LPW.)
Example: LPwoO
TIWO

Al 0.0

e Scan time monitoring is inactive

e The relevant RESTART OB is processed (in the case of manual cold restart of OB21, in the case
of automatic cold restart of OB22 - if the mode selector is at "RN")

e Timers are processed

e Interrupt OBs (OB2 to OB6) and timed-interrupt OBs (OB10 to OB13) are only processed if the
interrupts are explicitly enabled (RA operation).
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2.5.3 RUN Mode

After the CPU operating system has run the RESTART program, it starts cyclic program scanning
(OB1).

The input signals at the input modules are scanned cyclically and mapped to the PII; the interpro-
cessor communication input flags (see Section 12.1.1) are updated. The control program processes
this information together with the current flag, timer and counter data. The control program
comprises a succession of individual statements. The processor fetches these statements one by
one from program memory and executes them. The results are written to the process output
image (PIQ).

It is possible to react quickly to signal changes even during cyclic program scanning by:
*  Programming organization blocks to service interrupts

« Using operations with direct I/0O access (e.g. LPW, TPW)

*  Multiple programming of direct I/O scans in the control program.

2.5.4 Restart Characteristics and Cyclic Operation
The following figures give an overview of the restart characteristics of the CPUs and of cyclic

operation. They also show how the restart characteristics depend on the state of the backup
battery and they indicate the conditions for changing the operating mode.
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Mode selector STOP RUN
PG command RUN

Power restoration 1

!

\ 4
Process 1/0 image (Pll and PIQ) is Process 1/0 image (Pll and PIQ) is
deleted, deleted,
Non-retentive timers, counters and Non-retentive timers, counters and
flags are deleted ; flags are deleted.;
Digital outputs are overwritten with Digital outputs are overwritten with
"o "o
Configuration of 1/O modules is Cold restart routine is delayed (delay
Cold determined and stored; time in SD 126);
restart Memory submodule?is tested : Configuration of 1/O modules s
routine Address list for the control program is determined and stored;
constructed ; Memory submoduleZ is tested :
DB1is interpreted (see Section 11.3) Address list for the control program is
constructed ;
DB1 is interpreted (see Section 11.3)
In addition, the battery, memory submodule
and status before POWER OFF are evaluated
(see Figure 2-10)
v v v
Processing of OB21 * Processing of OB22 *
RESTART I I
v
Outputs enabled
(BASP signal revoked)
\ 4 \ 4
Pll read in
RUN *
Processing of OB1
v
PIQ output

1 If the PLC was in RUN at POWER OFF.

2 Please note the following differences: -

CPU 941/942: Program runs from memory submodule

- CPU 943/944: Program is loaded from the memory submodule into inter-
nal program memory and processed there

* If OB21 or OB22 contains the RA (enable interrupt) operation, a central process interrupt is possible from this point.
If this operation has not been used in the RESTART OB, interrupt and timed-interrupt OBs can only become effective
after the RESTART OB has been processed.

2-18

Figure 2-9. Restart Characteristics of the CPU
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Cold Restart Characteristics After Power Restoration

Battery status, memory submodule and status before POWER OFF are evaluated as follows on cold
restart after power restoration:

Power ON

Battery
in order?

no Is memory sub- yes
module RAM?

no

CPU previously
in STOP

Retentive yes
feature set?

Y

Cold restart routine Cold restart routine

RESTART RESTART *

Y Y

RUN < STOP ) RUN < STOP )

Restart delay set to approximately one second

*

Figure 2-10. Cold Restart Characteristics After Power Restoration
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Changing the Operating Mode

After power restora-

tion, if the previous =3

PLC state was STOP.

After power restoration, if
the previous PLC state
was RUN or RESTART.

Sy el T b —

- The mode selec-
tor is set from
STOP to RUN

- RUN is selected
on a program-
mer

Y

—_

Cold restart

routine

RESTART

RUN

- The restart
block is pro-
cessed

- The control
program is
destroyed (e.g.
RAM is erased
after battery
fails)

- The mode selec-
tor is set from
RUN to STOP

- Causes of
interrupts
(see Section 5.1)

- The mode selec-
tor is set from
RUN to STOP

- Causes of

interrupts
(see Section 5.1)

- The mode selec-
tor is set from
RUN to STOP

- STOP is selected
on a programmer

- Causes of
interrupts
(see Section 5.1)

Figure 2-11. Conditions for Changing the Operating Mode
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2.6 Measuring and Estimating the Scan Time and Setting the Scan
Monitoring Time

2.6.1 Measuring the Scan Time

The scan time is measured by the CPU and stored in the system data area. You can access the
current, the minimum and the maximum scan time in the control program at any time. The
resolution of the scan time is one millisecond, and the range of scan time values extends from 0 to
32,767 (=7FFFy) milliseconds. At the end of a scan cycle, after it has updated the process output
image (PIQ) and the interprocessor communication flags, the operating system stores the scan
time, i.e.:

e Current scan time in SD 121

e Maximum scan time in SD 122

e Minimum scan time in SD 123

If the scan time exceeds 32,767 milliseconds, bit 15 (which is the overflow bit) of the current scan
time is set and entered in system data word SD 123 (maximum scan time). Scan time measurement
begins anew in the next scan cycle.

Note

The contents of the watchdog timer are also entered in system data words 121 to 123
when the PLC stops and outputs the "ZYK" (scan time exceeded) message.

Example:  Function block for measuring the scan time

NAME :ZYKLUS-Z

DECL :MINI  I/Q/D/B/TIC: A BI/BY/W/D: W
DECL :AKTU  1/Q/D/B/T/C: A BI/BY/W/D: W
DECL :MAXI  1/Q/D/B/TIC: A BI/BY/W/D: W
DECL :LOES 1/Q/D/B/T/C: E BI/BY/W/D: Bl

RS 121
=AKTU
RS 122
=MAXI
RS 123
=MINI

: AN =LOES The LOES operand|is used to reset system
:BEC data words 121, 122 and 123

‘L KF+0 (if LOES = 1).
T RS121

: T RS 122

T RS 123

:BE

A A A
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2.6.2 Estimating the Scan Time

The scan time has been divided into various units in the figures below to help you estimate the
program runtime and thus the amount of time needed to scan the program.
The values shown below are only guidelines, and may differ depending on the configuration of

the system involved.

The scan time is divided into user time and system time.

User time System time

Figure 2-12. Subdivision of the Scan Time

Figure 2-13 shows how the user time is subdivided. Table 2-5 provides information on estimated
times.

Scan cycle control

ReadPlII
ReadiPC X
flags
Output PIQ
User program Output IPC
flags

Figure 2-13. User Time (T A)
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Table 2-5. Subdivision of the User Time

Time required for CPU Time in psec.
CPU 941 160
Scan cycle control CPU 942 160
CPU 943 160
CPU 944 210
CPU 941 140+
n - (30+module's Ready
Reading the PII CPU 942 delay time*)
CPU 943
n=No. of input bytes
CPU 944 60+
n - (1.7+module's Ready
delay time*)
CPU 941 530+ n - (44+module's
Ready delay time*)
Reading the IPC flags CPU 942
CPU 943
n=No. of IPC input flag bytes
CPU 944 60+
n - (1.7+module's Ready
delay time*)

User programm (including OB2 to 5 and OB10 to 13)

Sum of the execution
times of all STEP 5
statements processed

CPU 941 140+
n - (30+module's Ready
Updating the PIQ CPU 942 delay time?*)
CPU 943
n=No. of output bytes
CPU 944 60+
n - (1.7+module's Ready
delay time*)
CPU 941 530+
n - (44+module's Ready
Output IPC flags CPU 942 delay time*)
CPU 943
n=No. of IPC output flag bytes
CPU 944 60+
n - (1.7+module's Ready
delay time*)

* See also Table 2-6

EWA 4NEB 811 6130-02b
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The Ready delay time is the time that elapses between the arrival of the Request signal in the
module and the module's Ready signal.

The delay time depends on

¢ The Ready delay time of the module itself

e The interface module used and

* The length of the cable

In a distributed configuration, the communications link delay must also be taken into account.
The signal propagation rate is 6 psec./km, i.e. a distance-velocity lag of 2 x 6 psec.=12 psec. must
be taken into account for a cable with a length of 1000 m (3,300 ft.).

If the CPU does not receive the Ready signal within 160 psec., it stops and outputs the "QVZ"
(time-out) error message.

Table 2-6. Ready Delay Times of the Various I/O Modules

Digital modules
Analog modules 16
313 watchdog modules 1
IP 240 1
IP 241 1
IP 242 (Release A00) 140
IP 242 (Release A01) 50
IP 243 (Analog module) 35
IP 244 150
IP 245 0.5
IP 246 15
IP 247 15
IP 252 10
WF 625 3
CP 513-3M 5
CP 524 1
CP 525 3
CP 526 3
CP 527 3
CP 530 310 130
CP 535 3
CP 551 3
CP 552 3
CP 5430 1
CP 143 3
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Figure 2-14 shows the subdivision of the system time. The time values are listed in Table 2-7.

PG/OP

SINEC L1

Update time cells

=

Figure 2-14. System Time

Table 2-7. System Time

Time load caused by Approx. 6% of the user time (Ta)

PG/OP
Time load caused by At Sl 1: Up to 100% of the user time
SINEC L1 At SI 2: Negligible
CPU Time in psec.
Updating of the
operating system timers CPU 941 (Ta/lOmsec.) - (260+n - 0.8)
CPU 942 (Ta/l0msec.) - (260+n - 0.8)
n=No. of timers active in the
scan cycle CPU 943 (Ta/l0msec.) - (215+n - 0.4)
CPU 944 (Ta/l0msec.) - (225+n - 0.4)
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Response Time

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

This time is typically the sum of the following elements (see also Figure 2-15):
« the inherent delay of the input module

e the program scan time

The delay of the output modules is negligible.

<€———  Response Time ——3p|
| |

|

Input |

module !

delay |

|

|

|

10.0 1 |
0 i
|

|

|

Q1.0

> Time

[

Program scanning
n-1

Program scanning
n+1

Figure 2-15. Response Time

Under worst-case circumstances, the response time is twice the program scan time.
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2.6.3 Setting the Scan Monitoring Time

The scan time comprises the duration of the cyclic program. At the beginning of each program
scan, the processor starts a monitoring time (cycle trigger). This monitoring time is preset to
approximately 500 ms. If the scan trigger is not initiated again within this time - for example, as a
result of programming an endless loop in the control program or as a result of a fault in the CPU -
the PLC goes to STOP and disables all output modules. If the control program is very complex, and
the monitoring time can be exceeded, you should restart the monitoring time in the control
program (OB13, see Chapter 11).

There are two possible methods for changing the default scan monitoring time:

¢ Initialization in DB1 (see Section 11.3)

e STEP 5 operations.

You can set the scan monitoring time up to 2.55 s (KF=+255) without having to restart the moni-
toring time.

If you want to change the default scan monitoring time (approximately 500 msec.) via STEP 5
operations, you must transfer a factor for this purpose to system data word 96. The CPU operating
system interprets this factor as a multiple of 10 msec.

Example:

The scan monitoring time is to be set to 100 msec. after every manual cold restart and after
automatic cold restart following power restoration.

The following function block must therefore be called in OB21 and in OB22 with the value "+10".

NAME :ZYKZEIT
DECL :ZEIT  1/Q/D/BIT/C: D KM/KH/KY/KS/KF/KT/KC/KG: KF

LW =ZEIT Load the scan monitpring
: time as a multiple of 10 mpec.
:T BS 96 Transfer time to syste|
:BE data word 96.

2.7 Accessories

The following subsections give an overview of important accessories for the S5-115U PLC.
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2.7.1 Backup Battery

The backup battery maintains the program and data when the S5-115U is switched off. The
backup battery has a service life of approximately two years.

After a lengthy storage period lithium batteries develop a passivation coating which is respon-
sible for the "voltage delay effect" (when the battery is loaded, the voltage drops temporarily to
under 3 V).

Before using a lithium battery in the power supply module, you should depassivate the battery by
loading it for two hours with 100 ohms.

Note

The safety regulations for hazardous materials must be observed when transporting
lithium batteries!

2.7.2 Memory Submodules

There are three types of memory submodules with different memory capacities available for the
S5-115U:

Table 2-8. Available Memory Submodules

EPROM 8 Kbytes 6ES5 375-1LA15 11 byte
EPROM 16 Kbytes 6ES5 375-1LA21 12 byte
EPROM 32 Kbytes 6ESS 375-1LA41 17 byte
EPROM 64 Kbytes* 6ES5 375-1LA61 122 byte
EPROM 128 Kbytes** 6ESS5 375-1LA71 124/163 | word
EEPROM 8 Kbytes 6ES5 375-0LC31 211 byte
EEPROM 16 Kbytes 6ESS5 375-0LC41 212 byte
RAM™ 8 Kbytes 6ES5 375-0LD11 byte
RAM*** 16 Kbytes 6ES5 375-0LD21 byte
RAM™** 32 Kbytes 6ES5 375-0LD31 byte

* 2 Kbyte corresponds to approximately 1000 STEP 5 statements

b Only 48 Kbytes can be used

rokk Only 96 Kbytes can be used

** ** |t is no longer necessary to use RAM submodules in the CPU 943 and CPU 944 since these CPUs provide the entire
memory capacity in the form of internal RAM.
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2.7.3 Programmers (PG)

Applications: e entering programs
» testing programs
e monitoring programs.

You can use the following programmers: PG 605U, PG 635, PG 670, PG 675, PG 685, PG 695,
PG 710, PG 730, PG 750 and PG 770.

You can use the programmers in either on-line or off-line mode on.

2.7.4 Operator Panels (OP)

Applications: » displaying the current values of internal timers and counters
e entering new setpoints
» displaying program-controlled messages
» displaying input, output, data, and flag areas (OP 396 only)

You can use the following operator panels: OP 393, OP 395 and OP 396
You can use the following monitors: DG 335 and DS 075
(DS 075 only with CPU 943/944 (ASCII driver))

2.7.5 Printers (PT)
Applications: » listing inputs

» listing outputs

» listing programs
You can use the following printers: PT 88, PT 89 and PT 90

CP 525 and CP 523 communications processors, programmers (from PG 605U upward) and the S| 2
interface of the CPU 943/944 (ASCII driver required) can be connected.
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$5-115U Manual Installation Guidelines

3 Installation Guidelines

Programmable controllers of the $5-115U system consist of a central controller to which one or
more expansion units can be connected if necessary. The modules that make up the S5-115U
programmable controller (PLC) are mounted on racks.

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 (I/Os). Depending on requirements, digital or analog modules, communica-
tions processors (CPs), or intelligent input/output modules can be used. Figure 3-1 shows a basic
CC configuration.

seboscTo
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qe
o
o3
o

R-ST 52-091

Figure 3-1. Central Controller (Example)
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The following five mounting racks (CRs) are available for installing a central controller:
e CR 700-0LA12 and CR 700-0LB11: for central controller O

¢« CR700-1: for central controller 1
¢« CR700-2: for central controller 2
« CR700-3: for central controller 3

They differ in the number of slots and in configuration possibilities. The following pages describe
the four mounting rack types for central controllers and the modules that can be mounted on
them (connector pin assignment see Appendix C).

Possible Configurations on Mounting Rack CR 700-0 (6ES5 700-0LA12)

Use central mounting rack CR 700-0 to install small control systems. It has slots for a power supply
module (PS), a central processing unit (CPU), and up to four input/output modules (I/Os). Such a
configuration makes up a central controller 0. You can plug in an interface module (IM) to
connect expansion units (EUs), and the CP 530 communications processor to connect the SINEC-L1
local area network. You can also mount one intelligent input/output module. Figure 3-2 shows
the slots on CR 700-0 and the modules that can be plugged into each slot.

Mounting Rack
CR 700-0LA12

Power Supply Module

Central Processing Unit

Digital Module 1

Analog Module 1

IM 305/IM 306 2

CP 530-7

CP 523 SR

IP 240/241/242 /243 /244 /260/261

DIMOS Interface Module S

Only with adapter casing
1 Digital/analog modules of ES 902 design (S5-135/155U) can only be used in slot 0!
2 Do not remove the termination connector if neither IM 305 nor IM 306 is plugged in.

Figure 3-2. Possible Configurations on Mounting Rack CR 700-0 (6ES5 700-0LA12)
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Possible Configurations on Mounting Rack CR 700-0 (6ES5 700-0LB11)

You can use adapter casings with two printed-circuit boards in the case of the CR 700-0
(6ES5 700-0BL11) in contrast to the CR 700-0 (6ES5 700-0LA12). There are also slots for a power
supply module (PS), a central processing unit (CPU), block type digital/analog modules, intelligent
input/output modules and communications processors (CPs).

Mounting Rack
CR 700-0LB11

Power Supply Module

Central Controller
Digital Module 2 SRS
Analog Module 2

CP 513/523/524/525/552-1

CP 526/527 Basic Board

CP 581/CP 526 Expansion Board
CP 530-7

CP 5430

CP 552-2

CP 535-3MA12/CP 143-0AB01

IP 241/245/252

1P240/242 ... 244/246/247/260/261
WF 625/725/470 K
DIMOS-VISRAM B B IRSSEIES
IM 304/307/308  AS 301/302
IM 305/306 5

IM 307 6 e
@ Only with adapter casing

R

R
R

XA

RRRARRRRRRRARRRR

RIS

1 Use of the IP 246/247 and the CP 513/524/525/526/527/539/143 is not permissible with a 3 A power supply module
(the DSI signal is not generated from the 3 A power supply)

2 Digital/analog modules of ES 902 design (S5-135/155U) can be plugged into slot 0 to 2; block-type modules can be

plugged into slot 1 and 2

Can only be used in the lefthand slot when operating without fan

Slot cannot be used because of double-width module

Do not remove the terminating connector if neither the IM 305 nor IM 306 interface module is plugged in

Interrupt processing is not possible in slot 3

Figure 3-3. Possible Configurations on Mounting Rack CR 700-0 (6ES5 700-0LB11)

o0 hw
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Possible Configurations on Mounting Rack CR 700-1

Use central mounting rack CR 700-1 to install small or medium-sized control systems. It has slots
for a power supply module (PS), a central processing unit (CPU), and up to seven input/output
modules (I/Os). Such a configuration makes up a central controller 1. Central controller 1 is up-
wardly compatible to central controller 0. You can plug in an interface module (IM) to connect
expansion units (EUs), and the CP 530 communications processor to connect the SINEC-L1 local
area network. You can also mount one intelligent input/output module (IP, WF). Figure 3-4 shows
the slots on CR 700-1 and the modules that can be plugged into each slot.

Mounting Rack
CR 700-1

Power Supply Module

Central Processing Unit

Digital Modules 1

Analog Modules 2

IM 305 / IM 306 3

CP 530-7

CP 523 B
IP 240/241 ... 245/260/261 S Rass]
WF 625/725 S
DIMOS Interface Module ]

7T
0.0,
3%

oo

’.ji Only with adapter casing

X

Digital modules of ES 902 design (S5-135/155U) can only be plugged into slot 0

Plug analog modules into slots 4, 5 and 6 only if an IM 306 is used. Plug the 466 analog input module only into
slot 0!

3 Do not remove the termination connector if neither IM 305 nor IM 306 interface module is plugged in.

N

Figure 3-4. Possible Configurations on Mounting Rack CR 700-1

3-4 EWA 4NEB 811 6130-02b



S5-115U Manual Installation Guidelines

Possible Configurations on Mounting Rack CR 700-2

Use central mounting rack CR 700-2 to install large control systems in 19-inch cabinets. It has slots
for a power supply module (PS), a central processing unit (CPU) and input/output modules. Such a
configuration makes up a central controller 2. You can plug in an interface module (IM) to
connect expansion units (EUs). You can also mount intelligent input/output modules and com-
munications processors (CPs). Figure 3-5 shows the slots on CR 700-2 and the modules that can be
plugged into each slot.

Mounting Rack
CR 700-2

Power Supply Module 1

Central Processing Unit

Digital Modules 2

Analog Modules 3

IM 305/IM 306 4

AS 301/302/IM 304/308 S
IM 307 8 o
CP 143-0AB01/CP 5430 S s e

CP 513/523 ... 526/527/ e e S s

CP 530-7

IP 240/241 ... 246/247/260/261 :::: ::::@:,:, :x:,:":: : :::! :x:x: Kix:: ::x:! :x:":,:: 3 ::::

P 2526 S e

WF 625/725/470/480 S s
DIMOS Interface Module :><> g g g

o

5 Only with adapter casing

1 Use of the IP 246/247 and the CP 513/524/525/526/527/535/143 is not permissible with a 3 A power supply module.
The DSl signal is not generated by the power supply
2 Digital modules of ES 902 design (S5-135/155U) can be plugged into slots 0 to 5
3 Block-type modules can be plugged into slots 0 to 6 and into slots 4, 5 and 6 only when using an IM 306; digital
modules of ES 902 design (S5-135/155U) can be plugged into slots 0 to 5
4 Do not remove the termination connector if neither IM 305 nor IM 306 interface module is plugged in
5 Interrupt processing is not possible in slot 6
6 Direct I/0 access of the IP 252 with CPU 941, 942 or 943 is only possible in slot 0; CPU 944 only in slots 0, 1, 2; direct I/O
access is in general not possible when using the 3 A power supply module (HOLD and HOLDA signals are not
available)

R

Figure 3-5. Possible Configurations on Mounting Rack CR 700-2
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Possible Configurations on Mounting Rack CR 700-2LB

Use central mounting rack CR 700-2LB to install large control systems in 19-inch cabinets. In
contrast to the central mounting racks CR 700-0/1 you can use adapter casings with two printed
circuit boards here. The CR 700-2LB has slots for a power supply module (PS), a central processing
unit (CPU), block-type digital and analog modules, intelligent input/output modules (IPs) and
communications processors (CPs). You can plug in an interface module to connect expansion
units. Figure 3-6 shows the slots on CR 700-2LB and the modules that can be plugged into each
slot.

Mounting Rack
CR 700-2LB

Power Supply Module 1

Central Processing Unit

Digital Module

Analog Module 4 4 4
CP 513/523/524/525/530-3/552-4 e S S e
CP 526/527 Basic module 5 53 EM: SRS :w R ;:, s

CP 526 Expansion module 2

CP 530-7LA12

CP 552-2

%% %% % %% %%

IP 241/245/252/CP 535-3MA12

RRRETIRITTIRK
RIRRIRXR:

R

SRR
R
RERL
R
RERL
R
e 20 %
%%

IP 240/242...244/246/247/260/261

R
R
R
R

WF 625/725/470 oS

2ol

DIMOS-VISRAM

IM 305/IM 306 4 5

AS 301/302/IM 304/307/308

5958,

53} Only with adapter casing 6ES5 491-0LB11
2

R

Adapter casing 6ES5 491-0LB11 only can be used in these slots.

Use of the IP 246/247 and the CP 513/524/525/526/527/535/143 is not permissible with a 3 A power supply module.
Can only be used in adapter casing 6ES5 491-0LB11 in conjunction with CP 526 basic module.

Slot cannot be used because of double-width module.

Can only be addressed with IM 306.

AWNP *

Figure 3-6. Possible Configurations on Mounting Rack CR 700-2LB
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Possible Configurations on Mounting Rack CR 700-3

Use central mounting rack CR 700-3 to install large control systems in 19-inch cabinets. In contrast
to the central mounting racks CR 700-0/1/2, you can also use printed circuit boards in an adapter
casing here. The CR 700-3 has slots for a power supply module (PS), a central processing unit (CPU),
input/output modules, intelligent input/output modules (IPs) and communications processors
(CPs). You can plug in an interface module to connect expansion units. A configuration on the
CR 700-3 makes up a central controller 3. Figure 3-7 shows the slots on the CR 700-3 and the
modules that can be plugged into each slot.

Power Supply Module 1

Central Processing Unit

Digital Modules 2 e s e SIS

Analog Modules 3 X
CP 513/523 ... 525/552-1
CP 526 Basic Module/CP 581 9 e e e S s s ooy
CP 526 Expansion Module
CP 530-7

CP 5430

CP 552-2

CP 535/CP 143-0AB01

IP 241/245/252 6

L

SRR

XXX

%6 %%

%!
R

xxxxxxxxxxxxxxxxxxxx

SRR

IN

SRKRRRK

%% %% 1%0%%% %% % %% %%
202000 00! 12020002 Sete e %0 o a0 6%

P nmamaE
WF 625/725/470/480 Sl

WF 485 e

DIMOS-VISRAM e

IM 304/308  AS 301/302 s
IM 307 8 R R B

IM 305/306 7

@ Only with adapter casing % Only with adapter casing 6ES5 491-0LC11

1 Use of the IP 246/247 and CP 513/524/525/526/527/535/143 is not permissible with a 3 A power supply module (the
DSl signal is not generated by the power supply)

2 Digital modules of ES 902 design (S5-135/155U) can be plugged into slots 0 to 5; block-type modules can plugged
into slots 3 to 5; digital module 6ES5 434-4UA12 can also be plugged into slot 6.

3 Block-type modules can plugged into slots 3 to 5; block-type modules on slots 4 and 5 can only be addressed with

the IM 306; analog modules of ES 902 design (S5-135/155U) can be plugged into slots 0 to 5

Can only be used in the lefthand slot when operating without fan

Slot cannot be used because of double-width module

Direct I/O access with CPU 941, 942 or 943 is only possible in slot 0; with CPU 944 only in slots 0, 1, 2; direct /O

access is in general not possible when using the 3 A power supply module (HOLD and HOLDA signals are not

available)

Do not remove the termination connector if neither IM 305 nor IM 306 interface module is plugged in

Interrupt processing is not possible in slot 6

9 CP 581, 6ES5 581-1ED13 can only be plugged into the left-hand slot.

o Ul A~

o~

Figure 3-7. Possible Configurations on Mounting RackCR 700-3
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3.1.2 Expansion Unit (EU)

If the central controller does not have sufficient slots for the whole PLC, it is possible to include
one or more expansion units. Depending on the type of connection, there are four subracks
available for expansion units:

e ER701-0 forexpansionunit "0" (EU Q)

e ER701-1 forexpansionunit"1" (EU 1)

e ER701-2 forexpansionunit "2" (EU 2)

e ER701-3 forexpansion unit "3" (EU 3)

(see Appendix C for connector pin assignment)

Figure 3-8. Expansion Unit 1 (Example)

The following expansion unit interface modules connect EU 1 expansion units to a central con-
troller in centralized configurations (see Section 3.2.5):

e IM305

e IM306

The following interface modules connect expansion units to a central controller in distributed
configuration (see Section 3.2.6):

e interface module AS301/AS 310

interface module AS 302/AS 311

interface module IM 304/IM 314

interface module IM 307/IM 317

interface module IM 308/1M 318

3-8 EWA 4ANEB 811 6130-02b
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Possible Configurations on Mounting Rack ER 701-0

Use expansion mounting rack ER 701-0 to install expansion unit EU 0. EU 0 is suitable for centra-
lized configurations, i.e. connection to a local central controller of type CC 0, CC 1 or CC 2. The
ER 701-0 has six slots for digital and analog input or output modules and one slot for an IM 305 or
IM 306 interface module. Interrupt-triggering modules cannot be used. The expansion unit gets
its power supply via the EU interface module. You can connect up to three expansion units to one
central controller (CC 0/CC 1/CC 2/CC 3) or to one EU 2/3.

Mounting Rack
ER 701-0

Digital Modules 1

Analog Modules 2

IM 305/IM 306

1 The 434-7 input module cannot be plugged into these slots

Digital modules of ES 902 design (S5-135/155U) cannot be plugged in
2 Only if an IM 306 is used.

Analog modules of ES 902 design (S5-135/155U) cannot be plugged in

Figure 3-9. Possible Configurations on Mounting Rack ER 701-0
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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
centralized configurations, i.e., connection to a local central controller of type CC 0, CC 1, CC 2 or
CC 3. The ER 701-1 has nine slots for digital and analog input or output modules and one slot for
an IM 305 or IM 306 expansion unit interface module. Interrupt-triggering modules cannot be
used. The expansion unit gets its power supply via the EU interface module. You can connect up
to three expansion units to one central controller (CC 0/CC 1/CC 2/CC 3) or to one EU 2/3
expansion unit.

Mounting Rack
ER 701-1

Digital Module 1

Analog Module 2

IM 305/IM 306

1 Input module 434-7 cannot be plugged into these slots.

Digital modules of ES 902 design (S5-135/155U) cannot be plugged in
2 Only if an IM 306 is used.

Analog modules of ES 902 design (S5-135/155U) cannot be plugged in

Figure 3-10. Possible Configurations on Mounting Rack ER 701-1
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Possible Configurations on Mounting Rack ER 701-2

Use expansion mounting rack ER 701-2 to install expansion unit EU 2. EU 2 is suitable for
connection to a centrally configured or remote CC 2/CC 3 central controller. The ER 701-2 has slots
for a power supply module (PS), digital and analog input or output modules, one central
controller interface module, and one IM 306 expansion unit interface module. The IM 306 lets you
connect up to three EU 1 expansion units to one EU 2 expansion unit. Interrupt-triggering
modules cannot be used.

Use the IM 310, IM 311, IM 314 and IM 318 interface modules to connect the EU 2 to the S5-135U,
S5-150U and S5-155U programmable controllers.

Mounting Rack
ER 701-2

Power Supply Module

Digital Modules 1

Analog Modules 2

IM 305/IM 306

AS 310/311/IM 314/317/318 RS

UBW 3133

%

CP 5233

SRARAKKL

@ Only with adapter casing

1 The 434-7 input module cannot be plugged into these slots; digital modules of ES 902 design (S5-135/155U) can
only be plugged into slot 6

2 Only if an IM 306 is used. Not permissible with the AS 302/311. Analog modules of ES 902 design (S5-135/155U) can
only be plugged into slot 6

3 Not permissible with the AS 302/311

Figure 3-11. Possible Configurations on Mounting Rack ER 701-2

EWA 4NEB 811 6130-02b 3-11



Installation Guidelines S5-115U Manual

Possible Configurations on Mounting Rack ER 701-3

Use expansion mounting rack ER 701-3 to install expansion unit EU 3. EU 3 is suitable for con-
nection to a centrally configured or remote CC 2/CC 3 central controller. ER 701-3 has slots for a
power supply module (PS), digital and analog input or output modules, communications
processors and intelligent input/output modules (interrupt-triggering modules can only be used
via an IM 307/317), one central controller interface module, and one IM 306 expansion unit
interface module. The IM 306 lets you connect up to three EU 1 expansion units to one EU 3
expansion unit.

Use the IM 310, IM 311, IM 314 and 318 central controller interface modules to connect the EU 3
to the S5-135U, S5-150U and S5-155U programmabl ntroller:

Mounting Rack
ER 701-3

Power Supply Module 1

Digital Module 2

Analog Module 3| Kessessssssss st

IM 306

IM 314/318  AS 310/311 SR
IM 317 Samn e
CP 513/523...526/ S s
535/552 4 S SRR R R

CP 530-7

CP 4 5430/CP 4 143-0AB01 S s M E I B
IP241 ... 245/260/261 R S s

IP 4240/246/247/252 B I B

WF 625/725/470/480 : e s RS

UBW 3133 S

DIMOS Interface module 4 :” S :':K ':X“K: s : :*K: ':x:' 5 ”: :":K:'

50t - B
zgsj Only with adapter casing

KR

o3

[y

Use of the IP 246/247 and the CP 513/524/525/526/527/535/143 is not permissible with a 3 A power supply
module (the DSI signal is not generated by the power supply)

Except the 434-7 input module; digital modules of ES 902 design (S5-135/155U) can be plugged into slot O to 6
Not permissible with the AS 302/311; analog modules of ES 902 design (S5-135/155U) can be plugged into
slot 0 to 6

4 Only when IM 304 is connected to IM 314 and when IM 307 is connected to IM 317

w N

Figure 3-12. Possible Configurations on Mounting Rack ER 701-3
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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. Figure 3-13 shows the prescribed method for
mounting. You can also fasten the racks to surfaces that are at an angle of up to 15° from a
vertical surface. 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:

e Remove the protective caps from the socket connectors on the backplane.

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

e Swing the module back until it engages with the socket connectors on the backplane.

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

R-ST52-038

Figure 3-13. Installing the Modules

If the modules are subjected to mechanical vibration, they should be installed as close together as
possible.

A Warning

Plug in or remove modules only when the power supply has been turned off.
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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 one 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 back of 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.

R-ST52-039

Figure 3-14. Slot Coding Element
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Adapter Casing

Use an adapter casing (6ES5 491-0LB11 or 6ES5 491-0LC11) to fasten printed circuit boards in
double-height Eurocard format to a mounting rack as you would fasten block type modules.

GWA 4010/2

Figure 3-15. Installation of a Printed Circuit Board into an Adapter Casing (6ES5 491-0LB11)
Hang the completed unit on the mounting rack and fasten the screws at the top and bottom of
the adapter casing.

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

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

Note

Afanisrequired for adapter casings with two printed circuit boards.
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3.2.2 Installing Fans

Install a fan subassembly (6ES5 981-0AA11/21) under the following conditions:

e the power supply modules carry a load of more than 7 A

e the controller uses modules with a high power consumption, e.g., certain communications
processors and intelligent input/output modules (see Chapter 15 "Technical Specifications").

The fan subassembly has two fans, a dust filter, and fan monitors with floating changeover
contact.

You need a set of installation parts to mount the fan subassemby. The set consists of two instal-
lation brackets and a cable duct. The brackets support the fan subassembly and the cable duct.
The cable duct enables you to run the field cables off neatly to the side.

Install the fan subassembly as follows:

Use screws to fasten the installation brackets onto the uprights of the cabinet or on the
mounting surface under the mounting rack.

The guide tracks on the brackets should be at the bottom. Hook the fan subassembly onto the
guide tracks of the installation brackets and

push it back.

Push the fan subassembly up

and latch it into place with the two slides at the top of the installation brackets.

if the machine is subject to vibration, secure the fan subassembly to the installation brackets
with screws (M 4 x 20 screws with washers).

Hook the cable duct into the installation brackets.

Q 0060 ©®

Special features of the fan subassmbly and installation parts enable you to do the following:
e use the cable duct without the fan subassembly

install or remove the fan subassembly even when the cable duct is hooked on

screw the fan subassembly to the installation brackets through the cable duct

replace the filters while the unit is in operation (see Appendix B).

Gwa 0002

GWA 0001

Figure 3-16. Installing the Fan Subassembly
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3.2.3 Dimension Drawings
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1 Control panel and plug connectors (e.g., when an adapter casing is used) extend beyond the front (e.g., CP 525).

Figure 3-17. Dimension Drawings of Mounting Racks

Table 3-1. Dimension Drawings of Modules

Power Supply Module 65(2.54) | 187(7.29) none
Central Processing Unit 43(1.68) 187 (7.29) none
Digital and Analog Modules builtin

Adapter Casing
. Interface Module 25 (0.98) 133(5.19) none
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3.2.4 Cabinet Installation
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Figure 3-18. Dimensions for Installation in a 19-Inch Cabinet

A Caution

The 533.4 mm spacing must be maintained even if a fan is not used.

3-18
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3.2.5 Centralized Configurations

A central controller (CC 0, CC 1, CC 2 or CC 3) connected via short connecting cables to as many as

three expansion units makes up a centralized configuration. Use only the IM 305 or IM 306

interface modules to connect an ER 701-1 mounting rack.

For centralized configuration with the IM 305, please note the following points:

* You can use fixed slot addressing only (see Chapter 5).

* The 0.5 m (1.6 ft.) connecting cable is not long enough to connect the EU under the CC. Use an
IM 306 interface module or the IM 305 version with a longer cable for such an arrangement.

Table 3-2. Comparison of the IM 305 and IM 306 Interface Modules

Number of EUs (maximum) 1 3

Total cable length 0.50r1.5m (1.6 or 4.8 ft.) maximum 2.5 m (8.2 ft.)
Slot addressing fixed (for CC and EU) variable (for CC and EU)
Current supplied to EUs (maximum) 1A 2A~

* The EU with the most current supplied should be as close to the CC as possible.

CR 700-
0/1/2/3

CR 700-
0/1/2/3

CR 700-
0/1/2/3

LTI
[T

Power Supply Module ER 701-1 Mounting Rack

Central Processing Unit IM 306 Interface Module

& [ A

IM 305 Interface Module . 705 Connecting cable **

**  You can also order a 1.25 m (4.1 ft.) 705 connecting cable (Order No. 6ES5 705-0BB20) or a 2.5 m (6.7 ft.) 705 con-
necting cable (Order No. 6SE5 705-0BC50), and use them to mount two EUs next to each other.

Figure 3-19. Centralized Configuration with the IM 305 and IM 306 Interface Modules
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3.2.6 Distributed Configuration

A central controller connected to expansion units installed over a maximum distance of 3000 m
(9800 ft.) makes up a distributed configuration. The interface module used determines the

distance and the number of EUs that can be connected.

Distributed configurations using the following are not described here:
+ AS 301/AS 310

* AS302/AS 311

* IM307/IM 317

* 1M 308/IM 318.

You can order these interface modules with a separate description.

Please note the following points concerning distributed configuration versions:

e Each ER 701-2 or ER 701-3 expansion rack requires a PS 951 power supply module and an
IM 306 interface module for addressing input/output modules (Exception: ET 100/ET 200).
» If the expansion units have their own power supply, please note the following:

- When switching on:

Switch on the power supplies of the expansion units first and only then the power supply of

the central controller.

- If you switch on the power supplies of the central controllers and the expansion units at the

same time, you must program a restart delay.
e See Section 3.5 (Shielding)!

» If you use digital input modules on the ER 701-2 or ER 701-3, it is recommended that you use

modules with revision level "2" (or higher).

3-20
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Table 3-3. Technical Specifications of the Interface Modules for Distributed Configurations

, 200 0.8A
m 0.7A
5 1000 20A
m 1.5A
- o0 1.2 A
m 0.85 A
14* 50 to 3000 104
to N 1.0A
o 2000 05A
m 03A

0.35Aat24V

0.6 A

124 23.8 km (see ET 200 Manual)

* Number of EUs depends on the length of the fiber optic cable used and the ready delay time of the individual modules

EWA 4NEB 811 6130-02b
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Connection with IM 304/IM 314 Interface Modules

Plug the IM 304 interface module into a CR 700-2/-3-OLB central rack to connect as many as four
EUs per interface to the CC. 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 3-20.

Connections with the IM 304/IM 314 interface modules have the following special features:

e Using the IM 304/IM 314 symmetrical interface modules, you can connect EUs on ER 701-2 or
ER 701-3 expansion racks with full address bus to CCs of the S5-115U, S5-135U, S5-150U, and
S5-150S and S5-155U systems.

« Connection to EU 183, EU 185 and EU 186 is possible.

« You can use the extended address set for the programmable controllers mentioned above
(see the IM 304/IM 314 manual).

« Always insert a 6ES5 760-1AA11 termination connector in the receptacle for the lower front
connector (X4) on the last IM 314.

* The potential difference between CC and EU must not exceed 7 V. An equipotential bonding
conductor should therefore be provided!

721 Connecting cable ° 721 Connecting cable °
| |
| |

ER 701-2/-3 \ : ER 701-2/-3 \ |
P ) P A
CR 700-2/-3 S S
P|C
S|P
U
721 Connecting cable 721 Connecting cable

ER 701-2/-3 \

p
S

71 IM 314 ~ Interface Module

7

IM 306 Interface Module Termination connector 6ES5 760-1AA11

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

* In adapter casing

Figure 3- 20. Distributed Configuration with IM 304/IM 314
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The following is a description of the switch and jumper settings for the IM 304-3UAL. and for the

IM 304-3UB1.

Switch and Jumper Settings on the IM 304-3UAL. for Distributed Connection

Figure 3-21 shows the position of the switches and jumpers on the IM 304 module. If you use the
IM 304 interface module for distributed configuration, please set the jumpers as shown on jumper

block X11.

All switches must be in the "ON" position on block S3.

IM 304-3UAL.

78
1 2

X12
S2
S3
= |
4
S1 OFF ON

X15

Qg | 16
Gy | 14
[ ) [ ) 12
g | 10
oy | 8
® O |6
o9 | 4
e o |2
X11

Figure 3-21. Switch and Jumper Settings on the IM 304-3UAL1. for Distributed Configurations

« Switches S1 and S2 must be in the "ON" position when the relevant interface is in use.

EWA 4NEB 811 6130-02b
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e Set the jumpers on X12 to adapt the cable length for distributed connection.
When you set the jumpers on X12, use the longest link connected to interface X3 or X4 to
determine the setting.
If you use IPs and CPs on the EU, you must set the longest total length, regardless of the length
of the connection line.

X12

X12

X12

X12

= wo N = wo N = wo N

P wo N

o o]8
o ole6
o ofa
—e |2
o o]s
o ol6
—e |21
o o2
o o]s
—e |6
o of4
o o2
—e |8
o ole6
o of4
o o2

The maximum total length of the distributed connection is

100 m (330 ft.) per interface.

Total length between 100 m (330 ft.) and 250 m (820 ft.)

Total length between 250 m (820 ft.) and 450 m (1500 ft.)

Total length between 450 m (1500 ft.) and 600 m (2000 ft.)

e Set the jumpers on X14 and X15 as follows for the IM 304-3UALl/IM 314 distributed con-

nection:

X14

X15

3-24

O O O
2 1
o eo—e
3 2 1
o eo—e
3 2 1
—e O

The PEU signal (I/0Os not ready) is not evaluated in the ISTACK.

The PEU signal (1/0Os not ready) is evaluated in the ISTACK.
Note: When power is turned on, cold restart (RN-ST-RN) is also
necessary.

The PEU signal is output in the ISTACK if one interface reports
"Not ready".

The PEU signal is output in the ISTACK if both interfaces
report "Not ready".
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Switch and Jumper Settings on the IM 304-3UBL. for Distributed Connection

Figure 3-22 shows the positions of the switches and jumpers on the IM 304-3UB1. module. All
switches on switch block S3 must be in the ON position.

IM 304-3UB1.

LED1

LEDZ\— %
(=
ON
OFF
ON
OFF
/:I:
X

X3—_

21

X4 ="

22

OFF

ON

S3

1
2
3

X14

97531

10864 2
X11

X1

N

X13 E:

X12 3 5,4

[=] [ =]

X15

X2

Figure 3-22. Switch and Jumper Settings on the IM 304-3UBL1. for Distributed Connection

In Figure 3-22, the IM 304 has been set for distributed connection.
* Permissible cable length up to 100 m (330 ft.) (X11)

« PEU signal (I/0Os not ready) is located at Pin b18 of the X2 base connector, (setting at X15)
« The PEU signal is generated by the IM 304 if at least one interface reports "Not ready" (X14)

« An EU is connected to both interfaces (X21 and X22).

You can change the setting at jumpers X21, X22 as well as at X11, X14 and X15.

e You can switch the interfaces on or off with jumpers X21 and X22.

ON
X21 I
or
X22
© | oFF
o| oN

OFF

EWA 4NEB 811 6130-02b

Interface is switched on

Interface is switched off
(no EU connected)
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Use jumper X11 to set the total length of the 721 connecting cables of one interface up to the
last EU. The decisive factor for setting jumper X11 is the interface with the longest connection
line.
If you use IPs and CPs on the EU, you must set the longest cable length!

97531 97531 97531 97531
Jumper 000@O 00O @OO 0O@OO0OO 90000
location

000®O0 00O@00 00000 0000

108 6 42 108642 108642 1086 4 2
100m (330 ft.) | 250 m (820 ft.) | 450 m (1500 ft.)

Cable length Up;golgto m to 250 m to 450 m to 600 m
(330 ft) (820 ft.) (1500 ft.) (20001t.)

Jumpers X14 and X15 can be set as follows for the IM 304/314 distributed connection:

1
I PEU signal is generated if at least one interface reports
X14 2 " "
Not ready".
o |3
° 1 PEU signal is generated only if both interfaces report
I 2 "Not ready".
3
X15 o o o PEU signal is not evaluated.
3 2 1 . .
PEU signal is evaluated.
o e—e Note: When power is turned on in the EU or in the CC, manual
cold restart (RN-ST-RN) is also necessary.
Note

If the PEU signal is not evaluated, provision must be made in the restart routine to
make sure that the EU is ready for operation before the CC or that the process images
are updated in OBL1.
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Switch and Jumper Settings on the IM 314 Interface Module for Distributed Connection

Jumpers BR1 to BR3 must be set as follows depending on the EU used:

Using the IM 314 in the ER 701-2. ER 701-3 (S5-115U)

21 3 21 OFF
o [
sri [=2] [ =] gro oN

X3=— X1
— 3 21
— Br3 [*_e—]
I I
I I
1 1
I I
1 1
Using the IM 314 in the EU 185U and EU 186U Using the IM 314 in the EU 183U
21 3 21 OFF | 21 3 21 OFF
o [2] el [ o 0] ol [
X3 X1 X3E=— X1
3 21 | —— 3 21
sr3 [=*] = sr3 [ _¢]

Figure 3-23. Jumper Settings on the IM 314

If you use the 313 watchdog module in the EU, you must switch off the PESP (memory I/O select)
monitoring facility on the watchdog module.
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3.2.7 Other Possible Configurations

Central controllers and expansion units of the S5-115U system can also be connected to CCs and

EUs of other SIMATIC S5 systems. Table 3-4 shows the possible configurations.

Table 3-4. Connection of the S5-115U System to other SIMATIC S5 Systems

Centralized up to 110 6ES5300-5LA11 | EG1 (ER701-1) |6ES5306-7LA1l | 705
25m@t) 130A, 150A or
EG2 (ER 701-2

130K, 130W 6ES5 300-5LB11 without PS)

135U, 150K

150, 150U,

155U*
Distributed up to 130A, 150A GES5 301-5AA13 | EG2 (ER701-2) |6ES5310-3AB11 | 721
200 m (650 ft.) 115U 6ES5 301-3AB13 | EG3 (ER 701-3)

130K, 130W

135U, 150K

150S, 150U,155U
Distributed up to 135U BES5 304-3UALL 6ES5 314-3UALL | 721
600 m (2000 ft.) serial | 150S, 150U,155U
Distributed up to 130A, 6ESS5 302-5AA11 6ES5 311-3KALL | 723
1000 m (3800 ft.) 150A
serial 6ES5 302-3KALL

110S/B

130K/W

135U

150K/S/U **

155U

*  No word-orientated 1/0 access (L PW; T PW) possible
**  This connection is possible only if a cold restart is prevented by the "STP" statement in OB22

3-28
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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:

e The PS 951 power supply module to the power line

« 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 trans-
parent covers into the guides on the front door.
Chapter 10 "Analog Value Processing" describes how transducers are connected up to analog
input modules and the feedback modules of the analog output modules.

Sections 3.3.1 through 3.3.6 explain how to connect individual modules.

Please consult the appropriate operator's guide or manual for information on wiring the intelli-
gent input/output modules and communications processors.

3.3.1 Connecting the PS 951 Power Supply Module

Connect the PS 951 power supply module as follows:
Set the voltage selector switch to the appropriate voltage (only in the case of AC modules).

Connect the power cable to terminals L1, N and

/\_/\/
@
VOLTAGE
SELECTO

Ou| @

120/220 V AC

\

N\

Figure 3-24. Power Supply Module PS 951
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3.3.2 Connecting Digital Modules

Digital modules are available in nonfloating and floating versions. For the nonfloating modules,
the reference voltage of the external process signals (Mgy) has to be connected to the internal
reference voltage (Mjt, i.e., PE) (see Figure 3-25). For floating modules, an optocoupler separates
the external voltages from the internal ones.

Floating Nonfloating
L+
°
0
0
0
0
M M
Fo ] vl Fe
,

Reference bus (Mjnt)

Figure 3-25. Connection to Floating and Nonfloating Modules

Note

See Chapter 6 "Addressing/Address Assignment" for information on address assign-
ment in the case of digital modules.
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3.3.3 Front Connectors

Table 3-5 shows the available front connectors. Figure 3-26 shows a front view of these
connectors.

Table 3-5. Front Connector Overview

Screw 1x2.5mm2
6ES5 490-7LB11 24 connection to

(SIGUT) 2x1.0mm2**

Screw 1x2.5mm2
6ES5 490-7LB21 46 connection or

(Box terminal) 2x 1.5 mm2 ***

several lines

from
6ES5 490-7LA11 46 Crimp-snap-in 0.5to0 1.5 mm2
(mini-spring- total cross
contact) section

*  When plug-in jumpers are used, the conductor cross sections are reduced.
**  with endsleeves: 0.75 to 1.5 mm2(18 to 15 AWG)
*** with end sleeves: 0.5 to 1.5 mm2(20 to 15 AWG)

Screw-Type Connections Crimp Snap-in Connections
24 pin 46 pin 46 pin
[ase (s ey
e
Hlo
Q g
Hi©
Hi@
i =]
@
]
(]
5
(%]
Q =
) o ; ;
3%
o[
W[4
1@
@
H|@
ilo
Wil
q@ g
Hi@
. :jQ |

Figure 3-26. Front Connectors, Front View

The connectors have openings at the bottom for standard strain-relief clamps.
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Installing the Front Connector

Install the front connector as follows (see Figure 3-27):

1. Open the frontdoor of the module.

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

3. Swing the front connector up and in until it engages with the module.
4. Tighten the screw at the top of the front connector to secure it.

® Module
@ Frontdoorisopen

® Frontconnectoris
pushed back

@ Fastening screw

® Pivot

Figure 3-27. Installing the Front Connector

3.3.4 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 (see Figure 3-28). A simulator needs an external
power supply.

® Screw-type terminals for
supply voltage

® Fastening screw

Figure 3-28. Simulators
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3.3.5 Connecting the Fan Subassembly

Figure 3-29 shows the wiring necessary to operate a fan subassembly.

L1 L+
AC 220/115V N Netzspannungs- pDC2sy M
4 wahlschalter L

[[Jeoomar 4 [M1ar

115 \%zov
L J L]

6 ESS 981- 0c ZL\L’

%

6 ES5 981-
OHA

O=

g 0HA 21 1% 3@

GWA 0014

Figure 3-29. Fan Subassembly Terminal Assignment

A floating changeover contact gives a fault signal via terminals 1, 2 and 3 if the fan fails.
The diagram in Figure 3-29 shows the switch positions in the case of a fault! Under normal
operating conditions, the contacts 1 - 2 are closed and the contacts 1 - 3 open.

3.4 General Configuration

The following chapter explains the electrical installation of the $5-115U.

3.4.1 Power Supply

A completely installed controller consists of the following separate electrical circuits:
e the control circuit for the central controllers and expansion units
e theload circuit for the sensors and actuators

The Control Circuit:

The control circuit supplies the CPU, the 1/O bus, the programmer interface, and the control
circuits of the input/output modules. The PS 951 power supply module generates the necessary
5V DC, 5.2V DC, and 24V DC operating voltages from the 24V DC, 120V AC, or 230V AC line
voltages.

When planning the power supply for the central controllers and expansion units, make sure that
the total current consumption of the modules used does not exceed the nominal current of the
power supply used. For this reason, we offer the PS951 power supply module with two ratings,
5V/3 Aand 5V/7 A (for fan operation, up to 15 A) (see Chapter 2).
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When using the different PS 951 power supply modules, you must note the following:

 For the 6ES5 951-7ND41 floating module, the input voltage must be a functional extra-low
voltage in accordance with VDE 0100 or a comparable standard. Otherwise, the PE terminal
must be conncted to the protective ground wire.

e For the 6ES5 951-7NB21/7ND41/7ND51 power supply modules, there is no galvanic isolation
between the 24 V side and the 5 V side whose reference potential is permanently connected
to the mounting rack.

* The use of the following modules is not permissible due to the missing DSI signal in the case of
the 3 A power supplies with the order numbers 6ES5 951-7L.B14/7NB13:

- 1P 246/247

- CP 513/526/527/535/580/581/143.

e The CP 524/524 must not be used with 3 A power supply modules since their power
consumption is too high.

« Magnetic voltage stabilizers must not be connected direct on the input side of power supply
modules!

If you use magnetic voltage stabilizers in parallel network branches, you must expect

overvoltages to occur as a result of mutual interference. These voltage peaks can destroy the

power supply module! If such a case arises, please consult the department responsible.

* The power supply modules 6ES5 951-7LD21/7ND41/7ND51 have 2 back-up batteries. If one of
the batteries is discharged, the corresponding signal lamp lights up and the 2nd battery
automatically takes over the back-up function.

e You must observe the following for external back-up in the case of the power supply modules
with 2 batteries:

- If you connect an external back-up battery without inserting a new battery in the power
supply module, the "BATT LOW" LEDs continue to flash.

- Execute a RESET on the power supply module after connection of the external back-up
battery. You thus reset the battery low signal. The "BATT LOW" LEDs, however, continue
to flash after the reset.

* You must observe the following for external back-up in the case of the power supply modules
with 1 battery:

- Execute a RESET on the power supply module after connection of the external back-up
battery. You thus reset the battery low signal.

The Load Circuit:

For monitoring reasons, you should use the same power supply for control and load circuits. For
the 24 V DC power supply, a Siemens load power supply unit of the 6EV13 series is recommended
(see Catalog ET1).

When connecting other load power supply units, please note the following:

« The output voltage of the internal monitoring circuit of the PC is not detected. Consequently,
the load voltage must be monitored externally.

e The output voltage of the power supply unit should not exceed 30 V under partial load
conditions.
Destruction of the modules cannot be ruled out in the case of higher voltages.
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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

* You must provide a master switch to DIN VDE 0113, Part 1, or a disconnecting 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.

* 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.

EWA 4NEB 811 6130-02b 3-35



Installation Guidelines S5-115U Manual

Load power supply

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

You require a back-up capacitor (rating: 200puF per 1 A load current) for nonstabilized load
power supply units. Connect the capacitor in parallel to the output terminals of the load
power supply.

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

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.

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 mm?2 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 > 120 V DC.

» If circuits are operated with voltages > 50 V AC.

The mounting racks of the S5-115U must be connected to the protective conductor. This
grounds the reference potential of the controller.

Nongrounded operation of S5-115U 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.
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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

L1
L2
L3
N
PE
s \V\ Cabinet

Programmable controller

Control power supply v v Y v
IAC >_> - - L+ L+l V V V V
- N i ////
>—> -- L1 - ‘-/N HP cp Non- Non- Floating Floating
- - - N PE floating floating input output
input output
Protective conductor
bar in cabinet
~c/h > e Field devices
AC -— - - - -
24 t0 230 V AC load power supply unit for
AC modules
AC - -
be [+ -— - - -

5to 60 V DC load power supply unit for
nonfloating DC modules

o > _

DC

ole

5to 60 V DC 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 via an isolating transformer.

Low voltage distribution
L1
L2

-

% é § Removable connection 4
for measuring purposes | capinet
Programmable controller with insulated installation
— Central operating
ground or
'_V'\V\V fundamental ground
Control power supply v v ¥ ¥
Izl i_> s v v Vv Vv
Sl P ////
>+ -- L1 - H cPU Non- Non- Floating Floating
-- - N floating floating input output
input output
Protective conductor bar in
cabinet, insulated
o ps — Field devices
AC - - - -
24 t0 230 V AC load power supply unit for
AC modules
AC - > -———
-
bC % - - -
5to 60 V DC load power supply unit for
nonfloating DC modules
AC B > -—
C ¢ - - -
5to 60 V DC load power supply unit for
floating DC modules

N

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 Non-grounded 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
AT
Programmable controller
Control power supply v v v v
A L+/L1 v v v v
I e ////
> o L1 - I;/N HF’CPU Non- Non- Floating  |Floating
--- N PE floating floating input output
input output
Protective conductor bar
4 in cabinet
Operating
ground
AC > —- Field devices
AC - - -
24 to 230 V AC load power supply unit for
AC modules
AC /] o > —
2 o
DC [* -+ - -
5to 60 V DC load power supply unit for
nonfloating DC modules
Aes o 5
DC [* -
5to 60 V DC 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 (Miema)
and the load circuits (M.ema) @re 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:

\J
L]
L)

c

Ny

~
RS
~
SN
N
~
N
N

/ / Ve /.
PS . CPU DI+ ' DQ!

1L- o——— !

PE o——+«—¢
Control power

| External connection for
supply uniform reference potential

2L+ &<

2L-©

24V DC load 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 module failures.
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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:

* 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.

. [ U
i = > > ‘I‘ D!f:lntta
‘ / /" Mint
Vs WSS
*—
AFQ @ 7/
PS . CPU
1L+ coJ
1L-o0——
PE o————
24V DC control power
supply
2L+ © . oLl
2L- o oN
24V DC load power 230 V AC load power
supply supply

Figure 3-34. Simplified Representation for Installation with Floating Modules
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3.5 Wiring Arrangement, Shielding and Measures against Electromagnetic
Interference

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

3.5.1 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, printer, SINEC L1, PROFIBUS,
Industrial Ethernet, etc.)
Shielded analog lines
Unshielded lines for DC voltage 60V
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 and DC voltages > 400 V
You can use the following table to see the conditions which apply to the running of the various

combinations of line groups.

Table 3-6. Rules for Common Running of Lines

Group A Group B Group C

Group A

Group B

Group C

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.
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3.5.2 Running Cables Outside Buildings

Installation Guidelines

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.
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3.5.3 Equipotential Bonding

Potential differences may occur between separate sections of the system if

Programmable controllers and 1/0s 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 the ground electrode/protective ground conductor
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 mmz2 copper wire for equipotential bonding line up to 200 m (656.2 ft).

- 25 mm2 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 the ground electrode/protective ground
conductor 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 line

Equipotential bonding conductor

Figure 3-35. Laying Equipotential Bonding Conductor and Signal Cable
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3.5.4 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 interference 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)
« 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, we recommend that you insulate the shielded cable without
interruption and 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. In this case, connect an
additional equipotential bonding conductor.
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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).

¢ Connect the shield to a shield bar directly 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

3.5.5 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 need 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 additionally inserted contactors (e.g. relay
contactors for EMERGENCY OFF). In such a case, the integral suppressing elements on the
modules become ineffective.

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

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

Wiring coils activated by direct current Wiring coils activated by alternating current
with diode with Zener diode with varistor with RC element
+ +
L <
J ) S

Figure 3-37. Wiring Coils
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Mains Connection for Programmers

Provide a power connection for the programmer in each cabinet. The plug must be supplied from
the distribution line to which the protective ground for the cabinet is connected.

Cabinet Lighting

Use, for example, LINESTRA® lamps for cabinet lighting. Avoid the use of fluorescent lamps since
these generate interference fields. If you cannot do without fluorescent lamps, you must take the
measures shown in Figure 3.38.

Shielding grid over lamp

[ Siinisinisiny 1
| !
L 1 — | Shielded cable
07 |- Metal-encased switch
|4~ Mains filter or shielded mains cable

Figure 3-38. Measures for Suppressing Interference from Fluorescent Lamps
in the Cabinet
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4 PLC System Start-Up and Program Test

This chapter contains notes on starting up an S5-115U with information on testing your STEP 5
control program.
A prerequisite is knowledge of the principle of operation of the PLC (see Chapter 2).

There are notes on starting up a system at the end of the chapter.

4.1 Prerequisites for Starting Up a PLC

Make sure that

« all necessary 1/0 modules are plugged into suitable slots (see Chapter 3)

» the address assignment of the inputs and outputs is in order (see Chapter 6)
» the control program to be tested is available on the programmer.

4.2 Steps for System Start-Up
4.2.1 Overall Reset

You are recommended to perform the Overall Reset function before entering a new program.
Overall Reset deletes the following:

¢ PLC program memory

» All data (flags, timers and counters)

e Allerror IDs.

In addition, all system data is automatically assigned default values after Overall Reset so that the
system data area assumes a defined "basic status".
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There are two ways of deleting the internal program memory:
» Offline via the switch for "Default/Overall Reset"
e Online with the "Delete" programmer function.

Overall Reset via the Switch for "Default/Overall Reset" on the Control Panel of the CPU

Switch on the power supply module

Set the CPU mode selector to STOP (ST)

Set the switch for "Default/Overall Reset" to the "OR" position and hold it in this position (if
the switch is not held in position it will automatically spring back to the "RE" position).

While you hold down the switch for "Default/Overall Reset" in the "OR" position:
Switch the CPU mode selector twice from "ST" to "RN".

The STOP LED will momentarily go off.

Release the switch for "Default/Overall Reset".

The switch automatically springs back to the "RE" position.

The internal program memory and any RAM submodule (plugged into the CPU 941/CPU 942) are
now “overall reset". After Overall Reset, the CPU automatically tests your internal program
memory; in the event of a fault, the STOP LED flickers.

Overall Reset with the "Delete" Programmer Function

Link the programmer and the CPU over a suitable connection cable

Switch on the PLC power supply module

Set the CPU mode selector to "ST"

or set the CPU to the STOP state using the "STOP" programmer function.

Call the "Delete" auxiliary function on the programmer

Complete the input fields

in the case of "CRT-based PGs":DELETE FROM SOURCE: PLC BLOCK:B (B=all blocks)
Press the Enter key

The question "Delete?" appears on the screen

Press the Enter key

The internal program memory and any RAM submodule (plugged into the CPU 941/CPU 942) are

now "overall reset". After Overall Reset, the CPU automatically tests your internal program
memory; in the event of a fault, the STOP LED flickers.
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4.2.2 Transferring the Program

There are two ways of entering the control program in the CPU:

« Transfer the program to a memory submodule
and insert the submodule into the receptacle of the CPU. CPUs 941 and 942 process the control
program direct from the submodule. CPUs 943 and 944 copy the contents of the memory
submodule into the internal program memory at cold restart so that it can then be processed
at extremely high speed. In this way, a PLC or a system can be started up without the need for
a programmer.

« Transfer the program direct into the internal program memory of the CPU.

Transferring the Program to a Memory Submodule

To program a memory submodule you require a programmer with the S5-DOS "EPROM/EEPROM"
package.

You must take account of the following when transferring your STEP 5 control program to a
memory submodule for plugging into the submdodule receptacle of the CPU:
e Use only EPROM/EEPROM submodules; RAM submodules are only suitable for CPUs 941/942
as an expansion to the internal program memory.
* Note the following special features of the CPUs when using memory submodules 375-1LA61
and 375-1LA71:
- EPROM 375-1LA61 (64 Kbytes) for CPU 943 and for CPU 944:
Only 48 Kbytes of the 64-Kbyte memory capacity can be used in both CPU 943 and 944.
When programming these memory submodules, note that the absolute address BFFD must
not be exceeded!
- EPROM 375-1LA71 (128 Kbytes) for CPU 944:
An EPROM 375-1LA71, that can only be used in the CPU 944, must only be programmed to
the absolute (word) address BFFD.
The reason:
The capacity of the internal program memory of the CPU 944 is limited to 96 Kbytes.

Insert the memory submodule in the submodule receptacle of your programmer and program
it with the S5-DOS "EPROM/EEPROM" PACKAGE. The programmer manual contains a
detailed description of this package.

After programming the memory submodule, insert it in the submodule receptacle of the CPU
while the PLC is switched off.

Switch on the power supply of the CPU.

Overall Reset

Special features of the CPU 943/CPU 944

After Overall Reset, the STEP 5 control program is loaded automatically from the memory

submodule into the internal program memory of the CPU in the case of the CPU 943 and CPU 944.

If you do not perform Overall Reset after POWER ON, i.e. if the internal program memory still

contains valid blocks, the following will happen:

e Blocks that have been loaded from E(E)PROM have the ID "Block in EPROM" in internal
program memory. After POWER ON, these blocks are deleted so that they can then be loaded
again.

« Blocks that do not have the ID "Block in EPROM", remain in internal program memory after
POWER ON.

» Before the blocks are transferred from the memory submodule into internal program
memory, the CPU deletes invalid blocks in internal program memory (Compress function)!
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Transferring the program directly to the CPU internal program memory

If you transfer the control program directly to the CPU program memory, you must
link the programmer and CPU via a suitable connecting cable
(in the case of the CPU 943 and CPU 944 bhoth interface S| 1 and interface Sl 2 are suitable for
connecting the programmer; it is essential when connecting the programmer to Sl 2, that
none of the following functions is activated:
ASCII driver, point-to-point master function or computer link
switch on the power supply of the PLC
test whether the backup battery has been inserted and is functional

Note

It is possible for an internal passivation coating to develop in new lithium batteries or
in lithium batteries left unused for long periods. This coating has the effect of
substantially increasing the internal resistance.

Remedy: Depassivate the battery by loading it for approx. 2 hours with 100 ohms.

select the "on-line" mode in the default form of the "LAD, CSF, STL S5-DOS" package

select the "Transfer" auxiliary function on the programmer
specify the source (programmer or floppy disk) and destination (PLC) and initiate transfer by

pressing the transfer key.

Note

Transfer takes place in the RUN or STOP state of the CPU. If you transfer blocks in the

RUN state, you should:
« transfer tested blocks only
« transfer blocks in the correct order so that the CPU does not enter the STOP state

(e.g. first the data blocks, then function blocks and lastly blocks which use these
data and function blocks).

If blocks of the same name are already in the internal program memory of the CPU, the following
message appears in the message line "... already in the PLC, overwrite?"

By pressing the transfer key again, a new block is transferred to the program memory of the CPU
and the old block declared invalid. Old blocks can only be deleted using "Overall reset" or
"Compress" (see Chapter 7).
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Special Points When Setting Up Data Blocks

« Data blocks generated in the control program with the "G DB" operation are automatically
dumped by the operating system direct in internal program memory.

The contents of the data blocks can be changed using STEP 5 operations.

« Data blocks that have been transferred to an E(E)PROM submodule cannot be changed by the

control program in the case of CPU 941 and CPU 942; they are suitable for e.g. fixed recipes.
The contents of the memory submodule are copied to internal program memory after
POWER ON in the case of the CPU 943 and CPU 944; this means that the contents of the data
blocks can also be changed in the user program. However, after each POWER ON (and after
Overall Reset), the "old" data blocks from the memory submodule are copied into internal
program memory; the "current” contents are lost.

« If you want to change the contents of data blocks during execution of the control program,
these data blocks must be transferred by the programmer direct over the programmer
interface to the CPU in the case of the CPU 941 and CPU 942, or they are generated with the
"G DB" operation.

4.2.3 Determining the Retentive Feature of Timers, Counters and Flags

Use the "Presetting the retentive feature/Overall Reset" switch on the operator panel of the CPU
to determine the behaviour of timers, counters and flags at cold restart (both manually and
automatically after power restore).

Timers, counters and flags are "retentive" if they do not lose their contents at cold restart. Those
timers, counters and flags which are reset at cold restart are "nonretentive".

The following retentive feature is set as default after Overall Reset :

All timers, counters and flags are nonretentive in the NR switch position. In the RE switch position,
half of all timers, counters and flags are retentive:

Table 4-1. Preset Retentive Feature of the CPUs 941 to 944 after Overall Reset

RE (retentive) F0.0to F 127.7 TO to T63 retentive CO to C63 retentive
retentive
F128.0 to 255.7 T64 to T127 C64 to C127
nonretentive nonretentive nonretentive
NR (nonretentive) No retentive flags No retentive timers No retentive counters
Note

If the battery fails on a cold restart after POWER UP and the switch is in the RE
(retentive) position, the programmable controller stops (memory error).
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The retentive feature in the RE switch position is determined by an entry in system data word 120
(EAFO,):

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 SD 120

0: FY Oto FY 127 retentive and
L FY 128 to FY 255 nonretentive
1: All flags retentive

0: TOtoT 63 retentive and
T 64 to T 127 nonretentive
1: All times retentive

X = bits that determine system characteristics 0: 8 giC:OCceizrgtﬁgg\r/gt :r?t(ijve
Ez’lat:ieq;)t be changed when setting the retentive 1: All counters retentive

Figure 4-1. Relevant Bits for Setting the Retentive Feature in System Data Word 120

Bits 3, 4 and 5 of system data word 120 are set to "0" after Overall Reset of the CPU.
You can influence the retentive feature separately for flags, timers and counters by setting these
bits
* inthe restart program (OB20, OB21)
or
e using the DISP ADDR programmer function (only permissible when the PLC is in the STOP
state!).

You can also determine the retentive feature by setting parameters in DB1 (see Section 11.3).

In the case of Overall Reset, all timers, counters and flags are reset regardless of the switch po-
sition or the contents of system data word 120.

4-6 EWA 4NEB 811 6130-02b



S5-115U Manual PLC System Start-Up and Program Test

4.3 Testing the Program

The following describes the steps for starting the control program in the S5-115U. This is followed
by the description of the test functions with which you can locate logical errors in program
processing.

4.3.1 Starting the Program

Starting point: The PS 951 power supply module is switched off, the CPU mode selector is at
STOP, the control program is stored on the E(E)PROM submodule.

Insert the memory submodule in the receptacle of the CPU

Switch on the power supply module

The green LEDs of the PS 951 light up (otherwise: power supply module (PS 951) defective)

(if desired:) Overall Reset of CPU

After switching on the power supply module or after Overall Reset (mode selector at STOP), the
STOP LED and the BASP LED light up.

If the STOP LED flickers , the CPU is defective; if the STOP LED flashes, there is a fault in the
memory submodule (see Chapter 5).

Online functions with the programmer over the serial interface are possible when the CPU is in
the STOP state.

Set the mode selector from STOP to RUN

Both operating mode LEDs light up during the entire restart.
After the restart OB has been processed, the RUN LED lights up (cyclic program scanning).

In the event of a fault, the CPU remains in the STOP state, i.e. the STOP LED lights up. Analysis of
the cause of the interrupt is described in Chapter 5.

If the control program does not work properly, you can debug the program with the "STATUS",
"STATUS VAR" and "FORCE VAR" test functions.

Note

Test functions increase the scan time of the running control program!
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4.3.2 Search

The "Search” function is used to find operands or symbols in the STEP 5 program.
This function makes it easier to handle longer control programs. The search function is executed
differently in the individual programmers and is described in detail in the relevant manual.

4.3.3 "Program Check" Test Function

This programmer function causes the CPU to scan a random block step-by-step. When this
function is called, program scanning is stopped at a specific point. This breakpoint (a statement in
the program) is indicated by the cursor. The PLC scans the program up to the selected statement.
The current signal states and the RLO are displayed up to the selected statement.

You can scan the program in sections by shifting the breakpoint as you require.

Program scanning takes place as follows:

e All jumps in the block called are traced.

» Blocks called are executed without delay.

« Program scanning is terminated automatically when block end (BE) is reached.

The following applies during Program Check:

* Neither operating mode LED is lit up.

* Inputs and outputs are not scanned. The program writes to the PIQ and reads the PII.
e All outputs are switched off. The "BASP" LED lights up.

Corrections are not possible during Program Check. However, the following test and PLC
functions can be executed:

* Input and output (program modifications are possible)

« Direct signal status display (STATUS VAR)

»  Forcing outputs and variables (FORCE, FORCE VAR)

« Information functions (ISTACK, BSTACK)

If the Program Check function is interrupted by PLC or program errors, the PLC goes into the
STOP mode and the corresponding LED lights up on the CPU control panel.

Consult the relevant manual for information on calling the Program Check function on a
programmer (not on the PG 605).
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4.3.4 STATUS/STATUS VAR Test Function
The STATUS and STATUS VAR test functions indicate signal states of operands and the RLO.

Depending on when the signal states are observed, a distinction is made between program-
dependent signal status display (STATUS) and direct signal status display (STATUS VAR).

(ﬁ (_\

Scan trigger Scan trigger
‘ |
Control
STATUS program in
P5 STEP 5
=A20 11
|
Transfer Transfer
data da
;/ | j
STATUS
VAR
MW 2 KH=F107

Figure 4-2. Comparison of the "STATUS" and "STATUS VAR" Test Functions
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Outputting Signal States on a Display Screen

The display of signal states on a screen differs according to the following methods of represen-
tation:

STL:
Signal states are represented as a listing of information.

CSF/LAD:
Signal states are represented by different types of connecting lines as shown in Figure 4-3:

Signal state 1

__________ Signal state 0

Signal state cannot be represented. (E.g., the signal state is outside the
range of the 20 operands that can be represented.)

Figure 4-3. Representation of Signal States on a Screen (for LAD and CSF)

Program-Dependent Signal Status Display "STATUS"

Use the "STATUS" test function to indicate the current signal states and the RLO of the individual
operands during program scanning.
You can also use this function to correct the program.

Note:

The PLC must be in the "RUN" mode for this test function.

Status processing can be interrupted by time interrupts and process interrupts. At the interrupt
point, the CPU ceases to collect data for status display and transfers only data with the value 0 to
the programmer instead of the data still required.

For this reason, it may occur that, when using time interrupts and process interrupts, only O will be
flagged in the status display of a block in the following cases for a sequence of operations of
varied length:

. Result of logic operation RLO

. Status/ACCUM 1

. ACCUM 2

. Status byte

. Absolute memory address SAC. "?" then appears after SAC.

Interruptions to status processing have no effect on program processing. They simply give a clear
indication that the displayed data is no longer valid from the interrupt point onward.
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Direct Signal Status Display "STATUS VAR"

Use the "STATUS VAR" test function to indicate the state of a random operand (input, output,
flag, data word, counter, or timer) at the end of a program scan. The information is taken from
the process image of the operands in question. During Program Check or in the "STOP" mode, the
state of the input modules is read in directly for inputs. Otherwise, only the process image of the
operands that were called is displayed.

4.3.5 FORCE Outputs and Variables
"FORCE" Outputs
You can set outputs to a specific signal state directly without using the control program. Use this

direct method to check the wiring and functioning of output modules. This procedure does not
change the process image but it does cancel the output disable state.

Note

For the "FORCE" test function, the PLC must be either set to the Program Check
function or in the "STOP" mode. The function must only be executed without the load
voltage.

"FORCE" Variables

With the "FORCE VAR" test function, the process image of binary and digital operands is modified
regardless of the PLC mode.

The following variables can be modified: I, Q, F, T, C, and D.

Program scanning with the modified process variables is executed in the "RUN" mode. However,
the variables can be modified again in the remaining program run, without a checkback signal.
Process variables are forced asynchronously to the program run.

Special characteristics include the following:

« Modify the variables I, Q, and F only by bytes or by words in the process image.

e For the variables T and C in the KM and KH format, proceed as follows:
- Enter a"Y"in the SYS. OPS. input field in the presets menu.
- Pay particular attention to forcing of edge trigger flags.

e An incorrect format or operand input interrupts the signal status display. The system outputs
the message "NO FORCE POSSIBLE".
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4.4 Special Features of the CPUs with Two Serial Interfaces

CPU 943 and CPU 944 are also available with two serial interfaces. You can connect programmers
and operator panels to both interfaces. Table 4-2 shows the range of functions of the interfaces.
Connection of a programmer, operator panel or SINEC L1 at Sl 1 or S| 2 can cause an increase in
the program execution time.

Table 4-2. Overview of the Functions Possible at Interface Sl 1 and Sl 2

Programmer functions Programmer functions

no restrictions DISPL ADDR (INFO ADDR)

Display of memory locations;
Writing back of corrected
memory contents by pressing the
Enter key

DISPLAY PLC
TRANSFER from PLC to FD/PG
Block display

START, STOP
Setting the PLC from RUN to STOP
from the programmer

STATUS VAR, FORCE VAR
Test functions

SYSPAR
Display system parameters

INFOR DIR
Information about block

INFO DIR
(BLOCK: B)
Display block list

COMP
Compress

DELETE B
Overall Reset

INPUT PLC
TRANSFER from FD/PG to PLC
Entering block

OP functions OP functions
no restrictions no restrictions
SINEC L1 slave SINEC L1 slave
no restrictions no restrictions
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Further Functions at Interface Sl 2

»  Point-to-point connection (master function)

e ASCII driver

* Integral clock

e Computer link with 3964(R) procedure (only in the case of CPU 944 with the relevant oper-
ating system submodule for the purpose).

There are limitations on the simultaneous use of interfaces Sl 1 and S| 2 of CPU 943 and CPU 944.
Depending on the status (activity) of an interface, certain requests from a PG/OP to the other
interface are not possible.

If this occurs, the function is aborted at the relevant interface by the operating system of the CPU.
An error message appears informing the user that the interface function is disabled.

This message draws your attention to the fact that the other interface is currently handling a
function which blocks the requested function.

Example: If "TEST STATUS" is active on Sl 1, "BLOCK INPUT" is not possible at Sl 2.

PG/OP functions are not possible at Sl 2 if one of the following functions is active:

* ASCII driver (CPU 943/944)

« Point-to-point connection (master function in CPU 943/944)

e Computer link (3964(R) procedure); in CPU 944 with relevant operating system submodule!)

4.5 Notes on the Use of Input/Output Modules

Digital Input/Output Modules

We offer floating or nonfloating modules to suit the different signal levels. The wiring of the
power supply, signal sensors and actuators is printed on the front flaps of the modules.
LEDs on the front side display the signal statuses of the inputs and outputs. The LEDs are assigned
to the terminals of the front connector (see also Chapter 15, "Technical Specifications").

Analog Input/Output Modules

See Chapter 10 ("Analog Value Processing”) for information on the use of analog modules.

Note

Input/output modules can only be inserted or removed when the power supply for the
central controller and the signal sensors is switched off.
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4.6 System Start-Up

The following section contains:

« Notes on configuring a system with important regulations which must be observed in order to
avoid hazardous situations.

* The description of the system startup procedure.

4.6.1 Suggestions for Configuring and Installing the Product
A programmable controller is often used as a component in a larger system. The suggestions

contained in the following warning are intended to help you safely install your programmable
controller.

A Warning

Adhere to any safety and accident-prevention regulations applicable to your situation
and system.

e If your system has a permanent power connection (stationary equipment) that is not
equipped with an isolating switch and/or fuses that disconnect all poles, install either a
suitable isolating switch or fuses in the building wiring system. Connect your system to a
ground conductor.

«  Before start-up, if you have units that operate using the main power supply, make sure
that the voltage range setting on the equipment matches the local main power voltage.

*  When using a 24 V supply, be sure to provide proper electric isolation between the main
supply and the 24-V supply. Power supply units must be manufactured in accordance
with DIN VDE 0551/EN 60742 and DIN VDE 0160.

e Fluctuations or deviations of the supply voltage from the rated value may not exceed
the tolerance limit specified in the technical data. If they do, functional failures or
dangerous conditions can occur in the electronic modules or equipment.

«  Take suitable measures to make sure that programs that are interrupted by a voltage
dip or power failure resume proper operation when the power is restored. Make sure
that dangerous operating conditions do not occur even momentarily. If necessary, force
an EMERGENCY OFF.

« EMERGENCY OFF devices must be in accordance with EN 60204/IEC 204 (VDE 0113) and
be effective in all operating modes of the equipment. Be sure to prevent any
uncontrolled or undefined restart when the EMERGENCY OFF devices are released.

» Install power supply and signal cables so that inductive and capacitive interference can
not affect the automation functions.

* Install your automation system and its operative components so as to prevent
unintentional operation.

e Automation equipment can assume an undefined state in the case of a wire break in the
signal lines. To prevent this, take the proper hardware and software safety measures
when linking the inputs and outputs of the automation equipment.

4-14 EWA 4NEB 811 6130-02b



S5-115U Manual PLC System Start-Up and Program Test

e Activation of the EMERGENCY STOP facility must create a hazard-free state for personnel and
plant:
- Actuators and drives which could cause hazardous states (e.g. main spindle drives for ma-
chine tools) must be switched off.
- On the other hand, actuators and drives which could constitute a hazard to personnel or
plant when switched off (e.g. clamping devices) must not be switched off by the EMERGEN-
CY STOP facility.

e Activation of the EMERGENCY STOP facility must be detected by the programmable controller
and evaluated in the control program.

e Connecting cables and signal cables must be installed in such a way that inductive and capa-
citive interference does not adversely affect the automation functions.

« Automation equipment and the operator controls for the equipment must be adequately pro-
tected against unintentional operation.

* In order that wirebreaks on the signal side cannot lead to undefined states in the automation
equipment, relevant hardware and software precautions must be taken when connecting in-
puts and outputs.

4.6.2 System Start-Up Procedure

The following is a prerequisite for starting up a system:
The system and the S5-115U must not be live, i.e. the main switch must be off.

Step 1: Visual check of the installation ; to VDE 0551, 0160 and 0113.

- Check mains voltage.
Protective ground conductor must be connected.

- Make sure that all plugged-in modules are screwed tight to the subrack.

- Compare I/O modules plugged in with the assignment plan (note fixed or variable slot
addressing).

- In the case of I/O modules, make sure that high-voltage lines (e.g. 220 V AC) do not termi-
nate at low-voltage connectors (e.g. 24 V DC).

- When using nonfloating 1/O modules, make sure that the M (0V reference) potential of the
supply voltages for sensors and actuators is connected to the grounding terminal of the
mounting rack (Mg,-M,,; connection).

Step 2: Starting up the PLC

- Disconnect fuses for sensors and actuators.

- Switch off the power circuits to the actuators.

- Turn on the main switch.

- Turn on the power supply.

- Switch the PLC without memory submodule to STOP.
- Connect the programmer to the CPU.

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

- OVERALL RESET of the PLC.
- Transfer the program in the case of RAM operation.
- Switch the PLC to "RUN".

The red ST LED goes out and the green "RN" LED lights up.
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Step 3: Testing the signal inputs (peripheral)

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

- Activate all sensors in sequence.

- You can scan all inputs using the "STATUS VAR" programmer function.

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

Step 4: Testing the signal outputs (peripheral)

- Insert the fuse 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.

Step 5: Entering, testing and starting the program
Leave the power circuits for the actuators disconnected.

- Enter the program using the "INPUT" programmer function. You can enter the program in
the "STOP" or "RUN" mode.

The red "ST" LED or the green "RN" LED lights up. A battery must be installed if a RAM
submodule is used.

- Test the program block by block and make any necessary corrections.
- Dump the program in a memory submodule (if desired).

- Switch the PLC to "STOP"

- Switch on the power circuits for the actuators.

- Switch the PLC to "RUN".

The green "RN" LED lights up and the PLC scans the program.
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5 Error Diagnostics

Malfunctions in the S5-115U can have various causes. If the PLC malfunctions, first determine
whether the problem is in the CPU, the program, or the I/O modules (see Table 5-1).

Table 5-1. General Error Analysis

The CPUisinthe"STOP" | The problem is in the CPU.

mode. Perform an interrupt analysis with the programmer
The red LED is lit up. (see Section 5-1).
The CPU is in the "RUN" [ Thereis aprogram error. Determine the error address
mode. (see Section 5-2).
The green LED is lit up. There is an 1/O problem. Perform a malfunction analysis
Operation is faulty. (see Section 5-3).

Note

To make a general distinction between PLC and program errors, program OB1 with
"BE" as the first statement. A properly functioning PLC enters the "RUN" mode on a
Cold Restart.

A Caution

There are risks involved in changing the internal program memory direct with the
DISPLAY DIR programmer function.

For example, if the CPU is in RUN mode, memory areas (e.g. BSTACK) may be over-
written causing the CPU to "crash".

Take the following measures to avoid such risks:

¢ Change only the system data area documented in this manual

« Use only the control program to change the system data area!
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5.1 Interrupt Analysis

When malfunctions occur, the operating system sets various "analysis bits" that can be scanned
with the programmer using the "ISTACK" function. LEDs on the CPU also report some malfunc-
tions.

5.1.1 "ISTACK" Analysis

The interrupt stack (ISTACK) is an internal memory of the CPU where malfunction reports are
stored. When a malfunction occurs, the appropriate bit is set.
Use a programmer to read this memory byte by byte.

Note
You can read only part of the ISTACK when the PLC is in the "RUN" mode.

The following tables show which control bits and which malfunction causes are reported in the
ISTACK. The system data words containing the ISTACK bits are also specified.
See the subsequent tables for an explanation of the abbreviations or error codes used here.
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ISTACK display on the PG 605U

The following table shows which bits in the ISTACK are relevant for error diagnostics. The bits in
boxes with heavy borders indicate the cause of a malfunction and the step address counter.

Table 5-2. ISTACK Display on PG 605U

Bit Abso- | System
7 6 5 4 3 2 1 0 lute dataword
Byte addr. | (RS)
BST SCH ADR SPA
L SCH TAE BAU BBR EAOA
SD 5
2 CA- CE- REM
DA DA AN EAOB
STO STO | NEU BAT BARB
3 ZUS ANZ STA PUF BARB END EAOC
SD 6
UA
4 FEHL AF EAOD
ASP ASP KOPF ASP
5 EAOE
NEP NRA NI NEEP SD 7
KEIN SYN UR
6 As | Fen | NINEU LAD | EAOF
7 IRRELEVANT
8 IRRELEVANT
9 STOPS SUF | TRAF | NNN STS STUEBI FEST | EBAC SD 214
(UAW)
10 NAU QVZ | KOLIF} ZYK | SYSFH PEU BAU | ASPFAL EBAD
11 EBAA
SD 213
STA
12 | ANZ1 | ANZO | OVFL OR | JUs | VKE | ERAB | gBaB
13 6th nesting level OR VKE FKT | EBAS8
SD 212
14 IRRELEVANT EBA9
15 4th nesting level OR VKE FKT | EBA6
SD 211
16 5th nesting level OR VKE FKT | ega7
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Table 5-2. ISTACK Display on PG 605U (Continued)

Bit Abso- | System
7 6 5 4 3 2 1 0 lute data word
Byte addr. | (SD)
17 2nd nesting level OR VKE FKT | EBA4
SD 210
18 3rd nesting level OR VKE FKT | EBAS
19 Nesting depth (0 to 6) EBA2
SD 209
20 1st nesting level OR VKE FKT | eBA3
21 Start address of the data block (high) EBAO
SD 208
22 Start address of the data block (low) EBA1
23 Block stack pointer (high) EB9E
SD 207
24 Block stack pointer (low) EB9E
25 Step address counter (high) EBO9C
SD 206
26 Step address counter (low) 1 EB9D
27 Statement register (high) EB9A
SD 205
28 Statement register (low) EB9B
29 ACCUM 2 (high) EB98
SD 204
30 ACCUM 2 (low) EB99
31 ACCUM 1 (high) EB96
SD 203
32 ACCUM 1 (low) EB97

1 Absolute memory address of the next statement that still has not been scanned.
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ISTACK Display on the PG 635/670/675/685/695 and 750

Error Diagnostics

Tables 5-3 and 5-4 show the ISTACK as it is displayed on CRT-based programmers. Relevant
information for the S5-115U is in bold print.

Table 5-3. Control Bit Display

CONTROL BITS Absolute System
address data
word
NB PBSSCH BSTSCH SCHTAE ADRBAU  SPABBR  NAUAS QUITT EAOA
CA-DA  CEDE NB REMAN NB NB NB NB EAOB SD5
STOZUS STOANZ NEUSTA NB BATPUF NB BARB  BARBEND| EAOC
NB UAFEHL MAFEHL  EOVH NB AF NB NB EAOD SD6
ASPNEP ASPNRA KOPFNI PROEND ASPNEEP PADRFE ASPLUE RAMADFE| EACE
KEINAS SYNFEH  NINEU NB NB NB SUMF URLAD EAOF sb7
Table 5-4. Interrupt Stack Display
INTERRUPT STACK Abso- System
lute data
addr. word
DEPTH: 01
P R —————
BEF-REG:| 0000 [ sAz: E30A 0000 EBYA | SD205-208
BST-STP: | EBO7 j Baust.-NR.: 1 -EBAO
REL-SAZ: 0000
—— R
AKKUL: FFF1 | AKkU2: 00FF Eggg' SD203-204
. —— S —C—
BRACKETS: 000 000 000 IKE4 I 000 IKE5 I 000 IKE6 I 000 | Egﬁg' SD209-212
RESULT CARRYI ODER ISTATUSI VKE I ERAB IEBAA SD213
DISPLAY:
CAUSE OF ISTOPSI I SUF I TRAFI NNN I STS ISTUEBI |EBAC SD214
FAULT: (UAW)
I NAU I Qvz I ZYK I PEU I BAU IASPFAIEBAD
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5.1.2 Meaning of the ISTACK Displays

Use Table 5-5 to determine the cause of a fault or an error when program scanning is interrupted.
In each case, the CPU goes into the "STOP" mode.

Table 5-5. Meaning of the ISTACK Displays

Cold Restart is NINEU Faulty block: Perform an Overall Reset.
not possible. SYNFEH/ + Compressing has been interrupted by a | Reload the program.
KOPFNI power failure.

» Block transfer between programmer and
PLC was interrupted by a power failure.
» Program error (TIR/TNB/BMW)

KOLIF DB1 is programmed incorrectly. Check the following:

* ID for interprocessor
communication flag definitions
("MASKO01");(see Section 12.1)

» |D for the part of DBL1 to be
interpreted
("DB1");(see Section 11.3)

» the end IDs in each case for
interprocessor communication
flag definitions or for the part
of DBL1 to be interpreted

FEST There is an error in the self-test routine of Replace the CPU.
the CPU.
Faulty ASPFA The submodule ID is illegal: Plug in the correct submodule.
submodule (AG 110S/135U/150U submodule)
Battery failure BAU There is no battery or the battery is low Replace the battery.
and the retentive feature is required. Perform an Overall Reset.
Reload the program.
I/0s not ready PEU The I/Os are not ready: 3 ] + Check the power supply in the
* There has been a power failure in the expansion unit.
expansion unit. e Check the connection.
* The connection to the expansion unit ¢ Install a terminator in the
has been interrupted. central controller.
* There is no terminator in the central
controller.
Program STOPS The mode selector is on STOP. Put the mode selector on RUN.
scanning
interrupted
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Table 5-5. Meaning of ISTACK Displays (Continued)

Program
scanning

SUF

Substitution error:
A function block was called with an
incorrect actual parameter.

Correct the function block call.

interrupted

TRAF

Transfer error:

- A data block statement has been
programmed with data word number
greater than the data block length.

- A data block statement has been
programmed without opening a DB first.

- DB to be generated is too long for user
memory (G DB operation)

Correct the program error.

STS

- Software stop by statement
(STP, STS)
- STOP request from programmer
- STOP request from SINEC L1 master

NNN

- A statement cannot be decoded.
- A parameter has been exceeded.

Correct the program error.

STUEB

Block stack overflow:

- The maximum block call nesting depth of
32 has been exceeded.

- Interupt-driven or time-driven program
interrupts cyclic program during pro-
cessing of an integrated function block
and an integrated function block is also
called in the interrupting program.

Correct the program error.

Disable interrupts in the cyclic pro-
gram before calling integrated
function blocks.

NAU

There has been a power failure.

Qvz

Time-out from 1/Os:

- A peripheral byte that was not addressed
has been referenced in the program.

- An I/O module does not acknowledge.

Correct the program error or
replace the 1/0 module.

ZYK

Scan time exceeded:
The program scanning time is greater than
the set monitoring time.

Check the program for continuous
loops. If necessary, retrigger the
scan time with OB31 or change the
monitoring time.
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Table 5-6. Mnemonics for Control Bits and Interrupt Display

BSTSCH Block shift requested STOPS Interrupt display word
SCHTAE Block shift active (function: SUF Substitution error
KOMP:AG) TRAF Transfer error for data block statements:
ADRBAU Construction of address lists data word number >data block length.
SPABBR Compress operation aborted NNN Statement cannot be interpreted in the S5-115U
CA-DA Interprocessor communication flag (e.9., 2 150S statement).
. . STS Operation interrupted by a programmer STOP
output address list available
CE-DE Interprocessor communication flag request or programmed STOP_statements.
. . . STUEB Block stack overflow: The maximum block call
input address list available nesting depth of 16 (or 32 in the case of
REMAN 0: all timers, counters, and flags are CPU 944) has been exceeded.
reset on Cold Restart FEST Error in the CPU self-test routine
1: the second half of timers, NAU Power failure
counters, and flags are reset on Qvz Time-out from 1/0Os: A nonexistent module has
Cold Restart been referenced.
STOZUS "STOP" state (external request for KOLIF Interprocessor communication flag transfer list is
example via the programmer) incorrgct. _
STOANZ "STOP" display ZYK Scan-tlnje exceeded: The §et maximum
NEUSTA PC in Cold Restart ze(rzzésds;zle program scan time has been
X .
BATPUF Battery backup okay SYSFE Error in DB1
BARB Program check PEU I/Os not ready: power failure in the 1/0
BARBEND Request for end of program check expansion unit; connection to the 1/0 expansion
UAFEHL Incorrect interrupt display unit interrupted
AF Interrupt enable No terminator in the central controller
ASPNEP Memory submodule is an EPROM BAU Battery failure
ASPNRA Memory submodule is a RAM ASPFA lllegal memory submodule
KOPFNI Block header cannot be interpreted
ASPNEEP Memory submodule is an EEPROM
KEINAS No memory submodule ;
SYNFEH Synchronization error (blocks are Other mnemonics: )
incorrect) UAW Interrupt display word. ‘
NINEU Cold Restart not possible ANZ1/ANZO 00: ACCUM 1=0 or 0 is shifted
) ) 01: ACCUM 1>0 or 1 is shifted
URLAD Bootstrapping required 10: ACCUM 1<0
OVFL Arithmetic overflow (+or -)
ODER (OR) OR memory
(set by "O" operation)
STATUS STATUS of the operand of the last binary
statement executed
. VKE Result of logic operation
Other mnemonics: ERAB First scan
SD System data KE1...KE6 Nesting stack entry 1 to 6 entered for A( and O(
(from address EAQ0O}) FKT 0:0(
1:A(
BEF-REG Statement register
SAZ Step address counter
DB-ADR Data block address
BST-STP Block stack pointer
NR Block number (OB, PB, FB, SB, DB)
REL-SAZ Relative step address counter
5-8 EWA 4NEB 811 6130-02b
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5.1.3 LED Error Signalling

Certain errors are indicated by LEDs on the CPU depending on its design. Table 5-7 explains these
error signals.

Table 5-7. Meaning of the Error LEDs on the CPUs

Qvz Timeout (CPU went into STOP mode)
lights up

ZYK Scan time exceeded (CPU went into STOP mode)
lights up

BASP Digital outputs are disabled (CPU is in RESTART or STOP mode)
lights up

Memory error (block structure damaged)

After CPU COLD RESTART and after POWER UP, a memory error message may result if the user
program contains the TNB, TIR or TDI operations. It is possible to inadvertently overwrite the
following with these operations:

» Block headers

* Memory areas designated as "free" by the operating system.

The operating system writes the erroneous address found when generating the address list
into system data word 103 (EACEy). You can display the contents of the system data locations
using the DISP ADDR programmer function.

Special features of CPU 943 and CPU 944:
Error in the use of memory submodules (see Section 5.8)

Red
STOP LED

is flashing Special features of CPU 944:

You can detect whether the error in the address list has occurred in memory bank 1 or memory
bank 2 by using the location counters in the two memory banks.

» Location counter for memory bank 1: system data word 33 (EA42,,)

» Location counter for memory bank 2: system data word 32 (EA40y).

Since the location counter is updated only after the address list has been generated, the
location counter of the memory bank with the erroneous address points to its initial value;

1000y in the case of memory bank 1,

10014 in the case of memory bank 2.

If system data word 33 contains the value "10004", after a memory error message, the address
in system data word 103 refers to memory bank 1.

The value of the erroneous address can be displayed and interpreted using the DISPL. ADDR.
programmer function. The programmer automatically accesses memory bank 1.

Red No error on first plugging in CPU
STOP LED Remedy: Overall Reset
is flickering or
Error in the CPU self-test routine
Remedy: Exchange CPU
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5.1.4 Error Messages When Using Memory Submodules
(only in the case of CPU 943/944)

A flashing red LED (STOP LED) indicates errors when memory submodule blocks are loaded into
the internal RAM. The cause of error is stored in system data word 102.

Table 5-8. Error when Using Memory Submodules (CPU 943 and CPU 944)

Invalid memory submodule. URLAD | Use the appropriate submodule.
FO02y
ASPFA
Faulty contents of FO03y | URLAD | Delete and reprogram the submodule.

memory submodule.

More than 48 Kbytes have FOO1, | URLAD Shorten program.
been programmed for the
375-1LA61 memory sub-
module.

Only in the case of CPU 944:
More than 96 Kbytes have
been programmed for the
375-1LA71 memory sub-
module.

All blocks cannot be copied. FOO01ly | URLAD | The internal memory already contains
blocks. Check to see if these blocks are
needed. Delete the blocks or optimize
the program.

Only in the case of CPU 944; Shorten the data blocks.
More than 48 Kbytes have
been programmed in data

blocks intended for memory

FO04y | URLAD

bank 1.

User program operations See Table 5-7.
TNB, TIR or TDI have over- 00004 NINEU

written block headers or free SYNFEH

memory space.

Note

A maximum of 48 Kbytes can be used in the case of the memory submodule
6ES5375-1LA61.

5-10 EWA 4NEB 811 6130-02b



S5-115U Manual Error Diagnostics

5.2 Program Errors

Table 5-9 lists malfunctions caused by program errors.

Table 5-9. Program Errors

All inputs are zero Check the program

All outputs are not set

One input is zero. One output is not set Check program assignments
(double assignment, edge formation)

Timer or counter is not running or is incorrect

Cold Restart is faulty Check Cold Restart blocks OB21/0OB22 or insert
them
Sporadic malfunctions occur Check the program with STATUS

EWA 4NEB 811 6130-02b 5-11



Error Diagnostics

S5-115U Manual

5.2.1 Determining an Error Address

The STEP address counter (SAZ) in the ISTACK (bytes 25 and 26) indicates the absolute memory
address of the STEP 5 statement in the PLC before which the CPU went into the "STOP" mode.

You can use the "DIR PC" programmer function to determine the appropriate block start address.

Example :

Figure 5-1 shows a program consisting of OB1, PBO, and PB7. PB7 contains an illegal statement.

OB1

PBO

PB7

JU PBO

Ju

PB7

BE

E
S

BE

-

BE

lllegal
statement

Figure 5-1. Structured Program with lllegal Statement

When the CPU reaches the illegal statement, it interrupts program scanning and goes into the
"STOP" mode with the "NNN" error message. The STEP address counter is at the absolute address
of the next statement in the program memory that still has not been processed (see Figure 5-2).

5-12
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Absolute addresses in
the internal RAM

BOOA
00 JU PBO iy
BOOC
02 BE oS

It is impossible to locate a program error
from the physical address of the illegal

00 5813 statement in the RAM.

The "DIR PC" function indicates the

absolute start addresses of all

) U PBY BO2E programmed blocks. You can locate a
! BO2F program error by comparing these two
) B0O30 addresses.

i+2 BE BO31

XX

BE

FFFF

BO3C
00 B0O3D
02 BO3E STEP Address Counter
BO3F
// Byte Contents
% 25 BO
B042 26 42

EWA 4NEB 811 6130-02b

Figure 5-2. Addresses in the CPU Program Memory
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Address Calculation (necessary only when using the PG 605U programmer)

To make program corrections, you need the address of the statement that caused the malfunc-
tion, relative to the particular block (relative address).
Determine the faulty block by comparing the STEP address counter value (SAZ value) and the

"DIR PC" display.

The difference between the SAZ value and the block start address gives the relative address of the

error (see Figure 5-3).

25

26

BO

42

The absolute address B042 is greater

than the start address of PB7.

Therefore, the illegal statement is

in PB7.

Calculation of the relative address:

Block Start Address
PBO B018
PB7 BO3C
OB1 BOOA

B042 - BO3C=0006

Consequently, "0006" is the address of the statement in PB7 before which the CPU went

into the "STOP" mode.

Figure 5-3. Calculating an Error's Relative Address

Note

programmer functions.

DBO

DWO0O KS =
DW1 KF =
DW2 KH =

The programmers (with the exception of the PG 605) calculate the relative error
address automatically and display it in the ISTACK.
The interruption point, block type, block number and relative address calculated by
the programmers to be the cause of error may, under certain circumstances, be
wrongly calculated and displayed in the case of the CPU 944*.
For this reason, the CPU 944 writes the program interruption point into DBO, parallel
to the ISTACK entry. DBO is generated automatically by the CPU 944. You can detect
the correct interruption point with the help of the "STATUS VAR" and "FORCE VAR"

Example: STATUS VAR/FORCE VAR screen form on the programmer

Block type in KS format

Block number in KF format
Relative address of the interruption point in the

block

* Error removed in the case of:
- S5-DOS Stage 3, basic package V1.1

Display of an lllegal Statement

You can use the "SEARCH RUN" programmer function to find specific program locations (see
Section 8.3). You can use this function to look for the relative address of an error.

5-14
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5.2.2 Program Trace with the Block Stack ("BSTACK") Function
(not possible on the PG 605U programmer)

During program scanning, jump operations enter the following information in the block stack:

« the data block that was valid before program scanning exited a block;

« the relative return address. This address indicates the location at which program scanning
continues after it returns from the block that was called.

« the absolute return address. This address indicates the location in the program memory at
which program scanning continues after it returns from the block that was called.

You can call the information listed above using the "BSTACK" programmer function in the
"STOP" mode if the CPU has entered this mode as the result of a malfunction. The "BSTACK"
reports the status of the block stack at the time the interruption occurred.

Example: Program scanning was interrupted at function block FB2. The CPU went into the
"STOP" mode with the error message "TRAF" (because of incorrect access. DB5 is
two words long. DB3 is ten words long).

You can use the "BSTACK" function to determine the path used to reach FB2 and to
determine which block has passed the wrong parameter. The "BSTACK" contains the
three return addresses (as marked in Figure 5-4).

7
PB 1 )

00 Interruption
with the "TRAF"
error message

xX BE

PB 4
PB 2
OB 1 00
00 C|DB5
00 JUPB 1 1
| 02 JU PB4
02 08 JCFB2
04 JUPB 2
Y \ FB 2
= = xx BE \
\
08 JC PB 3 xx BE \ =
10
\
\
PB 3 \
- \ |2A LDw4
00 CDB3 Y “
xx BE ‘\ :
\ |
I
16 JUFB 2 \ !
<« \
I
18 BE \ xx BE !

Figure 5-4. Program Trace with the "BSTACK" Function
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53 Other Causes of Malfunction

Hardware components or improper installation can also cause malfunctions. Table 5-10 summa-

rizes such malfunctions.

All inputs are zero.

All outputs are not set.

One input is zero. One output is not set.

Check the module and the load voltage.

The green LEDs on the power supply module
do not light up.

Check the module and replace it if necessary.

Sporadic malfunctions occur.

Check the memory submodule. Check to see
if the controller has been set up according to
EMC guidelines.

The PLC will not go into the "RUN" mode.

Perform an Overall Reset.

Note

If the PLC still does not operate properly after you have taken the appropriate action
recommended in Table 5-10, try to determine the faulty component by replacement.

54 System Parameters

Use the "SYSPAR" programmer function to read the system parameters (e.g. software release) out

of the CPU.

5-16
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6  Addressing/Address Assignments

In order to be able to access input/output modules, these modules must be assigned addresses.

6.1 Address Structure

Digital modules generally are addressed by bit, analog modules by byte or word. Consequently,
their addresses have different formats.

6.1.1 Digital Module Addresses

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

e The CPU program memory is divided into different address areas (see Section 6.3).

* Number individual bytes consecutively in relation to the start address of the relevant address
area.

* Number the eight bits of each byte consecutively (0 to 7).

Figure 6-1 shows the format of a digital address:

0O . 5
L BitNo. (Channel Number)

Byte No.

Figure 6-1. Format of a Digital Address

6.1.2 Analog Module Addresses

Each channel of an analog module is represented by two bytes (=one word).
An analog channel address is thus represented by the number of the high-order byte.

6.2 Slot Address Assignments
You can establish addresses for S5-115U modules in the following two ways:

* Fixed Slot Addressing
Each slot has a fixed address under which you can reference the module plugged into that
slot.

* Variable Slot Addressing
The user can specify an address for each slot.

Fixed slot and variable slot addresses are relevant only for modules of block design. The addresses

of intelligent I/O modules and modules of ES 902 design (S5-135U/155U) are set on the modules
themselves. In this case, the address need not be set on the IM 306.

EWA 4NEB 811 6130-02b 6-1
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6.2.1 Fixed Slot Address Assignments

Input/output modules are referenced under permanently assigned slot addresses when the
following conditions exist for the S5-115U:

« The PLC is operated without an expansion unit interface module and a terminating resistor is
used.

e The PLC is operated with the IM 305 interface module (centralized configuration, see
Section 3.2.5).

The number of address bytes available for digital and analog modules varies.

Digital Modules

Each slot has four bytes, so that 32 binary inputs or outputs can be addressed. If you plug in digital
modules with 8 or 16 channels, use the low-order byte numbers for addressing. In this case, the
high-order byte numbers are irrelevant.

Analog Modules

For fixed slot addressing, analog modules can be plugged into slots 0 to 3 of a central controller
only.

Each slot has 32 bytes. You can thus address 16 analog channels. If you plug in 8-channel modules,
use the 16 low-order byte numbers for addressing. In this case, the 16 high-order byte numbers
are irrelevant.

Note the following:

* Input and output modules cannot have the same address.
e If an analog module has been assigned an address for a particular slot, this address cannot be
used for digital modules and vice versa.

Figures 6-2 and 6-3 show the exact assignment of fixed addresses (please observe the "Installation
Guidelines" in Sections 3.1.1 and 3.1.2).

Slot numbers in

the central
controller --
o 0.0 | 4.0 | 8.0 |[12.0(16.0|20.0|24.0
Digital
modules 37 | 7.7 |11.7 |15.7|19.7 | 23.7 | 27.7
128 | 160 | 192 | 224 | Analog modules
Analog ; . . .| cannot be plug-
. . . . ged into these
modules 159 | 191 | 223 | 255 slots

Figure 6-2. Fixed Slot Addressing in the Central Controllers
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Slot numbers in
the expansion

unit
28.0132.0|36.0|40.0|44.0|48.0|52.0|56.0|60.0
Digital
IM
modules : : : : : : : ; : 305
31.7|35.7|39.7|43.7 | 47.7 | 51.7 | 55.7 | 59.7 | 63.7
Analog Analog modules
cannot be plugged
modules in here.

Figure 6-3. Fixed Slot Addressing in the Expansion Unit

6.2.2 Variable Slot Address Assignments

The S5-115U offers you the possibility of assigning an address to each slot. You can do this if an
IM 306 interface module is plugged into the central controller 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.

Note

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

i

i

i 16
10

i 32
i

!

! 16
-

i 32
!

|

; 16
P2

! 32
|

i

i

; 16
i3

: 32
i

i

[ 16
L4

i 32
i

|

: 16
i 5

i 32
!

|

; 16
i 6

: 32
i

i

i 16
; 7

i 32
i

!

I 16
|

i 8

|

S5-115U Manual

ADDRESS BIT
7 6 5 4 3 21

ON ON
LI BIEIL]

ON ON
LI LAG L

ON ON
LI BRI

ON ON
(LA LAG L

ON ON
LI LAG L

ON ON
(LA LAG L

ON ON
(LI LAGL

ON ON
Bnnnnnn

ON ON

@

: Slot number

: Switch for setting the number of inputs or
outputs per slot

Addresses Address switches (ON=1, OFF=0)
for digital

modules 7 6 5 4 3 2 1

0 0O 0 O O O o0 o

2 o 0 O O o o 1

4 0O 0 o O O 1 o

6 0O 0 O O o0 1 1

8 o 0 O O 1 o0 o

10 0O 0 O O 1 o0 1

12 o 0 O o 1 1 o0

14 0 0 0 0 1 1 1

16 0O 0 O 1 o0 o0 O

18 o 0 O 1 o0 o 1

20 o 0 o 1 0 1 O

22 o 0 O 1 o0 1 1

24 o 0 O 1 1 o0 O

26 0O 0 O 1 1 o0 1

28 o 0 O 1 1 1 O

30 o 0 o0 1 1 1 1

32 0O 0 1 0 0O o0 O

34 o 0 1 0o o0 o0 1

36 o 0 1 0 O 1 O

38 o 0 1 0 o0 1 1

40 o o 1 o0 1 o0 O

42 o 0 1 0 1 o0 1

44 o o0 1 o0 1 1 O

46 0 0 1 0 1 1 1

48 0O 0 1 1 0 o0 O

50 o 0 1 1 o0 o0 1

52 o 0 1 1 o0 1 o0

54 o 0 1 1 o0 1 1

56 o o 1 1 1 o0 O

58 0 0 1 1 1 0 1

60 o o0 1 1 1 1 O

62 0 0 1 1 1 1 1

L—
I
Addresses Address switches

for analog

modules 7 6 5 4 3 2 1

128 1 0 0O O O o0 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 o0 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

6-4

Figure 6-4. Setting Addresses on the Addressing Panel of the IM 306 Interface Module

EWA 4NEB 811 6130-02b



S5-115U Manual Addressing/Address Assignments

Setting Addresses

Use the left-hand switch ( in Figure 6-4) 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-channel digital module or a 16-channel analog module.
Set the switch to ON:  for a 16-channel digital module or an 8-channel analog module.

The following modules must also be set as 16-channel digital modules:
e 482-7 digital input/output module
e 434-7 digital input module with process interrupt.

Use the seven address switches ( in Figure 6-4) 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 start addresses, note the following:

e 32-channel digital modules can only have start addresses whose byte numbers are divisible by
4(eg.,0,4, 8..).

« 16-channel digital modules can only have start addresses whose byte numbers are divisible by
2(e.g.,0,2,4..).

¢ 16-channel analog modules can only have the start addresses 128, 160, 192 and 224.

» 8-channel analog modules can only have the start addresses 128, 144, 160 to 240.

Example

A 16-channel digital input module is plugged into slot 2.
Assign it start address 46.0 by performing the following steps:

* Check to see if the byte number of the start address can be divided by 2 since you are dealing
with a 16-channel digital module.
46 : 2=23 Remainder 0
e Set the number of input channels (set switch to ON).
» Set the address switches on the DIP switch for slot number 2 as shown in Figure 6-5.

Binary Weight of the Address Bits

128 64 32 16 8 4 2

|
o,
!
E
|
L

The address is equal to the sum of the
weights selected by the individual coding
switches, e.g.:

2| [le] [

2+4+8+32=46

Figure 6-5. Setting a DIP Switch
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The module is then addressed as follows:

S5-115U Manual

Channel No.

0

i

2...

10...

15

Address

46.0

46.1

46.7

47.0

47.1

47.7

6-6
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6.3 Handling Process Signals

Input/output module signal states can be read from or written to the addresses shown in
Figure 6-6.

FOO0O,, 0

Digital modules

FO7F, 127

F080, 128

Analog modules

FOFF, 255

Absolute address Relative byte addresses

Figure 6-6. Addresses of the Input/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 input image (Pll) and the process output
image (PIQ). Figure 6-7 shows where the process images are located in the program memory.

EFO00, 0
Pl
EF7F, 127
EF80, 0
PIQ
EFFF, 127
Absolute address Relative byte addresses

Figure 6-7. Location of the Process Images

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

At the beginning of program scanning, the input module signal states are written to the PIl. The
statements in the control program use a particular address to indicate what information is
currently needed. The control logic then reads the data that was current at the beginning of pro-

gram scanning and works with it.

Reading bit by bit
in binary operations:

PlI

76543210

ENEEE EE

Al 22 <«
Reading byte by byte
when loading into ACCUM 1:

LIB12

15

—

0

ACCUM1 [ A1 1

High-Order
Byte
(Value 00y)

Reading word by word
when loading into
ACCUM 1: L IW 40

Low-Order
Byte

15 ¢

v 0

ACCUM1 [ITTTTTTI[TT

High-Order Low-Order

Byte

Byte

Bit No.

Byte 2

Byte 12

Byte 40
Byte 41

Figure 6-8. Accessing the PII

Reading of the PII can be inhibited.

To do so, it is necessary to act upon bit 1 of system data word SD 120 (EAFOy) using system

operations (Load and Transfer).
Bit 1="1" Reading of inp
Bit 1="0": Reading of inp

The default setting is bit 1="0" (read enabled).

uts is inhibited.
uts is enabled.

Note

System data word SD 120 can be modified with the programmer function DISPL. ADDR.
only when the PLC is in the STOP mode!

6-8
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6.3.2 Accessing the PIQ

New signal states are entered in the PIQ during program scanning. This information is transferred
to the output modules at the end of each program scan.

PI
Writing bit by bit Q )
in binary operations: 7654321 0] BitNo.
=Q 4.6 — > [ETITIT] Byted

Writing byte by byte
to transfer from ACCUM 1:

T QB 36 h» [TTTTTT] Byte 36

15 0
ACCUM1 ¢ AT TTTTTT]
High-Order Low-Order
Byte Byte
(Value 00y)
Writing word by word
to transfer from ACCUM 1.:
T QW 52
—— [T e
15 | 0 Byte 53
Accum LTI TTTTIITTTTITTIT]
High-Order Low-Order
Byte Byte

Figure 6-9. Accessing the PIQ

On all CPUs, output of the PIQ to the output modules can be inhibited by setting bit 2 in system
data word SD 120 (EA70R).

Bit 2="1": Output of the PIQ is inhibited.

Bit 2="0": Output of the PIQ is enabled.

The default setting is bit 2="0" (output of the PIQ enabled).

Note

System data word SD 120 can be modified over the programmer function DISPL. ADDR.
only when the PLC is in the STOP mode!
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6.3.3 Direct Access

Analog module signal states are not written to the process image. They are read in or transferred
to an output module directly with the "L PB/PY* x","L PW x","T PB/PY* x", or"T PW x" statements.

You can also exchange information with digital modules directly. This is necessary when signal
states have to be processed immediately in the control program. Figure 6-10 shows differences
during the loading of signal states.

Oto 127

:

128 to 255

\ 4
Al X.X
L IB x L PB/PY* x L PB/PY* x
L IW x L PW x L PW x

v v v

=Q x.X
T QB x T PB/PY* X T PB/PY* X
T QW X T PW x T PW x

A 4
128 to 255

Oto 127

* PY on a programmer with S5-DOS-PG

Figure 6-10. Loading Input/Output Modules

Note

If you use direct access to call an address whose slot is unoccupied, the CPU enters the
"STOP" mode with error code "QVZ" (time-out).
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Note

On the CPU 944, the digital inputs can be read with OB254 and the PIQ output to the
output modules with OB255, irrespective of the contents of system data word SD 120

(also see Chapter 11, "Integral Blocks").

6.4 Address Allocation on the Central Processing Units

The following figures show the contents of CPU RAM.

Important memory areas such as those for system data (SD), timers (T), counters (C), flags (F) and
the block address list are shown in detail Figures 6-11 and 6-12.
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Address Kbytes Address Kbytes
0000y "Intelligent” 1/Os 0 0000y "Intelligent” 1/Os 0
1000y 4 1000y 4

) . . Memory .
. submodule .
5000, | 20 5000, 20
: Memory 8 K statements : : 16 K st.
submodule .
70004, | 28 7000, BKst | 2g
4 K st. : .
¢ : : l 4K st.
9000y | nternal user memory (1 K st.) 36 9000y | nternal user memory (5 K st.) 36
9800y (Internal data) 38 B800y (Internal data) 46
DCO0y | Block address list 55 DCO0y | Block address list 55
E600y (Internal data) 57,50 E600y (Internal data) 57,50
EA0Oy System data SD 58,50 EA0Oy System data SD 58,50
ECO04 | Timers T 59 ECOO4 | Timers T 59
EDOOy | counters C 59,25 EDOO | counters € 59,25
EEOOy Flags F 59,50 EEOOy Flags F 59,50
EFO04 | process 110 images 59,75 EF004 | process 110 images 59,75
FO00 | /o area and 60 FO00 | 1/0 area and 60
’ internal registers internal registers '
FFFFy 64 FFFFy 64
CPU 941 CPU 942

Figure 6-11. Memory Allocation on the CPU
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Address Kbytes
0000y | “Intelligent" I/Os P
E(E)PROM 1000, Internal :
submodule ‘
user memory
(max. 24 K (RAM) 24 K statements
statements
useful/
copied to

internal RAM)

DOF)OH (Internal data) 5.2
DC_OOH Block address list 5_5
EG:OOH (Internal data) 57z50
EA?OH System data SD 58i50
EC:OOH Timers T 5.9
ED_OOH Counters C 59i25
EE?OH Flags F 59:50
EF?OH Process I/0 image 59i75
FObOH I/O area and 6.0

internal registers

FFFF, 64

CPU 943

Figure 6-11. Memory Allocation on the CPU (Continued)
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Address Address Kbytes
0000y "Intelligent" I/Os 0
1001 1000y 4
Internal . Internal .
E(E)PROM .
user memory . user memory
submodule
RAM) 24 K statements
(max. 48 K (RAM) 24 K statements ( )
statements BANK 2 BANK 1
useful/ . |
copied to or program only
internal RAM) (OBs, FBs, SBs, PBs)
CFFE
K / D000 (Internal data) 52
N 55
DCO00y | Block address list .
Accesses via the control program are
only possible with the LDI and TDI
operations (not with LIR, TIR and TNB).
E600y (Internal data) 57,50
EAOOy | system data SD 58,50
ECO04 | Timers T 59
EDOOy Counters C 59,25
EEOOy Flags F 59,50
EFO04 | process 110 image 59,75
FO004 | /0 area and 60
' internal registers '
FFFF4 64
CPU 944
Figure 6-11. Memory Allocation on the CPU (Continued)
Note

The block start address on bank 1 are even-numbered addresses.
The block start addresses on bank 2 are odd-numbered addresses.
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The input/output area is subdivided as follows:

Address Kbytes
FO00y | I/0O modules (P area) 60
F1004 | Q area 60.25
F200y | Interprocessor communication flags 60.50
F300y4 60.75
F400y | Page frame 61
F800y 62
FC00y | IM 3-area 63.00
FDOOy | IM 4-area 63.25

Interface registers for CPs and IPs
FEFFy | with page addressing

(write-only)
FFOO0, | (Internal registers) 63.75
FFFF 64

Addressing/Address Assignments

Figure 6-12. Address Assignment in the 1/O Area

EWA 4NEB 811 6130-02b
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The following table lists the system data of relevance to the user and indicates the sections which

provide more detailed information.

Table 6-1. Address Allocation in the System Data Area

8-12 EA10 Integrated hardware clock: 943, 944 13
: Clock data area, status word,
EA19 error codes, correction value
16-31 EA20 List of inputs and outputs 941,942, 252
: (digital, analog) 943,944
EA3F
32 EA40 Address level indicator for memory 944 51.3
EA41 bank 2
33 EA42 Address level indicator for memory 941,942, 51.3
EA43 bank, for CPU 944 memory bank 1 943,944
36 EA48 Start address of internal RAM 941,942,
EA49 943,944
37 EA4A End address of internal RAM 941,942,
EA4B 943,944
43 EA56 Current version 941, 942, 12
EA57 ('b") 943, 944
46 EA5C Driver number and error code 943, 944 12
EA5D (e.g. for ASCII driver)
48 - 55 EAG60 Driver parameter block 943, 944 12
: (e.g. for ASCII driver)
EAG6F
57 - 63 EAT72 SINEC L1 parameter block 941,942, 12
: 943,944
EA7F
64 - 79 EA80 Address list of IPC output flags 941,942, 12.1.1
. 943,944
EA9F
80 - 95 EAAQO Address list of IPC input flags 941,942, 12.1.1
: 943,944
EABF
96 EACO Scan monitoring time 941,942, 2.6.3
EAC1 (multiple of 10 ms) 943,944
97 EAC2 Interval timer for OB13 941,942, 7.4.3
EAC3 (multiple of 10 ms) 943,944

6-16
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Table 6-1. Address Allocation in the System Data Area (Continued)

98 EAC4 Interval timer for OB12 941,942, 7.4.3
EACS5 (multiple of 10 ms) 943,944
99 EAC6 Interval timer for OB11 941,942, 7.4.3
EAC7 (multiple of 10 ms) 943,944
100 EACS8 Interval timer for OB10 941,942, 7.4.3
EAC9 (multiple of 10 ms) 943,944
101 EACA Time (in ms) to 941,942, 7.4.3
EACB calling OB6 943,944
102 EACC Error codes, e.g. memory error 943, 944 514
EACD
103 EACE | Additional error information, e.g. 941, 942, 5.1.3
EACF | absolute address of the module on 943,944 | (0B23,24,27)
time-out (QVZ2)
120 EAFO System performance characteri- 941, 942,
EAF1 stics: Software protection 943, 944 11.3.7
Reading of PIl inhibited 6.3.1
Output of PIQ inhibited 6.3.2
Retentivity of flags, counters and timers; 4.2.3
OBS6 priority 7.4.4
121 EAF2 Actual scan time 941,942, 2.6.1
EAF3 943,944
122 EAF4 Maximum scan time 941,942, 2.6.1
EAF5 943,944
123 EAF6 Minimum scan time 941,942, 2.6.1
EAF7 943,944
126 EAFC Restart delay in ms 941,942, 252
EAFD 943,944
128 - 201 EBOO Block stack 941,942, 5
EB93 943,944
202 EB94 Number of the integral FBs 941,942, 11
EB95 "COMPR" and "DELETE" 943,944
203 - 238 EB96 Interrupt stack 941,942, 5
EBDD 943,944
240 - 243 EBEO Reserved for standard FBs 941,942,
EBE7 943,944
248 - 255 EBFO Reserved for user 941,942,
EBFF 943,944

EWA 4NEB 811 6130-02b

6-17



Addressing/Address Assignments S5-115U Manual

Address Allocation i Timer and Counter Al

FYO EEOO
Flags (F) FY 1 8.1.2 EEO1
FY 255 EEFF
TO ECO00, EC01
Timers (T) T1 8.1.4 ECO02, ECO03
T 127 ECFE, ECFF
co EDOO, EDO1
Counters (C) Cl1 8.1.5 EDO02, EDO3
C 127 EDFE, EDFF

Table 6-3. Block Address List

OBO DCO00, DC01
Organization OBl DC02, DC03
blocks : :
OB255 DDFE, DDFF
FBO DEOO, DEO1
Function FB1 DEO2, DEO3
blocks : :
FB255 DFFE, DFFF
PBO EO000, EO01
Program PB1 E002, EOO3
blocks : :
PB255 E1FE, E1FF
SBO E200, E201
Sequence SB1 E202, E203
blocks : :
SB255 E3FE, E3FF
DBO E400, E401
Data DB1 E402, E403
blocks : :
DB255 E5FE, E5FF
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7 Introduction to STEP 5

This chapter explains how to program the S5-115U. It describes how to write a program, how the
program is structured, the types of blocks the program uses, and the number representation of
the STEP 5 programming language.

7.1 Writing a Program

A control program specifies a series of operations that tell the programmable controller (PLC)
how it has to control a system. You must write the program in a very special language and
according to specific rules so that the PLC can "understand" it. The standard programming
language that has been developed for the SIMATIC S5 family is called STEP 5.

7.1.1 Methods of Representation
The following methods of representation are possible with the STEP 5 programming language:
» Statement List (STL)

STL represents the program as a sequence of operation mnemonics. A statement has the
following format:

Operation
‘ Operand

002: A I 0.1

‘ Parameter
Operand ID

Relative address of the statement in a particular block

The operation instructs the PLC what to do with the operand. The parameter indicates the
operand address.

e Control System Flowchart (CSF)
CSF represents logic operations with symbols.

e Ladder Diagram (LAD)
LAD represents control functions with circuit diagram symbols.

e GRAPHS5
GRAPH 5 is a graphic representation of the structure of sequence controls.

The last three methods of representation indicated are only possible with CRT-based pro-
grammers (e.g. PG 635, PG 750).
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Each method of representation has its special characteristics. Therefore, a program block that has
been programmed in STL cannot necessarily be output in CSF or LAD form. The graphic represen-
tations are not compatible to each other either. However, programs in CSF or LAD can always be
converted to STL. Figure 7-1 illustrates these points in a diagram.

Figure 7-1. Compatibility of STEP 5 Methods of Representation

The STEP 5 programming language has the following three operation types:

* basic
e supplementary
+ system

Table 7-1 provides further information on these operations.

Table 7-1. Comparison of Operation Types

Basic Supplementary System
Operations Operations Operations
Application in all blocks only in function only in function
blocks blocks
Methods of
Representation STL, CSF, LAD STL STL
Special features for users with good
P u system knowledge

Refer to Chapter 8 for a description of all operations and programming examples.
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7.1.2 Operand Areas

The STEP 5 programming language has the following operand areas:

I (inputs)

Q (outputs)

F (flags)

D (data)

T (timers)

C (counters)

P (input/output
modules)

K (constants)

OB, PB, SB, FB, DB (blocks)

BS (system data)

interfaces from the process to the PLC

interfaces from the PLC to the process

memory for intermediate results of binary operations
memory for intermediate results of digital operations
memory for implementing timers

memory for implementing counters

interface between process and
programmable controller

defined numeric values
program structuring aids

interface between operating system and control
program

Refer to Appendix A for a listing of all operations and operands.

7.1.3 Circuit Diagram Conversion

If your automation task is in the form of a circuit diagram, you must convert it to STL, CSF or LAD.

EWA 4NEB 811 6130-02b



Introduction to STEP 5 S5-115U Manual

Example: Hard-Wired Control
A signal lamp is supposed to light up when a normally open contact (S1) is activated
and a normally closed contact (S2) is not activated.

Programmable Control

The signal lamp is connected to a PLC output (Q 2.0). The signal voltages of the two
contacts are connected to two PLC inputs (I 1.1 and | 1.2). The PLC scans to see if the
signal voltages are present (signal state "1" at the activated normally open contact or
nonactivated normally closed contact). Both signal states are combined through logic
AND. The result of logic operation (RLO) is assigned to output 2.0 (the lamp lights up).

S1
A 11 111 — 11.1 11.2 Q2.0
S2
A 112 & H ‘
112 — Q20
= Q20

7.2  Program Structure

An S5-115U program can be one of the two following types:
e linear

e  structured

Sections 7.2.1 and 7.2.2 describe these program types.

7.2.1 Linear Programming

When processing simple automation tasks, it is enough to program the individual operations in
one block.
In the case of the S5-115U, this is organization block 1 (OB1) (see Section 7.3.1). This block is
scanned cyclically, i.e. after processing the last statement, the processor returns to the first
statement.

Please note the following:

« When OBl is called, five words are assigned to the block header (see Section 7.3.1).

* Normally, a statement takes up one word in the program memory. Two-word statements also
exist (e.g., with the operation "Load a constant"). Count these statements twice when calcu-
lating the program length.

e Like all blocks, OB1 must be terminated by a Block End statement (BE).
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7.2.2  Structured Programming

To solve complex tasks, it is advisable to divide an entire program into individual, self-contained
program parts (blocks). This procedure has the following advantages:

This procedure has the following advantages:

simple and clear programming, even for large programs
capability to standardize program parts

easy alteration

simple program test

simple start-up

subroutine techniques (block call from different locations)

The STEP 5 programming language has the following five block types:

Organization Block (OB)
Organization blocks manage the control program.

Program Block (PB)
Program blocks arrange the control program according to functional or technical aspects.

Sequence Block (SB)
Sequence blocks are special blocks that program sequence controls. They are handled like
program blocks.

Function Block (FB)

Function blocks are special blocks for programming frequently recurring or especially complex
program parts (e.g., reporting and arithmetic functions). You can assign parameters to them.
They have an extended set of operations (e.g., jump operations within a block).

Data Block (DB)
Data blocks store data needed to process a control program. Actual values, limiting values,
and texts are examples of data.
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The program uses block calls to exit one block and jump to another. You can therefore nest
program, function, and sequence blocks randomly in up to 32 levels (see Section 7.3).

Note

When calculating the nesting depth, note that the system program itself can call an
organization block under certain circumstances (e.g. OB32).

The total nesting depth is the sum of the nesting depths of all programmed organization blocks. If
nesting goes beyond 32 levels, the PLC goes into the "STOP" mode with the error message
"STUEB" (block stack overflow) (see Section 5.1). Figure 7-2 illustrates the nesting principle.

OB1 /

T -

Level 1 Level 2 Level3 ....... Level 32

/

Figure 7-2. Nesting
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Block Types

Table 7-2 lists the most important features of the block types.

Table 7-2. Comparison of Block Types

Quantity 2561 256 256 256 2 2543
OB 0to OB 255| PB O to PB 255 SB 0 to SB 255| FB 0 to FB 255| DB 2 to DB 255
Maximum 8 Kbytes 8 Kbytes 8 Kbytes 8 Kbytes 2042
length Data
words 4
Operations Basic Basic Basic Basic, Bit pattern
set operations operations operations supple-
(contents) mentary, numbers
system texts
operations
Representa- STL, CSF, STL, CSF, STL, CSF, STL
tion methods LAD LAD LAD
Block header 5 words 5 words 5 words 5 words 5 words
length

1 Organization blocks are already integrated in the operating system (see Chapter 11). Some OBs are called by the
operating system autonomously (see Section 7.3.1)
2 Function blocks are already integrated in the operating system (see Section 11)

w

Data blocks DBO and DB1 are reserved

4 Can be accessed with "L DW, L DL, L DR" or " T DW, T DR, T DL" or "TB D, TBN D, SU D, RU D" up to DW 255.
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Block Structure

Each block consists of the following:

Block header specifying the block type, number, and length.
The programmer generates the block header when it transforms the block.
Block body with the STEP 5 program or data.

Synchronization
pattern

Block type
Block number

" Programmer D

Library
number
Block length

Absolute

byte adresses
(in ascending
order)

Figure 7-3. Structure of a Block Header

Programming

Blocks are programmed with the "LAD, CSF, STL" software package. See your programmer
manual for details of programming individual blocks.

7.3.1 Organization Blocks (OBs)

Organization blocks are the interface between the operating system and the control program;
they can be divided into three groups:

7-8

An organization block is called cyclically by the operating system (OB1)

Some organization blocks are event-driven or time-controlled; i.e. they are called by

- STOP RUN or POWER OFF POWER ON transitions (OB21, OB22)

- Interrupts (OB2 to OB6)

- Programming errors or PLC faults (OB19, OB23, OB24, OB27, OB32, OB34)

- Expiry of an interval (OB10 to OB13)

Other organization blocks represent operating functions (similar to integral function blocks),
which can be called from the control program (see Chapter 11).
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Table 7-3. Overview of Organization Blocks

OB must be user-programmed and be called by the operating system

OB1 Cyclic program scanning

OBs for interrupt-driven and time-controlled program scanning

oB2 Interrupt A: Digital input module -434
and IP generate interrupt
OB3 Interrupt B: IP generates interrupt
oB4 Interrupt C: IP generates interrupt
OB5 Interrupt D: IP generates interrupt
OB6 Interrupt generated by internal timers
OB10 | Time-controlled
OB11

program scanning

OB12
OB13 (variable in each case: 10 msec. to 10 min.)

OBs for controlling restart characteristics

0oB21 Manual switch on (STOP RUN)
0oB22 Automatic switch on when power is restored

OBs for handling programming errors and PLC faults

OB19 When a block is called which has not been loaded

0OB23 Time-out during individual access to the S5 bus
(e.g. LPB, LIR, etc.)

0oB24 Time-out during update of the process image and the
interprocessor communication flags

0oB27 Substitution error
0OB32 Transfer errors in DB or with GDB operation
OB34 Battery failure

OBs which offer operating functions

0OB31 Scan time triggering

OB160 | Programmable time loop
0OB251 | PID algorithm
OB254 | Read in process I/O image

OB255 | Output process I/0O image

OB available
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Figure 7-4 shows how to set up a structured control program. It also illustrates the significance of
organization blocks.

0OB21/0B22
OB1 PB1 SB1
FB2 FB200
l ]
|
System program Control program

Figure 7-4. Example of Organization Block Use
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7.3.2 Program Blocks (PBs)
Self-contained program parts are usually programmed in blocks.

Special feature:
Control functions can be represented graphically in program blocks.

Call

Block calls JU and JC activate program blocks. You can program these operations in all block types
except data blocks. Block call and block end cause the RLO to be reloaded. However, the RLO can
be included in the "new" block and be evaluated there.

7.3.3 Sequence Blocks (SBs)

Sequence blocks are special program blocks that process sequence controls. They are treated like
program blocks.

7.3.4 Function Blocks (FBs)

Frequently recurring or complex control functions are programmed in function blocks. Function
blocks have the following special features:

Function blocks have the following special features:
e FBs can be assigned parameters.
Actual parameters can be assigned when the block is called.
* FBs have a supplementary set of operations not available to other blocks.
e The FB program can be written and documented in STL only.

The S5-115U has the following types of function blocks:

e FBs that you can program

« FBs that are integrated in the operating system (see Chapter 11)

« FBs that are available as software packages (Standard Function Blocks, see Catalog ST 57).
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Block Header

In contrast to other types of blocks, function blocks have other organization information in
addition to the block header.

Its memory requirements consist of the following:

* block description as for other blocks (five words)

¢ block name (five words)

» block parameter for parameter assignment (three words per parameter).

Creating a Function Block

In contrast to other blocks, parameters can be assigned to FBs. To assign parameters, you must
program the following block parameter information:

*  Name of the block parameter (formal operands)
Each formal operand receives a name (declaration "DECL"). The name can contain up to four
characters and must begin with an alpha character. You can program up to 40 block para-
meters per function block.

« Block Parameter Type
You can enter the following parameter types:
-1 input parameters

-Q output parameters
-D data

-B blocks

-T timers

-C counters

Output parameters are represented to the right of the function symbol in graphics representation
(CSF). The other parameters are to the left.

* Block Parameter Data Type
You can specify the following data types:
- Bl for operands with bit address
-BY  for operands with byte address
-W for operands with word address
-K for constants
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The name, type of parameter and type of data must be entered when setting parameters.

Block header

Name

Block
parameter

Control
program

Memory assignment

NAME: EXAMPLE

- Block parameter

______ Type of data

________ Type of parameter

Program example

Figure 7-5. Programming a Function Block Parameter

EWA 4NEB 811 6130-02b
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Table 7-4. Block Parameter Types and Data Types with Permissible Actual Operands

1, Q BI for an operand with bit address | X.y inputs

Q Xy outputs

F xy flags

BY for an operand with byte address IB  x input bytes

QB x  output bytes

FB x  flag bytes

DL x data bytes left

DR x  data bytes right

PB x  peripheral bytes

w for an operand with word address IW x  input words

QW x  output words

FW x  flag words

DW x  data words

PW x  peripheral words

D KM for a binary pattern (16 digits) Constants

KY for two absolute numbers, one byte
each, each in the range from 0 to 255

KH for a hexadecimal pattern (maximum 4
digits)

KS for a character (maximum 2
alphanumeric characters)

KT for a time (BCD-coded time) with time
base 0.0 to 999.3

KC for a count (BCD-coded)
0to 999

KF for a fixed-point number in the range
from - 32768 to +32767

B Type designation not permitted DB x  Data blocks. The C DBx operation is
executed.

FB x  Function blocks (permissible without
parameters only) are called
unconditionally (JU..x).

PB x  Program blocks are called
unconditionally (JU..x).

SB x  Sequence blocks are called
unconditionally (JU..x).

OB x  Organization blocks are called
unconditionally (SPA..x).

T Type designation not permitted T Timer. The time should be assigned
parameters as data or be
programmed as a constant in the
function block.

C Type designation not permitted C Counter. The count should be
assigned parameters as data or be
programmed as a constant in the
function block.

Calling a Function Block

Function blocks are stored like other blocks under a specific number (e.g. FB47) in internal pro-
gram memory. Numbers 240 to 251 are reserved for integral FBs and can therefore not be used for
user-written FBs! Numbers 238 to 239 are also reserved for integral FBs; however, these FBs can be
renumbered (see Chapter 11).

FB calls can be programmed in all blocks except data blocks.
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A function block call consists of:

» Call statement
-Ju FBx  Absolute call of the FB x (Jump Absolute...)
-JC  FBx Call if RLO=1 (Jump Conditional...)
« Parameter list (only necessary if block parameters have been defined in the FB)

Function blocks can only be called if they have already been programmed. When a function block
call is being programmed, the programmer automatically requests the parameter list for the FB,
provided block parameters have been defined in the FB.

Assigning Function Block Parameters

The program in the function block specifies how the formal operands (the parameters defined as
"DECL") are to be processed.

As soon as you program a call statement (e.g. JU FB2), the programmer displays the parameter list .
The parameter list consists of the names of the parameters each followed by a colon (). Actual
operands must now be assigned to the parameters. When the FB is called, the actual operands
replace the formal operands defined in the FB so that the FB "actually" works with actual
operands.

The parameter list may contain up to 40 parameters.

Example:

The name (DECL) of a parameter is IN 1, the parameter type is | (input) and the data type is Bl (bit).
The formal operand of the FB then has the form

DECL: IN1I BI.

The parameter list in the calling block specifies which (actual) operand is to replace the formal
operand in the event of the FB being called; in the example this is the operand "l 1.0".

The parameter list must therefore contain the entry

IN1: 11.0.

When the FB is called, it replaces the formal operand "EIN1" with the actual operand "I 1.0".

Figure 7-6 contains a detailed example of the parameter assignment of a function block.

The function block call occupies two words in the internal program memory and each parameter a
further memory word.

The required memory length of the standard function blocks as well as the execution time are
specified in Catalog ST 57.

The identifiers for the inputs and outputs of the function block appearing on the programmer
during programming are deposited, together with the name, in the function block itself. It is
therefore necessary to transfer all required function blocks to the program diskette (in the case of
off-line programming) or enter them directly into the program memory of the PLC before
programming begins on the programming unit.
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Executed
PB3 FB5 program ...
NAME: EXAMPLE
,\/ DECL : X11 BI l
T~ DECL: X21 Bl
. at first call
-JU FBS DECL : X3Q BI
. A =X1 A1 41
NAME : EXAMPLE A —x2 A F 13
X1 to 141 1= =X3 = Q 0.1
Parameter list for
X2 - F13 first call :BE T
X3 © Qo1 [
N e Formal operands
: t | Actual operands
:Al15.2 at second call
. A | 45
:JC FB5 A | 54
NAME : EXAMPLE 1= Q 0.1
X1 145
Parameter list for
X2 ~ats3 second call
X3 Q0.1
T Formal operands

Figure 7-6. Assigning Function Block Parameters

7.3.5 Data Blocks (DBs)

Data blocks store data to be processed in a program.

The following data types are permissible:

«  hit pattern (representation of controlled system states)

« hexadecimal, binary or decimal numbers (times, results of arithmetic operations)
e alphanumeric characters (message texts)
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Programming Data Blocks

Begin data block programming by specifying a block number between 2 and 255. DBO is reserved
(for the operating system) and DB1 is reserved (for initializing internal functions (see Chapter 11)
and for defining interprocessor communication flags (see Chapter 12)). The data is deposited in
this block in words. If the information is less than 16 bits in volume, the higher-order bits are filled
with zeros. Entry of the data begins at data word zero and is continued in ascending order. The
data block can accommodate up to 2042 data words. Acc