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How to Use This System Manual

The S5-100U is a programmable controller for lower and intermediate performance ranges. It meets
all the requirements for a modern programmable controller. To use this controller optimally, you
need detailed information.

In this system manual we have attempted to present this information as completely and as well
organized as possible. Certain information is repeated in various chapters so that you do not have
to leaf through the manual to find what you need.

This How to Use This System Manual section gives you information that will make it easier for you
to find what you need. This section explains how the manual is organized.

Contents of This System Manual

e Hardware Description (Chapters 1, 2, and 3)
These chapters describe the controllers: how they fit into the SIMATIC® S5 family of
programmable controllers, how they function, and how you install them.

»  Start-Up Information (Chapters 4, 5, and 6)
These chapters summarize the information you need to start up your programmable controller.
These chapters describe how the hardware and software influence each other.

* The Programming Language of the Programmable Controllers (Chapters 7, 8, and 9)
These chapters describe the structure, operations, and structuring aids of the STEP® 5 pro-
gramming language.

* Functions of the Programmable Controllers (Chapters 10, 11, 12, 13)
Each of these chapters contains a complete description of a particular function, from wiring to
programming. Subjects include analog value processing, counter and interrupt inputs, integral
clock, and the programmable controller as a SINEC® L1 slave.

e Module Spectrum (Chapters 14 and 15)
These chapters contain information about all the currently available S5-100U modules that you
can use to expand your controller. Chapter 15, Function Modules, includes the modules that
require an extensive description (i. e., more than just technical specifications).

¢ Overviews (Appendices)
In these chapters you will find not only a complete list of operations but also dimension
drawings, a description of errors that may occur during operation of the programmable controller,
maintenance and repair procedures, a list of accessories, and reference literature about
programmable controllers.

You will find correction pages at the end of the system manual. Use them to indicate any

corrections, additions, or suggestions for improvement you might have. Send these suggestions to
us. They will help us to improve the next edition of this system manual.

EWA 4NEB 812 6120-02b Xv
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Conventions

This system manual is organized in menu form to make it easier for you to find information. This
means the following:

Each chapter is marked with printed tabs.

At the front of the system manual is an overview page that lists the title of each chapter.
Following this page, you will find a table of contents.

At the beginning of each chapter is a table of contents for that chapter. Each chapter has three
level headings that are numbered. The fourth level heading is not numbered but appears in
boldface type .

Pages, figures, and tables are numbered separately for each chapter. On the back of the table
of contents for each chapter you will find a list of the figures and tables that appear in that
chapter.

This system manual employs the following specific structuring devices:

Specific terms have characteristic abbreviations (e. g., programmer is PG).
Appendix A contains a list of abbreviations.

Footnotes are marked with a raised number (e. g., “1") or a raised asterisk (“ *"). You will find
the corresponding explanations in the lower margin of the page or under a figure or table if the
footnote appears in one of these.

Lists are designated with bullets (s as in this particular listing) or with hyphens (-).

Cross references are indicated as follows: (see section 7.3.2). There are no references to
specific page numbers.

Dimensions in drawings are indicated in millimeters and inches.
Value ranges are indicated as follows: 17 to 21 or 17-21.

Especially important information appears in framed boxes such as the following:

A Warning

You will find definitions for the terms “Warning,” “Danger,” “Caution,” and “Note” in the Safety-
Related Guidelines for the User at the end of the introduction.

XVi
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Changes Made to the Second Edition of the S5-100U System Manual
(Order Number: 6ES5 998-0UB22)

S5-100U System Manual (Order Number 6ES5 998-0UB23) has been completely revised:
» The format was adapted to the other system manuals in the SIMATIC S5 family.

e The contents were updated and reorganized.

Some of the functions of CPU 103 have been expanded:

e The default settings (default parameters) for DB1 have been integrated into CPU 103
version 8MAQ03. This feature makes it easier for you to use the internal CPU functions.
The following chapters were included or completely revised in the system manual:

- Chapter 9 “Integrated Blocks and Their Functions”
- Chapter 12 “Integral Real-Time Clock, for CPU 103 Version 8MA02 and Higher”
- Chapter 13 “Connecting the S5-100U to SINEC L1, for CPU 102 and Higher”

* The execution times of some operations have been reduced considerably, compared to the
“old” CPU 103. For the new execution times refer to the list of operations in Appendix A.

The S5-100U system has been expanded to include an additional module:
¢ The “Communications Module CP 521 BASIC” is described in section 15.10.2.

Changes Made to the Third Edition of the S5-100U System Manual
(Order Number: 6ES5 998-0UB23)

The contents were updated.

Training

Siemens offers a wide range of training courses for SIMATIC S5 users. Contact your Siemens
representative for more information.

EWA 4NEB 812 6120-02b
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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.

« System planning and design engineers who are familiar with the safety concepts of automation
equipment.

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

Caution Note
indicates that minor personal injury or contains important information about the
property damage can result if proper product, its operation or a part of the doc-
precautions are not taken. ument to which special attention is drawn.

Proper Usage

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.

XViii EWA 4NEB 812 6120-02b
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1  The SIMATIC S5 System Family

The programmable controllers (PLCs) in the SIMATIC S5 family offer economical solutions to simple
control tasks and to complex computer functions.

Figure 1-1. Members of the SIMATIC S5 System Family

The S5-100U programmable controller is one of the smallest and most economical of the program-
mable controllers in the SIMATIC S5 family. The S5-100U is especially suited for small automation
tasks. It is economical to use these programmable controllers if you want to replace more than five
control relays.

EWA 4NEB 812 6120-02b 1-1
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The SIMATIC S5 System Family S5-100U

The S5-100U has the following features:

e Modular Design

Depending on the CPU you use, the S5-100U allows you to have a maximum of 448 digital
inputs and outputs. It is suitable for machine control and for process automation and monitoring
on a medium scale. The S5-100U allows a broad expansion capability with various types of
modules to adapt optimally to a control task.

* Rugged, Lightweight Design

All of the modules you can use with the S5-100U are block-type modules that are small, rugged,
and easy to use. The modules operate without fans. None of these modules has electro-
magnetically sensitive electronics. The modules are plugged into bus units and screwed tightly
so that they are vibration-proof.

The bus units snap onto a standard mounting rail. You can configure the S5-100U in one or
more tiers and configure it vertically or horizontally. The S5-100U offers such a wide range of
configuration possibilities that you can use it in rough and difficult operating conditions.

e Simple Programming

The programming language is STEP 5 and its comprehensive operations set. It provides three
different methods of representation, - four, if you have a CPU 103 or higher.

You can use any of the U series programmers to program your S5-100U, or you can load
programs from memory submodules.
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2 Technical Description

This chapter describes the design and principle of operation for the 85-100U programmable
controller and its accessories.

241 Programmable Controller Design
The S5-100U belongs to the SIMATIC S5 range of programmable controllers. The §5-100U

consists of various functional units (modules) that you can combine according to the task you want
to perform.

‘ ‘||W’=7@§ﬂllw=l
-‘--

0o 00 00 00O

f >
e

Figure 2-1. The S5-100U

® Power supply module (PS 930)
This module is required if 24 V DC is not available for the CPU.

® Central processing unit (CPU)

The CPU scans the control program. In the event of a power failure, a backup battery located in
the battery compartment saves the memory contents (9).

The control program can be stored in a memory submodule.

The CPU has a serial port, and you can connect a programmer, an operator panel, or a

SINEC L1 bustoit.
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Input/output modules

Input/output modules transfer information between the CPU and such process peripherals as
sensors, actuators, and transducers. You can use the following types of input/output modules
with your S5-100U:

» Digital input modules and digital output modules (4, 8, and 16/16 channel)
- Use these modules for simple control tasks involving signal states “0” and “1” only.

* Analog input modules and analog output modules
- Use these modules to record and generate such variable quantities as currents and
voltages.

e Timer module
- Use this module to set various times without having to change the program.

» Counter module
- Use this module to count pulses up to 500 Hz. You can input comparison values without
having to change the program.

» High-speed counter/position detection module
- Use the high-speed counter to record high-speed counter pulses of 25/500 kHz. You can
use this module for position detection in a positioning task.

e Comparator module
- This module makes it possible for you to monitor preset comparison values, such as for
current and voltage.

*  Simulator module
- Use this module to generate digital input signals or to display digital output signals.

« Diagnostic module
- Use this module to check the function of the 1/0O bus.

e Communications module (CP)
- Use this module to output message texts with the date and clock time to a connected
printer. You can also use this module to connect to external systems.

« Intelligent I/O module (IP)
- Use these intelligent input/output modules for such special tasks as temperature control
and positioning tasks.
Bus units with terminal blocks  (Crimp-snap-in or SIGUT, screw type)
Use bus units to connect the CPU to input/output modules. You can plug two input/output
modules into a single bus unit.
Interface modules (IM)

Use these modules to assemble your S5-100U in a multi-tier configuration.

Standard mounting rail

Mount your programmable controller on the standard mounting rail.
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2.2

Principle of Operation for the Programmable Controller

The remainder of this chapter explains how your S5-100U processes your program.

2.2.1 Functional Units
CPU
FmFm e e e e e e e e e e e e e e = —
| Process Interrupt
| Program Timers | Counters Flags I/O image | Process System
I memory tables I/0 image data
I tables*
I RAM
| A
|
| r=TTT =TT ===
| v |
I ROM > < I >
I (operating " ) ! " Memory
| system) | submodule
I Processor I
| |
' ALU '
Serial
'l (accuiand2, |[&—> < ! > ot
: bit-ACCU (RLO)) :
I |
1/0O bus
[~ e e e e e ———————
|
I .
| Digital Analog
| modules: modules: Function
| - input - input modules
I - output - output
|
. . o N
I/O modules

* Beginning with CPU 103, version 8MA02

Technical Description
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Program Memory (EPROM/EEPROM)

In order to safely store the control program outside of your S5-100U, you must store it on an
EPROM or EEPROM memory submodule (see section 4.4).

Programs that are available on a memory submodule (EPROM or EEPROM) can be copied to the
internal program memory (see section 4.3). This internal program memory is a reserved area of the
CPU's internal RAM memory.

The internal RAM memory has the following characteristics:

* The memory contents can be changed quickly.

« Memory contents are lost when there is a supply voltage failure and there is no battery backup.

Operating System (ROM)

The operating system contains system programs that determine how the user program is executed,
how inputs and outputs are managed, how the memory is divided, and how data is managed.
The operating system is fixed and cannot be changed.

Process Image Tables (PII, PIQ)

Signal states of input and output modules are stored in the CPU in “process image tables”. Process
image tables are reserved areas in the RAM of the CPU.

Input and output modules have the following separate image tables:

« Process image input table (PII)

* Process image output table (PIQ)

Serial Interface

You can connect programmers, operator panels, and monitors to the serial port (cable connector).
You can use the serial port to connect your S5-100U as a slave to the SINEC L1 local area network.

Timers, Counters, Flags

The CPU has timers, counters, and flags available internally that the control program can use.
The program can set, delete, start, and stop the timers and counters. The time and count values are
stored in reserved areas of the RAM memory.

There is another area in the RAM memory where information such as intermediate results can be
stored as flags. You can address the flags by bits, bytes, or words.

If battery backup is available, then some of the flags and counters remain in the internal RAM

memory even if the supply voltage fails or your S5-100U is switched off. These flags and counters
are retentive.
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Technical Description

Table 2-1 gives information about the number and retentive characteristics (the internal memory
contents are retained/are not retained) of these timers, counters, and flags.

Table 2-1. Retentive and Non-Retentive Operands

Retentive Non-Retentive
Operand
CPU 100 to 103 CPU 100 CPU 102 CPU 103
Flags 0.0t0 63.7 64.0 to 127.7 64.0to 127.7 64.0 to 255.7
Counters Oto7 8to 15 81to 31 81to 127
Timers Oto 15 Oto 31 0to 127

Arithmetic Unit

The arithmetic unit (ALU) consists of two accumulators, ACCU 1 and 2. The accumulators can
process byte and word operations.

Load Process Transfer
information »| information »| information
from the PII. in ACCU 1 and ACCU 2. to the PIQ.
Figure 2-3. Example of an Arithmetic Logic Unit's Mode of Operation
Accumulator Design
ACCU 2 ACCU 1
15 0 8 7 0
ANERERRERRRNRNENE ERERRRRRRERNRRENN
High byte Low byte High byte Low byte
Figure 2-4. Accumulator Design
Processor

According to the control program, the processor calls statements in the program memory in

sequence and executes them. It processes the information from the PII and takes into consideration

the values of internal timers and counters as well as the signal states of internal flags.

External I/O Bus

The I/O bus is the electrical connection for all signals that are exchanged between the CPU and the
S5-100U modules in a programmable controller.
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2.2.2 Mode of Operation for the External I/O Bus

The S5-100U has a serial bus for the transfer of data between the CPU and the I1/O modules. This
serial bus has the following characteristics:

e The modular design permits optimal adaptation to the particular control task.

» No addresses have to be set on the /O modules.

« Aterminating resistor connector is not required.

« Direct access to individual modules is not possible.
A number of shift registers moves the data (Figure 2-5).
Four data bits and one check bit for bus monitoring are assigned to each slot in the bus unit. All

modules requiring more than four data bits have their own shift register and therefore do not have to
use the shift register of the particular slot.

Slot number  "71 Data ring bus ~1
: M. M. M. : 'Y
i |4 | 4 | 4
CPU
0 1 2 3
5 Bits
- 000 <

Shift register ________1
of a slot

Shift register of an .
8-channel digital module _______________ _ n x 5 Bits
or of an analog module n=2, 4, 6 to 16

Figure 2-5. Structure of the External 1/0 Bus
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Data Cycle

Prior to a program scan, the external I/O bus transfers current information from the input modules to
the process image input table (PIl). At the same time, information contained in the process image
output table (PIQ) is transferred to the output modules.

—> Data cycle S

Shift ; Shift
data Program scanning data
EEm——
Time axis

Transfer data from the shift register to
the output modules.

Load data from the input
modules into the shift register.

Figure 2-6. Data Cycle

Interrupt Data Cycle , for CPU 103 version 8MAQ02 and higher

There is an interrupt input data cycle prior to each time-controlled or interrupt-driven program scan.

Before a time-controlled program scan, current information about the input modules is read into the
interrupt PIl. Before an interrupt-driven program scan, interrupt inputs on slots 0 and 1 only are read
into the interrupt PII.

Following a time-controlled program scan, there is not an interrupt output data cycle until data has
been moved into the interrupt PIQ via a transfer operation (see section 6.6.2).

Information is output from the interrupt PI1Q to the output modules during an interrupt output data
cycle. The PIQ is updated.
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Length of the Shift Register

The total length of the shift register is obtained from the sum of the data bits of all plugged-in
modules and of the empty slots. The check bit is not counted.

You must know the length of the shift register to be able to determine the data cycle time. Data
cycle time is 25 ps x number of data bits.

Table 2-2. Number of Bits per Module in the Shift Register

Plugged-in Module Number of Data Bits

Diagnostic module or vacant slot

4-channel digital input and output modules 4
500 Hz comparator module, 500 Hz timer module, 4
500 Hz counter module

25 KHz counter module 32
8-channel digital input and output modules 8
Digital input and output module, 16 inputs/16 outputs 16
Simulator module 8
Analog modules for each activated channel 16*
CP 521, IP 262, IP 266, IP 267 64

Refer to the individual manuals for information on other modules.

*  This does not apply to the 466-8MC11 analog input module (8 data bits).

The CPU specifies the maximum length of the shift register in a particular configuration.
e CPU100: 256 data bits, 128 (max.) of these from analog modules
e CPU102: 480 data bits, 256 (max.) of these from analog modules
e CPU103: 704 data bits, 512 (max.) of these from analog modules

Note

If the maximum expansion allowed is exceeded, the S5-100U goes into the STOP mode.
The “PEU” bit (/0 not ready) is set in the ISTACK.
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Examples:

a) CPU 100:

b) CPU 100:

c) CPU102:

d) CPU 102:

e) CPU 103:

fy CPU 103:

This CPU lets you operate six digital modules (8-channel) and two analog modules
(4-channel):

[6 X 8+2 X (4 x 16)]=48+128<256

This CPU does not let you use three digital modules (8-channel) with three analog
modules (4-channel) because the maximum permissible number of analog data bits
would be exceeded:

[3 x 8+3 X (4 X 16)]=24+192<256

This CPU lets you operate seven digital modules (8-channel) and four analog
modules (4-channel):

[7 X 8+4 X (4 X 16)]=56+256<480

This CPU does not let you use 20 digital modules (8-channel) with 5 analog
modules (4-channel) because the maximum permissible number of analog data bits
would be exceeded:

[20 x 8+5 x (4 x 16)]=160+320=480

This CPU lets you operate 24 digital modules (8-channel) and eight analog modules
(4-channel):

[24 x 8+8 X (4 X 16)]=192+512=704

This CPU does not let you use 31 digital modules (8-channel) with four analog
modules (2-channel) because the maximum permissible number of slots would be
exceeded:

[31 X 8+4 X (2 X 16)]=248+128<704
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3 Installation Guidelines

3.1 Installing S5-100U Components

Except for the 1/0O module, all of the S5-100U components are mounted on standard mounting rails
in accordance with DIN EN 50022-35x15. Mount the rails on a metal plate to obtain the same
reference potential.

Bus units with a SIGUT/screw-type, or crimp snap-in connection method have different heights.

If you install, remove, or change any parts of your S5-100U system, your system must be in the
state indicated in Table 3-1.

Table 3-1. Installing, Removing, and Changing S5-100U Components

Installing, Removing, and S5-100U S5-100U Load
Changing: Power Status Operating Mode Voltage
I/O modules X STOP OFF
Bus units Power OFF X X
Interface modules
Power supply X X
CPU power supply voltage OFF

X=not relevant

3.1.1 Assembling a Tier

You need the following components to configure the S5-100U:

«  Power supply module
e Central processing unit
e Bus units

e 1/O modules

If you do not have a 24 V DC power supply, you must have a power supply module.

Mount the first module on the extreme left end of the standard mounting rail. Add other modules to
the right of the first module.
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Mounting the PS 930 Power Supply Module
The backplane design makes it easy to attach this module to the standard mounting rail.

1. Hook the module onto the standard mounting rail.
2. Swing the module back until the slide snaps into place (see Figure 3-1).

Figure 3-1. Mounting the PS 930 Power Supply Module

Removing the PS 930 Power Supply Module

1. Turn off the 115 V/230 V AC power supply.

2. Remove the connections between the CPU and the power supply module.
3. Use a screwdriver to press down on the slide on the bottom of the module.
4. Swing the module up and out of the standard mounting rail.

Mounting the Central Processing Unit

Follow the same procedure you used to mount the PS 930 power supply module (see Figure 3-1).
1. Hook the CPU onto the rail and to the right of the power supply module.
2. Swing the CPU back until the slide snaps into place.
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Removing the CPU

1. Remove the I/O module located at slot “0”.

2. Pull the connection (ribbon cable) between the CPU and the first bus unit.
3. Pull the connections between the CPU and the power supply module.

4. Use a screwdriver to press down on the slide on the bottom of the module.
5. Swing the module up and out of the standard mounting rail.

Mounting Bus Units

Use the same procedures to mount the bus unit that you used to mount both the power supply
module and the CPU. Hooks are located on the sides of each bus unit. These hooks are used to
connect bus units to each other and to connect bus units to the CPU.

Connecting Bus Units to Each Other or to the CPU

1. Pull the ribbon cable connector located on the top left of the bus unit out of its holder.
2. Plug the connector either into the receptacle located on the right side of the CPU or into the
receptacle of the adjacent bus unit located on the left (see Figure 3-2).

Removing Bus Units

1. Pull the connections to the neighboring bus units or to the CPU.
2. Use a screwdriver to press down on the slide.
3. Swing the module up and out of the standard mounting rail.

Figure 3-2. Removing Bus Units
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Plugging Input and Output Modules into the Bus Units

Before you plug in an input or output module, you must set the bus unit's coding element to match
the module type.

Setting the Coding Element

An identification number is printed on the front plate of every I/O module. Depending on the
particular module type, the number is between two and eight. There is a white mechanical coding
key located on the back of each module. The position of the coding key is determined by the
module type and cannot be changed. The bus unit has a mating component for each key, a white
rotating coding element or “lock” (see Figure 3-3).

Use a screwdriver to set the “lock” on the bus unit to the corresponding I/O module code number.

Figure 3-3. Coding System to Prevent an Inadvertent Interchange of Modules

The 6ES5 788-8MA11 simulator module does not have a coding key. You can plug in this simulator
module in place of any module.

Attaching I/O Modules

1. Hook the module onto the top of the bus unit.

2. Swing the module down onto the bus unit.

3. Press the module down firmly.

4. Tighten the hold-down screw on the front of the module to attach the module to the bus unit.

Removing I/O Modules
Remove the hold-down screw and swing the module up and out of the bus unit.
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3.1.2 Multi-Tier Expansion

If it is not possible to have all of the modules located on one tier, you can expand the configuration
up to four tiers. You may use a maximum of 16 bus units. It does not matter how many bus units
are mounted on a tier. You need one interface module per tier to interconnect the tiers.

Install an interface module as you would install a bus unit. You must connect each interface module
to the last bus unit via the ribbon cable.

Use the IM 315 interface module for two-tier configurations. The IM 315 consists of two modules
permanently connected to each other via a 0.5-m (20-in.) cable.

Use the IM 316 interface modules for multi-tier configurations. Use the 712-8 connecting cable to
connect the IM 316 interface modules (Order No. 6ES5 712-8...).

The standard mounting rails must have a common reference potential if they are mounted in
different cabinets.
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Figure 3-4. Interconnecting Tiers with Interface Modules (6ES5 316-8MA12)
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Installing an Interface Module

Hook the interface module to the standard mounting rail.

Swing the interface module back until the slide on the bottom snaps into place on the rail.

Use the ribbon cable to connect the module to the last bus unit.

Use connecting cable 712-8 to join the two interface modules.

Connect the cable to the “out” socket on the programmable controller tier and to the “in” socket
on the expansion tier.

Securely screw the connecting cable plugs in place. Use two screws for each connecting cable

plug.

aorwnpE

o

Removing an Interface Module

1. Only for the IM 316: Remove the hold-down screws from the plugs and remove the connecting
cable.

Remove the connecting ribbon cable from the adjacent bus unit.

Use a screwdriver to press down on the slide located on the bottom of the interface module.

4. Swing the module up and out of the standard mounting rail.

wn
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3.1.3 Cabinet Mounting

Make sure that the S5-100U, the power supply, and all modules are well grounded. Mount the
S5-100U on a metal plate to help prevent noise. There should be electrical continuity between the
grounded enclosure and the mounting rails. Make sure that the system is bonded to earth.

You can use the 8LW system or the 8LX system mounting plates (see Catalog NV 21).

Adequate ventilation and heat dissipation are important to the proper operation of the system. You
must have at least 210 mm (8.3 in.) between each mounting rail (see Figures in Appendix B) for
proper ventilation.

Always locate the power supply and the CPU on the lowest tier to ensure better heat dissipation.

To measure cabinet ventilation, define the total heat loss by calculating the sum of all typical heat
losses (see Catalog ST 52.1).

IM 316 interface module

Metal plate
I | ]
I [ I
I I
I I
| |
f il il
] ]
i i
At least 210 mm | |
(8.3in.) : :
i i |
H ]
A ! !
I I
At least 210 mm | i
(8.31in.) | |
Ly ’
Hil cpu al
| |
I I
I I
| |
! !

Figure 3-5.  Multi-Tier Configuration in a Cabinet with the IM 316 Interface
Module (6ES5 316-8MA12)
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 E——8)

Wiring devices
and/or cable duct

At least 45 mm
(1.77 in.)

A

210 mm+a
(8.3 in.+a)

CPU

Figure 3-6. Cabinet Mounting with a Series of Devices

3.1.4 Vertical Mounting

You can also mount the standard mounting rails vertically and then attach the modules one over the
other. Because heat dissipation by convection is less effective in this case, the maximum ambient
temperature allowed is 40 °C (104 °F).

Use the same minimum clearances for a vertical configuration as for a horizontal configuration.

You must install a clamp (see Catalog SA 2) on the lower end of the programmable controller tier to
hold the modules mechanically in position.

CPU

U U CE—

Clamp

Figure 3-7. Vertically Mounting a Programmable Controller
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3.2 Wiring
3.2.1 Connection Methods: Screw-Type Terminals and Crimp Snap-in

SIGUT Screw-Type Terminal

When using screw-type terminals, you can clamp two cables per terminal. It is best to use a
3.5-mm screwdriver to tighten the screws.

Permissible cable cross-sections are:

» A stranded conductor with a core end sleeve: 2 x 0.5t0 1.5 mm?
* A solid conductor: 2x0.5t0 2.5 mm?

L [
/% \
| ) Cables
)

Figure 3-8. SIGUT/Screw-Type Connection Method
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Crimp Snap-in Terminals
Bus units using the crimp snap-in connection method have the same height as the CPU.

You can connect stranded conductors with a cross-section of 0.5 to 1.5-mm2 to these terminals.

Connecting the Contact to the Terminal Block
Refer to Figure 3-9 and perform the following steps to connect the contact to the terminal block.

1. Remove the module that is plugged into the bus unit.

2. Use a screwdriver to press down on the terminal block (1).

3. Swing the terminal block up. The rear side is now visible (2).

4. Push the contact into the desired opening until the locating spring engages.
- Caution: The spring must point into the slot.

Pull lightly on the cable to make certain that the contact is properly engaged.
Swing the terminal block back into its original position.

Press up on the terminal block until it snaps into position.

N o

Figure 3-9. Mounting the Crimp Snap-In Terminal
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Disconnecting a Terminal

1.

2.
3.
4

Paosition the terminal block as is shown in Figure 3-10.

Insert the extraction tool into the slot beside the terminal so that you can compress the barb.
Position the cable in the groove on the extraction tool and pull out both the tool and the cable.
Realign the deformed barb so that you can use the terminal again.

Figure 3-10. Disconnecting a Terminal
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3.2.2 Connecting the Power Supply to the S5-100U

Power Supply Module
1. Set the voltage selector to the supply voltage you are using.
Swing up the protective cover.

2
3. Connect the supply cable to terminals L1, N and -L.(see Figure 3-11).
4

Close the protective cover.

Figure 3-11. Connecting a Power Supply Module and a CPU

115/230 V AC power supply modules can be operated with a load voltage of 120/230 V AC.

CPU

1. Connect the L+ and M terminals of the PS 931 power supply module to the corresponding
terminals on the CPU (see Figure 3-23).

2. Connect the _L terminal of the CPU to the standard mounting rail.
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3.2.3 Connecting Digital Modules

All I/O modules are plugged into bus units. Connect the I1/O modules to the terminal blocks of the
bus units. The connections illustrated in this section are of the screw terminal type (SIGUT

connection method).

You can also use the crimp snap-in connection method described in section 3.2.1. In both cases,
the terminal assignments are marked on the terminal blocks.

The assignments listed in Table 3-2 always apply for connecting the load voltage.

Table 3-2. Connecting the Load Voltage

Load Voltage Terminal 1 Terminal 2
24V DC L+ M
115/230 V AC L1 N

* 115/230 V AC digital modules can be operated with a load voltage of 120/230 V AC.

Note

For digital outputs, energy is temporarily stored in an internal capacitor for about
100 ms after the L+ supply is switched off.
Please note that this energy may be sufficient to activate low-rating loads (e.g., pulse
valves) for a triggered output.

EWA 4NEB 812 6120-02b
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Connecting Four-Channel Digital Modules

All of these modules are designed for a two-wire connection. You can therefore wire directly to the
sensor or output field device. An external distribution block is not required.

The four channels of a module are numbered from .0 through .3. (Numbers .4 through .7 are only
significant for the ET 100 distributed 1/0O system.) Each channel has a pair of terminals on the ter-
minal block.

The terminal assignments and the connection diagram are printed on the front plate of the module.

Connecting Four-Channel Input Modules

Example: Connecting a sensor to channel 2 (address | 3.2) on the input module in slot 3
(see Figure 3-12)

y

1—_|L+
R
3 1
40 ./

D%Ofo:/ O@@@@@
© ° R2 P RE

DIGITAL INPUT
4x24-60VDC

6ES5 430-8MB11

1 ]2 [3f4]s]6]

M Sensor

Figure 3-12. Two-Wire Connection of a Sensor to Channel 2
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Connecting Four-Channel Output Modules

Example : Connecting a lamp to channel 3 (address Q 1.3) on the output module in slot 1
(see Figure 3-13)

y

L+
[ JFoliuz 0
90, _ 1
5
10, _m

:%O;j’

e O R 29 28
© o R2 9K

DIGITAL OUTPUT
4x24VDCI2 A
6ES5 440-8MA22

[1]2]a]4fs]6] @
L M

+
Lamp

Figure 3-13. Two-Wire Connection of a Lamp to Channel 3
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Connecting Eight-Channel Digital Modules

These modules do not have a two-wire connection. You therefore need an external distribution
block.

The eight channels of a module are numbered from .0 through .7. One terminal on the terminal
block is assigned to each channel. The terminal assignment and the connection diagram are printed
on the front plate of the module.

Connecting Eight-Channel Input Modules

The sensors must be connected to terminal 1 via the L+ terminal block.

Example: Connecting a sensor to channel 4 (address | 3.4) on an input module in slot 3
(see Figure 3-14)

y

| B

00 4~

20 £~

3 O 5

40 20—

50 LT

60 ZEANZ AN
[ ]s0 =~ 0 @ :

© 8 R? PR
2 4 6 8 10
DIGITAL INPUT I \ > Sensor

8x24VDC L+ M
6ES5 421-8MAL2
Sanas 22—

L+Terminal

Figure 3-14. Connecting a Sensor to Channel 4
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Connecting Eight-Channel Output Modules

The actuators must be connected to terminal 2 via the M (negative) terminal block. This does not
apply to the digital output module 8x 5 to 24 VV DC/0.1 A (see section 14.6.2).

Example: Connecting a lamp to channel 6 (address output Q 5.6) on an output module in slot 5
(see Figure 3-15)

y

L+
- 0
] e

3 O}
4 01

co @@@@@

6 O

[ 700 )

© ¢ N2 Q0L
m

DIGITAL OUTPUT
8x 24V DC/O.5A L+
6ES5 441-8MALL

[1]2 [s]4] 5] 6]

Lamp

M Terminal

Figure 3-15. Connecting a Lamp to Channel 6
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3.2.4 Connecting the Digital Input/Output Module

Use only slots 0 through 7 when you plug the module into the bus unit. Use a 40-pin cable
connector with a screw-type connection or crimp snap-in connection for wiring. The module does
not have a two-wire connection. You must therefore use an external distribution block.

Every channel is assigned a terminal on the 40-pin connector. The channel numbers are printed on
the front plate.

The 16 channels on the input side (IN) are numbered from n.0 through n.7 and from n+1.0 through
n+1.7. The 16 channels on the output side (OUT) are numbered from n.0 through n.7 and from
n+1.0 through n+1.7. “n” is the start address of the slot. Slot O, for example, has the start
address of n=64 (see chapter 6).

\
|
ouT ©) IN
n+1 LB ;: P : H n+1 LO+
. ‘ 2 .
1 3 | | 3 1
2 4 ‘ | 4 2
3 o05A |5 | ; | 5 3
A4 6 | \ | 6 A4
5 7| | | 7 5
6 8 | ‘ | s 6
7 9| | ) 7
M 10 | | l10 NC
T N I
. ‘ 12 .
1 13 | ‘ l13 1
2 14 | \ |14 2
3 05 A 15 | | l15 3
A4 16 | ‘ l16 A4
5 17 | ‘ l17 L)
6 18 | \ l1s 6
7 19 | \ l19 7
M 20 | ‘ 20 M
\
\
I
40-pin crimp

shap-in connector

Figure 3-16. Front View of the Digital I/O Module with a Crimp Snap-In Connector
(simplified view and not true to scale)
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Example: The start address for the modules is 65.3. Inputs and outputs have the same address.
A sensor is to be connected to input | 64.4 and a lamp to output Q 7.3.

Figure 3-17 illustrates the wiring on the front connector.

ouTt O IN
L+ L+
+] 1 1
| 2 2|
| 3 3
A 65.3 | 4 4|
| s 5|
| 6 6|
| 7 71
| 8 8 |
M|l o 9|
— 10 10 |
| 12 11 |
| 12 12 |
| 13 13 |
| 14 14 |
| 15 15 | E64.4
| 16 16 |
| 17 17 |
l 18 18 |
| 10 19 | M
| 20 20|4H— —
—
L+ Lamp
M - =y M
T L
J—_ M Terminal

200

Sensor

L+Terminal

Figure 3-17. Connecting a Sensor and a Load to Digital Input/Output Module 482

Note

Chapter 11 describes how to connect analog modules.

EWA 4NEB 812 6120-02b
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3.3 Electrical Configuration

3.3.1 Electrical Configuration for the S5-100U

Power Supply

The entire control for the S5-100U consists of the following separate electrical circuits:
«  Control circuit for the S5-100U (24 V DC)

»  Control circuit for the sensors (24 V DC)

* Load circuit for the actuators (24 V DC or 115/230 V AC)

Control Circuit

The power source for the control circuit supplies the CPU, the bus units, the programmer interface,
and the internal control circuits for the I/O modules. When the incoming supply is 24 V DC/1 A, the
PS 931 power supply module provides an internal supply of +9 V up to a total of 1 A current input
to the 1/0 modules. The grounding spring on the CPU forces the control circuit to be connected to
the standard mounting rail. The grounding spring must also be protected from interference. The
grounding spring must be grounded.

Load Circuit

The power source for the load circuit supplies the actuators of the process peripherals.

It is suggested that you use one of the following for a 24 VV DC power supply:
e The PS 931 power supply module (see Chapter 14)
* A Siemens load power supply from the 6EV1 series (see Appendix D)

If you use load power supplies other than the recommended ones, make certain that the load
voltage is in the range of 20 to 30 V (including ripple).

Note

If you use a switched-mode power supply unit to supply floating analog modules and
BEROs, then this supply must be filtered through a network.

You can connect several mutually independent load circuits adjacent to each other on a single
programmable controller. These connections can either be non-floating or floating (see
section 3.3.3).
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3.3.2 Electrical Configuration with External 1/0s

Figures 3-18, 3-19, and 3-20 display different configuration possibilities. Pay attention to the
following points when you design your configuration. The numbers appearing in parentheses in the
following points refer to the numbers in Figures 3-18 to 3-20.

You must have a main switch (1) in accordance with VDE 0100 for your S5-100U, the sensors,
and the actuators.

You do not need an additional fuse (2) to connect your S5-100U and the load circuit to power if
your radial lines are a maximum of 3 meters (9.84 feet) long and are inherently earth-fault proof
and short-circuit proof.

You need a load power supply (3) for 24 V DC load circuits.
- You need a back-up capacitor (rating: 200 pF per 1 A of load current) if you have non-
stabilized load power supplies.

If you have AC load circuits, galvanic isolation via a transformer (4) is recommended.

You should ground the load circuit at one end. Provide a removable connection (5) to the
ground conductor on the load power supply (terminal M) or on the isolating transformer.
- You must provide earth-fault monitoring for any non-grounded load circuits.

You must separately fuse (6 and 7) the load voltage for sensor circuits and for actuator circuits.

You must connect the standard mounting rail of the S5-100U to the ground conductor through a
capacitor (8, to suppress high-frequency noise) for a non-grounded configuration.

You must have a low-resistance connection between the standard mounting rail and the
cabinet’s chassis ground (10) for a grounded configuration.

You need a power fuse (9) to protect against a short-circuit occurring in the power supply.
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L1 : 1)
L2 A
L3 .
N Y r Y
S S N
N
(5) (4) PS CPU o] o] O] ©
a2 ~ ol ol ol o
Q ° ol O] o] ©O %)
o ol o]l o] o
(10) *Ts DI | DI | DO | DO
nBalialRa
— O, @ ||| @
(6)
4
. (7)
230V AC

Figure 3-18. Configuration Possibility: S5-100U with 115/230 V AC Power Supply
for Programmable Controller, Sensors, and Actuators
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L1 :

L2 A

L3 A

N

PE—-—¢—-—-~-+-+-—-—-—-—- - — - — = —

(5) ©) CPU ol ol o] o
@) o] O] O
M L+ o) O O O O ©

‘ X ol o of of o
M DI | DI [DO | DO
e o5 @40 of
(10) 02| oil|o:| o

L eX

7
. X
M L+

Figure 3.19 Configuration Possibility: S5-100U with 24 V DC Power Supply
(with Safe Electrical Isolation According to DIN VDE 0160)
for Programmable Controller, Sensors, and Actuators
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S5-100U

L1 )l/ 1)
L2 .
L3 7
N
PE --—-—-—- . Il s e e -
1 pF/ .
100 K == 500 V AC Install the standard mounting
I rail electrically isolated
®3) CPU ol o] of ©
o O O] O
M L+ @ ol O O O %)
| ol o| ol o| o
gy:L DI | DI | DO | DO
On 97190 9
Q2| O2|[©2] @2
(6)
[
)

M L+

Figure 3-20. Non-Grounded Operation; 24 V DC Power Supply
(with Safe Electrical Isolation According to DIN VDE 0160)
for Programmable Controller and I/Os

Interference voltages are discharged to the ground conductor (PE) via a capacitor. You can prevent
static charges by connecting a high-ohmic resistor (approx. 100 k / W) parallel to the capacitor.
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3.3.3 Non-Floating and Floating Configurations
The S5-100U is powered by its own control circuit. The I/Os are powered by the load circuit.
The circuits can either be connected to the same grounding point (non-floating) or galvanically

isolated (floating).

Example of a Non-Floating Connection of Digital Modules

A 24 V DC load circuit has the same chassis grounding as the control circuit of the CPU.

Central
di int
grounding poin PS cPU
\
— \ —1 o
T 1
e
Common a\
chassis ground
M L+
Load power
supply

Figure 3-21. Example: Non-Floating Connection of I/Os to the S5-100U
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The common chassis grounding connection makes it possible for you to use reasonably priced non-
floating I/Os. These modules function according to the following principles.

* Input modules

- The ground line, line M (control circuit chassis) is the reference potential. A voltage drop V1
on line affects the input signal level V.

e Output modules
- Terminal 2 (M) of the terminal block is the reference potential. A voltage drop V-, on the

line raises the chassis potential of the output driver and thus reduces the resulting control
voltage Vcy.

Figure 3-22 shows a simplified connection of the S5-100U with a non-floating external 1/0.

A v
v Vov
1
E CPU 9 T Vl"
L S
o | L+ :
M ! [
+ PR
L 0l © 20
avy /]
L+
. .
24V DC supply
AV,
M ¢

Figure 3-22. Simplified Representation of a Non-Floating I1/O Connection
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When you have a non-floating configuration, you must make certain that the voltage drop on
cables and does notexceed 1V. If1V is exceeded, the reference potentials could change
and the modules could malfunction.

Warning

If you use non-floating I/O modules, you must provide an external connection between
the chassis ground of the non-floating 1/0 module and the chassis ground of the CPU.

Example of a Floating Configuration with Digital Modules

Floating configuration is required in the following situations.

* When you need to increase interference immunity in the load circuits
*  When load circuits cannot be interconnected

*  When you have AC load circuits

If you have a floating configuration, the PLC's control circuit and the load circuit must be galvanically
isolated.

Figure 3-23 shows a simplified connection of galvanically isolated I/Os.

Central

grounding point PS CPU

|
Wl
=g

L+ M

Load power
supply

Figure 3-23.  Simplified Representation of a Galvanically Isolated Connection of the
I/Os to the S5-100U
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Figure 3-24 shows a simplified schematic for the connection of floating I/O modules.
+9V
Data
GND
4 A
N
= v “
1L+ —e %
? g
aimm =
L1 2L+
N 2M

Figure 3-24. A Simplified Representation of a Floating 1/0 Connection
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3.4 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.

3.4.1 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 400V

Group C: Unshielded lines for AC voltage > 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 3-3. 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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3.4.2 Running Cables Outside Buildings

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

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

Lightning Protection

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

Outside buildings run your cables
either

- In metal conduits grounded at both ends
- ?nr 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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3.4.3 Equipotential Bonding

Potential differences may occur between separate sections of the system if

Programmable controllers and 1/Os are connected via non-floating interface modules or
Cables are shielded at both ends but grounded via different sections of the system.

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

Note the following for equipotential bonding:

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

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

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

- 16 mmz2 copper wire for equipotential bonding line up to 200 m (656.2 ft).

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

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

The equipotential bonding conductor should be laid in such a way as to achieve a relatively
small contact area between equipotential bonding conductor and signal cables (see Figure 3-25).

Signal line

Equipotential bonding conductor

Figure 3-25. Laying Equipotential Bonding Conductor and Signal Cable

EWA 4NEB 812 6120-02b 3-31



Installation Guidelines S5-100U

3.4.4 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 noise in themselves, a low-resistance connection to the protective conductor is of special
importance.

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

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

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

« If you cannot run an equipotential bonding conductor
« Ifyou 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, you are recommended to insulate the shielded cable without
interrupt and to connect it to the shield/protective ground bar.

Note

If there are potential differences between the earthing points, a compensating current
can flow over the shielding that is connected at both ends. For this reason, connect an
additional equipotential bonding conductor.
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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 3-26).

« Connect the shield to a shield bar immediately at the point where the cable enters the cabinet.
Route the shield to the module; do not connect it to the module.

;

Figure 3-26. Fixing Shielded Cables with Various Types of Cable Clamps

3.4.5 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 require to
be provided with external arc suppressing elements since the necessary suppressing elements are
already integrated on the modules.

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

cases:

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

« 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
. T

Figure 3-27. Wiring Coils
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Mains Connection for Programmers

Provide a power connection for a 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 3.28.

Shielding grid over lamp

P
| i
Lo 1 —1— Shielded cable
0/ |-— Metal-encased switch
> Mains filter or shielded mains cable

Figure 3-28. Measures for Suppressing Interference from Fluorescent Lamps
in the Cabinet
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4 Start-up and Program Tests

4.1 Operating Instructions

4.1.1 CPU Operator Panel

BATTERY Operating mode displa
Battery low OFF/ RIN O—— (grr)een ILgD' RUNI) ey
(yellow LED lights: Low o .
battery discharged or stor O} Operating mode display
not installed) (red LED: STOP)
: 3 :?gp 7 Operating mode switch
. o , COoPY
ON/OFF switch

Figure 4.1 CPU Operator Panel

ON/OFF Switch

The ON/OFF switch turns on the CPU’s voltage regulators. This switch does NOT separate the
voltage regulator from the L+/M terminals.

Operating Mode Switch

Use the operating mode switch to select either the RUN or STOP operating mode. The CPU
automatically goes into the START-UP mode during the transition from STOP to RUN (see section
7.4.2).

4.1.2 Operating Modes

STOP Operating Mode
e The program is not executed.

« The current values for timers, counters, flags, and process image I/O tables are saved when the
STOP mode begins.

* The output modules are disabled (signal status “0").

* The process image /O tables, timers, and non-retentive flags and counters are set to “zero”
during the transition from STOP to RUN.

RUN Operating Mode

* The program is processed cyclically.

» Already started timers continue to run.

* The signal states for the input modules are stored.

e The output modules are addressed.

« The RUN operating mode can also be set after an OVERALL RESET, that is, when the program
memory is empty.
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START-UP Operating Mode

* The operating system processes DB1 and accepts the parameters (see section 9.1).

« Either the start-up organization block OB21 or OB22 is processed (see section 7.4.2).

«  The amount of time start-up requires is not limited since the scan time monitor is not activated.
« Neither time-controlled program processing nor interrupt-driven program processing is possible.

* The input modules and output modules are disabled during start-up.

Changing Operating Modes

A change in operating mode can be caused by the following:

* The operating mode switch - when its position is changed.

* A programmer - if the operating mode switch on the programmable controller is set to RUN.

« Malfunctions - if one occurs that causes the programmable controller to go into the STOP
operating mode (see chapter 5).

4.1.3 Performing an Overall Reset on the Programmable Controller

You should perform an overall reset before you input a new program. An overall reset erases the
following:

e The programmable controller's program memory

« All data (flags, timers, and counters)

e All error IDs

Note

If you do not perform an overall reset, then the information indicated above is retained
even if the program is overwritten.

Manual Reset

To perform a manual overall reset, you must:
1. Setthe operating mode switch to STOP.
2. Remove the battery.

3. Set the ON/OFF switch to “0".

4. Change the ON/OFF switch to “1".

5

Insert the battery.

Performing an Overall Reset with the Programmer

You can select the overall reset function from the programmer's menu line. Refer to the
programmer manual.
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4.2 Starting Up a System

The following section contains suggestions for configuring and starting up a system containing
programmable controllers.

4.2.1 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.

« 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, make sure to provide proper electric isolation
between the main supply and the 24-V supply. Power supply units must meet
the requirements of EN 60950 or be manufactured in accordance with
DIN VDE 0551/EN 60742 and DIN VDE 0160. The requirements of electro-
magnetic compatibility (EMC) must also be adhered to.

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. Make
certain 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.
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422

Table 4-1.

Procedures for Starting Up the Programmable Controller

Starting Up the Programmable Controller

Prerequisites
Procedures

Remarks

Displays

System and programmable
controller are off-load.

e Check the mechanical
configuration and wiring.
(see section 3.1 and 3.2).

Set the ON/OFF switch to
“0” and the operating mode
switch to "STOP”.

« Switch on the power supply
and load power supply.

» Set ON/OFF switch to “1”.

» Connect programmer to
CPU.

« Reset the programmable
controller (see section 4.1.3).

 Set operating mode switch to
RUN.

» Switch on sensor power
supply.

« Actuate the sensors one after
the other.

» Switch on power supply for
output modules and
actuators.

« Force the outputs with the
“FORCE” programmer
function.

Program on memory sub-
module

» Set ON/OFF switch to “0".

* Plug in the memory
submodule.

» Set ON/OFF switch to
“1”. *

 Test program and make any
necessary corrections.

 Set operating mode switch to
STOP.

« Switch on the load.

« Set operating mode switch to
RUN.

« Back up the program.

Check the mechanical assembly
(VDE 0100 and VDE 0160). Ter-
minal “M” of the load power
supply and the ground terminal of
the programmable controller must
be connected to the central
grounding point (standard
mounting rail). For non-floating
modules, a module’s “M” terminal
must be connected to the
programmable controller’s “M”
terminal.

The input signals in the PII can be
observed with the “STATUS VAR”
programmer function.

The switching states of the
associated actuators change.

Program is loaded.

The system is in operation.

* Red fault LEDs on the 1/0
modules lights.

* Red LED of the CPU lights;.
yellow LED lights if the battery is
low or not installed.

» Green LED on the CPU lights.

* Red fault LEDs on the input
modules darken.

» Green LEDs on the input modules
light.

* Red fault LEDs on the output
modules darken.

» Green LEDs of the output
modules light up.

* Red LED of the CPU lights.

» Green LED of the CPU lights.

* For the CPU 102 only: press the <COPY> key simultaneously (manual loading).

4-4
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4.3 Loading the Program into the Programmable Controller

You can load a program from a connected programmer (online operation). When you load a
program, it is transferred to the programmable controller's program memory. There are specific
instructions in your programmer manual for doing this.

You can also load your program from a memory submodule, but only valid blocks can be loaded.
See section 7.5.2. The different memory submodules you can use are listed in Appendix D.
Section 4.3 describes how you can load a program from a memory submodule.

A Warning

You can connect or disconnect memory submodules only in the Power OFF mode.

Loading the Program Automatically

Automatic loading copies the program from a memory submodule into the program memory of the
CPU. You can only load valid blocks. See section 7.5.2.

Figure 4-2 shows how a program can be loaded automatically.

No battery is installed
(yellow LED lights). < PLC overall reset )

v
Switch the S5-100U off.

v

Plug memory submodule
into the CPU.

v

Switch the S5-100U on.

N

Error

i

< Red LED flashes. >

Perform error diagnostics
(see section 5.1).

A 4

CPU 100: red LED lights;
CPU 102/103: red LED flickers.

\ 4

Program is loaded.

v

Program is in the
S5-100U.

v

The CPU 102 isin
the Normal Mode.

e avava
O O U

Figure 4-2. Procedure for Loading the Program Automatically
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Loading the Program Manually

Manual loading copies the program from a memory submodule into the program memory of the
CPU. If a back-up battery is installed, any program in the memory is completely erased.

You can only load valid blocks. See section 7.5.2.

Figure 4-3 shows how a program can be loaded manually.

(Turn off the SS-lOOU.>

Plug memory sub-
module into the CPU.

Press <COPY> key
and hoId it down.

Error

\/U

<Turn on the S5-100U. #( Red LED flashes.

Red LED flickers; release Release <COPY>
<COPY> key.

Red LED
< Program is @

Red LED
flashes.

loaded

\/\/

Resctielél(ij)l?”s;r%\.lvs No valid program Fieftarm error
program is in the is in submodule. diagnostics
S5-100U. (see section 5.1).

v

The CPU 102 is
in Test Mode

Figure 4-3. Procedure for Loading the Program Manually

EWA 4NEB 812 6120-02b



S5-100U Start-up and Program Tests

4.4 Backing Up the Program

A program can be backed up only if the back-up battery is connected. Backing up copies a program
from the program memory of the CPU to a memory submodule. Only valid blocks are backed up.
As soon as you have changed the integral, default DB1 data block, it is a valid block that can be
backed up. See section 7.5.2.

4.4.1 Backing Up the Program on a Memory Submodule

You can use various EEPROM memory submodules to back up a program. Appendix D contains a
list of the submodules you may use. Figure 4-4 illustrates how to back up a program on a memory
submodule.

CBattery low LED (yeIIowh ;/ Insert / replace >

lights. / Yes \_ battery.

No

v

Turn off the S5-100U.

v

Plug EEPROM sub-
module |nto the CPU.

Turn on the S5-100U.

Error . /
-

Red LED flashes.

F( Release <COPY> >j
Red LED Red LED
lights. flashes.

No / wrong sub-
Perform error

for at Ieast 3s.

Red LED fllckers
Release <COPY>

A4

Program is
Ioaded 1

U\J\/WUU

C
C
< Press <COPY> key
C
C

Red LED Ilghts;

Program backed up module plugged i .
on EEPROM in. diagnostics
submodule (see section 5.1).

No program is in
the—S5-160U-

v

The CPU is in the
Normal Mode.

1) Program load time: 40 s/1024 statements

Figure 4-4. Procedure for Backing Up the Program on a Memory Submodule
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4.4.2 Function of the Back-Up Battery

If the power fails or the programmable controller is turned off, the contents of the internal (retentive)
memory are stored only if a back-up battery is connected. When power is recovered or when the
programmable controller is turned on, the following contents are available:

«  Control program and data blocks (see section 7.3.5)
« Retentive flags and count values (see section 2.2.1)

e ISTACK contents (see section 5.3]

Note

« Insert and replace the battery while the programmable controller is turned on.
Otherwise, an OVERALL RESET is required when you turn the programmable
controller on.

« The lithium battery in the programmable controller has a life expectancy of at least
one year.

e The yellow LED on the operator panel lights up if the battery fails.

A Warning

Do not charge lithium batteries. They could explode. Dispose of used batteries properly.

4.5 Program-Dependent Signal Status Display “STATUS”

This test function displays the current signal states and the Result of Logic Operations (RLO) of the
individual operands during program processing.
You can use this test function to make corrections to the program.

Note

The current signal states are displayed only in the RUN operating mode.
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(_\

Cycle trigger

STATUS
=Q2011

Transfer data

N

Figure 4-5. “STATUS" Test Function

Refer to your programmer manual for information about the test function on your programmer.

4.6 Direct Signal Status Display “STATUS VAR”

This test function specifies the status of the operands (inputs, outputs, flags, data words, counters,
or timers) at the end of program processing. You can obtain information about inputs and outputs
from the process image /O tables of the selected operands.

(—\

Cycle trigger

Control program

Transfer data

—Z N~
STATUS
VAR

Figure 4-6. “STATUS VAR” Test Function

Refer to your programmer manual for information about the test function on your programmer.
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4.7 Forcing Outputs, “FORCE”, for CPU 103 and Higher

Outputs can be set directly to a desired status even without the control program. This enables you
to control the wiring and functionality of output modules. This does not change the process I/0
image table, but the output disable condition is cancelled.

Note

The programmable controller must be in the STOP operating mode.

Refer to your programmer manual for information about calling up the test function on your
programmer.

4.8 Forcing Variables, “FORCE VAR”

The process image /O table of the operands is changed regardless of the programmable controller's
operating mode. You can change the following variables: I, Q, F, T, C, and D.

The program is processed in the RUN operating mode using the changed process variables. They
can be changed again during program scanning without an acknowledgement being required. The
process variables are forced asynchronously to the program scanning.

Special characteristics

« You can change the |, Q, and F variables in the process I/0 image table by bits, bytes, or words.

e Forthe T and C variables in KM and KH format, note the following:
- For programmers with screens, you must also enter “YES” in the system commands input
field in the presettings screen.
- You must be careful when you force edge trigger flags. You do not want to enable a higher-
order byte inadvertently because this could give you a timer or counter value you did not set.

« The signal status display breaks off if there is an error in the format entry or operand entry. The
programmer then displays the “NO FORCING POSSIBLE” message.

Refer to your programmer manual for information about the test function on your programmer.
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4.9 Search Function

This function allows you to search for specific terms in the program and list them on the pro-
grammer's display panel. You can perform program changes at this point.

You can have search runs in the following programmer functions:

« INPUT
« OUTPUT
« STATUS

Some of the items you can search for are:

e  Statements (e.g., A10.0)
e Operands (e.g., Q3.5
e Labels (e.g., X 01); possible only in function blocks
e Addresses (e.g., 0006 y)
Note

Search runs are handled differently by different programmers. The respective users
guides contain extensive information about search runs.

4.10 Program Check, for CPU 103 and Higher

When this programmer function is called up, program scanning is stopped at a definite point. The
cursor indicates this breakpoint, which is a statement in the program. The programmable controller
scans the program up to the statement selected. The current signal states and the RLO up to the
statement selected are displayed (as in the “STATUS” test function).

The program can be scanned section by section by shifting the breakpoint. Program scanning takes

place as follows:

e All jumps in the block called are executed.

» Block calls are executed immediately. The program check is not resumed until control is
returned to the calling block.

The following applies during the program check:

e The two mode LEDs are not lit.

e The program writes to the PIQ and reads out the PII.

* No process image (data cycle) is transferred.

» All outputs are set to zero.
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During the program check, you can execute the following additional test and programmable
controller functions from the programmer:

* Input and output (program modification possible)

« Direct signal status display (STATUS VAR)

» Forcing of outputs and variables (FORCE, FORCE VAR)
* Information functions (ISTACK, BSTACK)

If the function is aborted due to hardware faults or program errors, the programmable controller goes
into the STOP mode and the red LED on the control panel of the CPU lights.

Refer to your programmer manual for information about calling up these functions on your
programmer.
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5 Diagnostics and Troubleshooting

51 Indication of Errors by LEDs

The programmable controller's operator panel will show you if your device is not functioning
correctly (see Table 5-1).

Table 5-1. Error Indication and Error Analysis

Error Indication Error Analysis
CPU in STOP CPU malfunction
Red LED lights Use the programmer to execute an interrupt analysis
(see section 5.2).
CPU in STOP Error when loading or backing up the program
Red LED flashes Use the programmer to execute an interrupt analysis

(see section 5.2).

CPU in RUN Program error
Green LED lights (see section 5.3)
Faulty operation or

I/O fault

Execute a fault analysis
(see section 5.4).

If both LEDs light, your programmable controller is in the START-UP operating mode.

5.2 CPU Malfunctions

5.2.1 “ISTACK” Analysis Function

The interrupt stack is an internal CPU memory area where the causes of malfunctions are stored.

there is a malfunction, a bit in the respective byte of the memory area is set. Using the pro-
grammer, you can read out the contents of this memory area byte-by-byte.

Calling the ISTACK

The call is made through the programmer menu in the STOP operating mode.
Refer to your programmer manual for the key sequence.

If

Note

an interrupt to force the CPU to go into the STOP mode. The control bits are output in
bytes 1 through 6.

Only ISTACK bytes 1 through 6 can be output in the RUN mode. There is no cause for

EWA 4NEB 812 6120-02b
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The following table shows which positions in the bit pattern are relevant for error diagnosis (gray-
shaded bits).

Table 5-2. ISTACK Output (Bytes 1 to 16)
Bit Abso- | Syst. Da-
7 6 5 4 3 2 1 0 lute ta Word
Byte Addr. | (SD)
1 BST SCH ADR
SCH TAE BAU EAOA SD5
2
3 STO STO NEU BAT
VA ANZ TA PUF
us S Y EAOC SD 6
4 AF
EAOE SD7
UR
LAD
7 IRRELEVANT
8 IRRELEVANT
SD 214
EBAC (UAW)
11
EBAA | SD 213
12 | ANZ1 | ANZO | OVFL orR | S'% | VKE | ERAB
13 6th nesting level OR VKE FKT
EBA8 | SD 212
14 IRRELEVANT
15 4th nesting level OR VKE FKT
EBA6 | SD 211
16 5th nesting level OR VKE FKT
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Table 5-2. ISTACK Output (Bytes 17 to 32) [continued]

Diagnostics and Troubleshooting

Bit Abso- | Syst. Da-
7 6 5 4 3 2 1 0 lute ta Word
Byte Addr. | (SD)

17 2nd nesting level OR VKE FKT

EBA4 | SD 210
18 3rd nesting level OR VKE FKT
19 Nesting depth (0 to 6)

EBA2 | SD 209
20 1st nesting level OR VKE FKT
21 Start address of the data block (high)

EBAO | SD 208
22 Start address of the data block (low)
23 Block stack pointer (high)

EB9E | SD 207
24 Block stack pointer (low)
25

EB9C | SD 206
26
27 Operation register (high)

EB9A | SD 205
28 Operation register (low)
29 ACCU 2 (high)

EB98 | SD 204
30 ACCU 2 (low)
31 ACCU 1 (high)

EB96 | SD 203
32 ACCU 1 (low)

*  The absolute memory address of the next statement to be processed from the faulty block is displayed.
If the step address counter displays a DB1 address, then there is a DB1 parameter setting error (see
section 9.1).

EWA 4NEB 812 6120-02b
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5.2.2 Interrupt Analysis

S5-100U

When there is an interrupt in program processing, you can use the following table to determine the
cause of the error. The CPU always goes into the STOP mode.

Table 5-3. Interrupt Analysis
lS.TACK Byte Cause of Error Remedy
Display
ASPFA and 10 Error during program transfer from the PG to the | Shorten program.
KEIN AS 6 PLC: Compress memory.
and NNN 9 Overflow of the internal program memory during
and 25 and 26 | compilation
SAZ=FFFF*
(CPU 102)
BAU 10 When automatically loading the program: Replace the battery and
- Battery is missing or dead and there is no recreate the program, or
valid program available on the memory load the program again.
submodule
NAU 10 Interruption in the power supply voltage to the
CPU
NINEU 6 The program in the PLC memory is defective. Perform an overall reset
Cause: and load the program
* A power failure has interrupted one of the again.
following operations.
- Compress
- Block transfer from the PG to the PLC or
memory submodule to the PLC
- PLC overall reset
« Battery has been replaced while the power
was off.
NNN 9 » Statement cannot be decoded. Eliminate program
« Nesting level is too high. errors.
« Parameter exceeds permitted limits.
PEU 10 » Expansion module not connected » Check the power
* 1/O bus malfunction supply in the
» Maximum length of shift register exceeded expansion unit.
* Module unknown e Check the
* Module in wrong slot connections.
¢ Check the module
slots.
STOPS 9 Operating mode switch on STOP Set to RUN
STS 9 » Software stop by statement (STP)
e STOP requested by programmer
STUE 9 Block stack overflow: the maximum block call Eliminate program
nesting depth (16) has been exceeded. errors.
SYS* FEH 10 DB1 parameter setting error Correct DB1.

*  SAZ = STEP address counter - The ISTACK bytes 25 and 26 read “1111 1111(FF)".

**  Relevant only for the PG 605U and for the CPU 103, version 8MAOQ3 and higher.

5-4

EWA 4NEB 812 6120-02b




S5-100U Diagnostics and Troubleshooting

Table 5-3. Interrupt Analysis (continued)

lS.TACK Byte Cause of Error Remedy
Display
SUF* 9 Substitution error: Change actual
Function block called with an incorrect actual parameter.
parameter
TRAF 9 Transfer error Eliminate program error
» Data block statement programmed with a (see your programmer
data word number larger than the data manual).
block length
» Data block statement programmed without
previously opening a data block
ZYK 10 Scan time exceeded: Check the program for
The program processing time exceeds the continuous loops or
set monitoring time. Causes: shorten program.
* Program too long
* Interrupts too frequent

* Relevant for CPU 102, version 8MA02 and higher

5.2.3 Errors during Program Copying

Error message: after the <COPY> key is released, the red LED continues flashing.

Table 5-4. Errors when Copying

IS.TACK Cause of Error Remedy

Display

ASPFA Loading the memory submodule into the PLC: Check the program on the
* Program on the memory submodule is too long memory submodule.

for the PLC's program memory.
* Program on the module contains an invalid block
number.

ASPFA Saving from the PLC to the memory submodule: Replace the memory
EEPROM memory submodule is defective or too submodule, or use a larger
small for the program in the PLC memory. EEPROM memory

submodule.
ASPFA and Internal program memory overflow during Shorten program.
KEIN AS and | compilation
NNN
and SAZ=FFFF*
(CPU 102)

*  SAZ = STEP Address Counter
The ISTACK bytes 25 and 26 read “1111 1111(FF)”

EWA 4NEB 812 6120-02b
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5.2.4 Explanation of the Mnemonics Used in “ISTACK”

Table 5-5. Meaning of the Remaining ISTACK Bits

ISTACK ;
. Byte Explanation
Display y P
BST SCH 1 Shift block.
SCH TAE Execute shift operation.
ADR BAU Structure address list.
STO ANZ 3 PLC in STOP
STO zZUS Internal control bit for STOP/RUN change
BAT PUF Battery backup available
NEU STA PLC not yet in cycle after Power ON
- See bytes 9 and 10 for cause.
AF* 4 Interrupt enable/enabling of time-controlled OB13 and interrupt-
driven OB3
KOPFENI 5 Program contains errors.
Block header cannot be interpreted.
KEIN AS** 6 Not enough S5 statement memory available
URLAD Overall reset, program defective
SYNFEH Program contains errors.
ANZ 1/ANZ O 12 Condition code bits for arithmetic, logic, and shift operations.
ov Arithmetic overflow
OR ID bit of OR memory
STATUS Status ID of operand of last binary statement executed
VKE Result of logic operation (RLO)
ERAB ID bit of first scan
FKT 13 0: O( OR parenthesis open
1: A( AND parenthesis open

*  relevant for CPU 103 only
**  for CPU 102: 0 = normal mode

5-6

1 = test mode
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Table 5-6. Mnemonics Used for the Interrupt Display

Diagnostics and Troubleshooting

Mnemonics Used Exolanation
for the Interrupt Display P
ANZ1/ANZO Condition codes for various operations (see section A.1.4)
ASPFA Illegal memory submodule
BAU Battery failure
ERAB First scan
FKT 0:0( 1:A(
KE1...KE6 Nesting stack entry 1 to 6 entered for A( and O(
KEINAS Insufficient S5 statement memory available
NAU Power failure
NINEU Cold restart not possible
NNN Statement cannot be interpreted in the PLC
OR OR memory (set by command “0”)
OVFL Arithmetic overflow (+ or -)
PEU 1/0Os not ready:
«  First bus unit not connected
e Expansion module not connected
¢ 1/O bus malfunction
«  Maximum shift register length exceeded
e Unknown module
¢ Module in the wrong slot
STATUS STATUS of the operand of the last binary statement executed
STOPS Operating mode switch on STOP
STS Operation interrupted by a programmer STOP request or
programmed STOP statements
STUE Block stack overflow: The maximum block call nesting depth of 16
has been exceeded.
SUF Substitution error
SYSFEH* Error in DB1
TRAF Transfer error for data block statements:
¢ When accessing a data word even though no corresponding data
block was opened or
* When the data word number is larger than the data block length
UAW Interrupt display word
VKE Result of logic operation (RLO)
ZYK Scan time exceeded: the set maximum permissible program scan
time has been exceeded

* Relevant only for CPU 103 version 8MAO03 and higher
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5.3 Program Errors

5.3.1 Locating the Error Address

The SAZ (STEP address counter) in the ISTACK (bytes 25 and 26) contains the absolute address
of the STEP 5 statement in the programmable controller before which the CPU went into the STOP
mode.

Use the “DIR PC” programmer function to determine the associated block start address.

Example : You have entered a control program consisting of OB1, PBO and PB7. An illegal
statement has been programmed in PB7.

PB7

PBO

OB1

JU PBO / W lllegal
JU PB7 statement

BE \
BE
BE

Figure 5-1. Structured Program with an lllegal Statement

When it reaches the illegal statement, the CPU interrupts program scanning and enters the STOP
mode with the “NNN” message. The STEP address counter is at the absolute address of the next
(but not yet scanned) statement in the program memory.
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Absolute addresses in
the CPU'’s internal RAM

EEOA
00 JU PBO S
EEOC
02 BE EEOD

It is not possible to localize an error in

00 EE18 the program on the basis of the physical
EE19 ¢
address of the illegal statement.
. . . The “DIR PC” function gives the
— absolute start addresses of all
[ JU PB7 EE2F programmed blocks.
£E30 The error can then be localized by com-
i+2 BE paring these two addresses.

EE3C
00 EE3D
02 EE3E STEP address counter
EE3F
W % Byte Contents
25 EE
EE42 [ : >
26 42
XX BE
F5FF

EWA 4NEB 812 6120-02b
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5-9



Diagnostics and Troubleshooting

Calculating the Address (necessary only when using the PG 605U)

S5-100U

In order to be able to make program corrections, it is necessary to have the address of the
statement that led to the fault referenced to the particular block (relative address).

The faulty block is found by comparing the SAZ (STEP address counter) contents and the
“DIR PC” display.
The relative error address gives the difference between the SAZ value and the block start address.

Figure 5-3 gives you an example of how to calculate the relative error address.

25

26

EE

42

The absolute address EE42 is
greater than the start address for
PB7. The faulty statement is
therefore in PB7.

Calculating the relative address:

EE42 - EE3C = 0006

Block Start Address
PBO EE18
PB7 EE3C
OB1 EEOA

“0006” is the relative address of the statement in PB7 following the statement that

caused the CPU to go into the STOP mode.

Figure 5-3. Calculating the Error Address

Output of an Error Statement

Use the “SEARCH” programmer function to find certain program locations and to look for the
relative error address. Refer to your programmer manual for additional information about this
programmer function.

5-10

EWA 4NEB 812 6120-02b



S5-100U Diagnostics and Troubleshooting

5.3.2 Tracing the Program with the “BSTACK” Function
Program trace with “BSTACK” is not possible on the 605U programmer.

During program processing, the following information about jump operations is entered in the block
stack (BSTACK):

e The data block that was valid before program processing exited a block.

e The relative return address
- It specifies the address where program processing will continue after the return from the
called up block.

e The absolute return
- It specifies the memory address in the program memory where program processing will
continue after the return.

You can call up this information with the “BSTACK” programmer function in the STOP operating
mode if a fault caused the CPU to go into the STOP operating mode. “BSTACK” then 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 DB access, e.g., DB5 is two words long and DB3
is ten words long).

“BSTACK?” lets you determine the path used to reach FB2 and lets you know which DB was open
at the time of call up. “BSTACK” contains the three (marked) return addresses.

7
PB1 i
00 Interrupt with the
“TRAF” error
message
XX BE
02
08 JC FB2
04 JU PB2
10
06
[ 3
08 JC PB3 \ xX BE \ FB2
xx BE \
10 \ 00
\
) \
\
PB3 \
\ 2A LDW4
xx BE 00 CDB3 % f
\ |
\ I
\ I
\ |
16 JU FB2 \ !
18 BE ‘  xX BE _JI

Figure 5-4. Tracing the Program with “BSTACK”
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5.4 1/0O Faults
Fault
h 4
Module with fault R0
indication N no Check supply
Power supply ok?
(red LED) y| Fower supply ¥ leads.
yeSJ' yeSy
no Module addressable via Check modul
i i - Check module
Red LED lights. »| the process input image yes
© 'gnts (P1l) and the process out- ¥ (exchange).
putimage (PIQ) (STA- - Check program.
yes TUS VAR, FORCE VAR)
~ no Check no l
Modlfle pl)gwer »| supply no
Supply ok leads. Bus connection ok? » Replace bus unit.
yes J'
L4 ..
o yes | Eliminate es
Short circuit at ! y
p| short .
the outputs? v circuit Replace module with
' simulator module. YeS | Replaced module
no Is a check with STATUS "| is defective.
VAR or FORCE VAR
. no Defective possible?
Defective fuse » module
21

yesl

Replace fuse.

Check connections of
other bus units and
interface modules.

Figure 5-5. Analyzing the Cause of a Fault in the 1/0s

5.5 System Parameters

The “SYSPAR” programmer function makes it possible to read out the system parameters (e.qg.,
CPU software version) of the programmable controller (see programmer manual).

5-12
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S5-100U Diagnostics and Troubleshooting

5.6 The Last Resort
The programmable controller will not go back to the RUN operating mode:

Possible cause: The battery was installed or changed when the programmable controller
was turned off.

Remedy: Perform an overall reset and load the program again.

How to perform an overall reset without a programmer
1. Setthe operating mode switch to STOP.

2. Remove the battery.

3. Set the ON/OFF switch to “0”.

4. Set the ON/OFF switch to “1”.
5

Install a battery.

Contact your local Siemens representative if the above measures are ineffective.
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S5-100U Addressing

6  Addressing

The inputs and the outputs have different assigned addresses so that you can access them
specifically. The I/O addresses are the same as the module slot addresses.

When you mount a module in a slot on a bus unit, the module is assigned a slot number and
consequently a fixed byte address in one or both process image 1/O tables.

Connect the sensors and actuators to the terminal block. The terminal selected determines the
channel number.

Process image /0

tables in the CPU
1/0 module Control

: program
Address in the pro-
cess image input
Slot number table (PII) Address
+ - - ina
Channel number | Address in the pro- statement
cess image output
table (PIQ)

Data direction: module - CPU

Figure 6-1. Address Assignment

6.1 Slot Numbering
The programmable controller can have a maximum of four tiers. You can use up to 16 bus units

(32 slots). The slots are numbered consecutively. Numbering begins with “0” at the slot beside
the CPU. Whether a module is plugged in or not has no effect on the numbering.

Slot numbers

] CPu|o|l1|2]3}-—co__] 30 31—

Figure 6-2. Consecutive Numbering of Slots in a Single-Tier Configuration
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Addressing S5-100U

If the programmable controller consists of more than one tier, numbering of the expansion tiers is
continued at the slot on the extreme left.

Slot numbers

C—|26|27|28|2930|31

O cpulO|21|2]3|4]5]|6]7

LB

Figure 6-3. Slot Numbering in a Multi-Tier Configuration

When expanding your system, always add the new bus units to the topmost tier on the right. Other-
wise, the slot numbers on the right of the new bus units will be changed, requiring address changes
in your control program.

Note

After every expansion, check to make certain that the addressing used in the control
program is the same as that in the actual configuration.
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Example: Expanding from 14 to 18 slots

Existing configuration

\\ New bus units

—cpul0|1|2]3]4|5]|6

Correct expansion procedure

N
[_18]|9]|10|11|12|13)14|15]16|17 I:[

' The new bus units are added at
the right. The interface module
is moved correspondingly to the
right. The old slot numbers are

retained. Continue numbering
cpulO|1]|2(3[4]|5]|6|7 the new slots sequentially.

Incorrect expansion procedure

S v
— 0|11 12| 1314 15 16;"2

00}
=
o

\\8 9 |10 11/}2’13 !
N /

units move to numbers 12 to 17.
The new slots are given the num-
v N ‘ bers 8 to 11.

CCPU0(23455‘< 1

> The slot numbers of the old bus

Figure 6-4. Expanding from 14 to 18 Slots
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6.2 Digital Modules

Digital modules can be plugged into all slots (0 through 31).
Only two information states (“0” or “1”, OFF or ON) per channel can be transferred from or to a
digital module. The memory requirement is one bit.

Each channel of a digital module is displayed by a bit. This is the reason that every bit must be
assigned its own number. Use the following form for a digital address:

X .y
L Bit number (channel number)

Byte number (slot number)

Figure 6-5. Configuration of a Digital Address

The “X.Y” address consists of the following two components:

* Byte Address X (Slot Number X)
- The byte address is the same as the number of the slot the module is plugged into.

e Channel Number Y (Bit Address Y)

- The channel number comes from the connection of the actuators or sensors to the terminals
of the terminal block. The assignment for the channel number and the terminal number is
printed on the frontplate of the module.

Example: Address Assignment

You are connecting a 2-wire BERO proximity limit switch to an 8 x 24-V DC digital input module
(6ES5 421-8MA11) at terminal 3. The other wire is routed to an L+ (positive supply voltage) termi-
nal block (see section 3.2 for wiring). The module is plugged into slot 3.

This defines the address used by the control program to evaluate the signal states of the BERO.

* The byte address is 3 since the module is plugged into slot 3.

* As shown on the frontplate, channel number 1 is used.

e The complete address for the BERO switch is 3.1.

Note

You can address 4-channel digital modules only with channel numbers 0 through 3. The
channel numbers 4 through 7 printed on the frontplate are relevant only for the ET 100U
system.
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6.3 Analog Modules

You can plug analog modules only into slots O through 7. Transfer of 65,536 different items of
information is possible per channel from or to an analog module. The memory requirement is
16 bits=2 bytes=1 word. The modules are addressed byte-by-byte or word-by-word with load or
transfer operations.

The programmable controller takes this increased address requirement into account when an analog
module is plugged in.

« Eight bytes (=four words) are reserved per slot.

« Two hytes (=1 word) are reserved per channel.

* The slot addressing area is changed.

» The permissible address space extends from byte 64 (slot 0, channel 0) to byte 127 (slot 7,
channel 3).

Slot number O 1 2 3 4 5 6 7 Channel number

64+65 | 72... | 80... |88.. [96.. |104..]112...[120.. 0

ceUO Pk 7y (o e :
66+67 1

I: 68+69 2
—I 70+71 | ..79| ..87| ..95| ..103] ..111] ..119{ ...127 3

Figure 6-6. Address Assignment for Analog Modules

Examples: 1) Bytes 88+89=analog module in slot 3, channel number 0

2) Channel 1 address of an analog module in slot 5?
Solution:  bytes 106+107

Note

Any combination of analog and digital modules is possible in slots 0 through 7.
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6.4 Combined Input Modules and Output Modules

With these modules it is possible to write data from the control program to the module and to read
in data from the module to the control program.

The byte addresses in the process image input table (PIl) and process image output table (PIQ) are
identical. The meaning of the transferred data is usually different.
6.4.1 Output Modules with Error Diagnostics

In addition to the fault LED (red LED), the following output modules can signal errors to the CPU.

4x24VDC/05A (6ES5 440-8MA12)
4x24VDC/20A (6ESS5 440-8MA22)
4x24t060VDC/05A (6ES5 450-8MB11)

You can read the error messages on input channels | X.0 and | X.1 (not with CPU 100, version
8MAO01).

The following error messages are possible.

Table 6-1. Error Messages for Output Modules with Error Diagnostics

Address Type of Error
| X.0 Short circuit on an output channel / fuse blown
or

no-load voltage

I X.1 Defective module (output transistor shorted)

X is the byte address (slot number) of the output module

Signal state “1” indicates an error is present. The PIl is set to “0” for output modules without error
diagnostics.
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S5-100U Addressing

6.4.2 Digital Input/Output Module, 16 Inputs, 16 Outputs, 24 V DC
for All CPUs Version 8MA02 and Higher and
for CPU 102, Version 8MAOQ1, Revision 5 and Higher

Plug the module only into slots 0 through 7.

This module occupies the same address space as an analog module. However, only the first two of
the eight reserved bytes are used.

The address consists of byte address n or n+1 and channel number Y. “n” is the start address of

a slot, the first of the reserved bytes (e.g., byte 64 for slot 0). “n+1” is therefore the second of the
reserved bytes. The designations “n” and “n+1” are printed on the frontplate of the module.

The input and output information occupies the same addresses.

The channel number is defined by the connection of the actuators and sensors to the crimp

connector. The channel numbers are printed on the frontplate.

Table 6-2. Address Assignment

Slot Number 0 1 2 3 4 5 6 7
Address | Channel | 64.0to 72.0to 80.0 to 88.0to 96.0t0 | 104.0to | 112.0to | 120.0to
PILIN) | noton7 64.7 727 80.7 88.7 96.7 104.7 112.7 120.7

and

PIQ Channel | g5 g1tg 730t0 | 81.0to | 89.0t0 | 97.0t0 | 105.0t0 | 113.0t0 | 121.0to
(oum) | MY 65.7 737 81.7 89.7 97.7 1057 | 1137 | 1217

Examples: Determining the Address

1) You plugged the module into slot 4 and connected an actuator at byte n,
channel 4. The address is 96.4.

2) Address 113.3 indicates a sensor or an actuator is connected at byte n+1,
channel 3. The module is plugged into slot 6.

6.4.3 Function Modules
Function modules have module-specific addressing. Some function modules are addressed like

digital modules, and other function modules are addressed like analog modules. The addressing for
each function module is explained in chapter 15.
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6.5 The Structure of Process Image Input and Output Tables

Information about inputs is stored in the process image input table (PIl). Information about outputs
is stored in the process image output table (PIQ).

The PIl and the PIQ each have an area of 128 bytes in the RAM memory.
The PIl and the PIQ have identical structures. The PIl and the PIQ can be divided into three address

areas as shown in Table 6-3.

Table 6-3. Structure of the PIl and the PIQ

Byte Ad%rﬁjsbigthe Pl Module Slot Number
Oto 31 Digital modules 0to 31
3210 63 Unassigned address space
64 to 127 Analog modules Oto7

* The address space for bytes 0 through 31 is reserved for information from or to modules that
are addressed like digital modules.

¢ The unassigned address space in bytes 32 to 63 can be used to store intermediate results.

» The address space in bytes 64 to 127 is reserved for information from or to modules that are
addressed like analog modules.
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Addressing

Figure 6-7 shows a possible programmable controller configuration and storage of information in the

process I/O images.

Slot 0 1 2 3 4 27 28 29 30 31
CPU
DI | DQ DQ
Bit A Bit
76543210 76543210
0 0
1 1
2 2
[ T11] 3 3
4 4 [JITTT]]
—oo7 I 1T 1]]
74 31 3 Wiiiiiiiiiiicidd
Unassigned :: Unassigned ::
address area i: address area :i:
Unused areas
64 64
65 65
66
67 ¥
If-'72
________________________ _:
t--79
Byte Byte
2 Pl PIQ 127

Figure 6-7. Assignment of Process Images to the 1/0O Modules

EWA 4NEB 812 6120-02b
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6.5.1 Accessing the Process Image Input Table (PII)

During a data cycle, data is read into the process image input table (PIl) from input modules (see
section 2.2.2 - Data Cycle). This data is available to the control program for evaluation in the next
program processing cycle.

Access to the Pll is expressed by the operand identifiers “I”, “IB”, or “IW” in a statement in the
control program.

The letter “L” identifies the “Load” operation (see chapter 8). The letter “A” identifies the “AND
logic” operation (see chapter 8).

Pl

«  Bit-by-bit reading “I <bit address>"
Example: Reading in the signal state of
channel 2 of a 4-channel digital input module
in slot 2

Bit number

76543210

[ TTTTEI [ Byte 2
Al22 < !

* Byte-by-byte reading “IB <byte address>"
Example: Reading in the signal states of all
channels of an 8-channel digital input module

in slot 12
LIB12 h Byte 12
15 0
ACCU1 [ AT TTTTTT]
High byte Low byte
e Word-by-word reading “IW <word address>"
Example: Reading in the analog value of
channel 3 of a 4-channel analog input module in
slot 4
L IW 102
Byte 102
15 ¢ v 0 e Byte 103
Acculr [ITTTTTIIITTTITTIT]
High byte Low byte

7777777 Always setto “0”

Figure 6-8. Accesses to the PII
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6.5.2 Accessing the Process Image Output Table (PIQ)

During a program cycle, data coming from the control program to the output modules is written into
the process image output table (PIQ). The data is transferred to the output modules in the following
data cycle.

Access to the PIQ is expressed by the operand identifiers “Q”, “QB”, or “QW” in a statement in
the control program.

The letter “T” identifies the “Transfer” operation (see Chapter 8). The “=" character assigns the
result of a logic operation (RLO) to the operand that follows the character (see chapter 8).

PIQ
«  Bit-by-bit writing Bit number
“Q <bit address>" 7 &P 4 32 10
Example: Writing the signal state to
channel 6 of an 8-channel digital output
module in slot 4

= Q4.6 > BT [ [[[T] Bytes
e Byte-by-byte writing

“QB <byte address>"
Example: Writing the signal states to all
channels of an 8-channel digital output
module in slot 29

TQB 29 /—’ T Byte 29

15 0

ACCU1l I ALTTTTTITT]
High byte Low byte

e Word-by-word writing
“QW <word address>"
Example: Writing an analog value to
channel 2 of a 4-channel analog output
module in slot 6

T QW 116 o
» B Byte 16
| T, > [ Y
15
Accul LLITTITTTICTTITTITIT]
High byte Low byte

Figure 6-9. Accesses to the PIQ
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6.6 Interrupt Process Images and Time-Controlled Program Processing
in OB13 for CPU 103, Version 8MA02 and Higher

In the event of a time-controlled or process interrupt, the CPU does not access the /O modules
directly. The CPU stores its information in interrupt process images.

* The interrupt process images are used only for time-controlled or interrupt-driven program
processing.

* The interrupt process images and the “normal” process images have identical structures.

« The interrupt process input image (interrupt PIl) and interrupt process output image (interrupt
PIQ) take up an area of 128 bytes each in the RAM.

The interrupt PIl and interrupt PIQ can be divided into three address areas as shown in Table 6-4.

Table 6-4. Structure of the Interrupt PIl and the Interrupt PIQ

Byte address in interrupt Module Slot number
Pll and interrupt PIQ
0to 31 Digital modules Oto 31
3210 63 Unassigned address space
64 to 127 Analog modules Oto7

Note

The interrupt process images can be accessed by byte or word operations only.

6.6.1 Accessing the Interrupt PII

« The interrupt PIl can only be accessed in connection with time-controlled or interrupt-driven
program processing.

- Data from inputs is read into the interrupt PII only at the beginning of time-controlled program
processing. This data is available only to the time-controlled program for evaluation.
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Addressing

Time-Controlled Program Processing

Access to the interrupt Pl is expressed by the “PB” or “PW” operand identifiers in a statement in
the time-controlled program.
The letter “L” represents the “Load” operation (see chapter 8).

Byte-by-byte reading “PB <byte address>"
Example: Reading in the signal states of all
channels of an 8-channel digital input module

in slot 21
L PY 21 Iyi
15 0
ACCU1 ¢ AL TTTTTT]
High byte Low byte

Word-by-word reading “PW <word address>"
Example: Reading in the analog value of
channel 2 of a 4-channel analog input module
in slot 1

L PW 76 w

15 * v 0 )
Accul [ITTITTIITTTITTIT]

High byte Low byte

Interrupt Pl

ERER R R R

Byte 21

Byte 76
Byte 77

Figure 6-10. Accesses to the Interrupt PII

Interrupt-Driven Program Processing

When a process interrupt occurs, only the data of the interrupt inputs, slots 0 and 1, is read into

the interrupt PII.

Only this data of the interrupt Pll is available to the interrrupt-driven program for evaluation.

In a statement in the interrrupt-driven program, access to the interrupt PIl is possible only with

the following operands: PBO, PB1, and PWO.

If other parameters are specified, the CPU goes into the STOP mode and the “NNN” error
message is specified in the ISTACK. See section 5.2.

EWA 4NEB 812 6120-02b
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6.6.2 Accessing the Interrupt PIQ

When accessing the interrupt PIQ, the following rules apply.

» Data can be written to the interrupt PIQ only within time-controlled or interrupt-driven program

processing.

« Data from a time-controlled or interrupt-driven program to external outputs is written during time-
controlled or interrupt-driven program processing both to the “normal” PIQ and the interrupt

PIQ.

« Data from the interrupt PIQ is read out to the outputs in the next interrupt output data cycle.

* The PIQ is copied to the interrupt PIQ after the OB1 program cycle.

Note

to.

The interrupt output data cycle is executed only after the interrupt PIQ has been written

Access to the interrupt PIQ is expressed by the “PB” or “PW” operand identifiers in a statement in

the time-controlled or interrrupt-driven program.

The letter “T” identifies the “Transfer” operation (see chapter 8).

*  Byte-by-byte writing
“PB <byte address>"
Example: Writing signal states to all
channels of an 8-channel digital output
module in slot 13

TPY 13 /—>

15 0
ACCU1l ¢ AL TTTTTT]
High byte Low byte

¢ Word-by-word writing
“PW <word address>"
Example: Writing an analog value to channel 3
of a 4-channel analog output module in slot 5

T PW 110
| |
15 0
Accul LLTTTTTTIMTTTTITTT]
High byte Low byte

Interrupt P1Q

Byte 13

Byte 110
Byte 111

Figure 6-11. Accesses to the Interrupt PIQ

6-14
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6.7

Addres.

RAM Address Assignments

sing

The following table gives an overview of the major addresses in the RAM of the three CPUs (in
hexadecimal code).

Table 6-5.

Important Addresses in the RAM

CPU

100

102*

103

Program memory

EEOQO to FFFF

D000 to DFFF

8000 to CFFF

Memory submodule

C000 to DFFF

4000 to SFFF

0000 to 7FFF

Pll, digital

E400 to E41F

EFO00 to EF1F

EFO00 to EF1F

PIl, analog

E440 to E47F

EF40 to EF7F

EF40 to EF7F

PIQ, digital

E480 to E49F

EF80 to EF9F

EF80 to EF9F

PIQ, analog

E4CO to E4FF

EFCO to EFFF

EFCO to EFFF

Timers

E280 to E29F

ECO00 to EC39

ECO00 to ECFF

Retentive counters

E2A0 to E2AF

EDOO to EDOF

EDOO to EDOF

Non-retentive counters

E2BO0 to E2BF

ED10 to ED3F

ED10 to ED3F

Retentive flags

E300 to E33F

EEOO to EE3F

EEOO to EE3F

Non-retentive flags

E340 to E37F

EE40 to EE7F

EE40 to EE7F

Module address

OB

EO080 to EOFF

FC80 to FCFF

DCO0O0 to DDFF

FB

E100 to E17F

FDOO to FEFF

DEOQO to DFFF

PB

E180 to E1FF

FFOO to FF7F

EO00 to E1FF

SB

E200 to E3FF

DB

E200 to E27F

FF80 to FFFF

E400 to E5FF

System data

EAOO to EBFF

EAOO to EBFF

EAOQO to EBFF

Program memory; block address list only in TEST mode.

EWA 4NEB 812 6120-02b
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S5-100U

The following table gives an overview of the most important system data in the system data area.

Table 6-6. System Data Area Assignment

System data Contents _Chapter/
word Section Reference
5t07 ISTACK (Interrupt STACK) 5.2
8to 12 Integral real-time clock 12

33 First free program memory address
35 Program memory starting address
37 Program memory end address
40 to 45 CPU version, software release
57 to 63 SINEC L1 13
96 Scan monitoring time (value - 10 ms)
97 Calling interval for OB 13 for time-controlled program 7.4.4
processing (value - 10 ms)
128 to 159 BSTACK (Block STACK) 5.3.2
203to 214 ISTACK (Interrupt STACK) 5.2

6-16

EWA 4NEB 812 6120-02b




7 Introduction to STEP 5

7.1 Writing a Program . . ... . e
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7.1.3 Circuit 