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S55-90U/S5-95U How to Use This System Manual

How to Use This System Manual

The S5-90U and S5-95U are programmable controllers for lower and medium performance ranges.
They meet all the requirements for a modern programmable controller. To use these controllers
optimally, you need detailed information.

In this system manual we have attempted to present this information as completely and as well
organized as possible.

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

« 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.

* 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, and 14)
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.

¢ Module Spectrum (Chapters 15 and 16)
These chapters contain information about all the currently available S5-100U modules that you
can use to expand your controller. Chapter 16, Function Modules, includes the modules that
require an extensive description (i.e., more than just technical specifications).

e Overviews (Appendices)
In these chapters you will find not only a complete list of operations but also the technical
specifications of the PLCs, RAM address assignments, system data assignments, dimension
drawings, a description of errors that may occur during operation of the programmable controller,
maintenance and repair procedures, guidelines for handling electrostatic sensitive devices, 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 6115-02b Xv



How to Use This System Manual S55-90U/S5-95U

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., OP for operator panel).

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 (» as in this particular listing) or with hyphens (-).

Procedures are marked with black triangles ( ) and must be performed in the sequence
presented.

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.

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 EWA 4NEB 812 6115-02b
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Scope of the S5-90U/S5-95U System Manual

The S5-90U/S5-95U System Manual is valid for the following programmable controllers:

» S5-90U
» S5-95U
» S5-95U
» S5-95U
» S5-95U

from Order No.
from Order No.
from Order No.
from Order No.
from Order No.

6ES5 090-8MAO1, Edition 02
6ES5 095-8MA04, Edition 01
6ES5 095-8MBO03, Edition 01
6ES5 095-8MCO02, Edition 01
6ES5 095-8MD02, Edition 01

How to Use This System Manual

The Manuals listed below are required for starting up the S5-90U and the various versions of the

S5-95U programmable controller.

S5-90U
Order No. 6ES5 090-8MAO1

e S5-90U/S5-95U System Manual,
Order No. 6ES5 998-8MA22

S5-95U (basic unit) |,
Order No. 6ES5 095-8MA04

*  S5-90U/S5-95U System Manual,
Order No. 6ES5 998-8MA22

S5-95U, SINEC L2 Interface,
Order No. 6ES5 095-8MB03

e S5-90U/S5-95U System Manual,
Order No. 6ES6 998-8MA22

e SINEC L2 Interface of the S5-95U Manual,
Order No. 6ES5 998-8MB22

S5-95U, Second Serial Interface,
Order No. 6ES5 095-8MC02

»  S5-90U/S5-95U System Manual,
Order No. 6ES5 998-8MA22

e Second Serial Interface of the S5-95U Manual
Order No. 6ES5 998-8MC21

S5-95U, SINEC L2-DP Interface,
Order No. 6ES5 095-8MD02

e S5-90U/S5-95U System Manual,
Order No. 6ES5 998-8MA22

* SINEC L2-DP Interface of the S5-95U Manual,
Order No. 6ES5 998-8MD21

Training

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

EWA 4NEB 812 6115-02b
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How to Use This System Manual S55-90U/S5-95U

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.

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

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

Danger Notices

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

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

Danger 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.
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S5-90U/S55-95U System Description

1  System Description

The SIMATIC S5 system family includes programmable controllers of all performance levels, i.e.
from the simplest and smallest to high-end PLCs.

The following SIMATIC programmable controllers (PLCs) are suited especially for automation tasks
where only little space is available for the controller:

- S5-90U,

» S$5-95U and

- S5-100U

Figure 1-1. $5-90U, S5-95U and S5-100U Programmable Controllers

$5-90U Programmable Controller

The S5-90U is the most economical option for solving simple automation tasks requiring only ten
inputs and six outputs.

It is mainly used for automation tasks which could previously only be solved by means of contactors
and relays for reasons of space and cost. Even circuits with only four contactors can now be
implemented more economically with the S5-90U.

Salient features of the S5-90U:

« Modular expansion capability

+ Networking capability (via SINEC L1)

« Battery for data maintenance
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System Description S55-90U/S5-95U

S5-95U Programmable Controller

The S5-95U is a fast and compact PLC designed for complex applications with digital and analog
inputs and outputs where space is a crucial factor.

It is suitable for small control tasks with high demands regarding response times and supplementary
functions.

Salient features of the S5-95U:

* Onboard analog inputs/outputs with extremely short conversion times

* PID controller

» Networking capability as active or passive station in the SINEC L2 LAN

1/0 Modules

The S5-90U and S5-95U programmable controllers can be expanded with 1/0O modules of the
S5-100U range. Up to 32 modules can be connected directly to the S5-95U. For the S5-90U,
however, the IM 90 interface module is required for connecting up to six modules.

These modules offer a variety of functions that supplement the onboard 1/0Os of the programmable
controllers.

The following I/O modules are available:

 Digital input and output modules

* Analog input and output modules

« Ex modules for hazardous applications

» Function modules for external timer functions, fast counters and analog limit monitoring

« Intelligent I/O modules for closed-loop control and positioning tasks and for cam mechanisms
« Intelligent programmable modules for fast preprocessing functions

» Diagnostic modules for monitoring the 1/0 bus of the S5-100U

« Simulator modules for program testing.

Bus Units

Bus units provide the S5-90U/95U with extra-discrete configuration and expansion capabilities. The
bus units incorporate the signal leads for communication between 1/0O modules and CPU. They are
simply mounted on a 35 mm standard mounting rail and interconnected using the integral flat ribbon
cable connectors.

Each bus unit has

¢ Two module slots

» Rotatable coding "locks" to avoid confusing of modules

« Aterminal block for the signal leads.

Communications Capabilities

The SINEC L1 and SINEC L2 (S5-95U only) LANs offer extensive communications functions for data
interchange with various devices and stations. The internal 20 mA (TTY) interfaces and the CP mo-
dules additionally permit point-to-point connections, for instance, to

» Printers

e Terminals

» Personal computers

« Other programmable controllers.
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S55-90U/S5-95U System Description

Dimensions

The S5-90U and S5-95U programmable controllers are distinguished by their low space requirement.
They can be used even in places too small for accommodating a conventional control consisting of
contactors and relays. They are thus the ideal solution if a controller for a small control task must
additionally be fitted in a control cabinet already containing a complete configuration.

The two PLCs can also be operated without any 1/0O modules. They constitute, of course, the most
economical solution with regard to space requirements if the onboard 1/0Os are sufficient for
implementing the control task.

The number of bus units used for external 1/0Os determines the space requirement.

Table 1-1. Dimensions

S5-90U programmable controller 145 mm 135 mm 97 mm
S5-95U programmable controller 145 mm 135 mm 146 mm

Bus unit with two 1/O modules,

with terminal block for screw-type 91.5 mm 162 mm 137.8 mm
connection
crimp snap-in 91.5 mm 135 mm 137.8 mm
connection

Mounting

The S5-90U can be mounted directly on walls or mounting plates. For this purpose, you need four
wall brackets that can be pushed into the four openings on the rear of the casing and then
mounted on the wall using screws.

The S5-95U snaps onto a 35 mm standard mounting rail  which also accommodates the bus units
for the external I/O modules. Optionally, the S5-90U can also be fitted on a 35 mm standard
mounting rail.

Power Supply

When configuring a system or plant, you have to make sure the PLC is provided with the supply
voltage required.

The S5-90U can be connected directly to the 115/230 V AC mains supply.

The S5-95U can be connected directly to a 24 V DC voltage supply. Power supply modules
providing 1 A to 10 A (at 24 V) are available for connection to 115/230 V AC.
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System Description S55-90U/S5-95U

Digital Inputs/Outputs

Due to their wide range of applications, the number of inputs and outputs required by the PLCs
varies considerably.

The two PLCs permit different configurations. You can therefore select the PLC that suits your
specific task.

Table 1-2. All Inputs and Outputs

Digital inputs/outputs 16 208 32 480
Analog inputs/outputs 0 16 9 41
Counter inputs 1 13 2 66
Interrupt inputs 1 1 4 4

The PLCs offer onboard digital inputs and outputs to which the required number of /O modules of
the S5-100U range can be added.

Analog Inputs/Outputs

The PLCs also feature analog inputs and outputs. Analog inputs and outputs are incorporated on the
S5-95U board. Both the S5-90U and S5-95U can be expanded using the relevant I/O modules of the
S5-100U spectrum.

Interrupt Inputs

In addition to the above-mentioned inputs and outputs, the S5-90U and S5-95U feature onboard
inputs for interrupt processing.

Counter Inputs

Many applications require the use of counters. The onboard counter inputs of the S5-90U and
S5-95U are adequate for a great variety of counter functions.
The following onboard counter inputs are available:

e S5-90U One up counter (16-bit) Counting frequency: 1 kHz

e S5-95U One up counter (16-bit) Counting frequency: 2 kHz,
One up counter (16-bit) Counting frequency: 5 kHz.
Both up counters can be combined in a cascade to form one 32-bit up counter.

If these inputs do not meet your requirements, e.g. with respect to the counting frequency, they can
be supplemented with counter modules of the S5-100U range.
Three different counter modules are available:

* A two-channel counter module for up to 500 Hz, two down counters;

« A fast, single-channel counter module for counting frequencies up to 500 kHz, with two
comparison values, for both counting and position decoding;

« An intelligent I/O module with two counter channels for up to 58 kHz, up or down counters.
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S55-90U/S5-95U System Description

Your PLC needs a program to carry out its control task. Depending on the task involved, these
programs can vary and place various demands on the PLCs.

User Memory

The program is loaded into the user memory when the PLC is started up. The memory capacity
represents a limiting factor for the size of the program so that, for instance, extensive programs
cannot be executed in every PLC. If data from the process is additionally stored, the memory space
available for the program is again reduced.

Execution Time

The execution time of the program determines the response time of the programmable controller to
signals from the process. Since execution times vary from program to program, the execution times
specified in Table 1-4 are referred to 1024 binary statements (1 statement corresponds to 2 bytes).

Flags/Counters/Timers

Internal flags, counters and timers are available for solving your task.
Table 1-3 gives information about the number and retentive characteristics (internal memory
contents are retained/not retained after POWER ON) of flags, counters and timers.

Table 1-3. Retentive and Non-Retentive Operands

Flags 0.0to 63.7 64.0 to 127.7 0.0to 63.7 64.0 to 255.7
Counters Oto7 81to 31 Oto7 81to 127
Timers Oto 31 Oto 127

Structured Programming

Programs can be kept manageable if a linear sequence of operations is broken down into individual
technologically related sections that are combined to form software blocks. Organization blocks can
be used in which the reaction of the system to interrupts in cyclic program execution can be
programmed.

Interrupt-Driven Program Execution

Some applications require an immediate and adequate response of the system to signals from the
process (process interrupts). Normal program execution must therefore be suspended in order to
process these interrupts. This is initiated by the operating system which calls an organization block
in which the appropriate response has been programmed.

Time-Controlled Programming

You can use time-controlled programming if you wish to interrupt cyclic program execution at fixed
intervals in order to execute another routine. When the cyclic program is interrupted, an organization
block including the routine to be processed is called.
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System Description S55-90U/S5-95U

PID Controller

Many applications require PID control functions in addition to the usual control tasks. For this
purpose, the operating system of the S5-95U has a PID controller which can be called up from the
program. The PID controller forms an integral part of the PLC's operating system and therefore
takes up no space in the user memory.

Standard Function Blocks

Besides the performance capabilities of a program, programming overheads are of great importance.
Standard function blocks including standardized program structures for recurrent, usually complex
functions can be loaded in the S5-95U. These software blocks can easily be linked into the program
and facilitate the task of programming considerably.

Table 1-4. Software Overview

User memory (1 statement="2 bytes) 4 KB 16 KB
Execution time for 1024 binary statements 2ms 2ms
Flags (512 retentive) 1024 2048
Counters (8 retentive) 32 128

Timers 32 128

Program organization:

. Structured programming Yes Yes

. Interrupt-driven program execution Yes Yes

. Time-controlled program execution No Yes

. PID controller No Yes

. Standard function blocks No Yes

In addition to process control, production processes often require supplementary functions, such as
closed-loop control or communication with 1/Os. Special function modules are available for these
tasks.

Intelligent 1/O Modules (IPs)

Intelligent 1/O modules process open-loop and closed-loop control functions and positioning tasks
mainly autonomously. They can thus offload the CPU of the PLC.

Communications Processors (CPs)

Communications processors enable point-to-point connections between the PLC and printers,
peripherals or other computers via integral serial interfaces. They also permit interfacing with the
SINEC L1 LAN.

Operator Control and Process Monitoring Equipment (TDs, OPSs)

Processes and functions in your plant can be visualized with the help of operator control and
process monitoring equipment especially tuned to SIMATIC S5 programmable controllers. Text
displays (TDs) can be used for process monitoring; operator panels (OPs) enable spontaneous
intervention in the process if necessary.

1-6 EWA 4NEB 812 6115-02b



S55-90U/S5-95U System Description

Communications
Complex applications sometimes make it necessary for the programmable controller to communicate
with other PLCs or peripherals. SIMATIC S5 PLCs offer two possibilities:

» Point-to-point connections or
* Networking via SINEC L1 and SINEC L2 LANSs.

SINEC L2 bus SINEC L1 bus

PG

i

Printers
Computers cp
o |
20mA interface
[ 7 |
Printers
Computers cp
SINEC L2 interface optional 20mA interfaces

(2nd interface optional)

Figure 1-2. Communications Capabilities

Point-to-point connections  are the ideal solution for connecting up only two devices. They are
both economical and very efficient. The integral 20 mA (TTY) interface (programmer interface) can
be used to connect a programmer (PG) or operator panel (OP).

The optional second serial interface (20 mA) of the S5-95U permits the simultaneous connection of
programmers and operator panels. Additionally, the following devices can be linked:

e Other SIMATIC PLCs (SINEC L1 protocol, S5-95U as point-to-point master)

« Siemens devices (3964(R) protocol) or

e Third-party devices (ASCII protocol).

Communications processors (CPs) offer additional communications possibilities.

If more than two devices are to be interconnected, the use of a LAN is recommendable. The low-
cost SINEC L1 LAN for applications that are not critical with regard to time can connect devices
over distances of up to 50 km via a four-wire cable. It can easily be expanded for a maximum of 31
stations.

S5-90U and S5-95U programmable controllers can be connected as slaves to this LAN via the
integral 20 mA (TTY) interface (programmer interface) or the CP 521 S| communications processor.

The S5-95U is optionally available with SINEC L2 interface. SINEC L2 is the LAN type required for
the lower and medium-range cell and field levels in industrial environments and conforms to the
PROFIBUS standard (DIN 19245).

The open LAN architecture permits the connection of non-Siemens field devices. However, it is also
possible to link S5-95U PLCs only.

The S5-95U with SINEC L2 interface can communicate both as active and passive station on the
bus.
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System Description S55-90U/S5-95U

Conventional controls using relays or contactors are hardwired. Their functions are implemented by
wiring the switching elements. If the control task changes, time-consuming modifications of the
wiring have to be made.

In a programmable controller, however, rewiring is taken over by the program. Modifications of
functions, testing and start-up are thus considerably facilitated.

STEP 5 programming language

It enables the first-time user to become quickly familiar with PLC technology. The SIMATIC PLCs
can be programmed using the STEP 5 language. STEP 5 is easy to comprehend and makes develo-
ping of programs user-friendly, flexible and economical.

Methods of representation

STEP 5 features four methods of representation:
e Statement list (STL)

« Control system flowchart (CSF)

» Ladder diagram (LAD)

* GRAPH 5, GRAPH Mini.

GRAPH Mini

LAD

Figure 1-3. STEP 5 Programming Language

The statement list uses mnemonics for statements.

The control system flowchart is ideal for those who prefer the logic representation of machine
functions and processes.

If you are accustomed to working with circuit diagrams, the use of the ladder diagram is recom-
mendable.

The following packages are additionally available for programming sequential controls:

e GRAPH Mini and
e GRAPH 5 (limited use only; for S5-95U only)
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S55-90U/S5-95U System Description

STEP 5 Versions

STEP 5 is available in two different versions to come up to the various demands placed on the soft-
ware;

STEP 5 for mini PLCs is designed especially for programming the S5-90U, S5-95U and S5-100U
programmable controllers.
The software is supplied with the PG 710 programmer and also executes on AT-compatible PCs.

STEP 5 as basic package is the most powerful STEP 5 version. It can be used for all SIMATIC
PLCs - from mini PLCs to high-end PLCs.

Programmers

For programming, modifications, testing and start-up, the SIMATIC range offers a wide selection of
programmers with graded performance which can be used for any of the PLCs:

PG 605, the hand-held unit for programming and servicing;
(for S5-90U: 6ES5 605-0UA12)

PG 710, light and handy like a laptop; the PG 710 | variant is specially matched to mini PLCs.
PG 730, the mobile power pack; full programming performance always at hand.
PG 750, rugged, compact and expandable; ideal for use in the workshop and in the plant.

PG 770, the desktop programmer for configuring and programming, process monitoring and dia-
gnostics.
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S55-90U/S5-95U Technical Description

2  Technical Description
This chapter describes the design and principle of operation for the PLCs.
2.1 Programmable Controller Design - without External 1/Os

The following sections discuss programmable controllers but do not discuss external modules. Both
controllers have a limited number of inputs and outputs available on board.

2.1.1 Design of the S5-90U
S5-90U: LEDs, Controls and Interfaces

®Q

PR —

@ N 230 115 Ay Beer 2 3 4 5 6 7380 1]yt
V.oV [ Loeevec

Power AC 100mA | | | | | |

outruTO O O O O OO OO0O0

SIEMENS T RUN

O g 2
Ole

O

©

Battery

10

®

0
2
8

®

STOP
6ES5 090-  —
8MAOL — \ —1 @
—T51__ O O O 0 O O
OUTPUT
T T T 11T 171 11 ]ourr
32.0 32.1 32.2 323 32.4 325

02 292 292 2% 929 %29
Sensor supply voltage 24 V DC/0.1 A

Terminals for connecting the power supply

Terminals for connecting the digital inputs (1 32.0 to | 32.7)
Receptacle for E(E)PROM submodule

RUN/STOP LEDs: Green LED "RUN", red LED "STOP".
Terminals for connecting the digital outputs (Q 32.0 to Q 32.5)
Terminal for connecting the interrupt input (I 33.0)

Terminal for connecting the counter input (1 33.1, IW 36)
Battery compartment

Interface for a programmer, a PC, an OP, or the SINEC L1 bus
Interface for an IM 90 interface module for expansion with
S5-100U modules

RUN/STOP switch

® GLEODOEREE @

Figure 2-1. S5-90U LEDs, Controls and Interfaces
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Technical Description

S55-90U/55-95U

S5-90U: Pin Assignments of the Programmer Interface

The programmer interface is non-floating. The signal lines are connected to a 15-pin sub D socket.

M (reference potential)
+5.2 V (supply for external loads)
20 mA (TTY current source)

15@®

14 @

13@

M (reference potential)
20 mA (TTY current source)

M (reference potential)

TTY N+ (TTY incoming line +)

12@
11@
10@

20

@3
@7
@6
@5
o4
@3
[ P
[ X

M (reference potential)

TTY out- (TTY outgoing line -)
TTY out+ (TTY outgoing line +)
M (reference potential)
Unassigned

+5.2 V (supply for external loads)
TTY |n- (TTY incoming line -)

Unassigned

Figure 2-2. Pin Assignments of the Programmer Interface of the S5-90U
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S55-90U/S5-95U Technical Description

2.1.2 Design of the S5-95U

S5-95U: LEDs, Controls and Interfaces
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Battery compartment
Front panel connector  for digital inputs (1 32.0 to | 33.7) and
for digital outputs (Q 32.0 to Q 33.7)

Battery low LED
ON/OFF switch
LED display for digital inputs and outputs
Terminals for connecting the power supply
SINEC L2 bus fault LED for S5-95U, Order Nos. 6ES5 095-8MB... ;
SINEC L2-DP bus fault LED for S5-95U, Order Nos. 6ES5 095-8MD...
Cable connector for S5-100U modules
RUN/STOP LEDs: Green LED "RUN", red LED "STOP".
Interface for analog inputs (IW 40 to IW 54) and

for analog output (QW 40)
SINEC L2 interface for S5-95U, Order Nos. 6ES5 095-8MB...;
2nd serial interface for S5-95U, Order Nos. 6ES5 095-8MC...;
SINEC L2-DP interface for S5-95U, Order Nos. 6ES5 095-8MD...
RUN/STOP/COPY switch
Receptacle for E(E)PROM submodule
Interface for a programmer, PC, OP or SINEC L1 bus
Interface for interrupt inputs (1 34.0 to 34.3) and

for counter inputs (IW 36, IW 38)

GO © OO OB ©O

Figure 2-3. S5-95U LEDSs, Controls and Interfaces
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Technical Description

S55-90U/55-95U

S5-95U : Pin Assignments of the Programmer Interface

The programmer interface is non-floating. The signal lines are connected to a 15-pin sub D socket.

M= (reference potential)
+5.2 V (supply for external loads)
20 mA (TTY current source)

15@®

14 @

13@

M= (reference potential)
20 mA (TTY current source)

M=+ (reference potential)

TTY N+ (TTY incoming line +)

* M 6 M internal (also available at SI12 interface)

12@
11@
10@

20

@3
@7
@6
@5
o4
@3
[ P
[ X

M= (reference potential)

TTY out- (TTY outgoing line -)
TTY out+ (TTY outgoing line +)
M=+ (reference potential)
Unassigned

+5.2 V (supply for external loads)
TTY |n- (TTY incoming line -)

M= (reference potential)

Figure 2-4. Pin Assignments of the Programmer Interface of the S5-95U
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S55-90U/S5-95U Technical Description

2.2 Internal Electrical Configuration
2.2.1 Internal Electrical Configuration of the S5-90U

The S5-90U's onboard 1/Os allow a floating configuration.

The ten onboard inputs have a common ground connection. The ground connection is attached to
the negative pole of the PLC's 24 V DC voltage source. Optocouplers separate all inputs from the
control circuit's ground.

The six onboard outputs are relay outputs. The connections for the relay contacts are separate and
do not have a mutual connection.

Power supply for Voltage source Digital inputs
the S5-90U for sensor
I | I | | |
%)
115/230 V.
AC +24V Total of 10 digital inputs
24V A e o o o o o 0o 0 o o o o 4—'6—
DC _m2av '}‘ M24v [
L e B
+Uint
Dat
GT\I; Py Py ‘ Py * Py o

@;%Q?????

Digital outputs

Figure 2-5. A Simplified Display of the Floating Onboard I/Os
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Technical Description S55-90U/S5-95U

2.2.2 Internal Electrical Configuration of the S5-95U

The digital onboard I/Os for the S5-95U are galvanically isolated from the control circuit by
optocouplers and allow a floating configuration.

The digital onboard I/Os are divided into groups (= number of inputs and outputs with separate
24 V DC connection)

»  Two groups with 8 outputs each
e One group with 16 inputs

All digital inputs and outputs are connected to a common ground, i.e. they are non-floating with
respect to each other.

The chassis ground of the analog inputs and outputs and the ground for the control circuit are
connected. The counter and interrupt inputs are also not electrically isolated from the control circuit.
All these inputs and outputs are therefore suitable for non-floating configurations only.

+Uint
Data
GND
A v A v A
N
' L1 X/ ]
B R PARRF :
f ]
= "
M
oL
i | |
U /:
1L+ 2L+
1M Analog Counter and Digital inputs 2M
inputs and outputs interrupt and outputs
inputs

Figure 2-6. A Simplified Display of the S5-95U with Non-Floating
and Floating Onboard I/Os
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S55-90U/S5-95U Technical Description

2.3 Principle of Operation of the PLCs

This section briefly describes the PLC's functional units processing your STEP 5 program.

2.3.1 Functional Units

S5-90U S5-100U
S5-95U IM 90 module(s)
r—-——== a
P ROM : :-ehqeuilrl\gdgs‘)oIrS
roces- ;
. t t
sorand |¢—»p Operating system | the S5-90U
arith- I only.
metic
unit I The S5-95U
RAM I can be
* STEP 5 program I expanded by
* Timers |c0nnecting
<4—»|. Counters I s5-100U
* Flags modules
« PI/PIQ directly.
< »| Onboard I/Os

< »| Programmer interface

Optional:
* SINEC L2 interface
» Second serial interface

\ 4

E(E)PROM submodule
| (can be plugged in)

S5-90U external I/0O bus

=——————=4> €r1->
|
|
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|
|
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S5-95U external I/O bus I
|

Figure 2-7. Functional Units of the PLCs
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Technical Description S55-90U/S5-95U

ROM

The operating system is stored in a ROM. It is thus fixed and cannot be changed.

RAM

All dynamic variables are stored in the RAM.
These are the following:

STEP 5 program and compiled program.
The STEP 5 program cannot be processed unless it is transformed by a compiler into a form
that can be interpreted by the processor and arithmetic unit.

Process image and interrupt process image

The statuses of all inputs are cyclically read into the process input image (Pll) and stored there
until the next read-in cycle starts. The STEP 5 program reads the statuses of the inputs from the
PILI.

The process output image (PIQ) is written by the STEP 5 program.

The PIQ is cyclically written to the outputs.

The interrupt process image takes over the function of the process image during time-controlled
program execution.

Timers and counters

Timers are used for time measurement in the range of 10 ms to 9990 s with a resolution of
10 ms. Counters can be used for counting up or down in the range of 0 to 999.

Provided a backup battery is available, certain counters are saved in the RAM if the power
supply breaks down or the PLC is switched off. These counters are called retentive counters.

System data
The operating system stores intermediate results and certain PLC parameters in the system
data.

Flags

Flags are used by the STEP 5 program for buffering intermediate results. Provided a backup
battery is available, certain flags are saved in the RAM if the power supply breaks down or the
PLC is switched off. These flags are called retentive flags.

If no backup battery is available, the complete RAM contents are lost in the event of a power failure
or when the PLC is switched off.

Onboard I/Os

The onboard 1/Os include the following:

S5-90U: S5-95U:

e 10 digital inputs e 16 digital inputs
(1 digital input can be used as interrupt input) « 16 digital outputs
(1 digital input can be used as counter input) e 4 interrupt inputs

* 6 digital outputs . analog inputs

8
« 1 analog output
2 counter inputs
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Note

An interference pulse lasting approximately 150 ps is generated on switching on the
supply voltage to the onboard I/O. "Normal" inputs do not accept this pulse. High-speed
inputs (e. g. counters) recognize this pulse as a singal.

Programmer Interface

Interface for a programmer or operator control and monitoring device (TD or OP). The programmer
interface can also be used for connecting the S5-90U and S5-95U as slaves to the SINEC L1 LAN.

SINEC L2 Interface or Second Serial Interface (Optional)
The S5-95U is also available with a SINEC L2 interface or a second serial interface.

The SINEC L2 interface enables the PLC to be linked with the SINEC L2 LAN either as active or
passive station. In this way, for instance, several S5-95U PLCs can be networked.

The second serial interface represents an additional TTY interface with the following characteristics:
e SINEC L1 point-to-point master and SINEC L1 slave

e 3964(R) computer link

» ASCII driver

e Programmer functions

E(E)PROM Submodule (for Plugging in)

EPROMs or EEPROMSs are non-volatile memory types for permanent storage of the control program.
After an overall reset of the PLC or a power failure without battery backup, the control program is
automatically loaded from the memory submodule into the RAM when the PLC is switched to
POWER ON.

External I/O Bus

The external 1/0O bus forms the electrical connection between the PLC and the S5-100U modules
used for expanding the PLC.

Processor and Arithmetic Unit

The processor executes the statements of the user program. The arithmetic unit consists of two
registers, accumulators 1 and 2, and the condition codes. All arithmetic operations are processed in

the accumulators. The condition codes provide information on unusual events during an arithmetic
operation, such as violations of the permissible value range.
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2.3.2 Peculiarities of the PLCs

The STEP 5 program developed by the user is not directly executed by the processor and arithmetic
unit. It must first be translated by a compiler so that it can be interpreted by the processor and

arithmetic unit.

The internal RAM therefore includes two separate areas for the STEP 5 program and the compiled

program (see Figure 2-8).

Compiler

«  Organization blocks
e Program blocks

¢ Function blocks

e Sequence blocks

\ 4

After loading or modifying the STEP 5 program, the
compiler automatically translates all

(OBs)
(PBs)
(FBs)
(SBs; S5-95U only)

RAM
RAM area RAM area
for STEP 5 program for compiled program
(S5-90U = 4 KB; (S5-90U = 16 KB;
S5-95U = 16 KB) S5-95U = 64 KB) v
etc.
DB18
SB59 etc.
FB2
PB7 SB59 (compiled)
OB1
A FB2 (compiled)

PB7 (compiled)

OB1 (compiled)

v

User can handle STEP 5 program,

e.g.

 Read STEP 5 program from PLC
in programmer, and vice versa

e Save STEP 5 program in PLC on
EEPROM or read program from
E(E)PROM into PLC

v

Processor and arithmetic unit
execute compiled program

Figure 2-8. STEP 5 Program and Compiled Program

2-10
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Only the compiled program is executed by the processor and arithmetic unit whereas the STEP 5
program remains in the RAM. It can be read back into the programmer.

In comparison with other PLCs whose processors and arithmetic units are able to process the
STEP 5 program, this procedure involves some peculiarities when using the S5-90U/95U PLCs.
These peculiarities are specially referred to in the relevant sections of this System Manual.

Note

Only the compiler, processor and arithmetic unit have access to the RAM area for the
compiled program. It cannot be accessed via the programmer or STEP 5 program.

Under extreme conditions, the RAM area for the compiled program in the S5-95U might
overflow although the STEP 5 program takes up less than 16 KB.

Result: PLC enters the STOP state (STOP LED flashes)

Remedy: Divide long blocks into smaller ones.
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S5-90U/55-95U Installation Guidelines

3 Installation Guidelines

3.1 Mounting the PLC

The PLC can either be mounted to a wall using wall brackets or snapped onto a standard mounting
rail.

Table 3-1. Mounting Options for the PLCs

Wall bracket X - - -

Mounting X X X X
rail

Use the following table when installing or removing the PLC, or when changing the configuration.

Table 3-2. Mounting, Removing and Replacing the Hardware

S5-90U, S5-95U Power OFF Not relevant OFF
I/0O modules Not relevant STOP OFF
Bus units Power OFF Not relevant Not relevant
Interface modules

Mounting with Wall Brackets

If you use the S5-90U without external I/O modules, you can mount the controller directly on walls or
mounting plates.

Mounting (see Figure 3-1)
Fix the lower wall brackets using screws of size M5.
Push the PLC into the wall brackets until it snaps into place.
Push the upper wall brackets into the appropriate openings on the controller until the brackets
shap into place.
Fix the upper wall brackets using screws of size M5.

Removing

Remove all connected supply cables and signal cables.
Carry out the four steps described for mounting in reverse order.
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Figure 3-1 shows you how to mount the S5-90U using wall brackets

2

Figure 3-1. Mounting the S5-90U on a Wall

Figure 3-2 specifies the spacings for the drill holes required for the wall brackets.

88 mm

O o)
The drill hole 0
spacings
specified permit 149 mm 149 mm
the use of M5
screws for
mounting.
9 Y 88 mm
O > O

Figure 3-2. Drilling Template for Mounting the S5-90U Using Wall Brackets
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Mounting the PLCs on Standard Mounting Rails

Installation

» Hook the PLC onto the standard mounting rail.

» Swing the PLC back until the slide on the bottom of the controller audibly snaps into place.

Figure 3-3 shows the installation of the S5-95U using a standard mounting rail.

a2

2
AT

==
X

o,
-,
.............

2

=
X
Z 7

z)
'~ 7

Figure 3-3. Mounting the Programmable Controller on a Standard Mounting Rail
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Removal:

» Remove all connected supply cables and signal cables.

» Using a screwdriver, press down on the slide on the bottom of the PLC.
» Swing the PLC up and out of the standard mounting rail.

Figure 3-4. Removing the Programmable Controller

34
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3.2 Mounting the PLCs with External I/Os

You can expand the programmable controllers by using S5-100U external I/O modules. If you install
S$5-100U external 1/O modules, mount the PLC, bus units, and interface module on a 35-mm
standard mounting rail and connect them to each other. Each bus unit has room available for two
I/O modules.

3.2.1 Mounting the S5-90U with External I/Os

To assemble a tier with the S5-90U, you need the following parts:

+ An S5-90U

« IM 90 interface module

«  Bus units (maximum of three)
« /O modules

-  Standard mounting rail

Mount the first module on the far left end and then add the other modules to the right of the first
module.

Figure 3-5 shows an installation with external I/Os for the S5-90U.

Figure 3-5. Installation with External I/Os for an §5-90U
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Mounting and Removing the Bus Units

Bus units are also mounted on a standard mounting rail. Mount the bus units in the same way you
mounted the controller or a power supply module.
There are small hooks on the sides of the bus units that interlock them.

Mounting the Bus Units

» Hook the bus unit onto the standard mounting rail.

» Press the bus unit down firmly until the slide audibly snaps into place.

» Pull the flat ribbon cable connector (top left on the bus unit) out of its holder.

» Plug the connector into the receptacle on the right side of the PLC or into the receptacle of the
adjacent bus unit on the left side (see Figure 3-6).

Removing the Bus Units

» Loosen the connections (flat ribbon cable) to the adjoining devices.
» Using a screwdriver, press down on the slide.

» Swing the bus unit up and out of the standard mounting rail.

How to Connect the $5-90U to the IM 90

Open the cover on the front of the S5-90U (plug connector will be visible).
Pull the plug with the flat ribbon cable out of the IM 80 mount.

Connect the plug to the S5-90U's plug connector (see Figure 3-6).

Close the cover.

v v v v

How to Connect the IM 90 to the Bus Unit

» Pull the plug with the flat ribbon cable out of the bus unit mount.
» Connect the plug to the plug connector on the right side of the IM 90 (see Figure 3-6).

EWA 0245

Figure 3-6. Connecting the IM 90 to the $5-90U and the Bus Unit
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Removing the S5-90U

v v vV v Vv

Disconnect the PLC from the 115 V/230 V AC power supply.

Remove all connected signal cables and supply cables.

Disconnect the PLC from the IM 90 (flat ribbon cable).

Using a screwdriver, press down on the slide on the bottom of the PLC.
Swing the PLC up and out of the standard mounting rail.

3.2.2 Mounting the S5-95U with External I/Os

To assemble a tier with the $5-95U, you need the following parts:

An S5-95U

A power supply module (such as the PS 931) - if you do not have a 24 V DC power supply
available

Bus units (maximum of 16)

I/O modules

Standard mounting rail

Mount the first module on the far left end of the standard mounting rail and then add the other
modules to the right of the first module.

Figure 3-7 shows an installation with external I/Os for the S5-95U.

5

o o0 0 0 0 0 ©C

EGBGBUOGGG!BUDDBUDBUD
oNOONSOININNOONODIIN

AAAAAAND ABAOOAAN
D 006600660608080606666

OOOOOOEOOCEOCHOCOOSS
A

Figure 3-7. Installation with External I/Os for an $5-95U
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Mounting the PS 931 Power Supply Module

Hook the power supply module onto the standard mounting rail.
Press the module down firmly until the slide snaps onto the rail.

Removal:
Turn off the 115 V/230 V AC power supply.
Loosen the connections between the PLC and the power supply module.
Using a screwdriver, press down on the slide on the bottom of the module.
Swing the module up and out of the standard mounting rail.

How to Connect Bus Units to the S5-95U

Bus units are also mounted on a standard mounting rail. Mount the bus units in the same way you
mounted the controller or a power supply module.
There are small hooks on the sides of the bus units that interlock them.

Mounting the bus units
Hook the bus unit onto the standard mounting rail.
Press the bus unit down firmly until the slide audibly snaps into place.
Pull the flat ribbon cable connector (top left on the bus unit) out of its holder.
Plug the connector into the receptacle on the right side of the controller or into the receptacle of
the adjacent bus unit on the left side (see Figure 3-8).

Removing the bus units
Loosen the connections (flat ribbon cable) to the adjoining devices.
Using a screwdriver, press down on the slide.
Swing the bus unit up and out of the standard mounting rail.
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Figure 3-8. Connecting the Bus Units

To remove the S5-95U, proceed as follows:

Turn off the 24 V DC power supply.

Remove all connected signal cables and supply cables.

Remove the /0O module that is in slot O.

Loosen the connection (flat ribbon cable) between the controller and the first bus unit.
Using a screwdriver, press down on the slide located on the bottom of the controller.
Swing the controller up and out of the standard mounting rail.

v v v vew

3.2.3 How to Plug External I/O Modules into the Bus Units

Before you mount an input or output module, you must set the coding element on the bus unit to
match the module type. The coding element keeps you from confusing module types when ex-
changing modules.

Use the following information to set the coding element:

A code number is printed on the frontplate of every /O module. The number is between two and
eight, depending on the particular module type. 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 3-9).
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Attaching the 1/0 module
» Use a screwdriver to set the "lock" on the bus unit to the corresponding /O module code
number.

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

» Hook the module onto the top of the bus unit.
» Swing the module down onto the bus unit.
» Press the module down firmly.

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

Detaching I/O modules:
» Loosen the hold-down screw and swing the module up and out of the bus unit.

aAnanAnnn

©c 00 00 o0 o0o0

Figure 3-9. Coding System to Prevent inadvertent Confusing of Modules

Note

Firmly tighten the screw connecting the module to the bus unit to preclude any
malfunction.
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3.2.4 Multi-Tier Expansion

If it is not possible to have all of the modules located on one tier, then you can expand the con-
figuration up to four tiers. You need one interface module per tier to connect the tiers one to the
other.

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

Use the IM 315 interface module for two-tier configurations. The IM 315 consists of two modules
permanently connected 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.

The standard mounting rails must have a common reference potential if they are mounted in
different cabinets.
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Figure 3-10. Interconnecting Tiers with Interface Modules (6ES5 316-8MA12)

At least one bus unit must be mounted on a tier. However, the maximum permissible number of bus
units must not be exceeded (S5-90U: maximum 3 bus units; S5-95U: maximum 16 bus units).
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Installing the 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 flat ribbon cable to connect the module to the last bus unit.
Use connecting cable 712-8 to join the two interface modules (in the case of the IM 318).
Connect the cable to the "out" socket on the PLC tier and to the "in" socket on the expansion
tier.
Securely screw the connecting cable plugs in place.

Removing the interface module
Only for IM 316: Loosen the hold-down screws of the plugs and remove the connecting cable.
Remove the connecting flat ribbon cable from the adjacent bus unit.
Use a screwdriver to press down on the slide located on the bottom of the interface module.
Swing the module up and out of the standard mounting rail.
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3.2.5 Cabinet Mounting

To help prevent noise, mount the programmable controller on a metal plate. The connections
between the mounting rails should have a low impedance. 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).

A minimum clearance of 210 mm between two mounting rails should be adhered to. Please refer to
the dimension drawings in the Appendix.

Locate the programmable controller and the power supply on the lowest tier to provide adequate
ventilation.

IM 316 interface module

Metal plate

|

I

I

!

i

A I

At least :
210 mm :
i

I

T

I

I

I

I

I

I

I

(8.3in.)

\ I
A |
At least
210 mm
(8.3in.)

Y [4:_ AG
I
I
|
|

210 mm+ a

Lo

AG

Figure 3-11. Minimum Clearances for a Multi-Tier Configuration Mounted in a
Cabinet; PLC without/with Module Configuration/Cable Duct
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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 PLC tier to hold the modules in

AG

U U CE—

Clamp

Figure 3-12. Vertically Mounting a PLC
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3.3 Wiring

3.3.1 Connection Methods

The following wiring techniques can be used for the S5-90U and S5-95U:
e Standard screw-type connection

e SIGUT screw-type connection

e Crimp shap-in connection

Examples of Standard Screw-Type Terminals:

e Screw-type terminals of the S5-90U
e Screw-type terminals of the front connector of the S5-95U.

Screw-type terminals for Front connector of the S5-95U:
power supply modules and
inputs of the S5-90U:

>®@@@ @@@@@@@@@@@@> ((Bild v. BPZ))
@ N 230 115 + - 13201 2 3 4 5 6 .7 (330 .1
\V \V 24V DC
Power AC 100mA | | | | | | | |

outruTlO O O O OO OO OO0

Screw-type terminals for the outputs of the S5-90U:

QY Yo Vo V0o Vo O

Figure 3-13. Standard Screw-Type Terminals

For standard screw-type connections, one cable per terminal can be connected. It is best to use a
3.5 mm screwdriver to tighten the screws.

Permissible cable cross-sections:

»  Stranded conductor with core end sleeve: 1 x 0.25 to 1.5 mm?
¢ Solid conductor: 1x0.25to 1.5 mm?
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Examples of SIGUT Screw-Type Terminals:

«  Screw-type terminals for the $5-95U PLC's power supply
«  Screw-type terminals of the PS 931 power supply unit
«  Screw-type terminals of the bus units

Screw-type terminals for the S5-95U PLC's power supply and  Screw-type terminals of the bus
screw-type terminals of the PS 931 power supply module: units:

N
N

V2e0056660000000000006]
I0000007330003003Y)

I

3 00056000600000000000

Terminal for two cables in a SIGUT screw-type connection:

Screw
| Wire clamp
i =~ Cables

Figure 3-14. SIGUT Screw-Type Connection

You can wire two cables per terminal when using a SIGUT screw-type connection (see Figure 3-14).
The cables may have different cross-sections. It is best to tighten the screws using a 5 mm
screwdriver.

Permissible cable cross-sections:

. Stranded conductor with core end sleeve: 2 x 0.5 to 1.5 mm?
- Solid conductor: 2 x0.5t0 2.5 mm?
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Examples of Crimp-Snap-In Contacts:

«  Crimp-snap-in contacts of the $5-95U front connector
»  Crimp-snap-in contacts of the bus units

S$5-95U front connector: Crimp-snap-in contacts of the bus units:

AA

Y YYYYYYYVYYYVYYY

Figure 3-15. Crimp Snap-In Contacts

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

How to Connect the Contact to the Terminal Block (see Figure 3-16)

Remove the module that is plugged into the bus unit.

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

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

Push the contact into the desired opening until the locating spring engages.

Caution: The spring must point into the slot!

Puli 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.

v v v v

v
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Connect

Figure 3-16. Connecting and Disconnecting Crimp Snap-In Contact

Disconnecting a Contact

Position the terminal block as is shown in Figure 3-16.

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.

v v Vv Vv

Examples of Sub D Socket Connectors:

« Analog inputs of the S5-95U
« Interrupt and counter inputs of the S5-95U.
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3.3.2 Connecting the Power Supply to the S5-90U

The S5-90U is directly connected to the 115 V or 230 V AC supply mains.

Neutral conductor — 230V phase (black)
PE conductor ——? é @——1— 110 V phase (black)
(yellow/green) ) N 230115

vV V

Power AC

siemens

Figure 3-17. Connecting the S5-90U to the Supply Mains

3.3.3 Connecting the Power Supply to the S5-95U

Connecting the PS 931 Power Supply Modules to the Supply Mains (see Figure 3-18):

Set the voltage selector to the line voltage.

Swing up the protective cover.

Connect the supply cable to the L1, N and <= terminals
Provide the supply cable with a cable grip.

Close the protective cover.

ahrODA

Connecting the S5-95U to the PS 931 (see Figure 3-18):

6. Connect the L+ and M terminals of the PS 931 power supply module to the corresponding
terminals of the PLC.

Connect the PLC's terminal <= to the standard mounting rail.

5

Y2/00000000000000000000,
230000000033303330X

g

S 000060066000000000006

Figure 3-18. Connecting the S5-95U and the PS 931 Power Supply Module
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3.3.4 Connecting the Onboard I/Os of the S5-90U

The signal cables for the onboard 1/0Os can be connected directly to the standard terminal on the
PLC.

Connecting Digital Inputs

The digital inputs, located on the top of the PLC, are numbered with fixed bit addresses ranging from
32.0 to 33.1. The inputs are designed for 24 V DC. The PLC has a short-circuit-proof, isolated
24 V DC/100 mA voltage source that supplies the I/Os. The ground connections for the inputs are
internally connected to the negative pole of the voltage source.

Example: Switch S1 is to be connected to input | 32.5

S1

QOO QOO0

@ N 230 115 v oseler 2 3 4 5 8 7[330 .1 Nput
V.oV [ woeavoc

Power AC 100mA | | | | | | |

outrtr O O O OO OO0 OO0

Wl

Figure 3-19. Example of How Digital Inputs Can Be Connected

Connecting Digital Outputs

The digital outputs are located on the lower front of the PLC. Their fixed bit addresses are numbered
from 32.0 to 32.5.

Note

The sensor voltage for the S5-90U or the IM 90 is available when the first process image
is read in.

Example: A signal lamp is connected to output Q 32.0.

O O O

1]2]3
| | | [

32.0 32.1 22 |

%?@@@@<
TR

Figure 3-20. Example of How Digital Outputs Can Be Connected
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Connecting the Interrupt and Counter Inputs

Terminal 33.0 can be used as interrupt input and terminal 33.1 as counter input.
If you wish to use terminal 33.0 as interrupt input, set the parameters in DB 1 accordingly (see
Chapter 10).

If you wish to use terminal 33.1 as counter input, set the parameters in DB 1 accordingly (see
Chapter 11).

Due to the short input delay of inputs | 33.0 and | 33.1, the cables connected to these inputs must
be shielded if longer than 50 m.

Example: Sensor S1 is to be connected to interrupt input 33.0.
Sensor S2 is to be connected to counter input 33.1 (IW 36).

S2
S1

QOO VOO

@ N 230 115 v oselor 2 3 4 5 8 7[330 .1 Nput
V.oV 10x24VDC

Power AC 100mA | | | | | | | |

outriT O O O O O O O OO0

—_—

Figure 3-21. Connecting the Interrupt Input and the Counter Input
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3.3.5 Connecting the Onboard I/Os of the S5-95U
Use the following parts to connect the onboard 1/Os of the S5-95U.

e 40-pin front connector for digital inputs and outputs
e 15-pin sub D connector for analog inputs and outputs
e 9-pin sub D connector for interrupt and counter inputs

Connecting Digital Inputs and Outputs

The signal cables to the digital I/Os must be connected to a 40-pin front connector.
Two types of front connectors are available:

«  Front connectors with standard screw-type terminals (see Section 3.3.1)

»  Front connectors with crimp-snap-in terminals (see Section 3.3.1)

Every input and output (channel) has a terminal assigned to it on the front connector. The 16 inputs
(IN) and the 16 outputs (OUT) are numbered from 32.0 to 33.7. Use a 24 V DC power supply for all
digital inputs and digital outputs.

Example: A field device is connected to input | 32.4. A lamp is connected to output Q 33.3.

Outputs * Inputs

* For the power supply of outputs ouT | IN
32.0 to 32.7, L+ must be connected Q
at least to terminal 1 and M to terminal 10; L+ ya| | [by1 L+
outputs 33.0 to 33.7 are to be supplied 32001 2 ‘ | 2[O 32.0
by connecting L+ at least to terminal 11 33% g j: \ : i% gg;
and M to terminal 20. 323 ] s | | 5fD 323

324 9 I 6-59%274—/—1»

3250] 7 | | 7[O 325

sz d [ | | |00 326

327G 9 | 9FO 32.7

L+ M 10 ‘ |10
1 w [t — 24V DC
24V DC —= 33.0 0112 ‘ 112[D 33.0 T
33.1 ] 13 | 113[O 33.1
33.2 14 | 14O 33.2
q - 15| ' 15O 33.3

33.4 019 \ [16[O 33.4

33.5 17 ' 117[O 335

36y | | | nsfo 336

33.7 19 19O 33.7

M 20| ‘ j20 M
\
— | —
—
\

Figure 3-22. Wirings of the Front Connector for Digital Inputs and Outputs

Note

All digital inputs and outputs are connected to a common ground, i.e. they are non-
floating.
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Connecting Analog Inputs and Outputs

Attach the analog /O signal cables to the PLC using a sub D connector. There are eight analog
inputs and one analog output available. Depending on the terminal assignment, the analog output is
either a "current" output or a "voltage" output.

Example: You are to connect a voltage sensor to channel 0 (input word IW 40) and a load
resistor to the "voltage" analog output (output word QW 40).

Inputs (IW or PW*) Outputs (QW or PW*)
Channel
Wao —0— {1\
+ ool —— M
IW 42 1———e
e ool ———— +QlI
IW 44 2 30
o1y M
IW 46 3——H4e@
[ 3% +QV
IW 48 4 — s @ e13 ow 40
W50 5 |6® 4.,
[ ]
IW 52 6 7 el5 M
ws4 7 (8@ S
QI =Analog output "current” 0 to 20 mA * PW=peripheral word
QV=Analog output "voltage" 0 to 10 V

Figure 3-23. An Example of an Analog Input and an Analog Output Connection

Note

You may not assign terminals 12 and 13.

You must use shielded cables.

Note

Do not mount the cable shield to the PLC's sub D female connector. To provide high
interference immunity, connect the shield at the other end of the cable to a ground
reference.
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Connecting Interrupt and Counter Inputs

There are four interrupt inputs and two counter inputs available in the S5-95U. The interrupt inputs
and counter inputs have the same internal grounding point as the PLC. Use a 9-pin sub D connector
to connect the signal cables for these inputs to the PLC.

Example: Sensor S1 is to be connected to interrupt input | 34.0.

6 ) Interrupts 1_134.0
PINs 1; 3 and % b
>are . o 1 1341 24v_|
interconnec- M ® 3 p—
ted internally Y d . 2 1342
5 & 3 1343
>~ M

Figure 3-24. Connecting the Interrupt Inputs

All other interrupt inputs (I 34.1 to | 34.3) can be connected to the S5-95U in the same way as
| 34.0.

Example: A pulse generator is to be connected to counter A (IW 36).

]
P4V ﬂ
S— M
CounterBIW38— | PINs 1; 3
M and 5 are
intercon-
Counter A IW 36 nected
M internally

Figure 3-25. Connecting a Counter Input

Counter B (IW 38) can be connected analogously to counter A.

3.3.6  Connecting External 1/0Os

All /0O modules are plugged into bus units. Connect the I/0 modules to the terminal blocks of the
bus units.

Both SIGUT screw-type connections and crimp-snap-in connections can be used (see Section
3.3.1). In both cases, the terminal assignments are marked on the terminal blocks.

The I/O modules are described in Chapters 15 and 16. Connection diagrams are shown for all

modules. The PIN number in the connection diagram is identical to the number stated on the
terminal block of the bus unit or crimp-snap-in/screw-type connector.
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3.4
3.4

Electrical Configuration with External 1/0s

.1 Electrical Configuration of the S5-90U with External I/Os

Figure 3-26 shows a possible configuration. Pay attention to the following points when you design
your configuration.

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

You do not need an additional fuse (2) to connect your PLC 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 should ground the load circuit at one end. Provide a removable connection (3) 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 (4 and 5) the load voltage for sensor circuits and for actuator circuits.

Sensors and actuators can be supplied with 24 V DC/300 mA via the IM 90 (8). Connect the
ground of the IM 90 power supply with the standard mounting rail (PE) (9).

You must have a low-resistance connection between the standard mounting rail and the
cabinet's chassis ground (7) for grounded configuration.

You need a power fuse (6) to protect against a short-circuit occurring in the power supply.

The IM 90 interface module has its own monitor for the supply voltage. When it reports a power
failure to the S5-90U, the PLC goes into the "STOP" mode with the "NAU" error message
(power failure). For this reason, it is recommended that you wire the S5-90U and the IM 90
interface module to the main power line in unison.
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Grounded Configuration of an S5-90U

L1 : 1)
L2 A
L3 '
N 5. &
PE ¢ —-—{—- -—-—1.—]— O L
I
(3) / PRI eeel Ol Ol O]l ol ol o
S ol ol ol o] o o
d\ ss-90u [imoo| O O O Of O O &
ol ol ol ol o o
@) o | D |DO| DI | D |DO|DO
= ©q o-|eq oq|eq o
©) (®) oi| &|le:] olle:| o
(4) ’
[
(5)
q
230V AC

Figure 3-26.  Configuration for the S5-90U with External I/Os and a 115/220V AC
Power Supply

Ungrounded configurations are not possible for the S5-90U!
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3.4.2 Electrical Configuration of the S5-95U with External I/Os

Figures 3-27 and 3-28 show different configuration possibilities. Pay attention to the following points
when you design your configuration.

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

You do not need an additional fuse (2) to connect your PLC 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.

You should ground the load circuit at one end. Provide a removable connection (4) 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 (5 and 6) the load voltage for sensor circuits and for actuator circuits.

You must connect the standard mounting rail of the S5-95U to the ground conductor through a
capacitor (7), (to suppress high-frequency noise) for non-grounded configurations.

You must have a low-resistance connection between the standard mounting rail and the
cabinet's chassis ground (9) for grounded configurations.

You need a power fuse (8) to protect against a short-circuit occurring in the power supply.
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Grounded Configuration of an S5-95U

1)

L1 :

L2 A

L3 g

N

PE—-—¢—-—-4-4+-1+-—-—-—-—- - — = — e — —

(4) @) o of o ©
ol ol o]l o
M L @19 S5-95U ol ol o] o] o

‘ \ ol ol ol o]l ©
4 DI | DI |DO | DO
L O 971|917 99
- 2| 2|02 O

IO

J RO

M L+

Figure 3-27. Grounded Configuration of the S5-95U with a 24 VV DC Power Supply
(with Safe Electrical Isolation in Accordance with DIN VDE 0160) for a
Programmable Controller and Non-Floating, External I/Os
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Ungrounded Configuration of an S5-95U

L1 )l/ (1)
L2 T
L3 —
N
PE —-—-—-— - s -
(AAA )
(") 1 pF/
100 K = 500 VAC Isolated standard
! mounting rail
3) ol o of ©
@ o] O] O ©
M L+ 8 @) S5-95U O O @) @) (@)
0—5/ 2 L+ O O O O
!ii_ DI DI | DO | DO
on ooy o
@2 ©2||@2] 2

(5)

(6)

M L+

Figure 3-28. Ungrounded Configuration: 24 V DC Power Supply (with Safe
Electrical Isolation According to VDE 0160) for Use with a
Programmable Controller and External 1/0s

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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3.4.3 Connecting Non-Floating and Floating Modules

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

Installation with Non-Floating Modules

In installations with non-floating modules, the reference potential of the control circuit (M ema) and
the load circuits (Mqema) are not galvanically isolated.

The reference potential of the control circuit (Mi,ema) iS at the PE terminal or == and must be
connected to the reference potential of the load circuit via a line to be run externally.

Figure 3-29 shows a simplified representation of an installation with nonfloating modules. The
installation is independent of the grounding concept. The connections for the grounding measures
are therefore not shown:

,/ Uint
d Data
Mint

L]
\ ]
L]

Ne

~N
RS
~
NN
N
~
N
N

) / / ! /
PS . CPU DI + ' DO

- L
1IL- o0 3

PE o———¢
Control power

| External connection for
supply uniform reference potential

2L+ &<

2L-©

24V DC load power
supply

Figure 3-29. Simplified Representation of an Installation with Non-Floating Modules

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

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

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

Installation with Floating Modules

Control circuit and load circuit are galvanically isolated in the case of floating modules.

Installation with floating modules is necessary in the following cases:

e All AC load circuits
and

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

Figure 3-30 shows the simplified representation of an installation with floating modules. The
installation is independent of the grounding concept. The connections for grounding measures are
therefore not shown.

\ . T U
T = ry r 'I‘ Dlant[a
| / /- Mint
’ Ve as
*—
7 ? /
PS . CPU
1L+ oJ
L-o0—
PE o
24V DC control power
supply
2L+ © * oLl
2L- © oN
24V DC load power 230V AC load power
supply supply

Figure 3-30. Simplified Representation for Installation with Floating Modules
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Warning

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

Example of a Floating Configuration with Digital Modules

A 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.
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3.5 Wiring Arrangement, Shielding and Measures against
Electromagnetic Interference

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

3.5.1 Running Cables Inside and Outside a Cabinet

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

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

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

Group C: Unshielded lines for AC 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

Legend for table:

Lines can be run in common bundles or cable ducts

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

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

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
- Ionr steel-reinforced concrete cable channels
Protect signal lines from overvoltage by using:
e Varistors

or

» Lightning arresters filled with inert gas

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

Note

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

Grounding

Make certain that you have sufficient equipotential bonding between the devices.
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3.5.3 Equipotential Bonding

Potential differences may occur between separate sections of the system if

Programmable controllers and 1/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 3-31).

signal cable

equipotential bonding conductor

Figure 3-31. Laying Equipotential Bonding Conductor and Signal Cable
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3.5.4 Shielding Cables

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

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

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

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

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

« If you cannot run an equipotential bonding conductor
« If you are transmitting analog signals (e.g. a few microvolts or microamps)
» 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 3-32).

« 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.

e

Figure 3-32. Fixing Shielded Cables with Various Types of Cable Clamps

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

Normally, inductive circuits (e.g. contactor or relay coils) energized by SIMATIC S5 do not 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
y — I

Figure 3-33. 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 3.34.

Shielding grid over lamp

s sy
I ]
I I
L 1 —1— Shielded cable
0/ |-— Metal-encased switch
> Mains filter or shielded mains cable

—

Figure 3-34. Measures for Suppressing Interference from Fluorescent Lamps
in the Cabinet
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55-90U/55-95U Start-Up and Program Tests

4  Start-Up and Programmer Functions

4.1 Operating Instructions
4.1.1 Programmable Controller Operator Panel

S5-90U:

RUN

G

c

Operating mode LED (green light indicates RUN)
Operating mode switch (RUN/STOP switch)

dk

Operating mode LED (red light indicates STOP)

Lio

Figure 4-1. Operator Panel of the S5-90U

S5-95U:

Battery failure indication  (When the yellow LED is lit, the battery is dead or
missing.)

ON/OFF switch

s

Only for 85-95U with SINEC L2 or SINEC L2-DP interface:
SINEC L2-(DP) bus fault LED

Operating mode LED (green light indicates RUN)
Operating mode LED (red light indicates STOP)

Operating mode switch

BF
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RUN

STOP

RUN
e STOP

COPY
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Figure 4-2. Operator Panel of the S5-95U

ON/OFF Switch (only for the $5-95U)

The ON/OFF switch turns on or shuts down the programmable controller. This switch does NOT
separate the electronics from the L+/M terminals; i.e. in the event of an overvoltage, the PLC can
even be destroyed when it is switched off.

Operating Mode Switch

Use the operating mode switch to select either the "RUN" or "STOP" operating mode. The
programmable controller automatically goes into the "RESTART" mode during the transition from
"STOP" to "RUN" (see Section 9.1.4).

Battery Low LED
The battery low LED may illuminate briefly upon POWER ON.
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4.1.2 Operating Modes

"STOP" Operating Mode

The program is not executed.

The current values for timers, counters, flags, and process images are saved when the "STOP"
operating mode begins.

The onboard outputs and the output modules are disabled; i.e. the digital outputs have the "0"
signal state and the analog outputs are de-energized.

The onboard counters are not activated.

The process images, timers, 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.

Signal states for the onboard inputs and the input modules are read in.

The onboard outputs and output modules are addressed.

The "RUN" operating mode can also be set after an "OVERALL RESET", that is, when the
program memory is empty.

"RESTART" Operating Mode

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

Restart organization block OB21 or OB22 is processed (see Section 7.4.1).

The amount of time the restart requires is not limited since the scan time monitor is not
activated.

Neither time-controlled program processing nor interrupt-controlled program processing is
possible.

The onboard inputs and onboard outputs can be addressed by either the L PB/L PW operation
or the T PB/T PW operation during start-up.

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

Changing Operating Modes

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

Actuation of the operating mode switch.

A programmer, if the operating mode switch on the programmable controller is set to "RUN".
Malfunctions that cause the programmable controller to go into the "STOP" operating mode (see
Chapter 5).
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4.1.3 Performing an Overall Reset of the Programmable Controller

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

* All not integrated program and data blocks are erased.

« All integrated blocks that can be deleted by the user are again generated (e.g. the default DB1 is
again available after an overall reset).

« Alltimers, counters, flags and the process image are set to "0".

* All system data are set to their default values.

Manual Reset

To perform an overall reset in the S5-90U, you must:
Set the operating mode switch to "STOP."
Remove the battery.
Disconnect the PLC from the power supply for about 15 seconds.
Re-establish the programmable controller's power supply.
Insert the battery.

To perform an overall reset in the S5-95U, you must:
Set the operating mode switch to "STOP".
Remove the battery.

Set the ON/OFF switch to "0".
Change the ON/OFF switch to "1".
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 Programmable
Controller

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. Use only power supplies
manufactured according to DIN VDE 0551/EN 60742 and DIN VDE 0160.

* 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.

» 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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4.2.2 Steps for Starting Up the Programmable Controller

Steps for Starting Up the S5-90U and the S5-95U with and without External 1/Os

Table 4-1. Starting Up the S5-90U and the S5-95U with and without External I/Os

Start-Up and Program Tests

Disconnect system and PLC from
voltage source.

Check mechanical configuration and
wiring (see Chapter 3).

Adhere to installation guidelines
contained in VDE 0100 and VDE 0160.

Remove battery form PLC.

Set ON/OFF switch to "0" (S5-95U).
Set operating mode switch to "STOP".

No LED lit.

Switch on power supply for the PLC
(and IM 90).
Set ON/OFF switch to "1" (S5-95U).

« PLC:

Red operating mode LED lit;

yellow battery failure LED lit (S5-95U).
» External I/Os:

Red fault LEDs lit.
* M 90 (S5-90U):

Green LEDs lit.

Switch on sensor power supply.
Switch on actuator power supply.

e PLC:
Red operating mode LED lit;
yellow battery failure LED lit (S5-95U);
green signal status LEDs of the inputs lit.
« External I/Os:

Green signal status LEDs of the inputs lit.

* IM 90 (S5-90V):
Green LEDs lit.

Set operating mode switch to "RUN".

e« PLC:

Green operating mode LED lit;

yellow battery failure LED lit (S5-95U);

green signal status LEDs of the inputs lit.
» External I/Os:

green signal status LEDs of the inputs lit.
e IM 90 (S5-90V):

Green LEDs lit.
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Table 4-1. Starting Up the S5-90U and S5-95U with and without External 1/0s (Continued)

Insert battery into PLC.

PLC:

Green operating mode LED lit;

green signal status LEDs of the inputs lit.
External I/Os:

Green signal status LEDs of the inputs lit.
IM 90 (S5-90UV):

Green LEDs lit.

Use "STATUS VAR" programmer

Use "FORCE VAR" programmer
function to observe the control states
of the actuators.

function to observe the sensor signals.

PLC:

Green operating mode LED lit;

green signal status LEDs of the inputs/output lit.
External I/Os:

green signal status LEDs of the inputs/output lit.
IM 90 (S5-90V):

Green LED lit.
Use these programmer functions to
check sensors and actuators and their
assignment to the addresses in the
process image.
Set operating mode switch to "STOP". PLC:

Red operating mode LE lit;

Green signal status LEDs of the input lit.
External I/Os:

Green signal status LEDs of the input lit.
IM 90 (S5-90U):

Green LED lit.

Switch off power supply for actuators.

PLC:

Red operating mode LE lit;

Green signal status LEDs of the input lit.
External I/Os:

Red fault LEDs of output module lit;
green signal status LEDs of the input lit.
IM 90 (S5-90UV):

Green LED lit.
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Table 4-1. Starting Up the S5-90U and S5-95U with and without External 1/0s (Continued)

Start-Up and Program Tests

Load program from memory
submodule into PLC if available (see
Section 4.3).

Otherwise, load program from
programmer.

LEDs (see Section 4.3).

Set operating mode switch to "RUN".

Test and correct program.

PLC:
Green operating mode LED lit;

green signal status LEDs of the inputs/outputs lit.

External I/Os:

green signal status LEDs of the inputs/outputs lit.

IM 90 (S5-90U):
Green LEDs lit.

Set operating mode switch to "STOP".

PLC:

Red operating mode LED lit;

green signal status LEDs of the inputs lit.
External I/Os:

Red fault LEDs of the output modules lit;
green signal status LEDs of the inputs lit.
IM 90 (S5-90UV):

Green LEDs.

Save program.

LEDs (see Section 4.4).

Switch on power supply for actuators.

PLC:

Red operating mode LED lit;

green signal status LEDs of the inputs lit.
External I/Os:

Green signal status LEDs of the inputs lit.
IM 90 (S5-90U):

Green LEDs lit.

Set operating mode switch to "RUN".

PLC:
Green operating mode LED lit;

green signal status LEDs of the inputs/outputs lit.

External I/Os:

green signal status LEDs of the inputs/outputs lit.

IM 90 (S5-90UV):
Green LEDs lit.
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4.3 Loading the Program into the PLC

The STEP 5 program is loaded into the RAM of the PLC. It includes all OBs, PBs, FBs, SBs and

DBs, including DB1. The program can be loaded from a programmer connected to the PLC (on-line
mode).

Please refer to your programmer's Manual for a detailed description. In the following, loading from a
memory submodule will be described.

A Warning

Memory submodules may be inserted or withdrawn only in the "POWER OFF" mode.

4.3.1 Loading the Program Automatically

You can use various memory submodules with the S5-90U and S5-95U . Appendix E contains a list
of the submodules available.

i Battery inserted and
( No battery is inserted. > ( overall reset of PLC. >

<
A4

Disconnect S5-90U from power supply.
Switch off S5-95U.

v

Insert memory submodule into
the PLC.

v

Connect S5-90U to supply mains.
Switch on S5-95U.

Yes
Is red LED lit?
\ 4
No valid program on memory
submodule.
Yes
Is red LED flashing?

\ 4

Carry out error diagnostics
(see Chapter 5).

Red LED is flickering while
program is being loaded.

( Program loaded in PLC.>

Figure 4-3. Procedure for Automatically Loading a Program
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4.3.2 Loading the Program Manually (S5-95U)

Manual loading of the program is possible only in connection with the S5-95U.

When you manually load a program, it is copied from the memory submodule into the PLC's
program memory. If the back-up battery is installed, any program already in the memory is
completely erased.

Battery inserted but no Battery inserted and
overall reset of PLC.* overall reset of PLC.
[

A
|

A4

Switch off S5-95U.

v

Insert memory submodule into
PLC.

v

Press down and hold COPY
key.

v

Switch on S5-95U.

v

Release COPY key.

Yes
Is red LED lit? ¢
No valid program on memory
submodule.
Yes

Is red LED flashing?

v

Carry out error diagnostics
No (see Chapter 5)

Red LED is flickering while
program is being loaded.

< Program loaded in PLC.>

*  This is not obligatory. If this condition is not fulfilled, however, the program is loaded automatically (see Section 4.3.1).

Figure 4-4. Procedure for Manually Loading a Program into the S5-95U
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4.4 Saving a Program

You can save the STEP 5 program in the RAM of the PLC. The STEP 5 program includes all valid
OBs, PBs, FBs, SBs and DBs, including DB1. The program can be saved in a program file or on a
memory submodule using a programmer (on-line mode). Please refer to your programmer's Manual
for a detailed description. In the following, the procedure for saving the program on a memory
submodule inserted in the PLC will be described.

4.4.1 Saving a Program to a Memory Submodule

Only EEPROMSs can be used for this saving procedure.
In the case of the S5-90U, a program can be saved on a memory submodule only if the "Compress"
function is activated on the programmer connected to the PLC in on-line mode.

Is there a functional battery
in the PLC?

\ 4

Set operating mode switch to
"STOP"

v

Disconnect S5-90U from power supply.
Switch off S5-95U.

v

Insert memory submodule into
the PLC.

v

Connect S5-90U to supply mains.
Switch on S5-95U.

v

S5-90U Select "COMPRESS"
programmer function.

S5-95U Hold down COPY key for 3
sec, then release key.

Yes
Is red LED Iit?
A 4
* No/wrong submodule inserted
* No program loaded in PLC
Yes

Is red LED flashing?

A 4

Carry out error diagnostics for S5-90U

(see Chapter 5).

The red LED is flickering while Memory submodule in S$5-95U too small*
program is being loaded.

v
rogram loaded on memory
submodule; red LED is lit.
* The block headers of the integral FBs are stored in addition to the control program.
Figure 4-5. Procedure for Saving a 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 switched off, the contents of the internal memory
are stored (retentive) only if a back-up battery is connected. When the programmable controller is
switched on, the following contents are available:

e Control program and data blocks (see Chapter 7)

« Retentive flags and counter values (see Chapter 2)
* ISTACK contents (see Chapter 5)

» System data (see Appendix B)

Note

« Only Insert or replace the battery while the PLC is switched on. Otherwise, an
"OVERALL RESET" is required after POWER ON.

¢ The S5-90U has no battery low LED.
If the S5-90U is briefly (approx. 20 ms to 10 s) in the POWER OFF state and no
battery back-up is provided, the PLC cannot recognize whether a backup battery is
available during the next restart.
Program data might be falsified in this way. You can help avoid a failure of the
battery back-up by regularly replacing the battery every year

« A yellow LED on the operator panel of the S5-95U signals a failure of the back-up
battery.

A Warning

Do not recharge lithium batteries. Danger of explosion! Dispose of used batteries as
classified waste.

4.5 Programmer functions
The serial interface (programmer interface) can be used for connecting

«  Programmers or operator control and monitoring equipment,
e« The PLC as a station on the SINEC L1 LAN (see Chapter 14).
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45.1 Overview of Programmer Functions

The following table lists the complete scope of functions available at the programmer interface.

Table 4-2. Overview of Functions

Input block INPUT Yes Yes
Output block OUTPUT Yes Yes
Test TEST
Program test PROG TEST No No
END program test END TEST No No
Signal status display STATUS Yes Yes
PLC Functions PC FCT
PLC restart START Yes Yes
PLC STOP STOP Yes Yes
Compress COMPRESS Yes Yes
STATUS variable STAT VAR Yes Yes
Force FORCE No No
FORCE variable FORCE VAR Yes Yes
PLC information PC INFO
Output addresses OUTP ADDR Yes Yes
Memory configuration MEM CONF Yes Yes
System parameter SYSPAR Yes Yes
Block stack BSTACK Yes Yes
Interrupt stack ISTACK Yes Yes
Auxiliary functions AUX FCT
Transfer TRANSFER Yes Yes
Delete DELETE Yes Yes
Directory DIR Yes Yes
MASTER No No
SIjEC L1 SLAVE Yes Yes

The programmer functions are described in the Manual for your programmer. The following section
will concentrate on describing the peculiarities of the programmer functions for the S5-90U/S5-95U.
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4.5.2 Peculiarities of the Programmer Functions for the S5-90U and S5-95U

"Input block" Programmer Function for the S5-95U

If the PLC is switched to RUN and if you want to modify or transfer blocks, the scan time is
automatically extended.

When transferring relatively long blocks, this function prevents the PLC from entering the STOP
state and the output of "ZYK" in the ISTACK display (see Section 5.3).

"STATUS - Signal status display" Programmer Function for the S5-95U

The "STATUS" test function analyzes the status of operands involved in the execution of a block.
Consequence: If a STATUS request is given when the cyclic execution of a block starts, the
execution time for this block and hence the scan time is extended.
If a "STATUS" request is present for se