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Preface

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

The performance capability of the S5-115U has been subject to constant enhancement.

You now have at your disposal the most powerful CPU for the S5-115U in the shape of the
CPU 945.

To make optimum use of the CPU 945 in the $5-115U, you require a certain amount of detailed
information. This manual presents all this information in an organized manner.

A proforma for corrections and improvement suggestions is included at the end of the manual.
You can use these to help us improve the next edition.

Important differences between the CPU 945 and the CPUs 941 to 944

New CPU architecture
Extremely fast operation execution times
Expanded STEP 5 operation set
Floating-point arithmetic
32-bit accumulators and expanded register set
Larger address area
Additional flag area
Additional system data area
Improved execution level system
Additional organization blocks
Additional integral FBs for analog value processing
Integral OB 250 for invoking and parameterizing operating system services
Additional blocks (FX, DX)
New memory submodules
Various interface modules can be used as a 2nd interface
Expanded DB 1
-Parameterization of ASClI driver
-Parameterization of computer interface
e You require a PG 7xx programmer with S5-DOS from Stage V6.1 for programming the

CPU 945.

Compatibility of the CPU 945 with the CPUs 941 to 944

Programs written for the CPUs 941 to 944 must be adapted in the following cases:
e If waiting times have been implemented over operation run time loops

or
e Ifthe programs contain absolute address accesses
Please also note that
e Assembler blocks cannot execute on the CPU 945
e For programs containing data handling block calls (SEND, RECEIVE) in quick succession,
additional wait times must be programmed for slow communications partners, such as the

CP 524 and CP 525.

For these reasons, new standard function blocks are required when using most intelligent 1/0
modules and some CPs.
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You require operating system services for the CPU 945 for assigning some operating system
parameters. These are the operating system services for:

® Interruptresponse after timeout (OB6)

e Time-controlled program processing (OB10 to 13)

e Manipulation of the process 1/0 image transfer

® Regeneration of the block address list

e Generating a data block (DB/DX) without TRAF

e /O accesses and page accesses without QVZ

e Disabling and enabling the output modules (setting and resetting BASP)

FBs 240 to 243, which were previously integrated in the CPUs 941 to 944 are no longer required in
the CPU 945 due to the larger operation set. They have been replaced by the following additional
FBs for analog value processing:

e FB241 Readingin analog value from the 463 analog input module

e FB242 Reading in analog value from the 464 analog input module

e FB243 Reading in analog value from the 466 analog input module

Modification to parameterization of FB250/251:
e Analog values represented in floating-point format
e Accountistaken of the P, O, IM3 and IM4 peripheral areas

Changes in the new manual compared to the manual for the CPUs 941 to 944

The 460-7LA13 and 463-4UA13 analog input modules have been included in the chapter on
“Analog Value Processing”.

From CPU 945 firmware version Z 02

This manual describes the CPU 945 from firmware version Z 02.
From firmware version Z 02, the CPU 945 has the following new functions:
e Organization Blocks of the CPU 945 for Special Functions
Copying Data Area: OB 182

Duplicating DX or DB Blocks: OB 183 and OB 184
Transferring Flags to Data Blocks: OB 190 and OB 192
Transferring Data Blocks to Flag Area: OB 191 and OB 193
Extension for Sign: OB 220

PID Control Algorithm: OB 251

New Operating System Services of the OB 250

- Access to DBS and DBL Registers

- Indexed Access to DX/ FX

- Cancelling a Block in the Block Address List

- Changing the Block Identifier

e Generating STEP 5 Blocks: OB 125

Not all problems that might occur in the many and varied applications can be handled in detail in a
manual. If you have a problem that is not discussed in the manual, contact your nearest SIEMENS
office or representative.
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Introduction
The following pages contain information to help you familiarize yourself with the manual.

Description of contents

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

e Description
(System overview, technical description)
e Installation and operation
(Installation guidelines, program test and startup, fault diagnostics, addressing)
e Programming instructions
(Introduction to STEP 5, STEP 5 operations)
e Special capabilities
(Interrupt processing, analog value processing, parameterizing the CPU with DB1, communi-

cations)
e Technical specifications overview

You will find additional information in tabular form in the appendices.
A pocket guide for the STEP 5 operation set of the CPU 945 ist an integral part of the manual.

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

edition.

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

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

Reference literature

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

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

Gunter Wellenreuther, Dieter Zastrow
Brunswick 1987

Contents:

- Theory of operation of a programmable control system

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

Order No.: ISBN 3-528-04464-0
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e Automating with the S5-115U
SIMATIC S5 Programmable Controllers

Hans Berger
Siemens AG, Berlin and Munich 1989

Contents:

- STEP 5 programming language
- Programscanning

- Integral software blocks

- 1/O interfaces

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

Information on the programmable controller hardware is to be found in the following catalogues:

e ST52.3 "”S5-115U Programmable Controller”

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

e ST59 "Programmers”

e ET11 "ES 902 C Modular 19 in. Packaging System”

e MP11 “Thermocouples; compensating boxes”

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

The $5-115U programmable controller is designed to VDE 0160. The corresponding IEC and VDE
(Association of German Electrical Engineers) standards are referred to in the text.

Conventions
Structure of the manual

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

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

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

e Each chapteris preceeded by a breakdown to its subject matter.
The individual chapters are subdivided into sections. Boldface type is used for further sub-
divisions.

e Figures and tables are numbered separately in each chapter. The page following the chapter
breakdown contains a list of the figures and tables appearing in that particular chapter.
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Certain conventions were observed when writing the manual. These are explained below.

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

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

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

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

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

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

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

A Warning

u u v

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

Caution”

Manuals can only describe the current version of the programmer. Should modifications or supple-
ments become necessary in the course of time, a supplement will be prepared and included in the
manual the next time it is revised.

EWA 4NEB 811 6150-02d Xix



Introduction S5-115UCPU 945 Manual

Safety-Related Guidelines for the User

This document provides the information required for the intended use of the particular product.
The documentation is written for technically qualified personnel.
Qualified personnel as referred to in the safety guidelines in this document as well as on the

product itself are defined as follows.

e System planning and design engineers who are familiar with the safety concepts of auto-
mation 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.

e 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.

Warning

Danger

indicates that death, severe personal injury indicates that death, severe personal injury

or substantial property damage will result
if proper precautions are not taken.

Caution

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

or substantial property damage can result if
proper precautions are not taken.

Note

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

Proper Usage

& 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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1 System Overview

The SIMATIC® S5-115U programmable controller is used worldwide in almost all fields in a wide
range of applications. Each of its modular components handles a specific task. Therefore, you can
expand the system according to your needs.

The most powerful $5-115U configuration is implemented with the CPU 945. The S5-115U system
provides operator panels, monitoring devices, and various programmers to suit your needs. The
STEP 5 programming language and an extensive software catalog make programming easy.

1.1 Application

Many different industries use the $5-115U. Even though each automation task is different, the
$5-115U adapts optimally to the most varied jobs, whether they involve simple open-loop control
or complex closed-loop control.

Present areas of application include the following:

e Automobile Industry
Automaticdrill, assembly and test equipment, painting facilities, shock absorber test bays

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

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

systems

e Chemical Industry
Proportioning and mixing systems

e Food and Beverages Industry
Brewery systems, centrifuges

e Machinery
Packing, woodworking, and custom-made machines, machine controls, machine tools, drilling

mills, fault alarm centers, welding technology

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

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

e Energy, Gas, Water, Air

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

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

e Powersupply module (PS)

Central processing unit (CPU)

Input and output modules (1/0s)

Intelligent input/output modules (IPs, WFs)

Communications processors (CPs)
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Figure 1-1 $5-115U Components

1.2.1  Power Supply

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

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

1.2.2 Central Processing Units

The central processing unit (CPU) is the “brain” of the programmable controller. It executes the
control program.
As well as the CPU 945, the most powerful of the CPUs, you can also use the following four CPUs in

the S5-115U:
CPU 941, CPU 942, CPU 943, CPU 944.
These CPUs offer a varied performance range and are described in a separate manual (Order No.:

6ES5 998-OUF.3).

The CPU 945 allows you to implement the fastest execution times of your control programs. The
CPU 945 has the largest STEP 5 operation set and the largest program memory.

A new feature of the CPU 945 is its ability to implement FUZZY control (see Catalog ST 57). The
new FUZZY control block replaces the OB251 (PID control algorithm) integrated in the CPUs 941 to
944.

1.2.3 Input and Output Modules

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

controlled system.

The following features make S5-115U modules easy to handle:
e Fastinstallation

e Mechanical coding

e Large labeling areas

Digital Modules

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

machine.

Digital modules have the following convenient features:
e connection of signal lines via front connectors

e achoice of screw-type or crimp snap-in connections

Analog Modules

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

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

This feature allows you to do the following:

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

e Change the measuring ranges simply by exchanging range cards

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

1.2.4 Intelligent Input/Output Modules

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

Most of the modules have their own processor to handle tasks independently. All these modules
have a high processing speed and are easy to handle.

Standard software puts them into operation.

1.2.5 Communications Processors

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

These are divided into the following three main groups:
e CPsforbussystems (e.g. CP 530, 143, 5430)

e CPsforlinking, reporting and listing (e.g. CP 523, 524, 525)
e Operator control and monitoring (e.g. 526, 527, 528, 552)

1.3 Expansion Capability

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

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

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

1.3.2 Distributed Configuration

A distributed configuration allows you to relocate expansion units nearer to the sensors and

actuators of your machine.
Distributed configurations reduce cabling costs for these devices.

14 Communications Systems for the S5-115U

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

Distribution offers the following advantages:

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

e Enhanced system availability because, if one unit fails, the rest of the system continues to

function

Information must flow between distributed controllers to ensure the following:

e Data exchange between programmable controllers

e Central monitoring, operation, and control of manufacturing systems

o Collection of management information such as production and warehousing data

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

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

Local area network communications via the SINEC L1 network

SINEC H1

SINEC L2

Point-to-point connection with the CPUs 943, 944 and 945

ASCll interface for connecting printer, keyboard, etc. in the case of the CPU 943, 944 and 945
Computer connection with 3964/3964R protocol in the case of the CPU 944 and CPU 945

The CPU 945 provides a wide variety of communications possibilities thanks to different interface
modules which can be connected to SI2.
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15 Operator Control and Monitoring and Programming

SIMATIC offers you a range of operator control and monitoring devices graded according to price
and performance. These devices provide you with a user-friendly means of selectively following
and, if necessary, intervening in processes.

There is a meaningfully graded and compatible range of programmers available:
e PG710
e PG730
e PG750
e PG770

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

This chapter describes the design of an S5-115U with the CPU 945, giving an overview of the
following:

The modular design of the PLC

The power supply modules

The features of the CPU 945 and its various operating modes

Ways in which you can influence the scan time of your PLC

The new operating system services of the CPU 945

Further functions provided by the CPU 945 over integral blocks.

2.1 Modular Design

The $5-115U consists of various functional units that can be combined to suit the particular pro-
blem.
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Figure 2-1 The S5-115U PLC with the CPU 945 (Central Controller)

The numbered information below briefly describes the most important components of the
$5-115U.

® Power Supply Module (PS 951)
The PS951 power supply module generates the operating voltage for the PLC from the
115 VAC/230V AC or 24V DC power system voltages. This module uses a battery or an
external power supply to back up the RAM.
The PS 951 power supply module also performs monitoring and signalling functions.
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Central Processing Unit (CPU)

The central processing unit reads in input signal states, processes the control program, and
controls outputs. In addition to program scanning functions, the CPU provides internal flags,
timers and counters. You can preset the restart procedure and diagnose errors using the CPU'’s
LEDs. Use the Overall Reset switch on the CPU to delete the RAM contents.

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

Communications Processors (CP)

Communications processors can be used in the $5-115U for communication between man and
machine and between machines. Communications processors perform the following func-
tions:

e Operator monitoring and control of machine functions or process sequences

@ Reporting and listing of machine and process states

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

Input/Output Modules (1/0s)

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

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

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

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

Interface Modules (IM)

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

Mounting Racks

A mounting rack consists of an aluminium rail to which all the modules are fastened mechani-
cally. It has one or two backplanes that connect the modules to each other electrically.

Not represented in Figure 1-1:

Intelligent Input/Output Modules (IPs)

Intelligent input/output modules are available for handling the following special tasks:
Counting rapid pulse trains

Measuring and processing positioning increments

Measuring speed and time

Controlling temperatures and drives, and so on.

Intelligent input/output modules generally have their own processor and thus off-load the
CPU. Consequently, they can process measuring and open- and closed-loop control tasks quick-
ly while the CPU handles other jobs.
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2.2 Power Supply Modules

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

supply.
Power supply modules also execute monitoring and signalling functions.

You can set the following switches on the PS 951 power supply module:

e The Voltage Selector switch sets the line voltage at either 120V AC or 230V AC for AC mo-
dules. The PS 951 can also be operated with a 24 V DC power supply.

e The ON/OFF switch turns the operating voltages on or off.

e The RESET switch acknowledges a battery failure indication.

@® Battery compartment

SEMENS ) @ Sockets for external 3, 4 to 9 V DC for backup (when
battery is changed and power supply is shut off)
SIMATIC S5
Ps ® Battery failure indicator
® The LED Iights up under the following conditions:
v // o There is no battery.
Batt. ~ e The battery has been installed incorrectly.
3AVISAR e The battery voltage has dropped below 2.8 V.
Replace by ® If the LED lights up, the "BAU” signal is sent to the
personnel CPU.
only! /
____,?// ® RESET switch
ex78aTT 3.0v] G O] 1) Use this switch to acknowledge a battery failure signal
,/ after you have installed a new battery. If you are
BATT LOW g ® operating the PS951 power supply module without a
RESET “K battery, activate this switch to suppress the "BAU”
5V DC o] signal.
5.2V DC &_4? ®
24V 0C T ® Operating voltage displays
oW } o ® e +5V supply voltage for the input/output mo-
e —— dules
e +5.2V supply voltage for PG605U or PG 615,
VOLTAGE Ij—"‘_" @ OPs, BT 777 bus terminal
SELECTOR e +24V forserial interface (20 mA current loop in-
/ terface).
@ u
@Nﬂ ® ON/OFF switch (I=ON, 0=OFF)
7/]S] When the switch is in the "OFF” position, the opera-
120/230V ting voltggi'es areI disabled without interrupting the
connected line voltage.
o[ @
@ 120V AC/230V AC voltage selector switch with trans-

parent cover

Screw-type terminals for connecting the line voltage

Figure 2-2 Power Supply Module Control Panel
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2.3 CPU 945

This chapter describes the CPU 945. The following are the most important differences between the
CPU 945 and the CPUs 941 to 944:

New CPU architecture

Extremely fast operation execution times

Expanded STEP 5 operation set; e.g. floating-point arithmetic

32-bit accumulators and expanded register set

Larger program memory

Expanded address area; O area

Additional flag area (S flags)

Additional system data area (RT), which is not deleted at Overall Reset
Improved program execution on the different program execution levels
Call interval of the timer OBs (1 ms)

Additional organization blocks (OBs)

Firmware update onsite using programmer or memory submodule
New memory submodules

2nd interface in the form of an interface module

2.3.1 Functional Units of the CPU 945

===

r
| CPU 945 | Memory
| Internal I submodule
I program | | (Flash EPROM)
memory
| |
RAM
I ( ) I Serial
| 1 interface
1 |
: Timers, ! Interface
I counters, }— Processor i module
flags
| ACCUs, I
| registers "
I I
L N NN SN SN SN SN S SN S S S S - ‘
1/0 bus

Figure 2-3 Schematic of the S5-115U
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Program memory (internal program memory, memory submodule)

The control program can be stored on a memory submodule or it is stored by the programmer in

RAM. The CPU 945 always copies the entire control program from the memory submodule into

internal program memory (RAM) from where it is processed.

As security against powerfails, the control program is also stored on the flash EPROM external to

the PLC. The internal RAM has the following characteristics in contrast to the external flash

EPROM:

® The memory contents can be changed quickly.

® User data can be stored and changed.

o If memory contents are to be retained on powerfail, the RAM must be provided with battery
backup.

Note: The memory submodule may be plugged in and removed in the POWER OFF state only!

Process Images (PIl, PIQ)

Signal states of the digital input and output modules are stored in the CPU in “process images.”
Process images are reserved areas in CPU RAM.
Input and output modules have separate images as follows:
® Processinputimage (Pll)
and
® Process outputimage (PIQ)

Interfaces

The CPU 945 is equipped with the following:
® Aserial interface
® Aslotforinterface modules

You can connect the following to serial interface 1:
e Aprogrammer

e An OP 393 operator panel

® The SINECL1 local area network

There are various interface modules available for different connections:
® Programmer interface module (15-pin)

TTY interface module (25-pin)

RS 232C (V.24) interface module (25-pin)

RS 422-A/485 interface module (15-pin)

SINEC L1 interface module (15-pin)
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Timers, Counters and Flags

Each CPU provides the control program with internal timers, counters and flags. Flags are memory
locations for storing signal states. Timers, counters and flags can each be set as “retentive” (by
area), i.e. their contents are not lost at POWER OFF. Memory areas whose contents are reset at
POWER OFF are “non-retentive”.

Processor

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

The processor contains the accumulators (shortened to “ACCUs") and further registers.

The ACCUs are arithmetic registers, over which the values of, for example, the internal timers and
counters are loaded. In addition, comparison operations, arithmetic operations and conversion
operations are executed in the ACCUs.

The CPU 945 also provides a range of additional registers, e.g. the BR (basic address register) and
DBS (data block start register) (see Section 7.1).

1/0 Bus

The 1/O bus establishes the electrical connection for all signals that are exchanged between the
CPU and the other modules in a central controller or an expansion unit.

Memory submodules

Memory submodules (flash EPROMs) are available for storing the control program or for

transferring programs to the PLC.
These memory submodules are SIMATIC S5 memory cards with a capacity of 128, 256 and 512

Kbytes.

128 Kbytes 6ES5 374-1FG11 Byte
256 Kbytes 6ES5 374-1FH11 Byte 500
512 Kbytes* 6ES5 374-1FJ21 Word
128 Kbytes 6ES5 374-1KG11** Byte
256 Kbytes 6ES5 374-1KH21+** Word 500
512 Kbytes 6ES5 374-1KJ11** Byte

1MB 6ES5 374-1KK21+** Word

*  Only 256/384 Kbytes can be used
**  Programmer Software level 6.6 and higher
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Overview of the CPU 945

The CPU 945 has a new CPU architecture compared to the CPUs 941 to 944. The CPU 945 contains
the following:

e ASTEPS5 processor (SP 90)

e Afloating-point coprocessor (CP 90)

e Abus controller (AMBUS)

e A microcontroller (Motorola 68302)

The new CPU architecture results in the following advantages:

e Coprocessor execution of STEP 5 operations with SP 90 and CP 90

e Control program less burdened by communications thanks to internal multiprocessor
architecture.

e The operating system is located on a flash EPROM. This makes it possible to update the
operating system onsite using a programmer or via the memory submodule.

The microcontroller manages all functions implemented over both serial interfaces. This includes
all programmer functions and SINEC L1 connection at serial interface 1. Various interface modules
can be plugged in to constitute interface 2 (see Section 12.7).

The bus controller controls data interchange between the individual processors and the S5 bus.
The CPU has an internal RAM from which the control program can be executed. The control
program is always copied from the memory submodule into internal RAM.

Controlside |:
Opera- SP 90 CP 90
tor STEP 5 <> floating-point RAM
panel processor coprocessor
T A ) ) )
Y Y Y Y | Amsus .
bus ‘ . bus
A 4 A A A| controller :
i
Flash
EPROM [
submodule Y Y Y Y
Motorola Operating
T 68302 Clock RAM system
Serial .| microcon- flash
Programmer™ | interface troller EPROM
A
|
eq. ‘ Interface
SINEC L1 module L
Communication side
L

..........................................................................................................

Figure 2-4 Schematic of the CPU 945

EWA 4NEB 811 6150-02d 2-7



Technical Description

CPU 945 Manual

2.3.2 Features of the CPU 945

The following table shows the most important features of the CPU 945.

Table 2-1 Features of the CPU 945

Execution time per
- 1000 statements

(see Pocket Guide for

specificinformation)

approx. 100 ps

Internal program
memory (RAM)

256 Kbytes (945-7UA1.)
384 Kbytes (945-7UA2.)

Scan time monitoring

Default approx. 500 ms, programmable

Program scanning

Cyclic, time-controlled, interrupt-driven, timed-interrupt-driven

Address range, max.
(digital inputs,
analog inputs)

P area 256 bytes 0to 127 in process I/O image
128 to 255 withoutprocess /O image

O area 256 bytes
IM 3 area 256 bytes
IM 4 area 256 bytes
Flags 2048 bits, optionally e allretentive
e halfretentive
e all non-retentive
S flags 32768 bits, optionally o allretentive
e half retentive
e all non-retentive
256 bits, optionally e all retentive
Timers e TO0to63retentive
e all non-retentive
256 bits, optionally o allretentive
Counters e CO0to63retentive
e all non-retentive
Time range 0.01t0 9990 s

Counting range

0to 999

Operation set

Approx. 250 operations

2-8
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2.3.3 Operator Functions of the CPU 945

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

Plug in a memory submodule

Connect a programmer (PG) or an operator panel (OP)
Connect SINEC L1

Connect PLCs or devices of other manufacture

- Connection with ASCll driver

- Point-to-point connection (master function)

- Computer interface (3964(R) procedure)

e Setthe operating mode

e Presetretentive feature

e Perform Overall Reset

LEDs indicate the current CPU status.

115U

(@)

—
CPU ®
945

Bv/

oo@J
[
\

6ES5945-7 (23]

6ES5 816-
S5AAQ1

/

o | -E=-
N
®

S12

View of CPU 945

® Receptacle for memory submodule

® Control panel

® Slot forinterface module (see Section 12.7)

® Connectionsockets for PG, OP or SINECL1 LAN

Figure 2-5 Front View of the CPU 945
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The CPU controls are arranged in a panel. Figure 2-8 shows the control panel of the different CPUs.

® \f—\
\ RUN
STOP
@ o RUN
® — STOP
o |QVZ
@ —1T 4 ZYK
BASP
® o
NR
;
© 1 OR
"/
® Mode selector STOP/RUN ® Error LEDs (QVZ, ZYK)
@ RUNLED ® BASP (output disable); outputs of the
® STOPLED output modules are not enabled
© Switch for the following RESTART

settings:

e nonretentive presetting (NR)
e retentive presetting (RE)

e overall reset (OR)

Figure 2-6 Control Panel of the Different CPUs
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Meaning of the LEDs

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

Table 2-2 Operating Mode LEDs

\.I / \l Ve \l / CPU is in cold restart routine
7N 71N 71N or in RESTART mode
Ny N
— o — 0= o STOP mode
71N\ 71N\
N
o o — 0 — RUN mode
71N
_\l 7 - Program check running or CPU is in RESET
71N °© © - Overall Reset active
N N
—/T\— _/T\_ o Request Overall Reset
Flashing
\ l / \ | /
71N\ 71N ° Hardware fault
Flickering
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24 Overview of the CPU 945 Operating Modes
Use the mode selector to set the STOP (ST) or RUN (RN) mode.

Everything that takes place between

® aSTOP— RUN transition (manual cold restart)

e aPOWER UP— RUN transition (automatic cold restart after power up) or
e aPOWER UP— STOP transition

is referred to as "restart characteristics".

Two phases can be distinguished during restart:
e The cold restart routine (PLC cannot be directly influenced)
® The RESTART control program (PLC characteristics can be controlled in RESTART OBs (OB21

and OB22)).

The following figure gives a clear breakdown of the restart characteristics of the CPU and cyclic
operation (see Section 2.7).

Figure 2-8 shows the possible causes of operating status change.

Figure 2-9 shows how restart characteristics depend on the following:
e Thestatus of the backup battery

e Errors
e The operating status before POWER OFF
and

e The position of the mode selector.
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Mode selector STOP — RUN

r ion1
PG command RUN Power restoration

y
CPU selftest
v
Process I/O image (Pll and PIQ) is Process I/O image (Pll and PIQ) is
deleted; deleted;
Non-retentive timers, counters and Non-retentive timers, counters and
flags are deleted,; flags are deleted,
Stored start events for timer and Stored start events for timer OBs,
interrupt OBs are deleted,; interrupts OBs and system error OBs
Digital outputs are overwritten with are deleted; . .
d 0" Digital outputs are overwritten with
co Configuration of I/0 modules is "0, o
restart determined and stored:; Cold restart routine is delayed (delay
routine Adderess list for the control program is time in SD 126); _
constructed.; Configuration of I/O modules is
DB1 is interpreted (see Chapter 11) determined and stored;
S5 timers enabled Control program is copied from

memory submodule into interval
program memory;

Address list for the control program is
constructed;

DB1 is interpreted (see Chapter 11)

S5 timers enabled

In addition, the battery, memory submodule
and status before POWER OFF are evaluated
(see Figure 2-9)

v v

RESTART

Processing of OB21 * Processing of OB22 *

r

RUN

'

Outputs enabled
(BASP signal revoked)

E

Pll read in

Y

Processing of OB1

v
PIQ output
|

1 Ifthe PLC was in RUN at POWER OFF.

* 1f OB21 or OB22 contains the RA (enable interrupt) operation, a central process interrupt is possible from this point.
If this operation has not been used in the RESTART OB, interrupt and timed-interrupt OBs can only become effective
after the RESTART OB has been processed.

Figure 2-7 Restart Characteristics of the CPU
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Changing the Operating Mode

( stor =—/——

- The mode selector
is set from
STOP to RUN

- RUN s selected on
a programmer

Y

Cold restart

After power restoration wgg|

- IfPLCwas atRUN
or RESTART before
power restore

Y

RESTART

- Therestartblock
is processed

routine A

If PLC was at
STOP before
power restore
The control pro-
gram is destroyed
(e.g.RAM is
erased after
battery fails)
The mode selec-
tor is set from
RUN to STOP
Causes of
interrupts

(see Chapter 5)

The mode selector
is set from

RUN to STOP
Causes of
interrupts

(see Chapter 5)

RUN

- The mode selector

isset from

RUN to STOP
STOP is selected
on a programmer
Causes of
interrupts

(see Chapter 5)

2-14

Figure 2-8 Conditions for Changing the Operating Mode
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Cold restart characteristics after power restore

The following figure shows the cold restart characteristics after power restore depending on
battery status, possible faults, the status before POWER OFF and the mode selector.

( Power ON >

CPU selftest

Yes

No Retentive feature Yes

set?

Faults?

Program storage
defined and battery
in order?

No

Cold restart routine

Cold restartroutine*

Yes
CPU at STOP
kefore POWER UP?
Mode STOP
seIeCtOI’/
RUN
Mode

selector
RESTART

RESTART

Y Y Y

Y
Cow D G @

* Restart delay set to default of approx. 1 second

Figure 2-9 Cold Restart Characteristics After Power Restore

EWA 4NEB 811 6150-02d



Technical Description CPU 945 Manual

2.5 STOP Mode

BASP (command output disable) is active

The control program is not executed

The process 1/0 image and the interprocessor communication flags are not processed

The values of timers, counters, flags and process 1/O images current at the point of transition
to STOP are retained

S5 timers are not processed

® Interrupts are not stored

2.6 Restart Characteristics of the CPU 945

Everything that takes place between

® aSTOP— RUN transition (manual cold restart)

e aPOWER UP— RUN transition (automatic cold restart after power up)
or

e aPOWER UP— STOP transition
is referred to as "restart characteristics”.

Two phases can be distinguished during restart:

® The cold restartroutine (PLC cannot be directly influenced)

e The RESTART control program in which PLC characteristics can be controlled in restart OBs
(OB21 and OB22).

2.6.1 Cold Restart Routine

The following takes place during the cold restart routine
e The "BASP" LED lights up and the "BASP" signal is active
- Error flags are deleted in the case of manual cold restart
- All fault LEDs light up briefly in the case of automatic
cold restart after power restore
The control program is copied from the memory submodule into internal program memory

°
(RAM) (not in the case of STOP — RUN)

o The address list of the blocks is re-constructed

e Thestart events stored for timer, interrupt and system error OBs are deleted

e Non-retentive timers, counters, flags and S flags are deleted

e Digital outputs take signal "0" if all output modules are disabled

e Allinputs and outputs take signal 0" in the process /O image

e Scantime monitoring is inactive

e DB1isinterpreted

e The configuration of I/O modules is determined and stored.

This procedure is described on the next page.
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To establish the configuration of the 1/O modules, the control processor checks the full address
area of the input/output modules word by word.

If it addresses a module over an I/O byte, the processor "notes" this byte by setting a bit allocated
to itin a special memory area called the system data area.

This bit is only set by the processor if both 1/0 bytes of an 1/0 word are addressable.
The processor uses one system data word (RS) to check 16 1/0 bytes.

Using this method, the processor determines the bytes of the process I/O image to be updated
during process I/O image transfer. Table 2-3 lists all relevant system data words in the system data
area.

If, for instance, I/O byte 13

e canberead, bit5 issetin system data word (RS) 128;

e can be written to, bit 5 is set in system data word (RS) 136;
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Table 2-3 System Data Area; List of All Addressable I/0 Words (DI=Digital Input Byte,
DQ=Digital Output Byte, Al=Analog Input Byte, AQ=Analog Output Byte)

128 |y, 15| DI 14| DI 13| DI 12| DI 11Dl 10 | DI 9| DI g | E11004
129 |P! 23 | DI 22| DI 21| DI 20| DI 19 | DI 18 | DI 17| DI 16 E1102,
DI 31| DI 30|pt 29Dl 28 | DI 27 | DI 26 | DI 25 | DI 24
DI 119|DI 118|DI 117|{DI 116|DI 115|DI 114|DI 113|Dl 112
135 I q27|oi 126|oi 125|Di 124|Di 123|oi 122D 121 |oi 120 E110Es
136 |PQ 7| DQ 6 | DQ 5/DQ  4|DQ 3|DQ 2|DQ 1|DpQ ol E1110,
DQ 15|bQ 14|DQ 13|{DQ 12|DQ 11|{DQ 10|DQ 9|DQ 8
DQ 119(DQ 118|DQ 117|DQ 116(DQ 115|DQ 114({DQ 113|(DQ 112
143 1pq 127|pQ 126|DQ 125|DQ 124[DQ 123|pQ 122{DQ 121|DQ 120 E111Ek
124 |A 7(A 6| Al 5| Al 4| Al 3|Al 2| Al 1Al 0 E1120,,
Al 15 | Al 14| Al 13| Al 12| Al 11| Al 10 | Al 9| Al 8
Al 19la nsfar 117|A 16|Al 115|AI 114[A 113[A 112
137 A 127]|ar 126|a 1zs|a 12a|a 123|ar 122{a 121|a 20| ET12Ek
152 |AQ 7| AQ 6| AQ 5]AQ 4| AQ 3| AQ 2| AQ 1] AQ 0 E1130,,
AQ 15|]AQ 14|AQ 13|]AQ 12|/AQ 11]AQ 10|AQ 9| AQ 8
AQ 103|AQ 102|{AQ 101|AQ 100|AQ 99|AQ 98{AQ 97|AQ 96
158 |aq 111]AQ 110|AQ 109|AQ 108|AQ 107|AQ 106]|AqQ 105|Aq 104 E113Ck
159 [AQ 119[AQ 18[AQ 17[AQ 116[AQ 115[AQ 114[AQ 113|AQ 12| £qq3f
AQ 127|AQ 126(AQ 125|AQ 124|AQ 123|AQ 122|AQ 121|AQ 120 "
Note
These bits are flag bits, i.e. manipulation of these bits by the control program has no
effect on update of the process 1/0 image. Changes to the determined module
configuration affecting updating of the process I/O image can only be made over
operating system service No. 6 (see Section 2.10).
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2.6.2 RESTART

While the CPU is in RESTART, the following applies:

The fault LEDs are dark; the RUN, STOP and BASP LEDs light up
All output modules are disabled (outputs show signal “0")
The Pll is not yet updated; evaluation of the inputs is only possible with direct 1/0 access

(LPY../LPW..)

Example: L PW 0
T W 0
A | 0.0

Scan time monitoring is inactive

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

Timers are processed

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

RESTART program execution

During RESTART, i.e.

after a STOP — RUN transition (manual cold restart)

and

after a POWER OFF — POWER UP transition (automatic cold restart after power restore if the
CPU was previously in the RUN mode), the CPU operating system automatically invokes a
RESTART OB, provided one has been programmed:

OB21 (in the case of manual cold restart)

or

OB22 (in the case of automatic cold restart after power restore if the CPU was previously in
RUN).

If you have programmed these blocks, this program will be executed before cyclic program
execution; this makes it suitable for, e.g.

(one-off) setting of specificsystem data
or
carrying out parameterization for the process to be automated.

If the relevant RESTART OB has not been programmed, the CPU branches direct to RUN (cyclic
program execution, OB 1).
At this point, we have an example of how a RESTART OB can be programmed.
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Example 1: Programming OB 22

A check is to be made after power restore to ensure that all input/output modules are ready for
operation. If one or more modules cannot be accessed (not plugged in or faulty), the PLC must
branch to STOP.

KB 0 Output words 0, 2 and 4 are set to "O0"
PW

L

T 0

T PW 2
:T PW 4

L PW 6 The information in input words 6, 8 and 10 is

L PW 8

L

PW 10

loaded consecutively into ACCU 1.

If an input or output module cannot be accessed with the statement L PW or T PW, the CPU enters
STOP at this statement and the QVZ (timeout) interrupt bit is set in the ISTACK (see Chapter 5) if
OB23 has not been programmed to respond to a QVZ (see Section 2.8.7).
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Example 2: Programming OB 21 and FB 1

After cold restart using the mode selector, flag bytes 0 to 99 are to be preset with "0", flag bytes
100 to 127 are to be retained since they contain important machine data.

Prerequisite: Retentive switch at retentive position (RE).

:JU FB Unconditional FB1 call

:DELETE M
:BE

:L KB 0 Flag word 200 is preset with "0"
:T FW 200 The value "0" is stored in ACCU 1
M10 :L KB 0 The contents of FW 200 specify the
:B FW 200 current flag word.
:T FW 0 The current flag word is set to "O"
:L FW 200
0 I 2 The contents of FW 200 are incremented by 2.
:T FW 200
:L KF +100 The comparison value "100" is loaded into ACCU 1
:<F As long as contents of FW 200 < 100,
:JC =M10 jump to marker 10.
:BE The bytes FY 0 to 99 are set to "O".
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Programmable Restart Delay at Cold Restart and After Power Restore

If you want to delay checking the module configuration because, for example, switching the
voltage to a remotely connected expansion unit is delayed, you must modify system data word 126
(E 10FC,)) in one of the following ways:

e With the "Display memory contents” programmer function (only permissible when the CPU is
in the STOP mode!)
® With STEP 5 operations in the control program (only in FBs).

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

Example: Programming a restart delay of approximately one minute

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

:BE

Note

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

2.7 RUN Mode

After the CPU operating system has run the restart program, it starts cyclic program execution (see
Section 2.8.2).

Cyclic program execution means the following:

® The process|/O image and the interprocessor communication flags are processed cyclically (see
Section 2.8.2)

e The control program is processed cyclically (OB 1) (see Section 2.8.2)

o The time-controlled, interrupt-driven and timed-interrupt-driven program execution levels
and the system fault level are enabled for processing.

In addition, scan time monitoring is active (see Section 2.9.5).
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2.8 Program Execution Levels of the CPU 945
2.8.1 Overview of the Program Execution Levels of the CPU 945

In RUN mode, we distinguish between 5 types of program execution:
e Cyclic program execution

Time-controlled program execution

Interrupt-driven program execution

Timed-interrupt-driven program execution

System error handling

Programs are executed on different program execution levels. The program execution levels are
invoked by the operating system over organization blocks (OBs).

The various program execution levels have different priorities for program processing. The
interrupt characteristics of each program execution level depend on the priority of that level.

It is a basic rule of interrupt behaviour that:
A higher-priority level can interrupt a lower-priority level after every STEP 5 statement.

You must note the following with regard to interrupts:

e The operations DO DW/DO FW and the next operation count as one operation.

e The operations TNB/TNW cannot be interrupted.

e There are restrictions as to the STEP 5 statements after which integral blocks can be

interrupted.

If a level is interrupted by a higher-priority level, program execution is continued at the interrupt
point after the higher-priority level has been executed.

The following table gives an overview of the various program execution levels and their interrupt
characteristics.
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Table 2-4 Program Execution Levels of the CPU 945

Cyclic Cyclic OB1 The cyclic level can be interrupted by
level e all time levels
e allinterrupt levels
e the timed-interrupt level
e thesystem error level
The cyclic level cannot interrupt
any other level
Time- Time level 3 OB10 Atime level can be interrupted by
controlled | Time level 2 OB11 e ahigher-priority time level
Time level 1 OB12 o allinterrupt levels
Time level 0 OB13 o the timed-interrupt level
o thesystem error level
Atime level can interrupt the following
o the cycliclevel
- in the control program
- in the operating system
e lower-priority time levels
Interrupt- |Interr.levelD | OB5 An interrupt level can be interrupted by
driven Interr. levelC | OB4 e ahigher-priority interrupt level
Interr. levelB | OB3 e the timed-interrupt level
Interr. level A | OB2 e thesystem error level
An interrupt level can interrupt the
following
o the cycliclevel
- in the control program
- in the operating system
e all time levels
e lower-priority interrupt levels
Timed- Timed- OB6 The timed-interrupt level can only be
interrupt | interruptlevel interrupted by
driven e the system error level
The timed-interrupt level can interrupt
the following
o the cycliclevel
- in the control program
- in the operating system
e all time levels
e allinterrupt levels
System System error The system error level cannot be
error level interrupted by any other level and cannot
handling |- Scantime OB26 even interrupt itself.
monitoring The system error level can interrupt all
- Collision of | OB33 other levels.
two timed
interrupts
- l/Oerror OB35

Low

Y
High
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2.8.2 CyclicProgram Execution

After the operating system of the CPU has run the restart program, it starts cyclic program
execution.

The maximum duration of the cyclic program is defined by the scan monitoring time (see Section
2.9.5).

Cyclic program execution means the following

Scanning the input signals at the input modules and representing them in the Pl

Updating the input interprocessor communication flags (see Section 12.2.1)

Excuting OB1

(running the control program; results are written into the PIQ or, e.g. stored in flags or DBs)
Transferring data from the PIQ to the output modules

Transferring output interprocessor communication flags to the CPs.

@6 0O

Transfer of the process 1/0 image

In contrast to the CPUs 941 to 944, process |/O image is transferred in two steps in the CPU 945:

e The bus controller (AMBUS) updates the PIl’ in accordance with the determined module
configuration.

e The control processor fetches the updated Pll’ from the bus controller and transfers it into the
Pll for further processing.

Output of the process I/O image to the digital output modules is executed in the same two steps.

Figure 2-10 shows the two steps of process I/O image transfer.

Note

Unused inputs (I x.y, IB x, IW x, ID x) cannot be used as additional flag areas since they
are overwritten with "0" every time the process input image is transferred (I’ transfer).

Control processor Bus controller (AMBUS) S5 backplane bus
- Digital 1/0

Pil <L : l|>||' : <:- | DDD"'

PIQ | & {>P'Q' :L] DDD...

Determined
module
configuration

Figure 2-10 Data Flow in the Case of Process I/0 Image Transfer
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There are two different types of process I/O image transfer:

e Sequential
e Parallel

There are two methods of setting the type of process /O image transfer:

e In DB1 with the PPIT parameter (see Chapter 11)
e With system data bit 120 (E 10F0,); parallel transfer of the process 1/0 image is set by setting
bitNo.7="1".

Sequential process I/0 image transfer

In sequential process I/O image transfer, the Pl is transferred before the control program. The
new signal states resulting from the control program are transferred from the PIQ to the output

modules.
All sequential process 1/0 image transfer times are accommodated fully in the scan time (see

Figure 2-11).
Parallel transfer of the process I/0 image

Here, the process I/O image is transferred in two independent procedures (see Figure 2-11)

e Atthe beginning and end of the control program between the control processor and the bus

controller
e Parallel to the control program between the bus controller and the 1/0.

Sequential transfer of the process I/0 image

2w fnbef n fo] o peofso] & [rafes] & Jof o pojo] @

Parallel transfer of the process /0 image
Control processor

Arbdelne] o Tabdelaled & Japelelnpe] & Tnkepelubal’

=] ] [ ] o] ] =] [+

Bus controller AMBUS

Legend: I... Reading the digital input modules into the Pll of the bus controller
I ... Transfer of the Pll from the bus controller into the Pll of the control processor
IPCl... Reading inthe interprocessor communication flags
B.. Control program
Q'... Transferof thePIQ from the control processor into the PIQ of the bus controller
Q.. Output of the PIQ from the bus controller to the digital output modules

IPCQ ... Outputting the interprocessor communication flags
SCP... Scan control point

Figure 2-11 Sequential and Parallel Transfer of the Process I/0 Image
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Reducing PIQ transfer
The CPU 945 offers the possibility of executing PIQ transfer in a reduced form.

For this purpose there is a memory area for the digital outputs in addition to the memory area
containing the determined module configuration (see Section 2.6.1). This additional memory area
contains the output bytes which have changed in the current scan compared to the previous scan.

If the reduced PIQ transfer is active, only those output bytes which have actually changed are
transferred to the output modules.

Failure of an output module is not detected during reduced PIQ transfer if the modules output
bytes only change infrequently. To prevent this, all available output bytes mut be output after a
specific number of scans.

You can program the number of scans with reduced PIQ transfer as follows:
e With the DB1 RPIC parameter (Reduced Process Image Output Counter) (see Chapter 11)

or
e With operating system service No. 7 “Reduction of PIQ transfer" (see Section 2.10).

The programmed number of scans with reduced PIQ transfer is followed by one scan with a
complete PIQ transfer.

The RPIC parameter can be set in the range 1 to 255. If a default value of RPIC = 0 is set, reduced
PIQ transfer is switched off, i.e. a complete PIQ transfer takes place after each scan.

Note

Defective modules are only detected after one or several scans, since usually not all
connected output modules are addressed within one scan.

Scope for fast responses to signal changes

Even during cyclic program execution there is scope for fast responses to signal changes by, for
example

® programming organization blocks for interrupt processing and using interrupt modules

e using operations with direct I/O access (e.g. L PW, T PY)
e multiple programming of direct 1/0 scans in the control program.
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2.8.3 Time-Controlled Program Execution

OBs 10 to 13 are available for time-controlled program execution. The time OBs are called by the
operating system at fixed intervals.

You can set the call intervals for the time OBs in different ways:
e InDB1 (see Chapter 11)
o Over the operating system services in OB250 (see Section 2.10).

The call interval can be set in the range from 1 ms to 1 min (range 0 to FFFFy; see Table 2-5). You
can also change the call interval using the operating system services. A call interval of 100 ms is the
default for OB13.

Time OBs interrupt the cyclic program after each STEP5 operation. Time OBs cannot interrupt the

following:
e Higher-priority time OBs
e OB6

@ Processinterrupts (OB2 to OB5)
® Thesystem error OBs 26, 33, 35

Time OBs can be interrupted by the following:
e Ahigher-priority time OBs

e OB6

@ Process interrupts (OB2 to OB5)

e System error OBs.

The order of priority for the time OBs is as follows:

Highest priority: OB13
OB12
OB11
Lowest priority: OB10.

Please note also:

e You can disable invocation of all time OBs with the "IA" operation. You can then enable
invocation of all time OBs agian with the "RA" operation.

® Youcan use the "SIM" operation to disable one or several time OBs (see section 8.2.8).
e Disabling invocation of time OBs is needed if integral handling blocks are used in the cyclic
and time-controlled program and if they access the same page number in doing so. The

interrupts must be disabled and then re-enabled before every invocation of an integral data
handling block in the lower-priority program.
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e During an interrupt disable or while a time OB is executing, one call request per time OB is
stored. If a second call request occurs for the same time OB, the CPU signals "collision of two
timed interrupts”.

e Iftime OBs are to be processed in the RESTART OB (OB21, OB22), you must enable interruptsin
the RESTART OB with "RA".

o The block nesting level of 50 levels applies also when processing a time-controlled OB and
must not be exceeded.

e If a time-controlled OB uses "scratch flags™ which are also being used in the cyclic control
program or in a lower-priority time-controlled program, these flags must be saved in a data
block during processing of the timed-interrupt OB.

e Invocation of the timed-interrupt OBs can be delayed in the following cases (see Table 2-6)
- If integral blocks are used
- If the clock has been parameterized
- If programmer/OP functions are active
- If SINEC L1 is connected
- If the computer interface or ASCll driver are active
- If the S5 bus is accessed direct by the IP 252
- If higher-priority execution levels are active or if interrupts are disabled

e® The values in system data words RS 97 to RS 100 are only flags for the set intervals. Changing
system data words RS 97 to RS 100 does not effect any change in the call intervals. The call
intervals can only be changed over operating system services No. 2 to 5 (see Section 2.10).

Table 2-5 Parameter Block for Timed-Interrupt OBs

RS 97 E10C2 Interval for OB13 (0 to FFFFy) 100 (=100 ms) 5

RS 98 E10C4 Interval for OB12 (0 to FFFFy) 0 (=nocall) 4

RS 99 E 10C6 Interval for OB11 (0 to FFFFy) 0 (=no call) 3

RS 100 E 10C8 Interval for OB10 (0 to FFFFy) 0(=nocall) 2
Example

Setting an interval for 1 s for OB13 with operating system service No. 5

Set OB13 interval

:L KF+1000 Load interval (1 s)
:L KB 5 Load operating system service function number
:JU OB 250 for OB13

Call operating system service

:BE
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2.8.4 Interrupt-Driven Program Processing

OBs 2 to 5 are invoked automatically by the operating system if a (process) interrupt (interrupt A,
B, Cor D) occurs.

Programming interrupt blocks

You can use interrupt-initiating modules in the S5-115U (e.g. intelligent I/O modules, the 434-7
digitial input module or the 485-7 digital input/output module (see Chapter 9)). These modules
activate the CPU over an interrupt line in the /O bus (S5 backplane bus). The CPU distinguishes
between A, B, C or D interrupts depending on which interrupt line has been activated.

Each of these interrupts causes the operating system of the CPU to interrupt the cyclic or time-
controlled program and to call an interrupt OB:

OB2 in the case of interrupt A (interrupt A is triggered by the 434-7 DI module (see Chapter 9),
485-7 DI/DQ, by some CPs or by IPs)

OB3 in the case of interrupt B (interrupt B is triggered by some CPs or by IPs)

OB4 in the case of interrupt C (interrupt C is triggered by some CPs or by IPs)

OBS5 in the case of interrupt D (interrupt D is triggered by some CPs or by IPs)

What interrupts what and where?

The following execution levels can be interrupted:
e The cyclicprogram (OB1)

e Thetime-controlled program

e Alower-priority interrupt

The priority of the interrupts is set as follows:

Highest priority: Interrupt A
InterruptB
Interrupt C
Lowest priority: Interrupt D

The timed-interrupt level (OB6) and the system error level (OB33, 35, 36) have higher priority and
cannot be interrupted.

Lower-priority program levels can be interrupted after each operation.

Integral function blocks and operating system routines can only be interrupted at predefined
locations (cannot be changed!).

If you have not programmed an interrupt OB, the interrupted program will be continued
immediately at the point of interruption.

If asecond interrupt request (edge) occurs during processing of the same interrupt OB, the request
can be stored. One request can be stored for every interrupt line.
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Example: An interrupt B and, shortly afterwards, an interrupt A occur while the CPU is
processing OB2.

After the CPU has processed OB2, it re-invokes OB2 (with interrupt A), and only then
does it invoke OB3.

If another interrupt A (OB2) occurs during processing of OB3, OB3 is immediately
interrupted in order to process OB2. Processing of OB3 is continued after OB2 has been
processed.

If any section of your cyclic or time-controlled program is not to be interrupted, you must protect
this section from interruption using the "IA" (disable interrupt) operation. At the end of the
"protected” section, interrupts must be enabled again using the "RA" operation. During interrupt
disable, one interrupt per interrupt line can be stored!

You can also disable each interrupt level individually using the "SIM" operation if the interrupts
are not disabled by the "IA" operation (see Section 8.2.8).

Disabling interrupts is necessary in the following cases:

e If you are using integral data handling blocks both in the cyclic/time-controlled program and
in the interrupt program

e Ifthe data handling blocks access the same page number.

You must disable the interrupts before every integral data handling block call in the cyclic

porogram, time-controlled program and in a lower-priority program!

A CAUTION

Many standard function blocks for IPs cancel the interrupt disable because they
operate with the IA and RA operations!

If you use these standard function blocks during restart or in an "interrupt-protected”
program section, the relevant interrupt OBs may be invoked inadvertantly!

Enabling interrupts in the restart program (OB21, OB22)

If you want interrupt responses already at restart, you must enable the interrupts at the beginning
of the restart OB with the “RA” operation (not possible with the 434-7 digital input module and
the 485-7 digital input/output module). Otherwise, the interrupts will only come into effect after
the restart OB has been processed.

Notes on avoiding programming errors

e Note that the block nesting depth of 32 levels must not be exceeded even when calling

interrupt OBs!

e If you use the same flags in the interrupt service routine as in the cyclic program, you must save
the contents of these flags at the beginning of the interrupt service routine (e.g. in a data
block); at the end of an interrupt service routine, transfer the saved contents of the flags back

to the relevant flag bytes (words).
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Example of interrupt OB (OB2, OB3, OB4, OB5)

Save flag contents

Y

Identify interrupt-initiating
module or interrupt
initiating channel,
acknowledge interrupt

Y
Interrupt response

Y

Transfer saved flag contents
back

Figure 2-12 Program for Interrupt OB (Principle)

Calculating interrupt response times
The total response time is the sum of the following:

e Signal delay of the interrupt-initiating module (=time from interrupt-initiating input signal
change until activation of the interrupt line)

e Interruptresponse time of the CPU
e Execution time of the interrupt program (=sum of all STEP 5 operations in the interrupt-

evaluating program).
Calculate the interrupt response time of the CPU as follows:

Interrupt response time of the CPU = basic response time + additional response times +
processing time of a higher-priority program execution level

The basic response time is 23to 85 ps.
Additional response times result from:

o Integral FBs

e The parameterized clock

® Programmer/OP functions

e Activated computer interface (3964(R) procedure) or activated ASClli driver
e SINECL1

® S5bus accesses (worst case ready delays see Table 2-10)

o Direct S5 bus access by IP 252

See Table 2-6 for the additional response times which can vary.
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Table 2-6 Additional Response Times

Data handling blocks and other integral FBs* <0.1ms
Clock parameterized =<0.1ms
SINEC L1-Bus connected to SI1 or SI2 <0.2ms
Computer link (3964(R)), ASCll driver <0.35ms
S5 bus accesses** — Tab. 2.10

Greatest ready delay times of the plugged-in modules

Operating system services (OB250) OB250 cannot be interrupted;
additional response time
corresponds to execution time of
OB250, see Pocket Guide

Direct S5 bus access via IP 252 0.32ms

OP functions <0.1ms

Programmer functions at one interface

FORCE VAR/STATUS VAR =0.2ms
Status Block/Transfer Block =0.2ms
Display address <0.2ms
Compress block with programmer or FB COMPR
- if no blocks are being shifted =<3.3ms
- if blocks are being shifted =3.3 ms+2 ms per 1K statement

of the block to be shifted

* Cf. "Programmer functions, compress block” for FB238 (COMPR)
** Are primarily relevant if TNB/TNW are used to access the /0O area (see the Pocket Guide for the execution times of
TNB/TNW). These operations cannot be interrupted.
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2.8.5 Timed-Interrupt-Driven Program Processing

OB6 is called by the operating system when the time started by operating system service no. 1 (see
Section 2.10) has run (provided interrupts are not disabled by the "IA" or "SIM" operations).
In OB6, you program the response after the set time has run (timed interrupt).

Note

A running clock prompt can be "restarted" by invoking operating system service no. 1
"Activation of OB6" again. The operating system then restarts the clock prompt
specified by operating system service no. 1. A running clock prompt can be stopped by
transferring the value "0" to the operating system service (prevents invocation of
OB6!).

After the clock prompt has been started, system data word 101 (E 10CAy) contains the selected
time. When the programmed time has run, the operating system enters the value “0" in system
dataword 101 and calls OB6.

The following applies for OB6:

o To start the clock prompt, you must activate operating system service no. 1 "Activation of
OB6". The set time is flagged in system data word 101 (E 10CAH) while the time is running.

@ You can set the clock prompt in steps of 1 ms. The programmable clock prompt is therefore in
the range 1 to 65535 ms (possible deviation: -1 ms).

e OBG6 can be interrupted by system error OBs 26, 33, 35.

e OB6 can interrupt the cyclic and time-controlled program and can also interrupt a running
interrupt program (OB 2 to 5) (save scratchflags, if necessary)!

® Invocation of OB6 can be delayed if
- Integral blocks are in use
- The clock has been parameterized
- Programmer/OP functions are active
- SINEC L1 is connected
- Computer interface or ASCll driver are active
- The IP 252 accesses the S5 bus direct
- The system error level is active or interrupts have been disabled.
See Table 2-6 for the time by which invocation of OB6 is delayed.

® You can disable processing of OB6 selectively with the "SIM" operation or generally with the
"IA" operation.

e OB6 requests received while interrupts are disabled, or while OB6 is running, are stored. If a
further OB6 request occurs, the CPU signals "collision of two timed interrupts”.

Example: Starting the clock prompt

:L KF+1000 Load time value 1 s
:L KB 1 Load function number of the operating system

service

:JU OB 250 Invoke operating system service
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2.8.6 System Error Level

The CPU 945 allows you to respond to system errors with OBs 26, and 35. System errors are errors
which can occur at any time in the control program and are not tied to any one program execution
level (see Section 2.8.1). The error OBs 26, 33 and 35 have the highest priority. These OBs can only
be selectively disabled with the SIM operation. They cannot be disabled with IA.

If several system errors occur, the CPU 945 stores them and processes them consecutively.

OB26 Response to timeout

If the scan time is exceeded, the scan time can be restarted over OB26.
The following sequence takes place after the "ZYK" signal:

Timeout

Has "ZYK" occur-
red already and not
been acknowledged?

Yes

No

Does OB26 exist?

Restart
scan time

Invoke OB26

If the error is not acknowledged by restarting the scan time with OB31 (e.g. in OB26)
and the scan time runs out again, the CPU goes to STOP with ZYK.

If there is no OB26, the CPU goes to STOP with ZYK.
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OB33

Response to collision of two timed interrupts

If any of the timed interrupt collisions listed in Table 2-7 occur, the operating system
interrupts program processing and branches to OB33. An error code has been assigned to
each of the collision events. This error code is in ACCU 1 when entering OB33 and can be
evaluated. If you have not programmed an OB33, no response is made to the collision.
Until a collision event with a specific error code has been processed no further collision
event with the same error code will be stored.

Table 2-7 Errors Handled in OB33

Timed-interrupt

e Atimed-interrupt OB or time OB is running and a

level (OB6) second request arrives for this OB
: or
Time level (OB13) e Interruptisdisabled and a second request arrives
for this OB

Time level (OB12)

Time level (OB11)

Time level (OB10)

u |l hjlwilN

OB35

Response to 1/0O errors

If one of the I/O error events listed in Table 2-8 occurs, the operating system interrupts
program processing and branches to OB35. An error code has been assigned to each of
the 1/O error events. This error code is in ACCU 1 when entering OB35 and can be
evaluated. If you have not programmed an OB35, the CPU goes to STOP when these
errors occur. If one of the /O errors is detected during restart, the CPU will not start, even
with a programmed OB35. Until an 1/O error event with a specific error code has been
processed, no further I1/O error event with the same error code will be stored.

Table 2-8 Errors Handled in OB35

PEU 1 Powerfail in expansion unit
HOLD 2 Bus fault
- Module defect
RDY 3 - Short-circuit on backplane bus
ASF 4 e Termination connector missing in central controller

e Connection to expansion unit broken

2-36

If PEU occurs during transfer of a process I/0 image, both PEU and QVZ will be detected
and stored at process |/O image transfer. This QVZ is responded to when no more OB35
requests are pending, i.e. you may have to program an OB24.
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If one of these 1/O errors persists, OB35 is called again every time it is processed. This
makes any other program processing impossible. However, scan time monitoring
continues although it may have to be restarted.

Example

In a system with an expansion unit connected in distributed configuration, the PLC is to restart
after POWER UP if the POWER OFF for the expansion unit was up to 2 s before the POWER OFF of
the central controller.

Invocation of FB35

:JU FB 35

NAME : WAIT
:BE

A F 0.0 Force RLO = 0
:AN MFO0.0
:L KT 200.0 Load time value 2 s
:SE TO Start timer and run with RLO = 0
:0 F 0.0 Force RLO =1
:ON F 0.0
:SE TO Start time with RLO =1
WAIT:JU OB 31 Wait loop
:A TO
:JC= WAIT
:STS STOP if no POWER OFF in central controller
:BE 2 s after detection of PEU

2.8.7 Handling Programming Errors and PLC Malfunctions

It is possible to determine the response of the CPU to programming errors and PLC malfunctions
using error response OBs.

The operation which triggers the timeout, substitution or transfer errors can be replaced by calling
the relevant error response OB. Appropriate responses to errors can be programmed in these OBs.
If only “BE” is programmed there, no response follows, i.e. the PLC does not go to STOP. If no
relevant OB exists, the CPU jumps to the STOP mode.
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OB19

OB23

OB24

2-38

Response when an unloaded block is called

In OB19, you can program the response of the CPU when an unloaded block is called.

In the event of a fault, RS 102 (E 10CCy) contains the machine code of the last block call.
Only the second word of the machine code is stored in the case of DOU FX and DOC FX.

Example: The CPU isto go to STOP when an unloaded block is called:

:JU FB 19

NAME:STS Set CPU to STOP

:BE

:L RS 102 Evaluate error code
:T FW O Store in FW

:STS Stop statement

:BE

If OB19 has not been programmed, the control program continues execution (no re-
sponse) immediately after the jump statement (the destination of the jump does not
exist!)

Response to timeout in the case of direct I/0 access

The following operations can resultin atimeout: LPY; L PW; TPY; TPW, LOY; LOW;
TOY; TOW and accesses via indirect addressing LIR, TIR, TNB, TNW, TRW, TRD, TRW,

LRD, ...

The timeout (QVZ) error occurs if a module fails to acknowledge within 160 ps of being
accessed. The cause may be a program error, a defect in the module or the removal of the
module during the RUN mode. The operating system stores the absolute module address
at which the QVZ occurred in system data word 103 and 104 (E 10CEy to E 10D1y) and
calls OB23. If OB23 does not exist, the CPU goes to STOP with QVZ (ISTACK error code:
"QVZ").

Response to timeout when updating the process I/0 image or the interprocessor
communication flags

If a timeout occurs when updating the process 1/0 image and the interprocessor
communication flags, the absolute address at which the timeout occurred is stored in
system data words 103 and 104 (E 10CEH to | 10D1H) and OB24 is called. If OB24 does not
exist, the CPU goes to STOP with "QVZ" (ISTACK error code: "QVZ").
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OB27 Response to substitution error

A substitution error (SUF) can occur in the following cases

- If the formal parameters of a function block are changed after the block is called ("HU
FBx", "JCFBx", DOU FXa", "DOCFXa").

- If the parameter is greater than the current DB length in the case of the DO DW
operation.

The operating system interrupts the control program when a substitution error has been

detected and then executes OB27 instead of the substitution operation. If OB27 does not

exist, the CPU goes to STOP with the ISTACK error code “"SUF".

OB32 Response to transfer errors

A transfer error (TRAF) occurs under the following circumstances:

- When data words are accessed without previously calling a data block (C DB, CX DX).

- If the parameter is longer than the data block opened in the case of the operations
LDW,; TDW,; TBD; TBN D; SUD; RU D; etc.

- If there is not sufficient program memory available to generate the specified data
block or a length parameter greater than FFF9, in the case of the G DB or GX DX
(Generate Data Block).

Response to transfer error: The operating system interrupts processing of the operation

where the transfer error occurred and processes OB32 instead. If OB32 does not exist, the

CPU goes to STOP with the ISTACK error code "TRAF”.

OB34 Response to the BAU (battery failure) signal
The PLC continuously checks the status of the battery in the power supply. If battery
failure (BAU) occurs, OB34 is processed before each cycle until the battery has been
replaced and the battery failure indicator on the power supply has been acknowledged
(RESET key). You program the repsonse to battery failure in OB34. if OB34 has not been
programmed, no response results.

2.9 Scan times of the CPU 945

This chapter shows you how to estimate and measure the execution time and scan time of a
program.

The scan time is the sum of the run times of all operations executed by the CPU or the PLC. For
example,

e Execution of a control program

® |/O accesses, e.g. process [/O image and interprocessor communication flags

e Operating system operations, e.g. updating the clock

e "Interventionsin a normal program scan”, e.g. by the programmer/OP functions

You can influenc the scan time by manipulation of the process I/O image transfer.

This process I/O image transfer, newly organized compared to the CPU 941 to 944, is described in
Section 2.8.2.

Section 2.9.3 contains an overview of the times relevant for estimating the scan time. In the case of
purely cyclic execution with interrupt processing and without direct I1/0 access, the scan time
constitutes the main proportion of the response time.
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2.9.1 Response Time in the Case of Exclusively Cyclic Program Execution

The response time is the time between change of the input signal and change of the output signal.
The response time depends on the delay of the input module and the scan time.

The delay of the output modules can be ignored.

The response time in the case of exclusively cyclic program execution is being considered here, i.e.
without interrupt processing or direct 1/0O accesses.

The next two figures are intended to illustrate how the response time differs between
® Sequential process I/O image transfer (see Figure 2-13)

and

o Parallel process I/0 image transfer (see Figure 2-14).

The following figure shows an example of the reponse time in the case of sequential process 1/0

image transfer. As well as the response time tR, the figure also shows the worst case t; __ .

Delay of the | Response time t;
input modules

/ I Cycle1 I

Cycle2

I

I

I

Process signal :

A

10.0 Signal in PlI |

I

| |

!

Signal in PIQ I |

I

1.0 , ! P

Q Process signal |
|

I

! 1

I
|
I
I
1
I

_.______‘ ______
\
=
3
o

AN I Y S (2 N ) S 3

| tRmax

I (without delay of the input module)

\/

Legend: |I... Readingthe digital input modules into the Pll of the bus controller
I’... Transferringthe Pll fromthe bus controller into the Pll of the control processor
B... Controlprogram

Q’'... Transferring the PIQ from the control processorintothePIQ of thebuscontroller
Q... Output of the PIQ from the bus controller to the digital output modules

SCP ... Scan control point

tg... Responsetime

Figure 2-13 Response Time in the Case of Sequential Process /0 Image Transfer
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The following figure shows an example of the reponse time in the case of parallel process 1/0
image transfer. As well as the response time R, the figure also shows the worst case t;__ .

Delay of the

h Response time t
input modules P £

Y

|
I
I
|
Process signal i
|
10.0 Signal in Pl |
I
: |
Signal in PIQ | i
| —
Q1.0 | process signal [ !
— I ',
T : » Time
| | |
I |
Cycle1 Cycle2 T | Cycle3 l b
d - . i -

| 1

A0 = 8 I Y = 3 N S = 3 B S O 5 [

|
|
[
|

<
: u
[ [ = ] (o]

|
,A tRI‘l'Ia)( > :

(without delay of the input module)

Legend: |... Readingthe digital input modules into the Pll of the bus controller
I... Transferring the Pll from the bus controller into the PIl of the control processor
B... Control program

Q'... TransferringthePIQ from the control processorinto the PIQ of the bus controller
Q... Outputof the PIQ from the bus controller to the digital output modules

SCP ... Scan control point

tg... Responsetime

Figure 2-14 Response Time in the Case of Parallel Process I/0 Image Transfer
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2.9.2 Estimating the Scan Time

The scan time has been divided into various units below to help you estimate the program runtime
and thus the amount of time needed to scan the program.

The scan time is determined by
e The control program
and
e All operating system operations required for executing the control program.

The scan time increases if system processing times are additionally necessary. System processing
times result from
® Programmer/OP operations
or
o Demands arising from SINEC L1, ASCIl driver or computer interface.

System processing times can vary are depend on the operations executed.
System processing times can almost be ignored in the case of the CPU 945 since the actual
communication functions (programmer/OP functions, etc.) are handled by the microcontroller.

I—O scpi I/I IPCI I Control program | Q IIPCQ —I

Scan time without system processing time

Y

A

J Control side

Communica-
tion side

Control program

Scan time with system processing time

Y

A

SCP... Scan control point

l... Process input image

IPCl... Readinginthe inputinterprocessor communication flags
Q.. Outputting the process output image

IPCQ... Outputting the output interprocessor communication flags
PG ... Programmer/OP operations

SINEC ... SINECL1 demands

Figure 2-15 Breakdown of the Scan Time
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2.9.3 Basis for Calculating the Scan Time

The following table contains the basis for calculating the individual times of a cycle.

Table 2-9 Breakdown of the Scan Times

s S5 %

Basic scan time (scan time control point) < 50

Reading in the process input image

I’ transfer ty < 25
| transfer t;=54+n (1.5+readydelay
of the module)

Control program Sum of the runtimes of all
(incl. runtime of higher-priority levels, processed STEP 5 statements
e.g.0B2)
Outputting the process output image

A’ transfer tar < 25

A transfer ta=54+m (1.5+readydelay

of the module)

A transfer (reduced) ta=54+p (1.5+readydelay
of the module)

Reading in and outputting the interprocessor | Basic runtime (interprocessor communication

communication flags flag (IPC) list valid, no entry: 50us
Additional runtime per IPC flag list word
with at least one entry: 35ps
Additional runtime per entry: 10us+

Ready delay of the module
Runtime in the case of invalid
IPCflag list: Sps

Programmer/OP operations Dependent on the functions
to be executed

I'... Transfer of the Pil from the Pil of the bus controller into the Pl of the control processor
Reading the digital input modules into the Pil of the bus controller

. Transfer of thePIQ of the control processor to the PiQ of the bus controller

. Output of the PIQ of the bus controller to the digital output modules
Number of connected input bytes

. Number of connected output byte
Number of changed output bytes

~
.

© 3300
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The Ready delay time is the time that elapses between the arrival of the Request signal in the
module and the module’s Ready signal.
The delay time depends on

e The Ready delay time of the module itself
® Theinterface module used and
o The length of the cable

In a distributed configuration, the communications link delay must also be taken into account.

If the CPU does not receive the Ready signal within 160 pusec., it stops and outputs the "QVzZ”
(time-out) error message if OB23/0OB24 has not been programmed (see Section 2.8.7).

Table 2-10 Ready Delays of the Different /0 Modules

Digital modules 2
Analog modules 16
313 watchdog modules
IP 240 1
IP 241/241USW 1
IP242 B 50
IP 243 (Analog module) 35
IP 244 150
IP 246 1.5
IP 247 1.5
IP 252 10
IP 281 0.5
IP 288 1.5
CP516 1
CP 523 3...100
CP 524/544 1
CP 525 3
CP 526 3
CP527/528 3
CP 530 3...130
CP 535 3
CP 551 3
CP 552 3
CP 5430/5431 1
CP 143 3
WEF 705/706/707/721/723 2
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Different response times in the case of sequential and parallel process I/0 image transfer

The following figure shows a comparison of the response times in the case of sequential and
parallel process I/O image transfer depending on the control program processing time.

Parallel transfer

Sequential
transfer

t)+tq
® tg< -40 ps .
2 tR... Response time

® tg=1t;tq-80ps tg ... Control program processing time

® tg>2X (ti+tg)-120ps tg+ta ... Process I/O image transfer

Figure 2-16 Response Times in Case of Sequential and Parallel Process I/O Image Transfer

Example:

The process 1/0 image transfer requires 500 ps for reading in the process 1/0 image and 300 ps for
outputting the process /O image to the I/O modules. These transfer times result in the following

control program processing times:

e Atpoint @: tg = 360 ps
e Atpoint®: tg = 1480 ps

If the control program processing time tg lies within the interval 360 ps < tg3 < 1480 ps, the
response time in the case of parallel process 1/0 image transfer is less than that of sequential

process I/O image transfer.

However, if tg lies outside this interval, the response time in the case of parallel process I/O image
transfer is greater than that of sequential process 1/0 image transfer.
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2.9.4 Measuring the Scan Time

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

e CurrentscantimeinSD 121
e Maximum scantimeinSD 122
® MinimumscantimeinSD 123

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

Note

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

Example: Function block for measuring the scan time

NAME :ZYKLUS-2Z
DECL :MINI 1/0/D/B/T/C: A BI/BY/W/D: W
DECL :AKTU 1/0/D/B/T/C: A BI/BY/W/D: W
DECL :MAXI 1/0/D/B/T/C: A BI/BY/W/D: W
DECL :LOES 1/0/D/B/T/C: E BI/BY/W/D: BI
: L RS 121
: T =AKTU
: L RS 122
: T =MAXI
: L RS 123
: T =MINI
: AN =LOES The LOES operand is used to reset system
: BEC data words 121, 122 and 123
: L KF +0 (if LOES = 1).
: T RS 121
: T RS 122
: T RS 123
: BE
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2.9.5 Setting the Scan Monitoring Time

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

There are two possible methods for changing the default scan monitoring time:
e Initialization in DB1 (see Chapter 11)

or
e STEP5 operations.

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

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

OB31 scan time triggering

A scan time monitor monitors the program scan time. If program execution takes longer than the
specified scan monitoring time (e.g., 500 msec.), the CPU enters the STOP mode
e CPU goesto STOP with "ZYK"
or
e CPU calls the "Error OB"26 (scan time exceeded) if you have programmed an OB26.
Calling OB26 restarts the scan time once. However, the timeout must be acknowledged with
an OB31 call otherwise the CPU will go to STOP with ZYK in the event of a repeated timeout
even if OB26 is programmed (see Section 2.8.6).

This situation can occur, for instance, when

e The control program is too long
e The program enters a continuous loop.
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You can restart the scan watchdog at any time by calling OB31 at any point in the control program
(JU OB31). The scan monitoring time is restarted by calling OB31.

The scan monitoring time can be set in the following ways:
e Insystem data word 96 (E 10C4)

or
e In DB1 with the WD parameter

Please note that the ACCUs and the BR register are changed by OB31!

A Important

Do not call OB31 in an endless loop since important operating system functions are
processed at the scan control point.
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2.10 Operating System Services in OB250

The operating system services allow you to:
e Activate different operating system functions or
o Change specific parameters during cyclic operation.

These functions are:

Invocation of OB6 (collision of two timed interrupts)

Setting of the OB10 to 13 intervals (time-controlled program execution)
Manipulation of the process |/O image transfer

Regeneration of the block address list

Generating a data block (DB/DX) without TRAF

1/0O accesses and page accesses without QVZ

Disabling and enabling the output modules (setting and resetting BASP)
Access to DBS and DBL registers

Indexed access to DX

Indexed access to FX

Cancelling a block in the block address list

Changing the block identifier

The system data can be overwritten direct in the case of the CPUs 941 to 944.
In the case of the CPU 945, direct overwriting of the system data has no effect on the above-listed
functions. For this reason, you must call these operating system services over the integral OB250.

A function number has been assigned to the operating system services. You must load this
function numberinto ACCU 1-L. You mustloadservice-specificparametersinto ACCU2 or ACCU1-H.

The operating system transfers error flags to ACCU 1-L.
The following are global error flags:

® O—noerror

e 1—invalid function number

e 2to4—reserved

Service specificerror flags: 5 to FFFF

Please note that the ACCUs and the BR register are changed by OB250!
ACCU 1-H and ACCU 2 contain output data of the operating system service.

Input of the function numbers and the service-specific parameters:

ACCU 2-H | ACCU 2-L ACCU 1-H | ACCU 1-L

— ~ M_/

Service-specific parameter Function number

Output of error flags and service-specific output data:

ACCU 2-H | ACCU 2-L ACCU 1-H | ACCU 1-L

— v M_/

Service-specific output data Error flags

Figure 2-17  Assignment of the ACCUs when Inputting and
Outputting Operating System Service Parameters
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Operating system services
Interrupt response after timeout

The following happens when you call operating system service 1:
e The clock prompt transferred to ACCU 2-L is started

or
e Astarted clock promptis aborted.

You program the response of the program after a preset time (“timed interrupt") in OB6 (see
Section 2.8.5).

Table 2-11 Operating System Service for Activating OB6

Activation of OB6 1 ACCU 2-L: ACCU 1-L
0: Abort activation 0: Noerror
1to 65535: Timeinms

Time-controlled program processing

OBs 10 to 13 are available for time-controlled program execution (see Section 2.8.3).
The time OBs are called by the operating system at fixed intervals. You can assign new intervals to
these time OBs over operating system services 2 to 5.

Table 2-12 Operating System Services for Time-Controlled Program Execution

New interval 2 ACCU 2-L: ACCU 1-L

for OB10 0: No OB10 call 0: Noerror
1t065535: Intervalinms

New interval 3 ACCU 2-L: ACCU 1-L

for OB11 0: No OB11 call 0: Noerror
1t065535: Intervalinms

New interval 4 ACCU 2-L: ACCU 1-L

for OB12 0: No OB12 call 0: Noerror
1t065535: Intervalinms

New interval 5 ACCU 2-L: ACCU 1-L

for OB13 0: No OB13call 0: Noerror
1to065535: Intervalinms
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Changing the process I/0 image transfer

During the cold restart routine, the CPU determines the I/O module complement (see Section
2.6.1) and writes this into system data words 128 to 159.

You can selectively change the entries for the module complement of the digital 1/O modules (RS
128 to 143) using operating system service 6.

When transferring the process image of the digital outputs, the CPU has the option of outputting
to the modules only those PIQ bytes in which the PIQ has changed (see Section 2.8.2). You can set
this "reduction of PIQ transfer" in the control program with operating system service 7 "Reduction
of PIQ transfer" or with the DB1 parameter RPIC (see Chapter 11).

Table 2-13 Operating System Services for Changing the Process I/0 Image Transfer

Changing the ACCU 2 ACCU 1-L
entries in Bits 0...6: Number of the I/O byte 0: Noerror
RS 128 to 143 (0to 127) 5: Function not
(digital 1/0) Bit7:  0: Input module currently
1: Output module possible
Bit8:  0: Delete entry (parallel PI
1: Insertentry transfer
Bit9... 31: Not evaluated active)
Reduction of PIQ 7 ACCU 2-LL: ACCU 1-L
transfer 0: "Mechanism" inactive 0: Noerror

1...255: Number of program scans
with reduced PIQ transfer
after one complete PIQ

transfer
Generation of the 8 None ACCU 1-L
list of all 0: Noerror
addressable 1/0 5: Function not
bytes (entries in currently
RS 128 to 143 and possible
RS 144 to 159) (parallel PI
transfer
active)

A Important

Please note the following when using operating system service no. 8:

o The outputs are reset when operating system service no. 8 is called.

o Operating system service no. 8 must not be used when you are using the 434-7
digital input module and the 485-7 digital input/output module.
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Generating a data block (DB/DX) without TRAF

Generating data blocks (DB/DX) over operating system services 10 and 11 offers the following

advantages:

e If aDB/DX cannot be generated, the CPU 945 does not go to STOP with TRAF
e Error evaluation is possible immediately over the error flag in ACCU 1-L

e Itis not necessary to program the error-response OB32 (response to TRAF)

Table 2-14 Operating System Services for Generating a DB/DX Without TRAF

Generating a DB 10 ACCU 2-LL: ACCU 1-L
without TRAF 0to 255: DB number 0: Noerror
5: TRAF
ACCU 2-H: (as in G DB)
0: Delete DB
1 to FFF9,: DB length up to and
including DW
Generating a DX 11 ACCU 2-LL: ACCU 1-L
without TRAF 0to 255: DXnumber 0: Noerror
5: TRAF
ACCU 2-H: (as in GX DX)
0: Delete DX
1to FFF9,: DX length up to and
including DW

Regenerating the block address list

The block address list is regenerated after calling operating system service 12.

Note

Use of operating system service 12 leads to an increase in the scan time of up to several
100 ms (see Pocket Guide). If necessary, the scan time must be restarted with OB31.

If an error is detected during generation of the address list, the CPU goes to STOP with
an Overall Reset request.

Table 2-15 Operating System Services for Regenerating the Block Address List

Regenerating the ACCU 1-L
block address list 0: Noerror
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1/0 accesses and page accesses without QVZ

I/0 accesses and page accesses over operating system services 13 to 18 offer the following advan-
tages:

e If atimeout (QVZ) occurs, the CPU 945 does not go to STOP

e Error evaluation is possible immediately over the error flagin ACCU 1-L

e Itis not necessary to program the error-response OB23 (response to QVZ)

In the event of a QVZ, operating system services 13 to 18 enter the QVZ addresses in system data
words RS 103 and 104.

Table 2-16 Operating System Services for I/0 Accesses and Page Accesses Without QVZ

Read address ACCU 2-L: ACCU 1-L:
(byte) from S5 bus 0 to FFFF: Address 0: Noerror
5: Qvz
ACCU 2-LL:
Byte read
Write address 14 ACCU 2-L: ACCU 1-L:
(byte) to S5 bus 0to FFFF,:  Address 0: Noerror
5: QvzZ
ACCU 2-HL:
0 to FF,: Byte to be written
Read address 15 ACCU 2-L: ACCU 1-L:
(word) from S5 Oto FFFE,:  Address 0: Noerror
bus 5. Qvz
7: Invalid
address
ACCU 2-L:
Word read
Write address 16 ACCU 2-L: ACCU 1-L:
(word) to S5 bus 0to FFFE,:  Address 0: Noerror
5: QvZ
ACCU 2-H: 7: Invalid
0 to FFFF: Word to be written address
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Table 2-16 Operating System Services for /0 Accesses and Page Accesses Without QVZ

Read byte from 17 ACCU 2-L: ACCU 1-L:
page 0to O7FF,:  Offset withinthe page | 0: Noerror
5: QVZwhen
selecting the
ACCU 2-HL: page
0toFF,: Page number 7: QVZwhen
accessing
the page
9: Invalid
offsetinthe
page
ACCU 2-LL:
Byte read
Byte to be written 18 ACCU 2-L: ACCU 1-L:
0to 07FF,:  Offset withinthe page | 0: Noerror
5: QVZwhen
selecting the
ACCU 2-HL: page
0 to FF,: Page number 7: QVZwhen
accessing
ACCU 2-HH: the page
OtoFF,: Byte to be written 9: Invalid
offsetinthe
page

Disabling and enabling digital outputs

Table 2-17 Operating System Service for Disabling Digital Outputs

Disabling and 19 ACCU 2-L: ACCU 1-L
enabling digital Bit0: 0: ResetBASP 0: Noerror
outputs (setting 1: SetBASP

and resetting

BASP)

A Important

Service no. 19 must not be used if the 434-7 digital input module and the 485-7 digital
input/output module are being used.
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Access to DBS and DBL Registers

Operating system services 20 to 23 can be used to read/write in the DBS and DBL registers. Note
the following, however:

e Basically, the DBS register contains only even addresses.

e The DBS register has a width of 24 bits. When reading the DBS register, the register contents
are stored in bits 0 to 23 of ACCU 2; bits 24 to 31 have the value zero. For writing, only bits 0 to
23 of ACCU 2 are relevant.

e If the DBS register is set to addresses outside the range of the user RAM, subsequent access
operations via the DBS register (TDW, LDW, ...) might result in errors such as QVZ or FAD. No
plausibility check is carried out for the address by the operating system service.

Table 2-18 Operating System Services for Access to DBS and DBL Registers

Read DBS register 20 None ACCU 1-L
Exec. time: 25 ps 0: Noerror
ACCU 2
Contents of DBS reg.
Write DBS register* 21 ACCU 2: ACCU 1-L
Exec. time: 26 ps 0 ... FFFFFEy: address 0: Noerror
5: Invalid address
(Bit0 = 0)
Read DBL register 22 None ACCU 1-L
Exec. time: 25 ps 0: Noerror
ACCU 2-L
Contents of DBL reg.
Write DBL register 23 ACCU 2-L: ACCU1-L
Exec. time: 25 ps 0...FFFFy 0: Noerror

*  Ifyouset the DBS register to an address between 020000, and 0205FF,,, subsequent execution of an "MBA"
command may result in data falsification in this range. In order to avoid this effect, use the command sequence

"ABR+0, MBA" instead of the "MBA" command.
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Indexed Access to DX

Operating system service 24 can be used for indexed access when opening a DX block
(replacement for DO DW/DO FW, CX DX). Note the following, however:

e If the DX to be opened does not exist at all, the DB/DX opened before is closed (DBS and DBL
registers are initialized with 0).

Table 2-19 Operating System Utilities for Indexed Access to DX

Indexed access to DX 24 ACCU 2-LL: ACCU 1-L
Exec. time: 29 ps 0 to 255: DX number 0: Noerror

5: DX notavailable

Indexed Access to FX

Operating system service 25 can be used for indexed access when opening an FX block
(replacement for DO DW/DO FW, DOU DX). Note the following, however:

e Ifthe FXto be called does not exist at all, the FX call is suppressed.

e The FX block is not accessed until OB 250 is completed. The ACCUs, the STATUS register and
the BR register have been modified. When the FX is called, however, the same DB/DX as in the
block calling the operating system service is opened.

e Evaluation of the feedback from the operating system service is possible only with certain
restrictions as the FX called might have modified the ACCU contents.

Table 2-20 Operating System Utilities for Indexed Access to FX

Indexed access to FX 25 ACCU 2-LL: ACCU 1-L

Exec. time: 30 ps 0 to 255: FX number 0: Noerror
5: FXnot available
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Cancelling a Block in the Block Address List

Operating system service 26 can be used to cancel a block in the block address list. Note the

following, however:

e A userblock is retained as valid block in the RAM, i.e. it is re-entered in the address list the next
time the block address list is regenerated, and for compressing (only when the cancelled block

is shifted in the memory).

e The operating system service can also be used for cancelling integrated blocks in the block
address list. Integrated blocks are only re-entered in the address list when regenerating the
block address list but not when compressing.

e The operating system considers a block as being non-existent while it is cancelled in the block

address list.

Table 2-21 Operating System Services for Cancelling a Block in the Block Address List

Cancel block in the
block address list
Exec. time: 28 ps

26

ACCU 2-LL:
0 to 255:

ACCU 2-LH:

Block type:
: PB

: SB

FB

FX

: DB

DX

OB

NoubhwNn-=

Block number

ACCU 1-L
0: Noerror
5: Invalid block type
7: Block does not exist
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Changing the Block Identifier

Operating system services 27 and 28 can be used to change the block identifiers in the RAM to
"valid in EPROM” or "valid in RAM”.
Note the following, however:

e The block identifier is changed only in blocks entered in the block address list.
e When changing the identifier to "valid in EPROM”, the identifiers of DBs and DXs are not

changed.
e Changing of the identifier to “valid in RAM” changes the identifiers of all user blocks.

e Theidentifiers of integrated blocks are not changed.

Table 2-22 Operating System Services for Changing Block Identifiers

Change block identifier to 27 None ACCU 1-L
"valid in EPROM” 0: Noerror
Execution time:

48ms +n-19ps

n = Number of blocks to

be modified
Change block identifier to 28 None ACCU 1-L
"valid in RAM” 0: Noerror

Execution time:

6ms + n-19ps

n = Number of blocks
to be modified

Please refer to Section 4.3.2 in the manual for further information on transferring the user
program to the CPU.

2-58 EWA 4NEB 811 6150-02d



CPU 945 Manual Technical Description

Operating system service call example
The following example shows the principle of operation with OB250.
A reduced PIQ transfer is to be executed.

The PIQ is only to be output every fifth program scan. For the four program scans between, only
the output bytes which have changed will be updated.

:L KB 4 4 program scans with reduced PIQ transfer
:L KB 7 Load the function number of the operating system
service
: ACCU1l: 0000 0007y
:JU 0B 250 ACCU2: 0000 0004y
:L KB 0 Call operating system service
1= F Load code for "No error"
:BEC Checkback signal "No error"?
YES: Program end
:STS NO: Error evaluation (e.g. CPU to STOP)
:BE
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2.11 Further CPU 945 Functions in Integral Blocks

This chapter is concerned with integral blocks that you call in the control program for special
functions.

These functions are:

Compressing the program memory (FB238 “"COMPR")
Deleting a block (FB239 "DELETE")

Generate a block (OB125)

Variable time loop (OB 160)

Copying data areas (OB182)

Duplicate DX or DB blocks (OB183 and OB184)
Transferring flags to a data block (OB190 and OB192)
Transferring data blocks to flag areas (OB191 and OB193)
Extension for sign (OB220)

Reading the digital inputs into the PIl (OB254)
Outputting the PIQ to the digital outputs (OB255)
PID Control Algorithm. (OB251)

More integrated CPU 945 blocks can be found in:

Setting the Scan Monitoring Time (OB31), see Chapter 2.9.5

Operating System Services (OB259), see Chapter 2.10

Analog Value Matching Blocks (FB241, FB242, FB243, FB250), see Chapter 10.10
Outputting an Analog Value (FB251), see Chapter 10.10.5

Data Interchange over Data Handling Blocks FB244 to FB249), see Chapter 12.2.3

Note
The integral modules change the ACCUs in the BR register.
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2.11.1 Compressing the Program Memory with FB238 "COMPR"
The integral “COMPR” block (no. 238) compresses the internal program memory.

Calling the function block

Calling FB238 in the control program has the effect of executing the "Compress PLC" function.
This function block signals back with the "AKT" bit whether this function is still active. When
compressing is finished, the "AKT" bit signals back independently of FB238. This signal takes place
in the "AKT" bit of the first FB238 call.

The "ERR" bit signals that the "Compress PLC" function cannot be executed.

Compressing is restarted at every FB238 call whenever compressing is not activated.

Compressing is terminated
e [fthere are no further blocks to be shifted
or
e If aninvalid block synchronization pattern is detected.

In the case of an invalid block synchronization pattern, the CPU goes to STOP with an "Overall
reset request”.

AT 0.0 FB 238
:AN F 0.0 COMPR
= F 0.1 ART
:A I 0.0
= F 0.0 ERR [
:A F 0.1 Edge flag
:JC  FB 238
NAME :COMPR
AKT :F 1
ERR :F 1.1

Table 2-23 FB238 Flags

AKT "Compress PLC" function is active
ERR "Compress PLC" function cannot be executed
Note

The FB COMPR has the same effect as the programmer “Compress" function, i.e. if
FB COMPR is active, other programmer/OP functions will be rejected, e.g. STATUS or
block input/output.
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2.11.2 Deleting a Block with FB239 "DELETE"

The integral FB "DELETE" (No. 239) deletes blocks.

Parameterizing the Integral FB DELETE
Parameterize the integral FB239 as follows:

o Store the type of the block to be deleted in an input word, flag word or data word as an ASCII
character (KS). The characters OB. PB, FB, SB and DB are permissible as block identifiers.
o Store the block number in an input byte or a flag byte.

You must also specify a flag byte or an output byte which the operating system can use to flag
errors (see Table 2-24).

Calling the Function Block (Example)

:JU FB 239 FB 239
NAME :DELETE DELETE
TYPE :FW 5 — TvPE ERR [—
NUM  :FY 7
ERR :FY 8 — oM
tkkk

Contents of FW 5: Block type in ASCIl code (e.g. PB for program block)

Contents of FY 7: Block number (e.g. KF+7)

Contents of FY 8: No entry is made in FY 8 until the function block has been invoked
(see Table 11-18)

Table 2-24 Error Bits Set by FB239 (ERR Parameter)

00 No error

FO No such block

F1 Invalid block type specified in the TYPE parameter

F2 Block exists, but has an EPROM identifier

F4 DELETE function cannot execute because another function is in
progress (e.g. a programmer function)
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2.11.3 Generating STEP 5 Blocks: OB 125

Function

The OB 125 can be used to generate any STEP 5 blocks (code and data blocks) in the user memory.
The generation of code blocks, however, should be left to specialists.

The specified block is generated in the internal RAM with block header and block body and then
entered in the block list. The block body contains the BEU statement in the first word and the BE
statement in the last word. In between the two words, any data can be stored. For this reason,
data must first be written in a newly generated block before it can be employed for processing any
useful statements.

Executiontime: 41 ps

Parameters

1. ACCU 1-LH: Type of the block to be generated

2. ACCU 1-LL: Number of the block to be generated

Permissible types and numbers of blocks

Table 2-25 P

ible Typ

1=PB 0to 255
2=SB 0to 255
3=FB 0to 255
4 =FX 0to 255
5=DB 0to 255
6 = DX 0to 255
7 =0B 0to 255
3. ACCU 2-L: Number of words (desired block length without block header).

Block lengths of 1 to 65530 (1 to FFFAy) words can be parameterized.

Result:
If a block has been processed correctly and without any errors, the system program sets the RLO to
”0"” and deletes condition codes CC 1 and CCO.

Note

During generation of a block, the user interrupts are blocked. Neither timed interrupts
nor process interrupts are registered.

EWA 4NEB 811 6150-02d 2-63




Technical Description CPU 945 Manual

Errors and Warnings
In the case of an error, the system program aborts processing of OB 125 and continues program

execution at the next STEP 5 operation. It also sets the RLO to “1” and enters an identifier in

ACCU 1-LL (see Table 2-26).
When a function is aborted with a warning, a repeated call of the special function (if necessary,

several times) may possibly achieve a correct execution of OB 125.

Condition Codes
After calling OB 125, you can read the result of the logic operation and condition codes CC 1 and

CC 0 to check whether the special function has been processed properly or aborted with an
"error” or "warning”. The result can be evaluated by means of a conditional jump.

Evaluation of Condition Codes

Table 2-26 Condition Codes of OB 125

0 0 0 Special function has been processed correctly JB
Iz

1 1 0 Special function has been aborted with a "warning” JB
JP

IN

1 0 1 Special function has been aborted with an “error” JB
JM

JN

Identifiers in ACCU 1-LL
The system program uses ACCU 1-LL for storing descriptions of the causes of a warning or error in

identifiers for the result of the logic operation.
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Table 2-27 Condition Codes of the OB 125 in ACCU 1-LL

014 Function has not been processed correctly
Error:

42y Block already exists

43y Insufficient memory space

44y Block length = 0 or > FFFAY

454 Block type not permissible
Warning:

8Dy Conflict with online function

Example:

THIS SEQUENCE OF OPERATIONS
GENERATES THE DB 24 WITH

A LENGTH OF 2000 DATA WORDS
(TOTAL LENGTH INCLUDING HEADER:
2005 WORDS)

:L KF +2000
:L KY 5,24
:JU OB 125

2.11.4 Variable Time Loop with OB160

OB160 simulates operation runtimes. You can use this to program waiting times of up to 65.5 ms.
Proceed as follows:

The waiting time must be loaded into the ACCU in psec. (range: 3 to 65535 or 3, to FFFF,).
Example: A waiting time of one millisecond is to be programmed.

L KF +1000
JU OB 160.

Please note the following when programming OB160:
A process interrupt (OB2 to OB5) and the timed interrupt (OB6) can interrupt the waiting time
(provided no interrupt disable (IA) has been programmed). The waiting time stops during the in-

terrupt! Similarly, the waiting time is increased by running PG/OP operations. The times set are
therefore minimum times!
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2.11.5 Copying Data Area: OB 182

OB 182 copies a data frame of variable length from one data block to another. Both DB and DX
blocks can be used as source and destination blocks. The beginnning of the frame can be
programmed in the source and destination blocks. OB 182 may be up to 65530 (FFFAy) data words
long.

Note

The source and destination blocks can be identical and the data frames of source and
destination may overlap. The original data of the source area are copied to the
destination area in their original form even if the areas overlap. After the copy
function, the area of the source that overlaps with the destination area is
overwritten. You may use this feature for shifting a data area within a block.

Before calling OB 182, you have to assign the parameters necessary for the copy function to a data
field. The data field can be created in the F or S flag area of either a DB or DX block. However, you
still have to specify the location of the data field in ACCU 1-L and ACCU 2-L before calling OB 182.

Data Field with Copy Parameters

The data field designates the source and destination blocks, the start address of the frames in both
blocks and the number of data words to be transferred. It consists of five words.

Bit No. 15 8 |7 0
1st word Source DB type Source DB No.
2nd word No. of 1st source DB word to be transferred
3rd word Destination DB type Destination DB No.
4th word No. of 1st word to be written in destination DB
5th word Number of data words

The parameters have the following meanings and permissible value ranges:

Data block type (source and destination) 1=DB
2 =DX

Data block number (source and destination) 0 to 255
No. of 1st data word (source and destination) 0to 65529 (0 ... FFF9y)
Number of data words: 11065530 (1 ... FFFAR)

If you create the data field in the flag area, enter the number of the first flag word in ACCU 1-L
when calling OB 182.

Executiontime: 35us + n. 2.65 s (n: number of data words to be transferred)
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Defining the Location of the Data Field and Calling OB 182

Parameters:
1. Data field: Before caI.Iing OB 182,_you have to enter the relevant copy parameters in
the data field as described above.
BitNoy 15 | | | L L [ I&7 1 | 1 1 | |°9
2. ACCU 2-L: Address area type Data block No.
Address area type, 1 = DB block
permissible values: 2 = DX block
3 = Fflag area
4 = Sflag area
Data block No., DB: 0 to 255; DX: 0to 255
permissible values: irrelevant for F and S flags
3. ACCU 1-L: Number of first data field word; permissible values (depending on the
type of address range):
DB, DX: 0to 65525
F flag: 0 to 246
(= No. of flag word)
S flag: 0 to 4086

(= No. of flag word)

Possible Reactions in the Case of Errors
In both cases, error identifiers are entered in ACCU 1-L and ACCU 2-L (see Table 2-28).

Table 2-28 Error Identifiers

1A34y 0001y | Description of data field invalid
01004 lllegal address area type
0102y | "Number of first word in data field” illegal

0200y lllegal “source data block type”

0203y | Length of source data block in block header < 5 words

0210y | lllegal "destination data block type”

0213y | Length of destination data block in block header < 5 words
0220y | lllegal “number of data words to be transferred” (=0 or >65530)

0221y | Source data block too short
0222y Destination data block too short

If the block is processed correctly, ACCU 1 has the value 0.
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2.11.6 Duplicating DX or DB Blocks: OB 183 and OB 184

The OB 183 and OB 184 organization blocks for special functions are used for duplicating a data
block in the memory of the CPU. OB 183 handles DX blocks whereas OB 184 is used to copy DB
blocks.

The source DB is not manipulated by the copy function and remains valid.

Execution time: 52 us + n- 2.35 ps (n: number of data words in DB/DX).

Parameters:
ACCU 1-LL: Number of source block; permissible range: 0 to 255
ACCU 1-HL: Number of destination block; permissible range: 0 to 255

If the block is processed correctly, the RLO register is set to 0 and ACCU 1 has the value 0.

In the case of an error, however, the RLO = 1 and an error code is entered in ACCU 1.

Possible Errors:

Table 2-29 Possible Errors

1 Destination block already existing
2 Source block does not exist
3 Destination block cannot be generated (free memory space insufficient!)
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2.11.7 Transferring Flags to Data Blocks: OB 190 and OB 192

The OB 190 and OB 192 organization blocks can be used for transferring a certain number of flag
bytes specified by the user to a particular data block.

This can be useful prior to a block call, in error organization blocks or when cyclic program
execution is interrupted by time or interrupt-controlled program execution.

The OB 191 and OB 193 organization blocks can be used to transfer the flag bytes back to the data

block.

Note

o Use OB 192 and OB 193 for saving and reloading flag bytes to achieve considerably

shorter execution times.
e Priorto calling OB190/192, the respective data block (DB/DX) must be opened!
e OBs 190/192 can be used for transfer to a data block from the F flag area only but

not from the S flag area.

After calling OBs190/192, the flag bytes are entered starting from the data word address specified
for the data block opened. OBs 190/192 read the flag area to be saved in ACCU 2.
OB 190 and OB 192 are identical apart from the manner in which the flag bytes are transferred:

e OB 190 transfers flags byte by byte.
e OB 192 transfers flags word by word.

This is relevant for cases in which data transferred to a data block is to be processed subsequently
and the data block is not merely used for intermediate storage.
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The diagram below illustrates the difference:

Copy flags using OB 190: OB 192:
Flag —— Data block Data block
DL DR DL DR
7 0 15 8 7 0 15 8 7 0
FYO 0 1 0 DW O 0 1
FY1 1 3 2 DW 1 2 3
FY2 2 4 DW 2 4
FY3 3 DW 3
4

Figure 2-18 Byte-By-Byte (OB 190) and Word-By-Word (OB 192) Transfer

Note

If an odd number of flag bytes is transferred, only one half of the last data word
accessed in the data block is used. In the case of OB 190, the left data byte remains
unchanged in the destination DB, whereas, in the case of OB 192, the right data byte
remains unchanged.

Execution times:
OB 190:13pus + n-1.85ps (n: number of bytes)
OB 192:12pus+ n-1.3yus (n: number of bytes)
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Parameters:

Source specifications:

1. ACCU 2-LH: First flag byte to be transferred; permissible range: 0 to 255

2. ACCU 2-LL: Last flag byte to be transferred; permissible range: 0 to 255

(Last flag byte = First flag byte)

Destination specifications:

3. ACCU 1-L: Number of the first data word to be written in the open data block.
The permissible values depend on the length of the data block in the
memory.The values may thus also be > 255

0 to 65529 (0 to FFF9y)

If the special function OBs 190/192 are processed correctly, the RLO is deleted (RLO = 0).
The RLO isset (RLO = 1) in the case of an error.

Possible Errors:

No DB or DX block open

Wrong flag area (last flag byte < first flag byte)

No data word number available
Length of DB or DX block insufficient

2.11.8 Transferring Data Blocks to Flag Area: OB 191 and OB 193

Organization blocks OB 191 and OB 193 can be used to transfer data from a data block to a flag
area. In this way, for instance, flag bytes previously “saved” into a data block can be written back
into the flag area.

OBs 191/193 differ from OBs 190/192 in as far as source and destination are exchanged:

Flags
OB 190/192: Flag area > Datablock

Data

A

OB 191/193: Flag area Data block
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Note

A sufficiently long data block (DB/DX) must be opened before calling OB 191/193!
OBs 191/193 transfer flags from the data block only into the F flag area but not into

the S flag area.

OB 191 and OB 193 are identical apart from the manner in which the data is transferred:

e OB 191 transfers data words byte by byte.
e OB 193 transfers data words word by word.

The diagram below illustrates the difference.

DWO

DW 1

DW 2

DW 3

DW o

DW 1

DW 2

DW 3

Flag

Data block OB 191
DL DR
15 8 7 0
1 0 (DR0)
3 2 (DL O)
5 4 (DR 1)
6 (DL 1)
Data block OB 193 >
DL DR
15 8 7 0
1 0 (DL 0)
3 2 (DR O)
5 4 (DL 1)
6 (DR 1)

Flag

FYO

FY 1

FY 2

FY 3

FY O

FY 1

FY 2

FY 3
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Figure 2-19 Byte-By-Byte (OB 191) and Word-By-Word (OB 193) Transfer
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Parameters:

Source specifications:

Number of the first data word to be transferred in the open data block:

1. ACCU 2-L:
0 to 65529 (0 to FFF9yy)

Destination specifications:

2. ACCU 1-LH: First flag byte to be written; permissible range: 0 to 255

3. ACCU 1-LL: Last flag byte to be written; permissible range: 0 to 255

(Last flag byte = First flag byte)

If the special function OBs 191/193 are processed correctly, the RLO is deleted (RLO = 0).
The RLO (RLO = 1) isset in the case of an error.
Possible Errors:

e No DB orDXblock open

e Wrong flag area (last flag byte < first flag byte)
e No dataword number available

e Length of DB or DX block insufficient

Example 1:
Prior to calling program block PB 12, all flags (FY 0 to FY 255) are to be saved into data block DX 37

from address 100 onwards and then written back to the flag area.

SAVE:
:CX DX 37 CALL DATA BLOCK
:L KY 0,255 FLAG AREA FROM FY 0 TO FY 255
:L KB 100 NUMBER OF FIRST DATA WORD IN DESTINATION
:JU OB 190 SAVE FLAGS

CHANGE TO OTHER BLOCK:

:JU PB 12
WRITE BACK TO ORIGIN:
(DATA BLOCK ALREADY CALLED UP)
KB 100 NUMBER OF FIRST DATA WORD IN SOURCE
:L KY 0,255 FLAG AREA FROM FY 0 TO FY 255
:JU OB 191 WRITE FLAGS BACK TO ORIGIN

Execution times:
OB 191:13ps + n-1.85ps (n: number of bytes)
OB193:12ps+ n-1.3ps (n: number of bytes)

EWA 4NEB 811 6150-02d 2-73




Technical Description CPU 945 Manual

Example 2 for OB 190/0B191:
Flags used for cyclic execution of the user program cannot be used by a time or interrupt-
controlled user program at the same time. To each program execution level, a certain section of

the flag area must be assigned.

Example:

o Cyclicuser program: FYO ve... FY99
e Time-controlled user program: FY100 ..... FY199
e Interrupt-controlled user program: FY200 ..... FY255

If, however, the cyclically processed user program uses all of the 256 flag bytes and, for instance,
the time-controlled user program also requires all of the 256 flag bytes assigned to it, all flags
must be changed and buffered when changing to the next execution level.

The fastest way of saving and loading flags is by means of the special functions provided by OB 192
and OB 193. Figure 2-20 shows how the flag area FY x to FY y, which is commonly used by OB 1 and
OB 13 (100 ms timed interrupt), is buffered in a data block DB z.

OB 1
OB13 DBz
‘ OB 190 s
. ave
FY x > DW a-b
FYy the FYs
DBz
0BT Write FYs back

rite FYs bac .

DW a-b > FY x
to flag area FYy

Figure 2-20 Saving Flag Areas when Changing the Program Execution Level

A Caution

Coordination bytes CBS/CBR (flag bytes or DL) defined for SINEC L1, ASCII driver or
computer link may not be saved or reloaded since CBS/CBR are controlled by the
operating system independent of the user program cycle.
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STEP 5Programin OB 13

:C DB 100 OPEN DATA SAVE DB

KY 0,255 DEFINE FLAG AREA FROM 0 TO 255
:L KB 0 FLAG BYTES ARE STORED IN DB FROM DW 0 ONWARDS
:JU OB 190 TRANSFER FLAGS BYTE BY BYTE TO DB
:L KB 128 LOAD NEW DATA FROM DB FROM DW 128 ONWARDS
:L KY 0,255 FLAG AREA FROM 0 TO 255
:JU OB 191 TRANSFER DATA BYTE BY BYTE TO FLAG AREA

Program

DB 100 OPEN DATA SAVE DB
:L KY 0,255 SAVE FLAG BYTES FROM 0 TO 255 BYTE BY BYTE
:L KB 128 IN DB FROM DW 128 ONWARDS
:JU OB 190

KB 0 RELOAD DATA BYTE BY BYTE FROM DW 0 OF DB
:L KY 0,255 INTO FLAG AREA FROM 0 TO 255
:JU OB 191
:BE BLOCK END

Other Applications of OBs 190 to 193

e High-order byte and low-order byte can be exchanged in the data block without great effort
by transferring data words to the flag area and reloading them in the DB, as shown in Figure
2-21.

e Dataframes can be “shifted” within a data block if you specify the same DB No. but a different
data word when reloading the data from the flag area.

Data block Flag Data block
15 8 7 0 15 87 0
DW x A B |og1e3| A |FYy oB190 B A [DWx
DWx +1 C D - B FYy +1 j D C DWx +1
C FYy +2
D

Figure 2-21 Exchanging High-Order Byte and Low-Order Byte in a DB Using OB 193/0B190
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2.11.9 Extension for Sign: OB 220

This special function extends the sign of a 16-bit fixed-point number in ACCU 1-L to the higher-
order word (ACCU 1-H):

e Ifbit215 = 0 (positive number), KH 0000 is loaded in the higher-order word.
e Ifbit 215 = 1 (negative number), KH FFFF is loaded in the higher-order word.

This extension is necessary for converting a negative 16-bit fixed-point number into a 32-bit fixed-
point number prior to a fixed-point/floating-point conversion (32-bit, FDG statement).

Parameter:
1. ACCU 1-L: 16-bit fixed-point number
Possible Errors: None

Execution time: 3 s

2.11.10 Reading the Digital Inputs Into the Process Image of the Inputs with
OB254

Calling OB254 (JU OB254 or JC OB254) causes the digital inputs to be written new into the process
image of the inputs (Pll).

When OB254 is called, the digital inputs are read in new at the call point. This takes place

regardless of whether bits 1 to 7 in system data word 120 are set. These bits are responsible for
enabling cyclic reading in or parallel process I/O image transfer (see Section 2.8.2, 6.3.1, 6.3.2).

Please note the increase in the runtime of OB254 when parallel process I/O image transfer is set.
If OB254 is called
e while a parallel Pll transfer is running, the system waits until this is terminated and the result

of the Pil transfer has been entered in the PIl.
o while a parallel PIQ transfer is running, the system waits until this is terminated and until the

Pll transfer has subsequently been executed.
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2.11.11 Sending the Process Image of the Outputs to the Digital Outputs with
OB255

Calling OB255 causes the process image of the outputs (PIQ) to be sent to the digital outputs.
In OB255, the PIQ is alwys sent to the 1/Os at the call point. This takes place regardless of whether

bits 2 to 7 in system data word 120 are set. These bits are responsible for enabling cyclic output of
the process image of the outputs (see Section 2.8.2, 6.3.1, 6.3.2).

Please note the increase in the runtime of OB255 when parallel process I/O image transfer is set.

If OB255 is called

e while a parallel PIQ transfer is running, the system waits until this is terminated and until the
PIQ has been output again

e while a parallel Pl transfer is running, the system waits until this is terminated and until the
PIQ transfer has subsequently been executed.
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2.11.12 PID Control Algorithm: OB 251

The operating systems of the central processing units have an integral PID control algorithm which
you can use for your own purposes with the help of organization block OB251.

Before calling OB251, a data block (PID controller DB) containing the controller parameters and
other controller-specific data must be opened. The PID control algorithm is called periodically
(sampling interval) and generates the manipulated variable. The more closely the sampling
interval is observed, the more accurately can the controller fulfill its appointed task. The control
parameters specified in the controller DB must be matched to the sampling interval. Typically,
timed interrupts are serviced by a timed interrupt OB (OB10 to OB13).

Timed interrupt OBs can be called at intervals between 1 ms and 1 min. The maximum execution
time of the PID control algorithm is 110 ps.

r—————

S

1

-]__

YH (STEUBIT3atO0)

dYH (STEUBIT3at1)

i |

i
|
|
: STEUBITS Auto STEUBITO
w 1 >
1 ~d dy (0]¢]
X — > PID Sae dYA (STEUBIT3
I XW algorithm 220 _I_ at1)
I 0~ —< 0y I YA (STEUBIT3
| 1 ’¢>°— Y e I at0)
XZ II STEUBIT1 STEUBIT 3 :
L '
| 1
—— e e
K R T STEU BGOG BGUG
Figure 2-22 Block Diagram of the PID Controller
Legend
K = Proportional coefficient Y = Manipulated variable
K> 0 positive control direction dY = Correcting increment
K<O0negative controldirection  YH = Value for manual input
R = R parameter (usually 1000) dYH = Correcting increment for manual input
TA = Samplinginterval BGOG = Upper limiting value
TN = Integral-action time BGUG = Lower limiting value
TV = Derivative-action time X = Actual value
T = TA/TN z = Disturbance variable
TD = TV/TA Xz = Substitute variable forsystem deviation
STEU = Controlword YA = Controller output: manipulated variable
limited
wW = Setpoint dYA = Controller output: correcting increment
limited
XW = System deviation
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The continuous action controller is designed for controlled systems such as those used in pressure,
temperature, or flow rate control.

The "R” parameter sets the proportional component of the PID controller.
If proportional action is required, most controller designs use the value R=1.

The individual proportional-action, integral-action, and derivative-action components can be
deactivated via their parameters (R, Tl, and TD) by presetting the pertinent data words with zero.
This enables you to implement all required controller structures without difficulty, e.g., Pl, PD, or

PID controllers.

You can forward the system deviation XW or, using the XZ input, any disturbance variable or the
inverted actual value X to the differentiator. Specify a negative K value for an inverted control

direction.
When the correction information (dY or Y) is at a limit, the integral-action component is auto-
matically deactivated in order not to impair the dynamic response of the controller.

The switch settings in the block diagram are implemented by setting the ass