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Preface

Preface

The SIMATIC automation system unites all the subsystems of an automation solu-
tion under a uniform system architecture to form a homogenous whole from the
field level right up to process control.

The Totally Integrated Automation (TIA) concept permits uniform handling of all
automation components using a single system platform and tools with uniform
operator interfaces. These requirements are fulfilled by the SIMATIC automation
system, which provides uniformity for configuration, programming, data manage-
ment, and communication.

This book describes the hardware components of the SIMATIC S7-400 automation
system with standard controllers, and the features provided for designing a distrib-
uted control concept with PROFIBUS and PROFINET. To permit communication with
other automation systems, the controllers offer integrated bus interfaces for multi-
point interface (MPI), PROFIBUS, and Industrial Ethernet.

The STEP 7 Professional engineering software makes it possible to use the complete
functionality of the S7-400 controllers. STEP 7 Professional is the common tool for
hardware configuration, generation of the user program, and for program testing
and diagnostics.

STEP 7 Professional provides five languages for generation of the user program:
Ladder logic (LAD) with a graphic representation similar to a circuit diagram, func-
tion block diagram (FBD) with a graphic representation based on electronic circuit-
ry systems, statement list (STL) with formulation of the control task as a list of com-
mands at machine level, a high-level Structured Control Language (SCL) similar to
Pascal, and finally GRAPH as a sequencer with sequential processing of the user
program.

STEP 7 Professional supports testing of the user program by means of watch tables
for monitoring, control and forcing of tag values, by representation of the program
with the current tag values during ongoing operation, and by offline simulation of
the programmable controller.

This book describes the configuration, programming, and testing of the S7-400
automation system with the STEP 7 Professional engineering software Version 11
with Service Pack 4.

Erlangen, June 2013 Hans Berger
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The contents of the book at a glance

Start

Overview of the SIMATIC S7-400 automation system.
Introduction to the SIMATIC STEP 7 Professional V11 engineering software.
The basis of the automation solution: Creating and editing a project.

SIMATIC S7-400 automation system

Overview of SIMATIC S7-400 modules: Design of an automation system, CPUs, signal, func-
tion and communication modules.

Device configuration

Configuration of a station, parameterization of modules, and networking of stations.

Tags, addressing, and data types

The properties of inputs, outputs, I/0, bit memories, data, and temporary local data as oper-
and areas, and how they are addressed: absolute, symbolic, and indirect.

Description of elementary and compound data types, data types for block parameters, point-
ers, and user data types.

Program execution

How the CPU module responds in the STARTUP, RUN, and STOP modes.

How the user program is structured with blocks, what the properties of these blocks are,
and how they are called.

How the user program is executed: startup characteristics, main program, interrupt process-
ing, troubleshooting, and diagnostics.

The program editor

Working with the PLC tag table, creating and editing code and data blocks, compiling blocks,
and evaluating program information.

The ladder logic programming language LAD

The characteristics of LAD programming; series and parallel connection of contacts, the use
of coils, standard boxes, Q boxes, and EN/ENO boxes.

The function block diagram programming language FBD

The characteristics of FBD programming; boxes for binary logic operations, the use of stan-
dard boxes, Q boxes, and EN/ENO boxes.

The statement list programming language STL

The characteristics of STL programming; programming of binary logic operations, applica-
tion of digital functions, and control of program execution.




The contents of the book at a glance

The structured control language SCL

The characteristics of SCL programming; operators and expressions, working with binary
and digital functions, control of program execution using control statements.

The S7-GRAPH sequential controller

What a sequential control is, and what its elements are: sequencers, steps, transitions, and
branches. How a sequential control is configured using S7-GRAPH.

Description of the control functions

Basic functions: Functions for binary signals: binary logic operations, memory functions,
edge evaluations, SIMATIC and IEC timer and counter functions.

Digital functions: Functions for digital tags: transfer, comparison, arithmetic, math, conver-
sion, shift, and logic functions.

Program flow control: Working with status bits, programming jump functions, calling and
closing blocks, using the master control relay.

Online operation and program testing

Connecting a programming device to the PLC station, switching on online mode, transfer-
ring the project data, and protecting the user program.

Loading, modifying, deleting, and comparing the user blocks.
Working with the hardware diagnostics and testing the user program.

Distributed 1/0

Overview: The ET 200 distributed I/O system.
How a PROFINET IO system is configured, and what properties it has.
How a PROFIBUS DP master system is configured, and what properties it has.

Communication

The properties of S7 basic communication and of S7 communication, and with what commu-
nication functions they are programmed.

The communication functions used to implement open user communication.

How PtP communication is implemented.

Annex

How external source files are created and imported for STL and SCL blocks.

How a project created using STEP 7 V5.x is migrated to the TIA Portal.

How the user program is tested offline using the S7-PLCSIM simulation software.
How the Web server is configured in the CPU, and what features it offers.

How block parameters and local tags are saved in the memory.
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1.1 Overview of the S7-400 automation system

1 Introduction

1.1 Overview of the S7-400 automation system

SIMATIC S7-400 is the modular control system for the medium and upper perfor-
mance range (Fig. 1.1). Different versions of the controllers allow the performance
to be matched to the respective application. Depending on the requirements, the
programmable controller can be modularly expanded by input/output modules for
digital and analog signals in up to 21 racks with up to 18 modules.

Further expansion with input/output modules is made possible by the distributed
1/0 over PROFIBUS or PROFINET. Special designs of these modules for increased
mechanical demands allow their installation directly on site on the machine or
plant. STEP 7 is used to configure and program the SIMATIC S7-400controllers. Data

SIMATIC S7-400 automation system
SIMATIC S7-400

SIMATIC controllers control Several versions of the controllers
the machine or plant. expand the range of use.
EHE [iii EEE----EE----ii Eai
| |
SIMATIC NET Networking allows data exchange

and central online access.
LIUI:II:IU SIMATIC DP

I STEP 7 is the engineering software for

The dlStI‘lbuted 1/0 expands the Conﬁguration and programming_
interface to the machine or plant.

STEP 7
Professional

Fig. 1.1 Components of the SIMATIC S7-400 automation system
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1 Introduction

exchange between the controllers, the distributed I/O, and the programming device
is carried out over SIMATIC NET.

1.1.1 SIMATIC S7-400 programmable controller

The most important components of an S7-400 programmable controller are shown
in Fig. 1.2.

The CPU contains the operating system and the user program. The user program is
in the load memory of the CPU, which can be expanded with a SIMATIC Memory
Card (MC). The user program is executed in the CPU's work memory. The bus inter-
faces present on the CPU establish the connection to other programmable control-
lers.

Components of an S7-400 controller

Rack \Central rack

& e e e s e 0 0 0 0 e e 0 e 0 o |
PS module
(power supplN

CPUmodule —— |
(central processing unit)

On the racks are

pluggable:

SM modules

(signal modules) IM module

M dul (interface module)
modules

(function modules) Expansion rack

CP modules
(communications
processors)

The racka are available
in various widths:
18,9, and 4 slots.

Fig. 1.2 Components of an S7-400 controller
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1.1 Overview of the S7-400 automation system

Signal modules (SM) are responsible for the connection to the controlled plant.
These input and output modules are available for digital and analog signals.

The function modules (FM) are signal-preprocessing, “intelligent” I/O modules
which prepare signals coming from the process independent of the CPU and either
return them directly to the process or make them available at the CPU's internal
interface. Function modules are responsible for handling functions which the CPU
cannot usually execute quickly enough, such as counting pulses, positioning, or
controlling drives.

The CP modules allow data transfer in excess of the possibilities provided by the
standard interfaces on the CPU with regard to protocols and communication func-
tions.

In the case of an expansion, the interface modules (IM) connect the central rack
to a maximum of 21 expansion racks.

Finally, a power supply module provides the internal voltages required by the pro-
grammable controller. Load voltages or load currents must be provided via external
load current supply units.

1.1.2 Overview of STEP 7 Professional V11

STEP 7 is the central automation tool for SIMATIC. STEP 7 requires authorization (li-
censing) and is executed on the current Microsoft Windows operating systems.
Configuration of an S7-400 controller is carried out in two views: the Portal view
and the Project view.

The Portal view is task-oriented.

In the Start portal you can open an existing project, create a new project, or migrate
a project. A “project” is a data structure containing all the programs and data
required for your automation task. The most important STEP 7 tools and functions
can be accessed from here via further portals (Fig. 1.3):

> In the Devices & networks portal you configure the programmable controllers,
i.e. you position the modules in a rack and set their parameters.

> In the PLC programming portal you create the user program in the form of indi-
vidual sections referred to as “blocks”.

> The Visualization portal provides the most important tools for configuration and
simulation of HMI systems using SIMATIC WinCC.

> The Online & Diagnostics portal allows you to connect the programming device
online to a CPU. You can control the CPU's operating modes and transfer and test
the user program.

The Project view is an object-oriented view with several windows whose contents
change depending on the current activity. In the Device configuration, the focal
pointis the working area with the device to be configured. The Device view includes
the rack and the modules which have already been positioned (Fig. 1.4). A further
window - the inspector window - displays the properties of the selected module,
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@ Open existing project

@ Create new project

#® Migrate project

#® Close project

. Welcome Tour

@ First steps

Fig. 1.3 Tools in the Start portal of STEP 7 Professional V11
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1.1 Overview of the S7-400 automation system

and the task window provides support by means of the hardware catalog with the
available modules. The Network view allows networking between PL.C and HMI sta-
tions.

When carrying out PLC programming, you edit the selected block in the working
area. You are again shown the properties of the selected object in the inspector win-
dow where you can adjust them. In this case, the task window contains the program
elements catalog with the available program elements and statements. The same
applies to the processing of PLC tags or to online program testing using watch
tables.

And you always have a view of the project navigation. This contains all objects of the
STEP 7 project. You can therefore select an object at any time, for example a pro-
gram block or watch table, and edit this object using the corresponding editors
which start automatically when the object is opened.

1.1.3 Five programming languages

You can select between five programming languages for the user program: ladder
logic (LAD), function block diagram (FBD), statement list (STL), structured control
language (SCL), and sequential control (GRAPH).

Using the ladder logic, you program the control task based on the circuit diagram.
Operations on binary signal states are represented by serial or parallel arrange-
ment of contacts and coils (Fig. 1.5). Complex functions such as arithmetic func-
tions are represented by boxes which you arrange like contacts or coils in the ladder
diagram.

Using the function block diagram, you program the control task based on electronic
circuitry systems. Binary operations are implemented by linking AND and OR func-
tions and terminated by memory boxes (Fig. 1.6). Complex boxes are used to handle
the operations on digital tags, for example with arithmetic functions.

Using the statement list, you program the control task using a sequence of state-
ments. Every STL statement contains the specification of what has to be done, and
possibly an operand with which the operation is executed. STL is equally suitable

#Fan1.works #Fan1.works #Display.onefan
1 | 1 TR
11 I/‘ LI )
#Fan2.works #Fan2.works
1| 1
LI I(q
"Clock 2 HZ #Display.nofan
| 1 1| TR
1 NOT | 11 (O

Fig. 1.5 Example of representation in ladder logic

25



1 Introduction

#Alarm_bit gAlarm_memory
P SR
—_—
#Alarm_bit_

edge_memory
#Acknowledge = R1 0 —

"Clock 0,5 HE — 31

#Alarm_lamp

Fig. 1.6 Example of representation in function block diagram

for binary and digital operations and for programming complex open-loop control

tasks (Fig. 1.7).

//Set memory

//Beset memory

1. //Motor memory
2 iy "Switch-cn_manual”
3 B "Manual mode”
4 o]
5 L "Switch-on_autcmatic™
[ EN "Manual mode”
7 5 #Motor memory £
g
9 o] "Switch-off manual™
10 o] "Switch-off automatic™
11 oM "Motor_ fault”
12 R #Motor memory
13

Fig. 1.7 Example of STL statements

Structured control language is particularly suitable for programming complex al-
gorithms or for tasks in the area of data management. The program is made up of
SCL statements which, for example, can be value assignments, comparisons, or

control statements (Fig. 1.8).

19 Write_register:

20 EIF #Level = #Register_length - 1

Fig. 1.8 Example of SCL statements

26

21 THEN #Full := IRUE;

22 ELSE #Register[#Write_pointer]
23 #level := #level + L1;
24 IF #Write_pointer =

25 THEN #Write_pointer
28 ELSE #Write_pointer
a7 | END_IF;

28 #$Empty := FALSE;

23 |END IF; RETURN;

R Ty

:= #Input_value;

#Register_length
= 07

:= #Write pointer + 1;



1.1 Overview of the S7-400 automation system

- T/ =< Interlock Event Qualifier Action
3 -{C 51 5 -Setto 1 "Milling drive™
_ 51 5 -Setto 1 "Tension valwve™
Shafting 51 S -Settol "Blower motor™
= <Add news
Down
54
Lifting
T To
Complete Next
55 56
Drives_off Position_new
i ™ ar
Switched Reached
® 53

Fig. 1.9 Example of a GRAPH sequencer and step configuration

Using GRAPH, you program a control task as a sequence control in which a se-
quence of actions prevails. The individual steps and branches are enabled by step
enabling conditions which can be programmed using LAD or FBD (Fig. 1.9).

1.1.4 Execution of the user program

After the power supply has been switched on, the control processor checks the con-
sistency of the hardware and parameterizes the modules. A startup program is then
executed once, if present. The startup program belongs to the user program which
you produce. Modules can be initialized, for example, by the startup program.

The user program is usually divided into individual sections called “blocks”. The or-
ganization blocks (OB) represent the interface between operating system and user
program. The operating system calls an organization block for specific events, and
the user program is then processed in it (Fig. 1.10).

Function blocks (FB) and functions (FC) are available for structuring the program.
Function blocks have a memory in which local tags are saved permanently; func-
tions do not have this memory.

Program statements are available for calling function blocks and functions (start of
execution). Each block call can be assigned inputs and outputs, referred to as “block
parameters”. During calling, tags can be transferred with which the program in the
block is to work. In this manner, a block can be repeatedly called with a certain func-
tion (e.g. addition of three tags), but with different parameters sets (e.g. for differ-
ent calculations) (Fig. 1.11).
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Execution of the user program

Operating system User program
o Operating mode
Switching on OB FB FB  Startup STARTUP
FC FC  program

X

;$A

Updating of inputs

Operating mode

AN |

and outputs 0B FB FB  Main RUN
FC FC  program
\ Alarm and error
program
: ¥ OB FB FB
Interruption A / FC FC

Interruption

(alarm or error)

T™SEXNN

Fig. 1.10 Execution of the user program

The data of the user program is saved in data blocks (DB). Instance data blocks have
a fixed assignment to a call of a function block and are the tag memory of the func-
tion block. Global data blocks contain data which is not assigned to any block.

Following a restart, the control processor updates the input and output signals in
the process images and calls the organization block OB 1. The main program is
present here. Structuring is also possible and recommended in the main program.
Once the main program has been processed, the control processor returns to the
operating system, retains (for example) communication with the programming de-
vice, updates the input and output signals, and then recommences with execution
of the main program.

Network 1:  Program of adder Network 5:  Firstcall of adder
ADD “Adder.FBD"
Int .= EN
- *Data FED"
#Mumber_1 — IN1 OUT — #5um Measurement[1] — Number_1
#Mumber_2 — N2 ENO —— *Data.FED".
Measurement[2] — Number_2 "Data FED".
ADD "Data FED". Result — Result[1]
Int Measurement[3] — Number_3 ENO —
o= EN
#5um — IN1 DOUT — #Result
#Mumber_3 — IN2 ENO — Metwork 6: Second call of adder
“Adder FBED"

.= EN
“Measuring 17 — Number_1
“Measuring 2° — MNumber_2 Result — "Measuring sum”
“Measuring 3° — Number_3 ENO —

Fig. 1.11 Example of two block calls with different tags in each case
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Cyclic program execution is a feature of programmable logic controllers. The user
program is also executed if no actions are requested “from outside”, e.qg. if the con-
trolled machine is not running. This provides advantages when programming: For
example, you program the ladder logic as if you were drawing a circuit diagram, or
program the function block diagram as if you were connecting electronic compo-
nents. Roughly speaking, a programmable controller has a characteristic like, for
example, a contactor or relay control: the many programmed operations are effec-
tive quasi simultaneously “in parallel”.

In addition to the cyclically executed main program it is possible to carry out inter-
rupt-controlled program execution. You must enable the corresponding interrupt
event for this. This can be a hardware interrupt, such as a request from the con-
trolled machine for a fast response, or a cyclic interrupt, in other words an event
which takes place at defined intervals.

The control processor interrupts execution of the main program when an event oc-
curs, and calls the assigned interrupt program. Once the interrupt program has
been executed, the control processor continues execution of the main program
from the point of interruption.

Data management in the SIMATIC S7-400 automation system

Programming device

Main memory Saving the project data Hard disk
All' project data is executed The offline project data is
mn Fhe programming saved on the hard disk.
device's main memory.

Transfer with online connection or Memory Card

CPU 400
Load memory Memory Card MC

The load memory contains the project data The memory card expands
transferred to the CPU. Together with the current the load memory. RAM and FLASH
values of the tags from the work memory, memory cards with different memory
they form the online project data. sizes are available.

Transfer when switching on

Work memory Power supply

A backup battery protects
the program code and data in
the load and work memory
in the event of a power failure.

The work memory contains the executable
part of the control program which is
processed during runtime.

Fig. 1.12 Data management in the SIMATIC S7-400 automation system



