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Notice
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account.

If more than one degree of danger is present, the warning notice representing the highest degree of
danger will be used. A notice warning of injury to persons with a safety alert symbol may also include a
warning relating to property damage.

Qualified Personnel

The device/system may only be set up and used in conjunction with this documentation. Commissioning
and operation of a device/system may only be performed by qualified personnel. Within the context of
the safety notices in this documentation qualified persons are defined as persons who are authorized to
commission, ground and label devices, systems and circuits in accordance with established safety
practices and standards.

Prescribed Usage
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Trademarks

Note the following:

Warning

This device and its components may only be used for the applications described in the catalog or the
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as well as careful operation and maintenance.
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Welcome to STEP 7...

...the SIMATIC standard software for creating programmable logic control
programs in Ladder Logic, Function Block Diagram, or Statement List for
SIMATIC S7-300/400 stations.

About This Getting Started Manual

In this manual, you will get to know the basics of SIMATIC STEP 7. We will show
you the most important screen dialog boxes and the procedures to follow using
practical exercises, which are structured so that you can start with almost any
chapter.

Each section is split into two parts: a descriptive part, marked in gray, and a
process-oriented part, marked in green. The instructions start with an arrow in the
green margin and may be spread out over several pages, finishing in a full stop
and a box containing related topics.

Previous experience of working with the mouse, window handling, pull-down
menus, etc. would be useful, and you should preferably be familiar with the basic
principles of programmable logic control.

The STEP 7 training courses provide you with in-depth knowledge above and
beyond the contents of this Getting Started manual, teaching you how entire
automation solutions can be created with STEP 7.

Requirements for Working with the Getting Started Manual

In order to carry out the practical exercises for STEP 7 in this Getting Started
manual, you require the following:

e A Siemens programming device or a PC
o The STEP 7 software package and the respective license key

e A SIMATIC S7-300 or S7-400 programmable controller
(for Chapter 7 "Downloading and Debugging the Program").

Additional Documentation on STEP 7
e STEP 7 Basic Information
e STEP 7 Reference Information

After you have installed STEP 7, you will find the electronic manuals in the Start
menu under Simatic > Documentation or alternatively, you can order them from
any Siemens sales center. All of the information in the manuals can be called up in
STEP 7 from the online help.

Have fun and good luck!
SIEMENS AG

STEP 7 Getting Started
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1.1

Introduction to STEP 7

What You Will Learn

Using practical exercises, we will show you how easy it is to program in Ladder
Logic, Statement List, or Function Block Diagram with STEP 7.

Detailed instructions in the individual chapters will show you step-by-step the
many ways in which you can use STEP 7.

Creating a Program with Binary Logic

In Chapters 2 {o 7, you will create a program with binary logic. Using the
programmed logic operations, you will address the inputs and outputs of your CPU

(if present).

The programming examples in the Getting Started manual are based, among other
things, on three fundamental binary logic operations.

The first binary logic operation, which you will program later on, is the AND
function. The AND function can be best illustrated in a circuit diagram using two
keys.

Key 1 Key2 If both Key 1 and Key 2

are pressed, the bulb
~ /g lights up.

=)

The second binary logic operation is the OR function. The OR function can also be
represented in a circuit diagram.

/g Key 3

STEP 7 Getting Started

C79000-P7076-C48-01

o E If either key 3 or key 4
Key 4 @ is pressed, the bulb
— lights up.
11



Introduction to STEP 7

The third binary logic operation is the memory element. The SR function reacts
within a circuit diagram to certain voltage states and passes these on accordingly.

Memory Element

+ —é"— ] )

If key S is pressed, the bulb lights up
and remains lit until key R is pressed.

STEP 7 Getting Started
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Introduction to STEP 7

1.2 Combining Hardware and Software

Using the STEP 7 software, you can create your S7 program within a project. The
S7 programmable controller consists of a power supply unit, a CPU, and input and

output modules (/O modules).

The programmable logic controller (PLC) monitors and controls your machine with
the S7 program. The 1/O modules are addressed in the S7 program via the

addresses.

Programming
device cable

....

Programming device

Transferring a program

CPU

Machine to be
controlled

Output module

Power supply module

Input module

STEP 7 Getting Started
C79000-P7076-C48-01
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Introduction to STEP 7

1.3 Basic Procedure Using STEP 7

Before you create a project, you should know that STEP 7 projects can be created

in different orders.

Designing the solution to the automation task

Option 1

Creating a project (Chapter 2)

Option 2

Configuring the hardware
(Chapter| 6)

Creating a program
(Chapters 3/to 5)

X

Creating a program
(Chapters 3/to 5)

Configuring the hardware
(Chapter 6)

| 4

Transferring the program to the CPU and debugging
(Chapter|7)

If you are creating comprehensive programs with many inputs and outputs, we
recommend you configure the hardware first. The advantage of this is that STEP 7
displays the possible addresses in the Hardware Configuration Editor.

If you choose the second option, you have to determine each address yourself, depending
on your selected components and you cannot call these addresses via STEP 7.

In the hardware configuration, not only can you define addresses, but you can also change
the parameters and properties of modules. If you want to operate several CPUs, for
example, you have to match up the MPI addresses of the CPUs.

programming.

Since we are only using a small number of inputs and
outputs in the Getting Started manual, we will skip the —
hardware configuration for now and start with the

STEP 7 Getting Started
C79000-P7076-C48-01



Introduction to STEP 7

1.4 Installing STEP 7

Regardless of whether you want to start with programming or configuring
hardware, you first have to install STEP 7. If you are using a SIMATIC
programming device, STEP 7 is already installed.

When installing the STEP 7 software
on a programming device or PC
without a previously installed version of
STEP 7, note the software and
hardware requirements. You can find
these in the Readme.wri on the

STEP 7 CD under

<Drive>:\STEP 7 \Disk1.

If you need to install STEP 7 first,
insert the STEP 7 CD in the CD-ROM
drive now. The installation program
starts automatically. Follow the
instructions on the screen.

If the installation does not start auto-
matically, you can also find the
installation program on the CD-ROM
under

<Drive>:\STEP 7 \Disk1\setup.exe.

Once the installation is complete and
¥ you have restarted the computer, the
SIMATIC Manager "SIMATIC Manager" icon will appear

E on your Windows desktop.

If you double-click the "SIMATIC Manager" icon following installation, the STEP 7 Wizard
will be started automatically.

You can find additional notes on installation in the
Readme.wri file on the STEP 7 CD under
<Drive>:\STEP 7 \Disk1\Readme.wri.

STEP 7 Getting Started
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2 The SIMATIC Manager

2.1  Starting the SIMATIC Manager and Creating a Project

The SIMATIC Manager is the central window which becomes active when STEP 7
is started. The default setting starts the STEP 7 Wizard, which supports you when
creating a STEP 7 project. The project structure is used to store and arrange all
the data and programs in order.

Within the project, data are stored in the
form of objects in a hierarchical structure

The SIMATIC station and the CPU
contain the configuration and
parameter data of the hardware

The S7 program comprises all the
blocks with the programs necessary for
controlling the machine

Double-click the SIMATIC Manager
icon on the Windows desktop, then
SIMATIC Manager select the File > Wizard "New
Project” menu command if the wizard
does not start automatically.

STEP 7 Wizard: "New Project”

In the preview, you can toggle the view
of the project structure being created
STEP 7 Wizard: "New Project" on and off

*rou can create STEP 7 projects quickly and easily using
the STEP 7 %izard. You can then start programming
immediately.

P70 (1 Cickonwo o dloraopions To move to the next dialog box, click
‘ i“ e o "Mext” bo create your project step-by-step Next
ﬂ

‘% Introduction 104)

" "Make" to create your project according b the preview.

7 Display Wizard on starting the SIMATIC Manaper ‘ Ml

[ 57 _Pro2 Block Mame Symbolic Name

£ [lll SIMATIC 300 Station FOB1 Cyele Execution
= Jl CPUB12IFMT)

E-31] 57 Program(1)

23 Blocks
<ﬁ€k - ) Make Cancel Help

STEP 7 Getting Started
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The SIMATIC Manager

PR DAt For the "Getting Started" sample
project, select CPU 314. The example
ETER— has been created in such a way that
T you can actually select the CPU you
S5y NS AFUa0AED have been supplied with at any time.

BEST 315-24F03-04E0

The default setting for the MPI address
is 2.

Click Next to confirm the settings and
Cyele Exceuton move to the next dialog box.

(1] 57 Frogiam{1]

LY Blocks

B | I

SIERLAY =Rl w hivect Select the organization block OB1 (if
= this is not already selected).
Cycle Execution .
Tine o g Imamgt 0 Select one of the programming
Time of Day Intermupt 1 .
Tine o oy a2 languages: Ladder Logic (LAD),
i Lo Statement List (STL), or Function Block

Diagram (FBD).

Confirm your settings with Next.

Fro2
SIMATIC 300 Station Cycle Execution
Hl crusiam)

[=1-51] 57 Frogram(1)

(B [

STEP 7 Getting Started
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The SIMATIC Manager

SIE Bl iz RN RS Ec Double-click to select the suggested
D et mert e 2R R *|  name in the "Project name" field and
s (|aemngsraned) overwrite it with "Getting Started."
Existing projects: g;_;lrmz = ;l
. | Click Make to generate your new
Check your new project in the preview. . . .
Cick Mk c et the rcec i e ey project according to the preview.
Previewe <
’Qj Getting Started Block Name | Symbalic Name [
= i SIMATIC 300 Station OB Cycle Execution
=l CrU314i1]
[=-[37] 57 Program(1)
“.423 Blncks  —
<Back | ﬂexl)‘ Maks )| Cancel Help

a

When you click the Make button, the SIMATIC Manager will open with the window for the
"Getting Started" project you have created. On the following pages, we will show you what
the created files and folders are for and how you can work effectively with them.

The STEP 7 Wizard is activated each time the program is started. You can deactivate this
default setting in the first dialog box for the Wizard. However, if you create projects without
the STEP 7 Wizard, you must create each directory within the project yourself.

You can find more information under
Help > Contents in the topic "Setting
Up and Editing the Project."

STEP 7 Getting Started
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The SIMATIC Manager

2.2

The Project Structure in the SIMATIC Manager and How
to Call the Online Help

As soon as the STEP 7 Wizard is closed, the SIMATIC Manager appears with the
open project window "Getting Started." From here, you can start all the STEP 7

functions and windows.

Opening, organizing, and printing
projects

components

Editing blocks and inserting program

and monitoring the
hardware

Downloading the program

Setting the window display and
arrangement, selecting the
language, and making settings for
process data

I SIMATIC Manager/ Getting Started

File Edit Inset PLC “iew DOption: ‘Window Help

Calling the STEP 7 online help

D] 8%[#w| % [s|e] sl [= = = =

'Ei??‘:ﬁelling Started -- C:\Siemens\5tep7\S5 7proj\Gettin™1

=- Getting Started

Press F1 to get Help.

i ] e i = T A

The contents of the left-hand pane
show the project structure

The contents of the right-hand pane
show the objects and other folders
for the folder selected on the left

STEP 7 Getting Started
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The SIMATIC Manager

Calling the Help on STEP 7

Help

i Melp on STEP 7

B A

F1

B B

fustherder Pusich Vot Slalwde  Onchen  Glossoy  Obgecls

st i | Suchen |

L) Irerosiueing the Product snd Instning
#

71 The STEP 7 Stadasd Packags
# Laended Uses of the STIP 7 318
- Irvstalation and Authorization
© @ Vioriing Cut e Auomation Concegt
5 @ Stortugs wod Operalion
ey Up and Edtng the Froect
Cating Fropects with dfterent Ve s
'Working \Aden Projects in e Mubipros
& @ err thar e Lises Fettng Proycts
% @ Configuring the Hardware

N -

Overview of STEP 7 :I
What ks STEP 77
STEP 7 ie the standsed software package

L]

pant of stry sodwsn Thare

are the following versions of the STEP 7

Standard package:

» STEP T Micro/DOS snd STEP T
Micrafin for simpler 34
apphcations on he SING

Cetanasring an Onlne Connacion o
Dorwrioading and Lipisedng
= @ Ortuggeg

:wam, L':| y
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Option 1:

Place the cursor on any menu
command and press the F1 key. The
context-sensitive help for the selected
menu command will appear.

Option 2:

Use the menu to open the STEP 7
online help.

The contents page with various help
topics appears in the left-hand pane
and the selected topic is displayed in
the right-hand pane.

Navigate to the topic you want by
clicking the + sign in the Contents list.
At the same time, the contents of the
selected topic are displayed in the
right-hand pane.

Using Index and Find, you can enter
search strings and look for the specific
topics you require.

Option 3:

Click on the "Start page" icon in the
STEP 7 Online Help to open the
information portal. This portal provides
compact access to major topics of the
Online Help, e.g.:

e Getting Started with STEP 7
e Configuring & Programming
e Testing & Debugging

e SIMATIC on the Internet

Option 4:

Click on the question mark button in
the toolbar to turn your mouse into a
help cursor. The next time you click on
a specific object, the online help is
activated.



The SIMATIC Manager

Navigating in the Project Structure

g SIMATIC Manager - Getting Started

File Edit Insett PLC “iew [Options ‘Window Help

D] B2le| & (%) dof = 2]

'E’?‘:;Gelling Started -- C:\Siemens\5tep7\S 7proj\Getl
([ =)ED Getting Started
E-fl SIMATIC 300 Station
=@ cruzt)

0B1

A Woroi\Gettin_
B Grlteg Sharted i
[ siMATIC 30 Siaken
1l crung
g :
Ex

The project you have just created is
displayed with the selected S7 station
and CPU.

Click the + or — sign to open or close a
folder.

You can start other functions later on
by clicking the symbols displayed in
the right-hand pane.

Click the S7 Program (1) folder. This
contains all the necessary program
components.

You will use the Symbols component in
Chapter 3 to/ give the addresses
symbolic names.

The Source Files component is used to
store source file programs. These are
not dealt with in the Getting Started
manual.

Click the Blocks folder. This contains
the OB1 you have already created
and, later on, all the other blocks.

From here, you will start programming
in Ladder Logic, Statement List, or
Function Block Diagram in Chapters 4
and 5!

Click the SIMATIC 300 Station folder.
All the hardware-related project data
are stored here.

You will use the Hardware component
in Chapter 6 to specify the parameters
of your programmable controller.

If you require further SIMATIC software for your automation task; for example, the optional
packages PLCSIM (hardware simulation program) or S7 Graph (graphic programming
language), these are also integrated in STEP 7. Using the SIMATIC Manager, for example,
you can directly open the relevant objects such as an S7 Graph function block.

=== You can find more information under Help > Contents in the topics "Working
Out the Automation Concept" and "Basics of Designing the Program Structure".
You can find more information on optional packages in the SIMATIC catalog
ST 70, "Components for Completely Integrated Automation."
STEP 7 Getting Started
2-6 C79000-P7076-C48-01



3 Programming with Symbols

3.1 Absolute Addresses

Every input and output has an absolute address predefined by the hardware
configuration. This address is specified directly; that is, absolutely.

The absolute address can be replaced by any symbolic name you choose.

Digital input Digital output

module module
Byte 0 Byte 4
Bits 0 to 7 Bits 0 to 7

Digital input Digital output
module module i
Byte 1 Byte 5

Bits 0to 7 Bits0to 7

Absolute address: | 1.5\
Input Byte 1 Bit 5

STEP 7 Getting Started
C79000-P7076-C48-01 3-1



Programming with Symbols

3.2 Symbolic Programming

In the symbol table, you assign a symbolic name and the data type to all the
absolute addresses which you will address later on in your program; for example,
forinput 1 0.1 the symbolic name Key 1. These names apply to all parts of the
program and are known as global variables.

Using symbolic programming, you can considerably improve the legibility of the
S7 program you have created.

Working with the Symbol Editor

Navigate in the project window "Getting
Started" until you reach

S7 Program (1) and double-click to
open the Symbols component.

Your symbol table currently only
consists of the predefined organization
block OB1.

Status Address | Datatype Click Cycle Execution and overwrite it
1 ( B 1 o8 1 . n H "
= with "Main Program" for our example.
Status | Symbol Addess  |Datatyee |  Enter "Green Light" and "Q 4.0" in
1 Main Program oB 1 B 1 .
> Green Light o 25 Teoo row 2. The data type is added

automatically.

| Comment | Click in the comment column of row 1
< > or 2 to enter a comment on the symbol.
You complete your entries in a row by
pressing Enter, which then adds a new
row.
Status | Symbol Address | Data bype Enter "Red Light" and "Q 4.1" in row 3
1 ain Pragram oB 1 oB 1
> Graen Light 527 Toar and press Enter to complete the entry.
3 Red Light =] 4.1 BOOL

In this way, you can assign symbolic names to all
the absolute addresses of the inputs and outputs
which your program requires.

STEP 7 Getting Started
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Programming with Symbols

| E Save the entries or changes you have
made in the symbol table and close the

window.

Because there are lots of names for the entire "Getting Started" project, you can
copy the symbol table to your "Getting Started" project in Section|4.1!

&2 Symbol Editor - 57-Program(1)[Symbols)-ZEn01_01_STEP7__STL_1-9\SIMATIC 300(1)\C__ [S[=] B3

Symbol Table  Edit Insert Wiew Options ‘wWindow Help

EH[& & B o o [msms =% | w2
&1 57-Program(1)(Symbols)--ZEn01_01_STEP?__STL_1-9\SIMATIC 300(1)5\CPU314(1) =] E3

Status Address Data bype Comment
1 Q 42 BOOL Retertive output
2 | 05 BOCL For the memory function (switch on)
el DE_actual_Spesd 4 INT Actual speed for diesel endgine
4 DE_Failure | 16 BOOL Diesel engine failure Here you can see the Symbol
5 DE_Fan_0On Q 5B BOOL Command for svwitching on digsel engine far table for the S7 program in the
[3 DE_Fallow _On T oz TIMER Fallowy-on time far diesel engine fan "Getting Started" examp|e for
7 DE_On Q 54 BOOL Command for switching on dissel engine .
8 DE_Preset_Speesd_R... |@ 55 BOOL Display "Diesel engine preset speed reache: Statement LISt'
] Diesel e 2 FB 1 Data for diesel engine Genera"y speaking, onIy one
10 Engine FB 1 FB 1 Engine contral c
1 Fan FC 1 |Fc 1 |Fancontrol symbol table is created per
12 Grean_Light a 40 |[BooL Result of AND query S7 program, regardless of
13 Wey_1 | a1 BOCL Far the &AMND guery A H
14 Key_2 | 0z BOOL For the AND guery WhICh programmlng Ianguage
15 Mey_3 [E BOOL Fat the O query you have selected.
16 Key 4 | 0.4 BOOL Far the OF guery .
17 Main_Program 0B 1 oB 1 This block containg the user program A" prlntable ChlaraCters (for
18 Manual_On I 06 |BooL For the memary function (switch off) example, special characters,
19 PE_Actual_Speed My 2 INT Actual speed for petral endgine Spaces) are permitted in the
20 PE_Failure | 1.2 BOCL Petrol engine failure b | t bl
21 PE_Fan_On @ 52 |BOOL Cammand for switching on petrol engine fan. Y INPOI taDIE.
22 PE_Follorwy_On T 1 TIMER Followy-on time for petrol engine fan
23 PE_On Q a0 BOCL Command far switching on petrol engine
24 PE_Preset_Speed_Re..|@ 51 BOOL Display "Petrol engine preset speed reachec
25 Petral 0B 1 FB 1 Data for petrol engine
26 Red_Light Q 4.1 BOOL Result of OR query
27 = _Data 0B 3 0B 3 Shared data hlock
28 Switch_Off_DE | 15 BOOL Switch off diesel engine
29 Switch_Off_PE | 1.1 BOCL Sywitch off petrol engine
30 Switch_On_DE | 1.4 BOCL Switch on diesel engine
31 Switch_On_PE | 10 BOOL Switch on petral engine
32

o

The data type which was previously added automatically to the symbol table determines the
type of the signal to be processed for the CPU. STEP 7 uses, among others, the following
data types:

BOOL Data of this type are bit combinations. 1 bit (type BOOL) to 32 bits (DWORD).

BYTE

WORD

DWORD

CHAR Data of this type occupy exactly one character of the ASCII character set.

INT They are available for the processing of numerical values (for example, to calculate

DINT arithmetic expressions).

REAL

S5TIME Data of this type represent the different time and date values within STEP 7 (for

TIME example, to set the date or to enter the time value for a timer).

DATE

TIME_OF_DAY | You can find more information under Help >

I Contents in the topics “Programming Blocks*
and "Defining Symbols".

STEP 7 Getting Started
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4 Creating a Program in OB1

4.1 Opening the LAD/STL/FBD Program Window

Choosing Ladder Logic, Statement List, or Function Block Diagram

With STEP 7, you create S7 programs in the standard languages Ladder Logic
(LAD), Statement List (STL), or Function Block Diagram (FBD). In practice, and for
this chapter too, you must decide which language to use.

Ladder Logic (LAD)

Suitable for users from the electrical engineering industry, for example.

"Green Lig
FFKE ?_1 r L Ke ?_2 L ht L

r | | | | " |
| | 1 L |

Statement List (STL)
Suitable for users from the world of computer technology, for example.

A rr KE .E;r_ 1 rr
A rr KE .5;.._2 rr
= "Green Light"

Function Block Diagram (FBD)

Suitable for users from the world of circuit engineering, for example.

& "Green Lig

"KEEF_]. L LI— ht"™

rr KE .5?._2 [L—

The block OB1 will now be opened according to the language you chose
when you created it in the project Wizard. However, you can change the
default programming language again at any time.

efesotomasyon.com

STEP 7 Getting Started
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Creating a Program in OB1

Copying the Symbol Table and Opening OB1

- E"bi ’ Open Project

B\ser projects | Librariesl 5

If necessary, open your "Getting
Started" project. To do this, click the
Open button in the toolbar, select the
"Getting Started" project you created,
and confirm with OK.

W Getting Started

Depending on which programming
language you have decided to use, in
the "Sample projects" tab open one of
the following projects as well:

e ZEn01_05_STEP7__LAD_1-9
e ZEn01_01_STEP7__STL_1-9
or

e ZEn01_03_STEP7__FDB_1-9
Here you can see all three sample
projects displayed.

Navigate in the "ZEn01_XXX* until you
reach the Symbols component and
copy this by dragging and dropping it
to the 87 Program folder in your
project window "Getting Started."

Then close the window "ZEn01_XXX".

Drag and drop means that you click any object
with the mouse and move it whilst keeping the
mouse button depressed. When you release the
mouse button, the object is pasted at the selected
position.

e Double-click OB1 in the "Getting
b Pk Started" project. The LAD/STL/FBD

E ”g?ﬁ:f‘* program window is opened.

In STEP 7, OB1 is processed cyclically by the CPU. The CPU reads line by line and
executes the program commands. When the CPU returns to the first program line, it has
completed exactly one cycle. The time required for this is known as the scan cycle time.

Depending on which programming language you have selected, continue reading in either
Section 4.2 for programming in Ladder Logic, Section 4.3 for Statement List, or Section 4.4
for Function Block Diagram.

You can find more information under Help > Contents I
in the topics “Programming Blocks* and "Creating
I Blocks and Libraries.” I

STEP 7 Getting Started
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The LAD/STL/FBD Program Window

All blocks are programmed in the LAD/STL/FBD program window. Here, you can
see the view for Ladder Logic.

Inserting a new
network

Toggling "Program elements" and "Call

structure" on and off The most important program
elements for Ladder Logic and
(Pane can be placed anywhere in the Function Block Diagram

program window)

Changing the programming
language view

ELAD!STLIFBD - [0B1 -- Gething Started\SIMATIC 300 Station\CPU314(1]]

3 Flle Edit |nset PLC Debug Yiew Options ‘Window Help =
R DL o D o = T e I e e
— |Contents OF ‘ErvitonmentiInterface TEMP'
Inkerface ;I [Name DalaType  [Address  [Comment [=]
B New netwerk, = 2@ TEMP @ |[0BT_EvY _C.. |Byte 0.0 Bits 0-2= 1 (Coming event), Bit..
. P "
SEETRC ¢ logic] -8 OB1_EV_CLASS = OB1_SCAN. |Byte 1.0 1 (Cold restart scan 1 01 OB 1),
I @ 0B1.SCAN1 = OB1_PRIO.. |Byte 20 Priafity of OB Exgcution
@ OB1_FRIORITY = 0Bl 0
Program Py _j{= csire  The variable declaration table contains | —
elements @ oBi_ReservED 2 |® OBT_RE the parameters and local variables for
(here for ‘@ OB1_PREV.CYCLE (@ OB1_PR - the block -
Ladder Logic) | @ 081 MIN Cvile xl|= oB1_m . |..;_|I
and cal Btk i Ticles
structure Comment: Title and comment field for D
<y ASANE] the block or network
~F HEG
- Fos
B-(£] Comparator ‘ ||
{25 Converter
E-(£4] Counter
EII- DB cal Program input line (also network
[ Jumps
1 5] Inteterf, and current path)
E-{£# Floating-point fct.
4 I »
Bit logic 3'
| & Frogram .. E_E Call st ;I
|
MR TGEror 2 nte A 3 CrossReferences b 4: Address info. 25 Modity} B Disgnostics % 7 Comparison__J
Press F1 ta gat Help. The different tabs of the "Details" window
are for displaying error messages and
information on addresses, for editing

symbols, monitoring addresses,
comparing blocks and for editing error
definitions for the process diagnostics.

Information on the selected program element

STEP 7 Getting Started
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4.2 Programming OB1 in Ladder Logic

In the following section, you will program a series circuit, a parallel circuit, and the
set / reset memory function in Ladder Logic (LAD).

Programming a Series Circuit in Ladder Logic

If necessary, set LAD as the
programming language in the View
menu.

Q) Cil+1
STL Cil+2
FED Cil+3

031 Click in the title area of OB1 and enter

Comme Rt | "Cyclically processed main program,"
for example.

Select the current path for your first
element.

_I |_| Click the button in the toolbar and
insert a normally open contact.

’r.? ( ?3.‘?) In the same way, insert a second

normally open contact.

}H ” The addresses of the normally open
: contacts and the coil are still missing in
the series circuit.

_()l Insert a coil at the right-hand end of the
current path.
?? )?—{

Check whether symbolic
representation is activated.

Display with * v Symbolic Representation Chl+Q
- Symbalnformation Chrl+Shift+0
Symbol Selection Chil+7
v Comment Chrl+5hift+£,

Address |dentification

STEP 7 Getting Started
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"Green Lig

STEP 7 Getting Started
C79000-P7076-C48-01

oo
{ —

Click the ??.? sign and enter the
symbolic name "Key_1" (in quotation
marks). Alternatively, you can select
the name from the displayed pull-down
list.

Confirm with Enter.

Enter the symbolic name "Key_ 2" for
the second normally open contact.

Enter the name "Green_Light" for the
coil.

You have now programmed a
complete series circuit.

Save the block if there are no more
symbols shown in red.

4-5
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Programming a Parallel Circuit in Ladder Logic

Title: Select Network 1.

Cornent :
||1H: Insert a new network.
I ¢ ) Select the current path again.
'I I_l _(} Insert a normally open contact and a
coil.
| o Select the vertical line of the current
| path.

L). | Insert a parallel branch.
[ Add another normally open contact in

QQ_) the parallel branch.

_.-rl Close the branch (if necessary, select
the lower arrow).

e o The addresses are still missing in the
272 parallel circuit.

To assigh symbolic addresses,
proceed in the same way as for the
series circuit.

"Red_Tight Overwrite the upper normally open

e . contact with "Key_3," the lower contact
. (— with "Key_4," and the coil with
e "Red_Light."

E | Save the block.

STEP 7 Getting Started
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[o]

Programming a Memory Function in Ladder Logic

??.2?

SR

"Automwatic

"Automwatic
_Mode™

_on"
l—

"Manual On
"

SR

=l

Select Network 2 and insert another
network.

Select the current path again.

Navigate in the Program Elements
catalog under Bit Logic until you reach
the SR element. Double-click to insert
the element.

Insert a normally open contact in front
of each of the inputs S and R.

Enter the following symbolic names for
the SR element:

Upper contact "Automatic_On"

Lower contact "Manual_On"

SR element "Automatic_Mode"

Save the block and close the window.

"Key 2"

If you want to see the difference between absolute and symbolic addressing, deactivate the
menu command View > Display > Symbolic Representation.

"green Lig
ht L -
|

i
L 1

characters.

Q4.0
L

|
T 1

You can change the line break for symbolic addressing in the LAD/STL/FBD program
window by using the menu command Options > Customize and then selecting "Width of
address field" in the "LAD/FBD" tab. Here you can set the line break between 10 and 26

Example:
Symbolic addressing in LAD

Example:
Absolute addressing in LAD

STEP 7 Getting Started
C79000-P7076-C48-01

You can find more information under Help >
Contents in the topics "Programming Blocks,"
"Creating Logic Blocks," and "Editing Ladder
Instructions."
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4.3 Programming OB1 in Statement List

In the following section, you will program an AND instruction, an OR instruction,
and the memory instruction set/reset in Statement List (STL).

Programming an AND Instruction in Statement List

If necessary, set STL as the

programming language in the View
menu.
AN Chil+1
Cs1) Chi+2
EED Ctrl+3
Check whether symbolic
representation is activated.
Display with * v Symbolic Representation Chl+Q
~ Symbaol Information Chrl+5hift+0)
Symbaol Selection Clrl+7
v Comment Chrl+5hift+£,

Address [dentification

©EB1 = Click in the title area of OB1 and enter

Comme Rt | "Cyclically processed main program,"
for example.
bite twork 1TRRTATE Select the area for your first statement.
Comment
A "Eey 1" Type an A (AND) in the first program

line, a space, and then the symbolic
name "Key_1" (in quotation marks).

Complete the line with Enter. The
cursor jumps to the next line.

STEP 7 Getting Started
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STEP 7 Getting Started
C79000-P7076-C48-01

o

o o

"KE ?_1 rr
rr KE ?_2 rr
"Green Light"

rr KE .3?._3 rr

rr KE .3?._3 rr
rr KE ?_4 rr
"Red Light"

In the same way, complete the AND
instruction as shown.

You have now programmed a
complete AND instruction. Save the
block if there are no more symbols
shown in red.

Programming an OR Instruction in Statement List

le twork 1

Select Network 1.

Insert a new network and select the
input area again.

Enter an O (OR) and the symbolic
name "Key_3" (in the same way as for
the AND instruction).

Complete the OR instruction and save
it.

4-9
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Programming a Memory Instruction in Statement List

HH Select Network 2 and insert another
_I"" network.

A "Automatic_ On" In the first line, type the instruction A
with the symbolic name
"Automatic_On."

"Automatic On" Complete the memory instruction and
"Aauktomatic Mode"™ save it. Close the block.
"Manual_On"

"Auktomat ic Mo de™

e

a

If you want to see the difference between absolute and symbolic addressing, deactivate the
menu command View > Display > Symbolic Representation.

A fFKE? lff E I ]
" ey 3" xample: o

ey _ Symbolic addressing in STL
= "Green Light"
2 I 0.1 Example:
2 I 0.2 Absolute addressing in STL
= Q 4.0

You can find more information under Help >
Contents in the topics "Programming Blocks,"
"Creating Logic Blocks," and "Editing STL
Statements."

STEP 7 Getting Started
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4.4 Programming OB1 in Function Block Diagram

In the following section, you will program an AND function, an OR function, and a
memory function in Function Block Diagram (FBD).

Programming an AND Function in Function Block Diagram

Chil+1
Ctrl+2
Crl+3

oB1QC_Title: )

Cormment :

Comment

==

2.2 —

27, 2 —| -

Diizplay with

Symbal Informatian
Symbol Selection

v Comment
Address |dentification

* v Sumbolic Representation  Chil+0

Ctrl+5hift+3
Clrl+7
Cirl+Shift+K,

STEP 7 Getting Started
C79000-P7076-C48-01

If necessary, set FBD as the
programming language in the View
menu.

Click in the title area of OB1 and enter
"Cyclically processed main program,"
for example.

Select the input area for the AND
function (below the comment field).

Insert an AND box (&) and an
assignment (=).

The addresses of the elements are still
missing in the AND function.

Check whether symbolic
representation is activated.

4-11
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& Click on the ??.? sign and enter the
7.2 symbolic name "Key_1" (in quotation
i | - marks). Alternatively, you can also
o select the name from the displayed
pull-down list.

Confirm with Enter.

A Enter the symbolic name "Key_ 2" for
?2.2— S the second input.
2 Enter the name "Green_Light" for the
72, 7 — ( Gt 3 assignment.
27— — -
i "Green Lig You have now programmed a
"Key 1" — ht" complete AND function.

"Ee Y_z LI I

. If there are no more symbols shown in
red, you can save the block.

STEP 7 Getting Started
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Programming an OR Function in Function Block Diagram

H
[T

Comment :

0|

==1
77, 7 — ?P.?
7?7, 7 — — )
==1 "Red Light
"KE? jcg— "
"KE?_Q" —_

STEP 7 Getting Started
C79000-P7076-C48-01

=l

Insert a new network.

Select the input area again for the OR
function.

Insert an OR box (>1) and an
assignment (=).

The addresses are still missing in the

OR function. Proceed in the same way
as for the AND function.

Enter "Key_3" for the upper input,
"Key_4" for the lower input, and
"Red_Light" for the assignment.

Save the block.

4-13
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Programming a Memory Function in Function Block Diagram

" Automatic on"

"Manual on"

[o]

HH
[
"Automatic Mode"
5R
—s
—r ok

Select Network 2 and insert another
network. Select the input area again
(below the comment field).

Navigate in the Program Elements
catalog under Bit Logic until you reach
the SR element. Double-click to insert
the element.

Enter the following symbolic names for
the SR element:

Set "Automatic_On"

Reset "Manual_On"

Memory bit "Automatic_Mode"

Save the block and close the window.

& "Green_Light"
"Key 1" —|
"Key 2" — —
&
10.1— 04.0
I0.2 — —

characters.

If you want to see the difference between absolute and symbolic addressing, deactivate the
menu command View > Display > Symbolic Representation.

You can change the line break for symbolic addressing in the LAD/STL/FBD program
window by using the menu command Options > Customize and then selecting "Address
Field Width" in the "LAD/FBD" tab. Here you can set the line break between 10 and 26

Example:
Symbolic addressing in FBD

Example:
Absolute addressing in FBD

You can find more information under Help >
Contents in the topics "Programming Blocks,"
"Creating Logic Blocks," and "Editing FBD

Statements."

4-14

STEP 7 Getting Started
C79000-P7076-C48-01



5 Creating a Program with Function Blocks
and Data Blocks

5.1 Creating and Opening Function Blocks (FB)

The function block (FB) is below the organization block in the program hierarchy. It
contains a part of the program which can be called many times in OB1. All the
formal parameters and static data of the function block are saved in a separate
data block (DB), which is assigned to the function block.

You will program the function block (FB1, symbolic name "Engine"; see symbol
table, page|3-3) in the LAD/STL/FBD program window, which you are now familiar
with. To do this, you should use the same programming language as in Chapter 4
(programming OB1).

You should have already copied the
symbol table into your project "Getting
Started." If not, read how to do this on
page 4-2. copying the symbol table,
and then return to this section.

M7 ething Started
e

If necessary, open the "Getting
Started" project.

25 Geating Stasted - C:ASIEMERSASTEP7VS TpeoiMGettin 1

= = Navigate to the Blocks folder and
43 :

open it.

Click in the right-hand half of the
window with the right mouse button.

The pop-up menu for the right mouse

( Insert New Objsct S .l : button contains the most important

J — C Funcion Bisck > commands from the menu bar. Insert a
function block as a new object.

STEP 7 Getting Started
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Eigenschaften - Funktionsbhaustein

Gioneral-Fart 1 | Genersl - Part 2| Calls | Aibutes |

Name
Symbalic Mame

Symbol Comment:
Created in Langu

Project Path

Storage location
of project

Date created.
Last modified:

v ultiple Instance Capabij

Engine

[C:ASiemenshStep?\S7pronGetin_1
Code

12.04.2000 1302118

12.04.2000 1302118

Interface

12.04.2000 130278

Comment ’ =
=l
() Cancel Help

B Gorng Harted

=@l cruma)

B Gimlting Stastod — CASIEMENSAS LERAS fpeof\Gntle_1

=l SIMATIC 200-51at0n

) 57Poogranall]
Quasbers

In the "Properties — Function Block"
dialog box, select the language in
which you want to create the block,
activate the check box "Multiple
instance FB," and confirm the
remaining settings with OK.

The function block FB1 has been
inserted in the Blocks folder.

Double-click FB1 to open the
LAD/STL/FBD program window.

Block Diagram.

Depending on which programming language you have selected, continue reading in either
Section 5.2 for Ladder Logic, Section 5.3 for Statement List, or Section 5.4 for Function

| You can find more information under Help >

Contents in the topics "Programming Blocks" and
"Creating Blocks and Libraries."

STEP 7 Getting Started
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5.2 Programming FB1 in Ladder Logic

We will now show you how to program a function block which can, for example,
control and monitor a petrol or diesel engine using two different data blocks.

All "engine-specific" signals are passed on as block parameters from the
organization block to the function block and must therefore be listed in the variable
declaration table as input and output parameters (declaration "in" and "out").

You should already know how to enter a series circuit, a parallel circuit, and a
memory function with STEP 7.

Declare / Define Variables First

e T i e crl Your LAD/STL/FBD program window is
ia = = =T T N T open and the option View > LAD

B = O T
Zix

(programming language) is activated.

5 gf:g“ J Note that FB1 is now in the header,

because you double-clicked FB1 to
open the program window.

|
N3 1 13 (1 (- e L W 1 A GAndemwin 5 Modey
Poews F1 4o got Help, O loifne (Ab Hw1 Ln1 Inzest.

The variable declaration area consists of a variable overview (left pane) and of the
variable detail view (right pane).

In the variable overview, select the declaration types "IN", "OUT" and "STAT" one

after the other and enter the following declarations into the corresponding variable
details.

In the variable overview, click the corresponding cells and apply the entries from

the subsequent figures. You can select the data type from the pull-down list
displayed.

STEP 7 Getting Started
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Contents OF: 'Ernvironments| nterfacei '

T — [Name Data Type|Address [Initial value|Comment

-- lf & |Switch_0n Bool 0.0 FALSE Switch on engine

: LroT ‘B Switch_Off  [Boaol 01 FALEE Swiitch off engine

AR INOUT e paijyre Bool 0.2 FALSE  Engine failure, causes the engine to switch off
- STAT ‘B Actual_Speed|int 20 il Actual engine speed

S TeMe | -

Contents Of: 'Exvironmentinterfaceh0UT'

[Name Data Type [Address [Initial value  [Comment
= |Engine_0n Bool 40 FALSE Engine is switched on
‘2 Preset_Spesd_Reached [Bool 41 FALBE Preset speed reached
a

Contents OF ‘EnvironmenttInterface\STAT'

[Mame Data Type|Address|Initial Value|Comment
‘= |Preset_Speed]int 6.0 14800 Reguested engine speed

2

Only letters, numbers, and the underscore are permitted
characters for the names of the block parameters in the
variable declaration table.

If all the columns required are not displayed in your
variable details, you can display it via the shortcut menu
command (via a right-mouse click).

Programming an Engine to Switch On and Off

‘ .7

Insert a normally open contact, a

| e i * s normally closed contact, and an SR
—ir element in series in Network 1 using
the corresponding buttons in the
toolbar or the Program Elements
catalog.
7 Then select the current path
#2. 7 SR immediately before the input R.
{ F— o
.Qr
2.7 Insert another normally open contact.
7 L Select the current path immediately
vr s before this contact.
o4

|_).. | -I|I|-| _-rl Insert a normally closed contact
parallel to the normally open contact.

STEP 7 Getting Started
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Then save your program.

Check whether symbolic
representation is activated.

Select the question marks and enter the corresponding names from the variable
declaration table (the # sign is assigned automatically).

Enter the symbolic name "Automatic_Mode" for the normally closed contact in the
series circuit.

#owitch Of
f
| |

#Failure

/1

STEP 7 Getting Started
C79000-P7076-C48-01

"Automatic #Engine On
#Switch On Mode"” SR
| | <]
1 11 = e
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Programming Speed Monitoring

Insert a new network and select the
current path.

Then navigate in the Program
Elements catalog until you reach the
Compare function and insert a
CMP>=l.

Also insert a coil in the current path.

Select the question marks again and label the coil and the comparator with the
names from the variable declaration table.

Then save your program.

#Preset_Sp
eed Reache
CMP ==| d
oy |
L |
#hotual Sp
eed —Inl
#Preset_3Zp
eed —{INZ

a

When is the engine switched on and off?

When the variable #Switch_On has signal state "1" and the variable "Automatic_Mode" has
signal state "0," the engine is switched on. This function is not enabled until
"Automatic_Mode" is negated (normally closed contact).

When the variable #Switch_Off has signal state "1" or the variable #Fault has signal state
"0," the engine is switched off. This function is achieved again by negating #Fault (#Fault is
a "zero-active" signal and has the signal "1" in the normal state and "0" if a fault occurs).

How does the comparator monitor the engine speed?

The comparator compares the variables #Actual_Speed and #Setpoint_Speed and assigns
the result of the variables to #Setpoint_Speed Reached (signal state "1").

You can find more information under Help > —
Contents in the topics "Programming Blocks,"
"Creating Logic Blocks," and "Editing the Variable
Declaration" or in "Editing LAD Instructions."

STEP 7 Getting Started
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5.3 Programming FB1 in Statement List
We will now show you how to program a function block which can, for example,
control and monitor a petrol or diesel engine using two different data blocks.

All "engine-specific" signals are passed on as block parameters from the
organization block to the function block and must therefore be listed in the variable
declaration table as input and output parameters (declaration "in" and "out").

You should already know how to enter an AND instruction, an OR instruction, and
the set/reset memory instructions with STEP 7.

Declare / Define Variable First

e CE I =52  Your LAD/STL/FBD program window is
%@E%ﬁiﬁrl]%ﬁ:ﬂ open and the option View > STL
' i (programming language) is activated.

Note that FB1 is now in the header,
because you double-clicked FB1 to
open the program window.

L el gl ]

Foam |, -
ngm PSPPI o T " -
Press F1 10 gst Help. o olre Ab Mw 1 Lnl Iness |

The variable declaration area consists of a variable overview (left pane) and of the
variable detail view (right pane).

In the variable overview, select the declaration types "IN", "OUT" and "STAT" one
after the other and enter the subsequent declarations into the corresponding
variable details.

In the variable overview, click the corresponding cells and apply the entries from
the subsequent figures. You can select the data type from the pull-down list
displayed.

STEP 7 Getting Started
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5-8

0.1 FalSE Switch off engine
0z FALSE Engine failure, causes the engine to switch off
2.0 0 Actual engine speed

‘H |Engine_n
‘= Preset_Speed_Reached |Bool . FALSE Preset speed reached
O TOUT g
B 5TAT
----- 43 TEMP

Programming an Engine to Switch On and Off

Check whether symbolic
representation is activated.

A BB Bl Enter the corresponding instructions in
AN "Automatic Mode™ Network 1.

g #Engine On

o #3witch Off

on #Failure

R #Engine Om

STEP 7 Getting Started
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Programming Speed Monitoring

L #ictual Speed Insert a new network and enter the
I #Preset Speed corresponding instructions. Then save
>=I

your program.

E = #Preset Speed Reached

When is the engine switched on and off?

When the variable #Switch_On has signal state "1" and the variable "Automatic_Mode" has
signal state "0," the engine is switched on. This function is not enabled until
"Automatic_Mode" is negated (normally closed contact).

When the variable #Switch_Off has signal state "1" or the variable #Fault has signal state
"0," the engine is switched off. This function is achieved again by negating #Fault (#Fault is
a "zero-active" signal and has the signal "1" in the normal state and "0" if a fault occurs).

How does the comparator monitor the engine speed?

The comparator compares the variables #Actual_Speed and #Setpoint_Speed and assigns
the result of the variables to #Setpoint_Speed_Reached (signal state "1").

You can find more information under Help >
Contents in the topics "Programming Blocks,"
"Creating Logic Blocks," and "Editing the Variable
Declaration" or in "Editing STL Statements."

STEP 7 Getting Started
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5.4 Programming FB1 in Function Block Diagram

5-10

We will now show you how to program a function block which can, for example,
control and monitor a petrol or diesel engine using two different data blocks.

All "engine-specific" signals are passed on as block parameters from the
organization block to the function block and must therefore be listed in the variable
declaration table as input and output parameters (declaration "in" and "out").

You should already know how to enter an AND function, an OR function, and a
memory function with STEP 7.

Declare / Define Variables First

&lj‘:’f"lﬁrj = [FR1 - Gntting Stannd\SIMATIC 300 Statme\CPUI14(1]) [=] Your LAD/STL/FBD program Window iS
Dlzlzl@l] & clolef - cldl[= open and the option View > FBD
T o BT O Y . . .

BT (programming language) is activated.

Note that FB1 is now in the header,
because you double-clicked FB1 to
open the program window.

s et
+ i el o
the:
d = s .
ARl ke 2ive A T Coumemences € Addesiiie 5 Modly

Press F1 1o gat Hlp. o (olfire Ab Hw 1 Ln1 Ineest | 2

The variable declaration area consists of a variable overview (left pane) and the
variable detail view (right pane).

In the variable overview, select the declaration types "IN", "OUT" and "STAT" one
after the other and enter the subsequent declarations into the corresponding
variable details.

In the variable overview, click the corresponding cells and apply the entries from
the subsequent figures. You can select the data type from the pull-down list
displayed.

STEP 7 Getting Started
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Contents OF: 'Environmenth nterfaceb W'

|Name Data Type |Address (Initial Yalue | Comment
2 |Switch_On |Baoal 0.0 FALSE Switch on engine
‘B Switch_Off  |Boal 0.1 FalSE Switch off engine
‘2= Failure Bool 0z FALSE Engine failure, causes the engine to switch off
‘B Actual_Speed|Int 2.0 0 Actual engine speed
=

Contents OF ‘Environmentslnterfacet0UT"

|Name Data Type |Address [Initial walue | Comment
= |Engine_0n Boal 4.0 FALSE Engine is switched on
‘= Preset_Speed_Reached |Bool 4.1 FALSE Preset speed reached

Caontents OF; Ervironmentilnteface’\STAT'

|Name Data Type [Address|Initial Walue | Comment
'@ [Preset_Speead|int 5.0 1500 Reguested engine speed

Local block variables are indicated with a # sign
and are only valid in the block.

Global variables appear in quotation marks.
These are defined in the symbol table and are
valid for the entire broaram.

Programming an Engine to Switch On and Off

&
22,7
72, 7 —| —E
N
==1
22, 2 —
22, 2 —

=

Insert an SR function in Network 1
using the Program Elements catalog

B( SR )

(Bit Logic folder).

Add an AND box at input S (Set), and
an OR box at input R (Reset).

Diizplay with

STEP 7 Getting Started
C79000-P7076-C48-01

-

* v Sumbolic Representation  Chil+0

Symbal Information
Symbol Selection

v Comment

Ctrl+5hift+3
Clrl+7
Cirl+Shift+K,

Address [dentification

Check whether symbolic
representation is activated.
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Click the ??.? sign and enter the corresponding names from the declaration table
(the # sign is assigned automatically).

Make sure that one input of the AND function is addressed with the symbolic
name "Automatic_Mode."

Negate the inputs "Automatic_Mode" and #Fault with the corresponding button
from the toolbar.

Then save your program.

&
#owitoch Cn—
#Engine On

"hutomatic SR
_Mode" = e 5

>:1
#zwitch of
£ —

HFPailure = —E Q=

STEP 7 Getting Started
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Programming Speed Monitoring

.

Insert a new network and select the
S Compare input area.

 SFEE Then navigate in the Program
Elements catalog under you reach the
Compare function, and insert a
CMP>=l.

Append an output assignment to the comparator and address the inputs with the
names from the variable declaration table.

Then save your program.

#Actual Sp
eed

#FPreset 3Sp

o] ™

CMP ==|
#Freset Sp
N1 eed Reache
d
INZ

When is the engine switched on and off?

When the variable #Switch_On has signal state "1" and the variable "Automatic_Mode" has
signal state "0," the engine is switched on. This function is not enabled until
"Automatic_Mode" is negated (normally closed contact).

When the variable #Switch_Off has signal state "1" or the variable #Fault has signal state
"0," the engine is switched off. This function is achieved again by negating #Fault (#Fault is
a "zero-active" signal and has the signal "1" in the normal state and "0" if a fault occurs).

How does the comparator monitor the engine speed?

The comparator compares the variables #Actual_Speed and #Setpoint_Speed and assigns
the result of the variables to #Setpoint_Speed_Reached (signal state "1").

STEP 7 Getting Started
C79000-P7076-C48-01

You can find more information under Help >
Contents in the topics "Programming Blocks,"
"Creating Logic Blocks," and "Editing the Variable
Declaration" or in "Editing FBD Instructions."
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5.5 Generating Instance Data Blocks and Changing Actual

Values

You have just programmed the function block FB1 ("Engine") and defined, among
other things, the engine-specific parameters in the variable declaration table.

In order for you to be able to program the call for the function block in OB1 later
on, you must generate the corresponding data block. An instance data block (DB)
is always assigned to a function block.

The function block is to control and monitor a petrol or diesel engine. The different
setpoint speeds of the engines are stored in two separate data blocks, in which
the actual value (#Setpoint_Speed) is changed.

By centrally programming the function block only once, you can cut down on the
amount of programming involved.

'E’!‘Eelling Started - C:ASIEMENSAS TEPZAS 7proj\Gettin_1

The "Getting Started" project is open in
the SIMATIC Manager.

Navigate to the Blocks folder and click
in the right half of the window with the
right mouse button.

Getting Started
- SIMATIC 300 Station
= (@ cruza
E-{z8 57 Program(1)
- (&) Souwce Files
23 Blocks

i Insert a data block using the pop-up
menu with the right mouse button.

< Inzert Mew Dbject > L4 “a
coo < D ata Block >

Apply the name DB1 in the “Properties
Data Block* dialog box, then select the

General -Fart 1 | General-Part 2| Call | Atibutes |

Hame and type o1 [instanceDB =] |[FB1 =l X K « .
T o — application “Instance DB* in the
Symbol Comment: [Data for petel sngine adjacent pu||-d0wn list and app|y the
e IDE - name of the function block "FB1"
'Toject pat . .
g;g;?fgﬁcam [E3iemensiStap 7S TprofGattin™1 aSSIgned- Apply all the Settlngs
Code Intace displayed in the "Properties" dialog box
Date created. 09/10/2002 024256
Last modifed 03/10/2002 024255 03/10/2002 02:42:56 with OK.
Comment |
o The data block DB1 is added to the
"Getting Started" project.
Cancel Help

Double-click to open DBA1.

STEP 7 Getting Started
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a

Open Data Block

By default, instance data blocks are opened with “Parameter assignment
for data blocks' as of STEP 7 5.2 [see Help)

There is no functional difference for this DB to the editar in
LAD/STLAFED

The DB could be opened with the DB editor in LAD/STLAFBD [as in
WE.1)

Do wou want to apen the DB with "Parameter assianment for data
blacks"?

¥ Zlways display this message for Open Instance DB

Help |
Addess | Dedusen e Tyve | Ikl vabon| Actus vk | Comenent

1 i n [Sotch BOOL FASE  pai Swechenengne
z uiln e o BOOU PMSE rek wach o engne

02(n Fakrn DOCL FMTE fhoE  Engre fekos, cusete s i smkch o
] 10n Aetun_Spaed (] 0 e g et
s £ g o oo n Engres:
) Al lme [Preset_Speed Paached  BOCL |
7 6ls | Preses Soeed o
1 [0 Setih Gn BocL FasE oL ot e

ol et O BOCL P s Secholl wore
3 [E30 ek DOCL [WSC  (CAT Cgne ek, counes the sngi b setch o
[ 20/n it Speed I ) [0 Lot engre seeed
T 0 ik B o (o PR B i setif it
6 CXYET [Fueos Speed Raached |BOCL F . Preset e reached
T [T Freos: Sgeed L Fequesied mgre seed

Confirm the subsequent dialog with
Yes to assign parameters to the
instance data blocks.

Next enter the value "1500" for the
petrol engine in the Actual Value
column (in the row "Setpoint_Speed).
You have now defined the maximum
speed for this engine.

Save DB1 and close the program
window.

In the same way as for DB1, generate
another data block, DB2, for FB1.
Now enter the actual value "1200" for
the diesel engine.

Save DB2 and close the program
window.

By changing the actual values, you have finished your preparations for controlling two
engines with just one function block. To control more engines, all you have to do is generate

additional data blocks.

The next thing you have to do is program the call for the function block in OB1. To do this,
continue reading in Section 5.6 for Ladder Logic, Section 5.7 for Statement List, or
Section 5.8 for Function Block Diagram, depending on the programming language you are

C79000-P7076-C48-01

using.
You can find more information under Help > Contents
in the topics "Programming Blocks" and "Creating =
Data Blocks."
STEP 7 Getting Started
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5.6 Programming a Block Call in Ladder Logic

All the work you have done programming a function block is of no use unless you
call this block in OB1. A data block is used for each function block call, and in this
way, you can control both engines.

OB1

Inzert Symbol

Clrl+J

5-16

DB1
Petrol Engine
Data

p=

FB1
"Engine"
>t

Diesel Engine
Data

S,

The SIMATIC Manager is open with
your "Getting Started" project.

Navigate to the Blocks folder and
open OB1.

Select network 3 and then insert
network 4 in the LAD/STL/FBD
program window.

In the program elements catalog
navigate to FB1 and insert it via a
double-click.

Insert a normally open contact in front
of each of the following: Switch_On,
Switch_Off, and Fault.

Click the ??7? sign above "Engine" and
then, keeping the cursor in the same
position, click in the input frame with
the right mouse button.

Click on Insert Symbol in the shortcut
menu via a right-click on mouse button.
A pull-down list is displayed.

STEP 7 Getting Started
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] Double-click the data block Petrol.
This block is then entered
F'etro) | FB 1 | DB 1 | Datafor petral engine automatically in the input frame in
T T T

quotation marks.

Click the question marks and after entering a quotation mark address all the other
parameters of the function block using the corresponding symbolic names in the

pull-down list.
"Engine"
EN ENO

"Zwitch On PE" Engine Onf—"PE On"

| | Switch Cn

Preset_Speed Reac| "PE Preset Spesd R

"switch Off PE" hed - eached” -

| | Switch Off

"PE Failure"”

I I Failure

"PE_Actual Speed”—Actual Speed

STEP 7 Getting Started
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a

Program the call for the function block "Engine" (FB1) with the data block "Diesel"
(DB2) in a new network and use the corresponding addresses from the pull-down

list.

"Diesel"

"Switch On DE"
| |

"switch Off DE"
|1
1T

"DE_Failure"
| ]

"DE Actual Speed” —

EN

Fwitch On

Switch Off

Failure

"Engine™

Amtual Speed

ENO
Engine On

Preset_Speed Reac
hed

A

-"DE Cm'"

"DE_Preset_Speed R
Feached”

signal "DE_xxx" is

assigned to each of the
variables for the diesel

=l

engine.

Save your program and close the

block.

When you create program structures with organization blocks, function blocks, and data
blocks, you must program the call for subordinate blocks (such as FB1) in the block above
them in the hierarchy (for example, OB1). The procedure is always the same.

You can also give the various blocks symbolic names in the symbol table (for example,
FB1 has the name "Engine" and DB1 the name "Petrol").

You can archive or print out the programmed blocks at any time. The corresponding
functions can be found in the SIMATIC Manager under the menu commands File >
Archive or File > Print.

5-18

You can find more information under Help > Contents
in the topics "Calling Reference Helps" under
"Language Description: LAD," and "Program Control
Instructions."

STEP 7 Getting Started
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5.7 Programming a Block Call in Statement List

All the work you have done programming a function block is of no use unless you
call this block in OB1. A data block is used for each function block call, and in this
way, you can control both engines.

DB1
Petrol Engine
Data

FB1
Call
| =1t
Diesel Engine
Data

Tt

The SIMATIC Manager is open with
your "Getting Started" project.

Navigate to the Blocks folder and
open OB1.

HH Select network 3 and then insert
F:*]  network 4 in the LAD/STL/FBD
program window.

"Engine"™ , "Petrol” Type CALL "Engine", "Petrol” in the

Switch On = code section and then press Enter.
Awitch Off = All the parameters of the function block
Failure =

"Petrol" are displayed.

Actual Zpeed
Engine On .
Preset_Speed Reached:

Position the cursor after the equals
sign of Switch_On and press the right
mouse button.

Click on Insert Symbol in the shortcut

— menu via a right-click on mouse button.
@B@me i) A pull-down list is displayed.

STEP 7 Getting Started
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@ 0B1_SCAN_1 Bute | 1.0
PE_Actual_Speed INT M 2
5] PE_Failure pooL |1 12
3] PE_Far_On BOOL (@ 52
PE_Fallaw_0n TIMER |T 1
S PE_0On BOOL O 50
@ PE_Preset_Speed_Reached BOOL | 0O 51
i Petral FE 1 DB i
5] Fred_Light BOOL | O 41
5] Switch_Off_DE BOOL |1 15
5 Switch_Oif_PE BooL |1 14
Sttt BOOL |1 1.4
= P BOOL || 10

al |

CALL "Engine™ , "Petrol"”

Switch On 1="Switch On PE"
Switch Off :="Switch Off PE"
Failure :="PE_Failure"”
Actual Speed :="PE_Actual_ 3Zpeed”
Engine_On :="PE_On"

Preset_Speed Reached:="FE_Preset_3Speed Reached"”

CALL "Engine" , "Diesel"”
Switch On :="Zwitch On DE"
Switch off "Switch Off DE"

Failure
Actual Speed
Engine_On
Preset Speed Reached:

[o] =]

"DE_Failure"

'DE_Actual Speed”

"DE_On'"
"DE_Preset Speed Reached"

Click the name Switch_On_PE. This is
taken from the pull-down list and
added automatically in quotation
marks.

Assign all the required addresses to
the variables of the function block
using the pull-down list.

A signal "PE_xxx" is assigned
to each of the variables for
the petrol engine.

Program the call for the function block
"Engine" (FB1) with the data block
"Diesel" (DB2) in a new network.
Proceed in the same way as for the
other call.

Save your program and close the
block.

Archive or File > Print.

When you create program structures with organization blocks, function blocks, and data
blocks, you must program the call for subordinate blocks (such as FB1) in the block above
them in the hierarchy (for example, OB1). The procedure is always the same.

You can also give the various blocks symbolic names in the symbol table (for example, FB1
has the name "Engine" and DB1 the name "Petrol").

You can archive or print out the programmed blocks at any time. The corresponding
functions can be found in the SIMATIC Manager under the menu commands File >

Instructions."

You can find more information under Help > Contents o
in the topics "Calling Reference Helps" under
"Language Description: STL," and "Program Control

5-20
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5.8 Programming a Block Call in Function Block Diagram

All the work you have done programming a function block is of no use unless you
call this block in OB1. A data block is used for each function block call, and in this
way, you can control both engines.

DB1
Petrol Engine
Data

FB1
OoB1
"Engine” ﬁ D
[

> E' DB2

Diesel Engine
Data

T

The SIMATIC Manager is open with
your "Getting Started" project.

Navigate to the Blocks folder and
open OB1.

Select network 3 and then insert
network 4 in the LAD/STL/FBD
program window.

Then navigate in the Program
Elements catalog until you reach FB1
and insert this block.

All the engine-specific input and output

' "Engine" ’ variables are dlSplayed
.. —enw

Click the ??7? sign above "Engine" and
Engine onl then, keeping the cursor in the same

. —lswitch_off I position, click in the input frame with
Preset_speed Reas the right mouse button.

.. —Failure hed ...

.. =—%3witch On

.. —actual Speed ENO [~

Click on Insert Symbol in the shortcut
menu via a right-click on mouse button.

Insert Symbol Clilsd A pull-down list is displayed.

STEP 7 Getting Started
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symbolic names in the pull-down list.

"Petrol™

[ ] Double-click the data block Petrol. It is
— taken from the pull-down list and
(8rerg) FB 1 DB 1 Datafor petil encine entered automatically in the input

frame in quotation marks.

Address all the other parameters of the function block using the corresponding

"Engine"
. —EN
"switch_On_PE" —Suitch On
"Switch Off PE" —Suitch Off

"PE Failure" —Failure hed

"PE_Actual Speed” —Actual Speed

Engine On

Preset Speed Reac

ENO

—"PE_On"

"PE_Preset Speed R
Feached"”

5-22
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Program the call for the function block "Engine" (FB1) with the data block "Diesel"
(DB2) in a new network and use the corresponding addresses from the pull-down

list.
A signal "DE_xxx" is assigned to
each of the variables for the
diesel engine.
"Diesel™
"Engine"”
.. —EN
"Switch On DE" — Swiktch On
Engine_Onf="pE on"
"switch Off DE" —Suitch Off
Preset_Speed Reac| "DE Preset Speed R
"DE_Failure" —Failure hed —eached”
"DE_Actual Speed" —Actual Speed ENC -

E Save your program and close the
E _| block.

When you create program structures with organization blocks, function blocks, and data
blocks, you must program the call for subordinate blocks (such as FB1) in the block above
them in the hierarchy (for example, OB1). The procedure is always the same.

You can also give the various blocks symbolic names in the symbol table (for example, FB1
has the name "Engine" and DB1 the name "Petrol").

You can archive or print out the programmed blocks at any time. The corresponding
functions can be found in the SIMATIC Manager under the menu commands File > Archive
or File > Print.

You can find more information under Help > Contents
in the topics "Calling Reference Helps" under [
"Language Description: FBD," and "Program Control
Instructions."

STEP 7 Getting Started
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STEP 7 Getting Started
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6 Configuring the Central Rack

6.1 Configuring Hardware

You can configure the hardware once you have created a project with a SIMATIC
station. The project structure which was created with the STEP 7 Wizard in
Section 2.1/ meets all the requirements for this.

The hardware is configured with STEP 7. These configuration data are transferred
to the programmable controller later on "downloading" (see Chapter 7).

wttin_1

Harchwar: [ TEl

The starting point is the open SIMATIC
Manager together with the "Getting
Started" project.

Open the SIMATIC 300 Station folder
and double-click the Hardware
symbol.

The "HW Config“ window opens. The CPU you selected on creating the project is
displayed. For the "Getting Started" project, this is CPU 314.

Eﬁ:HW Config - SIMATIC 300 Station

Station  Edit |nsert PLC Aiew Options WWindow Help

Dl{e-12 (%] & (0] el [Fo] %) el

AISIMATIC 300 Station [Configuration) - Getting Started o] Find: | nﬂ ng
=0 UR Rack with individual slots Brofile | Standard =l
! &% PROFIBUS DP
2 LRUS14(1 % DOnFIRLS P4
i | - SIMATIC 300

-- IMATIC 400
1l
w8,

Hardware rtrol 3004400

Catalog

PROFIBUS-DP slaves for SIMATIC 57, M7, T.Sl

1| Configuration table with the MPI

PiessF1| and 1/O addresses

and C7 [distibuted rack]

s

STEP 7 Getting Started
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[+

H e e First you require a power supply

=[] sIMATIC 300 module. Navigate in the catalog until
=0 Ps-300 you reach the PS307 2A and drag and
drop this onto slot 1.

[ -« - Navigate until you find the input

module (DI, Digital Input) SM321
DI32xDC24V and insert this in slot 4.
Slot 3 remains empty.

£ [ SIMATIC 300
¢ =1 sM-a00

=1 DO-300 In the same way, insert the output
P module SM322 DO32xDC24V/0.5A in

T 5M322 DOE2DC24V /0. slot 5.

In order to change the parameters (for example, address) of a module within a
project, double-click the module. However, you should only change the
parameters if you are sure you know what effects the changes will have on your
programmable controller.

No changes are necessary for the "Getting Started" project.

Slot Module Order Number MPI Address | &dd.. | O... | Comment
1 |[] Ps307 24 EEST 307-1BA00-0440

2 | [& CPu314(1) EEST 314-14E04-04B0 2

3

Z DI32xDC24Y EEST 321-1BLO0-0840 0.3

5 |4 DO32xDC24v/0.54  |EEST 322-1BLO0-0AAD 4.7

—=|=|w|o|~|m

=

Station [T The data are prepared for transfer to
the CPU using the menu command
Save and Compile.

_ Save and Compile__) Once you close the "HW Config"

application, the System Data symbol
E will appear in the Blocks folder.

You can also check your configuration for errors using the menu command Station >
Consistency Check. STEP 7 will provide you with possible solutions to any errors which
may have occurred.

You can find more information under Help > Contents in
the topics "Configuring theHardware" and "Configuring

Central Racks." p—

STEP 7 Getting Started
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7 Downloading and Debugging the Program

7.1 Establishing an Online Connection

Using the supplied project "GS-LAD_Example" or the "Getting Started" project you
have created and a simple test configuration, we will show you how to download
the program to the programmable logic controller (PLC) and then debug it.

You should have:
e Configured the hardware for the "Getting Started" project (see Chapter 6)

e Set up the hardware according to the installation manual

Example of a series circuit (AND function):

Output Q 4.0 is not to light up (diode Q 4.0 lights up on the digital output module)
unless both Key | 0.1 and Key | 0.2 are pressed. Set up the test configuration
below using wires and your CPU.

Power supply Operating mode Rack Programming
(on / off) keyswitch device with
STEP 7
software

} \f Programming device

cable

Connection bridge

STEP 7 Getting Started
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Downloading and Debugging the Program

Configuring the Hardware

To assemble a module on the rail, proceed in the order given below:

o R

Attach the module onto the bus connector

Hang the module on the rail and swing it downwards
Screw the module in place

Assemble the remaining modules

Insert the key in the CPU once you have finished assembling all the modules.

You can still carry out the test even if you are using different hardware to that shown in the
diagram. You simply have to keep to the addressing of the inputs and outputs.

STEP 7 offers you various ways of debugging your program; for example, using the
program status or by means of the variable table.

7-2

You can find more information on configuring the
central rack in the manuals "S7-300, Hardware and
Installation / Module Specifications" and "S7-400 /
M7-400 — Hardware."

STEP 7 Getting Started
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7.2 Downloading the Program to the Programmable Controller

You must have already established an online connextion in order tp download the
program.

Applying Voltage
Switch on the power supply using the
ON/OFF switch. The diode "DC 5V"
= will light up on the CPU.

ON
OFF

Turn the operating mode switch to the
BN — STOP position (if not already in
STOP _ﬁ STOP). The red "STOP" LED will light
MRES — up.

Resetting the CPU and Switching it to RUN

S Turn the operating mode switch to the

RUN  — MRES position and hold it there for at
STOP  —r least 3 seconds until the red "STOP"
MRES —— LED starts flashing slowly.
Release the switch and, after a
maximum of 3 seconds, turn it to the
A memory reset deletes MRES position again. When the
all the data on the CPU. "STOP" LED flashes quickly, the CPU
The CPU is then in the has been reset.
initial state.

If the "STOP" LED does not start
flashing quickly, repeat the procedure.

Downloading the Program to the CPU

Now turn the operating mode switch to

i — "STOP" again to download the
STOP program.
MRES —

STEP 7 Getting Started
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- ﬂ Start the SIMATIC Manager and open
4 the "Getting Started" project in the
SIMATIC Manager "Open" dialog box (if it is not already
open).

In addition to the "Getting Started
Offline" window, open the "Getting
Started ONLINE" window. The online
or offline status is indicated by the
different colored headers.

Navigate in both windows to the
Blocks folder.

The offline window shows the situation
on the programming device; the online
window shows the situation on the
CPU.

Select the Blocks folder in the offline
window and then download the
program to the CPU using the menu
command PLC > Download.
Confirm the prompt with OK.

The program blocks are displayed in
the online window when you download
them.

STEP 7 Getting Started
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Downloading and Debugging the Program

Switching on the CPU and Checking the Operating Mode

AUNP — Turn the operating mode switch to

RN  — RUN-P. The green "RUN" LED lights

Mot :’@ up and the red "STOP" LED goes out.
The CPU is ready for operation.

When the green LED lights up, you can
start testing the program.

If the red LED remains lit, an error has

occurred. You would then have to

evaluate the diagnostic buffer in order
‘ to diagnose the error.

Downloading individual blocks

In order to react to errors quickly in practice, blocks can be transferred individually to the

CPU using the drag and drop function.

When you download blocks, the operating mode switch on the CPU must be in either

"RUN-P" or "STOP" mode. Blocks downloaded in "RUN-P" mode are activated immediately.

You should therefore remember the following:

o |f error-free blocks are overwritten with faulty blocks, this will lead to a plant failure. You
can avoid this by testing your blocks before you download them.

e If you do not observe the order in which blocks are to be downloaded — first the
subordinate blocks and then the higher-level blocks — the CPU will go into "STOP"
mode. You can avoid this by downloading the entire program to the CPU.

Programming online

In practice, you may need to change the blocks already downloaded to the CPU for test
purposes. To do this, double-click the required block in the online window to open the
LAD/STL/FBD program window. Then program the block as usual. Note that the
programmed block immediately becomes active in your CPU.

You can find more information under Help >
Contents and then under "Downloading and
Uploading" and under "Establishing an Online
Connection and Making CPU Settings".

STEP 7 Getting Started
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7.3 Testing the Program with Program Status

Using the program status function, you can test the program in a block. The
requirement for this is that you have established an online connection to the CPU,
the CPU is in RUN or RUN-P mode, and the program has been downloaded.

ety et T OO T
e
B | @y o= 0= ©
23 57 Progam1] Sytten Dan PRl DR1 DRY
B
o a2 o
SFCX SRC FC2
o = o o
fo e ] SFCI% SFC27 SECAE
o m
R EFCEL

< v Monitar >

Debugging with Ladder Logic

"Green Light"

Open OB1 in the project window
"Getting Started ONLINE."

The LAD/STL/FBD program window is
opened.

Activate the function Debug >
Monitor.

The series circuit in Network 1 is
displayed in Ladder Logic. The current
path is represented as a full line up to
Key 1 (I 0.1); this means that power is
already being applied to the circuit.

Debugging with Function Block Diagram

Debugging with Statement List

~|[rro| sTa| standard
A "Key_ 1" 1] 1]
A "Key_2" 1] 1] 1]
= "Green Light" o 0 0 0

7-6

The signal state is indicated by "0" and
"1." The dotted line means that there is
no result of logic operation.

For Statement List the following is
displayed in tabular form:

— Result of logic operation (RLO)
— Status bit (STA)

— Standard status (STANDARD)

Using Options > Customize
you can change the way in
which the programming
language is represented during
testing.

STEP 7 Getting Started
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"Key 2" "Green Light"

y
i}

1 &
Key 17 —| "Green Light"
1 =
Key_ 2" —
«|[rmo] sTa standard
A "Key_ 1" 1 1 1]
A "Key 2" 1 1 1]
= "ereen Light" 1 1 1}

a

C v Moritor )

Now press both keys in your test
configuration.

The diodes for input | 0.1 and 1 0.2 light
up on the input module.

The diode for output Q 4.0 lights up on
the output module.

In the graphic programming languages
Ladder Logic and Function Block
Diagram, you can trace the test result
by following the change in color in the
programmed network. This color
change shows that the result of logic
operation is fulfilled up to this point.

With the Statement List programming
language, the display in the STA and
RLO columns changes when the result
of logic operation is fulfilled.

Deactivate the function Debug >
Monitor and close the window.

Then close the online window in the
SIMATIC Manager.

We recommend you do not completely download extensive programs onto the CPU to run
them, because diagnosing errors is more difficult due to the number of possible sources of
an error. Instead, you should download blocks individually and then test them in order to

obtain a better overview.

I You can find more information under Help > Contents

STEP 7 Getting Started
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7.4 Testing the Program with the Variable Table

You can test individual program variables by monitoring and modifying them. The
requirement for this is that you have established an online connection to the CPU,
the CPU is in RUN-P mode, and the program has been downloaded.

As with testing with program status, you can monitor the inputs and outputs in
Network 1 (series circuit or AND function) in the variable table. You can also test
the comparator for the engine speed in FB1 by presetting the actual speed.

Creating the Variable Table

57 Geltmg Staried - CASIEMEMS\S TEFTS Tpreyetiin_ 1

Insert Mew Object

L4 .
“ariable Table
I

Praperties - Variable Table ]
General - Pant 1 | General - Pant 2| Attibutes |

Mame ATt

Symbolic Name:

Symbol Comment: |

Project path: [

Storage local

e [E S iemens Sten? 8 foraiGetin™1
Code Intertsce

Dae crcated 091072002 U3:27:26

Lsst modfied 09/10/2002 03:27:25 09/10/2002 03:27.25

Canert =
(D Cancel Help

2P Getting Started
al st s | (B8 o =
=@ Cruatam System deta o081 FB1
g 57 Program
nnnnnn
D81 DB2

The starting point is the SIMATIC
Manager again with the open project
window "Getting Started Offline."

Navigate to the Blocks folder and click
in the right half of the window with the
right mouse button.

Use the right mouse button to insert a
Variable Table from the pop-up menu.

Apply the default settings by closing
the "Properties" dialog box with OK.

Alternatively, you can assign a symbol
name to the variable table and enter a
symbol comment.

A VAT1 (variable table) is created in
the Blocks folder.

Double-click to open VAT1; the
"Monitoring and Modifying Variables"
window will open.

STEP 7 Getting Started
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At first, the variable table is empty. Enter the symbolic names or the addresses for
the "Getting Started" example according to the illustration below. The remaining
details will be added when you complete your entry with Enter.

Change the status format of all the speed values to DEC (decimal) format. To do

this, click the corresponding cell and select DEC format using the right mouse
button.

it var - VAT_1 =
Table Edit |nsert PLC ‘Wariable “iew Options ‘Window Help

| Dl2d| & & |Bmlelolo| x| = 8] x| e sl e
2 22 &=

|
| YAT_T -- Getting Started\SIMATIC 300 Station\CPU3T4[T\57 Program - |0 =
- A Address Symbol Displ| Status walue | Modify value

1 |01 “Fep 1" BoOOL

2 |02 “Fep 2" BoOOL

3 o 40 "Green_Light" BOOL

4

b b 2 "PE_Actual_Speed" DEC

5 DE1.DBW  &:"Petrol" Preset_Speed DEC

7 o &1 "PE_Preszet_Speed Reached" i EOOL

a

9 Mwf 4 "DE_Actual Speed” DEC

10 DBZDEW  B:'"Diesel" Preset_Speed DEC

11 [ && "DE_Preset_Speed Reached" : BOOL

12

Press F1 for help. [ 2 |Offline |&bs < 5.2 [z

| = Save your variable table.

Switching the Variable Table Online

% Establish a connection to the
| configured CPU. The operating mode

of the CPU is displayed in the status

bar.
NP — Set the keyswitch of the CPU to
RUN  — RUN-P (if you have not already done
s — S0).

STEP 7 Getting Started
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7-10

Monitoring Variables

4|

VAT 1 @Getling Started\SIMATIC 300 Station\CPU314[1)\57 Program
A Addiess Symbol Displa#ormat] Stal Myyalue [F
01 ey 1" B0 e

1

z |0z ey 2" B0 e )
3 Qa0 "Green_Light” BOOIN, e 4
[+ ] N

Modifying Variables

Click the Monitor Variables button in
the toolbar.

Press Key 1 and Key 2 in your test
configuration and monitor the result in
the variable table.

The status values in the variable table
will change from false to true.

Enter the value "1500" for the address MW?2 in the Modify Value column and
"1300" for the address MW4.

A Var - VAT 1 [_ O] x]

Table Edit Inzert PLC ‘“ariable

“Wiew UOptions  Window Help

&) Diz|d| g slmle]o|c] | =fe K| e o 554

[l 28 Al lge

ﬁl WAT 1 -- @hGetting Started\SIMATIC 300 Station\CPU314(1)457 Program O... |_ |EI| xl
A Address Symbol Display format| Status value | Modify value

IR "Kep 1" BOOL P ltue

2 | 0z "Kep 2 BOOL " truie

3 O 40 "Greer_Light" BOOL " true

< 3

5 W 2 "PE_Actual_Speed" DEC g 1500 D

B DE1DEW & "Pehol’ Preset_Speed DEC 1500

7 o &1 "PE_Preszet_Speed Reached" i BOOL [0 true

g

9 hwf 4 "DE_Actual Speed” DEC 0 \Jﬂlﬂ)

10 DBEZDBW 6:"Diesel".Preset_Speed DEC 1200

11 &b "DE_Preset_Speed Reached" : EOOL " true

12

MFI

= 2 [directiy]

—

| <> [RON [tbse B2 | 4

A

Transfer the modify values to your
CPU.
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Following transfer, these values will be processed in your CPU. The result of the
comparison becomes visible.

Stop monitoring the variables (click the button in the toolbar again) and close the
window. Acknowledge any queries with Yes or OK.

PR Var - VAT 1 [_ O] =]
Tahle Edit Inzert PLC ‘Variable “iew Options Window Help

| Di=|a| g slmla]o|] | e K| Dfe o 5]
]2l 2 IS s [ale

ﬁl VAT 1 - @Getting Started\SIMATIC 300 StationA\CPU314[1)\S7 Program 0. |_ |EI| Xl
- A Address Symbol Display format| Status value | Modify value
1 |01 "Kep 1" BOOL
2 [ 02 "Kep 2 BOOL
3 0o 40 "Green_Light" BOOL
4
5 Mwd 2 "PE_Actual_Speed” DEC 1500
53 DB1.DBW  &i"Petrol.Preset_Speed DEC
7 Q51 "PE_Preset_Speed Reached" : BOOL
a
9 M 4 "DE_Actual Speed” DEC 1300
10 DBZ.DBW B:"Diesel" Preset_Speed DEC
11 0 &5 "DE_Preset_Speed Reached" : BOOL
12
E MFPI = 2 [directly] a4 RON [tbs<B2 | 4

Very large variable tables often cannot be displayed fully due to the limited screen space.
If you have large variable tables, we recommend you create several tables for one

S7 program using STEP 7. You can adapt the variable tables to precisely match your own
test requirements.

You can assign individual names to variable tables in the same way as for blocks (for

example, the name OB1_Network1 instead of VAT1). Use the symbol table to assign new
names.

| You can find more information under Help > Contents

in the topics "Debugging” under "Testing with the
Variable Table."

STEP 7 Getting Started
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7.5 Evaluating the Diagnostic Buffer

7-12

If, in an extreme case, the CPU goes into STOP while processing an S7 program,
or if you cannot switch the CPU to RUN after you have downloaded the program,
you can determine the cause of the error from the events listed in the diagnostic

buffer.

The requirement for this is that you have established an online connection to the

CPU and the CPU is in STOP mode.

Diagnostic/Setting @ware Diagnostics >
Diagnosing Hardware - Quick View [x]

Path [Getting Stated\SIMATIC 300 Station\CPU 41 AST Program{1]

' Module Information...

CPU / fauity modules

Open Station Online
Update
¥ Display quick visw when diagriosing hardware
Cloze Help

First turn the operating mode switch on
the CPU to STOP.

The starting point is the SIMATIC
Manager again with the open project
window "Getting Started Offline."

Select the Blocks folder.

If there are several CPUs in your
project, first determine which CPU has
gone into STOP.

All the accessible CPUs are listed in
the "Diagnosing Hardware" dialog box.
The CPU with the STOP operating
mode is highlighted.

The "Getting Started" project only has
one CPU which is displayed.

Click Module Information to evaluate
the diagnostic buffer of this CPU.

If only one CPU is connected, you can
query the module information for this
CPU directly using the menu command
PLC > Diagnostic/Setting > Module
Information.

STEP 7 Getting Started
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The "Module Information" window provides you with information on the properties
and parameters of your CPU. Now select the "Diagnostic Buffer" tab to determine
the cause of the STOP state.

PO it fomation —CP0 377 H ||

Path: |Getting Started SIMATIC 300 StationsCPL 3 Dperating mode of the CPU: () STOP

Status: #74 Ermor Mot a force job
Time Syztem I Communication I Stacks I
General tdemary I Sczan Cucle Time
Events: o | ElliEn sEtinGs aeive (I = e N = = i i

IS

2 I Hstan . o = = 5 = o =

3 04:13:35:825 pm 04/25/001  Request for manual warm restart

4 04:13:35:791 pm 04/25/0  Mode transtion from STOP to STARTUP

] 04:13:02:818 pm 04/25/001  STOP causzed by programming emar (OB not loaded ar ..
3 04:13:02:818 pm 04/25/01  FC not lnaded

7 04:13:02:813 pm 04/25/00  Mode tranzition from STARTUP to RUN

g2

04:13:02:813 pm 04/25/00  Reguest for manual warm restart LI
Detailz on Event: 1 of 100 EventID:;  16# 4303
STOP causzed by stop switch being activated The "Open Block" button is

Previous operating mode: RN
Fequested operating made: STOP [intemal)
|ncoming event

Save fz... | Help on Event |
Cloze I Update | Print... | Help |

disabled, because there was no
error in the block in the "Getting
Started" project.

[Een Blask

The latest event (number 1) is at the top of the list. The cause of the STOP state is
displayed. Close all windows except for the SIMATIC Manager.

If a programming error caused the CPU to go into STOP mode, select the event and click
the "Open Block" button.

The block is then opened in the familiar LAD/STL/FBD program window and the faulty
network is highlighted.

With this chapter you have successfully completed the "Getting Started" sample project,
from creating a project through to debugging the finished program. In the next chapters,
you can extend your knowledge further by working through selected exercises.

You can find more information under Help > Contents
under "Diagnostics" in the topic "Calling the Module

Information."

STEP 7 Getting Started
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8 Programming a Function

8.1 Creating and Opening Functions (FC)

Functions, like function blocks, are below the organization block in the program
hierarchy. In order for a function to be processed by the CPU, it must also be
called in the block above it in the hierarchy. In contrast to the function block,
however, no data block is necessary.

With functions, the parameters are also listed in the variable declaration table, but
static local data are not permitted.

You can program a function in the same way as a function block using the
LAD/STL/FBD program window.

You should already be familiar with programming in Ladder Logic, Function Block
Diagram, or Statement List (see Chapters 4 and|5) and also symbolic
programming (see Chapter 3).

Open Project If you have worked through the
"Getting Started" sample project in

£ projects | Libraries] 5 .
Chapters|1to 7, open this now.

el Sierice If not, create a new project in the
SIMATIC Manager using the menu
command File > "New Project"
Wizard. To do this, follow the
instructions in Section|2.1/and rename
the project "Getting Started Function."

We will continue with the "Getting
Started" project. However, you can still
carry out each step using a new
project.

Navigate to the Blocks folder and
open it.

Click in the right half of the window
with the right mouse button.

STEP 7 Getting Started
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< Insert Mew Object , 3

Properties - Function

General -Parl 1 | General - Part 2| Calle | Atibutes |

Mame (intemal)
Language:
Symbot

Symbol comment

Project path

Storags location
of project,

Date created.
Last modified:

[ESiemens\tep7 S 7pioGettin_1
Code

12,04.2000 130218

12,04.2000 130218

Intertacs

12.04.2000 130218

Comment: ’ ;‘
I-]

Insert a Function (FC) from the
pop-up menu.

In the "Properties — Function" dialog
box, accept the name FC1 and select
the required programming language.

Confirm the remaining default settings
with OK.

The function FC1 is added to the
Blocks folder.

Double-click to open FC1.

table for a function.

In contrast to the function block, no static data can be defined in the variable declaration

The static data defined in a function block are retained when the block is closed. Static data
can be, for example, the memory bits used for the "Speed" limit values (see Chapter 5).

To program the function, you can use the symbolic names from the symbol table.

Program".

You can find more information under Help > Contents in the
topics "Working Out the Automation Concept," "Basics of
Designing a Program Structure," and "Blocks in the User

STEP 7 Getting Started
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8.2 Programming Functions

In this section, you will program a timer function in our example. The timer function
enables a fan to switch on as soon as an engine is switched on (see Chapter 5),
and the fan then continues running for four seconds after the engine is switched
off (off-delay).

As mentioned earlier, you must specify the input and output parameters of the
function ("in" and "out" declaration) in the variable detail view.

The LAD/STL/FBD program window is open. You work with this variable detail
view in the same way as with the detail view for the function block (see Chapter 5).

Enter the following declarations:

Contents OF: 'Environmentsnterfacel N
i Interface [Mame Data Type |Comment
-- ‘& |Engine_on Bool Signal for switching on the engine
-4k OUT ‘= Timer_Function [Timer Tirrer function used for the switch-off delay
-4k IN_OUT a
LA TEMP
[P

Caontents Of ‘Ervironment\Interface\OUT!

i Inierface Inama Data Type  [Comment
-4 ‘@ |Fan_on Bool Signal for switching an the fan
) a
LoD IM_OUT
i@ TEMP

Programming the Timer Function in Ladder Logic

: . Select the current path for entering the
=1-{g] Timers

Ladder instruction.

Navigate in the Program Elements
catalog until you reach the element
S_OFFDT (start off-delay timer), and
select the element.

il Insert a normally open contact in front

??;P—GD S_OFFDT G;_‘??'? of input S.

U P a1l Insert a coil after output Q.
R BCD[-. ..

STEP 7 Getting Started
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8-4

Select the question marks, enter "#" and select the corresponding names.

Set the delay time at input TV of S_OFFDT. Here, S5T#4s means that a constant
has been defined with the data type S5Time#(S5T#), lasting four seconds (4s).

Then save the function and close the window.

#Timer Function

#Engine_On S OFFDT
L 5 h Q
[
S5THLS TV EI
—R BCD

#Fan_ On

The "#Timer_Function" is started with

.. the input parameter "#Engine_On." Later

on when the function is called in OB1, it
will be supplied once with the
parameters for the petrol engine and
once with the parameters for the diesel
engine (for example, T1 for
"PE_Follow_on"). You will enter the
symbolic names of these parameters
later in the symbol table.

Programming the Timer Function in Statement List

A #Engine On

L I5THAS

=)y #Timer Function
A #Tiwer Function
= #Fan_On

If you are programming in Statement
List, select the input area below the
network and enter the statement as
shown here.

Then save the function and close the
window.

STEP 7 Getting Started
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Programming the Timer Function in Function Block Diagram

If you are programming in Function Block Diagram, select the input area below the
network and enter the FBD program below for the timer function.

Then save the function and close the window.

#Timer Function

S_OFFDT
#Engine On-—3 BIf=...

SSTHES — TV BCD ... #Fan_oOn

E ... —R Q

In order for the timer function to be processed, you need to call the function in a block
which is higher up in the block hierarchy (in our example, in OB1).

You can find more information under Help >
Contents in the topics "Calling Reference Helps,"
"The STL, FBD, or LAD Language Description,"
and "Timer Instructions.”

STEP 7 Getting Started
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8.3 Calling the Function in OB1

The call for the function FC1 is carried out in a similar way to the call for the
function block in OB1. All the parameters of the function are supplied in OB1 with
the corresponding addresses of the petrol or diesel engine.

Since these addresses are not yet defined in the symbol table, the symbolic
names of the addresses will now be added.

An address is part of a STEP 7 statement and specifies
what the processor should execute the instruction on.
Addresses can be absolute or symbolic.

The SIMATIC Manager is open with
the "Getting Started" project or your
new project.

Navigate to the Blocks folder and
open OB1.

The LAD/STL/FBD program window
opens.

Programming the Call in Ladder Logic

HHa You are in LAD view. Select network
. No. 5 and insert a new network No. 6.

Then navigate in the Program
Elements catalog until you reach FC1
and insert the function.

Insert a normally open contact in front
of "Engine_On."

Using the menu command View >
Display > Symbolic Representation,
you can toggle between symbolic and
absolute addresses.

Click the question marks for the FC1 call and insert the symbolic names.

STEP 7 Getting Started
8-6 C79000-P7076-C48-01



Programming a Function

"PE On"
1

"PE_Follow On' —

"Fan"
EN

Engine on

Timer Function

ENO

Fan On

"PE_Fan On"

Program the call for the function FC1 in Network 7 using the addresses for the
diesel engine. You can do this in the same way as for the previous network (you
have already added the addresses for the diesel engine to the symbol table).

”DE On”
[

STEP 7 Getting Started
C79000-P7076-C48-01

"DE_Follow On' —

TRan
EN

Engine on

Timer Function

ENO

Fan On

"DE_Fan On"

Save the block and then close the
window.
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Programming the Call in Statement List

Hetwork 6: Controlling the Fan for the Petrol Engine |f you are programmlng |n Statement
Cbmine o i=vpz oar List, select the input area below a new
i network and enter the STL statements
- T shown here.

Hetwork 7: Controlling the Fan for the Diesel Engine

CALL "Fant Then save the call and close the

Engine_On :="DE_on"
Timer Function:="DE_Follow On" W|ndOW.
Fan_on :="DE_Fan_0n"

Programming the Call in Function Block Diagram

If you are programming in Function Block Diagram, select the input area below a
new network and enter the FBD instructions shown below.

Then save the call and close the window.

MRop

.. —EN

"PE On" —Engine_On Fan On{="pE Fan On"
"PE Follow On" —Timer Function ENC =
"Ean
.. —EN
"DE On" —Engine_ On Fan Oni—"pgE Fan on"

E "DE Follow On" —Timer Function ENC|—

The call for the functions was programmed as an unconditional call in our example; that is,
the function will always be processed.

Depending on the requirements of your automation task, you can make the call for a
function or function block dependent on certain conditions; for example, an input or a
preceding logic operation. The EN input and the ENO output are provided in the box for
programming conditions.

You can find more information under Help >
Contents and then under "Calling Reference =
Helps," in the topics "The LAD, FBD, or STL
Language Description".

STEP 7 Getting Started
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9 Programming a Shared Data Block

9.1 Creating and Opening Shared Data Blocks

If there are not enough internal memory bits in a CPU to save all the data, you can

store specific data in a shared data block.

The data in a shared data block are available to every other block. An instance
data block, on the other hand, is assigned to one specific function block, and its
data are only available locally in this function block (see Section 5.5).

You should already be familiar with programming in Ladder Logic, Function Block
Diagram, or Statement List (see Chapters 4 and 5) and also symbolic

programming (see Chapter 3).

@

Upan Project

Userfrdfects | Libraries] 5

STEP 7 Getting Started
C79000-P7076-C48-01

If you have worked through the
"Getting Started" sample project in
Chapters 11 to 7, open this now.

If not, create a new project in the
SIMATIC Manager using the menu
command File > "New Project"
Wizard. To do this, follow the
instructions in Section 2.1 |and rename
the project "Getting Started Function."

We will continue with the "Getting
Started" project. However, you can still
carry out each step using a new
project.

Navigate to the Blocks folder and
open it.

Click in the right half of the window
with the right mouse button.
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I Insert a Data Block (DB) from the

C  Insert New Object ) rLL. pOop-up menu.

I
"" Bk . In the "Properties — Data Block" dialog
General -Part 1 | General - Pan 2| Calls | Attributes 1 i
o o | - box, accept all the default settings with
Symbalic Name: [fpaa O K .
Symbol Comment Shared data black «
S Use the "Help* Button for further
i | information.
S [E S iemensGlep7 S FpronGetin T
Code Interface
Date createct 03/10/2002 08:21:42 t The data block DB3 has been added to
Last modified: 0941042002 04:21:42 09/10/2002 04:21:42
oo - the Blocks folder.
< Double-click to open DB3.
—— e Remember: In Section 5.5, you

generated an instance data block by
activating the option "Data block
referencing a function block." In
contrast, using "Data block" you
create a shared data block.

Programming Variables in the Data Block

Enter "PE_Actual_Speed" in the Name
column.

Teaporary pleceholder variabl

Click with the right mouse button to
select the type using the menu
command Elementary Types > INT
from the pop-up menu.

In the example below, three shared data are defined in DB3. Enter these data
accordingly in the variable declaration table.

hildress |N’am3 Type Initial wali|Comment
0. STRUCT
+0.0 |DB_VAR INT a Temporary placeholder wariahle
= nl [ —— -

The variables for the actual speeds in the data block
"PE_Actual_Speed" and "DE_Actual_Speed" are treated
in the same way as the memory words MW2
(PE_Actual_Speed) and MW4 (DE_Actual_Speed). This
can be seen in the next chapter.

El Save the shared data block.

STEP 7 Getting Started
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Assigning Symbols

Options EEEEE You can also assign symbolic names

... to data blocks.

Open the Symbol Table and enter the
symbolic name "S_Data" for the data
block DB3.

If you copied the symbol table from a sample
project (zEn01_02_STEP7__STL_1-10,
zEn01_06_STEP7__LAD_1-10 or
zEn01_04_STEP7__FBD_1-10) to your
"Getting Started" project in Chapter 4, you do
not need to add any symbols now.

Symbol | Address |Data Type| Comment

5 Data DB 3 DE 3 | Shared data block

El Save the symbol table and close the
"Symbol Editor" window.

Also close the shared data block.

Shared data blocks in the variable declaration table:

Using the menu command View > Data View, you can change the actual values of the data
type INT in the table for the shared data block (see Section 5.5).

Shared data blocks in the symbol table:

In contrast to the instance data block, the data type for the shared data block in the symbol
table is always the absolute address. In our example, the data type is "DB3." With the
instance data block, the corresponding function block is always specified as the data type.

e YOU can find more information under Help > Contents in the topics —
"Programming Blocks" and "Creating Data Blocks."

STEP 7 Getting Started
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10 Programming a Multiple Instance

10.1 Creating and Opening a Higher-Level Function Block

In Chapter|5 you created a program for controlling an engine with the function
block "Engine" (FB1). When the function block FB1 was called in the organization
block OB1, it used the data blocks "Petrol" (DB1) and "Diesel" (DB2). Each data
block contained the different data for the engines (for example, #Setpoint_Speed).

Now imagine that you require other programs to control the engine for your
automation task; for example, a control program for a rapeseed oil engine, or a
hydrogen engine, etc.

Following the procedure you have learned so far, you would now use FB1 for each
additional engine control program and assign a new data block each time with the

data for this engine; for example, FB1 with DB3 to control the rapeseed oil engine,
FB1 with DB4 for the hydrogen engine, etc. The number of blocks would increase

significantly as you created new engine control programs.

By working with multiple instances, on the other hand, you can reduce the number
of blocks. To do this, you create a new, higher-level function block (in our example,
FB10), and call the unchanged FB1 in it as a "local instance." For each call, the
subordinate FB1 stores its data in data block DB10 of the higher-level FB10. This
means that you do not have to assign any data blocks to FB1. All the function
blocks refer back to a single data block (here DB10).

The data blocks DB1 and DB2 are integrated in DB10. To do
this, you must declare FB1 in the static local data of FB10. I

FB10
CALL FB1 (for petrol engine)
CALL FB1 (for diesel engine)

FB1
|:> "Engine"
u
E % DB10
D % "Petrol engine" data

"Diesel engine" data

oB1
CALL FB10, DB10

Fegine’ it
3

You should already be familiar with programming in Ladder Logic, Function Block
Diagram, or Statement List (see Chapters|4 and 5) and also symbolic
programming (see Chapter 3).

STEP 7 Getting Started
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=y -t

2% Getting Started - <Offlines (Projekt] - C:ASIEMERSAS

=] it
Syttem D m
i i

o WAT1

TEPTAS Fpini\Gettin_1

ik

@

FC1

Open Project

Uszer projects ILiblariesi S

-
‘ Getting Started

it

DBz

it

ool

Properties - Function block

General-Part1 |

Gensjaleh Attributes |
Name: ﬁ [ Multiple Instance Capabi
Symbalic Name:

Swbol Comment:
Created inLanguage

Praject Path:

Storags lacation
of project

Date created:
Last modified:

STL =

[[:\Siemens\&iep\3 Torai\Getiin_1
Code

18/05/2000 D8:48:27

18/05/2000 D8:48:27

Interface:

18/05/2000 08:48:27

Comment ’ C
I/
Cancel Help

If you have worked through the
"Getting Started" example in Chapters
1 to 7, open the "Getting Started"
project.

If not, open one of the following
projects in the SIMATIC Manager:
ZEnO1_05 STEP7_LAD_1-9 for
Ladder Logic,
ZEnO1_01_STEP7__STL_1-9for
Statement List
ZEnO1_03_STEP7__FBD_1-9 for
Function Block Diagram.

Navigate to the Blocks folder and
open it.

Click with the right mouse button in the
right half of the window and insert a
function block using the pop-up menu.

Change the name of the block to FB10
and select the required programming
language.

Activate Multiple instance FB (if
necessary) and accept the remaining
default settings with OK.

FB10 has been added to the Blocks
folder. Double-click to open FB10.

You can create multiple instances for any function block, even for valve control programs,
for example. If you want to work with multiple instances, note that both the calling and the
called function blocks must have multiple instance capability.

You can find more information under Help > Contents in the topics
"Programming Blocks" and "Creating Blocks and Libraries."
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10.2 Programming FB10

To call FB1 as a "local instance” of FB10, in the variable detail view a static
variable must be declared with a different name for each planned call of FB1.
Here, the data type is FB1 ("Engine").

Declare / Define Variables

FB10 is open in the LAD/STL/FBD program window. Transfer the declarations of
the subsequent image to your variable detail view. To do this, select the
declaration types "OUT", "STAT" and "TEMP" one after the other and make your
entries in the variable detail view. Select "FB <nr>" as the data type for the
declaration type "STAT" from the pull-down list and replace the character string
"<nr>" with the "1".

| Contents OF ‘Environmentynterface\OUT!

Irterface IName Data Type|Address [Initial Yalue[Comment
‘@ Preset_Speed_Reached |Bool 00 FALSE Both engines have reached the preset speed
=

Contents OF Environmenty nterface \STAT"

IName Diata Type [Address [Initial Value|Comment
@ Fetrol_Engine [Engine 2.0 Firstlocal instance of FB1 "Enging”
@ Diesel_Engine |Engine 10.0 Second local instance of FB1 "Engine”
a

Contents OF: ‘Environmentnterface’TEMP'
Interface EName [Data Type |Address | Comment
A N ‘2 PE_Preset_Speed_Reached |Bool 0o Freset speed reached (petrol engine)

-0k OUT @ DE_Preset_Speed_Reachad |Bool 01 Freset speed reached {diesel engine)
- IN_OUT |

The declared local instances will then appear in the
"Program elements" tab under "Multiple Instances."

STEP 7 Getting Started
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10-4

Programming FB10 in Ladder Logic

Insert the call "Petrol_Engine" as the
multiple-instance block "Petrol_Engine"
in Network 1.

Then insert the required normally open contacts and complete the call with the

symbolic names.

"Switch On PE"
| |
11

"gwitch Off PET

|
1
"PE_Failure”

"3 _Data".PE_Actual
_Speed —

EN

Switch On

Switch Off

Failure

Actual Speed

#Petrol Engine
ENO

Engine_ oOn

Preset_Speed Reac
hed

"EE Cn"

#PE_Preset Speed R
Feached

The "Actual_Speed" for the engines is not
taken from a memory bit (see Sectior 5.6
onwards), but from a shared data block
(see Section 9.1). The general address

assignment

is as follows:

"Data_Block".Address, for example:
"S_Data".PE_Actual_Speed.

Insert a new network and program the call for the diesel engine. Proceed in the
same way as for Network 1.

"Switch On DE"
| |

"Switch Off_DE"

|

1

"DE_Failure”
| |

"3_Data".DE_Actual
_Speed —

EN

Switch On

Switch Off

Failure

#Diesel_Engine
ENO

Engine_on

Preset_Speed Reac
hed

Actual Speed

"DE on"

HDE_Preset_Speed R
Feached
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C79000-P7076-C48-01



Programming a Multiple Instance

Insert a new network and program a series circuit with the corresponding
addresses. Then save your program and close the block.

E Use the respective temporary
variables. You will recognize the
temporary variables in the pull-down
menu by the symbols displayed on the
left.

Then save your program and close the
block.

#PE Preset dpeed B #DE Preset 3peed R #Preset Speed Reac
eached eached hed

| ] | ] f
| 11 11 L

\ |
! |

The temporary variables
("PE_Setpoint_Reached" and
"DE_Setpoint_Reached") are
supplied to the output parameter
"Setpoint_Reached," which is then
processed further in OB1.

Programming FB10 in Statement List

Co ) Ll If you are programming in Statement
Switch On :="Gwitch On PE" . .

Switch Off i="Switch OFE PE" List, select the input area under a new
(ELra CI L e network and enter the STL instructions
Actual Speed :="3_Data".PE_Actual Zpeed

Engine_on :="FE_On" ShOWﬂ here.

Preset_Speed Reached:=#PE_Freset_Speed Reached

Then save your program and close the

CALL #Diesel Engine

Switeh On :="Switch On DE" block.
Switch Off 1="Switech Off _DE”

Failure :="DE_Failure"

Actual Speed 1="5_Data”.DE_Actual Speed

Engine_On :="DE_Cm"

Preset Speed Reached:=#DE Preset Speed Reached
HPE_Preset_Speed Reached
#DE_Preset Speed Reached
#Preset Speed Reached

(IR

STEP 7 Getting Started
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Programming FB10 in Function Block Diagram

If you are programming in Function Block Diagram, select the input area under a
new network and enter the FBD instructions below.

Then save your program and close the block.

. —EN
"Switch On PE" —Switch On
"Switch Off PE" —Switch Off

"PE Failure" —Failure

"S Data".PE_Actual

Spesd —ictual Speed ENQ |-

#Petrol Engine

Engine_Onj—

Preset Speed Reac
hed -

. —lEN
"Switch On DE" —Switch On
"Switch Off DE" —Switeh Off

"DE Failure" —Failure

"3 Data".DE_Actual

Speed —Actual ZSpeed ENO (—

#Diesel Engine

Engine Oni—

Preset_Speed Reac
hed -

#PE_Preset Speed R
eached —

#DE Preset Speed R

#Preset_Speed Reac
hed

E eached —_

"PE On"

#PE Preset ZSpeed R
eached

"DE_on'

#DE_Preset Speed R
eached

for functions (FCs) is not possible.

To edit both calls for FB1 in FB10, FB10 must be called itself.

Multiple instances can only be programmed for function blocks. Creating multiple instances

You can find more information under Help > Contents in the
topics "Programming Blocks," "Creating Logic Blocks," and
"Multiple Instances in the Variable Declaration."

10-6
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10.3 Generating DB10 and Adapting the Actual Value

The new data block DB10 will replace the data blocks DB1 and DB2. The data for
the petrol engine and the diesel engine are stored in DB10 and will be required
later for calling FB10 in OB1 (see "Calling FB1 in OB1" from Section|5.6 onwards).

25 Getting Started - <Offfines [Projekt] - C:ASIEMERSAS TEPFTS T Gettin_1

~ (AP Lobting Seatad
= [ S1MaIE S0 Staon a5 Fi
B crumam —] & -t
= (@ 57 Frogeasl| Syem Dstn L3 DBt
T = =
o VATY Fol

Properties - Data Block

General-Pait1 | General-Pat2] Calls | Abibute
[ DE1D l Instance DB ﬁ@ -
Symboli Hare

Sypmbal Comment |

Createdin Language: DB B

Pioject path i

Storage location

s [CASiemens\StepT\S 7proiGettin™1

Code Interface
Date created: 09/10/2002 04:32:50
Last modified: 09/10/2002 04:32:50 03/10/2002 04:32:50
Comment: =

Open Data Block

By default, instance data blocks are opened with '"Parameter assignment

There iz na functional difference for this DB ta the editar in

@ for data blocks™ as of STEP 7 %52 [see Help).
LAD/STLAFBD.

The DB could be opened with the DB editar in LAD/STL/FBD [as in
Y5 1),

Do you want to open the DB with "Parameter assignment for data

blocks"?

¥ Always display this message for Open Instance DB

Help |
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Create the data block DB10 in the
Blocks folder of the "Getting Started"
project in the SIMATIC Manager using
the pop-up menu.

To do this, change the name of the
data block to DB10 in the dialog box
"Properties - Data Block", then select
the application "Instance DB" in the
adjacent pull-down list". In the right
pull-down list, select the function block
"FB10" to be assigned and confirm the
remaining settings with OK.

The data block DB10 has been added
to the "Getting Started" project.

Double-click on DB10..

In the following dialog box, answer with
Yes to open the instance DB. Select
the menu command View > Data
View.

The data view displays each individual
variable in DB10, including the "internal"
variables of the two calls for FB1 ("local
instances").

The declaration view displays the variables
as they are declared in FB10.

10-7
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Change the actual value of the diesel engine to "1300," save the block, and then

close it.
Address | Declaration | Mame Type | Initial value | Actual value | Comment
1 0.0 | out Preset_Speed_Reached BOOL |FALSE FALSE Both engines have reached the preset speed
z 2,0 | skat:in Petrol_Engine. Switch_On BOOL | FALSE FALSE Switch on engine
3 2.1 | statiin Petrol_Engine. Switch_OFf BOOL |FALSE FALSE Switch off engine
4 2,2 |skatiin Petrol_Engine.Failure BOOL | FALSE FALSE Engine Failure, causes the engine to switch off
5 4,0 | stat:in Petrol_Engine. Actual_Speed INT |0 1] Actual engine speed
=] 6.0 | skak:ouk Petrol_Engine.Engine_on BOOL |FALSE FALSE Engine is switched on
7 6.1 | stak:out Petrol_Engine Preset_Speed_Reached BOOL |FALSE FALSE Freset speed reached
g 8.0 | skat Petrol_Engine.Preset_Speed INT | 1500 1500 Reguested engine speed
9 10,0 | skat:in Diesel_Engine, Switch_On BOOL |FALSE FALSE Switch on engine
10 10,1 | skat:in Diesel_Engine, Switch_OFf BOOL |FALSE FALSE Switch off engine
11 10.2 | skat:in Diesel_Engine. Failure EQOL | FALSE FALSE Engine failure, causes the engine to switch off
12 12,0 | skat:in Diesel_Engine. Actual_Speed INT |0 1] Actual engine speed
13 14.0 | skat:out Diesel_Engine.Engine_on EOOL | FALSE FALSE Engine is switched on
14 14,1 | skak:out Diesel_Engine.Preset_Speed_Reached BOOL |FALSE reset speed reached
E 15 16.0 | skat Diesel_Engine.Preset_Speed INT | 1500 ( 00 unested engine speed
S

All the variables are now contained in the variable declaration table of DB10. In the first half,
you can see the variables for calling the function block "Petrol_Engine" and in the second
half the variables for calling the function block "Diesel_Engine" (see Section 5.5).

The "internal” variables of FB1 retain their symbolic names; for example, "Switch_On." The
name of the local instance is now placed in front of these names; for example,
"Petrol_Engine.Switch_On."

You can find more information under Help > Contents in the
topics "Programming Blocks" and "Creating Data Blocks."

10-8
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10.4 Calling FB10 in OB1

The call for FB10 is made in OB1 in our example. This call represents the same
function-which you have learned while programming and calling FB1 in OB1 (see

Section|5.6 onwards.). Using multiple instances, you can replace Networks 4 and
5 programmed from Section 5.6 onwards.

2 Getling Started - <Offlines [Projekt] - C:ASIEMERSAS TEFTAS Froi\Geettin_1
o atad

Open OB1 in the project in which you
L b i have just programmed FB10.
it it i+

WAT1 FC1 oo

Defining Symbolic Names

The LAD/STL/FBD program window is open. Open the symbol table using the
menu command Options > Symbol Table and enter the symbolic names for the
function block FB10 and the data block DB10 in the symbol table.

Then save the symbol table and close the window.

Symbhol | Address |Data Type| Comment

Engines FE 10 |[FE 10 |Example of multiple instances
Engine Data

DE 10 FB 10 |Instance data block for FB10 10

Programming the Call in Ladder Logic

Insert a new network at the end of OB1

FE Blocks and add the call for FB10 ("Engines").

A F FH fidire

~F FB10  Engines

STEP 7 Getting Started
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10-10

Complete the call below with the corresponding symbolic names.

Delete the call for FB1 in OB1 (Networks

4 and 5 from Section 5.6 onwards), since

we are now calling FB1 centrally via FB10.
Then save your program and close the block.

"Engine Data"

"Engines"
EN ENO

Preset Speed Reac
hed

"3 Data".Preset Sp

eed Reached

The output signal "Setpoint_Reached" for FB10
("Engines") is passed on to the variable in the
shared data block.

Programming the Call in Statement List

If you are programming in Statement List, select the input area under the new
network and enter the STL instructions below. To do this, use the FB Blocks >

FB10 Engines in the Program Elements

Delete the call for FB1 in OB1 (Networks

catalog.

4 and 5 from Section 5.6 onwards), since

we are now calling FB1 centrally via FB10.

Then save your program and close the bl

ock.

CALL "Enginez" , "Engine Data”
Preset Speed Reached:="S5 Data".Preset Speed Feached

STEP 7 Getting Started
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Programming the Call in Function Block Diagram

If you are programming in Function Block Diagram, select the input area under the
new network and enter the FBD instructions below. To do this, use the FB Blocks
> FB10 Engines in the Program Elements catalog.

Delete the call for FB1 in OB1 (Networks 4 and 5 from Section 5.6 onwards), since
we are now calling FB1 centrally via FB10.

Then save your program and close the block.

"Engine Data”

"Engines"
Preset_Speed Feas| "3 Data".Preset Sp
—{EN hed —eed Reached

E ENO f—

If you require additional engine control programs for your automation task; for example, for
gas engines, hydrogen engines, etc., you can program these as multiple instances in the
same way and call them from FB10.

To do this, declare the additional engines as shown in the variable declaration table of FB10
("Engines") and program the call for FB1 in FB10 (multiple instance in the Program
Elements catalog). You can then define the new symbolic names; for example, for the
switch-on and switch-off procedures in the symbol table.

You can find more information under Help > Contents and —

then under "Calling References Helps" in the topics "The STL,
FBD, or LAD Language Description".

STEP 7 Getting Started
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11 Configuring the Distributed 1/0

11.1 Configuring the Distributed I/O with PROFIBUS DP

Automation systems with conventional configurations have the cable connections
to the sensors and actuators inserted directly into the 1/0 modules of the central
programmable logic controller. This often means a considerable amount of wiring
is involved.

Using a distributed configuration, you can considerably reduce the amount of
wiring involved by placing the input and output modules close to the sensors and
actuators. You can establish the connection between the programmable logic
controller, the I/O modules, and the field devices using the PROFIBUS DP,

You can find out how to program a conventional configuration in Chapter 6. It
makes no difference whether you create a central configuration or a distributed
configuration. You select the modules to be used from the hardware catalog,
arrange them in the rack, and adapt their properties according to your
requirements.

It would be an advantage when reading this chapter if you have already
familiarized yourself with creating a project and programming a central
configuration (see Section 2.1 and Chapter 6).

Compact slaves: Modular slaves:
for example, I/0 modules for example, ET 200 M-IM153

ET 200B-16DI / 16DO

PROFIBUS-DP network
between master and
slaves

Direct connection between
CPU and programming
device / PC via MPI

Master device:
for example, CPU 315-2DP

STEP 7 Getting Started
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Creating a New Project

K] SIMATIC Manager _ (O]

File PLC “iew DOption: “window Help

Press F1 ta get Help. A
< ‘Mew Project’ Wizard.. >
STEP 7 Wizard: "New Project”
n ‘Which CPU are you using in your project? 2(4)
CPU
= CPU-Typ | Bestelhr [=]
< CPLU3152 DP BE57 315247 01-04B0))
CPU name:
= nene [cPuats2DP
MPI address: F= I :I
Previews<
EA Block Name [ Symbolic Name [
£ [l SIMATIC 300 Station Pl Cyele Eneeition
= §l crums2oP
£ 87] 57 Frogiami1)
" {23 Blocks
<Back Ned> | Make Cancel Hep |

Inserting the PROFIBUS Network

=

SIMATIC 200(1) P

- i 3001)
= @ cPrumszDP

SIMATIC 20001
=) $7-Programmil)

B Source Fikes
25 Docks

The starting point is the SIMATIC
Manager. To make things easier to
follow, close any open projects.

Create a new project.

Select the CPU 315-2DP in the
corresponding dialog box (CPU with
PROFIBUS-DP network).

Now proceed in the same way as for
Section 2.1/and assign the project the
name "GS-DP" (Getting Started —
Distributed 1/0).

If you want to create your own
configuration at this point, specify your
CPU now. Note that your CPU must
support distributed 1/Os.

Select the folder GS-DP.

Insert the PROFIBUS network using
the right mouse button in the right half
of the window.
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Configuring the Station

';5"‘ G5-DP -- C:\Siemens\STEP7AS 7PROLIAGS_DP

P iy

&3 SIMATIC 300 Stati)
s {ardiare!

8

CPUZI4(1)

=]

(8] 57 Programl1]
B Source Fles
£ Blocks

BETETESTE R
S

=l SIMATIC 300
- =3 Psa00

=

=B SMATIC 300
=3 SM-300
=3 DI-300
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Select the folder SIMATIC 300 Station
and double-click Hardware.

The "HW Config" window is opened
(see Section 6.1).

The CPU 315-2 DP already appears in
the rack. If necessary, open the
Hardware catalog using the menu
command View > Hardware Catalog
or the corresponding button in the
toolbar.

Drag and drop the power supply
module PS307 2A into slot 1.

In the same way, insert the /0O
modules DI32xDC24V and
DO32xDC24V/0.5A in slots 4 and 5.

In addition to the CPU which supports the
distributed 1/O, you can also place other CPUs in
the same rack (not described here).
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Configuring the DP-Master System

OP Master Syztem

Properties - PROFIBUS inteiface DP (R0/52.1) [x]
General Parameters |
Address: E =
Highest addhess: 126
Trarsmission rate: 1.5 Mbps
Subnet
- ot networked - Hew.
Propsities
Delete
=R ]
[ GE
z

CPUIIS-2 DP(1)
o

PRONBUSITE OF maste: syatess (1]

DI
DOIDCIABA

=-4% FROFIBUSDP

Properties - PROFIBUS Node B-16DI  DP ]
Gelzral  Parameters
Address: =
Transmizsion rate:1.5 Wb
Subre
--- not networked il
Praperties..
Wiz
[ o | Abbrechen Hife

11-4

Select the DP master in slot 2.1 and
insert a DP-master system.

Apply the suggested address in the
dialog box displayed. Select
"PROFIBUS(1)" in the "Subnet" field
and then apply your settings with OK.

You can now move any objects which you
place in the master system by dragging
them with the left mouse button held down.

Navigate in the Hardware catalog until
you reach the module B-16DI and
insert this module in the master system
(drag the object to the master system
until the cursor changes to a "+" sign;
then drop the object).

You can change the node address of
the module you have inserted in the
"Parameters" tab of the "Properties”
dialog box.

Confirm the suggested address with
OK.
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=4 PROFIBUS-DP
N

=B PROFIBUS-DP
=@

[
CPUS1S-Z DPIT
o

i

& 171B-1600
==
PROMBUS(IE OF master syates 1]

[ERY T
DOARDCIABA

T

1601

i

[

i

G
i)

ﬂ:l [4) 1M 153

Sl ﬂ.&b%

e ——

—|wo|oo|=a|@]|wm

-4 FROFIBLS-DP
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In the same way, drag and drop the
module B-16DO onto the master
system.

The node address is automatically
adapted in the dialog box. Confirm this
entry with OK.

Drag and drop the interface module
IM153 onto the master system and
confirm the node address again with
OK.

In our example, we are using the default
node addresses. However, you can change
these addresses at any time to meet your
requirements.

Select the ET200M in the network.
The free slots for the ET200M are
displayed in the lower configuration
table.

Select slot 4 here.

The ET200M itself can have additional
I/0 modules. Select, for example, the
module DI32xDC24YV for slot 4 and
double-click this module to insert it.

You should always make sure that you are in
the right folder when using the Hardware
catalog. For example, navigate to the
ET200M folder to select modules for the
ET200M.
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Changing the Node Address

Properties - D132xDC24Y - (R-/54)

£ e

=

In our example, we do not need to
change the node address. In practice,
however, this is often necessary.

Select the other nodes one after
another and check the input and output
addresses. The "Configuring
Hardware" application has adapted all
the addresses, so there are no double
assignments.

Let us imagine that you want to change
the address of the ET200M:

Select the ET200M and double-click
DI32xDC24YV (slot 4).

Now change the input addresses in the
"Addresses" tab of the "Properties"
dialog box from 6 to 12.

Close the dialog box with OK.
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Station [T Finally, save and compile the
distributed 1/0 configuration.

Close the window.
Save and Compile

The menu command Save and Compile means that the
configuration is automatically checked for consistency. If
there are no errors, the system data are generated and can
be downloaded to the programmable controller.

With Save, you can save the configuration even if it
contains errors. However, you cannot then download the
configuration to the programmable controller.

Alternative: Configuring Networks

=2 5s.0p . C:ASiemens\STEP7AS7PROMAGS_DP
CSEm :
— ATIC 300 Station "H”l
- cPU3TS20P SIMATIC 300 M)
[=-{z] 57 Pragrami(3] Station
(@] Source Files
{8 Blocks

You can also configure the distributed
I/0O using the optional package
"Configuring Networks."

PROFIBUS(

Double-click the network PROFIBUS
(1) in the SIMATIC Manager.

1 Mot - s 1 (Mot | L \Prege s e o Pt Tyl O

ey e 522 The "NetPro" window is opened.
=L S | e

You can drag and drop additional
DP slaves onto the PROFIBUS DP
from the catalog of network objects.

i Double-click any element to configure
=) = | . it. The "Configuring Hardware" window
E = : — is opened.

Using the menu commands Station > Consistency Check ("Configuring Hardware"
window) and Network > Consistency Check ("Configuring Networks" window), you can
check the configuration for errors before saving. Any errors are displayed and STEP 7 will
suggest possible solutions.

| You can find more information under Help > Contents in the topics
"Configuring the Hardware" and "Configuring the Distributed 1/0."
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Congratulations! You have worked through the Getting Started manual and learned the most
important terms, procedures, and functions of STEP 7. Now you can get started on your first
project.

If, while working on future projects, you are looking for specific functions or have forgotten any
of the operating instructions in STEP 7, you can use our comprehensive Help on STEP 7.

If you want to extend your knowledge of STEP 7, there are a number of specialized training
courses available. Your local Siemens representative will be happy to help you.

We wish you lots of success with your projects!
Siemens AG

STEP 7 Getting Started
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ZEn01_02_STEP7__STL_1-10:
The programmed Chapters 1 to 10 including the symbol table in the STL
programming language.

ZEn01_01_STEP7__STL_1-9:
The programmed Chapters 1 to 9 including the symbol table in the STL
programming language.

ZEn01_06_STEP7__LAD_1-10:
The programmed Chapters 1 to 10 including the symbol table in the LAD
programming language.

ZEn01_05_STEP7__LAD_1-9:
The programmed Chapters 1 to 9 including the symbol table in the LAD
programming language.

ZEn01_04_STEP7__FBD_1-10:
The programmed Chapters 1 to 10 including the symbol table in the FBD
programming language.

ZEn01_03_STEP7__FBD_1-9:
The programmed Chapters 1 to 9 including the symbol table in the FBD
programming language.

ZEn01_07_STEP7__Dist_IO:
The programmed Chapter 11 with the distributed 1/O.
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programming the timer function .......... 8-4
Switching the variable table online ......... 7-9
Symbol editor.........occoeeeiiiiee e, 3-2
Symbol table .......c.ccoocveiiiii e, 3-2
Symbolic programming .............ccccuvveeee.. 3-2

v
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Variable Table, switching online ............. 7-9
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