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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
 The STEP 7 software package and the authorization diskette

* 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 > S7 Manuals 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 Introduction to STEP 7

1.1 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 to 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 Key 2 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.

é Key 3

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

STEP 7 Getting Started 1-1
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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’_R s)

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

1-2 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 (I/O modules).

The programmable logic controller (PLC) monitors and controls your machine with
the S7 program. The 1/0O modules are addressed in the S7 program via the

addresses.

Programming
device cable

Programming device

Transferring a program

Machine to be
controlled

CPU

Output module

Power supply module

Input module

STEP 7 Getting Started
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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

Creating a project (Chapter 2)

Option 1 Option 2
Configuring the hardware Creating a program
(Chapter 6) (Chapters 3 to 5)
Creating a program Configuring the hardware
(Chapters 3to 5) (Chapter 6)

I 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.

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
programming.

1-4 STEP 7 Getting Started
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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
automatically, 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 1-5
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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

=g S¥-Program

“{1 Blacks

Double-click the SIMATIC Manager
icon. The STEP 7 Wizard is activated.

SIMATIC Manager

STEP 7 Getting Started 2-1
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The SIMATIC Manager

STEP 7 Wizard: "New Froject”

“ Introduction 104

STEP 7 Wizard: "New Project”

‘Yo can create STEP 7 projects quickly and easiy using
the STEP 7 Wizard. ‘rou can then start programming
immediately.

© 1 Click one of the fallowing options:

i
‘ 1 * "Next" to create your project step-hy-step

g
A

‘ ;J “Make"" to create your project according to the preview.
¥

= Bisplay Wizard on sartng he STHATIC Manage? ‘ _Previc |

57 Fio2 Block Name Symbolic Name
=l SIMATIC 300 Station ESYleE)
=-J CPU3121FM(1)
=+[57] 57 Program(1)
{3 Blocks

Cypcle Execution

2-2

In the preview, you can toggle the
view of the project structure being
created on and off.

To move to the next dialog box, click
Next.

STEP 7 Getting Started
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The SIMATIC Manager

PR A For the "Getting Started" sample
project, select CPU 314. The example
has been created in such a way that

BES7 32-5AC02.04B0

EES7 313-1AD030ME0 you can actually select the CPU you

BEST 314-14E04-04B0
o e ey have been supplied with at any time.

EEST 315-24F03-04B0

The default setting for the MPI address
is 2.

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

P Tt T Aedr Select the organization block OB1 (if
= this is not already selected).
The ol Dot Select one of the programming
et Doy gt 2 languages: Ladder Logic (LAD),
e Statement List (STL), or Function

Block Diagram (FBD).

Confirm your settings with Next.

STEP 7 Getting Started 2-3
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The SIMATIC Manager

STEP 7 Wizard: "New Froject”

‘) What do you want to call your project? 44
—

Project name:

Existing projects:

N
[Getting Staned )
S7_Pil =
57 Fio2 :1
-

Check pour new project in the preview.
Click. "Make" to create the project with the displayed
stiucture,

Preview<

) Getling Started
=l SIMATIC 300 Station
=-J cPU3ta)

=] 57 Program(1]
43 Blocks

Block Name [ Symbolic Mame |
‘C}0B1 Cycle Execution

\
< Back | IERT >(| Hake )I Cancel Help
N

a

Double-click to select the suggested
name in the "Project name" field and
overwrite it with "Getting Started.”

Click Make to generate your new
project according to the preview.

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.

2-4

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
Editing blocks and inserting program Setting the window display and
components arrangement, selecting the
language, and making settings for
process data
Downloading the program
and monitoring the
hardware
Calling the STEP 7 online help
ESIM# TIC Manager - Ggtting Started
File Edit |nseft PLC Yew Options Window Help
n] =R 8, ok [<Na Fiter » =17 @ K2
'Eﬂ?!;ﬁelling Started - C:ASIEMENSASTEP?AS FprojAGettin_1
E--% Getting Started
-l SIMATIC 300 Station it
The contents of the right-hand pane
show the objects and other folders
Press F1 for help. for the folder selected on the left =
\
The contents of the left-hand pane
show the project structure
STEP 7 Getting Started 2-5
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The SIMATIC Manager

Calling the Help on STEP 7

F1

E? Help on STEP 7

J[=] 3

I A

Statseite Diucken  Glossary _ Refarence

S OnAEIS:
< het | e |gucm|2

= (L1 octicng the Prosuctand stling the €|
Overvisw o1 STEP 7

The STEP 7 Standard Package j

Standards Used

The SIMATIC programming languages and language
representations integrated in STEP 7 comply with the
standard EN 61131-3 or [EC 1131-3. The standard
package runs on the operating system

Windows 95/NT and matches the graphic and object-
oriented operating philasophy of Windows.

@ istolaion and v
@ working Outthe Automation Cancept
@ Startup and Operation
@ Setting Lip and Exiting the Projsct
@ configuring the Herdware
= @ Configuring Connections and Data Exchar
@ Programming Blocks
@ Configurng biessaes
@ Conoling an Montaring Varities
@ Dowrioading and Estabishing an Orline C
@ oobug
@ pisgrostics
@ Frirting and Archiving
M)

Functions of the Standard Package

The standard software supports you in all phases of
the creation process of an automation task, such as:

_'LI « Setting up and managing projects
v

a | of

Navigating in the Project Structure

Fress F1 fo hep.

2-6

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 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 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.

STEP 7 Getting Started
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The SIMATIC Manager

Ez-uingSlallzd--E:\SIEMENS\SIEPT\STpmi\Eel':7 CIICk the 57 Program (1) fOIder. Th|S
contains all the necessary program
components.

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

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

127 Getting Started - C:ASIEHENS\S I t8%nro/\Gettin_1

e = Click the Blocks folder. This contains
-2 [1[] 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.

I Getting Started -- C:\SIEMEN S\S T5A745 7proj\Gettin_1

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

You will use the Hardware component
in Chapter 6 to specify the parameters

E 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 2-7
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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
module
Byte O

BitsO0to 7

Digital input
module
Byte 1

Bits 0to 7

Absolute address: | 1.5

Input Byte 1 Bit 5

STEP 7 Getting Started
C79000-G7076-C560-02

Digital output
module
Byte 4
BitsOto 7

Digital output
module
Byte 5
Bits0to 7

3-1



Programming with Symbols

3.2 Symbolic Programming

3-2

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,
for input | 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

125 Getting Started - C:\SIEMENS\STEP7\S7proj\Getips™

- Blocks

&= Symbol Editor - [Getting Started\SIMATIC 300 Statio . \S ymbols]
) Symbol Table Edit lnseit View Dplions Window Help NEE)

EEEREE )
Symbol [Address Data Type| Comment T

1 | Cycle Execution OB 1 08 1
2

[ INM[ 2

| Address |Data Type|

1 CxcleExecution D) OB 1 0B 1
2

Symbol | Address |Data Type|
1 | Main Program OB 1 OB 1
2 |Green Light o] 4.0 BOOL
| Comment |

O

Symbol [ Address [Data Type|
1 |Main Program OB 1 OB 1
2 |Green Light Q 4.0 BOOL
3 |Red Light Q 4.1 BOOL

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.

Click Cycle Execution and overwrite it
with "Main Program" for our example.

Enter "Green Light" and "Q 4.0" in
row 2. The data type is added
automatically.

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.

Enter "Red Light" and "Q 4.1" in row 3
and press Enter to complete the entry.

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
0 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.

ﬁSymhol Editor - [Getting Started\SIMATIC 300 Statio...A\Symbols]

@ Symbal Table Edit Insert View Options “Window Help _|E' il

2lu| 8| &|2ls| o[- ||

Symbol | Address Data Type| Comment
1 |Adtomatic_Mode =] 42 BOOL Retentive output
2 |Autornatic_On | 0.5 BOOL For the mermory function (switch on)
3 |DE_Actual_Speed WY 4 INT Actual speed for diesel engine
4 |DE_Failure | 16 BOOL Diesel engine failure
5 |DE_Fan_On Q 5.6 BOOL Comenand for switching on diesel engine fan Here you can see the SymbOI
6 |DE_Follow On T 2 TMER Followon time for diesel engine fan table for the S7 program in the
; gg_gn — g gg gggt gom‘mandeor slwwtchlng on diesel ezglne — "Getting Started" examp|e for
- Preset_Speed_Reache isplay "Diesel engine preset speed reached” :
9 |Diesel DB 2 FB 1 Data for diesel engine Statement List.
— (i 5610 |F3 10 [esanss data bk o FETS Generally speaking, only one
ngine_Data nstance data block for .

12 |Engines FE 10 FEB 10 Example of multiple instances symbol table is created per

[ 13 [Fan FC 1 FC 1 Fancontrol S7 program, regardless of
14 |Green_Light G 4.0 BOOL Result of AMD query which programming language
15 |Key_1 | 0.1 BOOL For the AND guery
16 |Key 2 | 02 BOOL Far the AND guery yeu have selected.
1; Eey_g } gi gggt Eurt:e 82 query All printable characters (for

ey i . or the query :
19 |Main_Prograrm OB 1 OB 1 This block containg the user program example’ speC|aI g:hara_\cters,
20 |Manual_On | 06 BOOL For the memary function {switch off) spaces) are permitted in the
21 |PE_Actual_Speed W 2 INT Actual speed for petral engine symbol table.
22 |PE_Failure | 1.2 BOOL Petrol engine failure
23 |PE_Fan_On Q 9.2 BOOL Comimand for switching on petral engine fan
24 |PE_Follow On T 1 TIMER Fallow-on time for petrol engine fan
25 |PE_On Q 2.0 BOOL Command for switching on petral engine
26 |PE_Preset Speed ReacheQ 5.1 BOOL Display "Petrol engine preset speed reached”
27 |Petrol DE 1 FB 1 Data for petral engine
28 |Red_Light Q 4.1 '[BOOL Result of OR query
29 |5 Data DB 3 DB 3 Shared data block
30 |Switch_Off DE | 1.5 BOOL Switch off diesel engine
31 |Switch_Off PE | 1.1 'BOOL Switch off petrol engine
32 |Switch_COn_DE | 1.4 BOOL Switch on diesel engine
33 |Switch On PE | BOOL Switch on petral engine
o] [= )

LT

n
3
2
g
I
g
=
T
=

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 > -
Contents in the topics “Programming Blocks*
and "Defining Symbols". -
STEP 7 Getting Started 3-3
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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.

C

STEP 7 Getting Started
C79000-G7076-C560-02

Ladder Logic (LAD)
Suitable for users from the electrical engineering industry, for example.
"Green Lig

"KEY_]. r "Key_Z r bt
| | | {

| |
! |

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

A rr KE .E;r_ 1 rr
A. rr KE .3?._2 rr
= "Green Light"

Function Block Diagram (FBD)
Suitable for users from the world of circuit engineering, for example.

& "Green Lig

"KE?_]. o ht™

e ?_2 v

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.
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Copying the Symbol Table and Opening OB1

% Projects

LAD _Ewample
GS-5TL_Example
G5-FBD _Example

Press 1 forhelp. el

=5 Getting Started -- C:\SIEMENS\SZ ™ 0TarojsG ettin_1

&P Getiing Started
& SIMATIC 300 Station it
= cru3tan) 081
E-E 57 Program(1)
{8 Source Fiss
SR

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.

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

e zEn0l1_06_STEP7__LAD_1-9
e zEn0l1_02_STEP7__STL_1-9
e zEn0l1_04_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 S7 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.

Double-click OB1 in the "Getting
Started" project. The LAD/STL/FBD
program window is opened.

for Function Block Diagram.

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

I Blocks and Libraries.”

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

4-2

STEP 7 Getting Started
C79000-G7076-C560-02
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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

The most important program
elements for Ladder Logic and
Function Block Diagram

Toggling the Program
Elements catalog on and off

Moving the table split
(toggling the view of the
Changing the table on and off)
programming language
view

ELADISTLIFBD - [0B1 -- Getting Started\SIMATIC 300 Station\CPU314{1]]

3+ file Edt |nset PLC Debug Yiew Options Window Help & x|

iR &l (e o]c] cldl [ 2] ] e AolEs == el /

Address |Decl. Hame Type Initial ValiCamment ﬂ £ New Network
0.0tenp ! 1 I 1 0-3 = 1 (Coming/event), Bits 4-7 = U"EE!..E:&:Q:?_
L.0[tenp The variable declaration table contains pid restart scef 1 of 08 1), 3 (zce e
B/l s the parameters and local variables for ~ fioraty of 1 # lowest) P
3.0]tenp the block ganization Ylock 1, o8y f o i
4.0 temp ved for syftem . < Rl
5.0 temp ved fuxy%stem Er élg]

6.0l temn TOETFRE TETTIT T T Tt time off previous OBl secan (milli=<l| = . I sk
ET o s .
ﬂ ..... o PR
OBl : Title: < -[SAVE]
. X £T NEG
Conent : Title and comment fieldfor |7/ 1 | . T pos
the block or network #(g] Corpars
......... . -85 Convert
Metwork 1i: Title: [ Caunters
[+ Data Block Function
Comment : & Logic Control £ Jump
BT Integer Math
{28 Floating-Point Math

Program Elements catalog,
here for Ladder Logic

Program input line (also network
and current path) ez

FC Blocks

S5FB Blocks
SFCBlocks

@) Mulliple Instances
A Libiaries

Information on the selected
program element | B Logic =

Press F1 for help, [bo (bt NS
Help on the selected /
program element

IL‘\
I~ | 1

STEP 7 Getting Started
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4.2 Programming OB1in 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.

Ctrl+1
Chil+2
Crl+3

031 Click in the title area of OB1 and enter

Comment : "Cyclically processed main program,”
for example.
L € ‘ ‘ Select the current path for your first
e element.

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

In the same way, insert a second
normally open contact.

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

}_‘ ”.7 ? The addresses of the normally open
‘ a — contacts and the coil are still missing in
the series circuit.

Check whether symbolic
representation is activated.

Display ¥ v Symbolic Bepresentation  Chri+0)
Symbal [nformation Crl+Shift+3
Symbal Selection Chl+7
v Comments Ctrl+5hift+k.
4-4 STEP 7 Getting Started

C79000-G7076-C560-02
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2.7

"Green Lig

bon
{

Click the ??.? sign and enter the
symbolic name "Key_1" (in quotation
marks).

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.

STEP 7 Getting Started
C79000-G7076-C560-02

4-5



Creating a Program in OB1

Programming a Parallel Circuit in Ladder Logic

o o o o o S
‘llet.wurk ib) Title:
e

Comment :

?2.2

2.2
f -
2.2
"Red Light
Key 3 "
|| |r J
[ Y
Key_ 4
K

4-6

Select Network 1.

Insert a new network.

Select the current path again.

Insert a normally open contact and a
coil.

Select the vertical line of the current
path.

Insert a parallel branch.

Add another normally open contact in
the parallel branch.

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

The addresses are still missing in the
parallel circuit.

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

Overwrite the upper normally open
contact with "Key_3," the lower contact
with "Key_4," and the coil with
"Red_Light."

Save the block.

STEP 7 Getting Started
C79000-G7076-C560-02
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a

Programming a Memory Function in Ladder Logic

HH:-|
[ .

777
SR
s a
iR

"Aautomstic
_Mode™

"Automatic

_on” SR

f——o= Q

"Manual On
"

—R

1=

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.

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

"Green Lig
"Key 2" he"
| |
1

Example:
Symbolic addressing in LAD

characters.

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 24

Example:
Absolute addressing in LAD

STEP 7 Getting Started
C79000-G7076-C560-02

You can find more information under Help > —
Contents in the topics "Programming Blocks,"
"Creating Logic Blocks," and "Editing Ladder
Instructions."
4-7
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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
Al Ctrl+1 menu.
CsiL) Ciil+2
FED Ctrl+3
Check whether symbolic
representation is activated.
Display ¥ v Symbolic Bepresentation  Chri+0)
Symbal [nformation Crl+Shift+3
Symbal Selection Chl+7
v Comments Ctrl+5hift+k.
0Bl (TitlE) Click in the title area of OB1 and enter
Conment : "Cyclically processed main program,”
for example.
bie twork 1 ESTSE Select the area for your first statement.

Cormment

A ";;; ; ' Type an A (AND) in the first program

B 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.

4-8 STEP 7 Getting Started
C79000-G7076-C560-02
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I o

rr KE .E;r_ 1 rr
rr KE .3?._2 rr
"Green 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 D i

STEP 7 Getting Started
C79000-G7076-C560-02

o o

rr KE .5?._3 rr

r KE ?_3 r
r KE ET_"I'I r
"Red Light"

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

Hic Select Network 2 and insert another
k- network.

A "Automatic On In the first line, type the instruction A

with the symbolic name
"Automatic_On."

"Automwatic On" Complete the memory instruction and
rautomatic Mode" save it. Close the block.

"Manual On"

E "Automatic Mode"

oo

If you want to see the difference between absolute and symbolic addressing, deactivate the
menu command View > Display > Symbolic Representation.
A "KE ¥ 1 " Example:
Key_ 2 Symbolic addressing in STL
= "Green Light"
A I 0.1 Example:
2 1 0.2 Absolute addressing in STL
= 4.0
You can find more information under Help > -
Contents in the topics "Programming Blocks,"
"Creating Logic Blocks," and "Editing STL
Statements."
4-10 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

Chri+1
Crl+2
Chrl+3

Comment :

uecvork LECtaEE

Comment :

_—

g

&
22, 7— P
rar —
Display » v Symbolic Bepresentation Chil+0)
Syrabal [nfarmation Chrl+Shift+3
Sumbal Selection Chel+7
v Comments Ctil+Shift+k

STEP 7 Getting Started
C79000-G7076-C560-02

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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i Click on the ??.? sign and enter the
7.2 symbolic name "Key_1" (in quotation
22 2] - = marks). Confirm with Enter.
z Enter the symbolic name "Key_2" for
?2. 7 — .2 the second input.
z Enter the name "Green_Light" for the
22,7 — 2?2 assignment.
22,7 — — )
i "Green Lig You have now programmed a
"Key 1" — ht" complete AND function.
"KE?_Z L I— —
. If there are no more symbols shown in
red, you can save the block.
4-12 STEP 7 Getting Started
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Programming an OR Function in Function Block Diagram

HH:-|
[ .

Comment :

==1
27, 7 — ?2.?
7?7, 7 — — )
==1 "Red Light
"KE? L g— "
"Key_f-l" ]

STEP 7 Getting Started
C79000-G7076-C560-02

1=

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

Hr 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.

" Automatic Mode" Enter the following symbolic names for
the SR element:
wAutomaticon” = SR Set "Automatic_On"
s Reset "Manual_On"
Memory bit "Automatic_Mode"
"Manual on" —E o

E | Save the block and close the window.

a

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

& "Green_Light"
"Key 1" —| Example:
= Symbolic addressing in FBD
ey 2 — -
&

EQ.1— 24.0 Example:

= Absolute addressing in FBD
EQ.Z = —

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 24
characters.

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-G7076-C560-02



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).

157 Getting Started — C:ASIEMENS\STEP7AS 7proi\Gettin_1
-3 Getting Started
= SIMATIC 300 Station
e[ cPuat
2 (1) 87 Progami1

ZDH_0Z_STEF...
ZDH_03_STEP..
ZDH01_04_STEP..
ZDH0_05_STEF...
ZDH01_06_STEF..

LI TER

Function Black

STEP 7 Getting Started
C79000-G7076-C560-02

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.

If necessary, open the "Getting
Started" project.

Navigate to the Blocks folder and
open it.

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

The pop-up menu for the right mouse
button contains the most important
commands from the menu bar. Insert a
function block as a new object.
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Properties - Function Block DOUble'C”Ck FBl to open the
General- Part 1 | General - Par thutss 1
o ‘”“ 'Z'A“‘” ' - LAD/STL/FBD program window.
Hame [internal ] ‘
RO In the "Properties — Function Block"
P | dialog box, select the language in
B N o Y T o T R which you want to create the block,
Code Ineface activate the check box "Multiple
Date created: 07.10.9813:42:08 . .
Last modfied 071088134208 071088134208 Instance FB," and confirm the
et - remaining settings with OK.
I-]
Caneel Help
E:.ltﬁle' CASIEMENS\STEP7\S7proi\Gettin 1, The function block FB1 has been
B Getirgstats
- alion D i i
S e anc - inserted in the Blocks folder.
-1 57 Program(1]
(B Seurce Files
429 Blocks

a

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
Block Diagram.

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

5-2 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.

1. Filling out the Variable Declaration Table
Your LAD/STL/FBD program window is

open and the option View > LAD
oo (programming language) is activated.

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

|
Pres 1 for et O A [N G S 4

Enter the following declarations in the variable declaration table.

To do this, click a cell and use the corresponding name and the comment from the
illustration below.

You can select the type with the pop-up menu command Elementary Types using
the right mouse button. When you press Enter, the cursor jumps to the next
column, or a new row is inserted.

Rddress [Decl. Hame Type Initial Value |Comment
0.0|in Switch On BOOL FALSE Switch on engine
0.1|in Switch Off EOOL FALSE gwitch off engine
0.Z|in Failure BOOL FALSE Engine failure, causes the engine to switch off
2.0/in Actual Speed INT 0 Actual engine speed
4.0/out Engine_On BOOL FALSE Engine is switched on
4.1|out Preset_Speed_Reached |BOOL FALSE Preset speed reached
in out
6.0|stat Preset_Speed INT 1500 Requested engine speed
temp

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

STEP 7 Getting Started 5-3
C79000-G7076-C560-02
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2. Programming an Engine to Switch On and Off

‘ 77?7

Insert a normally open contact, a
normally closed contact, and an SR
—r element in series in Network 1 using
the corresponding buttons in the
toolbar or the Program Elements

2.7 7 SR

<
[5)
=)

catalog.
£2.? Then select the current path
_T?- ? SR immediately before the input R.
s o
Qx|
P77 Insert another normally open contact.
" R M Select the current path immediately

before this contact.

_M_l _.I.l Insert a normally closed contact
parallel to the normally open contact.
Check whether symbolic
representation is activated.

Display » v Symbolic Bepresentation Ctil+Q
| Symbal [nformation Ctrl+Shift+3
Symbol 5 election Chil+7
v Comments Chrl+5 hift+£

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.

Then save your program.

"Automatic #Engine COn
#Switch On  Mode” SR
| | |
I 1 1] 3 u
#Switeh Of
f
| |
I 1 R
f#iFailure : o ; ; e
| /1 Local block variables are indicated with a # sign and are only valid in the
b block.
Global variables appear in quotation marks. These are defined in the

symbol table and are valid for the entire program.

The signal state "Automatic_Mode" is defined in OB1 (Network 3; see page
4-7) by another SR element and now queried in FB1.

5-4 STEP 7 Getting Started
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3. 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 GE_|.

_() 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

! |
i |

P
L

#hotual 3p
eed —{INl

#Preset_Sp
eed —1nZ

[o]

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 Table" or in "Editing LAD Instructions."

STEP 7 Getting Started 5-5
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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.

1. Filling out the Variable Declaration Table

g 5] el nfﬂﬁ;{é"ﬂud@gwmh ISEE] = Your LAD/STL/FBD program WIndOW IS
i —— open and the option View > STL
(programming language) is activated.

Ll

Note that FB1 is now in the header,
because you double-clicked FB1 to

o open the program window.

Rl e

Enter the following declarations in the variable declaration table.

To do this, click a cell and use the corresponding name and the comment from the
illustration below.

You can select the type with the pop-up menu command Elementary Types using
the right mouse button. When you press Enter, the cursor jumps to the next
column, or a new row is inserted.

BAddress [Decl. Hame Type Initial Value |Comment
0.0|in Switch_on BOCL FALSE Switch on engine
0.1|in switch Off BOCL FALSE Switch off engine
0.2|in Failure BOCL FALSE Engine failure, causes the engine to switch off
2.0|in Actual Speed INT 0 Actual engine speed
4.0|out Engine_on BOCL FALSE Engine is switched on
4.1|out Preset_Speed Reached |BOCL FALSE Preset speed reached
in_out
6.0[stat Preset_Speed INT 1500 Reguested engine speed
temp

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

5-6 STEP 7 Getting Started
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2. Programming an Engine to Switch On and Off

Check whether symbolic
representation is activated.

Display » v Symbolic Bepresentation Ctil+0)
Symbal [nfarmation Ctrl+Shift+0
Symbaol Selection Clrl+¢
v Comments Clrl+Shift-+k.
& #Switch On Enter the corresponding instructions in
AN "Automatic Mode' Network 1.
g #Engine On
[ul #owitch Off ; o ; ;
on #Failure Local block variables are indicated with a # sign and
R #Engine On 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 program.

The signal state "Automatic_Mode" is defined in
OB1 (Network 3; see page 4-10) by another SR
element and now queried in FB1.

3. Programming Speed Monitoring

L #ictual Speed Insert a new network and enter the
L #Preset_Speed corresponding instructions. Then save
=1

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 Table" or in "Editing STL Statements."

STEP 7 Getting Started 5-7
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5.4 Programming FB1 in Function Block Diagram

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.

=

. Filling out the Variable Declaration Table

= 1 e = msloinl= e =2 Your LAD/STL/FBD program window is
i —— open and the option View > FBD
(programming language) is activated.

Note that FB1 is now in the header,
because you double-clicked FB1 to

S open the program window.

Rl e

Enter the following declarations in the variable declaration table.

To do this, click a cell and use the corresponding name and the comment from the
illustration below.

You can select the type with the pop-up menu command Elementary Types using
the right mouse button. When you press Enter, the cursor jumps to the next
column, or a new row is inserted.

BAddress [Decl. Hame Type Initial Value |Comment
0.0|in Switch_on BOCL FALSE Switch on engine
0.1|in switch Off BOCL FALSE Switch off engine
0.2|in Failure BOCL FALSE Engine failure, causes the engine to switch off
2.0|in Actual Speed INT 0 Actual engine speed
4.0|out Engine_on BOCL FALSE Engine is switched on
4.1|out Preset_Speed Reached |BOCL FALSE Preset speed reached
in_out
6.0[stat Preset_Speed INT 1500 Reguested engine speed
temp

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

5-8 STEP 7 Getting Started
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2. Programming an Engine to Switch On and Off

( & ) Insert an SR function in Network 1
72, 7— using the Program Elements catalog

PN
22, 7—] _69 =) (Bit Logic folder).

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

R, P—

72, 7 — _@ o

Check whether symbolic
representation is activated.

Display » v Symbolic Bepresentation Ctil+0)
| Symbal [nfarmation Ctrl+Shift+0
Symbaol Selection Clrl+¢
v Comments Clrl+Shift-+k.

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.

&
#awitch On—
#Engine On
"Automatic SR
_Mode" = —c
:=~:1
#omitch of
T —
HFailure =} ——E. o
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
program.
The signal state "Automatic_Mode" is defined in OB1
(Network 3; see page 4-14) by another SR element and now
queried in FB1.
STEP 7 Getting Started 5-9

C79000-G7076-C560-02



Creating a Program with Function Blocks and Data Blocks

a

3. Programming Speed Monitoring

Insert a new network and select the
input area.

Then navigate in the Program
Elements catalog under you reach the
Compare function, and insert a GE_1.

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

Then save your program.

H#Actual Sp
eed

#Preset 3p
eed

CMP ==I
#Preset Sp
Hi eed Reache
d
1Nz

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").

5-10

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

STEP 7 Getting Started
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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.
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=@ cruztan)

= SIMATIC 200 Station

=17 57 Pogran(1)
(£ Source Fies
L.i79 Blocks

E Inzert Mew Object S 3

CE-)a.tc; Block >

Praperties - Data Block

General - Part 1 | General - Part 2| Atiributes |

Hame (intemal)
Language
Symbek

Symbol comment
Prcject path

Storags losation
of project,

Date created:
Last modified!

Comment:

DE1
DB d

[CSIEMENS S TEF 7S Tprof Gettin_1

Code Interface
07.10.38 14:57.53

o]

—~——

07.10.38 145753 07.1038 145759
|
H
Cancel Help
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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.

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

Accept all the settings displayed in the
"Properties” dialog box with OK.

The data block DB1 is added to the
"Getting Started" project.

Double-click to open DB1.
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a

Hew Data Block E
Black: DBl
Pragramming taal: IDB Editar 'l

" Data block

" Data block referencing a user-defined data type

+ iita biock referencing a function block:

BReference:

1 Cancel Help |

Data Wiew
Declaration YWiew

Rdee

Razere oot

HHEEEE

Activate the option Data block
referencing a function block in the
"New Data Block" dialog box.

Confirm the assignment "FB1, Engine*“
with OK.

The LAD/STL/FBD program window
opens with the data from the variable
declaration table for FB1.

DB1 is now to contain the data specific
to a petrol engine. You still have to
enter these data. First set the Data
View.

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.

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

using.
You can find more information under Help > Contents
in the topics "Programming Blocks" and "Creating =
Data Blocks."
5-12 STEP 7 Getting Started

C79000-G7076-C560-02



Creating a Program with Function Blocks and Data Blocks

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.

DB1
Petrol Engine
Data

FB1
OB1
"Engine" M j I-
Call
| >t
Diesel Engine
Data

Tt

' Gotting Started — C:ASIEMENSAS [ERZAS 7proi\Gettin_1

= — = — The SIMATIC Manager is open with
i T your "Getting Started" project.

=0 57 Prox
(@ So

Navigate to the Blocks folder and
open OB1.

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.

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

} teh_Off

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

e position, click in the input frame with
the right mouse button.

Select Insert Symbol in the pop-up

menu using the right mouse button. A
Qﬁ'ti"mmo i+ pull-down list will appear. The first time
you do this, the procedure may take
some time.

STEP 7 Getting Started 5-13
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5-14

Click the data block Petrol. This block

=T

PE_Failure
PE_Fan_On

b ain_Program ae

= I
_Actual_opeed b

I
o

PE_Follow_On T

0.2

0.
1

1.2
l
1

-

is then entered automatically in the
input frame in quotation marks.

Click the question marks and address all the other parameters of the function
block using the corresponding symbolic names in the pull-down list.

"Petrol”

"Switch On_PE"
I

"switeh off PE"
||
1

"PE_Failure"
| 1

"PE_Actual Speed”

EN

Fwitch On

Zwiteh Off

Failure

0

Actual Speed

"Engine"

ENO

Engine On|—-"pgE on"

Preset_Speed Reac| "PE Preset Speed R

hed

Feached™

The engine-specific input
and output variables
(declaration "in" and "out")
are displayed in the FB
"Engine."

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

STEP 7 Getting Started
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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.
"Diesel"
"Engine™
EN ENO
"Zwitch On DE” Engine On—"DpE On"
| | Switch On
Preset_Speed Reac "DE_Preset_Zpeed R
"witch Off DE" hed Feached”
| | Switch off
"DE Failure"
I I Failure A signal "DE_xxx" is

assigned to each of the
variables for the diesel
engine.

"DE_Actual Speed"—Actusal Speed

El 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," "Language rm—
Description: LAD," and "Program Control Instructions."
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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.

OB1

5% Gelting Started - C:\SIEMENS\STERZAS 7proi\Gettin_1

P s | = o =
=-[@ cruaram 081 FB1 DB DB2
B S?P ]
8 ies
HH
|
CALL "Engine™ , "Petrol"”
Switch On ()
Switch Off =
Failure =

Actual Speed
Engine ©n

Preset Speed Reached

< Inzert Symbol > Ctrl+d

5-16

DB1
Petrol Engine
Data

.-Englne M i F
Cal

DB2

Diesel Engine
Data

It

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

Navigate to the Blocks folder and
open OB1.

Insert Network 4 in the LAD/STL/FBD
program window.

Type CALL "Engine", "Petrol" in the
code section and then press Enter.

All the parameters of the function block
"Petrol" are displayed.

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

Select Insert Symbol in the pop-up
menu using the right mouse button. A
pull-down list will appear. The first time
you do this, the procedure may take
some time.

STEP 7 Getting Started
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EE_EH \ Soued t E" Click the name Switch_On_PE. This
el is taken from the pull-down list and
S witch_0ff_DE |1 added automatically in quotation
5 witch_DFF_PE 1 marks
ST R '
<Switch_Dn_F'E D 1
= DB ¥
CALL "Engine” , "Petrol” Assign all the required addresses to
Switch On 1="Switeh On PE" . .
Switch Off i="Switch Off PE" the variables of the function block
Failure :="PE Failure" i - i
Actual Speed ="PE:Actual_SpEEd" USIng the pu” down “St
Engine On :="PE_On'"

Preset_Speed Reached:="PE_Freset_Speed Reached” A Signa| "PE xxx"is assigned
to each of the variables for
the petrol engine.

o gine® s "hiesml . Program the call for the function block
witeh On :=MBwitch On DE " . " N

Switeh Off :="Switch OFf_DE" Engine" (FB1) with the data block
Fail :="DE Fail " npEy; n H

Acbual Spesd —"DE Actual Specd” Diesel" (DB2) in a new network.

Engine_on "DE_on" Proceed in the same way as for the
Preset_3Speed Reached:="DE_Preset Spesd Reached"

other call.

El 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 o
in the topics "Calling Reference Helps," "Language
Description: STL," and "Program Control Instructions."
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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
OB1
"Engine” M i F
call
| =1t

Diesel Engine
Data

Tt

The SIMATIC Manager is open with

el Cir your "Getting Started" project.
S Navigate to the Blocks folder and
open OB1.

Insert Network 4 in the LAD/STL/FBD
program window. The navigate in the
Program Elements catalog until you
reach FB1 and insert this block.

272 All the engine-specific input and output
\Uengine/ variables are displayed.

Click the ??? sign above "Engine" and
Engine on| then, keeping the cursor in the same

. —|switen off T position, click in the input frame with
Freset_speed _Reac the right mouse button.

.. —Failure hed ...

..—EN

.. =—{Switch On

.. —lactual Speed ENO|—

Select Insert Symbol in the pop-up
6 menu using the right mouse button. A
Insert Symbol Cliked pull-down list will appear. The first time
you do this, the procedure may take
some time.
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C79000-G7076-C560-02



Creating a Program with Function Blocks and Data Blocks

| Click the data block Petrol. It is taken

Koy 4 T nia from the pull-down list and entered
b ain_Program ] automatically in the input frame in
= 0. guotation marks.
el D% 1
FE_Failure [ J
FE_Fan_On B 5.
FE_Follow On T 1=

Address all the other parameters of the function block using the corresponding
symbolic names in the pull-down list.

"Petrol"
"Engine™
. —|EN
"Switch_On_PE" —Switch On
Engine One="pgE on"
"Switch Off PE" —{Switch Off
Preset_Speed_Reac "PE_Preset_Speed_R
"PE Failure" — Failure hed ~eached"
"PE Actual Speed” —{2ctual Speed ENO f—
A signal "PE_xxx" is assigned
to each of the variables for the
petrol engine.
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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.
"Diezel"
"Engine"
. —|EN
"Switch On DE" —Switch On
Engine Onp="pg on"
"Switch off DE" ——Switch Off
Preset Speed Reac| "DE Preset speed R
"DE Failure" — Failure hed —eached”
"DE Actual ZIpeed” —{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," "Language r—
Description: FBD," and "Program Control Instructions."
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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).

I Getting Started -- C:\SIEMENSY%c /A5 Mygoj\Gettin_1

The starting point is the open SIMATIC
- o En" cpm Manager together with the "Getting
E-{z1) 57 Program(1)

w e 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.

[IHW Config - [SIMATIC 300 Station (Configuration) - Getting Started]

@lg Station Edit Insett PLC Wiew Options Mindow Help

M=
o] [e= N = == ™ =] [ @ﬁ”
E\III\UH : iIEmﬁIE m
m’::;?mmmmw FROFIBUS DP

SIMATIC 300
SIMATIC 400

SIMATIC PC Based Contral

Rack with individual slots

4 | _>l_I Hardware

@) 0 Catalog

Slat Module Qrder Number MF Address
1

14dd...| Q.. | Comment |
2 |[ cPumam) BES7 314-1AE04-04B0 B

10
n

Configuration table with
the MPI and I/O
addresses

Short information on the
selected element

ROFIBUIS-DP slaves for SIMATIC 57, M7.
and C7 (distributed rack]

Help on the selected element
Press F1 for help.

[ B 1
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[ mmn

=-

[Fmmsn

= SimaTic 300

=] Ps-300

SIMATIC 300

- =13 5M-300

-

First you require a power supply
module. Navigate in the catalog until
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.

In the same way, insert the output
module SM322 DO32xDC24V/0.5A in
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.

Order Mumber

MPI Address

| &dd... | O... | Comment

EEST 307-1BAD0-0A40

Module
PS307 24
CPLI314(1]

EES7 314-1AE04-04B0

2

(S ENTRITSTE £
=

Di32sDC24Y
D320 C24W /0. 54

BESY 321-1BLO0-04A0

EES7 322-1BLO0-0AA0

== |||~ o

—|=

< Save and Campile >

a

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

Once you close the "HW Config"
application, the System Data symbol
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."

6-2
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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:
¢ 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 1 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

0

24 Volts

5
\ ——r

Programming device
cable

STEP 7 Getting Started
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Configuring the Hardware

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

ok

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.

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

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

up.

Turn the operating mode switch to the
MRES position and hold it there for at
least 3 seconds until the red "STOP"
LED starts flashing slowly.

Release the switch and, after a
maximum of 3 seconds, turn it to the
MRES position again. When the
"STOP" LED flashes quickly, the CPU
has been reset.

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
"STOP" again to download the
program.

STEP 7 Getting Started 7-3
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7-4

=

SIMATIC M anager

SIMATIC Mar

& ] SIMATIC 200 Staton
& @ crutam
& G 57 Progian(l)
@ Souce Fies
/23 Blocks

= &5 LAEe
=] SIMATIC 300 Station
& [ cPu3tm
& (1 57 Progan(]
=)

% a5 el e 1) ) el

Start the SIMATIC Manager and open
the "Getting Started" project in the
"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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Switching on the CPU and Checking the Operating Mode

NP — Turn the operating mode switch to

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

oo :’@ 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

E 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:

« If 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.

» 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 in the topics "Establishing an Online
Connection and Making CPU Settings" and
"Downloading from the PG / PC to the
Programmable Controller."

STEP 7 Getting Started 7-5
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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.

Getting Started — C:\SIEMENS\STEP7\S 7projvGettin_1 ONLINE B Open OBl |n the prOJECt W|nd0W
@D[,” o "Getting Started ONLINE."
= rogran|
=T . .
o et = s The LAD/STL/FBD program window is
= o = = opened.
SFC23 SFC26 SFC27 SFC4E
o o
Activate the function Debug >
Monitor.
< v Monitor >

Debugging with Ladder Logic

Py 1 "kay 2" Mareen Light” The series circuit in Network 1 is
e L 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

T L ereen Dighe” The signal state is indicated by "0" and
Koyt . DT . "1." The dotted line means that there is
ey 2 -4 -4} noresultof logic operation.

Debugging with Statement List

<[ [Fno] 572 Standard For Statement List the following is
"Rey_1" 0 0 0 ; ; .
Y e o | o o  displayed in tabular form:
= "Green Light" 0| o 0 — Result of logic operation (RLO)
4 _ Status bit (STA)

— Standard status (STANDARD)

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

RUN  —

STOP —~
MRES ——

i

Q)

"Green Light'
I}
L

1 &
Key 1" — "Green Light"
1 =
Key 2" —)
a|[ruo| sTa| standard
A Key_1 1 1 0
A "Key_ 2" 1 1 1]
= "Green Light" 1 1 0

a

Now press both keys in your test
configuration.

The diodes for input 1 0.1 and | 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.

obtain a better overview.

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

I You can find more information under Help > Contents
in the topics "Debugging" and "Testing with Program
Status."

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

27 Getting Started - C:ASIEMENS\S TEP7\S7proi\Gettin_1
B Getting Started

Insert Mew Object 3

“ariable Table
I

Properties - Variable Table =]

General - Part 1 | General - Part 2| Attibutes |

Mame (internall:

Symbol
Symbol comment:

Project path: [

Storage local
IR S [EASIEMENS\S TEF7AS propGetin_1

Cods Inteiface
121098121957
121098121957

Date created:

Last modified: 121098121957

Camment: ’ a]
Il

B Geting Started

EE SIMATIC 300 Station
=@ cruman

£l §7 Program(1)

7-8

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.

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

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 in the header (the cursor will change to an arrow
over the Status Format column) and select DEC format using the right mouse
button.

%Val - [VAT1 -- (Getting Started\SIMATIC 300-5tation\CPU314[1]]]

ﬁ Table Edit Inset PLC ‘ariable “iew DOptions ‘wWindow Help _|ﬁ'|1|
Dl(@| @ Hlw@]-f [~ =ls]=] x| @l =) e
| Addre=ss |S§rmbol |M0nit0r FDrmathDnitor Valuelmodify Ualuel
I 0.1 "Eey 1™ BEOOL
I 0.z "Eey 2™ EOQOL
4.0 "Green Light' EOCL
Mir 2 "PE Actual Speed” DEC
DE1.DEW 6 |["Petrol™.Preset Speed DEC
Q 5.1 "PE Preset Speed Reached" BOOL
Juli} 4 "DE Actual Jpeed"” DEC
DLEZ.DEW 6 |"Diesel™.Preset Speed LEC
Q 5.5 "DE Preset Speed Feached” EBOOL
Press F1 for help. INS |Edit [141 7

| E| Save your variable table.

Switching the Variable Table Online

El Click the ON button in the toolbar of
the "Monitoring and Modifying
Variables" window to establish a
connection to the configured CPU. The

word "ONLINE" will appear in the
status bar.

Set the keyswitch of the CPU to

RUNP

RN — RUN-P (if you have not already done
s S0).

STEP 7 Getting Started 7-9
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7-10

Monitoring Variables

Ifﬁ:l"'l Click the Monitor Variables button in
the toolbar. The operating mode of the
CPU is displayed in the status bar.

[rearess [evmat [ionivor Fonfe Homizor vaiW[Hoaiey vaiue

= Press Key 1 and Key 2 in your test
— i c— i '\\ i i configuration and monitor the result in
the variable table.

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

Enter the value "1500" for the address MW?2 in the Modify Value column and
"1300" for the address MWA4.

ﬁ\fal - [@YAT1 -- Getting Started\SIMATIC 300 Station\CPU314(1]\] DNLINE _ 1O |
ﬂﬁ Table Edit Insert PLC ‘Wansble “iew DOptions Window Help _Iﬂlﬂ
D@l & &|mlefof [ =] | K| for o a] w
| Address ISy‘mel IHDnit,or FDrmatIHDnitor ValuelHodify Valuel

I 0.1 "Eey 1" BCOL true

I 0.2 TEey 2" BOOL true

o] 4.0 "Green Light' ECOL true

M z "PE Actual Speed"” DEC a < ,

DE1.DEW 6 |"Petrol®.Preset Speed DEC 1500

o] S.1 "PE Preset Speed Reached™ |[BOOL false

i) 4 "DE Actual Spesd" LEC u] < )

DEZ.DEW 6 |"Diesel™.Preset Speed DEC 1200 —

Q 5.5 "DE Preset 3peed Reached"™ |[BOOL false

Getting Started\SIMATIC 300-Stationh CPUZ14(1) INS  |[OMLIN [ Moritor ’ﬁ A

KA Transfer the modify values to your
_|| CPU.

STEP 7 Getting Started
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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.

&ﬁ\fal - [@VAT1 -- Getting Started\SIMATIC 300 StationACPU314[1]%] OMLINE _ Al x|
ﬁ Table Edt Inset PLC ‘Varable “iew Options ‘Window Help _Iﬂlil
D@l &) 3lele]of e =22 | x| @l o @64l e
| Address |S§rmbol |H0nit0r FDrmatlHDnitDr ValuelHDdify Valuel
I 0.1 "Eey 1" BOOL true
I 0.2 "Eey 2™ EOQOL true
4.0 "Green Light™ EOOL true
Juln) Z "PE Actual Speed” LEC 1500 1500
DE1.DEW & ["Petrol’™.Preset Speed DEC 1500
2 5.1 "PE Preset 3peed Reached™ BOOL true
nir 4 "DE Actual Spesd” DEC 1300 1300
DEZ.DEW 6 |"Diesel™.Preset Speed DEC 1200
Q 5.5 "DE Preset Speed Reached" BOOL true
E Getting Started\SIMATIC 300-Station\CPL314(1] INS [ ONLIN| Monitar ’ﬁ o

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" and "Testing with the
Variable Table."

STEP 7 Getting Started 7-11
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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.

RUNP =
RUN =

MRAES e

27 Getting Started - C:ASIEMENS\S TEP7\S7proi\Gettin_1

=59 Geling Started
1l SIMATIC 300 Station
=@ crunam
£l 511 57 Program(1)
{3 Source Files

FLC

Diagnosing Hardware - Quick View [<]

Path [Getting StatedSIMATIC 300 Station\CPLF 4(1)157 Pragram(1)

CPU / faulty modules:

)

Module Information...
——

Open Station Orline...

Update
IV Display quick view when diagnosing hardware
Close 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 > 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.

EMudule Information - CPU314 OMLINE - =] x|
Fath: IGetting StartedSSIMATIC 300 StationhCRUIT4[1 ST P CFU operating mode:  STOP
Srhatis:
Time System I Communication I Stacks
Gerneral M emarny I Scan Cycle Time
Events:

Mo, i -

2 " REiiae 2 B ST

3 12:32:35:780 pm 10/M12/98  STOP caused by stop switch being activated

4 12:32:30:890 pm 1012/98  Mode tranzition from STARTUR to BUN

] 12:32:30:890 pm 10412/98  Reguest for manual complete restart

g 12:32:30:890 pm 101298 Mode tranzition from STOP o STARTUP

7 12:32:19:470 pm 1012/98  STOP caused by gtop switch being activated

8 12:32:18:090 pm 10/12/98  Mode transition from STARTUP to RUN ;I
Detailz on event: 1 of 20 EventID:  16# 4303
STOP caused by stop switch being activated ;I

Previous operating mode: STOP [internal]
Requested operating mode: STOP (intemnal)
Ihcoming event

Save fz... | Settings... K [ pem Elosh |D Help on Exent |

. The "Open Block"
Oowe | Wpawe | Bin | pigonis disabled,
because there was no
error in the block in the
"Getting Started"
project.

The latest event (number 1) is at the top of the list. The cause of the STOP state is
o 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
in the topics "Calling the Module Information."

STEP 7 Getting Started 7-13
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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).

If you have worked through the
"Getting Started" sample project in
Chapters 1 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

|
0T o
Zowol_02_STEP.. © ) ; ) '
ZDH1_03 STEP... instructions in Section 2.1 and rename
[
[
[

ZOH01_04_STEP... the project "Getting Started Function."

%g:g]:gg:ggﬁ We will continue with the "Getting

1‘] ]——— - Started" project. However, you can still
carry out each step using a new
project.

Eelling Started -- C:\SIEMENS\S TEP7\S 7proj\G ettin_1 N aVIgate to th e B | oc kS fo | der and

ellmgslavled aion D D EI' .
e | 8D T 0 open it.
=1 57 Progiam(1)
= O . . .
Click in the right half of the window

o with the right mouse button.

STEP 7 Getting Started
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< Insert Mew Object ,

Properties - Funcion
General - Part 1 | General - Part 2| Attibutes |

Mame (internall: FC1

Language: ‘_
Symbiol
Syl commment:
Project path: [
St locati
S [EASIEMENS\S TEF7AS propGetin_1
Code Interface:
Date created: 1210.9815:2%:34
Last modified: 1210.9815:2%:34 12.10.9815:29.34
Camment: ’ a]
125 Getting Started — C:\SIEMENS\STEP7\S7proj\Gettin_1
18 Geting Started
B SIMATIC 300 Station [% i E
- [l CPU3TAT System Data 081 FB1
421 57 Progran(l]
(@ Source Fies
423 Blocks Em ) Ems =t

DB1

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

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.

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

Program."

8-2
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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 declaration table.

The LAD/STL/FBD program window is open. You work with this variable
declaration table in the same way as with the table for the function block (see

Chapter 5).

Enter the following declarations:

Address |Decl. Hame Type

Initial ValsComment

0.0|in Engine_On BOOL

Zignal for switching on the engine

Z2.0[in Timer_ Function |TIMER

Timer function used for the switch-off delay

4.0[out Fan_On BOOL

Signal for switching on the fan

.
=l-{@ Timers

] S_OFFDT

227

??.7 ED = oFrDT G; ??.7

222 TV BI-...

.. R BCD-...

STEP 7 Getting Started
C79000-G7076-C560-02

Select the current path for entering the
Ladder instruction.

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

Insert a normally open contact in front

of input S.
Insert a coll after output Q.
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Select the question marks and enter the corresponding names from the variable
declaration table (the # sign is assigned automatically).

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.

#Tiwer Function

#Engine oOn S OFFDT #Fan_On
| | - Y |
1 = Q L) |
S5TH4s TV BIF...
..—R BCD. ..

8-4 STEP 7 Getting Started
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Programming the Timer Function in Statement List

#Engine_ On
S0THLS

#Tiwer Function
#Timer Function
#Fan_On

I o
]

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.

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_OFFOT
#Engine On-—3 BIf...

SOTHELS — TV BCD ~...

#Fan_ On

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," fu=
"The STL, FBD, or LAD Language Description,"
and "Timer Instructions."

STEP 7 Getting Started
C79000-G7076-C560-02

8-5



Programming a Function

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.

125 Getting Started - C:ASIEMENS\STEP7AS 7proi\Gettin_1

The SIMATIC Manager is open with

E| emngs‘.taued o = Fy P = . i - -
@[] " oo the "Getting Started" project or your
”“ o . . new project.
Navigate to the Blocks folder and
open OB1.
The LAD/STL/FBD program window
opens.

If you copied the symbol table from a sample
project (GS-LAD_Example, GS-STL_
Example, or GS-FBD_Example) to your
"Getting Started" project in Chapter 4, you do
not need to add any symbols now.

Adding Symbolic Names at a Later Stage

Open the symbol table from the LAD/STL/FBD program window using the menu
command Options > Symbol Table and use the scroll bars at the right-hand edge
of the window to scroll to the end of the symbol table.

Now add the following symbols to the symbol table:

Symbol | Address Data Type| Comment
DE_Follow_On T 2  TIMER Follow-on time for diesel engine fan
PE_Follow_On T 1 TIMER Follow-on time for petrol engine fan
Fan FC 1 FC 1 |Fan control
PE_Fan_On Q 5.2 [BOOL Command for switching on petral engine fan
DE_Fan_On Q 56 EOOL Cormmand for switching an diesel engine fan
8-6 STEP 7 Getting Started
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Programming the Call in Ladder Logic

B

. You are in LAD view. Insert a new
457 FC Blocks 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
7.2 . of "Engine_On."

Engine_On

22,7 |Timer_Function

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.

"Fan”
EN ENO

"PE_On" Fan Onf—"pPE Fan On"

I I Engine ©On

"PE Follow on'" —Timer Function

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).

”Fan”
EN ENO

"DE_oOn" Fan On—"DE Fan On"

I I Engine On

"DE Follow On"™ —Timer Function

El Save the block and then close the
window.

Activate the menu command View >Display > Symbol
Information to view the information on individual addresses in
each network.

To display several networks on the screen, deactivate the menu
command View > Display > Comment and, if necessary View >
Display > Symbol Information.

Using the menu command View > Zoom Factor, you can
change the size of the networks displayed.

STEP 7 Getting Started 8-7
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Programming the Call in Statement List

Hetwork 6 : Controlling the Fan for the Petrol Engine If you are programming in Statement
e o ven onr List, select the input area below a new
Timer Punction: =B Follow on" network and enter the STL statements
- - shown here.
Wetwork 7: Controlling the Fan for the Diesel Engine
C;f;mjgg" g on Then save the call and close the
Timer Function:="DE Follow On" window.

Fan_On "DE_Fan_On"

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.

fRan"

.. —EN

"PE On" —Engine_on Fan Onf="pg Fan On"
"PE Follow On" —Timer Function ENO—
"Ean"
.. —EN
"DE On" —Engine On Fan Ooni—"pE Fan on"

E "DE Follow on™ —Timer Function ENO |-

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 in the topics "Calling Reference Helps," =
"The LAD, FBD, or STL Language Description," or
"Program Control Instructions."

8-8 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).

Ii?' m If you have worked through the

"Getting Started" sample project in
* Projects Chapters 1 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."

ZOHN_02_STEP...
ZOM1_03 STEP...
ZOH_04_STEP...
ZoH_05 STEP...
Z0w1 08 STEP... We will continue with the "Getting

P I I‘" °  Started" project. However, you can still
carry out each step using a new

project.

|
[
[
[
[
[
[

5 Gelting Startod - CASIEMENSAS TEPTAS 7proitGetlin_1 :

— Navigate to the Blocks folder and
=1 SIMATIC 300 Station [~ F b it .

&-[§ Crustdm System Data 081 FB1 fim) open it.

=& 57 Frograni1]

= = o o . ;
o = w Click in the right half of the window

O with the right mouse button.

STEP 7 Getting Started
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Insert a Data Block (DB) from the
pop-up menu.

2= O Loy In the "Properties — Data Block" dialog
box, accept all the default settings with
OK.

Use the "Help* Button for further
information.

The data block DB3 has been added to
the Blocks folder.

Double-click to open DB3.

New Data Block In the "New Data Block" dialog box
which then appears, activate the option
Data block.

Close the dialog box with OK.

9-2 STEP 7 Getting Started
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Programming Variables in the Data Block

pdsere fime [iree Ditial valwe eament.  Enter "PE_Actual_Speed" in the Name
s column.

=D.D‘ |END75TRUCT

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.

Address |Hame Type Initial Value |Comment
0. STRUCT
+0.0| |PE_Actual Speed INT a Actual speed for petrol engine
+2.0| |DE_actual Zpeed INT o Actual speed for diesel engine
+4.0| |Preset_Speed Reached |BOOL FALSE Eoth engines have reached the preset speed
=6.0 END_STRUCT

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.

E Save the shared data block.

STEP 7 Getting Started 0-3
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Assigning Symbols

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 oder
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

S Data DE 3 DE 3 Shared data block

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

Also close the variable declaration
E table for 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.

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

9-4 STEP 7 Getting Started
C79000-G7076-C560-02



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.

FB10
CALL FBL1 (for petrol engine)
CALL FBL1 (for diesel engine)

= e B
1r ST o

OB1
CALL FB10, DB10

"Petrol engine" data
"Diesel engine" data

FB1 D

"Engine"

3 &
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Programming a Multiple Instance

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).

@ _ If you have worked through the

"Getting Started" example in Chapters
'F'I Erojects 1to 7, open the "Getting Started"
project.

If not, open one of the following
projects in the SIMATIC Manager:
zEn01_06_STEP7__LAD_1-9 for
Ladder Logic,
zEnO01_02_STEP7__STL_1-9 for
Statement List

|
_UT_ ..k
ZDtM_02_STEP... €
ZDtM_03_STEP... €
Zowd1_o4_STEP... C
ZDtM_05_STEP... €
ZDtM_06_STEP... €
II T I"' E zEn01_04 _STEP7__FBD_1-9 for
Function Block Diagram.

Eelling Started -~ C:ASIEMENS\STEP7AS7proitGettin_1 N av'g ate to th e B I oc kS fol d er an d

F S o005 ston it it ) .
gus;;m . Ey@sla g1 Fe1 FC1 Open It-
= = = = Click with the right mouse button in the

right half of the window and insert a

o function block using the pop-up menu.

Rt e =R e et =] Change the name of the block to FB10
General- Part 1 | General - Part 2| Attibutes | d | h ired .
Hame (internalk ¥ Multiple instance F and se eCtt e reqUIre programmlng
T % language.
Syl . . . .
Sy conmen: Activate Multiple instance FB (if
B necessary) and accept the remaining
CASIEMENSASTER?NS7proj\Gettin_1 . .
'Em e default settings with OK.
E:::;?;:: mggglgl;i 12109810:17:22 FB10 has been added to the Blocks

onent ’ 2l folder. Double-click to open FB10.

Il

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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Programming a Multiple Instance

10.2 Programming FB10
To call FB1 as a "local instance" of FB10, a static variable must be declared with a
a different name for each planned call of FB1. Here, the data type is FB1
("Engine").
Filling out the Variable Declaration Table

The LAD/STL/FBD program window is open. Declare the following variables for

the FB1 call:
Address |[Decl. Hame: Type Initial ValiComment
in
0.0fout Preset Speed Reached EQOL FALSE Eoth engines have reached the preset speed
in out
2.0|stat Petrol_Engine "Engine” First local instance of FB1 "Engine”
10.0|stat Diesel Engine "Engine” Second local instence of FB1 "Engine™
0.0|temp PE_Preset_Speed Reached |EOOL Preset speed reached (petrol engine)
0.1|temp DE_Preset_Speed Reached |EOOL Preset speed reached (diesel engine)

The declared local instances will then appear in the
Program Elements catalog under "Multiple Instances."

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.

#Petrol Engine

EN ENO
"dwitch Om PE" Engine Oni—"pgE On'
|| Switch_on -
Preset_Speed Reac| #PE Preset Speed R
"Switch Off_PE" hed eached
I} Switch Off
The "Actual_Speed" for the engines is not
"PE_Failure” _ taken from a memory bit (see Section 5.6
[} Failure 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.

"S_Data".PE_Actual
Speed —|actual Speed

STEP 7 Getting Started 10-3
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Programming a Multiple Instance

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

#Diezel Engine

EN ENC

"Switch On DE" Engine On—"DE_On"

I I Suitch On

Preset_Speed Reac #DE_Freset_Speed R

"Switch Off_DE" hed Feached

I I Switch Off

"DE_Failure"
|| Failure

"S_Data".DE_Actual
Speed —Actual Speed

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

The temporary variables
#PE_Preset Speed R #DE_Preset Speed R #Preset Speed Reac ("PE_Setpoint_Reached" and
eached eached hed "DE_Setpoint_Reached") are
| supplied to the output parameter
"Setpoint_Reached," which is
then processed further in OB1.

| ] | ] f
L

\
| [ [ 1 |

Programming FB10 in Statement List

CALL HPetrol Engine If you are programming in Statement
Switch On :="Switch On PE" . .

Switch OFF :="Switch OFF PE" List, select the input area under a new
Failuce ©7VPE_Failure? network and enter the STL instructions
Actual Speed :="3_Data".PE_Actual Speed

Engine On :="FE_On" ShOWn here

Preset_Speed Reached:=#PE_Freset Speed Reached

CALL #Diesel Ergine Then save your program and close the
gwitch On i="Zwitch On DE" block.

Switch Off ="Zwitch Off _DE"

Actual Speed :="3_Data".DE_Actual 3Zpeed
Engine_On r="DE_om"
Preset Speed Reached:=#DE Preset Zpeed Reached

Failure :="DE_Failure"

#PE_Preset_speed Reached
#DE_Preset_Speed Reached
#Preset_Speed Reached

[
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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.

#Petrol Engine
. —{EN
"Switch On PE" — Fwitch On
"Switch oOff PE" —Switch Off Engine Onl="pE on"
"PE Failure" —|Failure Freset Speed Reac| #PE Preset ZSpeed R
hed —eached
"3_Data".PE_Actual
Speed —Actual Speed ENC |-
#Diesel Engine
. —{EN
"Switch On DE" —{Switch On
"Iiteh Off DE" — Switch Off Engine Onf—="DpE On"
"DE Failure" —Failure Preset_3peed Reac| #DE Preset Speed R
hed —eached
"% Data".DE_Actual
Speed —2ctual Speed ENO

#PE_Preset Speed R

eached —_ #Preset Speed Reac

hed
#DE_Preset Speed R =

E eached —_ —

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
for functions (FCs) is not possible.

You can find more information under Help > Contents in the u
topics "Programming Blocks," "Creating Logic Blocks," and
"Multiple Instances in the Variable Declaration Table."
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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 — C:\SIEMENS\STEP7\S 7proj\Gettin_1

[Getting Started
1l SIMATIC 300 Station
- cruztm

BE a1}

Hew Data Block E
Black: DB10

IDB E ditar 'l

Pragramming taal:

¢ Data block

" Data block referenci -defined data type
<_ + [ata block referencing a function block

Beference:

Cancel Help |

< Diata Wiew >

Declaration YWiew

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
which appears and confirm the
remaining settings with OK.

The data block DB10 has been added.
Open this block to view the "New Data
Block" dialog box.

Activate the option Data block
referencing a function block and
select FB10.

Confirm the settings with OK.

The data block DB10 is opened. 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.
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Change the actual value of the diesel engine to "1300," save the block, and then

close it.

Address |Decl. Hame Type Initial Value [Actual Value |Comment
0.0[out PrEsEt_SpEEd_REachEd EBOOL FALSE FALSE Both engines have reached
Z.0|stat:in PEtrﬂlﬁEnglne.Swit::hﬁOn BOOTL FALSE FALSE Switech on engine
Z.1l|stat:in PEtrﬂlﬁEnglne.Swit::hﬁOff BOOTL FALSE FALSE Switch off engine
Z.Z|stat:in PEtrﬂlﬁEng:Lne.Fsilure BOOTL FALSE FALSE Engine failure, causes thel
4.0|stat:in Petrol Engine.Actual Speed INT 1} 1} Actual engine speed
6.0|stat:out PEtrﬂlﬁEnglne.Engineion BOOTL FALSE FALSE Engine is suwitched on
6.1|stat:out PEtrﬂlﬁEng:Lne.PresetispeediRea::hed BOOTL FALSE FALSE Preset speed reached
8.0|skat Fetrol Engine.Preset Speed INT 1500 1500 Requested engine speed
10.0|stat:in DleseliEnglne.Swit::hion BOOTL FALSE FALSE Switech on engine
10.1|stat:in DJ.EsEl_EngJ.nE.SwJ.tch_Off EBOOL FALSE FALSE Switch off engine
10.2|stat:in DJ.EsEl_EngJ.nE.Fa.LlurE EBOOL FALSE FALSE Engine failure, causes the
1z.0|stat:in Diesel Engine.Actual Speed INT n] 1] Actual engine speed
14.0|stat:out DJ.EsEl_EngJ.nE.EnglnE_On EBOOL FALSE FALSE Engine is switched on
14.1|stat:out DJ.EsEl_EngJ.nE.Presat_SpEEd_REachEd EBOOL FALSE Preset spEEd reached

O|stat Diesel Engine.Preset_gpesd INT 1500 1300 uested engine speed

E 1.

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."

STEP 7 Getting Started
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topics "Programming Blocks" and "Creating Data Blocks."
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Programming a Multiple Instance

10.4 Calling FB10in 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.

|27 Getting Started - C:\SIEMENS\STEP7\S7proj\Gettin_1 Open OBl |n the prOJECt |n Whlch you
D s wsion || (9 o o = .
T | o have just programmed FB10.
@

ti] = =

i o If you copied the symbol table from a sample

o810 v project (zEn01_02_STEP7__STL_1-10,

zEn01_06_STEP7__LAD_1-10 oder

zEn01_04_STEP7__FBD_1-10) to your
"Getting Started" project in Chapter 4, you do
not need to add any symbols now.

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.

Symbal | Address |Data Type| Comment
Engines FE 10 FE 10 Example of multiple instances

Engine_Data DB 10 FB 10 |Instance data block for FB10 10

Programming the Call in Ladder Logic

Insert a new network at the end of OB1
and add the call for FB10 ("Engines").

10-8 STEP 7 Getting Started
C79000-G7076-C560-02



Programming a Multiple Instance

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

Presst_Speed Reac| "5 Data".Preset Sp
hed reed_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 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.

CATTL "Engines" , "Engine Data”
Preset_Speed Reached:="3 Data".Preset_Zpeed Reached

STEP 7 Getting Started 10-9
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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 Reac| "3 Data".Preset Sp

E ... —EN hed —eed Reached

ENC -

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 in the —
topics "Calling References Helps," "The STL, FBD, or LAD
Language Description," and "Program Control Instructions."
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11 Configuring the Distributed 1/0

11.1 Configuring the Distributed 1/0 with PROFIBUS DP

Automation systems with conventional configurations have the cable connections
to the sensors and actuators inserted directly into the I/O 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).

Modular slaves:
for example, ET 200 M-IM153

Compact slaves:
for example, I/O modules
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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11-2

Creating a New Project

Press F1 for help. v

< ‘MNew Project' wWizard... >

STEP 7 Wizard: "New Froject”

Bl Which CPU are you using in your project? 214
CRU
= CPU-Typ [ Bestelir [=]
< CPU3I52DP BES7 315-26F01-04B0)
CPU name: [cruziszoF
MPI address: lﬁ
E = I — ﬂ
Preview<
) 57 Froz Block Name [ Symbolic Mame |
=l SIMATIC 300 Station ERYaR] Cycle Execulion
= §l cPU315 2P
=-i] 57 Program(1]
43 Blocks
< Back Mest > I Hake | Cancel Help |

Inserting the PROFIBUS Network

I25 GENB . £:AGiemens\S TEP7AS 7PRDJAGS_DP

QL2 GS-DP 5
S | [ =
=-[@ crustn SIMATIC 300 M)
=] 57 Program(1] Station
= Fil

S0 Source Files
*ig8 Blocks

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 1/0O).

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 and insert the
PROFIBUS network using the right
mouse button in the right half of the
window.

STEP 7 Getting Started
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Configuring the Station

'E"?';ES'DP - CASiemens\STEF7AS7PRONGS_DP

s CPUN4I)
-1 57 Program(1]

" (E Source Fies
" &8 Blocks

=
|l

CPU315-2 DP
DM

e
=-{E siMaTIC 300
- E-{1 Ps3m0

[+

=i SMATIC 300
202 sM-300
= DI-300

€] sMaz DIzzoCay

=3 DO-300

<

SM 322 DO32DC24Y /0. 54

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 I/O
modules DI32xDC24V and
DO32xDC24V/0.5A in slots 4 and 5.

STEP 7 Getting Started
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In addition to the CPU which supports the
distributed I/O, you can also place other CPUs in
the same rack (not described here).
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11-4

Configuring the DP-Master System

DP baster System

P3307 54 ok
CP|

PROFIBUS[1). DF Master System 1)

Azt

3
4 |[ Dlaz«DC24v

5 |[§ DO32DC24/DEL
B

B

|

=4

FROFIEUS-DP

Properties - PROFIBUS Node B-16DI DP

Geral  Parameters

Address =

Transmissian rate:1.5 Mbp

Subnet:

ot netwerked - TR
Fropetties
Delete

Ahbrechen Hilfe:

-4 PROFIBUS-DP
= ET 2008

B B-1601

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

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
"Network Connection" tab of the
"Properties" dialog box.

Confirm the suggested address 1 with
OK.

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.
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=5 PROFIBUSDP
© B .

G @ M5

DIZZDC24Y
DO32xDC24Y/0 54,

=4 PROFIBUS-DP

{3 ET 200M

O3 IM153
=6 -

STEP 7 Getting Started
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Drag and drop the interface module
IM153 onto the master system and
confirm the node address again with
OK.

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.




Configuring the Distributed I/O

Changing the Node Address

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
D032xDC24V/0.4A (slot 4).

il B el ) Now change the input addresses in the

G "Addresses" tab of the "Properties"
dialog box from 6 to 12.
Close the dialog box with OK.
=

Finally, save and compile the
distributed 1/O configuration.

Close the window.
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Optional: Configuring Networks

-\Siemens' ASTEP7AS7PROJAGS_DP

o =

SIMATIC 300 MPI)
Shation

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

MATIC 300 Station
=-[@ cru3ts20P
E1 &0 57 Pragram(3)

PROFIBUS(1)

~ (B Source Files
{8 Blocks

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

The "NETPRO" window is opened.

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

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
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Appendix A

Overview of the Sample Projects for the Getting Started Manual

zEnO01_02_STEP7__STL_1-10:
The programmed Chapters 1 to 10 including the symbol table in the STL
programming language.

zZEn01 01 _STEP7__ STL 1-9:
The programmed Chapters 1 to 9 including the symbol table in the STL
programming language.

zEn0l1_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.

zEn0l1_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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