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1. FORWARD

The Module B5 is assigned content wise to Additional functions of STEP 7- Programming.

Basics of
STEP 7- Programming
2-3days A modules

'

Additional functions of
STEP 7- Programming
2- 3days B Modules

Industrial field bus Sequencer Process
systems programming visualization
2- 3 days D modules 2- 3 days C modules 2- 3 days F modules

!

IT- Communication
with SIMATIC S7
1- 2 days E modules

Learning goal:

In this module, the reader should learn how a function block with internal variables is generated for
structured programming.

e  Generating a function block

e Defining internal variables

e  Programming internal variables in a function block

e  Calling and parameterizing of a function block in OB1

Requirements:
For the successful use of this module, the following knowledge is assumed:

e  Knowledge in the use of Windows 95/98/2000/ME/NT4.0

e  Basics of PLC- Programming with STEP 7 (e.g. Module A3 - ‘Startup’
PLC programming with STEP 7)

e Basics to structured programming (e.g. Appendix | - Basics to PLC —Programming with
SIMATIC S7-300)

Forward Notes Function block with variable declaration
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Required hardware and software

1 PC, Operating system Windows 95/98/2000/ME/NT4.0 with
- Minimal: 133MHz and 64MB RAM, approx. 65 MB free hard disk space
- Optimal: 500MHz and 128MB RAM, approx. 65 MB free hard disk space
2  Software STEP 7 V 5.x
MPI- Interface for the PC (e.g. PC- Adapter)
4 PLC SIMATIC S7-300 with at least one digital in- and output module. The inputs must be lead
through a functional unit.
Example configuration:
- Power supply: PS 307 2A
- CPU:CPU 314
- Digital input: DI 16x DC24V
- Digital output: DO 16x DC24V /0.5 A

w

4 SIMATIC S7-300

Forward Notes Function block with variable declaration
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2, NOTES FOR STRUCTURED PROGRAMMING WITH FCS AND FBS
The program execution is written in blocks in STEP 7. The organization block OB1 is already
i available.

The program execution describes the interface to the operation system of the CPU and is called

automatically from this block and executed cyclically.

By extensive control tasks, one cuts the program into small, manageable and ordered program blocks

in functions.

These blocks are then called from the organization block over the block call instructions

(Call xx / UC xx / CC xx). If the block end was realized, the program executes further in the previously

called block call.

For structured programming, STEP 7 offers the following:

¢ FB (Function block):
The FB has an assigned storage area. If a FB is called, it can be assigned a data block (DB).
From the data in this instance, the DB can be accessed by a call from the FB. A FB can be
assigned different DBs. Further FBs and FCs can also be called over block call instructions in a
function.
e FC (Function):

A FC does not possess an assigned storage area. The local data of a function is lost after the
editing of the function. Further FBs and FCs can be called over block call instructions in a
function.

Forward Notes Function block with variable declaration
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i The structure of a program can look as follows:
j OB 1 FB 1 DB 10
Call FB1, DB10 4—||nstance-DB
Local data only
FB1
BE
FC 2
UC FC2 P
OB = Organization block
FB = Function block
FC = Function
BE DB = Data block
Note: In order to use the blocks, they must first be generated. There is also a
possibility to program these FCs and FBs in the form of standard blocks under the use
of internal variables. Then any function can be called often, whereas another local
instance DB must access a FB each time.
Forward Notes Function block with variable declaration
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3. GENERATING A FUNCTION BLOCK WITH VARIABLE DECLARATION

When blocks are generated with STEP 7, the quasi as a “Black-Box" in any program functions must
be programmed under assignment from variables. Therefore the rules apply, that in these blocks, no
absolute addressed In/Outputs, memory bits, timers, counters, etc. are allowed to be used. Single
variables and constants come here to be assigned.

=ie

In the following example, a function block with variable declaration is to be provided which contains a
@ band control and additionally another cycle counter.

Therefore the band motor is activated with the button ‘SO‘ and deactivated with the button ‘S1°.
The traversing program cycles should be counted to a memory bit double word.
The example refers to the displayed addresses:

Inputs:
- In-Button SO =10.0
- Out-Button S1 =10.1

Outputs:
- Band motor =Q 4.0

Memory bits:
- Cycle counter = MD20

Forward Notes Function block with variable declaration
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To create this program example, the following steps must be accomplished(with the production of a
hardware configuration):

1. Open SIMATIC Manager with a double click (— SIMATIC Manager).

SIMATIC Manager

2. Create a new project ( — File - New)

I SIMATIC Manager
PLC W¥iew Dpfiorns window Help

Chrl+M
‘Mew Project' Wizard...
Dpen... Chl+0
Open Yersion 1 Project...

57 Memory Card 3
Memary Card File 3

Delete...
Feorganize...
Manage...

Archive...
Retrieve...

Fage Setup:..
LLateling fields:.
Frint Setup...

1 Testproject_DB [Project] -- C:\SiemenshStep?s S 7proj\T estproj
2 startup [Projekt] -- C:A\Siemens\Step75 FprojiStartup

3 Emeichbare Teilnehmer

4 Abschervarrichtung [Project] - C:5.\Step?\S 7 profuabschery

Ezit Alt+F4

Creates a new project or a new library. G
Forward Notes Function block with variable declaration
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3. Generate a new project, allocate the project with a name Testproject_FB
(— Testproject_FB)

Ilzer projects | Libraries I

| Mame I Storage path I
| Abzchervorichtung  CASiemens\Step? S 7profhaBSCHERY

Cutting apparatus  C:ASiemenshStep?sS FprofCutting_2

Cutting apparatuz  C:A\SiemensStep ™S FprofCutting_

Cutting apparatuz  C:ASiemenzhStep ™S TprojCuttest

startup C:ASiemensyStep S FpropSTARTUR

| Testprojgkt_DB C:ASiemenshStep S 7profh T estproj

M arme: Type:
ITestprDiect_FE| I Project n |

Storage location [path):

IE:'\Siemens'\Step?'\S?prDi Browse. .. |
e |

4. Insert a new S7-Program ( — Insert - Program — S7-Program).

QSIMATIE Manager - Testproject_FB M= E3
File Edit WiEE8 FLC View Options Window Help

n] =3 Station : !I IEI_EI EEI" @I |<N0Filter> 'IE EI

Subnet

ST Softare. r AN REzEm
H Eiagram

E S Blasl [ st 1o v 35 7projh T estpr_1
IF Gl Sofiware r

St Tatle
Ertermal Source:..

Inserts 57 Program at the cursor positian. G
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5. Highlight the folder Blocks (— Blocks).

JS[=] E3

QSIMATIE Manager - Testproject_FB
File Edit |nzet PLC View Option: ‘window Help

D|2lEs]e| & |=]e] bl = =

I<NuF|Iler> j'ﬂlﬁl

A Testproject_FB -- Siemens\Step?\S 7proj\Testpr_1

5-5 Testproject_FB 3 OB1

=] S7 Pragrara(1)
(@] Sources
Ly

Presz F1 to get Help.

6. Insert a Function block ( — Insert — S7 Block — Function block).

QSIMATIC Manager - Testproject_FB H=] E3

File E\:Ill PLC \iew Options “Window Help
e Gtation » = Iﬁv 3| ==
< Mo Filter » - i) 2d
D=l 7 ; 3] 7| 28| K
=
ez :
=3P To e e v
E‘E 1 Organization Block

i M Gaftware @l 2 Function Block
.. .. 3Function
4 Data Black
5 Data Type

E Variable Table

Sl Tatle:
Egtermal Source..

Inserts Function Block at the cursar pogition,

Forward Notes Function block with variable declaration

T 1A Training document Page 11 of 20 Module B5
Last revision: 02/2002 Structured programming with function blocks



SIEMENS

Automation— and Drive Technology- SCE

7. Enter the name of FB1 for the FB and click on OK ( —» FB1 — OK).
Properties - Function Block
General - Part 1 !General - Part 2; Calls ; Attributes;
MName: FE1 ¥ Multiple Instance Capakility
Svmbaolic Mame: i
Symbol Comment: i
Created in Language: STL -
Project path: ;
Sh locati
ng;?:ct?ca 1on !C: WSiemenszhStepS FprofhTestpr_1
Code Interface
Drate created: 2340852002 04:50:33
Last modified: 234092002 04:50:33 23/09/2002 04:50:33
Comment; _m_;
8.  Open function block FB1 with a double click. (— FB1)
QSIMATIC Manager - Testproject_FB =] B3
File Edit |nset PLC Miew Options ‘Window Help
Dlz(Eslm] o (el &l e 5l [orie 19| @] |
"Teslpmiecl_FB -- C:ASiemens\Step7\S 7projsTestpr_1
Sources
Prezz F1 to get Help. i
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9. With LAD, STL, FBD: Program blocks, you now have an editor which gives you the possibility
to edit your functions.
In addition, the variables should be defined and specified in the variable declarations table,
which is displayed in the FB1.

[HPS )

These variables are type ‘in’, 'out’, 'in_out’, 'stat’ and 'temp’.

=ie

Input parameters (IN) only in FBs, FCs, SFBs and SFCs
With help of the input parameters, data is assigned for the processing of the block.

Output parameters (OUT) only in FBs, FCs, SFBs and SFCs
With the output parameters, the results are assigned to the called block.

In/Out parameters (IN_OUT) only in FBs, FCs, SFBs and SFCs
With the in/out parameters, data is assigned to the called block, processed and files the results from
the called block into the same variables.

Statistical data (STAT) only in FBs and SFBs
Statistical data is the local data of a function block that is saved in an instance data block and
therefore remains preserved until the next processing of the function block.

Temporary data (TEMP) in all blocks
Temporary data is local data of a block that is filed during the processing of a block into the local data
stack (L-Stack) and is no longer available after processing.

statistical variables (stat) to regulate because there is no memory for the contents of the
variable contents after the processing of the FC. In the FB, these statistical variables
are buffer stored in the corresponding local instance DB until the next processing of the
FB.

Out of this principle, only the FB is suited for the creation of programs in which data like
e.g. step memory bits over more program cycles should remain stored away.

ili Note: Here the difference between FB/SFB and FC/SFC is stated. In a FC, there are no

Forward Notes Function block with variable declaration
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Declaration-
Column specifies the

type of variable.

Ei_:i_LADISTUFBD - DB10 - Testprojekt_FB\S7-Programm(1]]

This stipulation of the variables follows by the first name given. The data type is specified and an
optional initial value and comment are entered. This example appears as follows:

Initial value to which Comment to
the data type must be documentation
compatible ( optional ).

( optional ).

3 File Edt [ncetff FLC Debug View Option: Window Help =|8]xl
PRI J&I;@J o] Bl o 2] 11 ]
RAddress [Declaration |Hame Initial value Comment
0.0|in On BOOL FALSE Ivlotor on
0.1|in Off BOOL FALSE IMotor off
2.0/out Hotor BOOL FALSE Band motor
4.0linout |Cycl DINT LD Cyel: comer
8.0|stat b1 E0OL KL3E Ti pourter
PrenlrmgaHeb. T2 lofflee Bbs et | 4

The absolute address is

created automatically from
STEP 7.
The address format is

BYTE,

BIT.

Symbolic name is
referenced with the
absolute address. Over
this address, the variable
can be accessed.

Chosen data
type (see below)
for your data
element.

In the declaration, one of each chosen stationary variable type is displayed.

Also displayed by FCs are variables from type ‘in’, ’out’, ’in_out’ and 'temp’ and by
FBs, variables from type ‘in’, out’, ’in_out’, ’stat’ and 'temp’. If a further variable from
a particular type is required, then one must click on the variable row in the last column
(Column), and then hit <Enter>. Then an empty row with this variable type

appears.

Forward

Notes

Function block with variable declaration

T 1A Training document
Last revision: 02/2002

Page 14 of 20

Module B5
Structured programming with function blocks




SIEMENS

Automation— and Drive Technology- SCE

s Data in a data block must be determined through data types.
1 The following standard- data types are defined in the S7 below :
Type and Size Format-options | Range and number notation Example
description in Bits (lowest to highest value)
BOOL (Bit) 1 Boolean-Text TRUE/FALSE TRUE
BYTE (Byte) 8 Hexadecimal B#16#0 to B#16#FF B#16#10
number
WORD (Word) 16 Binary number 2#0 to 2#1111_1111_1111_1111 2#0001_0000_0000_0000
Hexadecimal W#16#0 to W#16#FFFF W#16#1000
number
BCD C#0 to C#999 C#998
Decimal number B#(0,0) to B#(255,255) B#(10,20)
unsigned
DWORD (Double 32 Binary number 2#0 to 2#1000_0001_0001_1000_1
word) 281111 _ 11111111 1111_1111_1111 [ 011_1011_0111_1111
11111111
Hexadecimal DW#16#0000_0000 to DW#16#00A2_1234
number DW#16#FFFF_FFFF
Decimal number B#(0,0,0,0) to B#(255,255,255,255) B#(1,14,100,120)
unsigned
INT (Integer) 16 Decimal number -32768 to 32767 1
signed
DINT (Int,32 bit) 32 Decimal number L#-2147483648 to L#2147483647 L#1
signed
REAL (Floating- 32 IEEE floating-point | Upper limit: +/-3.402823e+38 1.234567e+13
point number) number Lower limit: +/-1.175495e-38
S5TIME 16 S7-Time in steps of [ S5T#0H_OM_0S_10MS to S5T#0H_1M_0S_OMS
(Simatic-Time) 10 ms S5T#2H_46M_30S_OMS and S5TIME#1H_1M_0S_O0MS
S5T#0H_OM_0S_0OMS
TIME 32 IEC-Time in steps | -T#24D_20H_31M_23S_648MS to T#0D_1H_1M_0S_OMS
(IEC-Date) from 1ms, integer | T#24D_20H_31M_23S_647MS TIME#0OD_1H_1M_0S_O0MS
signed
DATE 16 IEC-Date in steps | D#1990-1-1 to D#2168-12-31 DATE#1994-3-15
(IEC-Date) of 1 Tag
TIME_OF_DAY 32 Time in steps of TOD#0:0:0.0 to TOD#23:59:59.999 TIME_OF_DAY#1:10:3.3
(Time) 1ms
CHAR (Character) 8 ASCII-Characters ‘A", ‘B’ etc. ‘B’

Forward
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10. Now the program can be entered by the use of variable names. (Variables are recognized with
the symbol #). These variables can be seen in the following example in STL. The function block

FB1 should be saved |E| and downloaded into the CPU ﬂl The mode switch of the CPU

must be on STOP! ( — |E| - ﬂl)

ELADJSTUFBD - [FB1 -- Testprojekt_FB\S7-Programm(1]]
{F File Edit Inset PLC Debug View Options Window Help =1

T = T o e g e S A A )

FBL ¢ Band contrml with cyele counter j

Comment.:

...........

Comment
i #0n \ . .
5 #m In the program, the variable is
A #Off accessed directly with ‘#’
R #Mbl recognized symbol name.

Hetwork 2: Triggerband motor

Comment: /

A EtiLD
= #hlotor

Hetwork 3: Cycle counter increases the le #Cycle by 1 each cycle

Comment: v

L #Cycls
L L#l
+D
T #Cycle

KIN| ;IJ

Press F1 to gat Help. 2 [offline Abe | Insert |

Forward Notes Function block with variable declaration
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1.
(—> OB1).

% Eile Edit Inset PLC “iew Option: indow Help

In SIMATIC Manager, only the OB1 is opened in order to program the call of the FB1

D|c(8®

| & || (o 2[5 =

=] % Testproject_FB
[=1+{=7] 57 Program(1]
(Bl Sources

Prezs F1 to get Help.

T+

FBE1

12. Accept the setting with a click on OK ( —» OK)).

Properties - Organization Block

General - Part 1 i General-F’arl2; Calls ; Altrihutes;

MName:

Sumbaolic Mame: ;

Symbol Comment: i

Created in Language: STL &

Froject path:

Starage location
of project:

Date created:
Last modified:

Carmment:

iE:\S iemenz\Steps\S FprofiTestpr_1

Code
24409/2002 10:21:40
OF/02/2000 030343

Interface

15/02/1336 04:51:12

"Main Program Sweep [Cycle]”

2
I

Cancel I Help

Forward
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13. With ‘LAD, STL, FBD: Program blocks’, you now have an editor that gives you the possibility to
generate your OB1. The FB1 should be called together with it's associated instance DB (also
called local DB) with the following instruction line.

CALL FB1,DB10 <Enter>

Therefore, the instance DB (DB10) can automatically be generated when the question is answered
with Yes ( — Call FB1,DB10 — Yes).

IERLAD/STL/FBD - OB1 =10] x|
File Edit Ingert PLC Debug “iew Optiong wWindow Help

D38| & 5 |e@] || sl [= [
el I 2 s O R e 5 = o N

-----------

Comment.: I

Call FE1,DE1D

LAD/STL/FED (20:150) I

The inztance data block DB 10 does not exizt. Do pou
want o generate ity

Mo I Details. .. I Help I

Press F1 to get Help. [ 2 | offline |abs  [Mwl Ln 2

14. Then all variables from type ‘in’, ‘out’ and ‘in_out’ are displayed, so that these variables can be
assigned actual parameters (e.g.: 1 0.0, MW2 etc ...).

hetwork s Ticie:
Comment
CALL FE 1 , DELD
In :=
Out:=
Motor:=
tycle =
Forward Notes Function block with variable declaration
T 1A Training document Page 18 of 20 Module B5

Last revision: 02/2002 Structured programming with function blocks



SIEMENS

Automation— and Drive Technology- SCE

STOP! (—>|E|—> ﬂl)

B LAD/STL/FBD - OB1
Edit Insert PLC Debug Yiew Options Window Help

Eile

[=] Ed

D|2|3-E] & 0 El@] =] sl [o

O 2 ) 2 N ) i 3 P e L

m OB1 -- Testproject_FB\S5Y Program[1]

Comment:

CALL FE 1,
In :=I0.0
Out:=I0.1
Motor:=04.0
Cycle:=MD20

LE10

Press F1 to get Help,

2 |offline [abs  [Mw1 Ln 2

15. In our example, the allocation follows as shown. If the allocation is as follows, the organization

block OB1 can be saved Iﬂl and downloaded ﬂl . The mode switch of the CPU must be on

Note: On this type, the FB1 can be called several times between the indication of different data
blocks and in/output addresses. Thus it represents a standard block for this
special setting of tasks.
Forward Notes Function block with variable declaration
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16. Now in ‘SIMATIC Manager’, the instance DB (local DB) ‘DB10’ is chosen and downloaded into

the CPU ﬂl The mode switch of the CPU must be on STOP!(— DB10 —» ﬂl)

K SIMATIC Manager - Testprojekt_FB [_ o] x]
Datei Bearbeiten Einfigen Zielsystem  Ansicht Extras  Eenster

Hilte
] = s A = B B = e N

22 Testprojekt_FB - <Offline> (Projekt) — CASIEMENSY ... [I[=] 3

EI% Testprojekt_FB i FG1
o= S7-Programm(l) = DB
(@ Quellen ok OB
.29 Bausteine

Driicken Sie F1. um Hilfe zu erhalten. i

17. By switching the mode switch to RUN the program is started. The motor switches on when
switch 10.0 is activated. It is switched off, as the switch 10.1 is activated. In the memory bit
MD20, how often the FB1 from the OB1 is called, is taken into account. The memory bits get a
feeling for the cycle time of the OB1. This happens with a high frequency, since the program
cycle is very short in the OB1.

Forward Notes Function block with variable declaration
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