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HIGH-LEVEL LANGUAGE PROGRAMMING
WITH S7-SCL

1. Objective

In this section, you will learn more about the basic functions of the S7-SCL high-level language.

Test functions for eliminating logical programming errors will also be presented.

The SIMATIC S7 controllers listed in Chapter 3 can be used.

2. Requirement

This section is based on the hardware configuration of SIMATIC S7 CPU1516F-3 PN/DP but can
also be implemented with other hardware configurations that have digital and analog input and

output cards. To implement this section, you can use the following project, for example:
SCE_EN_012_101_ Hardwarekonfiguration_CPU1516F.zap13

You should also have basic knowledge of high-language programming, for example, using Pascal.
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3. Required hardware and software

1 Engineering station: requirements include hardware and operating system

(for additional information, see Readme on the TIA Portal Installation DVDs)
2 SIMATIC STEP 7 Professional software in TIA Portal — as of V13

3 SIMATIC S7-1500/S7-1200/S7-300 controller, e.g. CPU 1516F-3 PN/DP —
Firmware as of V1.6 with memory card and 16DI/16DO and 2Al/1A0

4 Ethernet connection between engineering station and controller

e\ 2 SIMATIC STEP 7

_ _ _ Professional (TIA
1 Engineering station Portal) as of V13

4 Ethernet connection

3 SIMATIC S7-1500 controller

For unrestricted use in educational / R&D institutions. © Siemens AG 2017. All rights reserved.
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4. Theory

4.1

4.2

The S7-SCL programming language

S7-SCL (Structured Control Language) is a high-level, Pascal-based programming language that
allows for structured programming. The language corresponds to the "Sequential Function Chart"
(SFC) language specified in the standard DIN EN-61131-3 (IEC 61131-3). In addition to high-level
language elements, S7-SCL also includes typical PLC elements as language elements, such as
inputs, outputs, timers, bit memories, block calls, etc. S7-SCL particularly supports the STEP 7
block concept and, in addition to the statement list (STL), ladder logic (LAD) and function block
diagram (FBD), S7-SCL makes it possible to program blocks that conform to the standards. This
means S7-SCL supplements and expands the STEP 7 programming software with its programming
languages LAD, FBD and STL.

You do not have to create every function yourself but can use precompiled blocks, such as system

functions and system function blocks that are present in the CPU's operating system.

Blocks that are programmed with S7-SCL can be mixed with STL, LAD and FBD blocks. This
means that a block programmed with S7-SCL can call another block that is programmed in STL,
LAD or FBD. Accordingly, S7-SCL blocks can also be called in STL, LAD and FBD programs.

The S7-SCL test functions make it possible to search for logical programming errors in an error-
free compilation.

The S7-SCL development environment

With regard to the use of S7-SCL, there is a development environment that is tailored to the
specific properties of both S7-SCL and STEP 7. This development environment consists of an

editor/compiler and a debugger.

S7-SCL for S7-1500

Editor/Compiler Debugger

For unrestricted use in educational / R&D institutions. © Siemens AG 2017. All rights reserved.
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Editor/Compiler

The S7-SCL editor is a text editor that can be used to edit any kind of text. The central task of the
S7-SCL editor is creating and editing blocks for STEP 7 programs. A basic syntax check is
performed during the input which makes it easier to avoid errors during programming. Syntax

errors are displayed in different colors.

The editor offers the following options:

- Programming of an S7 block in the language S7-SCL.

- Convenient adding of language elements and block calls with drag & drop.
- Direct syntax check during programming.

- Customization of the editor to meet your needs, e.g. colors for the different language elements

according to syntax.
- Checking of the finished block through compiling.
- Display of all errors and warnings that occur during compiling.

- Localization of error locations in the block, optionally with error description and information on

troubleshooting.
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Debugger

The S7-SCL debugger enables you to check a program while it is running in the automation system

(AS) and thus find any potential logical errors.

S7-SCL provides two different test modes:
- Continuous monitoring

- Step-by-step monitoring

With "Continuous monitoring" you can test a group of instructions within a block. During the test,
the values of the tags and parameters are displayed in chronological order and-if possible—

updated cyclically.

With "Step-by-step monitoring" the logical program sequence is followed. You can execute the
program algorithm instruction-by-instruction and observe how the contents of the processed tags

change in a result window.

The type of CPU you are using determines whether or not you can use "Step-by-step monitoring".
The CPU must support the use of breakpoints. The CPU used in this document does not support

breakpoints.
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5. Task

5.1 Example task tank volume

In the first part, you are to program the calculation of the tank volume.

5.2 Expansion of the sample task

In the second part, the task is expanded and you are programming an error evaluation.

6. Planning

The tank is in the shape of a vertical cylinder. The filling level of the volume is measured with an
analog sensor. For the first test, the filling level value shall be available in standardized form (in

meters).

Global parameters, such as the diameter and the height of the tank, shall be stored in a
"Data_Tank" data block.

The program for calculation of the content shall be written in a "Calculate_Volume" function and the

parameters shall use the unit 'meter' or 'liter".

6.1 Global data block "Data_Tank"

The global parameters are stored in multiple structures in a global data block.

Name Data type Start value Comment
dimensions STRUCT
height REAL 12.0 in meter
diameter REAL 35 in meter
measured_data STRUCT
filling_level_per INT 0 range 0...27648
filling_level_scal REAL 0.0 range 0...12.0
volume_liquid REAL 0.0 in liter
fault_flags STRUCT
calculate_volume | BOOL fault == true

Table 1: Parameters in the "Data_Tank" data block

For unrestricted use in educational / R&D institutions. © Siemens AG 2017. All rights reserved.
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6.2 "Calculate_Volume" function

This block calculates the content of the tank in liters.

In the first step, the transferred parameters are not to be checked for reasonableness.

The following parameters are required for this step:

Input Data type Comment

Diameter REAL diameter cylindric tank in meter
Filling_level REAL filling level of liquid in meter
Output

Volume REAL volume of liquid in the tank in liter

Table 2: Parameters for "Calculate_Volume" function in the first step

The formula for calculating the volume of a vertical cylinder is used to solve the task. The
conversion factor 1000 is used to calculate the result in liters.

2 . 2
d poh 1;tvO|ume:#D""‘*ter . 3.14159-#Filling_level - 1000

T =>

V =

6.3 Expansion of the "Calculate_Volume" function
The second step checks whether the diameter is greater than zero. You also want to check
whether the filling level is greater than or equal to zero or less than or greater than the height of the
tank. In case of an error, the new parameter "er" is set to TRUE, and the parameter "Volume" is set

to the value -1.

To do so, expand the interface by the parameters "er" and "Height".

Input Data type Comment

Height REAL height cylindric tank in meter
Diameter REAL diameter cylindric tank in meter
Filling_level REAL filling level of liquid in meter
Output

er BOOL fault flag; fault == true

Volume REAL volume of liquid in the tank in liter

Table 3: Parameters for "Calculate_Volume" function in the second step

For unrestricted use in educational / R&D institutions. © Siemens AG 2017. All rights reserved. 10
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7. Structured step-by-step instructions

You can find instructions on how to implement the planning below. If you already have a good
understanding of everything, it is sufficient to focus on the numbered steps. Otherwise, simply

follow the steps of the instructions explained below.

7.1 Retrieving an existing project
® Before you can start programming, you need a project with a hardware configuration.
(e.g. SCE_EN_012-101_Hardware_configuration_S7-1516F_....zap).
To retrieve an existing project, you must select the respective archive from the Project
view under ®Project ®Retrieve. Confirm your selection with "Open".
( ® Project ® Retrieve ® Selection of a .zap archive ® Open)

T4 Siemens

Project |Edit View Insert Online Options

[3f New... n:
H ¥ Open... Ctr+0
Migrate project...

H save Cirl+S ;

Delete project... Ctri+E
' Card Reader/USB memery ’
T Memory card file ’

D:00_TiA_Portallscl..lscl_startup_W13_SP1

Exit
I

® Next you can select the target directory to which you want to save the retrieved project.
Confirm your selection with "OK".
( ® Project ® Save as... ® OK)

For unrestricted use in educational / R&D institutions. © Siemens AG 2017. All rights reserved. 11
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7.2 Saving the project under a

new name

® You save the opened project under the name 052-201_Startup_SCL.
( ® Project ® Save as ... ® 052-201_Startup_SCL ® Save)

7.3 Creating the "Data_Tank" d

T4 Siemens - D:M00_TIA_Portal\012_101_CPU151¢

Project |Edit View Insert Online Options
[3F New... 3
H ¥ Open... Ctr+0 5
Migrate project...
Close Ctri+wW
H save Criss &
Ctri+5hift5s
Delete project... Ctri+E
Archive...
Retrieve...
' Card Reader/lUSE memory 3
T Memory card file ’
D:\00_TIA_Portall01..1012_101_CPU1516F
D400_T..1052-201_Startup_SCL_S7-1500
D:AD0_TIA_Portallscl..\scl_startup_WV13_SP1
D400_TIA_Portall..1052_201_Startup_SCL
Exit
I
ata block

® In the Project view, go to ® Program blocks and create a new bock with a double-click on

® Add new block.

T8 Siemens - D:\00_TIA_Portal\052-

Project Edit View Insert Online Options
i (Y sovepoiet @ X
Project tree m 4

Devices
o

¥ _]052-201_Startup_SCL_57-1500
B Add new device
o Devices & networks
e 5 CPU_1516F [CPU 1516F-3 PN/DF]
[I¥ Device configuration
i' Online & diagnostics
~ [ Program blocks
& Add newblock
& Main [OB1]
[% Technology objects
External source files
L& PLC tags
[ PLC data types
';.t Watch and force tables
(& online backups
% Traces
5 Program info

- v v v v w w

X 0

Tools  Window Help _ _ _
(xi‘z LI '%.,y Go online ¥ Gooﬁlineé&?m [ﬂ}(‘_—“l_u
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® Now select a data block and enter the name.

&
(® & ® "Data_Tank" ® OK)

Add new block

i Global DB

For unrestricted use in educational / R&D institutions. © Siemens AG 2017. All rights reserved.
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® Now you enter the names of the tags listed below with data type, start value and
comment.

052-201_Startup_SCL S7-1500 » CPU_1516F [CPU 1516F-3 PN/DP] * Program blocks »* Data Tank [DB1] - 120X

FF L PR T =]
Data_Tank
MName Data type | Start value | Retain .Se'tpoint | comment
1 <@ v Static
2 <@ = ~ dimensions Struct [:]
3 = height Real 120 B in meter
4 4@ = diameter Real 35 [ inmeter
= L] 2 e
6 <0 ® ¥ measured_data Struct (0
7 < = filling_level_per |Int =) range 0..27648
8 - = filling_level_scal Real D range 0..12.0
9 < = volume_liquid Real 0.0 = in liter
10 = = =
11 4@ = ~ fault flags Struct [:]
12 - = calculate_volume Bool false B fault== true
13 = <Add news ]
[<] I 5]

7.4 Creating the "Calculate_Volume" function

® Now you add a function, enter the name and select the language.

L 2
( ® Add new block ® ~w.. ® "Calculate_Volume" ® SCL ®0K )

Add new block

Name:
|Ca|cu|ate_V0|ume |

Language: SCL |
% Number: 1 v I
Organization () Manual
pot (@ Automatic

% Description:

" Functions are code blocks or subroutines without dedicated memory.
Function block

2

Function

Data block

More...

> |Additi0na| information

[+ Add new and open oK | | cancel |

For unrestricted use in educational / R&D institutions. © Siemens AG 2017. All rights reserved.
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7.5 Specifying the interface of the "Calculate_Volume" function

® The top section of your programming view shows the interface description of your
function.

052-201_Startup_SCL_S7-1500 » CPU_1516F [CPU 1516F-3 PN/DP] * Program blocks * Calculate_Volume [FC1]

B ERRECCEY IR P G
Calculate_Volume

|

| | Name Data type | Default value Comment
<@ ~ Input
L] <Add news= L
Output

<AOC new
InOut

<Add newz
Temp

F

N
&

0N v
LA R S |2 E

Constant
<Add news=

11 a2

12 a3

Returm
Calculate Volume Void

CASE... FOR... WHILE.. \, o
*  OF.. TDDO.. DO =

® Create the following input and output parameters.
( ® Name ® Data type ® Comment )

052-201_Startup SCL S7-1500 » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » Calculate Volume [FC1]

S Bk SR O =Y EEER RN Fad & B
Calculate Volume
Name Data type | Defaultvalue Comment
> Input
L Diameter Real diameter cylindric tank in meter
Filling_level Real filling level of liquid in meter

~ Qutput
s Volume Real volume of liquid in the tank in liter
= InOut

n <A News

e Aae

Temp

= <Add new:
¥ Constant

13 L] <Add new:

e & @
1

> Retum
Calculate_Volume Void @J

88
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7.6 Programming the "Calculate_Volume" function

® Enter the program shown below.

( ® Enter program )

052-201_Startup SCL S7-1500 » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » Calculate Volume [FC1]

!

By Fad & B

G =T (=

i =B G

Calculate_Volume

Name Data type Default value Comment
1 <@ > Input
2 @n Diameter Real diameter cylindric tank in meter
3 @n Filling_level Real filling level of liquid in meter
4 = < Add new:
5 <@ v Output
6 @@= Volume Real velume of liquid in the tank in liter
7 = :

|p.. CASE.. FOR.. WHILE. .
*  @F. TODO.. DO.. '

1 $#vVolume := SQR(¥Diameter) / 4 * 3.14159 * #Filling level * 1000;

® Now compile your program and check it for syntax errors. These are displayed in the
Inspector window below the programming. Correct any errors and compile the program

again. Then save your program.

= .
(® 2 ® Eliminate errors® Ed save project )

Project Edit View Inset Online Options Tools Window Help Tomlhinranmted Briomation

Ut (1 | saveprojent 5 B X nre: TMEBER S coonlne Fcootiine £ WA ¥ ) PORTAL
Project tree m 4 X
Compile
Devices Options
TN = =2 = T e n= ’ =
FHQO FE ph EFdgel PP aasifiaFad &7 B H == s
Calculate_Volume > |Favuriles 2
~ |1 052-201_Startup_SCL_57-1500 Name Data type Default value | Comment leasicinswcﬁnns S
B Add newdevice a - input (=] ame T
E I{E,, Devices & networks @ Dizmeter Real [l SHAREIEC PR farl (0. e =| » 51 sitlogic operations @
JIEZ;L;),1S1GF[$PU 1?1 6F-3 PN/DI «a .v Filling_level Real filling level of liquid in meter » (] Timer operations i
& EF‘EE Cﬁ;”_\ iguration <@ ¥ Output = — » [+1] Counter operations ;
] = =
e Online & diagnostics 2 . Velume Real volume of liquid in the tank in liter ) » (<] Comparator operatic.. |3
~ [gl Program blocks (AT infut || » [E] Math functions
W& Add newblock <] - LB =
= - » [ Move B
& Main [081] o GE.TOR. WAL » & Conversion operation: | &
4 Calcul ‘olurne [FCT] » 5/ Program control ope... ﬁ,
= o P . w ¥Filll = “ 1000; =
- @ Data_Tank [DB1] 1 #Volume := SQR(#Diameter) / 4 * 3.14155 ¥ §Filling_level * 1000; » [5 word logic operations |
r_§ Technology cbjects » &5 Shiftand rotate —
» [} External source files [0 Fl —y—— |* E@tegaey L)
SRR Cs : - 5
» [ PLC data types |d properties  |*ilinfo @ [ Diagnostics | 5
’E;EWB‘EHB"E”DKMEB'ES | General yH Cross-references H Compile H Syntax ‘ 3
i =
B (0] 1@ showail mesages R |
B} P o Compiling completed (errors: 0; warnings: 0) . =l
» (i, Device proxy data A Bl Besthiption SO it CH T E)
4 PLC alarms © - cruisieF : g 01> | Extended instructio...
& Textlists ~ Program blocks 0 o Tyechnol
= Calculate_Volume (FET) Block was successfully compiled. s R
> | Reference projects & Compiling completed (errors: 0; wamings: 0) * | Communication
etails view < [0 3 ptional packages
> | Details vi [ <] > | Optional pack

4 Portal view 4B Calculate_Vo... rojectscl_startup V13571 opened.

|8 properties  [%iinfo @ | Diagnostics

| General ©] Crossreferences | Compile | Syntax |

@m|shm‘:a\lmessages [=]

Compiling completed (errors: 0; wamings: 0)

I |Path Description Goto |7 Errors | Warnings | Time

& ~ CPU_1516F P 0 0 8:44:39 PM

&  ~ Program blocks A 0 0 8:44:39 PM
Calculate_Volume (FC1) Block was successfully compiled. A 2:44:30 PM

Q Compiling completed (errors: 0; wamings: 0} 8:44:39 PM

<] i I[3]
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7.7 Programming the "Main [OB1]" organization block

® Before programming the "Main [OB1]" organization block, switch the programming
language to FBD. To do so, left-click "Main [OB1]" in the "Program blocks" folder.
( ® CPU_1516F[CPU 1516F-3 PN/DP] ® Program blocks ® Main [OB1] ® Switch

programming language ® FBD )

T4 Siemens - D:\00_TIA_Portal\052-201_Startup_SCL_S7-1500\052-201_Startup_SCL_57-1500

Project Edit View Insert On!lneA Options Tools Window Help : Totally Integrated Automation
Gf (Y seveproject & ¥ B 2 X s ix G MG B R F coonline ¥ cooffine fo MW % | [ PORTAL
Project tree m 4
Devices Options Eg)
- S e i -— & - - . e e = » =
EN-X5] S DR EBGtN s EEaE s Fad £ B = 4= i
| calculate Volume > ‘Favuriies a
* ] n‘:iz—zntstanup,s(Ls?—wsnu = Name Data type Default value Comment Fy ‘ Basicinstrucl.ii g
B Add new device 1 |4 ~ Input * | name o
o Devices & networks 2 @@=  Diameter Real Bl diameter cylindric tank in meter B EEioeeon
~ (@ CPU_1516F [CPU 1516F3 PN/DI 3 an= Filling_level Real filling level of liquid in meter E » [@] Timer operatior] o
= . =
'|: Device cor}ﬂgum\.on 4 @~ Output » [+1] Counter operat| &
% Online & diagnostics L ? s Volume Real wvolume of liquid in the tank in liter » [<] Comparator op E
= Fr?gvam blocks 6 @~ InOuIV ~]"* [£] Math functions
"Adqnewb\nck | dcai T » [=] Move operatior =
= open £ R WHLE. |, » B conversion npa;
- - » 5| Program controf &
| ¥ AR #volume := SQR(¥Diameter) / 4 * 3.14159 * §rFilling level * 1000; [~ i 3
- — » [os] Word logic ope
» [ T CirleC i
= S » '3 Shift and rotate|—]
» EBE : » i Legacy L]
» [3 Pl X Delete Del c
» [P Rename F2 5
= =
YW compile » 2
' WO pounload to device »
YR TS Goonline Cri+k i
E f; offline [100% Tl
» 2 1 ol s =
-':E Cross-reference information  ShiftsF11 ‘Q.Pmpertles ||_x..|nfn ﬂllﬂr\ | < ] ]
;_IT )eross-reierences F11 tral @ crossreferences | Compile H Syntax | > |Extended insty
iy O 2 structure [howall messages [ > | Technolo
> 814 5 igmment st @[ show s messages =) .Qy =
L RSy p— = = (errors: 0; warnings: 0) » | Communicatio|
= Switch programming language » STL - :
> | Details v i Description Goto |? Errors | Wamings |Time > | Optional packa
Know-how protection
=l Orint Folin

® Now double-click the "Main [OB1]" organization block to open it.

74 Siemens - D:\00_TIA_Portal\052-201_Startup_

Project Edit View Insert Online Options

f (¥ K save praject a ¥ o= g x._.}!

Project tree a4

Devices
%@ QO

¥ | ] 052-201_Startup SCL_57-1500 ~
E° Add newdevice
ﬁE‘h Devices & networks
i r\__]] CPU_1516F [CPU 1516F-3 PN/DI
[IT Device configuration
| Online & diagnostics
> r:i:. Program blocks
E Add newblock
2 Main [OB1]
3 Calculate_Volume [FC1]
@ Data_Tank [DB1]
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® Call the "Calculate_Volume" function in the first network. Assign network title, comment
and connect the parameters. Then save your project.

( ® Call "Calculate_Volume" ® Assign network title ® Write network comment ®

Connect parameters ® bl Save project

T4 Siemens - D:\00_TIA_Portal\052-201_Startup_SCL_57-1500052-201_Startup_SCL_57-1500
Project Edit Vview Insert Online Options Tools Window Help Totally Integrated Automation

UF [ [l saveproject & M 15 G2 X W& ¥ G [0 G EW R S Goonline (F coofiine fo [N B % - | PORTAL

Project tree m 4
Devices Options

B e T Fa = 2 3 : o | L i B
OO G e =AEC8 8 HE CGAMS e &7 B d] ‘449 =
| cerfa > ‘Favurites 5
~ |1 052-201_Startup_SCL_S7-1500 - | Basic instructid S
. & = & >=1 4 =al = o] n
[ 3 Add.newdewte = | neme
o Devices & netnorks ~ Block title: “Mein Program Sweep (Cycle” [~y [ Gereral =
= [m CPU_1516F [CPU 1516F-3 PN/DF] Comment » [i] Bitlogic operatiy %
¥ Device configuration » [@] Timer operatior] &
| i = 2
% Online & diagnostics A ¥  Network 1: » Counter operat 5
a?iv;dm b\vcbk‘s - = Comment » [€] Comparator opq
new bloc| » [E] Math functions [=
| Main [081] » 5] Move operation %
Lo B Calcuiate Volume [ECTT [T —— » B Conversionopgl &
- @ Data_Tank [DB1] e » 5 Program contro|
> rqs Technology DbjEfTS - _| » &5 Word logic oper—
vl External source files ~|» & shittand rotate U
» ,‘Ld PLC tags » i Legacy g
» [ PLC data types g
» 3 watch and force tables ~  Network2: ¢
» [& Online backups Comment
» [ Traces T

8§ program info
[, Device proxy data
(4 PLC alarms (<] i

Extended instr

=) Textlists -
» [l Local modules
» [g§ Common data

<

e [ [ 3] [100% [+] - C

Optional pack;

=
» |Technology "
= .
=

< properties |%iinfo @ % Diagnostics
| = Galculate vo.. | wain i The programming language c

& | == 4 =0 = =]

* Block title: “Main Program Sweep (Cycle)”

Commen

- Network 1: Call of function "Calculate_Veolume®

w Thiz function calculates the volume of a liquid inside a tank.
Diarneter and filling_level have to be assigned in meter
The volurne will be calculated in liter

%FC1
“Calculate Volume”

w=— EN

"Data_Tank".
dimensions.

diameter Dirmeter
"Data_Tank". "Data_Tank".

measured_data. measured_data.
filling_level_ Volume — volume_liquid

5cal__ Eiling_level ENO —
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7.8 Compiling and downloading the program

® Click the "Program blocks" folder and compile the entire program. After successful

compilation, download the project to the PLC.

(@ W o &

% B save project

Project Edit View Insert Online Options Tools

Window  Help

(ZME B R coonline ¥ coofiine S MW ¥ ]|

Totally Integrated Automation
POR

TAL

Extended download to device

Project tree I
Download to device
Devices Options
) = & T H |l |y it 3
| > ‘Fa\mriles E
~ ] 052-201_Stertup_SCL_57-1500 ] . o + | Basic instructions ]
B Add new device i Description
sh Devices & networis = Block title: “Main Program Sweep (Cycle)” [~y [ General =
W CPU_1516F [CPU1516F3 PNIDP] c it » i Bitlogic operations A
(1]} DE\{\LE configuration - _— _— » [@] Timer operations §
- : o 2.
r% Online & diagnostics Network 1:  Call offunction "Calculate_Volume! » [ Counter operations H
Z:Egl Programi blocks =|  « This function calculates the volume of a liquid inside & tank. » [<] Comparator operatio..
B Add new block Diameter and filling_level have to be assigned in meter e
& Main[081] The valume wil be calculated inficer > 19 Mathfinchors =1
b [=] Move operations o]
4 Calculate_Volume [FC1] — » 25 Conversion operation: i
8 Daw_Tank [0g1] ) ) =1 s B2 rosmreoiopes g
3 ;it Technology objects Ll Calculate_Volume' » L= Word logic operations L
» L External source files . » &5 shiftand rotate L
Hld ncegs . ) » g Legacy =
» L PLC data types Data_Tank". B
» atch and force tables dimensions z
» [ig Online backups diameter _ piameter
, L
"Data_Tank". “"Data_Tank". |
» measured_data. measured_data.
filing_level_ Volume volume_liquid
£ Textlsts 53l Filing_level ENO— -
+ [ Local modules < L [
» (4§ Common data > | Extended instructions
» 5] Documentation settings [«|~ Network2: [v|?> | Technology
> |Reference projects <] il ] [3] [100% [=] > | C i
|§. Properties H"&Infn yl\ % Diagnostics > | Optional packages
Overview | main

Device
CPU_1516F

Configured access nodes of "CPU_1516F"

Device type

CPU 1516F-3 PNL..
CPU1516F-3 PNL..
CPU 1516F-3 PNL..

Slot

13
1%
1x2

Type of the PGIPC interface:

PGIPC interface:

Connection to interfacelsubnet:

Compatible devices in target subnet:

Type Address Subnet
PROFIBUS 2
PNIIE 192.168.0.1 PNNE_1
PN/IE 192.168.1.1
|®_PriE [+
rﬁlnte\(R} Ethernet Connection (217-LM “] @1'3'
[PNIIE_1 @
\ @

[w) Show all compatible devices

[ Flash LED

Online status information:

=17 Retrieving device information...

[ Display only errer messages

scan and information retrieval completed.

Device Device type Type Address Target device
= CPUT516F CPU1516F-3 PNI... PNIIE 192.168.0.1 CPUIS16F
. - - PNIE Access address -

Load

Cancel }

1
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® Make selection, if necessary ® Load

Load preview !X
e Check before loading
Status |1 Target Message Action
4 & ~ cpu_1516F Ready for loading.

-

Protection

Protection against unauthorized access

Devices connected to an enterprise network or directly to the
internet must be appropriately protected against unauthorized
access, e.g. by use of firewalls and network segmentation. For
more information about industrial security, please visit
http:fhwww.siemens.comlindustrialsecurity

V] » Stop modules The modules are stopped for downloading to device. Stop all
(] » Software Download software to device Consistent download
] » Additional inform... There are differences between the settings for the projectand the & Overwrite all
(] Text libraries Download all alarm texts and text list texts Consistent download E|
Refresh
Finish | {=-boad—1| cancel |
® Finish
Load results X
9 Status and actions after downloading to device
Status |1 Target hiessage Action
. @ v cruis16F Dewnloading to device completed without error.
] » Start modules Start modules after downloading to device. M startall
Finish | | Load ‘ [ Cancel

7.9 Monitoring and testing the organization block

® Inthe open OB1 click the " icon to monitor the block.

G s EAEREtaEN Caad s &R B E

Monitoring onfoff

&

»=1

7 4

=ol

o 4

*  Network 1:

Call of function "Calculate_Volume®

P This function calculates the volume of a liquid inside a tank....

%FC1
"Calculate_Volume"

v

35
"Data_Tank".
dimensions.

diameter —piameter

0.0
"Data_Tank".
measured_data.
filling_level
scal __|

Filling_level

Volume

0.0

"Data_Tank".

measured_data.
 volume_liquid

ENO

<| i

| a0% B e

=
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Test your program by writing a value to the "Filling_level_scal" tag in the data block.
( ® Right-click on "Filling_level_scal" ® "Modify" menu ® Modify operand )

...p_SCL S7-1500 » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » Main [OB1] — @ & X

il e s EREPD8r e e Gadan L &F B =

Modify Modify to D Cirl+F3
& »>=1 {7 pefine tag... Ctrl+Shift+ Modify to 1 Crl+F2
: ; so Modify operand ...  Cirl+5hift+2
Rename tag... Ctri+5hift+T :
P
bt Rewire tag... Ctri+Shift+P Display format »
» Thiz functi !
A M cut Ctel+x Monitor from here o=
E5| Copy Ctri+C Monitaor selection
[ Paste Ctri+V
¥ Delete Del
Goto »

Cross-reference information  Shift+F11
"Da Show overlapping accesses

dir . Insert network Ctrl+R
Insert STL network
Insert empty box shift+F5
Properties Alt+Enter 0.0 i
"Data_Tank" "Data_Tank".
measured_data measureq_r.fata.
filing_level Volurme — volume_liquid
e — Filling_level ENO—
<] [ | [>][100% 7= W, v

® Enter value 6.0 ® OK

Modi

Operand:  |"Data_Tank".measured_data filling| ﬁata‘i:!pe: ~ |Real |

Modify value: | 6.0 | Format: | Floating-point number [~]
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® Check the result for correctness.
Wik F i ERREE8 G:[EF] CkE2ad =
I.A 17—
& s=1 7 4 —al = -]
b Network 1: Call of function “Calculate_Wolume®
P This function calculates the volume of 8 liguid inside a tank....
oeFC1
“Calculate_Volume"
EN
3.5 i
"Data_Tank".
dimensions.
diameter _ Dimeter
6.0 5772672 =
"Data_Tank", "Data_Tank".
measured_data, measureq_qata.
filling_level Volume — volume_liquid
s — Filing level ENO|—

d|

I | [100% |7 e fereeas

7.10 Expansion of the "Calculate_Volume" function

®

Open the "Calculate_Volume" function, and insert a row in the output parameters with a
right-click on the row in the interface.

( ® Open "Calculate_Volume" ® Right-click on row 5 ® Insert row )

..1-201_Startup_SCL S7-1500 * CPU_1516F [CPU 1516F-3 PN/DP] * Program blocks * Calculate Volume [FC1] - EX

FEDREBRN OGP Eaad N Fad TP H =
Calculate_Volume
| |Mame Data type | Default value Comment

1 <@ ~ Input
2 @n Diameter Real diameter cylindric tank in meter
3 4@an Filling_level Real filling level of liquid in meter
4 <@ ~ Output
5 e e ] volume of liquid in the tank in liter
B erion ]
= =% Add row
g g ¥ Cut Ctrl+X
9 {g Copy Ctr+C

) Paste CtrleV
0|4 (2 Paste Ctri+y
11 | | X Delete Del
12 4 Rename F2
13 14 U arface

Cross-reference information  Shift+F11 T —

IE. Go to local point of use

1 #volume := 3QR(#Diameter) / 4 * 3.14159 * §Filling level * 1000;
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® Enter the parameter "er" with data type BOOL and comment.

..J_SCL S§7-1500 » CPU_1516F [CPU 1516F-3 PN/DP] * Program blocks » Calculate_Volume [FC1] - X

T DR ERBgr PR EEasl s Fad &TT B =]
Calculate_Volume
MNarme Data type Default value Cormrment
1 4~ Input ~
2 = Diameter Real diameter cylindric tank in meter
3 4= Filling_level Real filling level of liquid in meter
4 4@ T OQutput =
5 |« = er Bool =l | fault flag; fault == true
5 4= Volume Real volume of liquid in the tank in liter [

® Follow the same steps to add the "Height" tag with data type Real and comment.

..J » CPU_1516F [CPU 1516F-3 PN/DP] * Program blocks » Calculate_Volume [FC1] - X

w

F D EHGN e (Ea

Calculate_Volume

% B &2

|

Name Data type Default value  Comment
1 <@ = Input
2 qn Height Real = | height cylindric tank in meter |
3 . Diameter Real diameter cylindric tank in meter
4 @= Filling_level Real filling level of liguid in meter =
5 4@ ~ Qutput
6 <1 m= er Bool fault flag; fault == true 1
7 @n Volume Real volume of liquid in the tank in liter
® Then go to the "IF... THEN...ELSE" control statement from the "Program control
operations” of basic instructions.
( ® Instructions ® Basic instructions ® Program control operations ®
"IF.. THEN...ELSE")
Options
Wt 0 H
> [Favorites
~ | Basic instructions
MName Description
» 5] Bit logic operations |~

-

[@] Timer operations

» [H] Counter cperations

» [ Comparator operations

» [£] Math functions

» [=| Move operations =

» 5 Conversion operations

~ & Program control operations
stk |F ... THEN ... Run conditionally
sct |F ... THEN ... ELSE ... Branch conditionally
iﬂﬂ;;ncl:; :c;;aldl 1[5;’1;['}' 2 Branch conq itionally.. ]
S CASE we UF o Create multiway bra...
s FOR...TO .. DO .. Run in counting loop
st FOR...TO .. BY ..DO .. Runincounting loo...
st WHILE ... DO ... Run if condition is m...
sct REPEAT .. UNTIL ... Run if condition is n...
sct CONTINUE Recheck loop condit...
sl EXIT Exit loop immediately
s GOTO .. Jump
st RETURN Exit block

et Insert a comment section Insert a comment se..,
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® Then drag the "IF...THEN...ELSE" control statement to the second row of the program.
(®"IF...THEN...ELSE" ® drag & drop )

Project

e ror wae. .,
& online backups 5 Tooi. ‘56

st WHILE .. DO ...

Run if condition is m...

Edit View Insert Online Options Tools Window Help Totally Integrated Automation
[3f [% [ save project X EH X D B MEE R F coonine (F cooriine Jo M ¥ - [ PORTAL
P 6 P 6 PN/DP blo 0
Devices Options
N T D =@ T e PFad &0 B =] sy ==
Calculate_Volume > | Favorites 3
~ (1 052-201_Startup_SCL_57-1500 ~ Name Data type Defaultvalue | Comment | v|Basic instructions sl
B Add newdevice 1 @~ Input * I Name Description
#fn Devices & networks 2 la- Height Real B height cylindric tank in meter » [l Bit logic operations [~F=
~ [ CPU_1516F [CPU 1516F-3 PNIDP R Diameter Real diameter cylindric tank in meter » [ Timer operations ] %
|]1; Device configuration 4 l@= Filling_level Real filling level of liquid in meter » [+1] Counter operations a
’% Online & diagnostics |5 e~ ouput » [<] Comparator operations )
- [ Program blocks 6 @= er Bool fault flag; fault== true » [ Math functions H
I Add new block 7 l@=  Volume Real volume of liquid in the tank in liter ¥ B3 Vo Spesations oS
& Main [0B1] 8 @~ nout » B Conversion operations =
& Calculate_Volume [FC1] ~ 5 Program control operations a
@ Data_Tank[DB1] e IF .. THEN ... Run ¢ B
» [ Technology ebjects SCL I ... THEN . ELSE .., Branch I
= =
¥ g} External source files SCL IF ... THEN ... ELSIF ... Branch conditionally... | U_—'
» [Pt A Create multiwaybra... |5
» [ig) PLC data types T | B Run in counting loop | |2
» [ Watch and force tables Runin countingloo... | &
»
»

[ Traces

& Calculate_Vo.

Portal vie £23 Overview

1 #volums := SQR(fDiameter) / & * 3.14159 * §Filling level ¥ 1000; SaREPEAT .. UNTIL .. Run if condition is n..
=, Program info 2 | sc CONTINUE Recheck loop condit...
+ [l Device proxy data sa EXT Exit loopimmediately.
; PLC alarms sc GOTO ... Jump
& Textlists s RETURN Exit block
> Local modules s [nsert a comment section Inserta comment se...
» (a8 commondata il Runtime control
+ | Details view 4 ENDIS_PW Limitand enable pas..
4 SHUT_DOWN Shutdown target sys...
Neme Offser Da T 4 RE_TRIGR Restart cucle monito.
. e < [ Lla]
N & = - - v =
i [Sropertes oo 1% bagnostcs | [ [Erniemmcion:
@ > fault_flags ste.|| General > | Technology
Gereral A [=15 | communication
| - =| General =
< [ > M« n 5| |> | optional packages

H
END IF;

o
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| I I i |
. SR foR WL (.,
1 #Volume := 3SQR(#Diameter) / 4 * 3.14159 * §Filling level * 1000;
2
3 {/ Statement section IF
4 ;
3 ELSE
3 // Statement section ELSE
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® Highlight the mathematical formula and drag it to the semicolon in front of the ELSE.
(® highlight ® drag & drop )

..>00 » CPU_1516F [CPU 1516F-3 PN/DP] * Program blocks * Calculate Volume [FC1] - X

Blas BQA &2 B o

| CRSE. FOR.. WHLE. .
= | ‘oF.. jTooo.j po...| "t

3.14158 * JFilling lTewvel % . 1000;

// Statement section IF

g

ELSE

// Statement section ELSE

E I S 4 JY - U T N T S

m
]
=

lLTl
H
)

CPU_1516F [CPU 1516F-3 PNIDP] * Program blocks *» Calculate Volume [FC1] - H B X

S D ERRE s EIIR RN FQA éTT B

T o T e

|F.. CASE.. FOR.. WHLE. .
" | @F.. TDDC.. DQ.. '@

3

2 EHIF _condition THEN

3 // Statement section IF

4 #Volume := SQR(#Diameter) / 4 * 3.14159 * {Filling level * 1000;
5 ELSE

& // Statement section ELSE

8 | END IF;

)

® Complete the function and check your program by compiling it.

( ® Complete program ® ol )

052-201_Startup_SCL S7-1500 » CPU_1516F [CPU 1516F-3 PN/DP] *» Program blocks » Calculate_Volume [FC1] - X

i

St B EFA PR M Fad ST W

|p.. CASE.. FOR. WHLE. . .,
**  OF. TODO. DO. -

1HIF #Diameter> 0 AND #Filling level>»= 0 AND #Filling level<= #Height THEN
2 // Statement section IF

3 fer := FALSE;

4 #volume := SQR(#Diameter) / 4 * 3.14159 * #Filling level * 1000;

5 | ELSE

& // Statement section ELSE

¥ fer := TRUE;

8 fvolume := -1;

9 |END IF;
10
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® Comments can be added with "(**)" as block comment and with "//* as row comment.

You can now complete your program with comments.

( ® Add block comment starting with row 1 ® Add row comments in rows 12 and 16 )

052-201_Startup_SCL S7-1500 » CPU_1516F [CPU 1516F-3 PN/DP] *» Program blocks » Calculate Volume [FC1]

stz B i EH Qs
Calculate_Volume

OB EEaER N Fad &TT B

Mame Data type Default value Comment
1 <@ ™ Input
2 an Height Real g height cylindric tank in meter
3 a@n= Diameter Real diameter cylindric tank in meter
4 @n Filling_level Real filling level of liquid in meter
5 <@ v Output
6 @= er Bool fault flag; fault == true
7 @n= Volume Real volume of liquid in the tank in liter
8 @ > InOut

bl

P

CASE... FOR... WHILE..

of. mpo. po.. -7

100%

1 (>
2 1ction calculates the wvolume of a ligquid inside a tank.
3 parameters fHeight, #Filling level and #Diameter have to be assigned in meter.
4 put-parameter fVolume will be calculated in liter.
5 | In case of an error the fault flag output—parameter fer will be set TRUE
& | and the output-parameter #Volume will be -1.
7 |2n error occurs if the diameter is less than or equal 0
8 |or the £illing level is less than 0 or
9 |the filling level is greater than the height of the tank.
10 | *)
11 HIF #Diameter> 0 AND #Filling level>= 0 BND #Filling level<= §Height THEN
12 ff no fault
5 27 | fer := FRLSE;
14 #Volume := SQR(#Diameter) / 4 * 3.14159 * §Filling level * 1000;
15 | ELSE
16 ff Eault
17 fer := TRUE;
18 #volume := -1;
13 | END_IF;
20

-

(RN A RTR IR TN}
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7.11 Customizing the organization block

® Open OBL1 and update the inconsistent block calls by clicking ?

(®OpenOBl®?)

T4 Siemens - D:\00_TIA Portal\052-201_Startup_SCL_57-15000052-201_Startup_SCL_$7-1500

Project Edit View Insert Online Options Tools

Window  Help

X 0 eir 5 E R F coonine ¥ cooiine | fi I 2¢ 11|

Totally Integrated Automation
PORTAL

Cf (3 | saveproject 5 X

4 Portal view

| colcuter= vo | main

Project tre i
Devices Options
ot m i — o S €. Al Qo o e = ’
KX~ Gy EOEPEr Al CedaP T N =1 | 2
| main - > [Favorites 5
~ ] 052-201_Startup_SCL_57-1500 [+] i Data type Default value  UPdate inconsistent block calls | Basic instructions g
¢ Add new device 1 lam v Input | * I Name e
i Devices & netwerks 2 =  Initial_Call Bool [E Initial call of this OB v [ General =
~ ([0 CPU_1516F [CPU 1516F-3 PNIDP 3 @@=  Remanence Bool ~True, if remanent data are available “h & 5 &l
II¥ Device configuration ceB e SR o R 2
' » [] Timer operations 2
. % ggl;r::ri;l;:gkr;osﬂ\:s LI Tl = | = A B ’9 Counter operations 2
g =]+ Block title: “Mein Program Sweep (Cycle)" [#] * [ Comparator operations
" Add newblock ! o 1 ¥ [£] Math functions ,::
&/ Nain [0B1] : » i Move operations i
4 Calculate_Volume [FC1] ~  Network 1: Call of function “Calculate_Volume* » B Conversion eperations -
Data_Tank [DB1 > 2
T T. i n[ L » This function calculates the volume of s liquid inside a tank... » 53 Program control operati.. g
:ﬂ echnology ol IEF‘S » = word logic operations =
» G Extemal source files || — =|+ & shiftand rotate e
» [@Pcegs el . » g Legacy =
» () PLC data types alculate_Volume =
» [ watchand force tables | B =
» [ Online backups B .
» [ Traces Data_Tank - .
0 dimensions.
Programinfo il
» [, Device proxy data DEmEEE
£ PLCalams “Data_ Tank". "Data_Tank".
Sl el Isty measured_data Meastired: daa, E L ISR
» [H Local modules filing_level_ Volume |— volume_liquid = - T —
[§# common data scal_|[EE. - > | Extended instructions
» 5] Documentation settings Fiing eve e [v|? |Technology
» [@ Languages & resources B <] il | [100% [+] Bl T
> Details view. |3 properties |7 info (@] & piagnostics > |optional packages

Wi E E w EA @D =
&  »=1 4 =ol = =]
* Block title: “Main Program Sweep (Cycle)”® E
omment
- Q:} Network 1: Call of function "Calculate_Volume®
w This function calculates the volume of a liquid inside a tank.
Diameter and filling_level have to be assigned in meter
The volume will be calculated in liter
YeFC1 =
“Calculate_Volume"
—EN
"Data_Tank".
dimensions.
diameter i pjameter er—<77.7> =
"Data Tank". "Da tE_TE nk".
measured data. mEESUfEd_dEtﬂ.
filling_level_ Volume |— volume._liquid
5¢al_Jriling level ENO—
[~]
<] [ [>][100% bl
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® To do so, add the parameters "er" and "Height".

... SCL §7-1500 » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » Main [OB1]

H'K’,E—* _AF;-RB tQ;C!E'j L"%IE =
| I e e |
& ==l 4 —o = -]
[~

* Block title: "Main Program Sweep (Cycle)”
Cor nt
fust Network 1: Call of function "Calculate_Wolume”

w This function calculates the velume ofa liquid inside a tank.
Diameter and filling_level have to be assigned in meter
The volume will be calculated in liter

T C |
"Calculate_Volume" 5
—EN
"Data_Tank".
dimensions.
height :
HERhE "Data_Tank".
"Data_Tank". fault_flags.
dimensions. calculate_ —
diameter i piameter er|— volume
"Data_Tank". "Data_Tank".
measured_data. measured_data.
filling_level Volume |— volume_liquid
sl _IEiling level ENO—
_
<] il | [3] [100% |7

7.12 Compiling and downloading the program

® Click the "Program blocks" folder and compile the entire program. After successful
compilation, download the project to the PLC. Then save your project.

il .
( ® Program blocks ® “* ® [!‘I ® k save project

T4 Siemens - D:00_TIA_Portal\052-201_Startup_SCL_57-15000052-201_Startup_SCL_57-1500

Project Edit View Insert On‘lmeA Options  Tools .W[mfuw Help Totally Integrated Automation
Cf A H seveprject & ¥ = 5 X B2 FEE B R coonline ¥ cooffine £, A 2 - ] PORTAL
Project tree m 4 ]
Download to device
Devices Options
- =y o e EW= 7 A s = » =
HO O E2|aaee b =CE0)8: @[ H0 CuaABT % T B 2 0= 3
| kinterfa > IFa\mrites 5
~ |]052:201_Startup_SCL 57-1500 [~ =or = ik
B Add newdev{ze & »=1 4 =ol = ] ;lBasm instructions 2
ame
' =
%2:;‘?:‘;:;;’;’]*3151“_3 it ~  Network1: Call offunction "Calculate_Volume® [~]» [ Generai o
= £ e e b
T e  This funciion calculetes the volume of a liquid inside & tank. » Ll Bit logic operations =
Dismeter and filling_level have to be assigned in meter _ | * [ Timer operations 2
rg Online & diagnostics = The volume will be calculated in liter | G counteroperations |5
L HngEmbiock 3 + [€] Comparator operations
:);‘dd ne;é:lo(k %ECT » [£] Math functions =]
amn = 3 .
& cal I!t L " — "Calculate_Volume" ¥ [ Move operations "_l.
et voltline [ el — ¥ B4 Conversion operations | &
= L Data_Tank.[DB‘I] ¥ 37 Program control operati.| #
: iﬁTe:hnDl‘ogy nb]ertlvs "Data_Tank'. 4 L= Word logic operations  f—!
EARnEts0 e iios dimensions. - [~ > &5 shiftand rotate L’-l_-‘
Plig FICTags <] il ] 100% [x] —5— » [ Legacy &
» [ PLC data types 2 A < e =
» [z Watch and force tables | Properties | info |2 Diagnostics | S
4 :{- Online backups | General y" Cross-references H Compile H Syntax ‘
v (Z B
HIEEE [2][2.]/@] [ show a1l messages [~ 4 I ]
< Program info i N E———L S > ded i .
+ [l Device proxy data Compiling completed (errors: 0; wamnings: 0) Extended instructio... |
£4 PLC alarms i i Description Gotwo |7 > | Technology
=] Textlists .| Compil {erors: 0; wamings: 0) : > | Communication
> | Details view <] il > > | Optional packages
4 Portal view Ovenview | calculate vo.. [ Main
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7.13 Monitoring and testing the organization block

® Inthe open OBL1 click the " icon to monitor the block.

e
=l

b KR =

- &FE =

Monitoring onfoff ——

& =1 B A =al = q=]
w Block title: “Main Program Sweep (Cycle)” Z
Comment
il Network 1: Call of function *Calculate_Volume®

w This function calculates the volume of a liquid inside a tank.
Diameter and filling_level have to be assigned in meter
The volume will be calculated in liter

BFEC1
"Calculate_Volume"
EN |
12.0
"Data_Tank".
dimensions.
height _ Height
FALSE
35 "Data_Tank".
"Data_Tank". fault_flags.
dimensions. calculate_
diameter piameter er-- volume
0.0 0.0 &
"Data_Tank". "Data_Tank".
measurea_data. measured_data.
filling_level_ Volume — volume_liquid
scal _ illing_level ENO|—

® Test your program by writing a value to the "Filling_level_scal" tag in the data block.
( ® Right-click on "Filling_level_scal" ® "Modify" menu ® Modify operand ® Enter value
6.0 ® OK ® Check)

*  Network 1: Call of function *Calculate_Volume®

¥ This function calculates the volume of a liquid inside a tank....

Y%FC1
"Calculate_Volume®
EN
120
“Data_Tank". -
dimensions.
height _ Height
FALSE
35 "Data_Tank".
"Data_Tank". fault_fiags.
dimensions. calculate_
diameter _ piameter - - volume
6.0 57726.72
"Data_Tank" "Data_Tank".

measured_data. =
KRR — volume_liquid

measured_data
filling_level

_|—Filling_level ENO|—
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® Now test if an error is output by setting the diameter to zero.

( ® Right-click on "Diameter" ® "Modify" menu ® Modify operand ® Enter value 0.0 ®

OK ® Check)

- Network 1: Call offunction "Calculate_Volume®

P This function calculates the volume of a liquid inside a tank...

120
"Data_Tank".
dimensions.
height _|

0.0
"Data_Tank".
dimensions.
diameter _|

6.0
"Data_Tank".
measured_data.
filling_level_
scal |

WFC1
“Calculate_Volume"

EN

Height

Diameter er

Volume
Filling level ENO

TRUE
"Data_Tank".
fault_flags.
calculate_
volume

-1.0
"Data_Tank".

measured_data.

volume_liquid
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7.14 Monitoring and testing the "Calculate_Volume" function

® Finally, open and monitor the "Calculate_Volume" function with a right-click on the
function and selection of the "Open and monitor* menu command.

(® Right-click on function ® Open und monitor )

Project Edit View Insert Onfine Options Tools Window Help ) Totally Integrated Automation
(% (% | saveproject S0 M. G m g 3 & cooniine ¥ Gooffine S5 TN 8- 2¢  []] PORTAL
Devices Options
HOO W T E B == CEEaT s §F B = 2
ock interfa v | CPU operator panel 5
b0z G S L 00 CPU_1516F [CPU1516F-3 PNIDP) 3
[ Add new device s »m EREURE N | L I i 1 a
i~ MW rovistor [ rn |
Do & el ~ Block title: *Vain Frogram Sweep (Cycle)® | ® — o
~ [ CPU_1516F [CPU 1516F-3 PNID ComTien: Tl ERROR STOP. 2}
IIY Device configuration T
. . MAINT MRES a
%/ Online & diagnostics b £ Network 1: Call of function "Calculate_Volume g.
-l
=3 Program blocks ¥ This function calculates the velume of a liquid inside & tank.... e =
I Add new block < i
& Main [0B1] L v | call i 'g
2 Calculate_Volume [FC1] Calculite Volume® Modify > o= |
@ Data_Tank [DB1] = Open = &
. 5 = Change ...
» L4 Technology objects k¥ Open and monitor o L
» & External source files um}
» L& PLC tags z 12&9 g
» [l PLC data types Daja_Tankl 3
o dimensions. =5
» 12 watch and force tables height : 2
» [ Online backups —{Height Cirlx
=y CtrisC .
’ ﬂ;:ces infi 00 e Crtal ~ | Breakpoints
£ AILE "Data_Tank’. P T
Device proxy data ey X Delete Del > s
4 PLC alarms diameter | - =
= —{Diameter Gty " This device does not suppart breskpaints.
5 Textlsts Cross-reference information Shift+F11 2 2
» [l Local modules 2
» [ Online card data - 54
» [§# common data DBk
= : 5 measured_data. b h
» rjl Documentation settings filing_level_ ol o
» @ Languages & resources scal i A Inseitnetwor) . E =
= —Filinn_laval H L i ‘ Call hierarchy
» lig Oriine access = Im _ nsertSTL network ]
Ir sert empiy box No call path available
1 an

S
e =
g B ks

Call path: Main [OB1]

| CASE.. FOR.. WHILE.

OF.

ig(

2 his function calculates the wvolume of a liquid inside a tank.

3 parameters f#Hei §Filling level and §Diameter have to be assigned

4 t-parameter §Volume will be calculated in liter.

5 | In case of an error the fault flag output-parameter fer will be set TRUE

6 |and the ou parameter §Volume will be -1.

7 |BEn error occurs if the diameter is less than br equal 0

8 |or the filling level is less than 0 or

9 |the filling level is greater than the height of
10 | *)
11 HIF #Diameter> 0 AND §Filling level>= 0 AND §Filling level<= §Height THEN [ ] Result FALSE
1z /Y
13 fer
14 $volume := SQR(§Diameter) / 4 * 3.14159% * §Filling level * 1000; »
15 | ELSE
16 ’r
17 fer := TRUE; fer TRUE
18 fvolume := -1; Fvolume —1.000000E+000
15 |END_IF;
20
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® You can show the values of the individual tags of the IF query with a click on the black

arrow ¥,

(®¥)

v Result
§Diameter
#Filling level
#Filling level
#Height

fer
#Volume

FALSE
0.000000E+000
6.000000E+000
6.000000E+000
1.200000E+001

TRUE
-1.000000E+000

T4 Siemens - D:A00_TIA_Portal\052-201_Startup_SCL_S57-1500\052-201_Startup_SCL_57-1500

Project Edit View Insert Online Options Tools

Window  Help

Totally Integrated Automation
PORTAL

s 5 MG B 3 coonline F Gooffiine B IN [® 2¢: 1 []]

4 Portal view =3 overview

[ catcutate_vo... [ wain
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Options
5 = et BFQd §FF B = 2
VT CPU operator panel i
3 [~le
Call pathiz Main (OB 11 M@l cru_isise icrutster-a e 3
. OSE o ume I RUN/STOP RUN |Ld
=[%
= L_’. ] ERROR STOP. #
11 BIF #Diameter> 0 AND #Filling level>= 0 AND $Filling level<= f§Height THEN |[w] Result FALSE MAINT MRES =&
#Diameter 0.000000E+000 S
$Filling level 6.000000E+000 Mode selector: RUN i
a1 <[ n ] =
#Filling_level | 6. -~ SLAN
#Height 1.200000E+001 - "[53”7 =
i Coll path: Main [0B1] =
fer := FALSE; [ —
4 #Volume := SQR(§Diameter) / 4 * 3.14159 * §Filling_level ¥ 1000; » s i
ELSE =
H
fer := TR for TRUE £
#Volume #Volums -1.000000E+000 E
END_IF; = 7 =
v |Breakpoints
|100% e
[ properties |[*$info | % Diagnostics | -
: This device d ( vt breakpoins|
J General | Crossreferences | Compile [ Syntax | ey Coss notsCpportmatpom
[BI[2]@][sh0 o messages [~]

> [call hierarchy
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® Right-click the tag to adjust the display format.

i

( ® Right-click tag ® Display format ® Floating point )

Result
fDiameter
¥Filling level
#Filling level
fHeight

¥exr
#volume

fer
#Volume

Result
#Diameter
¥Filling level
#Filling level
fHeight

fer

fVolume

fer
#Volume

FALSE
0.000000E+0QOD

Display format »

¥ Delete Del

@® Automatic
() Decimal
() Hexadecimal

(@] Floating-point

TRUE

=1.000000E+000

FALSE
0.0
6.000000E+000
6.000000E+000
1.200000E+001

TRUE

-1.000000E+000

Now test the other branch of the IF branch by modifying the diameter in OB1 back to 3.5

meters.

( ® Open OB1 ® Moadify diameter to 3.5 ® Open and monitor function )

s Dk EBAH P cEa s Fad &FT B =
-
Call path: Main [0B1] ™
e SR To0s. ton -
0 15 =
11 BIIF #Diameter> 0 AND #Filling level>= 0 AND #Filling level<= #Height THEN (W] Result TRUE
#Diameter 3.5
#Filling level 6.0
#Filling level 6.0
#Height 12.0
12 7
13 #er := FALSE; $er FALSE
14 #Volume := SQR(#Diameter) / 4 * 2.14153 * $Filling level * 1000; »  #volume 57726.72
15 | ELSE
1 / M
17 §er := TRUE; fer
18 #Volume := -1; #Volume
19 | END_IF;
20
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7.15 Archiving the project

® Finally, you want to archive the complete project. Select ® 'Project' ® 'Archive ..."in the

menu. Open the folder in which you want to archive your project and save it as file type

"TIA Portal Project archives'.
( ® Project ® Archive ® TIA Portal Project archives ® SCE_EN_052-201 Startup
SCL_S7-1500... ® Save)

4 Portal view i3 Ovenview | = calculate_vo... |4 wain

8. Checklist

Project |Edit View Insert Online Options Tools Window Help Totally Integrated Automation
%Naw... pecd: MM B R # coonline ¥ cooffine - &, R >  [] PORTAL
i (3 Open... ctr+0 —
Migrate project... ..500 » CPU_1516F [CPU 1516F-3 PN/DP] *» Program blocks * Calculate_Volume [FC1] — X
Close Ctri+w Options
-] =, -— i - H = =— 1 s — » 5
H sove cos 4| 2 o by E B E O Bl EE = PAN TP E o =T
Save as. Ctrl+ShiftsS 5 ‘ = H
Delete project... Ctri+E ol ‘ Fav-un-les = %
~
i iiBasic nstmuciore E
Retrieve... ghid T -
T 1 » i Bitlogic operations ol
S Card ReaderlUsB memory 3 5 i 1%
 Memory card fle P f » Timer operations =
3 » [#] Counter operations ;
pgrade L 4 » [<] Comparator operations | = E
= Print... cuiep | | f 3 :3 Math functions
& Print preview.. 6 » 5 Move operations —L%:
i »
D400_T..1052-201_Startup_SCL_S7-1500 & B! = caneron apenlions &
a ~ 5 Program control operations. o
ot g s IF .. THEN .. e
¥ T Technology objects —] 10 » | |
» [ Extemal source files 5 : 1114 = 114 T s L]
k. 11 5IF #Diameter> 0 AND §Filling level>= 0 AND §Filling level<= fHeight T seu IF . THEN .. ELSIF .. Ll
L 12 =
- PLC tags 12 /7 5 CASE ., OF ... &
] ;L' PLC data types 12 $er := FALSE; 5S¢ FOR . TO v DO e E
>F;_a:Wa1thandfﬂ'EE tables 14 #Volume := SQR(#Diameter) / 4 * 3.14153 * §Filling lewel * 1000; [ St FOR ..TO .BY..DO ... |&
*1M Online baclaips 5 | ELSE 5t WHLLE ... DO ...
b G Traces 16 / 5t REPEAT ... UNTIL ...
#j Program info { 7 fer := TRUE: ] 5 i s CONTINUE E
» [, Device proxy data < [ 2| |100% |2 S e
£ PLC alarms & -1 = < 1]
= |g Properties H,!.Infu \l&' Diagnostics = z 1
& Textlists _ > |Extended instructions
» [ Local modules J General H Cross-references || Compile H Syntax ‘ > | Technology
+ (g} Common data [show ssages [~ T
= B 2218 [show il messages Fl TR
> | Details view > | Optional packages

> CPU_1516F terminated.

No. Description

Checked

1 Successful compilation without error message

2 Successful download without error message

Modify operand (Diameter = 0.0)
3 Result tag Volume= -1
Result tag "er" = TRUE

4 Result Volume =0
Result tag "er" = FALSE

Modify operand (Diameter = 3.5 and Filling_level_scal = 0)

Modify operand (Filling_level_scal= 6.0)
5 Result Volume = 57726.72
Result tag "er" = FALSE

Modify operand (Filling_level_scal= 12.0)
6 Result Volume = 115453.4
Result tag "er" = FALSE

Modify operand (Filling_level_scal= 14.0)
7 Result Volume = -1
Result tag "er" = TRUE

8 Project successfully archived
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9. Exercise

9.1 Task description — Exercise

In this exercise you are going to program a "Scaling" function. The program shall be generally
applicable to any positive analog value. In our example task "Tank", the filling level is read by an

analog sensor and stored as scaled value in the data block with this function.

In case of an error, the block shall set the error flag "er" to TRUE and set the parameter

"Analog_scal" to zero as a result. An error exists when the "mx" parameter is less than or equal to

mn-.

The function must contain the following parameters.

Input Data type Comment
Analog_per INT Analog value of the IO between 0..27648
mx REAL Maximum of the new scale
mn REAL Minimum of the new scale
Output
er BOOL Error flag, no error =0, error=1
Analog. scal REAL Analog value scaled between mn..mx
In case of an error =0

The following formula is used to solve the task:

#Analog_per

#Analog_scd =
27648

- (#mx-#mn)+#mn

An analog signal is required for this task. The operand used for this task must be entered in the
PLC tag table.

Name Data type Address Comment
B1 INT %IW64 Filling level between 0..27648
9.2 Planning

Now solve this task on your own.
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9.3 Checklist — Exercise

No. Description Checked
1 Operand added to PLC tag table
2 Function FC: "Scaling" created
3 Interface defined
4 Function programmed
5 "Scaling" function added to network 1 of OB1
6 Input tags connected
7 Output tags connected
8 Successful compilation without error message
9 Successful download without error message

Analog value for filling level set to zero
10 Result Filling_level_scal =0
Result er = FALSE

Analog value for filling level set to 27648
11 Result Filling_level_scal =12.0
Result er = FALSE

Analog value for filling level set to 13824
12 Result Filling_level_scal = 6.0
Result er = FALSE

Modify operand (mx = 0.0)
13 Result Filling_level_scal =0
Result tag "er" = TRUE

14 Project successfully archived
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10. Additional information

Additional information for more details is available as orientation help, such as Getting Started,
Videos, Tutorials, Apps, Manuals, Programming Guidelines and Trial Software/Firmware, at the

following link:

www.siemens.com/sce/s7-1500

For unrestricted use in educational / R&D institutions. © Siemens AG 2017. All rights reserved.
SCE_EN_052-201 SCL_S7-1500_R1703.docx

37


http://www.siemens.com/sce/s7-1500

	1. Objective
	2. Requirement
	3. Required hardware and software
	4. Theory
	4.1  The S7-SCL programming language
	4.2 The S7-SCL development environment

	5. Task
	5.1 Example task tank volume
	5.2 Expansion of the sample task

	6. Planning
	6.1 Global data block "Data_Tank"
	6.2 "Calculate_Volume" function
	6.3 Expansion of the "Calculate_Volume" function

	7. Structured step-by-step instructions
	7.1 Retrieving an existing project
	7.2  Saving the project under a new name
	7.3 Creating the "Data_Tank" data block
	7.4 Creating the "Calculate_Volume" function
	7.5 Specifying the interface of the "Calculate_Volume" function
	7.6 Programming the "Calculate_Volume" function
	7.7 Programming the "Main [OB1]" organization block
	7.8 Compiling and downloading the program
	7.9 Monitoring and testing the organization block
	7.10  Expansion of the "Calculate_Volume" function
	7.11  Customizing the organization block
	7.12  Compiling and downloading the program
	7.13  Monitoring and testing the organization block
	7.14  Monitoring and testing the "Calculate_Volume" function
	7.15  Archiving the project

	8. Checklist
	9. Exercise
	9.1 Task description – Exercise
	9.2 Planning
	9.3 Checklist – Exercise

	10. Additional information

