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High-Level Language Programming
with SCL and S7-1200

1 Objective

In this section, you will become familiar with the basic functions of the SCL high-level language.

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

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

2 Requirements

This section builds on the hardware configuration of a SIMATIC S7-1200. It can be implemented
with any hardware configurations that have digital input and output cards. To implement this

section, you can use the following project, for example:
"SCE_EN_011_101 Hardware_Configuration_CPU1214C.....zap14"

You should also be familiar with high-level language programming, such as Pascal.

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved.
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3 Hardware and software required

1 Engineering Station: The requirements are hardware and operating system
(for additional information, see Readme on the TIA Portal Installation DVD)

2 SIMATIC STEP 7 Basic software in the TIA Portal - as of V14 SP1
3 SIMATIC S7-1200 controller, e.g. CPU 1214C DC/DC/DC — Firmware V4.2.1 or higher
4 Ethernet connection between the engineering station and controller

: ; 2 SIMATIC STEP 7

1 Engineering station Basic (TIA Portal)
as of V14 SP1

4 Ethernet connection

3 SIMATIC S7-1200 controller

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved.
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Theory

SCL programming language

SCL (Structured Control Language) is a high-level, Pascal-based programming language that
enables structured programming. The language corresponds to the "Structured Text" (ST)
programming language specified in DIN EN-61131-3 (IEC 61131-3). In addition to high-level
language elements, SCL contains typical elements of the PLC as language elements such as
inputs, outputs, timers, block calls, etc. It supports the STEP 7 block concept and enables block
programming in compliance with standards in addition to programming with Ladder Logic (LAD)
and Function Block Diagram (FBD). This means SCL supplements and expands the STEP 7

programming software with its LAD and FBD programming languages.

You do not have to create every function yourself but can use pre-compiled blocks, such as
system functions and system function blocks that are present in the CPU's operating system.

Blocks that are programmed with SCL can be mixed with LAD and FBD blocks. This means that
a block programmed with SCL can call another block that is programmed in LAD or FBD.

Accordingly, SCL blocks can also be called in LAD and FBD programs.
SCL networks can also be inserted in LAD and FBD blocks.

The SCL test functions can be used to find logical programming errors in an error-free

compilation.

SCL development environment

There is a development environment that is tailored to the specific properties of both SCL and
STEP 7 for use and application of SCL. This development environment consists of an

editor/compiler and a debugger.

SCL for S7-1200
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SCE_EN_051-201 SCL_S7-1200_R1709.docx



Learn-/Training Document | TIA Portal Module 051-201, Edition 2018 | Digital Factory, DF FA

Editor/compiler

The SCL editor is a text editor that can be used to edit any text. The main task of the SCL editor
is the creation and editing of 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 SCL language

— Convenient insertion of language elements and block calls using drag & drop
— Direct syntax check during programming

— Customization of the editor to meet your needs, e.g. color-coding 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

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved.
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Debugger

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

(AS) and thus find potential logical errors.

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 run 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.

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved.
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Task

Example task — Tank volume

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

Expansion of the sample task

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

Planning

The tank is in the shape of a vertical cylinder. The filling level is measured with an analog sensor.

For the first test, the filling level value should be available as a scaled value (in meters).

Global parameters, such as the diameter and height of the tank, are to be stored in a structured

manner in a global data block "Data_Tank".

The program for calculation of the volume should be written in a "Calculate_Volume" function and

the parameters are to use the unit ‘meter’ or 'liter'.

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 value between 0...27648

filling_level_scal | REAL 0.0 range 0...12.0.

Volume REAL 0.0 Volume of tank in liter
fault_flags STRUCT

calculate_volume | BOOL fault == true

Scaling BOOL fault == true

Table 1: Parameters in the "Data_Tank" data block

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved.
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"Calculate_Volume" function
This block calculates the volume of the tank in liters.
In the first step, there is to be no check of the transferred parameters for reasonableness.

The following parameters are required for this step:

Input Data type | Comment

Diameter REAL Diameter of 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.

d2

4 ->  #Volume = #D'amjter . 3.14159-#Filling_le vel - 1000

Expansion of the "Calculate_Volume" function

The second step checks whether the diameter is greater than zero. In addition, a test is to be
performed to determine whether the filling level is greater than or equal to zero and less than or

equal to the height of the tank.

In case of an error, the new parameter "er" is set to TRUE, and the "Volume" parameter is set to

the value -1.

For this purpose, add the "er" and "Height" parameters to the interface.

Input Data type | Comment

Height REAL Height of cylindric tank in meter
Diameter REAL Diameter of 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 2018. All rights reserved.
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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_011-101_Hardware_Configuration_CPU1214C _....zap14).
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)

I Siemens

|.Prcjett |Edit View Insert Online Options

3F New...

-
I

B 3 Open... Ctrl+0
Migrate project...

Delete project... Cul+E
Menage multiuser server projects...

' Card Reader/USB memory »

T Memorycard file [

C:1..\032-600_Globale_Datenbausteine_V14
D:\OPC Workshop Dzialla..\MA-Beis pielprojekt
C:\Usersimdel\Deskto...\Mecha_APTIF17_V14

Exit Alt+F4
|

® 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 2018. All rights reserved.
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7.2 Saving the project under a new name

® You save the opened project under the name 051-201_SCL_S7-1200.
(® Project ® Save as ... ® 051-201_SCL_S7-1200 ® Save)

N8 Siemens - C:Wsers\imde\Desktop'011_101_CH

[Prcject :;Edit View Insert Online Options

3 New...

[ % Open... Ctrl+0
Migrate project...
Close Ctrl+w
Save as... Ctrl+Shift+5
Delete project... Ctrl+E
Archive...
Retrieve...

Manage multiuser server projects...

5 Card Reader/USB memery »
5 memorycard file »

Start basic integrity check
Upgrade

CAUsersimdelDe_\011_101_CPU1214C_V14
C:\UsersimdelDeskto..\Mecha_APTIF17_V14

Exit Alt+F4
[ ¥ & Onhine backups

7.3 Creating the "Data_Tank" data block

® In the Project view, navigate to ® the program blocks and create a new block by double-
clicking ® Add new block.

I8 Siemens - C:\WUsers\imdel\Desktop\051_201_SCL_S7-12001051_201_SCL_S7-1200
Project Edit View Insert Online Options Tools Window Help

3 [Md seveproject S M I3 5 X ) TN IG [ & coonline ¥ Gooffine | g3 [N B 2
4

=]

Project tree

Devices

%
25

¥ | ] 051_201_SCL_S7-1200
B Add new device
ggh Devices & networks
~ (@ CPU_1214C [CPU 1214C DUDC/DC]
Y pevice configuration
Q.| Online & diagnostics

[>

~ |5 Program blocks
B Add new block
& Main [0B1]

;* Technology objects

3!} External source files
[ PLC tags

[l PLC data types

:wl Watch and force tables
(& Online backups

v v w w w w w

= Traces

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved.
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® Now select a data block and enter the name.

(® ose s ® "Data_Tank" ® OK)

Add new block

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved.
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® Next, enter the names of the tags listed below with data type, start value and comment.

051_201_SCL_S7-1200 » CPU_1214C [CPU 1214C DUDUDC] » Program blocks » Data_Tank [DB1]

@ 2 B, B = ° Keepocwalvalues [gg Snapshot ™ ™, Copysnapshots tostartvalues g & " = |
Data_Tank
MName Data type Start value Retain Accessible f.. Wwrita..  Visiblein .. Setpoint Comment
1 4@ ~ Static
2 ﬂ[l_ ¥ dimensions. .\Struct ‘1; M =] [ !
3 4@ = height Real 12.0 =] =2 = in meter
4 4 L diameter Real 35 = = ) = inmeter
5 4] ® v measured_dats Struct D E B @
6 4 L filling_level_per Int 0 @ @ @ D range 0..27648
7 @ = filling_level_scal Real 0 &l 2 o =) range 0..12.0
8 4@ = volume_liquid Real 0.0 W =l W O in liter
9 @)= v faultflags struct (] ] =] =
10 @ = celculate_volume  Bool false =] = =2 M fault == true
11 <@ L scaling Bool e =] =l =2 O fault == true
(<] [ >
H n n H
7.4 Creating the "Calculate_Volume" function
® Next, add a function, enter the name and select the language.
e
(® Add new block ® Ffuncien - ® "Calculate_Volume" ® SCL ® OK)
Add new block X
Name:
I Calculate_Volume |
Language: {scL [+]
% Number: I Ff]
Organization () Menual
| :
i (®) Automatic
t Description:
i Functions are code blocks or subroutines without dedicated memory.
Function block
£
Function
&
Data block
mare...
> | Additional information
[w] Add new and open oK | | cancel

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. 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.

051_201_SCL_S57-1200 » CPU_1214C [CPU 1214C DUDUDC] » Program blocks » Calculate_Volume [FC1]

P D, EEG Ol EEH LY Fad &7 G =
Calculate_Volume

Name Data type Default value Comment
<4 ¥ Input

. <Add new: |

{ﬂ" Output

5

- InOut

~3 v o e [ =

{1 ® 4 =

Temp

o

Constant

- A0

{4 8 4 =

Return
L] Calculate_Volume Void

N o= O

=

<
<a
<
<

IF...

CASE.. FOR.. WHILE.. ( o cecion

OF.. TODO.. DO...

® Create the following input and output parameters.

(® Name ® Data type ® Comment)

051_201_SCL_S57-1200 » CPU_1214C [CPU 1214C DUDCDC] » Program blocks » Calculate_Volume [FC1]

g P, EFa@ el sd Emals Fad & T & 4
Calculate_Volume
Name Data type Default value Comrment
1 <@ ™~ Input
2 @n Diameter Real diameter cylindric tank in meter
3 4a-ne Filling_level Real filling level of liquid in meter
4 = A =
5 g ¥ Output
6 41 = Volume Real 'E _‘.-Dlurne Gfliguid in the tank in liter )
7 L} J ey
8 <4 ¥ InOut
9 L] <Ad
10 @ ¥~ Temp
11 = <Ad e
12 4@ ~ Constant
13 s <Add
i4 1 ¥ Return
15 41 = Calculate_Volume Void

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved.
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7.6 Programming the "Calculate_Volume" function

® Enter the program shown below. (® Enter program)

.+7-1200 » CPU

Calculate_Volume

g D b, SO GEEW LN Fad &0 3

Name Data type Default value Comment
1 4~ Input
2 @@= Diameter Real diameter cylindric tank in meter
3 @-n» Filling_level Real filling level of liquid in meter
4 . <Add ne
5 <4 v Output
6 <@ = Vaolume Real volume of liquid in the tank in liter
(<] ) il |
_ L I e, i |
i, c;?f," :f;c wn':'}"t (*.*) REGION

1 #Volume :=

SQR{#Diameter) / 4 * 3,

Now compile your program and check it for syntax errors. These

159 * #Filling level * 1000;

are displayed in the

Inspector window below the programming. Correct any errors and compile the program

again.

=) -
Then save your program. (® 2 ® Eliminate errors ® E save )

TA Siemens -

C:\Usersimde\Desktop\051_201_SCL_S7-1200051_201_SCL_S7-1200

Project  Edit  View

Project tree

Devices

> [ ] 051_201_ScL_S7-1200
B¢ Add new device
gy Devices & networks

~ gl Program blocks

» (@ PLCtags
» [g PLC data types

» [ Traces

» [ Local modules
» 4 Ungrouped devices

» @ langua.

> | Details view

Insert Onil.ne‘ Options  Tools Window Help Totally Integrated Automation
GF ) seveproject @ X E 2 X Dr: MG E R ¥ Goonline ¥ Gooffline 7 MM € | || [Zcochinooecs | W PORTAL
Compile
m«
Options
o D b, E@@p el =S EREd s Fad & 5 ]
¢ ZF S 8, = 305 8 63 = S = I L T A H @
Calculate_Volume > ‘Favolites 5
P ;. o
(~] Name Data type Defaultvalue  Comment [ Basic instructions g
1 @~ Input ~ =
=] Name
2 @@=  Diameter Real diameter cylindric tank in meter - = L
e ‘ = » [ Bitlogic operations
~ [/§ CPU_1214C [CPU 1214C DU/DGIDC] 3 las Filling_level Real filling level of liquid in meter = ol
8 » (@] Timer operations =
[I¥ Device configuration 7] . oA L : -
B » [43] Counter operations @
@/ Online & diagnostics 5 l@ v Output 2 ; &
< S » [¢] Comparator operations |2
=l @=* volume Real =) volume of liquid in the tank in liter =
. = = » [£] Math functions
B Add new block 7 = D R s [¢]’ - - L
<] M | [3] | = tove cperetions =
4 Main [0B1] | = =2
WAk TG » & Conversion operations |5
= CASE... FOR... WHILE.. ., , 3 =
@ Data_Tank [DB1] e OF. TODG.. DO.. ) REGION » Ln_*] Prcgram_:un!m\ Q.peratl,. e
» (3 Technology objects 1 #Volume := SQR(#Dia g * DB Wb logle nperations
L gy obj 1 #Volume := SQR(#Di 4 » %5 shiftand rotate =
» g} External source files = 2 (]
[
i g
1 = s
» [ Wstch and force tables < = ] 2] [ioox = z
» [ig Online backups |'d Properties | %} Info @] %/ Diagnostics
= . = ‘ General y“ Cross-references ‘l Compile H Energy Suite ” Syntax } =
» [, Device proxydata —
B} Program info [O[1]@][shonaimesssges 7]
E) PLCalarm text lists Compiling finished (errors: 0; warnings: 0)
1 Path Description Goto | ? <] il | >
© - Pogemblocks ” 0 |~1> |Extended instructions
Eenmc ) Caleulste_volume (FCT) _Block wss successhlly compiled. la (=12 | Technol
Documentation settings [} Compiling finished (errors: 0; warnings: 0) 29y
e v |2 | Communication
< h I > > | Optional packages

4 Portal view

| @ pata_Tank (.. | colculate vo...

[3 Properties

Mg.lnio ] n %l Diagnostics

‘ General _iJH Cross-references

@\EHE\ | show all messages

Compiling finished (errors: 0; warnings:
! Path
Q ~ Program blocks
0 Calculate_Volume (FC1)

L2

<]

” Compile H Energy Suite |
[=]
0)
Description Goto ?

Block was successfully compiled.
Compiling finished (errors: 0; warnings

(1]

:0) ;‘
v]
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Programming the "Main [OB1]" organization block

® Before programming the "Main [OB1]" organization block, switch the programming language
to FBD. To do this, click on "Main [OB1]" in the "Program blocks" folder.
(® CPU_1214C[CPU 1214C DC/DC/DC] ® Program blocks ® Main [OB1] ® Switch
programming language ® FBD)

T8 Siemens - C:\Usersimde\Desktop\051_201_SCL_S7-1200051_201_SCL_S7-1200

Project Edit View Insert Onil.rle‘ Options  Tools V\.Anduw Help Totally Integrated Automation
SR saveprject @ X E a X O : GO E E B F Goonline §F Goofiline 7 MW ¥ || [Scochinooecs | W PORTAL
Project tree m 4«
Devices Options ES
< 5 k| ) -— &3 4 3] ~ = - - = =3
4 2 B b E@R:@ AR cATR NP GL & E | POE H
Calculate_Volume > ‘Favolites 5
~ [ cPU_1214C [CPU 1214C DODCIDC] ~ Name Data type Defaultvalue  Comment « | Basic instructions g
1Y Device configurstion 1@ Input =T name 1
%/ Online & diagnostics 2 @= Diameter Real & diameter cylindric tank in meter | 2= 3 -
= = 5 » [ Bitlogic operations
[l Program blocks 3 @ Filling_level Real filling leve! of liquid in meter — %
" » [@] Timer operations i
W& Add new block 4 4@ ~ Output n - o
5 » [+3] Counter operations w
& Main [OB1] E A0 a o Real volume of liquid in the tank in liter r o o
» [q] Comparator operations |3
4 Calculate_Volu| = =
ro | [ Math functions
@ Data_Tenk [DB: C . ) = =
» (3 Technology object culse u M * = Move operations e
= % o = L e » &g conversion operations “:
» g} Bxternal source fil ste . wre g g
» (g PLCtags bo.. o.. - REGION » 53} Program control operati.. &
i - e g X Delete Del g _ : » [68] word logic operations | ©
,LJ ata types Rename F2 |me := SQR(#Diameter) / 4 * 3. HRRA » &5 shiftand rotate =
» |55l watch and force ta) p— . = L)
» (& Online backups el c
et Download to device ’ g
o fatos & Goonline sk m ] 3] [100% R ——— -4
» [, Device proxydata g e s
il o 4 T - - @
4§ Program info @ [g Properties “‘i-.'nfo gﬂy Diagnostics
= i Quick compare » Lo
,Q PLC aladTe e 15y Cross-references ‘I Compile H Energy Suite ” Syntax t
» [ Local modules | 4 search in project Curl+F
e e -
» Il Ungrouped devices | 2 cenerste source from blocks -
» (48 Common data = (errors: 0; warnings: 0)
» [5) Documentation sertin 3¢ Cross-references ATy Description Gow 7 =l <] il ] >
e X‘Crc‘n‘ss'referen(emfmmatmn ShifisF11 [ e A o[ lak e
» [jg Online sccess Sl s Liste_Volume (FCT) Block was successfully compiled. P
signment list = =|? | Technology
» (i Card Reader/USB memor Compiling finished (errors: 0; warnings: 0)
Switch programming language D Py RIS
> | Details view Know-how protection il > > | Optional packages
¥ The project 0

4 Portal view Print. CtrlsP

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

W% Siemens - C:\Users\imde\Desktop¥051_201_SCL_S7|

Project Edit View Insert Online Options Tools
OF (hEl seveproject & X 35 5 X 02

Project tree m 4
Devices

sk
A
|

+ [ ] 051_201_5CL_S7-1200 ||
B Add new device Il
ghy, Devices & networks

~ (@ cPu_1214c [CPU 1214C DODC/DC]
ﬂ'f Device configuration
%} Online & diagnostics
~ |l Program blocks
" Add new block

........................ MO

& 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. (® Call "Calculate_Volume" ® Assign network title ® Write

network comment ® Connect parameters)

T8 Siemens - C:\Usersimde\Desktop\051_201_SCL_S7-1200051_201_SCL_S7-1200

Project Edit View Insert Onii.ne Options  Tools V\.Anduw Help Totally Integrated Automation
IR seveproject 3 X E 2 X Dr: G MM E R § Goonline ¥ Gooffline fz MM € | || [Zcochinooecs | W PORTAL

Project tree m 4«
Devices Options

5 & : > =] =
§ f o = Of 2 = « —a E
] [ BEB el Qo & =& -
r c

| 4 > ‘Favontes 8

> [ ] 051_201_ScL_S7-1200 ~ e . s
51.201_5¢L {Ead 5 - + | Basic instructions 3

I Add new device LIRS A | =sl [ -] . ‘ =

i ame
gl Devices & ":‘W‘“ ] v Block title: “Main Program Sweep (Cycle)” » (] General o
~ [ cPu_1214C [CPU 1214C DUDCIDC] i Ca] Bi z

L CPU_ : en » 5] Bit logic operations 3
IIY Device configuration » (@] Timer operations 2

%/ Online & diagnostics ¥ Network 1: » [39] Counter operations £

~ gl Program blocks = — — P = =

ey = Commen » [] Comparator operations

2 - ";o”;‘]“‘ » [£] Math functions =

b= Cai"‘l Ve » [ Move operations “'_"

iculate_Volume =
g - s e » 5 Conversion operations | &
ata_Tanl = -

T Tlh |~ 3 » 5 Program control operati..|
g cchinoiogyotjcces » L Word logic operations =

» lg@} External source files o » &5 Shift and rotate |

» (@ PLCtags el £

- 5

» [ PLC data types s

» I3 Watch and force tables g

» (&g Online backups

» [ Traces
» [l Device proxydata
4 Program info

E] PLC als li Lt 2 TRTEY. TSI
] alarm text lists
» [l Local modules | properties |} info )| % Diagnostics <] i B
» i Ungrouped devices | General g Cross-teferences | Compile | EnmergySuite [ Syntax | > |Extended instructions
» [§f Common data 21
" sages ] > | Technol,
e [N Ferre— oo
Sl e s ~| Compiling finished (errors: 0; warnings: 0) > | C
> | Details view ! Path Description Gow 7 > | Optional packages

| @ Dota_Tank (. | colculate vo... | Moin 0B1) i o el o e e

4 Portal view

» CPU_1214C [CPU 1214C DUDUDC] » Program blocks » Main [OB1]

3% 2 sRE — I =1rrs = b F
s o, EREP8r@rgtE@ CGEaB e g &5
a1 - - -
& =1 4 =ol = -]
v Block title: “Main Program Sweep (Cycle)” 7
Comment
v Network 1: Call of function "Calculate_Volume®
w This function calculates the volume of a liguid inside & tank.
Diameter and filling_level have to be assigned in meter
The volume will be calculated in liter
i
“Calculate_Volume® -
=—EN
"Data_Tank".
dimensions.
diameter —Ipiameter
*Data_Tank". “Data_Tank".
measured_data. measured_data.
filling_level_ volume }— velume_liquid
scal —{Filling_level ENO— e
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7.8 Compiling and downloading the program

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

compilation, save your project and download it to the controller.

. _
3 @ H seveproject o, D))

@

T4 Siemens - C:\Usersimde\Desktop\051_201_SCL_S7-1200051_201_SCL_S7-1200

> | Details view
4 Portal view 25 Overview

| @ pawatank (. |4 colculate vo.. | Main 0B1)

® Select PG/PC interface ® Select subnet

Extended download to device

Configured access nodes of "CPU_1214C"

Connection to interface/subnet:

Select target device:

® Start search ® Load

Device Device type Slot Type Address Subnet
CPU_1214C CPU1214CDCD... 1X1 PNIE 192.168.0.1 PNIIE_1
Type ofthe PGIPCinterface:  §_PHIIE [=]
PGIPC interface: [B Intel(R) Ethernet Connection (4) 1219-LM m @ @

Direct at slot'1 X1"

[+ ®

- @

‘ Show all 'cnmpailhle devices

<

[~ Flash LED

Online status information:

g_-g' Connection established to the device with address 192.168.0.1.

€) scancompleted. 1 compatible devices of 1 accessible devices found.
=¥ Retrieving device information...

Scan and information retrieval completed.

Device Device type Interface type Address Target device
CPU_1214C CPU 1214C DCID... PNIE 192.168.0.1 CPU_1214C
= = PNIIE Access address =

Startsearch |

"] pisplay only error messages

[oed |

Cancel
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Project Edit View Insert Onlme’ Options Tools Window Help Totally Integrated Automation
G svepojec: @ X E B X O & DG E R F coonline ¥ Gooffine So MM ¥ - 1] [= PORTAL
Project tree m 4
Download to device
Devices Options
= - (2] 5 » » 9 E =
% EA =28 et @@aB el g &5 jm 2
o ]
. = > ‘Favontes =
> []051_201_5CL_57-1200 ~ " g e
T = i B . v | Basic instructions s
B Add new device & sa B 4 - {] . | @
.
by Devices & networks I+ Block title: “Msin Program Sweep (Cycle)” A1 [ cenerat &
~ 1§ CPU_1214C [CPU 1214C DU/DCIDC] s C = T el
s x Comme » -] Bitlogic operations per
Y Device configuration = =
. . . . » [@] Timer operations “
% online & diagnostics [*  Network 1: Call of function "Calculate_Volume® » [ Counts § =3
P ] Counter operations
~ g Program blocks =|  This function calculates the volume of s liquid inside 3 tank. ¥ P compareoperatona il
¢ Add new block Diameter and filling_level have to be assigned in meter - | = = L
& voin [081] The volume will be calculated in liter S > E aath eincinns B
» =] Move operations |
4 Calculate_Volume [FC1] . )
e » B Conversion operations | @
@ Data_Tank [DB1] — 3
“Calculate_Volume® » 58 Program control operati
» [ Technology objects = :
» i) External source files Word logic operations ey
@ » &5 Shift and rotate L
» Lg PLCtags "Data_Tank". 5—
» (@ PLC data types dimensions -]
» (55l Wetch and force tbles diemeter —ipiameter S
» [ig online backups “Data_Tank" *Data_Tank"
» [ Traces measured_data measured_data -
» [} Device proxy data filling_level_ volume_liquid J
B i scal v
o} Program in < [3>] [100% [+]
E| PLCalarm textlists
¥ il Local modites [ Properties |} Info &% Diagnostics | <] m ] >
| . ry "
4 Ih Ungrouped devices General gu Cross-references H Compile U Energy Suite ][ Syntax [ > | Extended instructions
» 4§ common data ol s el
RGeS ToE 3] 1.][@)] [ show sl messages [+ > | Technology
= | B ipspiirca: ~ | Ccompiling finished (errors: 0; wamings: 0) % | Communication
I Path Description Goto |7 > | Optional packages
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® Make a selection, if necessary ® Load

Load preview %
0 Check before loading
Status || Target Message Action
M & ~ crui21ac Ready for loading.
! » Protection Protection from unauthorized access
[v] » Stop modules The modules are stopped for downloading to device. Stop all
[v] » Device configurati... Delete and replace system data in target Download to device
o » Software Download software to device Consistent downlcad
0 » Additional inform... There are differences between the settings for the project and the. Q Overwrite all
(] Text libraries Download all alarm texts and text list texts Consistent download
< [ [>

Refresh

inish ‘ E Load j | Cancel \

® Finish

Load results B3
9 Status and actions after downloading to device
Status ! Target Message Action
*‘", &~ cru_1214C Downloading to device completed without error.
! » Start modules Start modules after downloading to device. E‘ Startall
<] [ [>
£ finishoH  1oad  |[  cancel

7.9 Monitoring and testing the organization block

oih

® In the open OB1, click the ' * “icon to monitor the block.

W B A, fE] g @@ =l & ST & =
= - Monitering enicff
a >=1 -4 -l = =]
~  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
w1
“Calculate_Volume®
EN =
35
"Data_Tank".
dimensions.
diameter —piameter
00 0.0
"Data_Tank". “Data_Tank".
measured_data. measured_data.
filling_level_ Valume — velume_liquid
scal —Filling_level ENO|—
= = ~|
100% |~ [ s
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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)

051_201_SCL_S7-1200 » CPU_1214C [CPU 1214C DUDGDC] » Program blocks » Main [OB1]

M E S L =E0=

Brc@eTp/eGad@aBd = G &7 &% =

Monitor »
& > A Display format »
- Network Define tag... Ctrl+Shifi+l E
T kine Rename tag Crl+Shift+T hic
Diametera Rewire tag. Crrl+ShifeeP | —
The volume
X cu Curl+X
E5) copy ctrl+C
2] Paste CrleV
% Delete Del
Goto » z
o Cross-reference information Shift=F11
Data_|
dimen 3 insert network Cerl+R
dia Insert STL network
Insert SCL network
Insert empty box Shift+F5 b =l
e - e "Data_Tank".

measured_data.
volure_liquid

Properties Alt+Enter

Filling_level ENO

® Enter value 6.0 ® OK

Iknl

Operand:  |“Data_Tank"measured_datafilling| Data type:
Modify value: [6.0 | Format:

| Floating-peint number
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® Check the result for correctness.

M2 L EEED8tar SR ChLPAaES s g &[T 6 3

A

N e i |
& 4 = = A-]

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

- 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

WCl
“Calculate_Volume®

—EN

5]
"Data_Tank".
dimensions.
diameter — piameter

"Data_Tank™.
measured_data.
filling_level_

Volume

&6 57726.71

"Data_Tank".
measured_data.
. volume_liquid

scal |

Filling_level

ENO

7.10 Expansion of the "Calculate_Volume" function

® Open the "Calculate_Volume" function, and insert a row in the output parameters by right-

clicking the row in the interface.
(® Open "Calculate_Volume" ® Right-click on row 5 ® Insert row)

. » CPU_1214C[CPU 1214C DUDUDC] » Program blocks » Calculate_Volume [FC1]

>
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F B L, E@a:FCc@aasd Emaiss Faa 3
Calculate_Volume
Name Data type Default va.. Comment _
1 <@~ Input :
2 4= Diameter Real diameter cylindric tank in meter ;
3 @ Filling_level Real filling level of liquid in meter b
4 <@ v Output
5 4 1_-;-‘- |z volume of liquid in the tank in liter
& 9 =k add row v]
— —
4 ) cut Clex | ]
| | 25 copy Curl+C '
| % Delete Del | * 3.14159 * #Filling level * 1000;
T
H Go to next point of use Ctrl+Shift+G
U € Crossreferences F11
€ Crossreference information  Shift+F11
|
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® Enter the parameter "er" with data type BOOL and comment.

. » CPU_1214C [CPU 1214C DUDUDC] » Program blocks » Calculate_Volume [FC1]

PP D e, G C AR aEE s PG 4
Calculate_Volume
Name Data type Default va.. Comment

1 < ¥ Input :A
2 @n Diameter Real diameter cylindric tank in meter =
3 g@n Filling_level Real filling level of liquid in meter il
4 <] « Output

5 @@= er Bool E‘ [fauh flag; fault == true j

6 4)= Volume Real volume of liquid in the tank in liter ﬂ

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

. » CPU_1214C [CPU 1214C DUDUDC] » Program blocks » Calculate_Volume [FC1]

g DL, EQwCrcaa s cEaNlL s Fada d

Calculate_Volume

Name Data type Default va.. Comment

1 <41 ¥ Input P
2 4= Height Real E' lheight cylindric tank in meter =
3 4w Diameter Real diameter cylindnc tank in meter 1=
4 4an= Filling_level Real filling level of liquid in meter il
5 4 ¥ Output
6 @n er Bool faultflag; fault ==1true
7 dm Volume Real volume of liquid in the tank in liter

® Then go to the "IF...THEN...ELSE" control statement from the "Program control operations"
folder of Basic instructions.
(® Instructions ® Basic instructions ® Program control operations ® "IF...THEN...ELSE")

Options
B, 1 B s
» | Favorites

~ | Basic instructions

suopnsu|

Name

» i Bitlogic operations ~
» [®] Timer operations

» [41] Counter operations

» <] Comparator operations
b [£] Math functions

» | Move operations

]
Bupsa |

» B Conversion operations
5 Program control operati...
sa |F .. THEN ...
sct JF .. THEN . ELSE .
so lF THEMN FISIF

§ Branch conditionally
5.

St AL e e
sa FOR..TO .. DO ..
s FOR..TO ... BY ..DO... ..
sct WHILE ... DO ...

sct REPEAT .. UNTIL ...

sct CONTINUE

sa EXIT

saueIqr] Eﬂ syse| @ilﬂ
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® Then drag the "IF...THEN...ELSE" control statement to the second row of the program.
(® "IF...THEN...ELSE" ® drag & drop)

W, Siemens - C:\Users\imde\Desktop\051_201_SCL_S7-12001051_201_SCL_S7-1200

Project Edit View Insert On!meA Options  Tools Window Help Totally Integrated Automation
GF (3B saveprojecr 5 X i 5 X Dy e 50 H [} # coonline ¥ Gooffine fz A ™ »x - []* PORTAL
P 4 P 4C DC/DUD Program blo alculate_Volume I
Devices Options
P @) & 4 75 - p—— e N —] g
¥ B o EE@EECGEE =T EE RS B I Wl Hg
Lid g
Calculate_Volume > | Favorites E
= x -3
3 051;::1}::_571200 (»] Name Data type Default va.. Comment | Basic instructions g
1 -
ki Dviesc st W Heon Reo hwight ik [ pene
vi 2 . it 1 = i =
- et b 9 pin hc HneInmeer |§ » i) Bitlogic operations &l
~ L@l CPU_1214C [CPU 1214C DC/D... =z @~ Diameter Real diameter cyfindric tank in meter | | » [Bg) timer operations —
D fi u illi i iquid i ~
ﬂ'l evice configuration 4 @a-n Filling_level Real filling level of liquid in meter » [53 Counter operations 2
9% Online & diagnestics 5 |40 v Output P 5 =
2 | » [¢] Comparator operations H
~ gl Program blocks 6 @@= er Bool faultflag; fault == true B Weth finctioes =
ﬁ&dd new block 7 @a- Volume Real volume of liquid in the tank in liter __} ,;,J —
R v | * (= Move operations =
& Mein [0B1] 8 4 v Inout | " =4
- ‘ ‘ m > » = Conversion operations —
4 Calculate_volume [FC1]  — E =
B — = =— ¥ & Program control operati... @
@ Data_Tank [DB1] ; %
r = IF. o BoT (%) REGION scu IF . THEN ..
» L4 Technology objects =
” st IF ... THEN ... ELSE ... =
» i External source files 1 = SQR(#Diameter) / & T I THEN L ELSIF L
ra 3 sa IF .. 4
: - :E';g‘ || sa CASE ... OF ... =
) ata es s
» = Watch td“;u bl . sa FOR...TO .. DO ... o
and force tables
= ML st FOR..TO ..BY ..DO.. .. |@
<] ] I[>] ’ G WHILE .. DO & |
v | Details view scu REPEAT . UNTIL ...
st CONTINUE
sc EXIT .
<] 1 ] [3] [1o0% | . oo s GOM =
e el |_§P erties ﬂ"“ Info i V 2| Diagnostics | i 2 | \L
TO| { { | | . -
. = od > | Extended instructions
| General ‘g‘l Cross-references ‘l Compile ‘l Energy Suite H Syntax ‘ > IT hnology
@m‘sm“ all messages - > | Communication
IE - » | Optional packages
4 Portal view @ Dota_Tank (|4 Calculate_vo... |4 Mein (0B1)

.7-1200 » CPU_1214C [CPU 1214CD C] » Program blocks » Calculate_Volume [FC1]

g ait a1 & (B | e T T »
e EEasecaa = caaNwFad &% 4
[ T a1 S
if; [OAEe PO WHRE i o8 maion
1 #Volume := SQR(#Diameter) / 4 * 3.14159 * #Filling level * 1000;
2 BIF condition THEN
3 // Statement section IF
4 i
6 section ELSE
& |END_IF;
" g
,
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® Highlight the mathematical formula and move it onto the semicolon in front of the ELSE using

drag & drop.

(® Select ® drag & drop)

...7-1200 » CPU_1214C [CPU 1214C DUDUDC] » Program blocks » Calculate_Volume [FC1] - X

= D 8, E@@i@ﬁ’%eﬂ%"—:g G=EEH L Y I"*“"ltl;_c?“'?." =

a1 s

CASE... FOR... WHILE..

OF.. ToDo. po.. (") REGION

QR (#Diameter) / 4 * 3.14159 * #Filling level * 1000;

r
-
Lol <

; ition THEN

3 // Statement section IF
4

5 | ELSE

6 // Statement section ELSE
g | END _IF;

...7-1200 » CPU_1214C [CPU 1214C DUDUDC] » Program blocks » Calculate_Volume [FC1] -

I’y

=2 P b EEE@ GRS cHEIR N Fad & o

T a1 ey

e CASE... FOR... WHILE..

OF.. Topo. po.. ‘") REGION

-JIF _condition THEN

T A

// Statement section IF

o . S R OO U S

o o

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

=
(® Complete program ® )
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...7-1200 » CPU_1214C[CPU 1214C DUDUDC] » Program blocks » Calculate_Volume [FC1] - 0B X
sz D 0, EFGeCGER =T EEEH LN FQA & o
ey .I. a |
IF.. CSZFE TF:;Q w:tl)LE (*..*) REGION
1 EIF #Diameter > 0 AND #Filling level >= 0 AND #Filling level <= #Height THEN
2 // Statement section IF
3 #er := FALSE:
4 #Volume := SQR(#Diameter) / 4 * 3.14159 * $Filling level * 1000;
5 |ELSE
6 '/ Statement section ELSE
7 f#er := TRUE;
4 g #Volume := -1;
‘ 9 | END_IF:
B 10
-

® Comments can be added with "(**)" as block comment and with "//* as row comment. You can

now add comments to your program.

(® Insert block comment starting with row 1 ® Insert row comments in rows 12/16)

...7-1200 » CPU_1214C [CPU 1214C DUDUDC] » Program blocks » Calculate_Volume [FC1]

- 0 mX

ok By 6, EEGGCER =D 2EEH

L Fad &7 o

the fa

flag output-paramet

ume will be -1.
e diameter is less than or equal
rel iz less than 0 or
gr

greater than the height of the tank.

1 r-;IIF #Diameter > 0 AND #Filling level >= 0 AND #Filling level <= #Height THEN
12 // no fault

T 1 & |
-

13 #er := FALSE;

14 #Volume := SQR(#Diameter) / 4 * 3.14159 * #Filling lewvel * 1000;
15 | ELSE

16 '/ fault

17 #er := TRUE;

18 #olume := -1;

19 | END_IF:

(3] [100% [+

<[ i

Calculate_Volume
Name Data type Default va.. | Comment |
1 4 ™ Input b
2 40w  Height Real 5 height cylindric tank in meter E
3 4w Diameter Real diameter cylindric tank in meter e
4 4= Filling_level Real filling level of liquid in meter
5 < ¥ Output
6 <= er Bool fault flag; fault ==true
7 ] m. Volume Real volume ofliquid in the tank in liter E
(<] il B
i e !
. O 1O VRE: . econ
1E(*
2 | This function «
3 | Input-parameters in meter
4 | Cutput-parameter $V
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7.11 Customizing the organization block

® Open OB1 and update the inconsistent block calls by clicking @ (® Open OB1 ® :g‘)

i T& Siemens - C:\Usersimde\Desktop\051_201_SCL_S7-1200\051_201_SCL_S7-1200

Project Edit View Insert Online Options Tools Window Help TatalhyiIni=smates Atomation
| CF il saveproject 3 ¥ 15 5 X D s B MM B R F coonline (F coorfine fr MM € 1" PORTAL
U Project tree m 4
Devices Options
4 g L, EREp8r@ratEpecaaBel: g 5 S OmE|g
] g . e — > IFavolites g
* _]051_201_SCL_S7-1200 A Update inconsistent block calls = - s
TR — v | Basic instructions 3
B¢ Add new device 8 = A | =al (= | A5] - I a
_ Jneme '
’Eg'ﬁ DeViCes AW ¥ Block title: “Main Program Sweep (Cycle)” Al [ ceneral .j
a CPUJz,MCICN 12046 DD, o Comment » 5i] Bit logic operations -
Y Device configuration = s e i A
%/ online & diagnostics ¥  Network 1: Call of function *Calculate_volume® » [ Counter operations =
i Froqrre blocks w This function calculstes the volume of s liquid inside a tank. Sl et i
B Add new block Diameter and filling_level have to be assigned in meter - - L
& Vein [0B1] 3 The volume will be calculated in liter » [£] Math functions B
£ =1 (5 Mov i
4B Calculate_Volume [FC1] = Move operstions =
el » “5 Conversion operations. “
| @ Data_Tank [DB1] al =
= < “Calculate_Volume" » 3 Program control operati...
B S TeEholon ebvects - » & Word logic operations —
» 5} External source files ~=]EN = m
. » &5 Shift and rotate
» Lg PLCtags “Data_Tank". = &
» g PLC data nypes dimensions L g
» 5 watch and force tables dizmeter — Diameter 5
» [ Online backups *Dats_Tank" *Data_Tank"
» [ Traces | measured_dsts measured_data. <] [ ] >
» [ Device proxy data [v] filling_level_ Volume |— velume_liquid - :
<] [ [> scal {Filling level ENO — > | Extended instructions
~ | Details view «|?> | Technology
| < L M [100% B /TPYTrT > | Communication
i |3Properties H'i-‘.lnfu i)“& Diagnostics I > | Optional packages
| 4« Portal view @ Doto_Tank (| Colculate Vo |4 Main (081)
i

B: G Qs

B e

& »=1 — =p] = _{=]

w Block title: "Main Program Sweep (Cycle)”
Lomf 4
i) Q Network 1: Call of function "Calculate_volume”®

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

WCi
“Calculate_Volume™

I — =N

Height
"Data_Tank".
dimensions.
diameter Diameter er=—<!7.7>
"Data_Tank". "Data_Tank".
measurer?_data_ meas uret_i_dlata_
filling_level_ Volume — velume_liquid
scal— Filling_level ENO —

100%

(] 96 2 63 Y Gz Iz

[>]
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® To do this, add the parameters "er" and "Height".

051_201_SCL_S7-1200 » CPU_1214C[CPU 1214C DUDUDC] » Program blocks » Main [OB1]

5 [y— ] h
= s e BBAD Galats GO & T
i
a e 4 =0 = -]
¥ Block title: “Main Program Sweep (Cycle) 7
Comment
> 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
TFCT [
“Calculate_Volume”™
—EN
"Data_Tank".
dimensicns.
height —lHeight
"Data_Tank". =
"Data_Tank". fault_flags.
dimensions. calculate_
diameter Diameter erj— volume
*Data Tank". "Data_Tank".
measured_data measured_data.
filling_level_ volume volume_liquid
scal _Ariliing_level ENOf— v|
[100% | = Wvres, crrevrree

7.12 Compiling, saving and downloading the program

® Click the "Program blocks" folder, compile the entire program and then save it. After
successful compilation and saving, download the project to the controller.

=) -
(® Program blocks ® 2 ® B save project m )

T4 Siemens - C:\Users\imde\Desktop\051_201_SCL_S7-12001051_201_SCL_S7-1200

Project Edit View Insert Online Options Tools Window Help Totally Integrated Automation
S E soveproiect @ X B 5 X D B0 2 # Goonline F cooffine Sy MMM 2 4 ]'* PORTAL
Eibiett e I 4 Download to device
Devices Options
i s s caEp@:atEtF@ ecaad s aa’ S| "0 i
- g
. £
: e 2 |F £
» [ ] 051_201_SCL_57-1200 a o e —3s
. T o - sic instructio| 3
B Add new device 3 [aet R | o el - I =
ame
5&, Devices & networks [~ r | -
~ 1 CPU_1214C [CPU 1214C DC/DCIDC] ~  Network 1: Call of function *Calculate_Volume® : o gf:"‘:“m ol
1 » [ Bitlogi rati
I Device configumtion |~ is function calculates the volume ofa liquid inside a tank ekl ¢
FdiGnine & Gisgrodties = Diameter and filling_level have to be assigned in meter W] * TGl Brneraperationgi]
= = o The velume will be calculated in liter = | » 31 Counter operati| B
aﬁidd EEe || » [¢] Comparater op:
s "[Z‘”;”‘" el » [%] Math functions [=7
i “Calculate_Volume® » [~ Move operation| “‘_ﬂ
& Calculate_Volume [FC1] ¥ Ba Gorversiononall
@ Data_Tank [DB1] = P =
- . . " » B Program control
» [ Technology objects Dats_Tank". = >
¥ B ciermial = dimensions b i3] Word logic operf=
U SEATAL FAES e height o » & shiand rorate [
» L@ PLCtags : *Nata_Tank" . L c
» L) PLC data types < L [>][100% | = e, v H
» [543l Wetch and force tables lg Properties “"5‘. Info 4 ‘| % Diagnostics I ﬁ'
b - .
f" Spios bacins LGeneraI IJH Cross-references U Compile U Energy Suite “ Syntax J
» [Z Traces Btk ibptundd o i |
» (il Device proxy data ‘QH ! HO‘ Show all messages o
1§ Program info Compiling finished (errars: 0; warnings: 0)
&) PLC alarm text lists [V |Path Description Goto |7
= P
v | Details view @ - cruiziac s 7y 3 I
&  ~ Program blocks P =|> | Extended instry
Q Calculate_Volume (FC1)  Block was successfully compiled. ~ > | Technology
Q Main (OB1) Block was successfully compiled. Fa . | communication
Name Details & Compiling finished (errors: 0; warnings: 0) ) 1
<] il > > | Optional packa

4 Portal view Overview | @ Data_tank (. | colculate vo.. |4 Main (081) B Tepme
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7.13

Monitoring and testing the organization block

® In the open OB1, click the "“ icon to monitor the block.

Wil (T 6,

EREp8r@ratEeeead s aa &F I

Menitering onloff

& »=1 4  =ol

¥  Network 1:

= 4

Call of function "Calculate_Volume*

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

Wrcl
“Calculate_Volume™
——{EN
120
“Data_Tank".
dimensions.
height — Height
FALSE
35 "Data_Tank".
*Data_Tank". fault_flags.
dimensions. calculate_
diameter —dpiameter erf-= volume
0o 0.0
"Data_Tank". "Data_Tank".
measured_data. measured_data.
filling_level_ Volume p— volume_liquid
scal Filling_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)

b

Network 1:

Call of function "Calculate_Volume*

w This function calculates the volume of 2 liquid inside a tank.
Diarneter and filling_level have to be assigned in meter
The volume will be calculated in liter

%l
"Calculate_Volume"
—EN
12.0
"Data_Tank".
dimensions.
height — Height
FALSE
35 "Data_Tank".
"Data_Tank". fault_flags.
dimensions. calculate_
diameter — Diameter er= volume
6.0 57726.71
*Data_Tank" “Data_Tank".
measured_data measured_data.
filling_level | Volume — volume_liquid
€8} — 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)

v  Network 1: Call offunction "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

12.0
"Data_Tank".
dimensions.
height —

00
"Data_Tank"
dimensions
diameter —

6.0
“Data_Tank".
measured_data.
filling_level_
scal

i

“Calculate_Volume"®

EN

Height

Diameter

Filling_level

er

Volume
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 by right-clicking the function and

selecting the "Open and monitor" menu command. (® Right-click on function ® Open and

monitor)
Project Edit View Insert Online Options Tools Window Help ' Totally Integrated Automation
(Yl soveproiect @8 N 8] 3 X ¢ |3 0GB B Goonine o Goortine by IR 3¢ L) 1) PORTAL
Project tree m 00 p AC [CP AC DCUDUD Program blocks ain [OB esting m
Devices Options
] e, EEEPBr @[T e =tz 5 =]
’ £
Block inte ~ | CPU op panel
¥ ] 051_201_SCL_S7-1200 .E ~ g
& Add new device 2 s @ 4 a9 {d] CPU_1214C [CPU 1214C DCIDCIDC] ]
$ = ’;’:‘:;f‘:"‘s Ge |7 Metwerk: cotsfuncien colcuie votume: (] W =S =7
- o o
I Device configura w This function calculates the volume of a liquid inside 3 tank. i _ -
: i i Diameter and filling_level have to be assigned in meter = MAINT a
%/ online & diagnos The volume will be calculated in liter 3
e &
Add block
zm. neow;I oc! . i Vod, T <] [ > E
—— Emi L : - RN onitor » v | Call environment B
ACeAtE NO - —|EN Display format » No ition defined. -
@ Data_Tank([D.. @ ey [ efined. ] %
¢t o 2 - 1
» [ External source fi.. dimensions. |
» [g@ PLCtags o height —peight <
» (g PLC data types g V|" k F]
M e =,
» Emgnanu force .. _Dm__rsn";‘: Rewire tag t & :e"% @ ) (39363 2
» [ig online backups dimensions. X an Ctrlax [¥ Enable output in run
» E Traces diameter —piameter 5 copy CrrleC —{ This device does not support breakpoints.
» [ Device proxy data [ Paste Curlsv
55 Program info 60 == ol
< = 9 | *Data_Tank". X Delets 4!
; ired_data. Goto »
v | Details view flling_level_ ) ) ) ~ | Call hierarchy
seal o Cross-reference information  Shife+F11
—{Filling_level
b4
- - | 73 m c =3 E No call path available
[Name Detispo| = & Insert network crien S
. S - Insert STL network
=2 Overview Data_Tank (. |4 Calculate Vo... Insert SCL network B i The operand "Data_Tank" dimensions

051_201_SCL_S7-1200 » CPU_1214C [CPU 1214C DUDUDC] » Program blocks » Calculate_Volume [FC1]

W,
e
"y,
as

B, EE@:HF e EIATH LY Fad T & =

Block interface

Call path: Main [OB1] mn:
IF.. cgsrz‘rr:;u ":‘_.',LE (*..*) REGION
T B
2 | This function calculates the volume of a liquid inside a tank.
3 | Input-parameters #Height, #Filling level and #Diameter have to be assigned in
4 | Cutput-parameter #Volume will be calculated in liter.
5 | In case of an error the fault flag output-parameter #er will be set TRUE
€ |and the output-parameter #Velume will be -1.
7 | An error occura if the diameter is lesa than or equal 0
g |or the filling level is less than 0 or
9 |the filling level is greater than the height of the tank.
PA 10 |+
3 11 BIF #Diameter > 0 AND #Filling level >= 0 AND #Filling lewvel <= #Height THEN |} Result FALSE
- 12 // no fault
13 #er := FALSE; #er
14 #Volume := SQR(#Diameter) / 4 * 3.14159 * #Filling level * 1000; » #Volume
15 |ELSE
16 // fault
17 #er := TRUE; fer TRUE
18 #Volume := -1; #Volume =1.0
13 |[END IF;
20
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® You can show the values of the individual tags of the IF query by clicking the black

arrow ¥. (® V)

- Result

#Diameter 0.0
#Fillin... 6.0
#Fillin... 6.0

f#Height 12.0
#er
b #Volume
$er 'TRUE
#Volume -1.0
Project Edit View Insert Online Options Tools Window Help

Totally Integrated Automation

aE i = | a2 i = i | gl i»
Gf i H soveproject & X 15 G X 2 (s G D B R cooniine F Goofiine fp BB 2 H (1] PORTAL
0 0 Cl 00 P 2 4C DUDUD Program blocks alculate_Volume asting D
Options
Je e Ty -— el o= . 1 P E 3
S B i, EEErCGaR s cHEaEH Y Fad &7F & = djz
B terface H
v | CPU op panel 3
- = 3
Call path: Main [0B1] LM I CPU_1214C [CPU 1214¢ DcioCine H
e [T PR (WS o) Ineenon) W RuNiSTOP RUN |
1E(* »~ ERROR STOP %
2 | This function calculates the volume of a liquid inside a tank. = MAINT [ WRES. = K4
3 | Input-parameters #Height, #Filling level and #Diameter have to be assigned ir B
4 | Output-parameter §Volume will be calculated in liter. ~|=
5 |In case of an error the fault flag cutput-parameter fer will be set TRUE < il >
€ |and the output-parameter #Volume will be -1. VICaII e o E
7 |An error occurs if the diameter is less than or equal 0 — =5
g |or the filling level is less than 0 or [call path: Main [0B1] ] 2
9 |the filling level is greater than the height of the tank. E
I 10 | #) —
o 11 BIF #Diameter > 0 AND #Filling_level >= 0 AND #Filling_level <= #Height THEN |+ Result FALSE LU}
#Diameter 0.0 =l | Breakpoints | ;';.
#Fillin... 6.0 25
2 o ¥ (3 93 6F
#Fillin... 6.0 &re' Y e Lo
fHeight 12.0 (W) Enable outputin run »
12 // no fault This device does not support
13 #er := FALSE; fer break
14 #Volume := SQR(#Diameter) / 4 * 3.14159 * §Filling level * 1000; » #Volume
15 | ELSE
16 7/ fault v | Call hierarchy
17 #er := TRUE; fer TRUE
18 #Volume := -1; #Volume -1.0 — .
19 | Enp_te: - Main [OB1] -NW1
< ] I[>][100% = e el
G Properties | "4 Info )| %l Diagnostics =
2 Overview Data_Tank (. |4 Colculate_Vo... |4 Main (OB1) £
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® Right-click the tag to adjust the display format. (® Right-click tag ® Display format ®
Floating point)

¥] Result FALSE
#Diameter 0.0
#Fillin... 6.0
#Fillin... 6.0
il () Automatic
fer Expand all O Decimal
B #Volume Collapse all © Hexadecimal
Floating-point
#er TRUE
#Volume =1.0
E Result FALSE
#Diameter 0.0
#Filling level 6.0
#Filling level 6.0
#Height 12.0
fer
P #Volume
ter TIRUE
#olume -1.0

® Now test the other branch of the IF branch by modifying the diameter in OB1 back to
3.5 meters. (® Open OB1 ® Modify diameter to 3.5 ® Open and monitor function)

s B b, EE@:F e cIaN S Fad &[T & =
Call path: Main [OB1] nmni s I
e CQSFE s:n mguou (*..*) REGION
11 GffF #Diameter > 0 AND #Filling level >= 0 AND #Filling level <= #Height THEN [ Resuit TRUE &
#Diameter 3.5
#Filling level 6.0
#Filling level 6.0
4 #Height F2.0
3 12 // no fault
13 #er := FALSE: #er FALSE
14 #Volume := SQR(#Diameter) / 4 * 3.14159 * §Filling level * 1000; 3 #Volume 57726.71
15 |ELSE -
16 // fault T
17 #er := TRUE; #er
18 #Volume := -1; #Volume
19 | END IE: f
=
100% i MPTTRY, PPPTITIR
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7.15 Archiving the project

® Finally, the complete project is to be archived. 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 archive". (® Project ® Archive ® TIA Portal Project archive ® File name:
SCE_EN_051-201 SCL_S7-1200... ® Archive)

1A Siemens - C:Wsers\imde\Desktop\051_201_SCL_S7-1200W051_201_SCL_S7-1200

-PI‘G]EH |Edit View Insert Online Options  Tools Window Help Tatsllyiintemtad Artcmation
5 e he s % MG B B oonine F coofiine | e NIB 2 =) 1] * PORTAL
b % open... 0o
- g
Migrate project. _1214C [CPU 1214C DUDUDC] » Program blocks » Calculate_Volume [FC1] - X
Sose ot Options 58
— eS| ST > I o - e L » P = =
g Bloe o c@artFCGEE =B aasy Fa’ 2 =E :
Save as.. Curl+Shift+S — | -]
........ g 1> |Favorites
Delete project... arE | [l =T — = §
T T
Retrieve... = Name
Le | » L) Bitlogic operations =
Manage multiuser server projects... = 2 | This fu 3l ‘L' = o |
- s |5 » [@] Timer operations 5
' Card Reader/USB memory » : » i1 Counter operations ;
W Memory card file ¥ i » [] Comparator operations |3
Start basic integrity check 6 » [£] Math functions
Upgrade 7 n or equal 0 » =) Move operations 'g
a & 5 :
& Print... Ctrl+P A ) ] :v,‘ Conversion operations : ;‘
& Print preview... - ight of the tank _ | 5 Frogram control aperati_{ 5
b = | » 58] word logic operations |
C:lUsersimdelDesk..1051_201_SCL_57-1200 0 AND #Filling level <= #Height THEN |3 shftand oot |
Exit AltsFa L
< > E
» [ PLC data types 14 #Ve / 4 * 3.14159 * #Filling level * 1000; z
» L\ Watch and force tables = ) ; ) §-
~ | Details view < [ B
> | Extended instructions |~
[v]?_[Technology
2| |100% 5 — - .
P Pemils el > | Communication
= |Q. Properties I‘j.lnfo yﬂﬁ Diagnostics > | Optional packages

V' The project 0

4 Portal view =2 Overview | & Datatank (. |4 colculate_vo... |48 main (081)
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8 Checklist

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

Modify operand (Diameter = 3.5 and
Level_scal = 0)

Result Volume =0

Result tag "er" = FALSE

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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O Exercise

9.1 Task description — Exercise

In this exercise you are going to program a "Scaling" function. The program is to be generally
applicable to any positive analog values. In our example task "Tank", the filling level is read by an
analog sensor and stored as a scaled value in the data block using this function.

In case of an error, the block is to 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 value scaled between mn..mx
Analog_scal REAL
In case of an error =0

The following formula is used to solve the task:

# Analog_per

#Analog_sca | =
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 Datatype | Address Comment

Bl INT %IW64 Filling level between 0..27648
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9.2 Planning

Now solve this task on your own.

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

More information for further practice and consolidation is available as orientation, for example:
Getting Started, videos, tutorials, apps, manuals, programming guidelines and trial software /

firmware, under the following link:

siemens.com/sce/s7-1200

Preview "Additional information”

[c] Getting Started, Videos, Tutorials, Apps, Manuals, Trial-SW/Firmware

A TI& Portal Videos

A TI& Portal Tutorial Center

» Getting Started

A Programming Guideline

A Easy Entry in SIMATIC 57-1200

¥ Download Trial Software/Firmwars

A Technical Documentation SIMATIC Controller
A Industry Online Support App

A TI& Portal, SIMATIC 57-1200M1 500 Overview
A TI& Portal Website
A SIMATIC 57-1200 Website
A SIMATIC 57-1500 Website
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Further information

Siemens Automation Cooperates with Education
siemens.com/sce

SCE Training Curriculums
siemens.com/sce/documents

SCE Trainer Packages
siemens.com/sceltp

SCE Contact Partners
siemens.com/sce/contact

Digital Enterprise
siemens.com/digital-enterprise

Industrie 4.0
siemens.com/future-of-manufacturing

Totally Integrated Automation (TIA)
siemens.com/tia

TIA Portal
siemens.com/tia-portal

SIMATIC Controller
siemens.com/controller

SIMATIC Technical Documentation
siemens.com/simatic-docu

Industry Online Support
support.industry.siemens.com

Product catalogue and online ordering system Industry Mall
mall.industry.siemens.com

Siemens AG
Digital Factory
P.O. Box 4848
90026 Nuremberg
Germany

Errors excepted and subject to change without prior notice.
© Siemens AG 2018
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