SIEMENS

-

“ 2
)

>

SCE Training Curriculum
pro Integrovane Automatizacni ReSeni
Totally Integrated Automation (TIA)

Simatic do skol

TIA Portal Module 010-050
Zpracovani analogovych hodnot s SIMATIC S7-1200

SIEMENS

SCE Training Curriculum Page 1 of 34 To be used only at Educational and R&D Facilities
TIA Portal Module 010-050, Edition 09/2012 Unrestricted / © Siemens AG 2012.All Rights Reserved



SI E M E N S Industry Sector, IA&DT

SCE tréninkové bali¢ky pro tyto manualy

=  SIMATIC S7-1200 AC/DC/RELAY 6er "TIA Portal"
Oper No.: 6ES7214-1BE30-4AB3

= SIMATIC S7-1200 DC/DC/DC 6er "TIA Portal"
Order No.: 6ES7214-1AE30-4AB3

=  SIMATIC S7-SW for Training STEP 7 BASIC V11 Upgrade (for S7-1200) 6er "TIA Portal"
Order No.: 6ES7822-0AA01-4YEO

Prehled nabizenych bali¢kl najdete na adrese: siemens.com/sce/tp

Dalsi moznosti
Pro regiondlni Siemens SCE trénink kontaktujte osobu z vaseho regionu:
siemens.com/sce/contact

DalsSi informace o SCE
siemens.com/sce

Informace o pouzivani

Tento SCE training curriculum pro integrované automatizacni feSeni Totally Integrated Automation (TIA) byl
pfipraven pro program "Siemens Automation Cooperates with Education (SCE)“ specielné pro vycvikové ucely
pro vefejnost a R&D. Siemens AG negarantuje obsah.

Tento dokument je pro uvodni trénink pro Siemens produkty/systémy; i.e., mize byt kopirovan cely nebo po
Castech a pfedan tém ktefi se zrovna zacvi€uji. Pfedavani a kopirovani dokumentu stejné tak jako sdileni jeho
obsahu je povoleno pro vycvikové ucely.

Vyjimky je ftfeba si vyzadat pisemné od kontaktni osoby ze Siemens AG: Roland Scheuerer
roland.scheuerer@siemens.com.

Poruseni pravidel bude hnano k zodpovédnosti. VSechna prava véetné prekladu jsou rezervovana, pfedevsim
pfi udileni patent( nebo registraci designu.

Pouziti pro kurzy priimyslovych zakazniku je pfimo zakazano. Nechceme, aby byl dokument vyuzit komeréné.

Dékujeme mnohokrat Michael Dziallas Engineering Corporation a vdem ostanim zaintersovanym osobam za
pfipravu tohoto dokumentu.
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1. Uvod

Vzhledem ke svému obsahu je modul SCE_CZ_010-020 soucasti jednotky ,Zaklady PLC
programovani‘ a je rychlym vstupnim bodem pro programovani SIMATIC S7-1200 pomoci TIA

portalu.

Fundamentals of
PLC Programming
Module 010, Module 020

|

Additional Functions
for PLC Programming
Module 030

\ Simulation SIMIT
/V Module 150

— ) T

More Programming
Languages
Module 040

PROFIBUS
Module060

PROFINET
Module070

AS-Interface
Module 050

— N\

Safety /Security
Systems Module 080

Sensor Technology

Process Visualization Drives
(HMI) Module 090 Module 100

Cile tréninku:

V modulu SCE_CZ_010-020, se ¢tenaf seznami s riznymi bloky pouzZivanymi pro programovani
SIMATIC S7-1200 v nastroji TIA portal. Modul vysvétluje rizné blokoveé typy, a ukazuje v krocich
nize uvedenych jak generovat program pomoci funkénich blokd.

e  Generovani funk&niho bloku

e Definovani internich promé&nnych
e  Programovani pomoci internich proménnych v bloku
e Volani a parametrizace funk&niho bloku v OB1

Prerekvizity:

Pro Uuspésné absolvovani této lekce je tfeba znat:

e  Préaci s Windows opera¢nim systémem
e  Z&klady programovani PLC s TIA portal
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Vyzadovany hardware a software:

w

PC Pentium 4, 1.7 GHz 1 (XP) — 2 (Vista) GB RAM, free disk storage approx. 2 GB

operating system Windows XP Professional SP3/Windows 7, Professional/Windows 7
Enterprise/Windows 7 Ultimate/Windows 2003 Server R2/Windows Server 2008 Premium SP1,
Business SP1, Ultimate SP

Software STEP7 Professional V11 SP1 (Totally Integrated Automation (TIA) Portal V11)
Ethernet connection between PC and CPU 315F-2 PN/DP

PLC SIMATIC S7-1200; for example, CPU 1214C.

The inputs have to be brought out to a panel.

— 2 STEP7 Professional
\Vaki
1PC (TIA Portal)

3 Ethernet Connection

4 S7-1200 with
CPU 1214C
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2. Poznamky k programovani SIMATIC S7-1200

2.1 Automatiza€ni systém SIMATIC S7-1200

Automatizaéni systém SIMATIC S7-1200 je modularni mikrokontrolér pro mensi a stfedni
automatizacni ulohy.

Rozsahlé spektrum modult je k dostani pro optimalni adaptaci na danou automatiza¢ni Glohu.
Kontrolér S7 se stava ze zdrojového modulu, samotné Fidici jednotky CPU a vstupné/vystupnich
modull pro digitalni a analogové signaly.

Pokud je tfeba, komunikac¢ni procesor a funkéni moduly je mozZné upravit pro specialni Glohy jako
tfeba fizeni krokového motoru.

S S7 programem, programovatelny logicky automat (PLC) sleduje a Fidi zafizeni nebo proces, kde
IO moduly jsou zapsany v S7 programu jako %l pro vstupy a %Q pro vystupy.

Cely systém je programovan softwarem STEP 7.

2.2  Programovaci software STEP 7 Professional 11 (TIA portal V11)

Software STEP 7 Professional V11 (TIA Portal V11) je programovaci nastroj pro nasledujici
automatizacni systémy.

- SIMATIC S7-1200

- SIMATIC S7-300

- SIMATIC S7-400

- SIMATIC WinAC

Se STEP 7 Professional V11, mohou byt navrzeny nasledujici funkce pro automatizaci provozu:
- Konfigurace a parametrizace hardwaru

- Definovani komunikace

- Programovani

- Testovani, provéfeni a servis s provoznimi/diagnostickymi funkcemi

- Dokumentace

- Vytvafeni displeju pro SIMATIC basic panely s integrovanym WinCC Basic

- S doplinkovymi WinCC bali¢ky, mUzete pfipravit zobrazovaci feSeni pro PCs a ostatni panely

VSechny funkce jsou pfipraveny spolu s detailni online napovédou.
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3. Analogové signaly

Oproti binarnim signaltm, které mazeme povazovat jen za dvoustavové “Napéti pfitomno +24V* a
"Napéti nepfitomno 0V*, analogové signaly v urcitém rozsahu muzeme povazovat za jakoukoliv
Ciselnou hodnotu. Typickym pfikladem analogového signalu je potenciometr. Zalezi na pozici
otacejiciho se tlacitka, a jim nastavené hodnoté jakéhokoliv odporu az do maxima.

Nize jsou pfiklady analogovych hodnot vyskytujicich se v fidici technice:

- teplota -50... +150°C

- tok 0... 200l/min

- rychlost 500... 1500 r/min
- apod.

S vyuzitim pfevodniku, miZzeme prevést tyto proménné na napéti, proud nebo odpor. Pokud napfiklad
chceme zaznamenavat rychlost, mizeme rozsah od 500 do 1500 r/min pfevést pomoci napétového
prevodniku na napéti o hodnoté od 0 do +10V. Pokud je rychlost 865 rpm pfevodnik by mél davat
napéti + 3.65 V.

500 865 1500 U/min
365
- 10V: 1000 U/min = 0,01 V/U/min
1000 U/min
365 U/min x 0,01 V/U/min = 3,65
1ov
oV +10V

<<U/min = r/min>>
Tyto elektrické veliiny jsou pfipojeny na analogovy modul, ktery digitalizuje signal.

Kdyz je analogova hodnota zpracovana s PLC, hodnoty napéti, proudu a odporu které jdou do PLC
musi byt pfevedeny na hodnoty digitélni. Tento pfevod se nazyva Analog/Digital pfevod (A/D
prevodnik). To znamena, napfiklad, ze napéti 3,65V je ulozeno jako v sérii binarnich &isel jako
informace. Cim vice &islic vyuZijeme pro digitalni reprezentaci, tim lepsi je rozli§eni. Pokud, by
kupfikladu, byl vyuzit jen jeden bit pro napéti od 0 do +10V, zjistili bychom jen, jestli je napéti

v hodnoté mezi 0 a +5V nebo mezi +5V a +10V. Se dvéma bity mizeme rozsah rozdélit na 4
individualni rozsahy; to je 0... 2.5/2.5... 5/5... 7.5/7.5... 10V. A/D pfevodniky vyuzivaji standardné
v fidici technice 8 nebo 11 bitd.

S 8 bity mame k dispozici az 256 individualnich rozsaht a s 11bity az 2048 rozsah.
0A/OV 20mA/10V

10V: 2048 = 0,0048828

— Detekovatelny napét'ovy rozdil <5mV

11 Bit

0 2048
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4. Datoveé typy v SIMATIC S7-1200

SIMATIC S7-1200 poskytuje Siroké spektrum datovych typu, které mizeme vyuzit pro reprezentaci

riznych €iselnych formatl. Seznam nize ukazuje zakladni datové typy.

Datovy typ Velikost (Bit) | Rozsah Priklad vstupni konstanty

Bool 1 Oto1l TRUE, FALSE, 0,1

Byte 8 16#00 to 16#FF 16#12, 16#AB

Word 16 16#0000 to 16#FFFF 16#ABCD, 16#0001

DWord 32 16#00000000 to 16#FFFFFFFF 16#02468ACE

Char 8 16#00 to 16#FF ‘ALY, '@

Sint 8 -128 to 127 123, -123

Int 16 -32768 to 32767 123, -123

Dint 32 -2.147.483.648 t0 2.147.483.647 123.-123

USint 8 0 to 255 123

Ulint 16 0 to 65.535 123

UDInt 32 0to0 4.294.967.295 123

Real 32 +/-1.18 x 10-38 to +/-3.40 x 10 38 123,456, -3.4, -1.2E+12, 3.4E3

LReal 64 +/-2.23 x 10-308 to +/-1.79 x 10 308 12345.123456789

-1.2E+40

Time 32 T#-24d_20h_31m_23s_648ms_ to T#5m_30s
T#-24d_20h_31m_23s_647ms 5#-2d
Stored as -2.147.483.648 ms to T#1d_2h_15m_30x_45ms
+2.147.483.647 ms

String Variable 0 to 254 characters in byte size 'ABC'

Poznamka:

Pro zpracovani analogovych hodnot hraji dulezitou roly datové typy INT’ a 'REAL’ protozZe vlozena

proménnou s pohyblivou fadovou ¢arkou 'REAL’ kvuli zaokrouhlovaci chybé v pfipadé 'INT’.
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5. Cteni a zapis analogovych hodnot

Analogové hodnoty jsou ¢teny/zapisovany v PLC jako informace typu Word. Tyto Word mGzeme
ziskat pomoci operandt

%IW 64 Analogovy vstup Word 64
%QW 80 Analogovy vystup Word 80
Pro pfiklad.

Kazdé analogové hodnoté ,kanalu“ je pfifazeno jedno vstupni a jedno vystupni slovo. Formate je Int.

Adresovani vstupl/vystupu zalezi na adresovani v prehledu zafizeni. Kupfikladu:

tank analog » controller_tank [CPU 1214C DO/DC/DC]

|; Topology view ”Egh Network view "—l]f Device view |_
g [ controller_tank =] [ Lo @ # [100% [+ =
-
&
o
) B
v
]
$7-1200 rack
<] [T [>]d
——
¥ Module Slot | address Q address | Type Order no. Firmware | ¢
103
102 [=]
101
 controller_tank 1 CPU 1214C DCDCIDC B6ES7 214-1AE30-0XBO V2.1
DI14iDQ10_1 11 0.1 0.1 DI14/DQ10
Al2_1 12 64..67 AlZ
AQ1x12 bits_1 13 80..81 AQ1 signal board B6ES7 2324HAZ0-0XB0D V1.0
HEC_1 116 1000...10... High speed counter (HS..
HEC_Z 117 1004..10... High speed counter (HS..
[ <] [

Adresa prvniho analogového vstupu je %IW 64, adresa druhého analogového vstupu je %IW 66, a
adresa analogového vystupu je %QW 80.

Transformace analogovych hodnot v PLC je pro vstupy a vystupy je stejna. Digitalizace hodnoty
vypada nasledné:

Nominalni rozsah analogovych hodnot
0A/0V 10mA/5V 20mA/10V

/ / Digitalizovana hodnota pro PLC

0 13824 27648

Casto, je tfeba tyto digitalizované hodnoty normalizovat stejné pro dal$i zpracovani v PLC.
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5.1 Normalizace analogovych hodnot

Pokud je analogova hodnota prezentovana jako digitalni, musi byt bézné normalizovana, aby Ciselna
hodnota odpovidala fyzikalni hodnoté v procesu.

Stejné tak analogovy vystup do 10 vystupniho slova bézné pfichazi na fadu az po normalizaci
vystupni hodnoty.
V programech ve STEP 7 jsou pro normalizaci vyuzity vypoc€etni operace. Pro to aby bylo mozné
dosahnout co nejvétsi presnosti, musi byt hodnota pfevedena na typ REAL pro snizeni
zaokrouhlovaci chyby na minimum.
V kapitole niZe, je ukdzan pfiklad s vyuZitim sledovani hladiny nadrze.

6. Vzorova uloha — sledovani hladiny nadrze

Naprogramujeme sledovani hladiny nadrze.

Senzor prevadi vysku hladiny v nadrzi na napéti o rozsahu od 0 do 10V.
0V odpovida hladiné o 100 litrech a 10V hladiné o 1000 litrech.

Senzor je pfipojeny na analogovy vstup SIMATIC S7-1200.
Nyni, je signal pfiveden do funkce FC1 a normalizovan.

Dale, naprogramujeme nasledujici: monitorovani a zobrazovani maximalni pfipustné hladiny 990
litrd @ monitorovani minimalni pfipustné hladiny 110 litrd.

Seznam Uloh:

Adresa Symbol Datovy typ Komentar
%IW 64 Al_level_tankl Int Analogovy vstup hladina Tank1
%Q 0.0 Tankl_max Bool Zobrazeni hladina > 990 liters
%Q 0.1 Tankl _min Bool Zobrazeni hladina < 110 liters
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6.1. Programovani sledovani hladiny pomoci SIMATIC S7-1200
Projekt je spravovan pomoci software 'Totally Integrated Automation Portal’.

Zde pod jednotnym rozhranim, jsou komponenty jako fidici systém, vizualizace a sité nastaveny,
parametrizovany a programovany. Pro diagnostiku chyb jsou k dispozici online nastroje.
V krocich nize, si pfipravime projekt pro SIMATIC S7-1200 a naprogramujeme v ném nase feseni.

1. Centralnim nastrojem je 'Totally Integrated Automation Portal’. Spustime ho dvojklikem. (—
Totally Integrated Automation Portal V11)

TIA Portal V11
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2. Programy pro SIMATIC S7-1200 jsou spravovany v projektech, takovy projekt je nastaven v portal
view. (— Create new project — Tank_Analog — Create)

T4 Siemens

Totally Integrated Automation

Create new project

Project name: | EXIEITIEY

Path: | CADATAI00_TIA-Portal

Open existing project

Create new project Author: |mde

Comment:
Migrate project

Welcome Tour

Installed software

Help

User interface language

» Project view

P
00:46

16.05.2012
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3. Nyni, 'First Steps* prvni kroky pro konfiguraci. Nejdfive chceme 'Configure a device’. (— First
steps — Configure a device)

T4 Siemens - tank_analog X

Totally Integrated Automation

First steps

Open existing project Project: "tank_analog” was opened successfully. Please select the next step:
Create new project
Migrate project

Close project

N N} Configure a device
Welcome Tour

'\‘ Write PLC program
First steps

I Configure an HM screen

Installed software

Help

User interface language

Open the project view

P Project view Opened project: CADATA\00_TIA-Portal\tank_analog\tank_analog

00:47

DE . & ) (@
o O® 50500
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4. Poté pfidame zafizeni '"Add new device’ se jménem "controller_tank“. Z katalogu vybereme
'CPU1214C’ se shodnym objednacim ¢&islem. (— Add new device — controller_tank —» CPU1214C —
6ES7 ....... — Add)

T4 Siemens - tank_analog

Devices & @ Show all devices
networks
@ Add new device

@ Configure networks

P Project view

SCE Training Curriculum
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Totally Integrated Automation

» (il CPU 1214C DCIDCIRY
» (@ Unspecified CPU 1200

» (g SIMATIC 57-300
» [ simaC S7-400
» [ SIMATIC ET200 PLC

PCsystems

?,Onen device view
<

\DATA\00_TIA-Portal\tank_analog\tank_analog

SR B b 0

Page 14 of 34

Add new device
e » [ CPU 1211C ACIDCIRly -~
» [ cPu 1211C DCDCDE
21 i
[ SR CHYASNIGROnCHY CPU 1214C DADCIDC
| » [ CPU 1212C ACIDCIRly
D » [ cPU 1212¢ DOUDCIDE
» (@ CPU 1212C DCIDCIRY Orderno.:  [6ES7 214-1AE30-0XB0
HM » [ CPU 1214C ACIDCIRly :
: Version: V2.1 o
~ [ cPu 1214 DCIDCIDC &
[l sES7 214-1AE300%80 Description:

Work memory 50 KB; 24VDC power supply with
DI14 x 24VDC SINKISOURCE, DQ10 x 24VDC and
AI2 on board; 6 high-speed counters and 2 pulse
outputs on board; signal board expands on-
board I/0; up to 3 communications modules for
serial communication; up to 8 signal modules
for 10 expansion; 0.1 ms/1000 instructions;
PROFINET interface for programming, HM and
PLC to PLC communication

[v

00:49

DE . & ) (@
o O® 50500
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5. Software se nyni sam pfepne do Project view a otevie hardware konfiguraci. Ted muzeme pfidat

z hardware katalogu dal$i moduly a karty. (— Catalog — Signal board — AO1 x 12Bit —» 6ES7 232-...)

ETopologyview "hﬁ Network view ||_[|1 Device view | Options
d# [comaler_tank F o @H Qo [7) =

A [Catalog
E [éearch> ”ﬁl_—] @
[ Filter

» (@ cru [a]
~ [ Signal board ]
» (@Dl
» (@ DQ
» (g DIibQ
» (@A
~[mAQ
~ 8 AQ1 x 12 bits
MBS
» [ Communications boards
» (@ oI
5 » [mDQ
~1 » [goip
<[ m |, ;Ai :
e » [ AQ
|8 Properties |74} Info )| % Diagnostics I —rm_’ A Iv]

v | Information
J Alarm display || Device information || Connection information I

: Device: !_'_Z
EEEES Y El
CPU Date Time St.. |Type D Event text

AQ1 signal board R
< | i

[20<] i ]

$7-1200 rack |

SRR s I

=

]
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6. V’Device view‘, mizeme nastavit adresy vstupU a vystupl nebo je resetovat. Integrované
analogové vystupy CPU, maji adresy od %IW64 do %IW66 a integrované digitalni vystupy adresy od
%0Q0.0 do %Q1.1

Analogovy vystup signalové karty ma adresu %QW80

tank_analog » controller_tank [CPU 1214C DUDUDC]

IE’ Topology view I‘ggh Network view ﬂﬂf Device view |_

% | [coreoter oo e O — 5
&
& E

$7-1200 rack

‘ |v|
< il [>]ad

[ B s i

_I Device overview

¢ Module Slot |address | Q address | Type Order no. Firmware | ¢
103 -
102 L=
101
w controller_tank 1 CPU 1214C DC/IDCIDC 6ES7 214-1AE30-0XBO V2.1

DI14/DQ10_1 11 0..1 0.1 DI14/DQ10

Al2_1 12 64..67 A2

AQ1 x 12 bits_1 13 80...81 AQ1 signal board 6ES7 232-4HA30-0XBO V1.0

HSC_1 116 1000...10... High speed counter (HS..

HSC_2 117 1004..10... High speed counter (HS.. E

<] il [>]
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7.

Aby pozdéji software pfistoupil na spravné CPU, musime nastavit spravnou IP adresu a masku

podsité. (— Properties — General —-» PROFINET interface — Ethernet addresses —IP address:
192.168.0.1 — subnet mask: 255.255.255.0)

tank_analog » controller_tank [CPU 1214C DUDU

DC]

I; Topology view Hgﬂ'b Network view Hﬂf Device view

-

5&1- | controller_tank

Qsfion I =
4]
$7-1200 rack e
|v|
<] BIL1]
poae | v |
. |d Properties | Info ylli.] Diagnostics |
J General
» General ‘all| Ethemetaddresses [4]
~ PROFINETinterface | .
' Interface networked with E
General
Subnet: | Not networked [+
» Advanced =
Time synchroniztion h [ Add new subnet
» DI14/DQ10 A
» A2 q IP protocol
» AQ1 signal board Il ; )
» High speed counters (HSC) (® SetIPaddress in the project
» Pulse generators (PTO/PWM) IP address: I 192 . 168 .0 .1 I
Startup Subnetmask: | 255 . 255 . 255 .0 |
Cycl ||
,_)jc__e__'__:___:__ v ["] Use IP router -
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8. ProtoZe moderni programovani se nezabyva absolutnim adresovanim ale tagy, musime
specifikovat globalni PLC tagy.

Tyto globalni tagy maji popisna jména s komentafi pro vstupy a vystupy, které vyuzivame v programu.
Pozdéji v programu na tyto tagy mGzeme pfistoupit pouze s vyuzitim jejich jmen.
Globalni tagy muzeme vyuzit skrz cely program ve vSech blocich.

Vybereme v projektové navigaci ‘controller_tank [CPU1214C DC/DC/DC]’ a poté 'PLC tags’.
Otevieme tabulku 'PLC tags’ a zadame jména vstupu a vystup( jak je ukazano nize.
(— controller_tank[CPU1214C DC/DC/DC] — PLC tags— Default tag table)

T4 Siemens - tank_analog o X

Prcr{en Edit  View Inszf! Online -Optlons Tools. \MEHW» Help. ~ Totally Integrated Automation
Of i soveproject @ X 2 = X e [ S ME 2 QR VY coonline N Goofiine B IR ¥ ] ||
tank_analog » controller_tank [CPU 1214C DUDUDC] » PLCtags » Default tag table [17] -0 WX

|| Devices |@ Tags [® User constants |,@ System constants || Options %

. o s i & — -4

FOQ 2|#F€ T =] =lF

Default tag table v | Find and replace i

B Add new device ~ Neme Data type Address Retain | Visible.. Acces.. Comment =

h Devices & networks 1 @ AI_LEVEL_TANK1 Int %EWES ™~ M analoginputfilling level tank1 Find: J |;J

~ [ 1§ controller_tank [CPU 1214C DUDC/DC] 2@ TANKI_MAX Bool %A0.0 ~ M displayfilling level > 990 liter s

IIY Device configuration 3 @ TANKIMN 8ool [&] %0 T ® & displayfiling level <110 lter H

@ Online & diagnostics 4 < ‘ v v =

[[] Metch case

» g Program blocks

» [ Technology objects
» '@} External source files
~ @ PLCtags
% Show all tags
I Add new tag table <] n >
4 Default tag table [17]
» [§) PLC data types

| el Properties  [*i4Info )| %l Diagnostics

» [z Watch and force tables o || General
v | Details view b Tag P
=] @ oown
General o
Name Details ) Up
pe 2114 264 ;4 Name: |TANK1_MIN
l@  ALLEVEL TANK1 %EWES - i n i =
N A
\®  AQ1x 12 bits_1[20] 268 i L5 £ Replace with: 1|
@  controller_tank 50 ! Address: [%40.1 [~] 4
@ Dr4.0Q10.1(DIDO] 265 [ Retained
pSEisC 238 Comment: | display filling level <110 liter
@  msc2 259
HSC_3 260 -
& = Time stamp. = m ,ll
& HsC 4 261 -
= v - o (e . |> [Languages & resources

Portal view % Default tag t X Copying the object failed

DE . & 0 @

00:58
16052012
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9. Pro vytvoreni funkéniho bloku FC1, vybereme v projektové navigaci controller_tank [CPU1214C
DC/DC/DCY a pak 'Program blocks’. Dvojklik na ‘Add new block’. (— controller_tank[CPU1214C
DC/DC/DCY — Program block — Add new block)

T4 Siemens - tank_analog o X
Pro{en Edit View Insert Online -Optlons Tools Window Help Totally litegrated Automation
Of Y Hl soveproject & X 15 55 X D22 {5 M E R Y coonline F Gooffiine | o 8 I 2 - 1] PORTAL
Project tree L}
Devices |@ Tags |[@ User constants | @ System constants || Options %
- = s i = : =la
00O 2 |#FSB T =) J;
Default tag table v | Find and replace i
& Add new device ~ Neme Data type Address Retain | Visible.. Acces.. Comment =
Devices & networks 1 @ AI_LEVEL_TANK1 Int REWSS ™~ M znalog input filling level tank1 Find: -
= v g inp 9 7
~ (1§ controller_tank [CPU 1214C DUDCDC] 2@ TANKI_MAX Bool %A0.0 =] M displayfilling level > 990 liter s
BY Device configuration 3 |a Tanki_mn Bool 51| %40.1 - ~ M displayfiling level <110 liter S
s
%/ Online & diagnostics 4 VI Vv s
T = ST ] Metch case
v ‘g Program blocks - Le
[ Add new block!
& Main [0B1]
» (3 Technology objects
» G} External source files
» L@ PLCtags [<] [ [>]
» Ug) PLC data types 2 3 = ~
= Properties Info i) | % Diagnostics
» [ Wetch and force tables - | 2l Prope 17 1 & Diag
£} Program info o|| General |
v | Details view g, Tag %
=] @ pown
General
Name O vp
Name: | TANK1_MIN
I r 1
M Data type: |Bool I Replace with:
i Address: [%40.1 -
I ress: | [+] b
[ Retained
Comment: |display filling level <110 liter
Time stamp <| i >

« Portal view % Default tag t Copying the object failed

o~ o
“ f ; - i 00:59
> - s O #® oo
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10. Vybereme 'Function(FC)’ a pfifadime mu jméno ‘supervision filling level tank1’. Jako
programovaci jazyk vybereme, ‘FBD’ (function block diagram). Cislovani je automatické. ProtoZe tento
FC1, volame pozdéji symbolickym jménem, neni pro nas Cislo nadale relevantni. Potvrdime vstupy
pomoci 'OK’. (— Function (FC1) — supervision filling level tankl — FBD — OK)

“Add new block

Name:
E supervision filling level tank1 |
Language: | FBD [+]
% Number: E
Organiztion () Manual
block
(® Automatic
i Block access: (® Optimized
EB (") Standard - compatible with S7-300/400
Function block
Description:
' Functions are code blocks or subroutines without dedicated memory.
FC
Function
e
Data block
More...
» Additional information
[ Add new and cpen oK ‘ ‘ Cancel
=
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11. Blok ‘supervision filling level tank1’ [FC1]’ se otevie automaticky. Pfed napsanim programu,
musime nejdfive deklarovat rozhrani bloku.
Kdyz je deklarované rozhrani, specifikujeme lokalni proménné v bloku.

Proménné jsou ze dvou skupin:

¢ Blokové parametry, které jsou rozhranim bloku pro volani z programu.

Typ Jméno Funkce Dostupné v
Parametr, jehoz hodnoty blok Functions, function blocks and some
Input parameter Input - o
Cte. types of organization blocks
Output parameter Output Pargm_etr, jehoz hodnoty blok Functions and function blocks
zapisuje
Parametr, jehoz hodnoty blok
InOut parameter InOut Cte kdyz je volan a po Functions and function blocks

zpracovani zapisuje zpét do
stejného parametru.

¢ Lokalni data pouzivané pro ukladani mezivysledkd.

Typ Jméno Funkce Dostupné v

Proménna pro ukladani
Temporary local data Temp mezivysledkd, ty jsou uchovany
jen po dobu jednoho cyklu.

Functions, function blocks and
organization blocks

Proménna pouzita pro ukladani
mezivysledku, data jsou
uchovana dokud nejsou znovu
prepsana.

Static local data Static Function blocks
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12. Kdyz deklarujeme lokalni proménné, potfebujeme nasledujici proménné pro nas pfiklad.

Vstup:

tank_level Al Zde senzor zapiSe analogovou hodnotu.

Vystup:

tank_max Zde je status maximalniho zobrazeni zapsan na vystup

tank_min Zde je status minimalniho zobrazeni zapsan na vystup

Docdasné:

tank_level_real Tato proménna je potfeba pro uloZzeni mezivysledki

tank_level _norm Zde, je hodnota hladiny, normalizovana ve formatu pohyblivé desetinné ¢arky,

v rozsahu od 100 do 1000 litrc.

V tomto pfipadé je obzvlast dulezité pouzit spravné datové typy, jinak by nemuseli byt kompatibilni
s nasledujicim programem vyuzivajicim konverzni funkce.
Pro pfehlednost, by méli byt vSechny proménné patiicné okomentovany.

...nalog » controller_tank [CPU 1214C DUDCUDC] » Program blocks » supervision filling level tank1 [FC1] — &' i X

G FE s B2 ©68 = & =
Interface
Name Data type Comment

1 <& v Input

2 41m= tank_level_Al Int analog input filling level tank (integer)

3 <l v Output

4 40m= tank_max Bool display maxfilling level 990 liter

5 @n tank_min Bool display min filling level 110 liter

6 < v InOut

7 4 v Temp

8 4= tank_level_real Real memory filling level tank (floating point 32 Bit)

9 @n= tank_level_norm Real EEJEI memoery filling level tank normalized (floating point 32 Bit) |

10 <0 - Return

11 4] = Ret_Val Void
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13. Poté co deklarujeme lokalni proménné, program mizeme vytvofit jen pomoci jmen proménnych
(identifikovanych symbolem '#). Pfiklad v FBD, vypada takhle:

Program ve funkénim blokovém diagramu (FBD):

0 P DUDUD Prog blo p 0 g
Options
TS s AEPIBc AW 68 == & = El=]
e > | Favorites

& =1 4 =0l = =] ~«s» R

A4 Network 1:  conversion analog input 027648 (integer) to 0-1 (floating point)

NORM_X
Int to Real
o= EN
0 MIN
#tank_level_Al VALUE out #tank_level_real
2 MAX ENO —

v Network 2:  conversion 0-1 (floating point) to normalized value 100-1000 (floating point)

SCALE_X
Real to Real
o= EN
100.0 MIN
#tank_level_real — VALUE OUT — #tank_level_norm
1000.0 MAX ENO —

v Network 3:  displayfilling level tank >= 990 liter

==
Real #tank_max
#tank_level_norm INT =
990.0 IN2 — —

v Network 4:  displayfilling level tank <= 110 liter

<=
Real #tank_min
#tank_level_norm N1 =
1100 IN2 —_— -
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v | Basic instructions

Name Description '

E‘ » [ 7] General [~]
» Si] Bitlogic operations 5
~—{ » [®] Timer operations V.
» [43] Counter operations Vi
+ [¢] Comparator operati...
T cvp == Equal
£ P < Not equal
£ cvp = Greater or equal
—~ T avP <= Less orequal
1 £ avp> Greater than
£ avp < Less than
£} IN_RANGE Value within range
£ OUT_RANGE Value outside range
£ -{ok|- Check validity
£ -INOT_OK|- Check invalidity
» [£] Math functions v

v

[ Move operations
25 Conversion operatio..

4

[

Bl £} converT Convertvalue
£T rROUND Round numerical value
1 ce Generate next higher in..
fﬂ FLOOR Generate next lower int..
£ RUNC Truncate numerical value
£ SCALE_X Scale
= £T noRM X Normalize
» 50 Program control op... Vv
» =2 Word logic operations v
» &5 shiftand rotate
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Program v zebfikovém diagramu (LAD):

» Block title:  Filling level contral for a tank min 110 liter max 290 liter
Comment
- Metwork 1:  transform analog input 0-27648 (integer) to a calue 0-1(floating point number)
Comment

NORK_X
Imt to Real

EM EMNO 1

AN oUT gtank_level_real

VALUE

MAAX

- MHetwork 2:  transform the value 0-1 (floating peint number) to normalized valus 100-1000 (floating peint number)
Comment
SCALE_X
Real to Real
EM EMNO 1
oUT Etank_level_naorm
- Metwork 3:  display filling level == 220 liter
Comment
Erank_level_naorm .
Erank_rnax
== | { 1 .
Real | v I

- Metwork 4:  display filling level =110 liter
Comment
Erank_level_naorm . .
#Etank_min
== | { .
Real | L
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14. Poté otevieme ‘Properties’ bloku 'Main[OB1]’ ktery je provadén v cyklech. M{izeme upravit
vlastnosti bloku. (— Properties — Main[OB1])

TIA
Vil

Project Edit View

Insert  Online

Siemens - tank_analog

Options Tools Window Help

Gf (% Bl saveproject S ¥ = 2 X D H: G4 T MG B R S coonline ¥ Gooffline A’[Eﬂ

Project tree

Devices

5 Q ©

v 7 tank_analog
I Add new device

4 External sourg
» L4 PLC tags
» (i PLC data type
» (52 Watch and for
&0 Program info
E] Textlists
» (18 Local module
» f.i Common data
» 5] Documentation ¢
> [@ Languages & res
» jg Online access
» (55 SIMATIC Card Reade

v I Details view

Name

4 Portal view Switch programming language

i Devices & networks

v - Program blocks

» [ Technology ok 3

m 4
R |dds e AED|Bt 220 © 6B '=
LI |
& »=1 4 =ol = =] s> ~«r)
Keal 10 Keal
~ [ controller_tank [CPU 1214C DC/DC/DC] o e
HIY pevice configuration #tank_level_real — VALUE OUT — #tank_level_norm
% Online &diagnostics 1000.0 — MAX ENO —
I Add new block
% \iain [0B1] v Network 3: displayfilling level tank >= 990 liter
48 supervisio o Print... Ctrl+P
carleX | B Pri ” #tank_max
Curl+X | 2\ Print preview... =
?rhc Ee Properties... Alt+Enter — —
bk@ 110 liter
¥ Delete Del
Rename F2 x
#tank_min
Compile » =
Download to device » To— i
& Goonline Ctrl+K
&Y Go offiine Ctri+M
&2 compare »
Cross-reference information Shift+F8
Assignment list
& Call structure
X Cross-references F8
Know-how protecticn |_d, Properties "
»
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15. V nastaveni vybereme programovaci jazyk ‘Language’ a zadame funkéni blokovy diagram ‘FBD’.

(— FBD — OK)
Main [OBT] .
General
General
: General
Information
Time stamps
Compilation Name: |Main |
ERRerhion Constantname: |OB_Main |
Attributes
Type: |OB |
N Number: |1 |
L Eventclass: |Program cycle ]
d —_—
‘ Language: Ng:) s
0K | [ Cancel
—
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16. Nyni blok "supervision filling level tank1 [FC1]* musime volat z bloku Main [OB1]. Jinak by blok
nebyl proveden. Dvojklikem 'Main [OB1]’ otevieme tento blok. (— Main [OB1])

T4 Siemens - tank_analog

Project Edit View Insert Online Options

e

Tools

Window Help

Cf [ saveprojet & X 5 2 X 2 *: G WM E R Y coonline ¥ coofiine E, A B X - ]

Project tree Il
Devices
HQQ B |z b BRDE:EEHE €8 '='= & 7
i
v | Jtank_analog
¥ Add new device & | >= H: ol | b= | 2] [=ts)eitr)-
gy Devices & networks
= E[' controller_tank [CPU 1214C DC/DC/DC] v Network 1:  conversion analog input 0-27648 (integer) to 0-1 (floating point)
[IY Device configuration NORM_X
% Online & diagnostics Int to Real
= block =
vio Prfgram ocks 0 MIN
" Add new block #tank_level_Al — VALUE OUT — #tank_level_real
E % iain [OB1] 27648 — MAX ENO —
3 supervision filling level tank1 [FC1]
» [ Technology objects = 2 5 Y S 7
s A4 Network 2:  conversicn 0-1 (floating point) to normalized value 100-1000 (floating point)
» External source files
» [ PLCtags SCALE_X
f 9 Real to Real
» Lig PLC data types —EN
Watch and force tables 100.0 MIN
—"'l Program info #tank_level_real VALUE OUT — #tank_level_norm
] Text lists 1000.0 MAX ENO —
» [l Local medules
e
2 r'.' Common datAa - v Network 3:  displayfilling level tank >= 990 liter
» 5| Documentation settings
Ia -
» @ Languages & resources Real #tank_max

» 1 Online access
» (5 SIMATIC Card Reader
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17. Pomoci drag&drop, blok"supervision filling level tank1 [FC1]“ pfetahneme do Network 1 bloku

Main [OB1]. (— supervision filling level_tankl [FC1])

T4 Siemens - tank_analog

Window  Help

Project Edit View Insert Online Options Tools

Of ChH sveprojet & X =

Totally Integrated Automation
PORTAL

Project tree L}

|1 controller_tank [CPU 1214C DG/DC/DC]
IIY Device configuration
%/ Online & diagnostics v
v gl Program blocks
I Add new block
2 Main [0B1]
E -Jsupervision filling level tank1 [FC1]

Comment

Network 1:  call function supenvision filling level tank1

S5 Uparyizion filllng |&velxank il

» (3 Technology objects

» G} External source files

» [a PLC tags

» [g PLC data types

[ Watch and force tables
5 Program info

8 Local modules

[§# Common data

ocumentation settings
» [ Languages & resources

» g Online access

» (i SIMATIC Card Reader

v | Details view

JDevices ‘
0 Q 2 | & & *25=\ﬂ§335~f'3‘6r:-?';' & = 2
(i
~ ] tank_analog
B Add new device & sar B A =ol = Hf] e
th Devices & networks v Block title: “Main Program Sweep (Cycle)®

Seneiql ] SAseLiqu]  bunsel ]

|

Address

3 Defaulttagt.. | 3 supenvision f.. |3 Main (0B1)
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18. Poté zkontrolujeme, jestli jsou pfipojeny vstupy a vystupy v OB1 pomoci PLC tagl jek je ukazano.

Kliknutim na El Save project] 10510 projekt. (— ,Al_LEVEL_TANK1“ - "TANK1_MAX"“ —

"TANK1_MAX bl Save project)

T4 Siemens - tank_analog

Project Edit View Insert Online Options Tools

Window Help

_’f‘EH saveproject) =) M I T X )& (H: ]i S MG I3 ¥ Goonline ¥ Go ofiline ﬂ?[ﬂm ¥ I

Save project

Devices

tank_analog » controller_tank [CPU 1214C DUDUDC] » Program blocks » Main [OB1]

- EX

i@ QO i g

v | ] tank_analog
¥ Add new device
g Devices & networks
~ [ controller_tank [CPU 1214C DC/DC/DC]
IIY Device configuration
% Online & diagnostics
~ g Program blocks
B¢ Add new block
4 Main [0B1]
4 supenvision filling level tank1 [FC1]
» [ Technology objects
» External source files
» [ PLCtags
» g PLC data types
» 52 Watch and force tables
B Program info
E] Text lists
» [ Local modules
» r‘i Common data
» [5]) Documentation settings
» E@ Languages & resources
» ) Online access
» [ SIMATIC Card Reader
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1o T T

>=1 4 =ol = =] s> «r)

v Block title:  "Main Program Sweep (Cycle)*
Comment

Network 1:  call function supervision filling level tank1

wcl
“supension filling level tank1®
%A0.0
tank_max — “TANK1_MAX"
«.== EN %AD 1
e <ank_min —
*Al_LEVEL_TANK1" — tank_level_Al ENO —
w "Al_LEVEL_TANK1" YEWE4 analog input filling level tank1

“TANK1_MAX" %AD 0 display filling level = 990 liter
“TANK1_MIN" %A0 1 displayfilling level < 110 liter
Network 2: ...

[>]
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19. Pro nahrani celého programu do CPU, nejdfive zvyraznime slozku 'controller_tank’ pak klik na

symbol L nahrani do zafizeni. (— controller_tank — m)

T4 Siemens - tank_analog

Project Edit View Insert Online Options

Tools Window Help

Gf (B saveprojecr & M B 2 X O [ MG I ¥ Goonline ¥ Gooffline a%-,[!m i 1]

Devices

tank_analog » cqoirallor tapk
Download to device

PU 1214C DUDUDC] » Program blocks » Main [OB1]

-0

QO i

v ] tank_analog
¥ Add new device
# Devices & networks
~ (13 controller_tank [CPU 1214C DC/DC/DC]
HIY Device configuration
% Online & diagnostics
v g Program blocks
I’ Add new block
4 Main [0B1]
& supervision filling level tank1 [FC1]
» [ Technology objects
» External source files
» r,d PLCtags
» i) PLC data types
» [52 Watch and force tables
k% Program info
E] Textlists
» [ Local modules
» (4§ common data
» [5]) Documentation settings

» [@ Languages & resources
» g Online access
» (5 SIMATIC Card Reader

SCE Training Curriculum
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Comment

v Network 1:  call function supervision filling level tank1

Wl
“supenision filling level tank1™

o= EN
YEW64
“Al_LEVEL_TANK1" tank_level_Al

w "Al_LEVEL_TANK1" YEWEA
"TANK1_MAX" %A0.0
"TANK1_MIN" %AD1

Page 30 of 34

il sk A EPD|E[@EE 6D == &2 =
L

&  >=1 4 =l = =] s> «r)>

w Block title:  “Main Program Sweep (Cycle)® i

tank_max — “TANK1_MAX"

tank_min — SRS

ENO —

analog input filling level tank1
displayfilling level = 990 liter
displayfilling level < 110 liter

%A0.0

YAD 1

il
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20. Pokud neni rozhrani PG/PC specifikovano, zobrazi se okno ve kterém je mozné tak udélat. (—

PG/PC interface for loading — load)

Extended download to device

Flash LED

Online status information:
53 Connected to address 192.168.0.1
Scanning ended.

X
Configured access nodes of “controller_tank®
Device Device type Type Address Subnet
controller_tank CPU 1214CDCD... PNIIE 192.168.0.1
Type of the PGIPC interface: | §_PNIE [+]
PGIPCinterface: ITB Realtek PCle GBE Family C...['| © {E]
Connection to subnet [ (local) PN/IE ]'I @
stgateway l }'|©
Accessible devices in target subnet: [ show all accessible devices
Device Device type Type Address Target device
i controller_tank CPU 1214CDCID... PNIE 192.168.0.1 controller_tank
- - PN/IE Access address =

Refresh |

]

Load

I

Cancel I
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21. Klikneme na ‘Load’ jesté jednou. BEhem nahravani je zobrazen status v okné. (— Load)

9 Check before loading
Status |! Target Message Acticn
4 & ~ controller_tank Ready for loading.
(V] »
(V] » S Stop all
8 Loading configuration
(V] > S Consistent download

i Cancel ;

22. Usp&$né nahrani je zobrazeno v okné&, nyni uz jen klik na ‘Finish’. (— Finish)

Load results X
9 Status and actions after downloading to device
Status ! Target Message Action
l‘ﬂ, @ ~ controller_tank Downloading to device completed without error.
(V) The hardware configuration has not been loaded, because itis up-to-
H » Start modules Start modules after downloading to device. M startall
! Finish 1 | Load | f Cancel
R —
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23. Poté spustime, CPU kliknutim na m (— m

T4 Siemens - tank_analog
Project Edit View Insert Online Options Tools Window Help
G i H saveproject & X 2 X D [{ MG E R Y coonline (¥ cooffline S N % ]
Project tree m 4
Start CPU
Devices
500 R | FEIECE E
i
w ] tank_analog
I° Add new device bl s A | ot iR =] [=s)try
fljg'l! Devices & networks w Block title:  “Main Program Sweep (Cycle)”
- ’_[] controller_tank [CPU 1214C DC/DC/DC] Comment
[IY Device configuration
% Online & diagnostics v Network 1:  call function supervision filling level tank1
~ gl Program blocks P
B Add new block “supenision filling level tank1®
4 Main [0B1] %AD.0

4 supervision filling level tank1 [FC1]
» [3 Technology objects
» External source files
» (@ PLCtags
» (g PLC data types
Watch and force tables

» (4§ Common data

» [5]) Documentation settings
» Q:z Languages & resources
» jg Online access

» (5 SIMATIC Card Reader

24. Potvrdime, Ze chceme opravdu spustit CPU kliknutim na 'OK’. (— OK)

Run

= CPU to RUN mode?

*AI_LEVEL_TANK1"

w "Al_LEVEL_TANK1"

&g Program info :mz_x;:s
& Textlists =
» [l Local modules v Network 2:

I Are you sure you want to change the

tank_max — “TANK1_MAX"

.= EN %A0 1
UEWE4

tank_level_Al ENO —

YEW64 analog input filling level tank1
%20 0 displayfilling level = 990 liter
%01

X

|

OK

]! Cancel
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25. Kliknutim na symbol '- Monitoring on/off, mizeme sledovat status proménnych béhem testovani

programu. (— supervision filling level tank1[FC1] — |

T4 Siemens - tank_analog

Project Edit View

Insert Online  Options

Tools Window Help

Devices

Cf i saveproject 8 X = D5 X D [ WM E B R Y coonline (F cooffine f, [ X - ]

EQQ

v ] tank_analog
B¢ Add new device
h Devices & networks

[IY pevice configuration
%/ Online & diagnostics
v gl Program blocks
B Add new block
4 Main [OB1]

» [ Technology objects

» External source files

» g PLCtags

» (g PLC data types

Watch and force tables

Program info

E] Text lists
» (8 Local modules
» (4§ Common data
» [5]) Documentation settings
» r_@ Languages & resources
» i@ Online access
» 5 SIMATIC Card Reader

v Eu. controller_tank [CPU 1214C DC/DC/DC]

<& supervision filling level tank1 [FC1]@

= i BEc|8 & =

6 T !

Q, o

T2 T et

v | Details view

K K
No trigger applied.
a s=1 {7 A4 —a =] 5>
v Network 1:
NORM_X
Int to Real
-..—1EN
0—
0
#tank_level_Al VALUE ouT’

“r)>

0.0
— ztank_level_real

27648 —|MAX ENO

- Network 2:

100.0
— #tank_level_norm

CALE_X
Real to Real
-..—EN
100.0 —{MIN
0.0
#tank_level_real — VALUE ouT’
1000.0 —{MAX ENO

v Network 3:  displayfilling level tank >= 990 liter
=
Real
100.0 #tank_max
#tank_level_norm —IN1 e = H
990.0 —{IN2 —-—— -

conversion analog input 0-27648 (integer) to 0-1 (floating point)

conversion 0-1 (floating point) to normalized value 100-1000 (floating point)
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