Programmejamie

Logiskie Kontrolleri
PLC

Definicija, terminologija un
pielietojumi
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PLC kursa galvenie punkti

s PLC vieta automatizacijas sist€ma

s Automatizacijas sistemas

s Sensoru, Aktuatoru pieslégSana pie PLC

s PLC galvenie parametri, tip1

s Siemens S7-300 s€ryjas PLC

s PLC programmeé&sana (Siemens Step 7 vide)
m Festo laboratoryjas iekartu programmeésana



Izmantot PLC vai1 ari ne ?

lesp&jamie risinajumi

Roku
darbs |
Releji,
Industrialais PLC taimen utt.
robots
CNC darba Specializéti
galdi kontrolleri



" I
Roku darbs

s Nav pieejami sensori, 1zpildmehanismi
m Sarezgits vadibas algoritms
m L&ts darba speks

Pieméri:
Vinogu, zemenu novaksana

Zivju apstrade
Nestandarta produktu iepakoSana utt.



» I
Industrialais robots

A 2 —

m Sarezgitas adaptivas trajektorijas
s MaSinu redze
m Elastigas razosSanas sist€emas

Piemeéri:
Automasinu razoSana

Elektronisko iekartu, PCB razoSana
Sarezgitu iekartu krasoSana utt.



CNC (ciparu vadibas) darba galdi

m Detalu 1zgatavoSana (virpoSana, fréz€Sana)

m Preciza detalu apstrade (urbSana, slipéSana) ar
biezu uzdevuma mainu

Piemeéri:
Rotéjosu hidraulisko savienojumu
izgatavoSana mezistrades masinam



Programmeéjamie kontrolleri PLC

s Konveyjeru vadiba
m Sarezgitu tehnologisko procesu vadiba
s Detelu un aparatiiras razoSana

Pieméri:

Standarta produktu iepakosana
Partikas produktu razoSanas linijas
Pneimatisko aktuatoru vadiba
Dzerama Udens attiriSanas iekartas

Visparéju automatikas uzdevumu risinasana, kur nav
specialu ierobezojumu



Specializet: kontroller:

m Plasa pielietojuma un ne parak sarezgitu
procesu vadibai

Piemeéri:
Apkures iekartas, krasnis
Veédinasanas iekartas, klimata kontrole

Apsardzas iekartas



" S
Releju, taimeru shémas

s Elementaru procesu vadiba

Piemeéri:
Motoru ieslégSana, reverséSana

Apgaismojuma automatiska ieslégsana
Durvju automatiska atvérsana



Automatizacyja

Automatikas elementi
Tehnologiskie procesi

Sensorl

Aktuatori (1zp1ldmehanismi)
Automatizacija iesaistitie specialisti
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Environmental
Monitoring System
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Tehnologiskas iekartas

I Daugavpils - Envision for BACtalk - LAFIVEN =10l x|
BACtalk Edit View Tools Help

Siltummezgls

1350kW
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" S
Automatizacijas etapi

= Tchnologiskais process

s Tchnologs
» razoSanas iekartas, uzdevums

s Vadibas algoritms

s Automatikis/Mehatronikis
= Sensori, regulatori, aktuatori (var bt jau integréti raZzoSanas
iekartas)
s Programetajs
= PLC, SCADA, HMI, robotu programésana
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Industrialas razoSanas tipi

m Nepartraukts process

» Stikla Skiedra, naftas produktu apstrade, elektroenergijas
razosana

s Porciju razoSana

» Alus raudz€sana, piradzinu cepSana, maisijjumu
sagatavosana

s Detalu razoSana

= Telefoni, motor1 utt.
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Automatikas elementi

15



" S
Automatizacijas sastavdalas

m Tehnologiskais process

s Regulatori

s Me¢eriSanas iekartas

s Izpildmehanismi

m Vadibas un indikacijas elementi
s Automatizetas vadibas sist€ma
s Komunikacijas 1ekartas

16



" S
Tehnologiskais process

m lckartas
s Rezimi

m Seciba

s Algoritmi
s Kvalitate



" SN
Regulatori

s PID, PAC, PLC, Fuzzy logic
s Temperatiras, atruma, ltmena u.c. reguléSana

s Nepartraukta (analoga) var On/Off (diskréta
reguléSana)

18
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Regulatori
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I
Seciba

s Laika kontrole (laika releji, taimeri)

m Procesu seciba (apstrade, krasoSana, zavésana,
iepakoSana)

20
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Merisanas 1ekartas

m Sensorl, devejl, analizatori

= Mehaniskie parametri

[zmeri, attalumi, atrumi, speki, Iimenis
» Elektriskie parametri

Spriegums, strava, vadamiba
» Kimiskie parametri

Koncentracija, pH

21
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Sensori, devej

22



" S
[zp1ldmehanismi

m Elektriska piedzina

= Rotacijas, lineara, vibracijas

s Hidraulika, Pneimatika

= Cilindri, motori

s Tehnologiskie

= SildiSana, dzes€Sana, zavesana, krasoSana
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[zp1ldmehanismi
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Vadibas un indikacijas iekartas

m Pogas

s Gaismas indikatori
m Vadibas paneli, HMI
s SCADA sistemas

25
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Vadiba un indikacija
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Automatizetas vadibas sisteéma

s Vadibas programma

m Val¢ja vai noslegta reguléSana

s Koncentréta vai “izklied€ta” vadiba

s SCADA, PLC, regulatoru programmas

27



" EE————

Automatizetas vadibas sistéma

Operation status Production status
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Komunikacijas iekartas

m Datu parraides iekartas

s Datu parveidoSanas iekartas
= Protokolu parveidotaji
» Fizikala ltimena parveidotaji
» Datu karteSanas iekartas
= Marsrutizatori

m Datu parvades linijas
» Elektriskie kabeli, optiskie kabeli, radio

29
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Komunikacijas

30
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Automatizacija iesaistitie specialisti

Tehnologs

Projektéetajs

Celtnieks

Mehanikis

Elektrikis

Automatikis

Programmgétajs

Operators

Vel protams ekonomisti, finansisti, menedzeri utt.
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Mehatronika

s Mehanika
s Automatika
s ProgrammeéSana
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Automatizéts razosanas process

Detalas
Materiali
Izejvielas

Energija

RaZzoSanas process

Produkcija .

Blakus produkti

»>

Sensori

Aktuatori

\/

A

PLC, Regulatori, Draiveri

Vadibas sistéma

HMI interfeiss

Atkritumi _>
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Kafijas automats ka automatiskas
razosanas process

|zejvielas B Produkti

Sensori Aktuatori Kas vel?...

34



" EE————

Automatizacijas limeni

Uznémuma limenis

Vadibas limenis

Temperatiira, plisma, koncentracija, spiediens, Iimenis utt.
Detalu poziciongiana, apstrade, parvietofana, montaZa utt.
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Industrialie sensor1 un deveéji

36
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Mehanisko parametru sensori

s Spcka parametri
» Speks, spiediens, svars, moments

s Pozicionalie parametri
= Attalums, 1zmeri, lenkis, Iimenis

s Dinamiskie parametri

» Linearais/rotacijas atrums, pliisma, paatrinajums
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Fizikalo parametru sensori

s lemperatura
s Mitrums
s Fototehniskie parametri

= Krasa, apgaismojums, gaismas absorbcija

m Akustiskie un vibraciju parametri
m Elektriskie parametri

= Spriegums, strava, pretestiba, frekvence, kapacitate, induktivitate

s Radiaciyja, jonizacya

38
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Tuvinagjuma *“Proximity” sensori

s Induktivie

s Kapacitativie

s Magneétiskie

s Optiskie

s Ultraskanas

s Mehaniskie (gala sledzi)

39
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Kimisko parametru sensori

s Koncentracyja
= Vielas, jonu, pH

s Aktivitate

= OksideSanas / reduceSanas reakcijas

m dastavs
m Spradzienbistamiba

m Sajlitu parametri
= GarsSa, smarza
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Deveju kop€jie parametri

s Konstrukcija un vide

s Vadu pieslegSana

s Merjjumu parametri

s BaroSanas spriegumi

m [zejas parametri

s Indikacija

s ReguléSana, 1estatiSana, kalibréSana
s Advancétas funkcnas (log, reg u.c)

41
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Sensoru barosanas spriegumi

s Bez barosanas
m Lidzstravas DC
s Mainstravas AC

m Universalie AC/DC

42
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Sensoru 1zejas signala parametri

s Deveju izejas signaliem jabut standartiz€tiem un piemerotiem
plaSai 1zmantoSanai automatizacijas uzdevumu veikSanai.
Deve€jus péc 1zejas signaliem var iedalit trijas lielas grupas;

s Binars signals (Iesl€gts /I1zslegts)

s Analogs signals (Proporcionals méramajam lielumam)

s Komunikaciju interfeiss (Datu apmaina 1zmantojot protokolu)

s Ta ka Sie signalu veidi ir Joti atskirigi, talak apskatisim katru
grupu atseviski.
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Binars signals

Deveji ar 8adu izejas signalu ir plasi izplatiti. Tiem parasti ir viens
nostrades Iimenis, pie kura 1zejas signals maina savu stavokli no "leslegts"
uz "Atslégts" un otradi. Protams, signalam parastl ir zinama hister€ze.
Dazreiz var pat biit atseviski iestadams augsejais un apaksgjais nostrades
[imenis. Daziem dev€jiem var but ari divas binaras izejas. Piemeram,
temperaturas reguléSanai: ja temperatiira ir zemaka par minimalo tad tiek
ieslegts silditajs, bet ja temperatiira parsniedz maksimalo, tiek ieslégts
dzesetajs. Plasi binara signala izeja ir realiz€ta ar releja pa11d21bu Seit var
but gan releys, kura kontakti signalam sasniedzot noteiktu Iimeni tiek
saslegti (NO), atslégti (NC) vai parslegti (SO). TreSais veids ir
universalaks, jo lauj realizet abus ieprieks¢jos. Dazreiz izejas signala
formésanai tick lietoti pusvaditgju releji vai tranzistori, kuri nav galvaniski
atsaistiti no baroSanas k&dem. Sads risinajums ir ieverojami I&taks un ar
mazakiem izmériem. Pastav vairaki risindjumi.
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Divu vadu pieslégums

m PieslégSanai nepiecieSami tikai divi vadi. Loti universala izmantoSana. Ja
tiek 1zmantots devejs, kam nav nepiecieSama barosana (bimetala, kapilara
termostati, "herkonu" magnétiskie sensori) tad slodzes parslégsanas
spriegumi un stravas var bt loti plasa diapazona.

m Ja dev€ja darbibai nepiecieSama barosSana tad to iegiist no slodzes
barosSanas kédes. Tas nozim¢, ka arT izslegta stavokli caur slodzi pliist
zinama neliela strava (3-10mA). Dazreiz ta ir par lielu, lai slodze netiktu
parslégta, tapéc paraléli slodze1 piesledz papildus pretestlbu ArT 1eslegta
stavokli devéja baroSana ienes zinamu sprieguma kritumu uz deveju
(3-8V). Divu vadu deveji tiek razoti gan lidzstravai (parasti 8-30V) gan
mainstravai (24-230V). Dazi devéji var darboties gan ar [idzstravu gan
mainstravu.
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PNP slégums

m Diezgan 1zplatits Eiropa. Slodzes pieslégSanai
nav nepieciesams pievienot barosanas
spriegumul.
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PNP slégums

PNP (Sourcing)
Field Device Example

24\VDC DC Sinking Input Module

+

r ¥ ’_‘ . C}ommon
Brn I:T
f §:F @
Blk Optical
Sensor OutputL — Imut Isglator
Current Sinking
Configuration
Blu
L =1

(PNP) Current Sourcing
Field Device
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NPN slégums

m Var darbinat relejus, PLC, TTL logiskas
shemas. Slodzes piesléegSanai var lietot no
baroSanas sprieguma atskirigu spriegumu.
Plas1 1zmantots Ziemelamerika un Japana.
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NPN slégums

NPN (Sinking)
Field Device Example

24\VDC DC Sourcing Input Module
+, =
==

Brn Common
[ ¥lieme o 3 4

Ji
A@

_[ Optical

Output| Bk
Sensor—|—C $ - (= mut * Isolator
’ 8urrfent Sourcing
onfiguration
~_ Blu .
L -]
(NPN) Current Sinking
Field Device
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Tuvinajuma “Proximity”’sensori un to
apzim€jumi shémas
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Induktivie devej
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Divu vadu pieslégums NO/NC

|| R {-
<U> Li/_fLu_ L- @ DAL |




Tr1s vadu pieslegums NO
1/ BN 1/BN
| PYT R S I I I
4/BK £ 1 |4/BK

B
O Tow . |0 |

NPN PNP
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Tr1s vadu pieslegums NC

1/ BN 1/ BN
- L+ e = e Qe
I L4/BK I 2/BK LA

<ﬂ> 3/BU '%L_ <ﬂ> ig/su e

PNP NPN

L+
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Cetru vadu pieslégums NO/NC

1/BN 1/BN

4/BK ?
Miemtis | ﬂ\—i/-BK
<ﬂ> \_E_- O wﬁi
3/BU | - 3/BU -

NPN PNP
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Kapacitativie devei

Models
Available
with Cable or
Connector
Industry
Standard
30 mm and
18 mm Diameters
LED Output
Indicator on
All Models
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Kapacitativo deveju pieslégSana

——- L+ —- o— L+

) T TV

Lﬁ

S7
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Magnétiskie devei

=
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Divu vadu pieslégums NO
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Ultraskanas tuvinajuma deveéji

- > ‘—*;'—_.L
. L o
5
| |




Piesléguma veidi

U

|zstarotajs

¢ |

1 (BN) U,
4 (BK
3 -L_U

B
Uztveréjs PNP

Uztvéréjs NPN
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Deveju pieslegsanas tests

a)
PLC o4y }— c) —1 24V PLC
| — | pnp
R ﬁ\ ieeja
izeja
oV f——o —_— 0V
b d
) PLC o4y o ) 24\
I
npn L Pp |
izeja izeja
4 |> oV
oV b—x
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Analogs signals

m Stravas cilpa

= Sprieguma izeja

x PWM impulsi

s FrekvenCu modulacyja
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Interfeiss

m Virknes interfeiss
RS-232, RS-485, Stravas cilpa, optika
m Paral€lais interfeiss

s Sakaru tikls
Ethernet, LON, CAN
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Komunikaciju protokoli

m Virknes interfeisam

= Modbus
= Profibuss
= SPA

« HART

m [1klu interfeisam

= Modbus TCP
= Profinet
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Programmeéjamie Logiskie Kontrolleri
s Definicyja
s Uzbive

s Ipasibas
s Programmeésana
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Siemens PLC paraugi
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1st1 1r PLC

Kas tad

SIEMENS
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Kontrolieni

s RTU remote terminal unit

s PLC programmable logic controller

s DCS distributed control system

m PID process regulator

s PC personal computer

s PAC programmable automation controller
s CNC computer numeric cotrol
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Seciga (Sekvenciala) iekarta

m Logiska ierice, kuras izejas signala veértiba attiecigaja
bridi atkariga no ieejas signalu vértibam un no 1erices
iekSeja stavokla Saja bridi un kuras iekSejais stavoklis
atkarigs no tieS1 iepriekS€jam ieejas signalu vertibam
un 1epriekseja 1ekseja stavokla.

s PIEZIME — Secigas darbibas shémai var bt galigs

skaits 1ekSejo stavoklu, tadel teorétiski to var uzskatit
par galigu automatu
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PLC pazimes

s Ickarta ar standartizetam 1/0
» Binaras ieejas, 1zejas (24VDC, 230VAC)
» Analogas ieejas 1zejas (0-10V, 4-20mA)

s Patstavigi veic secigu un logisku vadibu
m Atbilst IEC 1131-3 prasibam

m Paredzeta darboties 24h un industriala vidé
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PLC papildus funkcijas

s PID regulators

s Motoru kontrole

s Enkoderu un atru impulsu skaitiSanas ieejas
s Komunikacijas

s Datu registracija
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Vesture

s Pagajusa gadsimta 60. un 70. gados rupnieciba sakas tendence
kvalitativi pilnveidot razoSanu un palielinat raZoSanas jaudas.
Svarigu lomu saka spelét razoSanas procesu 1zmainas elastiba
— sp€ja mainities, lai varétu sekot 1idz1 patérétaja vajadzibam.

= Inzenieri projekt€ja vadibas sisteému logiku, bet dzive to
realiz&ja elektriki mehaniski savienojot vadus. Sis shémas
var€ja saturét vairakus simtus releju. Plans, pec kura tika
realiz€ta montazas sheéma, tika saukts par kapnu diagrammu.
Sai shéma ir uzraditi visi vadibas sistéma izmantotie sledzi,
devéji, dzing€ji, varsti, releji utt. Pec Sis shémas visus attélotos
elementus bija nepiecieSams savienot.
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Veésturiskie vadibas panel

s Mehaniskie releji
= Jaudas releji, starpreleji
= Spriegums releji, stravas releji
= Laika releji (pulkstena mehanikas, pneimatiskie)

s Klemmes, kopnes, savienojoSie vadi
m Pogas, sviras, potenciometri

s Indikatoru lampas, elektromehaniskie
indikator1
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Veésturisko vadibas panelu problémas

a Kludas projekteSana

s Bojajumi ekspluatacija (mehaniskie releji, laika
relejn)

s Diagnostikas probléemas (daudzie starpreleji,
savienojosie vadi)

s Problemas shemu parvedot, uzlabot

s Cena (Jamaksa par katru starpreleju un laika releju)
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Jauna tipa vadibas panela 1zveides
prasibas

m Elektroniskie elementi mehanisko vieta
s Datoram lidziga elastiba

» KonfiguréSanas iesp€ja, jaunu uzdevumu pievienosana

s Spé¢ja darboties industriala vide

= Vibracijas, temperatiiras, trauceéjumi, putekli
m VienkarSi apkalpojamai, la1 varétu viegli parkvalificet
agrakos releju sistemu specialistus
s Ekonomiskie apsvérumi (ko var ietaupit)
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Pamatnostadnes

s PLC 1r saisinagjums no “Programmable Logic
Controller”.

s PLC izpilda logiskas funkcijas uz ievaditas
programmas pamata.

s Pamatfunkciyjas
Ieejas un 1zejas

Vadibas elementi

= AND, OR, NOT logiskie elementi
» Taimeri, skaititaji
= Komparatori
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Releju shéma un tas ekvivalents PLC
programma

S1 m K1 X1 p 4
|
¢ T ® 4 I ( >_‘
S2 m X|2
. e 1 |
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Sheému ekvivalenti

S1 L1
R—31 1
e LA X2 —
Logiska shéma

UN-NE )
X1 Y
Xl x| v L
X2
ool 1 | F
1|01 i -
|
o1 | —
1111 o0 X2 Y=X1*X2
I/I
171
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Kapnu diagramma

normali slegtie normali atverti
kontakti kontakti

‘Lampinal

segments briva vieta -
vail zars elementam P

Kapnu diagrammas segmenta uzbuve

paralelais
kontakts
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PLC valodas pec IEC 61131-3

Instruction List Structured Text Sequential Function Chart
LD A
ANDN B C:=A AND NOTB Step 1 —N | FILL
= £ ——+—— | Transition 1
Function Block Diagram Ladder Diagram Step 2 — S | Empty
A B C
o ——r— | Transition 2
A — e - -1 ()
B Step 3
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IEC 1131-3 nepiecieSamiba

Table 6.1 Instruction code mnemonics

IEC 1131-3 Mitsubish1i OMRON Siemens/

Operators Telemecanique
LD LD ID A

LDN LDI LDNOT AN

AND AND AND A

ANDN ANI AND NOT AN

OR OR OR @

ORN ORI ORNOT ON

ST ouT ouT =
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PLC struktiora

Power supply
| | N
—0 O , ml] Centrgl : o m——/\,——
nptt  —alo+|" ofl e il |uo Output
sensing 0 dl. R CEY) @ ioad
devices :2 o= u u = Memo[y E p l:_O_ devices
. i u £
e EEEDCER) |
Optical / \Optical
Isolation Isolation
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(Galvenais cikls

Scan Process

Read inputs |« i— %

The scanis a
a continuous
and sequential

process
outputs

\I/

/;\
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Mainstravas 1I/0

120V AC

CcoMm

HOT

HOT

IN1

IN3

INS

120V AC INPUT

120V AC

120V AC OUTPUT
o1 A,
@ |,
o | —A,
o ——A
N /
o 0
7K
\
00—
PIEN
AN /
o [—0—
SN
TYP CKT o8 Vad
ALL OUTPUTS Sk
V=
CcoMm
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Lidzstravas 1eejas modulis

24V DC
24V DC
+V coM
coMm +V
24V DC SOURCING
INPUT MODULE 24V DC SINKING
o—t—c i T INPUT MODULE
——-=>_ o— IN1
—le
o o IN2 A o
——ouW®0 o—— IN2
—es
o O IN3 s =
s o o IN3
1 i
—— 0 Oo— IN4 .
———O0 o— INg
¢ IN5 Y|
2 o IN5
o/ o} IN8 5 o
;nox = " LA 14
PROX ~
ool = TYP CKT + i
0
PROX * et B TYP CKT
EACH INPUT PROX EACH INPUT
| -
> coM coM
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Lidzstravas 1zeju modulis

12V DC OUTPUT
MODULE SINKING

TYP CKT

o1

02

o7

12vDC

+V

x & W er

>/

).

C

>\
Nyl

/

C

5

1=EL

|

COM

CcCOom

12vDC

12V DC OUTPUT
MODULE SOURCING

TYP CKT

01

P T T

>}

C

)

Je

/
N

D)

ALL OUTPUTS

A &

v
«

+V

com
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Vadu pieslégumi
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Papildus klemmes
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Vinkarss PLC

DDDDDDDDDDDDDDDDDLD

4+ = I1 I2 I3 I4 I5 I6 I7 I8 I9 IA IB IC

24Vdc

==
cnle
I1 I2 I3 I4 I5 16 I7 18 I9 IA IB IC

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8

Smart Relay / PLC

Q1 Q2 Q3 Q4 Q5 Q6

Q7

Rx Tx Gnd
RS-232

AR1-S

N e T e Y e T o O i O r‘l

90



" E————

CPU 312, 314, 315-2 DP
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Memory Concept of the S7-300

ajm

Load memory:

Blocks:
* Logic blocks
(OB,FC,FB)
» Data blocks

|ﬂ| (DB) RAM Flash-
Comments ; Additional info. EPROM
Symbols Work memory:
1ok - OB,FC,FB
ocks:
* Logic blocks - | DB
(OB.FC.FB) n.reten.| reten.
« Data blocks
(DB) with Power System memory:
ON without - PlI, PIQ
v battery i (M T C
backup 1> n. retenl reten. )
With Power
Blocks: OFF without
» Logic blocks : . battery
(OB.FC,FB) Retentive memory: backup
« Data blocks Flash EPROM » Retentive
(bB) Memory Card in PG M, T,C
Additional info. (subsequently - Retent. data blocks
inserted in CPU) /
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Atminu modulu funkcijas

Load Memory The load memory is part of a programmable module. It contains load objects
created on the programming device ( logic blocks, data blocks, additional information). The
load memory can either be a plug-in memory card or an 1ntegrated RAM.
Work Memory The work memory contains only the data relevant at run time. The RAM work
memory is integrated in the CPU and is backed up through the battery.
System Memory The system memory contains the memory areas for:

* Process image input and output tables (PII, PIQ)

* Bit memories (M)

* Timers (T)

* Counters (C)

» L stack (L).
Retentive Memory The retentive memory is a non-volatile RAM used for backing up bit
memories, timers, counters and data blocks even if there is no backup battery. You specify the
areas to be backed up when assigning the CPU parameters.
Inserting a Memory Card When you insert a memory card, the operating system requests a
memory reset.(STOP LED flashes slowly). You perform the memory reset by turning the
mode selector to the "MRES" position. The sections of the program relevant for execution are
then transferred from the memory card (with load memory function) to the work memory.
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