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Abstrakt

Tato praca sa zaobera technolégiou kontinudlneho baliaceho stroja na zaciatku
z hl'adiska posudenia rizik a navrhu opatreni pre ich zniZenie. Na kvantifikaciu
jednotlivych faktorov rizika je vyuZitd metodika HRN. Dalsia ¢ast je venovana
implementacii bezpecnostnych opatreni a realizacii safety obvodov za pouzitia
safety PLC -Simatic S7-1500F a funkcie pohonu Sinamics S120 Shared device.
Bezpecnostna funkcia, ktora je v tomto pohone realizovana je Safe Stop 1. Nasleduje
navrh pohonov a realizcia ich riadenia. Na riadenie pohonov je pouZité motion
control PLC Simotion. TieZ su rozobraté postupy pri konfiguracii synchrénnej
operacie - vacky, ndvrh vaciek a ich realizacia v jazyku MCC. Zdokumentovany je
pouzity diagram prechodov a stavov, ktory je v sulade s koncepciou diagramu
definovanou organizaciou OMAC. Na zaver je ukazané jednoduché HMI na ovladanie
stroja.

Kl'ucové slova

baliaci stroj, Simotion, Sinamics S120, Simatic S7-1500F, Safety PLC, posudenie
rizik, HRN, Shared device, motion control, technologicky objekt, synchrénna
operacia, vacka



Abstract

This thesis deals with a technology of continuous packaging machine in the
beginning from the point of risk assessment and design of necessary measures to
reduce the risk as much as it is possible. Here the HRN method was used to quantify
every risk factor. Next part documents the implementation of the safety measures
and the realization of the safety circuits by using Simatic S7-1500F safety PLC and
Shared device functionality. Safety function which is realized in the Sinamics S120
drive is Safe Stop 1. Next, it describes the drive dimensioning and the principle of the
drive control. Simotion PLC is discussed in more details and then is used as a motion
control master. An approach to the configuration of camming synchronous
operation is dealt with in details. Cam design and their realization is documented,
too. The thesis also demonstrates the state manager that was implemented in the
user program and which is used according to the concept of OMAC state manager.
In the end a simple HMI for packaging machine control is described.

Keywords

packaging machine, Simotion, Sinamics S120, Simatic S7-1500F, Safety PLC, risk
assessment, HRN, Shared device, motion control, technology object, synchronous
operation, cam
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1 UVOD

Pri kipe akéhokol'vek vyrobku zakaznik dostane produkt v ur¢itom druhu balenia.
Balenie vyrobkov je neoddelitel'na sucast procesu vyroby a nasledného predaja
potravin, krmiva, sdciastok atd. Baliaca technoldgia teda predstavuje nutné
vybavenie velkého mnozstva podnikov. Ako bude uvedené v d'alSom texte, ide
o strojné zariadenie, ktorého pouZzivanie predstavuje pre jeho obsluhu urcité riziko.
To vel'mi tizko suvisi s pojmom bezpecnost a ochrana zdravia. Neda sa prehliadnut,
zZe v sucasnych vyrobnych podnikoch sa problematika bezpec¢nosti odklada stranou
a to hlavne z dévodu minimalizacie nakladov na vybavenie strojnych zariadeni.
Zakaznici si Casto neuvedomuju, Ze v pripade nutenej odstavky alebo ubliZenia
na zdravi pocas prace so zariadenim budu ich straty mnohondsobne vacsie. Aj
z tohto dévodu je znacna cast prace venovand prave posudeniu rizik a navrhu
bezpecnostnych opatreni, poukazujic na fakt, Ze investicia do bezpecnosti je pri
sucasnej zloZitosti strojného zariadenia rozhodne nutna a hlavne navratna.

Iny pohl'ad, nielen na riadenie baliacich strojov ale strojnych zariadeni vSeobecne,
je pohl'ad systémového integratora. Je evidentné, Ze PLC, ktoré si momentalne
na trhu dostupné disponuju stale va¢sim a vacsim vykonom. Dalo by sa povedat, Ze
pojem ,logicky automat” uZ dnes existuje vylucne z historickych dovodov. Aj tie
najbeznejSie PLC najniZsich cenovych kateg6rii st vybavené okrem digitalnych I/0
aj analégovymi, pripadne ponukaju aj jednoduché funkcie pre riadenie pohonov.
Motion control si ako oblast automatizacie jednoznacne Ziada velkd pozornost,
pretoZe prave tato funkcionalita zac¢ina byt beZnou sucastou PLC a to nielen tych
najvysSich vykonovych tried. Tieto systémy ale zatial pochopitelne nemaju
z hl'adiska ponuikanej motion control funkcionality taky rozsah ako Specializované
platformy.

Prvym cielom projektu je posudit rizika technolégie kontinualneho baliaceho stroja
ako celku, na zaklade posudenia rizik vykonat navrh bezpecnostnych opatreni,
navrh overit a nasledne realizovat safety program v safety PLC. Druhym ciel'om
tejto prace je navrhnut riadiaci program pre dvojosi kontinualny baliaci stroj a to
s ohl'adom na bezpecnost a ochranu zdravia personalu pri praci s tymto zariadenim.
Dalej bude tento navrh otestovany a prezentovany na demonstra¢nych zariadeniach
dodanych spolo¢nostou Siemens. Celi popisani problematiku moZno rozdelit
na dve zakladné Ccasti: posudenie rizik spolo¢ne s navrhom a realizaciou
bezpecnostnych opatreni a navrh a implementacia riadenia technologie baliaceho
stroja.

Na samom zaciatku je nutné citatel'a detailne zasvitit do uvedenej problematiky -
predstavit technolégiu dvojosého kontinualneho baliaceho stroja. Struc¢ne tu bude



zhrnutd metodika postupu pri posudzovani rizik a jej nasledna aplikacia na tuto
technolégiu. Dalej budti ukdzané zariadenia, ktoré bude realizicia spominanej
aplikacie poZzadovat, ich moznosti a tiez budi spomenuté ich rézne prevedenia,
na ktoré je mozné narazit. Nasleduje komentar k realizacii riadenia pohonov, osi
a synchrénnych operacii v PLC Simotion. Hlavna myslienka riadiaceho programu
bude podrobne rozobrata a jej realizicia bude podrobne popisand, vratane
podrobnosti ohl'adom pouZitych funkcii a funkénych blokov. Dal$im cielom je
ukazat standard OMAC (jeho vyhody a prinosy, ako pre riadenie strojnych zariadeni,
tak i pre pripojenie zariadenia do celopodnikovej siete), rozobrat funkcionalitu
Shared Device a predostriet zakladny princip komunika¢ného protokolu ProfiSafe.
V samotnom zavere bude ukazany jednoduchy operatorsky panel pre ovladanie
baliaceho stroja.



2 TECHNOLOGIA

Na zaciatku je uvedeny princip technologie dvojosého kontinualneho baliaceho
stroja. Dalej bude stru¢ne popisany postup a orientacia v technickych norméch,
tykajucich sa bezpecnosti pri praci a posudenia rizik. Potom nasleduje samotna
analyza rizik pre konkrétnu technoldgiu a na nej zaloZeny navrh bezpecnostnych
opatreni. Zaver kapitoly dokumentuje dimenzovanie pohonov pre dany stroj.

2.1 Princip Cinnosti stroja

Kontinualny vertikalny dvojosi baliaci stroj predstavuje zariadenie, ktorého tilohou
je urc¢ené mnozstvo produktu (dané davkovacim zariadenim) zabalit do balenia.
Ako vyplyva uZ zo samotného nazvu, baliaca félia sa pocas vytvarania baleni
nezastavuje, ale je odvijana Kkontinudlne. Odvijanie je realizované odvijacim
zariadenim umiestnenym v zadnej Casti stroja. Félia je tahana cez d’alSie napinacie
valCeky, ktorych tulohou je udrzat fo6liu stale napnutd, aZz kym sa nedostane
k formovaciemu golieru. Pri prechode cez formovaci golier sa vyrovnana f6lia upravi
do polohy, v ktorej méze byt zalaminovavana po dizke. Toto laminovanie realizuje
par Specialnych vertikalnych pasovych ¢el'usti zohriatych na danu teplotu. Tento par
Celusti sa musi pohybovat rovnakou rychlostou ako fo6lia, aby nedoSlo k jej
pokréeniu. DalSia ¢ast je tvorena horizontdlnymi laminovacimi ¢el'ustami.
Priblizenim cCelusti k sebe do6jde k ohriatiu a zalaminovaniu baliacej félie, ich
vzajomnym oddialenim spoj ochladne a stuhne, balenie sa uzavrie. Na ¢el'ustiach je
d'alej umiestneny rezaci ndéz ktory po zalaminovani dané balenie odstrihne
od zvysSku folie. Rezaci néZ je riadeny pneumaticky. Vyrovnavaniu félie pocas
laminovania a strihania napomaha aj prud vzduchu, ktory je do nej vhanany. Aby bol
umozneny kontinudlny chod zariadenia, vysSie opisané vybavenie je ako celok
umiestnené na posuvnej Casti, ktora sa moze pohybovat hore a dolu. Posuvna cast
je pripojena k motoru cez kl'ukovy mechanizmus, ktory transformuje jeho rotacny
pohyb na linearny pohyb v smere postivania félie a proti nemu.



Obrazok 1: Ilustra¢ny obrazok vertikalneho kontinualneho baliaceho stroja

2.2 Posudenie rizik a navrh bezpecnostnych opatreni

Pri posudzovani rizika a navrhu bezpecnostnych opatreni vysSSie opisanej
technologie sa postupuje podla prisluSnych noriem a to nasledovnym spésobom.
VSeobecne je moZné normy pre posudzovanie rizik strojnych zariadeni rozdelit
na normy 3 typov: Normy typu A, B a C (Obrazok 2). Normy typu A zahfiiaja
zakladné vSeobecné principy bezpecnosti. Sem patri norma ISO 12100. Normy typu
B rieSia bezpecnostné faktory (B1) a konkrétne bezpecnostné funkcie (B2). Normy
typu C sd najkonkrétnejsie, vztahuju sa na konkrétne strojné zariadenia a ich
konstrukciu napr. dopravnikové systémy, baliace stroje a pod. Standardne sa
postupuje smerom od noriem typu C aZ k normam typu A.



Obrazok 2: Grafické zobrazenie rozdelenia noriem podl'a typu a postupu pri posudzovani
rizika a navrhu bezpecnostnych opatreni

V pripade tohto projektu bude postup rovnaky. Pri posudeni rizik, ako hovori
metodika, sa zac¢ina normou EN 415-10, ktord riesi VSeobecné poziadavky
na bezpecnost baliacich strojov, teda normou typu C. Tu st popisané vSeobecné
zdroje nebezpecia sprevadzajice pouZzivanie baliacich strojov. Este pred tym je ale
dolezité zhrnut konsStrukcné parametre stroja, potom bude nasledovat’ posidenie
rizik.

2.2.1 Konstrukcné parametre strojného zariadenia

Stroj je urc¢eny na pripojenie k sieti 230/400V 50Hz, prikon je 8kVA. Je vybaveny
pohyblivym privodom z trojfazovou vidlicou. Dalej je stroj vybaveny pneumatickou
pripojkou 6 bar.

Kontinualny baliaci stroj je tvoreny tymito c¢astami: odvijacim mechanizmom,
mechanizmom vyrovnavajucim f6liu, kontinudlnymi vertikalnymi laminovacimi
Spiralami, vertikdlnymi a horizontalnymi laminovacimi cel'ustami s vyhrievacou
$pirdlou a rezacim nozom. Dal$imi sdicastami s elektricky rozvadzac
a dotykovy operatorsky panel.

Pohyblivé casti stroja a hlavne laminovacie celusti s rezacim noZom pocas
prevadzky nesmu byt pre persondl pristupné. Tieto Casti naopak musia byt
pristupné v pripade Udrzby, ale zariadenie musi byt v ¢ase pristupu k tymto ¢astiam
bezpecne zastavené. Rola s féliou je pristupna zo zadnej Casti stroja, pri jej vymene
za novu musi byt zariadenie zastavené. Persondl, ktory bude takéto zariadenie
ovladat' a pouZivat musi byt obozndmeny s ndvodom na pouZitie a mozZnymi
rizikami, ktoré z pouzivania zariadenia vyplyvaji. Rovnako s tym musia byt



oboznameni aj pracovnici vykonavajuci udrzbu, aby pristupovali zvlast opatrne
hlavne k laminovacim Cel'ustiam a reznému noZu.

Pri inStalacii je nutné stroj umiestnit' na rovnu podlahu, tak aby nehrozilo jeho
prevratenie. Je nutné vymedzit dostatoCny priestor na pristup k operatorskému
panelu, priestor pre udrzbu a hlavne priestor pre manipulaciu s pouzitymi rolami
od félie a manipulaciu s novymi rolami uré¢enymi na pouzitie.

Spominané strojné zariadenie méze byt uvedené do 3 roznych médov - Manualny
mod, Automaticky méd a Testovaci méd. Tieto mdédy odpovedaju Standardu OMAC
(viac v kapitole 6.6.2). Pocas beZnej prevadzky stroj funguje v mdéde Automat.
Manualny mdd existuje primarne pre ucely udrzby, ktora musi byt vykonavana
kvalifikovanymi pracovnikmi. Ulohou testovacieho médu je ulahéit technikom
a programatorom testovanie pred tym, ako je zariadenie uvedené do ,normalnej“
prevadzky, teda do m6du Automat. Manualny a testovaci méd musia byt chranené
ré6znymi heslami.

2.2.2 Identifikacia nebezpeci

V d'alSom texte budu zhrnuté vyznamné nebezpecia, ktorym je vystaveny personal
a okolie stroja. Pre prehladnost budu uvedené spolo¢ne s ich pri¢inami resp.
zdrojmi do tabul'ky. Tabulka tiez obsahuje odhad miery rizika pouZzitim metodiky
opisanej v technickom reporte ISO/TR 14 121-2, znamej tieZ ako HRN: miera rizika
(HRN - Hazard Rating Number) sa pocita ako sucin pravdepodobnosti vyskytu
nebezpecnej udalosti (LO), frekvencie resp. pravidelnosti vystavenia nebezpeciu
(FE), stupnia zavaznosti zranenia (DPH) a poctu os6b vystavenych nebezpeciu (NP).

Tabul'ka 1: Zdroje a druhy nebezpecia s mierou rizika uréenou pred aplikaciou
bezpecnostnych opatreni

Zdroj Druh nebezpetia Riziko HRN | LO | FE |DPH| NP
nebezpecia

Stlacenie

Strih

Naraz

Porezanie
Pohyblivé Casti zan Vysoké 75 | 15 | 25| 2 | 1

Trenie

Vtiahnutie

Zachytenie

Navinutie

ili Neocaka y pohyb

Strata stability | TCOCAXAVANYPOYD I yepmingzke | 4 | 2 | 05| 4 | 1
stroja Prevratenie
Kryty Naraz Zanedbatelné | 0,0132(0,033| 4 | 0,1 | 1
Elektrické Nebezpecny dotyk Velmivysoké | 150 | 5 | 5 | 6 | 1
vybavenie zZivych Casti




Zdroj

o Druh nebezpecia Riziko HRN LO | FE |DPH| NP
nebezpecia
Nebezpecny dotyk
nezivych vodivych Casti
pri poruche
Porezanie
Poziar pri prehriati
Obalove materialu___ Velminizke | 4 | 10 | 4 |01 | 1
materialy Elektricky vyboj (od
odvijajuceho sa
materialu)
Pokles a pad
pohyblivych ¢asti
(prerusenie dodavky
elektrickej energie)
Nebezpecie Neocakavany pohyb
spOsobené pohyblivych ¢asti Vysoké 80 5 4 4 1
poruchami (obnovenie elektrickej
energie resp.
akumulovana energia)
Porusenie elektrickych
obvodov
Oddel'ovacie Porezanie
zariadenie Strih Vysoké 75 15 2,5 2 1
(rezaci n67) Neocakavany pohyb
Popalenie
Porusenie izolacie
Spojovacie elektrickych casti
zariadenie PoZiar pri prehriati Vysoké 75 15 | 25| 2 1
(laminovacie materilu
celuste) Vznik nebezpetnych
latok horenim
materialu
Odvijacie Vtiahnutie
mechanizmy N,é.raz (pretrhnutie Vel'mi nizke 2 5 4 0,1 1
folie)
7 N 4
Pakyna araz Zanedbatelné| 0,66 |0,033| 5 | 4 | 1
nastavovanie Trenie
Neocakavany pohyb
ZneuZitie Financné straty Vyznamné 10 5 1 2 1
Ovplyvnenie kvality
vyrobkov
Likviddcia Nebezpecie pre Zivotné
strojného p ) p Vyznamné 18 1,5 | 0,5 2 12
. : prostredie
zariadenia




2.2.3 Navrh bezpecnostnych komponentov

Nasleduje navrh bezpecnostnych opatreni a komponentov za pouzitia verifikacného
nastroja Safety Evaluation Tool [8]. Ide o nastroj od spolo¢nosti Siemens volne
dostupny vymenou za registraciu pouZzivatela. Podl'a normy IEC 62 061 vykona
vypocet a overenie nami navrhnutych bezpec¢nostnych komponentov. IEC 62 061
pojednava o urovniach Safety Integrity Levels, d’alej len SIL. Iba na objasnenie,
pri navrhu bezpecnostnych obvodov by bolo rovnako spravne zvolit' cestu urcenia
Performace Level (PL) podl'a normy IEC 13 849-1. V pripade tohto projektu vSak
bude vykonany navrh bezpecnostnych obvodov za pouzitia SIL.

Pri urCovani poZadovanej urovne SIL pre danu bezpecnostnu funkciu bude taktiez
pouzity Safety Evaluation Tool. Poskytuje uzivatel'ovi tabul'ky z prilohy A normy IEC
62 061 (Obrazok 3) a na ich zaklade uzivatel do Safety Evaluation Tool zadava
parametre umoznujice vyhodnotenie poZadovanej urovne SIL. V pripade projektu
baliaceho stroja je moZnost vystavenia riziku povazZovana za castejSiu ako jedna
hodina, pravdepodobnu, pricom vyhnut sa riziku je mozné. ZavaZznosti bol dany
stupeni 3, teda trvalé nasledky od zranenia, pripadne strata prstov. Takto bola podla

spomenutych tabuliek (Obrazok 3) urcena pozadovana uroven bezpecnosti SIL 2.
Determination of the required SIL
(by SIL assignment)

Fff‘ff“ﬁ= Probability of hzd. event || Avoidance
5 J Pr Av
= 1perhr 5 || Very high 5
<Tporin 2 vperda | 5 || Likely £ |
<iperdey Zipecowks | 4 Possible 3 Impossible 5
<tpeeawis- = 1peryr | 3 || Rarely 12 || possible |3
< 1peryr 2 V*;l;;hglble 1 Likely 1
Consequences Class
| Cl=Fr+Pr+Av
4 | s-7 1-13 14-15
Death, loosing an eye or arm 4 | S 2
Permanent, loosing fingers | 3
Reversible, medical attention 2
Reversible, first aid 1

Obrazok 3: Pomocné tabul'ky na vypocet pozadovanej uirovne SIL [8]

Bezpecnostné funkcie sa budi navrhovat primarne pre tie casti strojného
zariadenia, ktoré z posudenia rizik vysli ako ¢asti predstavujice riziko vyznamné
a vyssie. Tieto funkcie budd na strojnom zariadeni d’alej doplnené vystraznymi
znackami upozornujicimi na nebezpecie vyplyvajice z danych mechanizmov. Tam,
kde sa riziko ukazuje ako nizke budu predpisané postupy, ako jeho dopady este
znizit na uroven, ktora je okolim stroja, teda obsluhou a prostredim akceptovatelna.



Vd'aka vhodnému navrhu konStrukcie je moZzné vSetky cCasti, ktoré predstavuju
vysoké riziko (ide hlavne o pohybujuce sa hmoty) zakryt zhora pevnym plnym
ochrannym krytom z plechu a $tyrmi pohyblivymi ochrannymi krytmi zo stran. Tie
budd mat magneticky doraz, t. . v zavretej polohe budu drzat vd'aka permanentnym
magnetom. Poloha krytov bude monitorovand magnetickymi snimacmi
umiestnenymi v hornej casti krytov, ¢o najdalej od osi otvarania. Tym sa
minimalizuje moZnost pristupu k ¢astiam stroja, ktoré prave zastavuju. Pri otvoreni
ktoréhokol'vek z tychto Styroch spomenutych krytov musi byt zarucené, Ze pohony
riadiace pohyblivé casti budi bezpecne zastavené. V suvislosti s prednymi
pohyblivymi krytmi sa musi bezpecnostnym vzdialenostiam venovat zvySena
pozornost, ked'Ze zospodu su nebezpecné casti pristupné. V norme EN 415-10 sa
uvadza: ,Kde je medzera medzi ochrannym krytom a podlahou vac¢sia ako 40 mm
ale mensia ako alebo rovnd 240 mm musia byt bezpecnostné vzdialenosti
k najblizS§im nebezpenym zénam minimalne 550 mm, pokial vysSka najniZSej
nebezpecnej zény je vyssia ako 300 mm nad spodnym ochrannym krytom.“. Predné
kryty uvedeného stroja tiito poziadavku spiiiaju. Medzera medzi krytom a podlahou
okraja krytu. V pripade ostatnych krytov je tato poziadavka tiez splnend, pretoze
vzdialenosti k nebezpe¢nym cCastiam sud vo vSetkych pripadoch este vacsie ako
pri prednych krytoch.

Bezpecny stav navodzuju dve bezpecnostné funkcie. Prva realizuje bezpecné
zastavenie pohonu Sinamics S120 (komunikacia prostrednictvom ProfiSafe
a bezpecnostna funkcia pohonu SS1 bude blizSie popisana v kapitole 3.2)
pri otvoreni niektorého z krytov, ktoré s monitorované magnetickymi snimac¢mi
zapojenymi jednokanalovo. Neoddelitelnou stucastou tejto funkcie je tieZ tlacidlo
nudzového zastavenia. Tu bude pouZité dvojkanalové ekvivalentné zapojenie. Tieto
tlaCidla su Standardne vybavené slotmi pre dva kontakty na pripojenie Styroch
vodicov, preto budu vyuZité naplno. Tymto padom bude mozZné detegovat porusenia
obvodov nidzového zastavenia. Druhd safety funkcia realizuje odpojenie stykacov
ostatnych elektrickych zariadeni, ktoré predstavuju zdroje potencialneho
nebezpecia. Udalosti, ktoré tuto funkciu aktivuji sui rovnaké ako tie, pri prvej
funkcii.

Naviac k vysSie spomenutému, pohon realizujici vertikalny pohyb cel'usti bude
vybaveny mechanickou brzdou (funkcia SBC bude popisana v kapitole 3.2). Takto sa
predide potencialnym nebezpe¢nym stavom napr. pri preruSeni dodavky elektrickej
energie a s tym suvisiacim ohrozeniam obsluhy, pripadne poskodeniam stroja.
Blokovti schému navrhnutého zapojenia zobrazuje Obrazok 4. Na zaklade vysledkov
zo Safety Evaluation Tool moZno konStatovat, Ze pre obe bezpecnostné funkcie sme
dosiahli poZadovanu Uroven integrity bezpecnosti SIL 2. O tom sved¢i aj dosiahnuta



PFHd (Pravdepodobnost vyskytu nebezpecnej poruchy za hodinu) pre prvu funkciu:
1,6560x107 a pre druhti: 1,5228x10-8. Teda PFHa spiiia pozadovany interval hodnot
pri SIL 2: od 107 do 10-¢ podl'a IEC 62 061, v pripade druhej funkcie je este nizZsie.
Priloha 1 obsahuje podrobny report z pomocného nastroja Safety Evaluation Tool.

—— ]

EMERGENCY STOP |_loo2 | Stykac - spiraly cel'usti
¥ Stykac - k
Bod¢ny maly kryt — PLC yoac — omprese
Bocny velky kryt > Stykaé - odvijacie zariadenie
Predny kryt dvere (1) "]
Predny kryt & 2) ™ ———
redny kayt dvere () Profisafe : Simotion

Reset tladidlo —

Obrazok 4: Blokova schéma navrhnutého zapojenia bezpecnych 1/0 (¢ierne sipky - 1/0 data,
zIté sipky - diagnostické udaje)

Ako ochranu pred nebezpecnym dotykom neZivych Casti pri poruche je potrebné
vykonat dopliiujice ochranné pospajanie podla CSN EN 60 204-1 ed. 2. Ochrana
pred nebezpetnym dotykom Zivych casti je realizovanda uzamknutel'nym krytom
elektrického rozvadzaca vyhotovenom v kryti [P44.

Stabilita stroja musi byt vidy zabezpecena tak, aby pocas prevadzky nemohlo dojst
k jeho pohybu pripadne prevrateniu. Pri presune stroja na kratke vzdialenosti je
potrebné pouzit vysokozdvizny vozik. Pri presune na vacsie vzdialenosti je nutné
stroj prepravovat na palete upevneny tak, aby nemohlo dojst k jeho uvolneniu.

Na zniZenie rizika zneuzitia strojného zariadenia je prikdzané pouzitie hesiel
v operatorskom paneli. Odpordcaju sa rozne Urovne administratorov s réoznymi
pristupovymi pravami k jednotlivym, hlavne systémovym nastaveniam
a nastaveniam tykajucich sa produkcie. Pri likvidacii stroja je nutné minimalizovat
dopad na Zivotné prostredie hlavne pouZitim separovaného odpadu a ekologickym
zaobchadzanim s jednotlivymi ¢astami napr. ich opatovné pouZzitie (kryty, casti
konstrukcie a pod.).

VysSie uvedené zapojenie elektrického bezpecnostného vybavenia a navrhy
dopliiujicich bezpecnostnych opatreni nezarucuji nulovd hodnotu rizika. Sice
znizili riziko suvisiace s pouZivanim stroja, ale nesmie sa zabudnut ani na zbytkové
rizika, ktoré stale z pouzivania stroja vyplyvajd. Tym st napriklad oboje laminovacie
Celuste. Su neustale ohrievané na danu teplotu a napriek dostatofne rychlemu
odpojeniu od elektrickej energie mozu stale udrziavat svoju teplotu. Ta sice pomaly
klesa, ale napriek tomu hrozi nebezpecenstvo popalenia. Dalsie zbytkové riziko
predstavuje nebezpecny dotyk zivych ¢asti po odomknuti elektrického rozvadzaca.
Tu je zase predpokladany pristup iba opravnenym osobam s prisluSnou
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elektrotechnickou kvalifikaciou. TieZ existuje zbytkové riziko zneuzitia stroja.
Zapisovanie hesiel na disky, servery, alebo papiere zvySuje pravdepodobnost
zneuzitia zariadenia. Udrziavanie rovnakych hesiel pocas dlhSej doby moze viest
k zneuZitiu, preto sa odporuca hesla pravidelne menit. Rozhodne sa neodporuca
umiestiiovanie hesiel priamo na zariadenie.

HRN pre zbytkové rizikd z dovodu vysSej prehladnosti budi opat uvedené
v tabulke.

Tabul'ka 2: Zdroje a druhy nebezpecia s mierou rizika urcenou po aplikacii bezpec¢nostnych
opatreni

Zdroj

o Druh nebezpecia Riziko HRN LO | FE |DPH| NP
nebezpecia

Stlacenie
Strih
Néraz

p X
Pohyblivé Casti |- ot Nizke 6 2 |15] 2 | 1
Trenie
Vtiahnutie

Zachytenie

Navinutie

Strata stability | Neocakavany pohyb
stroja Prevratenie

Vel'mi nizke 4 2 0,5 4 1

Kryty Naraz Zanedbatelné | 0,0132(0,033| 4 | 0,1 | 1

Nebezpecny dotyk
Zivych Casti
Nebezpecny dotyk Nizke 5 2 5105 1
nezivych vodivych casti
pri poruche

Elektrické
vybavenie

Porezanie

PozZiar pri prehriati
Obalové materialu

materialy Elektricky vyboj (od
odvijajuceho sa
materialu)

Vel'mi nizke 4 10 4 0,1 1

Pokles a pad
pohyblivych casti
(prerusenie dodavky
elektrickej energie)
Nebezpecie Neocakavany pohyb
spOsobené pohyblivych Casti Vel'mi nizke 4 2 4 105 1
poruchami (obnovenie elektrickej
energie resp.
akumulovana energia)
Porusenie elektrickych
obvodov

Porezanie Nizke 6 2 1,5 2 1
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Zdroj

o Druh nebezpecia Riziko HRN LO | FE |DPH| NP
nebezpecia
Oddel'ovacie Strih
zariadenie ., i
(rezaci n6%) Neocakavany pohyb
Popalenie
Porusenie izolacie
Spojovacie elektrickych Casti
zarla.deme _ PoZiar pri prehriati Nizke 6 2 15 | 2 1
(laminovacie materialu
Cel'uste) Vznik nebezpetnych
latok horenim
materidlu
Odvijacie Vtiahnutie
mechanizmy N,a.raz (pretrhnutie Vel'mi nizke 2 5 4 0,1 1
félie)
z N’
Pakyna araz Zanedbatelné| 0,66 [0,033| 5 | 4 | 1
nastavovanie Trenie
Neocakavany pohyb
Zneuzitie Financné straty Nizke 5 5 |o5| 2 | 1
Ovplyvnenie kvality
vyrobkov
Likvidacia Nebezpecie pre Zivotné
strojného peciep Vel'mi nizke 4,5 1,5 | 0505 12
X . prostredie
zariadenia

Ako zobrazuje Tabulka 2, vykonanim vyssie popisanych bezpecnostnych opatreni

sa podarilo neakceptovatel'ne vysoké rizika znizit' tak, aby boli zanedbatelné, vel'mi

nizke, pripadne nizke podl'a HRN. V pripade d’alSieho zniZovania aj vel'mi nizkych

a nizkych rizik by sa cena navrhu bezpecnostnych opatreni dostala na hodnotu

neimernu cene zariadenia. Nehovoriac o tom, Ze tieto by uZ boli na hranici

s praktickost'ou zariadenia.

2.3 Dimenzovanie servopohonov

NajdolezitejSie pohony baliaceho stroja su tie, ktoré realizuji horizontalny

a vertikalny pohyb laminovacich Cel'usti. Pre tieto pohony boli navrhnuté kl'ukové

mechanizmy, ktorych parametre buda zohl'adnené pri vybere motorov.

Pre horizontalny pohyb Cel'usti:

Uhol pri zovreti je 176°

Uhol pri otvoreni je 69°

Hmotnost cel'usti je 20 kg

Doba laminovania sacku je 100 ms pri sile 4000 N
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e Na motor je pripevneny remenovy prevod 134 mm/112 mm, Sirka remenice je
40 mm
e Obrazok 5 zobrazuje d'alSie udaje

Obrazok 5: Nacrt kl'ukového mechanizmu pre horizontalny pohyb laminovacich ¢el'usti

Pre vertikalny pohyb cel'usti:

e Uhol pre najvyssiu polohu cel'usti je 130°
e Hmotnost bremena s cel'ustami je 85 kg
e Obrazok 6 zobrazuje d'alSie tidaje

| Priebeh pohybu:

85 kg

v

2,7kg 100 ms 170 ms 170 ms
390mm

t

Obrazok 6: Nacrt kl'ukového mechanizmu pre vertikalny pohyb laminovacich cel'usti

Pri ndvrhu bude pouzity pomocny software od firmy Siemens - SIZER [9]. Ten
poskytuje vypoctové Sablény pre typické aplikacie elektrickych pohonov. V tomto
pripade pracu vyrazne zjednodusi pouzitie Sablény pre klukovy mechanizmus.
Po zadani parametrov mechanizmu SIZER poZaduje navrh priebehu pohybu.
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Pri nadvrhu pohonu vertikadlneho pohybu celusti je priebeh pohybu definovany
v dvoch sekciach: 1. sekcia predstavuje pohyb konStantnou rychlostou (rovnakou
ako rychlost félie), 2. sekcia definuje opatovny navrat k zaciato¢nej polohe. V 1.
sekcii na zaklade poZadovanej rychlosti materidlu je pomocou SIZER stanovena
uhlova rychlost otacania hriadela. PoZadovana rychlost materidlu vmareriaL
(v mm/s) je definovana ako:

VmareriaL = 60 D lyax (2.1)

Kde p je pocet sa¢kov za minttu, Imax je maximalna diZka sa¢ku v mm. Vzhladom
k poziadavke na konstantnu rychlost bude zvoleny trapézoidny priebeh rychlosti.
Je nutné priblizne definovat' cas, tohto pohybu - 100 ms pohybu s konstantnou
rychlostou + 120 ms ako ,rezerva“ na zrychlenie a na spomalenie. Dalej moZzno
vykonat jemné Korekcie s oh'adom na priebehy rychlosti, pol6h a momentu motora.
Pri 2. sekcii je postup jednoduchsi: je potrebné dostat cel'uste opat do zaciatocnej
polohy, teda uhlova vzdialenost, ktorti musi hriadel' opisat je v podstate zndma
zo sekcie 1. Pouzity bude deltoidny priebeh rychlosti, kedZe teraz je cielom iba
dosiahnutie zac¢iato¢nej polohy bez ohladu na charakter priebehu rychlosti. Cas
pohybu sa voli s ohl'adom na zrychlenie a teda aj moment motora.

| e /

0,00 0,10 0,20 0,30 [=]

Obrazok 7: Casovy priebeh rychlosti a momentu motora vertikalneho pohonu éel'usti
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Pri navrhu pohonu horizontalneho pohybu Cel'usti je priebeh pohybu definovany
v troch sekciach: 1. sekcia popisuje zovretie Celusti, 2. sekcia definuje pdsobenie
konstantnej sily na féliu a poslednd 3. sekcia predstavuje otvorenie Celusti. V 1. a 3.
sekcii je pouzity deltoidny priebeh rychlosti pohybu. Pohyb je charakterizovany
pociato¢nymi a cielovymi uhlami hriadel'a a ¢asom pohybu. V 2. sekcif je rychlost
nulova, avSak nesmie sa zabudnut na p6ésobenie konstantnej sily pri laminovani
félie.

b
0,00 0,10 0.20 0,30 0.40 [

Obrazok 8: Casovy priebeh rychlosti a momentu motora horizontalneho pohonu éel'usti

Pri vybere motorov pre pohon vyrovnavania félie a pozdizneho kontinualneho

laminovania sa pouZijii najmensie dostupné servomotory. Ulohou tychto motorov

bude udrzovat kontinualne beZiacu f6liu neustale napnutu.

Po vykonani vypoltov v SIZERi sa ako najvhodnejSie ukazali nasledovné

komponenty:

e Motor vertikdlneho pohonu c¢el'usti: Mn = 10 Nm; Mo = 12 Nm; INn=7,1 A; o =
8,1A; nn = 2000 ot/min

e Motor horizontalneho pohonu cel'usti: Mn = 7 Nm; Mo = 8,5 Nm; In= 2,65 A; Io =
3,0 A; nn =2000 ot/min

e Motorovy modul: IN=9,0A;Ip=27,0 A
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e 2-krat motor pre vyrovnavanie félie a 2-krat motor pre pohon pozdiZneho
kontinualneho laminovania: My = 0,08 Nm; Mo = 0,18 Nm; In=1 A; Io = 1,7 A;
nn = 6000 ot/min

e 2-krat Motorovy modul: In=1,7 A; Ip=5,1 A

e Napdjaci modul: Smart Line Module - Px = 5,0 kW; Pp =10,0 kW

«««««

)

A i ,
7 A G5 ui
p » : 4 ’ A gl s =

Obrazok 9: Dvojosi kontinualny baliaci stroj - pohl'ad spredu (vl'avo), pohl'ad zvnitra
(vpravo)

Vo vSetkych pripadoch ide o synchrénne servomotory s permanentnymi magnetmi
1FK7. Ostatné komponenty systému pohonov Sinamics su blizSie rozobraté
v kapitole 4, rovnako ako aj riadiaci systém Simotion. Report z nastroja SIZER
obsahuje Priloha 2.
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3 KONCEPT RIADENIA

Cielom tejto kratkej kapitoly je predstavit hlavni mysSlienku realizacie riadenia
a bezpecnosti dvojosého kontinualneho baliaceho stroja. Ako uz bolo spomentuté,
cell technoldgiu zariadenia je moZné rozdelit na dve kooperujuce casti
neoddelitel'ne stojace vedl'a seba - motion control a safety. Premostenim tychto
dvoch cCasti je prave funkcionalita Shared device.

3.1 Shared device

Shared device [10] umoZiiuje pristup viacerych navzajom nezavislych riadiacich
systémov Kk jednému IO zariadeniu. Tuto funkciu je moZné vyuzit napriklad
pre sucasny pristup safety a riadiaceho PLC k urcitej 10 periférii na zbernici Profinet.
V pripade baliaceho stroja bude riadiacim PLC Simotion, ten bude spracovavat data
tykajuce sa ovladania pohonov, riadenia polohy v uzavretej regulacnej slucke
a synchronizacie pohonov. Bezpecnostné funkcie buda ale spracovavané
v separatnom Safety PLC Simatic S7 - 1500F. Ten bude komunikovat' s jednotkou
Sinamics Integrated, ktora je sicastou Simotion. Teda jednotka Sinamics Integrated
bude mat defacto dvoch masterov - motion mastra a safety mastra. Na komunikaciu
medzi safety PLC a 10 perifériou je potrebna vymena safety kritickych dat a teda
Standardny komunikacny protokol Profinet na tdto ilohu nepostacuje. Je potrebné
pouzit dodato¢nu bezpecfnostnu nadstavbu pre Profinet - Profisafe.

Bude pouzita funkcia Profinetu I-device F-proxy [10], Co v praxi znamena, Ze
Simotion bude preposielat ProfiSafe telegramy od S7-1500F do pohonu. Takto bude
pre safety PLC moZné ovladat integrované bezpecnostné funkcie pohonov.
Z pohl'adu safety PLC sluZzi Simotion ako IO zariadenie na zbernici Profinet, podobne
ako I0 moduly ET-200SP.

=
O DRIVE-CLIQ
[—
I:l_I:I ooy |
@ PROFINET LY
i with PROFlsafe =

m:

=T

Obrazok 10: Koncept funkcionality Shared device [10]
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Spojenim integrovanych bezpecnostnych funkcii [5] jednotky Sinamics Integrated
a S7 - 1500F prostrednictvom Profisafe je moZné dosiahnut' uroven bezpecnosti
SIL 2/ PL d.

3.2 Profisafe

Profisafe [7] protokol je moZné pouzit na zbernici Profinet alebo Profibus. Je mozné
pouzivat jedno prenosové médium ako pre safety kritické vymeny dat, tak aj
pre klasické komunikacie. Profisafe disponuje mechanizmami, ktoré znizuju resp.
odstranuju chyby: opakovanie dat, strata informadcie, vyslanie v nespravnom poradji,
strata integrity dat, dlhé oneskorenia, zmieSanie safety a Standarnych telegramov
a pod. Tymito mechanizmami su postupné ¢islovanie sprav, potvrdzovanie, cyklicky
sucet (CRC) a unikatna F-adresa odosielatel'a a prijemcu.

Standard Standard
Safety application, application, Safety
application e.g. diagnosis e.g. diagnosis application
PROFiIsafe
PROFIsafe PROFisafe layer
layer layer
Standard // 2
protocol 1

%y,
W
T

“Black
Channel”

L
(Industrial Ethernet) PROFINET 10, PROFIBUS-DP, Backplanes

Obrazok 11: Profisafe komunikac¢ny protokol [7]

3.3 Zakladné bezpecnostné funkcie pohonov

Tieto funkcie su Standardne dostupné v kazdom pohone Sinamics S120 (vratane

Sinamics Integrated). Pouzitel'né su vZdy, bez Specialnych narokov na enkéder a aj

v aplikaciach riadenia pohonov bez enkddera. Tymito funkciami su:

e STO - Safe Torque Off - Odpoveda zastaveniu v kategérii 0. Brani zdroju dodat’
motoru taku energiu, ktora by mohla vygenerovat moment.

e SS1 - Safe Speed 1 - Odpoveda zastaveniu v kategérii 1. Motor je riadene
zastaveny po ,rychlej rampe“ a po jeho zastaveni je aktivovana funkcia STO.

e SBC - Safe Break Control - Implementuje bezpecné riadenie mechanickej brzdy.
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4 POTREBNE ZARIADENIA

Tato kapitola popisuje zariadenia, ktoré budu pouZité na realizaciu projektu
dvojosého kontinualneho baliaceho stroja, ich vlastnosti, mozZnosti, pripadne rézne
prevedenia. DoéleZitou castou projektu si pohony Sinamics S120, ktoré budu
riadené systémom Simotion, zatial o bezpecnostné funkcie budd realizované
v safety PLC Simatic S7-1500F.

4.1 Simotion

Je Specializované PLC ponukané spoloc¢nostou Siemens na riadenie pohonov
v pohybovych aplikacidch. Umoziuje ako zakladné operacie, tak aj pokrocilé
operdcie s pohonmi, ¢i uz jednotlivo s kazdym pohonom samostatne napr. otackové
riadenie, riadenie polohy v uzavretej slucke alebo s celymi skupinami pohonov napr.
synchrénne operacie, vystupné vacky a pod. Konfiguracia a programovanie su
moZné v prostredi Simotion Scout pripadne Scout TIA, ktoré je sucastou TIA Portal.

4.1.1 Programovanie a architektira systému

Zakladnou filozofiou systému Simotion je zdruZenie funkcionality PLC

(IEC 61 131 - 3), technologickych funkcii (riadenie hydrauliky, teploty, a pod.)

s motion control funkciami. Pri programovani [1] ma uZivatel' na vyber viacero

sposobov, pricom niektoré z nich st zname z klasickych PLC:

e LAD - Ladder Logic Diagram: graficky programovaci jazyk, jeho syntax
koreSponduje s elektrickymi schémami

e FBD - Function Block Diagram: graficky programovaci jazyk, matematické,
logické alebo komplexnejSie operacie su reprezentované blokom s danymi
vstupmi a vystupmi

e DCC - Drive Control Chart: graficky programovaci jazyk, rozSiruje mozZnosti
najjednoduchSieho moZného sposobu konfiguracie riadiaceho systému
Simotion alebo pohonu Sinamics

e MCC - Motion Control Chart: graficky programovaci jazyk, ide o flowchart, ktory
zjednodusSuje a zrychl'uje programovanie zlozitych hlavne sekvencne
orientovanych aplikacif

e ST - Structured Text: programovaci jazyk zaloZeny na Pascale, umozZnuje
efektivne spravovat data, optimalizovat procesy a prevadzat zlozité
matematické a Statistické kalkulacie

Zakladna funkcionalita systému (nazyvana tiez Simotion Kernel [1]) v sebe zahfnia

funkcie pre riadenie v otvorenej slucke, uzavretej slucke, technologické funkcie
rovnako ako funkcie pre logické a aritmetické operacie. Je definovanych viacero
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urovni spuStania programu - synchrénne, podmienené urcitou udalostou,

prerusenim, casovanim, sekvencné, volne beZiace. Simotion pontka kniZnice

obsahujiice systémové funkcie a funkcie pre pohybové aplikacie. Dalej je mozné

pouZzit rozne rozsirenia nazyvané Technology Packages. Ich funkcie je v programe

moZné pouzit podobnym spdsobom ako zakladné funkcie zo Simotion Kernel.

1 1
' SIMOTION user, :
. program Function 3
. libraries !
1 1
1 1
1 1
1 1
1 1
1 1
: r . . :
1 [ [ [ 1
1 1
1 . 1
Motion control Other technology

\[ Basic functionality in technology packages DCC charts 1
) accordance with IEC ackage !
! 61131-1 packag !
1 1
1

s System functions ;
1 (operating system, 1/0 handling, communication, ...) 1
1 1
] Rl Sk S St oo g

Drives e Additional components

(sensors, actuators)

Obrazok 12: Architektira systému Simotion [1]

4.1.2 Moznosti komunikacie

Simotion disponuje nasledovnymi moZnostami komunikac¢nych rozhrani [1]:

Profinet / Industrial Ethernet - Je zaloZeny na otvorenom Standarde Industrial
Ethernet pre automatizaciu. Umoziuje celopodnikové prepojenie a prenos dat
do vSetkych urovni riadiacej pyramidy. Dovoluje pouZitie jednej siete
na komunikaciu v redlnom case pre automatizacné aplikacie a zaroven aj IT
komunikaciu bez narokov na realny cas. V pripade potreby safety komunikacie
je k dispozicii ProfiSafe profil.

Profibus - Predstavuje otvorenu priemyselnu zbernicu pre procesnu
automatizaciu. ZabezpeCuje rychly a spolahlivy prenos dat a integrované
diagnostické funkcie. MoZno ho pouZit nezavisle na vyrobcovi danych zariadeni.
TieZ je moZna safety komunikacia prostrednictvom profilu ProfiSafe.

4.1.3 Varianty

Simotion je pondkany v troch variantoch [1] - Simotion C, Simotion D, Simotion P.

Kazdy variant ma urcité Specifika a je vhodny pre iny typ aplikacie:
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e Simotion C - Controller based, moZna je konfiguracia s centralizovanymi 10, ale
aj s distribuovanymi I0. PouZiva sa pri riadeni starsich alebo nestandardnych
pohonov prostrednictvom IO kariet.

e Simotion P - PC based, znamena Ze Simotion P Runtime beZi paralelne a uplne
nezavisle s Windows. Toto prevedenie je vhodné v tych pripadoch, ktoré
vyZaduju kombinaciu motion control aplikacif a klasickych aplikacii vhodnych
pre Windows, pripadne ak sa poZaduje vzajomna vymena dat medzi Simotion P
Runtime a Windows.

e Simotion D - Drive based, v sebe syntetizuje funkciu riadiacej jednotky
Sinamics S120 (viac informdcii v kap. 4.2.2) a nadradeného riadiaceho systému
Simotion.

Pri realizacii riadiaceho programu pre pohony dvojosého kontinualneho baliaceho
stroja bude pouzity prave Simotion D.
X100 - X105
DRIVE-CLiQ interfaces

Spacer

Shield connection —

X122, X132, X142
Digital I/Os

X124 Cooling ribs

Electronic power supply

X150,P1, P2, P3 Option slot (covered)

PROFINET 10 interface

— X136

X126
PROFIBUS DP interface

X125 (left), X135 (right)
2 x USB inferfaces

X127 P1
PN/IE
Ethernetinterface

X109
Slot for CompactFlash
card

PROFIBUS DP/MPI
interface

X130P1
PN/IE-NET
Ethernet interface

_ LED displays

- T-segment display

Reset button

Service selector switch

. o Mode selector switch
Diagnostics button

T X190/X191
- Double fan/
Equipotential bonding connection battery module

M5 /3 Nm (Torx T25)

i T X141 (lower side)
Protective conductor connection X140 (lower side) TO, T1,T2. M
M5/ 3Nm (Torx T25) RS232 (no function) (measuring sockets)

Obrazok 13: Simotion D [1]

4.2 Pohon Sinamics S120

Pri zariadeniach rodiny Sinamics S120 je pod pojmom pohon zahrnutého viac, nez
len ak¢ny Clen vykonavajuci pohyb ¢i uz rotacny alebo transla¢ny. Ide o modularne
zariadenie, ktoré pozostava s riadiacej jednotky (CU - Control Unit), napajacieho
modulu (line module), striedaca (motor module) a ak¢énych c¢lenov (motorov),
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pripadne rozsirujucich 10 modulov (terminal module) na zber a spracovanie dat
suvisiacich s akénymi ¢lenmi. Takto popisané komponenty su navzajom prepojené
prostrednictvom Drive-CLiQ Interface. V pripade poZiadavky na komunikaciu
riadiacej jednotky s nadradenym systémom je k dispozicii bud komunikacné
rozhranie pre Profinet, alebo Profibus.

Pohony Sinamics S120 sa vyskytuju v dvoch variantoch: AC/AC a DC/AC. V projekte
bude pouzity DC/AC variant. DC/AC znamena, Ze striedac, ktory generuje riadenie
motora (AC) je pripojeny k jednosmernému medziobvodu (DC).

PROFIBUS B
PROFINET @
Control [ DRIVE-CLIQ
Unit O
DRIVE-CLIQ
Digital and i e ]
analog 1/O
(Terminal Modules) ==
i Central Control o
77 7/ Module (Control Unit) |_|
= Inverters
- - Infeed (Line Module) (Motor Modules)
Line = Motor = I
Al
Module Module i ]
@ @ e
Motors ﬂj]j ':l

Obrazok 14: Topoldgia pripojenia Sinamics S 120: Principialna schéma (vl'avo), priklad
skuto¢ného zapojenia (vpravo) [2]

4.2.1 Drive-CLiQ

Rozhranie Drive-CLiQ [3] predstavuje neoddelitelnu sucast systému Sinamics.
PouZiva sa na pripajanie motor modulov, pripadne 10 modulov k riadiacej jednotke.
DéleZitou vlastnostou Drive-CLiQ je umoZnenie pripojenia enkéderov jednotlivych
motorov k motor modulom. KedZe ide o otvoreny interface, je pouzitelny
na komunikaciu s enkédermi od réznych vyrobcov, teda z pohl'adu zdkaznika je
mozné rozsirit pole volby enkéderu tak, aby vyhovoval jeho predstave ¢i uz
o presnosti merania alebo cenovym poziadavkam. Prenosova rychlost Drive-CLiQ
100Mbit/s je dostato€na aj na narocnejSie aplikacie vyuZivajice riadenie v uzavretej
slucke. Pre programatora znamena pouzitie ~motora s  priamo
namontovanym enkoderom, ktory disponuje Drive-CLiQ interfacom vyrazné
zjednoduSenie - automatickd konfiguraciu motora. Technolégia vyuziva
elektronicky ,Stitok“ motora obsahujici vSetky potrebné informacie o tomto
motore. Tie sa do projektu nacitaju automaticky a tak sa cas straveny uvadzanim
do prevadzky vyrazne skracuje.
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4.2.2 Riadiaca jednotka

Riadiaca jednotka [2] v sebe ststred’uje centralnu inteligenciu pohonov Sinamics
S120. Menej narocné operacie s pohonmi je mozné realizovat v riadiacej jednotke
priamo. Vel'mi zjednoduSene je moZné funkciu riadiacej jednotky pohonu Sinamics
S120 popisat nasledovne: K motor modulu je pripojeny motor vykonovym vedenim
a prostrednictvom Drive-CLiQ enkdéder. Riadiaca jednotka na zaklade uZzivatel'ského
programu a spatnej vazby z enkoderu generuje riadenie motora, realizované
z motor modulu po vykonovom vedeni a zaroven dostava informaciu o stave
napdajacieho modulu (bud’ cez Drive-CLiQ alebo prostrednictvom 10). (Obrazok 14)

SIEMENS.

Obrazok 15: Riadiaca jednotka Sinamics [2]

4.2.3 Napajaci modul

Motor modul Sinamics S 120 DC/AC vyuZiva jednosmerné napatie. Napajaci modul
[2] teda zaistuje oddelenie obvodu, ktory napaja motor modul od napajacej siete.
Existuju tri varianty napajacich modulov:

e Basic Line Module - pouziva sa v aplikdciach, kde sa energia zo zdroja iba
odober3, nadbyto¢ne generovana energia musi byt spotrebovand v brzdnom
rezistore brzdného modulu.

e Smart Line Module - umoziiuje tok energie nielen zo zdroja, ale aj spat
do napdjacej siete.

e Active Line Module - realizuje kompenzaciu jalového vykonu, dokaze zvySovat
napdtie v medziobvode aj pri poklese napatia v napajacej sieti.
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Tabul'ka 3: Prehl'ad vlastnosti jednotlivych variantov napajacich modulov Sinamics $120 [5]

) Basic Line Smart Line Active Line
Vlastnost
Moule Moule Moule
Cinnost Neriaditel'na Neriaditel'na Riaditel'na
Kompenzacia ) ) p
L., . Nie Nie Ano
fluktuacii napatia siete
Rekuperacia energie Nie Ano Ano
Generovanie vysSich
y M4 Vysoké Vysoké Nizke
harmonickych
Kompenzacia jalového ) , .
i Nie Nie Ano
vykonu
Obrazok 16: Rozne prevedenia napajacich modulov Sinamics [2]
4.2.4 Motor modul

Slizi na pripojenie riadeného motoru, teda na pripojenie Drive-CLiQ zbernice jeho
enkdderu a jeho vykonového vedenia. Rovnako ako u napdjacich modulov, aj
u motor modulov [2] moZno narazit na dva typy prevedenia, a to bud’ modularne
alebo skrinové. Pri aplikaciach, v ktorych postacuje nizZsi vykonovy rozsah je mozné
pouZit takzvany dvojity motor modul. Samozrejme kaZzdy z dvojice pripojenych
motorov je moZné riadit separatne. Hlavnou vyhodou tohto prevedenia je uspora
miesta v rozvadzaci. Motor modul umoziuje riadenie v reZime servo, vektorové

riadenie a U/f riadenie.
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Obrazok 17: Rozne prevedenia motor modulov Sinamics [2]

4.3 Simatic S7-1500

PLC z rodiny S7-1500 od firmy Siemens predstavuju PLC vysSej vykonovej rady
urcené pre najroznejSie automatizacné aplikacie. Su vysledkom postupného vyvoja
zariadeni S7-300 a S7-400. Vysledkom postupného zdokonal'ovania je viacero
variantov (s integrovanym CPU v ET200SP, pripadne variant soft-PLC) a r6zne CPU,
kazdé vhodné pre urcity typ aplikacie (Fail safe - bezpecnostné funkcie, Technology
- motion control funkcie atd’.).

Z hl'adiska tohto projektu je potrebné safety PLC S7-1500F [4]. Toto safety PLC
umoZznuje centralizovan, aj distribuovanu IO konfiguraciu. Jedno CPU je schopné
spracovavat ako safety programy, tak aj Standardné uzivatel'ské programy. CPU su
certifikované ako SIL 3 podl'a IEC 61 508 a PL e/Cat. 4 podl'a IEC 13 849-1.

Obrazok 18: Simatic S7-1500F [4]
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4.3.1 Moznosti komunikacie

S7-1500 disponuje tymito komunikac¢nymi rozhraniami [4]:
e Profinet/ Industrial Ethernet
e Profibus

Prostrednictvom uvedenych rozhrani ponuka toto PLC sluzby ako napr. HMI
komunikaciu, pripojenie distribuovanych periférii, webovy server, casovu
synchronizaciu a samozrejme moZnost pripojenia inZinierskej stanice (PG/PC).

4.4 Distribuované periférie ET 200SP

ET 200SP [11] predstavuje multifunkény [0 modul distribuovanych periférii
na zbernici Profibus pripadne Profinet. MoZna je konfiguracia s réznymi modulmi
ako napr. modul digitalnych alebo analégovych vstupov, vystupov, soft Startéry
pre motory a pod.

V projekte baliaceho stroja bude ET 200SP pouZité ako modul distribuovanych
bezpecnych vstupov a vystupov.

Obrazok 19: ET 200SP [11]

4.4.1 Modul bezpecnych vstupov

Modul bezpecnych vstupov F-DI 8x24VDC HF [11] ma k dispozicii 8 digitalnych
vstupov. V pripade vyuzitia dvojkanalového zapojenia ma uzivatel k dispozicii Styri
kanaly: 0-4, 1-5, 2-6, 3-7. UmoZnené je tieZ interné napdjanie vstupnych kanalov.
Dal$ou moZnostou je test na skrat v obvode snimaca - ak je detegovany skrat,
interné napajanie snimaca je odpojené.
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Modul bezpecnych vstupov d'alej disponuje moznostou rézneho vyhodnocovania

signalov [11] zo snimacov a vstupnych zariadeni:

e 1001 - snimac zabera jeden vstupny kanal

e 1002, ekvivalentné zapojenie - dvojkanalové ekvivalentné zapojenie snimaca
alebo dva jednokandlové snimace zapojené ekvivalentne

e 1002, neekvivalentné zapojenie - dvojkanalové neekvivalentné zapojenie
snimaca alebo dva jednokanalové snimace zapojené neekvivalentne

Tabul'ka 4 ukazuje mozZnosti dosiahnutej drovne bezpecnosti pri pouZziti modulu
bezpecnych vstupov.

Tabul'ka 4: Dosiahnutel'na Groven bezpecnosti v zavislosti na zapojeni a vyhodnoteni dat zo
snimacov [11]

Sp6sob vyhodnotenia dat | Napajanie snimaca Dosiahnutel'na droven
zo snimaca SIL/Kat./PL
lool Akékolvek 3/3/d
1lo02 Interné bez testu na skrat

. , - 3/3/e
ekvivalentné Externé
loo2 i

) i Interné s testom na skrat
ekvivalentné

- 3/4/e

loo02 Interné s testom na skrat
neekvivalentné Externé s testom na skrat

4.4.2 Modul bezpecnych vystupov

Modul bezpecnych vystupov F-DQ 4x24VDC PM HF [11] ponuka Styri bezpectné

vystupy, pre ktoré si umoznené nasledujice autodiagnostické testy:

e Darktest - pokial je kanal aktivny (,log. 1“), vystup sa vel'mi rychlo vypne a opat
zapne

e Light test - pokial je kanal neaktivny (,log. 0“), krajny a stredny vodic¢ sa naraz
vel'mi rychlo zapnu a opat vypnu, zatazZou preteka prud

e Switch-on test - pokial je kanal neaktivny (,log. 0“), krajny a stredny vodic sa
striedavo vel'mi rychlo zapne a opat vypne, zataZou nepreteka ziadny prud
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5 SAFETY PROGRAM PRE BALIACI STRO]J

Po posudeni rizik, navrhu bezpecnostnych opatreni a vytyc¢eni hardwarovych
prostriedkov potrebnych na realizaciu projektu, je mozné pristipit k realizacii
samotného safety programu. Prave safety program, kroky spojené
s parametrizaciou I0 modulov a implementacia Shared device konceptu budu v tejto
kapitole podrobnejSie rozobraté.

5.1 Parametrizacia bezpecnostnych 10 modulov

Ako bolo uvedené uz v predchadzajicej kapitole, bezpecnostné moduly sa
od standardnych modulov odlisuju hlavne poskytovanou funkcionalitou. Je ich preto
potrebné pred pouZitim pozorne parametrizovat, aby bola vo vysledku naozaj
dosiahnuta pozadovana uroven integrity bezpecnosti.

Pri pouziti modulov bezpecnych 10 je nutné najprv definovat ich F parametre. Tieto
parametre urcuju unikatnu identifikaciu 10 modulov, informacie o ich spravani pri
poruche a moznostiach ich uvedenia do opatovného chodu po odstraneni
a potvrdeni poruchy. Unikatny identifikator daného I0 modulu urcuje jeho Profisafe
adresu. Ide o dvojicu: F adresa ciela (musi byt unikdtna pre dané CPU)
a F adresa zdroja (musi byt unikatna pre danu siet). Tieto nastavenia je vhodné
vykonat hned po pripojeni modulu ET 200SP do hardwarovej konfiguracie safety
PLC.

Nasleduje definovanie vstupnych signalov. Oproti klasickym vstupnym modulom su
tu urcité doéleZzité Specifika, ktoré maja vplyv na spravnu funkciu modulu. Nepouzité
vstupné kandly je treba deaktivovat. Pokial by tak vykonané nebolo,
samodiagnostické testy by to vyhodnotili ako poruchu a dany modul by preSiel
do chybového stavu, ktory za behu nemozno odstranit. Dal$ou $pecidlnou funkciou
oproti klasickym vstupnym modulom je dvojkanalové zapojenie vstupnych
zariadeni. Je moZny vyber zapojenia pre kazdy kandl z moZnosti popisanych
v kapitole 4.4. Na dvojkandlové zapojenie z hladiska programu sa referuje
podla niZSieho ¢isla kanalu (10.0 vyuZiva kandl 0 a 4, 10.1 vyuziva kanal 1 a 5 atd’.).
Pri parametrizacii modulu bezpecnostnych vystupov sa nesmie zabudnut
na nastavenie detekcie prerusenia drotu a casov pre light, dark a switch on testy.
Rovnako ako pri module bezpecnych vstupov aj tu je nutné nepouZzité vystupné
kanaly deaktivovat.

5.2 Simotion I-device F-proxy

Zakladnou myslienkou bezpecnosti kontinualneho baliaceho stroja je Shared
Device, ako uz bolo naznacené v kapitole 3. Teda z pohl'adu safety PLC je teraz nutné
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realizovat komunikaciu s pohonom Sinamics Integrated. Tento je si¢astou Simotion
a teda sam nedisponuje zZiadnymi komunika¢nymi rozhraniami, ktoré by boli pre
uzivatel'a ,zvonku“ pristupné. Komunikacia medzi Simotion a Sinamics Integrated je
totiZ realizovana interne prostrednictvom zbernice Profibus Integrated (tato
zbernica je viditel'na aj pri tvorbe hardwarovej konfiguracie v prostredi TIA Portal).
Tu sa ponuka riesenie pouzit Profinetové rozhranie Simotionu na spojenie zo Safety
PLC a spravy urcené pre Sinamics Integrated jednoducho presmerovat do pohonu.
Spravy pre riadenie pohonov maji podobu tzv. Standardnych telegramov, pricom
kazdy obsahuje data relevantné pre iny typ riadenia napr. otackové, polohové,
a v tomto pripade aj safety kritické riadenie. Konfiguracia telegramov je
na uzivatel'ovi a realizuje sa v Scout TIA. Pre komunikaciu zo Simotion bol zvoleny
Standardny telegram 105 vhodny pre polohovacie aplikdcie. Naviac je potrebné
pridat ProfiSafe telegram 30 [10], ktorym budu prenaSané poZiadavky na realizaciu
bezpecnostnych funkcii v pohone. Parametrizacia tychto funkcii sa opat vykona
v prostredi Scout TIA. Realizovana bude zakladna safety funkcia Safe Stop 1, teda
poOjde o zastavenie stroja v kategorii 1.

Input data Qutput data
Object| Drive object | -No. Telegram type Settings Length | Address | Length | Address Technology object
1 |Control_Unit 1 SIEMERNS telegram 390, PZD-2/2 Standard/automatic | ¢ 2 256.. 259 2 256,260 |---
2 |Horizantal_serva 3 PROFIsafe standard telegram 30, P7D-141 v 3 140145 3 140745
SIEMEMS telegram 105, PZD-10/10 Standard/automatic | ¥ 10 288307 10 288,307 |Horizontal
Telegram extension + 1 308,309 0
3 [Werlical_servo |2 PROFlsafe standard telegram 30, PZD-1/1 v E 146,157 3 1461571
SIEMEMS telegram 105, PZD-10/10 Standard/automatic | ¥ 10 320,339 10 3200359 |vertical
Telegram extension L4 1 340341 0

Obrazok 20: Konfiguracia telegramov pre komunikaciu so Sinamics Integrated

V Simotione je dalej nutné nastavit I-device F-proxy [10] funkciu. Vysledok
korektného nastavenia je moZnost zapisovat zo Safety PLC do Profisafe Telegramu
rovnakym spO6sobom, ako je uzivatel zvyknuty pri pristupe na vystupy PLC. ZvlaStnu
pozornost je potrebné venovat zalozke F-proxy, v ktorej sa nastavuje uzZ spominana
F adresa ciela. Ta sa musi zhodovat s nastavenim Profisafe adresy v Sinamics
Integrated. Po splneni vysSie popisaného je hardwarova konfiguracia hotova a teda
sa pristupuje k tvorbe safety programu.

5.3 Safety program

Pri tvorbe safety aplikacie si programdatorovi dostupné iba dva programovacie
jazyky: FBD a LAD. Safety program bude realizovat bezpefnostné funkcie
vyuzZivajuce komponenty, ktoré su znazornené v blokovej schéme uvedenej
v predchadzajicom texte (Obrazok 4). Zvoleny programovaci jazyk bude FBD -
diagram funkénych blokov. Prostredie Tia Portal poskytuje kniznice so safety
inStrukciami (su oznacCené Zltou farbou). Zakladom programu su dva dolezité
funkcné bloky - ESTOP1 a ACK_GL z kniZnice Safety Functions.
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Funk¢ny blok ACK_GL sluZi na potvrdzovanie chyb na bezpecnych 10 moduloch,
kanaloch alebo komunikacii. Tento blok je ovladany reset tlacidlom.

ESTOP1 vyhodnocuje vstup ESTOP a na zdklade toho povoluje alebo zakazuje svoj
vystup Q. Ma moZnost nastavenia casového oneskorenia vystupu Q_DELAY oproti
vystupu Q. Doélezity je vstup ACK, kam sa privadza signal potvrdzujuci opatovné
spustenie stroja potom, ako sa vstup ESTOP opat nastavi na hodnotu TRUE.

ACK_GL ESTOP1
— EN — EN
— E_STOP
— ACK_GLOB ENO — Q—
= ACK_NEC Q_DELAY —
ACK REQ —
— ACK DIAG
TIME_DEL ENO —

Obrazok 21: Funkéné bloky ESTOP1 a ACK_GL

Ako uzZbolo spomenuté vyssie, komunikacia s pohonom prebieha obdobne ako zapis
na vystupy PLC. Pri vytvoreni I-device F-proxy sa vytvorilo Sest vstupnych a sSest
vystupnych bajtov pre oba motory. Je ale nutné podotknut, Ze uZivatel smie
zapisovat iba prvé dva bajty (Obrazok 22). V nich jednotlivé bity predstavuju
aktivaciu danej bezpecCnostnej funkcie, ostatné bajty sldzia na oSetrenie chyb
pri prenose prostrednictvom ProfiSafe a si zapisované automaticky.

PROFIsafe status word (S_STW1, PZD1 in telegram 30)
Byte 0 Byte 1
0 1 2 3 4 5 6 7 0 1 2 3 4 5 8 7
Int. SLS | SLS soi | soi
STO | SS1 | SS2 | SOS | SLS | Res. | SLP Ev. Res. | limit | limit | Res. e —= Res. | Res.
ACK sel. | sel. PoS. | neg.

Obrazok 22: Vyznam bitov v prvych dvoch bajtoch ProfiSafe telegramu

Reset tlacidlo nemusi byt zapojené ako bezpecny vstup, avSak na module
bezpecnych vstupov ostali vol'né miesta, preto je moZné tieto nevyuzité vstupy
vyuzit.

Pri tvorbe safety programu sme postupovali podl'a vyvojového diagramu uvedeného
nizsie (Obrazok 23). Podrobny program tak ako bol nahrany do safety PLC obsahuje
Priloha 3. Vytvorenim logiky programu sa tvorba safety aplikacie eSte nekonci.
Pre ochranu safety aplikacie je pozadované zadanie hesla. Na to sluZi zalozka Safety
Administration, kde je d'alej moZné vykonat r6zne dodato¢né nastavenia - vytvorit
viaceré safety runtime skupiny a pod. Samozrejme zadanie hesla na ochranu safety
aplikacie nema Ziadny vplyv na Standardnu aplikaciu, kde sa zabezpecenie heslom
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nijako neprejavi. Standardna aplikacia teda méZze vedla safety aplikacie fungovat
»2autonomne*, tak ako je uzivatel zvyknuty u klasickych PLC bez safety funkcionality.

STARTUP

!

Deaktivacia nepouZivanych
safety funkcii pohonu

+

RESET

|
Volanie ACK_GL

i v

Potvrdenie chyb pohonov

Volanie ESTOP1

Je aktivna niektora
z udalosti vyvolavajicich
ESTOP?

R Stykac S Stykaé
spiraly Celusti $piraly Celusti
kompresora kompresora
odvijacieho zariadenia odvijacieho zariadenia
R S51 Horizontalny motor S S$51 Horizontalny motor
S51 Vertikalny motor S51 Vertikalny motor

p y

Obrazok 23: Vyvojovy diagram safety programu
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6 TVORBA RIADIACEHO PROGRAMU PRE
BALIACI STRO]

Tato kapitola podrobne dokumentuje tvorbu motion control programu pre dvojosi
kontinualny baliaci stroj. Zahriiuje vysvetlenie ddleZitych pojmov v suvislosti
s riadenim polohy a synchronizdcie pohonov, popis hlavnych krokov pri tvorbe
programu a myslienkové postupy. Taktiez bude Citatel zoznameny s Cinnostou
jednotlivych funkcif a funkénych blokov, pouzitych v riadiacom systéme Simotion.

6.1 Technologické objekty

V pripade Simotion ide o PLC Specializované pre riadenie pohybovych aplikacii. Je
teda zrejmé, Ze v porovnani s klasickymi PLC bude odliSny hlavne architektirou
systému. S tym suvisia naroky na vyssi vykon, Specializované datové rozhrania
a hlavne interface pre programatora, ktory musi byt schopny aj so zloZitymi tlohami
pracovat efektivne a prehl'adne. K tomu okrem iného pomahaju aj technologické
objekty, ktoré pre programatora predstavuju v PLC akusi abstrakciu zlozitych
redlnych zariadeni. Sa charakterizované svojimi vlastnostami a parametrami, ku
ktorym ma programator, pripadne pouZivatel pristup (Uplny alebo ¢iasto¢ny). Tieto
objekty teda existujui samostatne popri ¢astiach uzivatel'ského programu, je mozné
ich aktivovat, deaktivovat pripadne s nimi inak operovat prostrednictvom
systémovych funkcii. InZiniersky softvér Scout TIA d'alej poskytuje rozne ,grafické
masky“ pre manualne nastavovanie niektorych parametrov technologickych
objektov a tak sa praca na zlozitych ulohach stava pouZivatel'sky prijatel'nejSou a
prehl'adnejsou.

Z hladiska tohto programu je najdolezitejSim technologickym objektom os. Os
reprezentuje motor v uzivatel'skom programe. Pri konfiguracii sa osi priradi
konkrétny motor a d’alej sa nastavia poZadované vlastnosti napr. ¢i bude vyuZzité
riadenie rychlosti, polohovanie, pripadne synchrénna operacia a pod. Osi
realizujuce pohyby v baliacom stroji vyZaduju polohovanie a synchrénnu operaciu.
Polohovanie je nutné ako pre vertikalny, tak aj pre horizontalny pohyb cel'usti
baliaceho stroja. V oboch pripadoch su totiz Specifikované medzné polohy,
do ktorych moéZu dané osi jazdit, takisto je informacia o polohe osi nutna
na uskuto¢nenie ich synchronizacie. Bez moZnosti synchronizovat osi by bola
realizacia baliaceho stroja nemozna. Je preto potrebné presne definovat spravanie
(hlavne polohu) oboch osi s najvy$Sou moZnou presnostou a zaroven najvysSou
moZnou opakovatelnostou (uzivatel totiZ pozaduje vSetky sacky danej receptiry
rovnakej diZky). Referen¢nou udalostou ako pre zaciatok, tak aj Kkoniec
synchronizacie bude tok materialu resp. poloha, v ktorej sa odvijana f6lia nachadza.
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Tok materialu je teda zdrojom master hodnoty. Pre simuldciu tokov materialu
roznymi rychlostami bude pouZita Specidlna os - virtualna os. Tato ma ddlezitu
vlastnost' a sice Ze nie je prepojend s redlnym objektom, redlnym motorom. VyuZziva
sa prave vtedy, ak je potrebné vykonavat synchronizaciu viacerych motorov,
viacerych zariadeni - liniek (napr. viaceré baliace stroje s dopravnikom a pod). Tato
os bude naviac nastavena ako modulo os, ¢o znameng, Ze po vykonani jednej otacky
sa poloha vynuluje a opét sa zvySuje.

Realizacia vyssSie popisanej synchronizacie slave osi s master osou bude mozna
vd'aka synchrénnym objektom. Tie sa vytvoria zdroven s osou, na ktorej je
synchrénna operacia povolena. V Simotion existuju tri typy synchronnych operacit
49[1]: gearing (,prevod“), velocity gearing (,vdzba konStantnej rychlosti“)
a camming (,vacka“). V projekte baliaceho stroja bude pre synchronizaciu master
osi a slave osi pouZita vacka. Vacka je krivka, ktora definuje vzajomny vztah medzi
master polohou a slave polohou, pricom master poloha je nezavisla premenna
a slave poloha zavisla premenna.

Zakladna konfiguracia teda vyzera nasledovne: master bude virtualna os a slave
osami budu vertikdlna a horizontdlna os riadiaca pohyb celusti. Horizontalna
a vertikalna os budu s matster osou synchronizované a to kazda pomocou svojej
definovanej vacky.

6.2 Polohovanie pohonu

Pred tym, ako bude vysvetlena synchronizacia pohonov a navrh vaciek je dolezité
venovat pozornost riadeniu polohy. Je potrebné uvedomit si, ako je riadenie polohy
v uzavretej slucke ovplyvnené typom snimaca polohy, kde a ako sa uskutociiuje.

6.2.1 Referencovanie pohonu

V aplikacidch s riadenim pohonov v uzavretej regulacnej slucke je potrebné
realizovat meranie polohy a na zaklade neho upravovat riadenie pohonu. Za tymto
ucelom sa pouZzivajui enkddery, ¢i uZ namontované priamo na hriadeli motora, alebo
na inom mieste priamo na technolégii. Okrem vol'by miesta merania je dolezity tiez
typ enkddera [14]:
e Inkrementalny - po vypnuti a opatovnom zapnuti Simotion nie su data
o polohe relevantné.
e Absolatny - po vypnuti Simotion sa data o polohe z viacerych otacok
neukladajd, pri zapnuti je aktualna poloha vytvorenad z polohy enkddera
v ramci jednej otacky.
e Cyklicky absolutny - po vypnuti a opdatovnom zapnuti Simotion sa data
o polohe nestratia, a to ani v ramci viacerych otacok enkodera.
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Na urcCovanie polohy pohonov baliaceho stroja je pouzity enkdder cyklicky
absolutny na vertikalnej osi a inkrementalny na osi horizontalnej. Oba tieto
enkddery je nutné zreferencovat tak, aby boli ich ddaje pouZitelné pri tvorbe
riadiaceho programu.

V pripade vertikalnej osi, teda cyklicky absolutneho enkéderu, sta¢i ak sa
referencovanie vykona raz, napr. v manualnem mdde. Po nastaventi tejto referencnej
pozicie je uZ moZzné na pohone dalej prevadzkovat riadenie polohy bez d'alSieho
referencovania. Udaje o vychodzej pozicii st totiz uloZené v energeticky nezavislej
pamati. Toto referencovanie bude realizované na povel z operatorskej obrazovky
v manualnom mdde. V simotion bude vyuZita systémova funkcia _homing.

Pre horizontalnu os, teda pre inkrementalny enkoder je potrebné vzdy po vypnuti
a opatovnom spusteni realizovat homovanie. Tu je moZna realizdcia homingu
viacerymi spOsobmi. Pre horizontalnu os budu pouZité dva z nich: priame
nastavenie nulovej pozicie a home proceddra (Obrazok 24). Priame nastavenie
home pozicie bude realizované v manudlnom méde kombinaciou tlacidla
na operatorskej obrazovke a funkcie _MC_Jog z kniZnice PLC Open. Tato funkcia
realizuje otdCanie motora fixne (v programe) urcenou rychlostou v smere
definovanom obsluhou (pomocou tlac¢idla na obrazovke operatorského panelu).
Spustenie automatického médu bezprostredne po zapnuti zariadenia by ale takto
viedlo k nefunkc¢nosti. Preto je potrebné vzdy pri Starte automatického maédu
realizovat tzv. home proceduru. Ta v sebe zahfnia spustenie pohonu v definovanom
smere, najazd na snimac pripojeny ako rychly vstup a kompenzacny pohyb.

Approach welociby: l
|2IZI.IZI s

Entry welocity:

|1EID.D g .

-— +
1 A ® 1
Harme position coordinate: Haorne position offset:

|n_n . |n_n

Obrazok 24: Nastavenie home procedury pre horizontilnu os

6.2.2 Cinnost riadenia polohy

Polohovacia aplikacia pozostava z urcenej sekvencie krokov, ktoré je potrebné
vykonat. Tieto kroky su pouZivatelom definované v riadiacom programe, ktory je
vykonavany pomocou systému riadenia polohy [15], ten ndsledne realizuje riadenie
samotnej osi. Pozostava z nasledovnych Casti:
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Pamat blokov - tu su ulozené jednotlivé traversing bloky, pricom kazdy
z nich obsahuje polohovaciu ulohu. Spoloc¢ne tieto bloky tvoria polohovaci
program definovany programatorom ako napr. bloky z kniznice PLC Open.
Procesor blokov - kaZzdy traversing blok, ktory je prave spusteny sa
spracovava tu. Po jeho vykonani nasleduje d’alsi, atd’. Procesor blokov tiez
urcuje setpoint pre interpolator ako skokovd zmenu z pociato¢nej pozicie
na pozadovanu.

Interpolator - generuje setpoint polohy pre regulator polohy a naviac
odvodzuje dopredné vazby pre riadenie momentu, rychlosti a polohy. Ak je
pre os vydany povel pre prechod do novej pozicie, tato pozicia nemoze byt
predana riadeniu ako skokova zmena. V takom pripade by motor dosiahol
vel'ké zrychlenie, potom maximalny moment a maximalnu rychlost. Brzdenie
by vyzeralo obdobne. Opisany spdsob riadenia polohy by bol nepresny
a naviac by jeho dynamika bola vel'mi tazkopadna vd'aka preregulovaniu.
Cinnost’ interpolatora spodiva v tom, %e na zaklade setpointu rychlosti
z procesora blokov, generuje hladkd krivku a tak v podstate interpoluje

od pociatocnej polohy k polohe Ziadane;j.

6.3

Obrazok 25: Funkéna schéma riadenia polohy [15]

Rozbor realizacie polohovacich a synchréonnych
operacii osi

Pre tvorbu programu Simotion ponuka viaceré urovne spustania jednotlivych
programovych Ccasti. K dispozicii su Standardné urovne spusStania [1] ako
StartupTask, BackgroundTask, ShutdownTask, d'alej preruSenia: casové, systémové,

pouzivatelom definované. Specialitami st SynchronousTask a MotionTask.
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SynchronousTask je spustany s vysokou prioritou synchrénne vzhladom
k systémovému casu, cyklicky. MotionTask je vhodny pre urcitu sekvenciu, sled
za sebou nasledujucich operacii (nie je cyklicky). Je mozné ho naStartovat z inej
urovne spustania.
Zakladnymi blokmi pri ovladani osi z uZivatel'ského programu budu bloky z kniZnice
PLCopen. Ide o bloky urcené pre cyklické volanie, t. j. pouzivanie v BackgroundTask.
PLCopen obsahuje bloky pre aktivaciu osi, nastavenie home pozicie osi, absolutne,
relativne polohovanie atd. Ovladdanie synchrénnej operacie - vacky bude
realizované v MotinTask. Tu vynimoc¢ne nebude pouzity jazyk STL, ale MCC. MCC je
idealny sposob rieSenia programu v MotionTask, hlavne ak st v nom pouZivané
zloZitejSie systémové funkcie a funkcné bloky, ktoré predstavuju urciti sekvenciu.
V tomto pripade ide o bloky riadiace synchronizaciu a desynchronizaciu osi.
Je doleZité mat na pamati, Ze vacky je potrebné navrhnut tak, aby bolo splnené
zadanie opisané v kapitole 2.3. Vytvaranie vaciek je mozné viacerymi sp6sobmi,
k dispozicii je hned’ priamo v Scout TIA niekol'’ko ré6znych profilov pohybu urcenych
pre tvorbu vaciek. Existuje ale aj moZnost importu vaciek. Pri horizontdlnom
pohybe Cel'usti je potrebné realizovat prechod slave osi z jednej pozicie do druhe;j,
rychlost’ a zrychlenie pri prechode nie je nutné presne Specifikovat. Teda tento
pohyb si moZno predstavit' tak, Ze ak master os dosiahne definovanu poziciu, je
nutné realizovat chod cel'usti k sebe. Ked' je spoj zalaminonavany (zo zadania je
zrejmé, Ze to trva 100 ms), Cel'usti sa m6zu opat’ otvorit. K realizacii vacky je ale
potrebné poznat polohu master osi v dobe, ked sa maja Cel'usti otvorit. Z toho
vyplyva, Ze musi byt zndma draha, ktoru prejde master os konsStantnou rychlostou
pocas doby laminovania. Rychlost master osi je determinovana dvomi
parametrami: prvym je po¢et sa¢kov za mintitu (cyklus stroja) a druhym dizka sa¢ku
definovana v recepture:

sackov Ly argriaL

(6.1)

UMASTER = Y
S t sacok

LMASTER = UMASTER tLAMINOVANIA (62)

Kde vmaster je rychlost master osi, t je doba trvania vyroby jedného sacku
v sekundach, LmarteridL je diZka materialu v milimetroch, Luaster je diZka materialu
(v milimetroch) odvinutého za ¢as laminovania tLamivovania (v sekundach).

Na zaklade vzdialenosti Lmaster, prejdenej za 100 ms je jednoduché urcit polohu,
v master osi, v ktorej sa maju cel'uste opat roztvorit. Samozrejme cielova poloha
slave osi neméze byt dosiahnuta skokom, preto vacka definuje zaciato¢nt a koncovd
rampu, ako ukazuje Obrazok 26.
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Obrazok 26: Vacka pre horizontalnu os

Vacka, ktora popisuje polohu osi realizujicej vertikalny pohyb cel'usti bude taktieZ
navrhnuta na zdklade vztahov (6.1) a (6.2) uvedenych vysSie. Naviac vSak musi byt
zohl'adneny fakt, Ze pocas laminovania musi os udrZovat rovnaku rychlost’ ako je
rychlost materialu, teda master osi. Koncovy bod kl'uky, musi prejst’ urcitd drahu
(konStantnou rychlostou), ktoru ale program pre pohon vyZaduje vo forme uhlu
natocenia hriadela motoru. Preto je potrebné podrobnejSie rozobrat klukovy
mechanizmus ako taky. Jeho ulohou je prevadzat rota¢ny pohyb hriadel'u motora
na linearny pohyb celusti. Realizacia vacky bude vyZadovat urcenie polohy
koncového bodu x ako funkcie uhlu natocenia hriadela a: x = f{a). Vzdialenost
od stredu osi otdc¢ania motora az do krajnej polohy pri dplnom vystreti kl'uky bude
oznalend R + L, kde R je diZka kratSej Casti a L dizka dlhSej ¢asti kl'ukového
mechanizmu. V zavislosti na uhle hriadel'a sa od tejto vzdialenosti odéitavaju dizky
x1 a x2. Tato situdciu naznacuje Obrazok 27:

XxX=R+L—[x;+x] (6.3)

Dizka x: bude vyjadrena pouzitim goniometrickej funkcie kosinus uhla «
v pravouhlom trojuholniku:

x; = R cos(a) (6.4)

K vyjadreniu x2 postaci Pytagorova veta (v predstavuje iba pomocné oznacenie
vzdialenosti - Obrazok 27):

X, =+ L? —v? (6.5)

Spojenim vztahov (6.3), (6.4) a (6.5) ma x = f{a) nasledovnud podobu:
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XxX=R+L- (R cos(a) + /L2 — R? sinz(a)) (6.6)

Obrazok 27: Rozbor kl'ukového mechanizmu

Prva vacka (pre horizontalny pohyb cel'usti) definuje polohy master osi, v ktorych
je potrebné, aby vertikalna os bola uz synchrénna s master osou t. j. vertikalna os uz
musi ist’ konStantnou rychlostou sibeZne s materialom a vratit' sa do pociatoCnej
pozicie. Synchroniza¢né kritérium definované v programe je samozrejme
dosiahnutie urcitej polohy master osou, zjednoduSene - master pozicia. Vertikalna
os a master os musia byt synchrénne uz pred tym, ako sa ¢el'uste zovru, aby vplyvom
kompenzaénych pohybov v okamihu synchronizacie nedoSlo ku krceniu resp.
tahaniu félie. Pohyb konsStantnou rychlostou je navrhnuty tak, aby poloha
koncového bodu bola totoZna s polohou master osi a pomocou x = f{a) je vel'mi
jednoducho prevedena na uhol natoCenia motora. Zakladny navrh, ale aj d'alSie
vylepSenia vacky je vhodné realizovat napr. v programe MS Excel alebo Matlab, kde
je moznd priebeznd vizualizacia. Pri importovani navrhu do Scout TIA sa musi brat’
do uvahy na fakt, Ze importovana vacka nie je spojita, ide len o systém bodov. Je teda
nutné spravne zvolit sposob interpolacie: linedrna, kubické spliny alebo Bezierove
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spliny. Pri pouziti linearnej interpolacie sa bude rychlost menit skokovo, pri pouziti

splinovej interpolacie ddjde k ,vyhladeniu“ priebehov polohy. Zvolena bola

interpolacia Bezierovymi splinami (Obrazok 28 - cervena farba). Faza navratu slave

osi do pociatoc¢nej polohy uz moZze byt realizovana s vy$Sou dynamikou, ciel'om je

len navrat osi do nulovej pozicie.

60

Vertikalna vacka

55 -

50 -

—Linearna interpolacia
— Interpolacia Bezierovymi splinami ||

1 1 1 |

0 10 20

30 40 50 60
Master [mm]

Obrazok 28: Vacka pre vertikalnu os

6.4 Synchrdonna operacia v MCC

70 80

90

Samotny program pre synchronizaciu osi realizuje MotionTask1. To znamena, Ze sa

predpoklada spustanie z inej Urovne uZivatel'ského programu (touto bude prave

diagram prechodov a stavov popisany v kapitole 6.6.2). Tento program je

realizovany v jazyku Motion Control Chart (MCC). Konfiguraciu synchronizacie

vykond blok Cam on. Na tomto mieste je potrebné definovat pre obe osi prislusné

synchrénne objekty, dalej hlavne kritérium synchronizacie, synchroniza¢nu dizku

a realizaciu vacky ako cyklicki/necyklicky, absolitnu/relativnu a d’al$ie parametre.

Tabul'ka 5 zhriiuje najdélezitejSie parametre synchronizacie pre obe osi.

Tabul'’ka 5: Zhrnutie nastavenia synchrénnych operacii

Parameter

Horizontalna os

Vertikalna os

ZacCiatok synchronizacie

Na poziciu master osi

Referencny bod

Synchronizacia pred danou poziciou

Synchroniza¢na dizka

5,0 mm

Pozicia master osi

5,0 mm

10,0 mm

Realizacia vacky

Necyklicka, absolutna
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V oboch pripadoch synchronizacia zacina pri dosiahnuti urcitej polohy master osou.
To umoziuje spravne nac¢asovanie zovretia ¢el'usti a zaciatok pohybu vertikalnej osi
rovnakou rychlostou ako je rychlost master osi. Je Ziadané, aby v zadanej polohe
boli osi uz synchronizované. Teda synchronizacia sa za¢ne uZ pri master polohe 0
mm, pocas 5 mm ddbjde k synchronizacii s horizontadlnou osou a nasledne je
na synchronizdciu master a vertikalnej osi opat urcenych 5 mm, az kym master
poloha nebude 10 mm. V tomto bode su uZ obe osi synchrénne voci master osi,
vykonaju definované pohyby a opat’ ¢akaju na splnenie synchroniza¢ného Kritéria
t. j. polohy master osi. Master ako modulo os dosiahne koncovy bod svojho rozsahu,
(ten je uréeny dizkou sac¢ku), jeho poloha sa vynuluje a znova narasta. Slave osi sa
synchronizuji a popisany dej sa opakuje, pokial’ je poziadavka na produkciu.
ZruSenie synchronizacie vykonavaja bloky Cam off. Ich parametre si analogické
s tymi pre Cam on, ale nimi je determinovana operacia desynchronizacie.
Desynchronizacia sa spusta v pripade, Ze bola poZiadavka na produkciu zrusena. Ide
o riadené zastavenie, teda rozpracovany sacok je dokonceny.

Takto pripravena implementacia (Obrazok 29) posluZi pri realizacii ovladania
pre obsluhu vo forme diagramu prechodov a stavov, ktory vyZaduje ako riadené
zastavenie, tak aj vynatené rychle zastavenie strojného zariadenia. Telo cyklu While
sa vykonava, pokial' je programom spustanym v BackgroundTask nastavovana
poZziadavka na beh MotionTask1. Ak bude tato poZziadavka deaktivovanj, telo cyklu
sa nevykonad, os odvijajuca féliu (virtudlny master) sa napolohuje do nulovej pozicie
a synchronizacia oboch osi je deaktivovana. Tym sa beh MotionTaskl riadene
ukondi. V pripade poziadavky na rychle zastavenie je pouzitd systémova funkcia
_resetTaskID, ktora MotionTask1 okamzite ukondi.

Start START o

» WHILE (gas... 42

< SYNC (TRUE ) %

Start axis ‘A FoilFeed 58 Cam on A Vertical_SYNCHR. 85 Cam an A Harizantal_SYNC..57
position-cont...
|

Position axis * FoilFeed 69

Cam off v Yertical_SYMNCHR. 14

|
Cam off v Haorizontal_SYMC..10

End END 1

Obrazok 29: Program realizujici synchronizaciu osi v MCC
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6.5 Overenie navrhu synchrénnej operacie

Spravnost vysSie popisanych vaciek je moZné jednoducho overit pouzitim funkcie
softwaru Scout TIA, Device Trace. Tato funkcia predstavuje jednoduchy osciloskop,
na ktorom je moZné zaznamenavat priebehy lubovolnych premennych
uzivatel'ského programu alebo parametre technologickych objektov. Rovnako su
k dispozicii aj zakladné moZnosti matematickej analyzy. Nie je vSak mozné tudaje
exportovat, a tak budu priebehy v dalSom texte ukazané iba vo forme print
screenov.

Overenie spravnosti realizacie horizontalnej vacky pozostava z merania ¢asu, ktory
os stravi v polohe 107°, teda ¢as laminovania. Zo zadania vyplyva, Ze by mal byt
100 ms. Funkcia Device trace ukazuje hodnotu 111,112 ms, ¢o moZno povaZovat
za spravnu hodnotu.

dT: 111.112 ms

Obrazok 30: Kontrola spravneho navrhu horizontalnej vacky

Pri overeni navrhu vertikalnej vacky bude potrebna ¢o najpresnejsia informacia
o polohe koncového bodu kl'uky. Tt je moZné ziskat vypoctom podl'a vztahu x = f{«a),
pricom poloha x sa bude pocitat vZdy na zdklade aktudlnej pozicie vertikalnej osi.
Vypocet bude realizovany v IPOSynchronousTask - ulohe spustanej cyklicky
s najvysSou prioritou. Pomocou kurzorov ¢asu a meranej hodnoty je mozné vidiet
Ze pocas 100 ms, kym je poloha horizontalnej osi 107° sa koncovy bod pohybuje
rychlostou:
dy 27,838

YT AT T 0111112

Kde dY a dT st namerané udaje (Obrazok 31). Rychlost master osi bola v programe

= 250,54 mm/s (6.7)

nastavena na 250 mm/s. Z uvedeného vyplyva, Ze koncovy bod kl'uky vertikalnej osi
sa naozaj pohybuje rovnakou rychlostou ako master os.
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dT: 111.112 ms
d¥: 27.838 mm

Obrazok 31: Kontrola spravneho navrhu vertikalnej vacky: zelena - poloha master osi,
oranzova - poloha horizontalnej osi, Zlta - poloha vertikalnej osi, modra - poloha koncového
bodu kl'uky

Na zaver tejto podkapitoly budud este ukazané priebehy poléh osi v automatickom
a testovacom (v tomto pripade krokovom) mdde. Krokovy mod (Obrazok 33) je
realizovany ako sekvencia jednoduchych polohovacich prikazov z kniZnice PLC

Open, posluazil pri poCiato¢nom testovani a ladeni diagramu prechodov a stavov
(kapitola 6.6.2).

Obrazok 32: Priebehy poldh osi v automatickom méde: oranZova - poloha master osi, zelena
- poloha vertikalnej osi, zlta - poloha horizontalnej osi

V
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Obrazok 33: Priebehy poloh osi v testovacom (krokovom moéde): oranZova - poloha master
osi, zelena - poloha vertikalnej osi (rovna nule), ZIta - poloha horizontalnej osi

6.6 Implementacia diagramu prechodov stavov

Ako Kkazdé strojné zariadenie, aj baliaci stroj ma svoje Specifické procesné
parametre, ktoré sa menia v zavislosti od toho, ¢i stroj prave vyraba produkt, je
bez materidlu alebo na nom prave prebieha uUdrZzba. Definovanie diagramu
prechodov a stavov vnasa do obsluhy, idrzby a aj samotnej ¢innosti stroja poriadok.
Jednoznacne je definované, aké akcie v akom stave nesmu byt realizované a aké su
naopak povolené. Takisto je potrebné naviazat na analyzu rizik (kapitola 2.2),
poskytnut uZzivatelom viaceré mddy zariadenia, rovnako ako stavy a povely
zariadenia, suvisiace s bezpecnostou a ochranou zdravia pri praci ako napr.
nudzové, alarmové a chybové stavy baliaceho stroja.

6.6.1 OMAC Pack

OMAC [6] (The Organisation for Machine Automation and control) je skupina, ktora
zdruzuje poprednych vyrobcov strojnych zariadeni, systémovych integratorov,
poskytovatel'ov technoldgii, neziskové a vladne organizacie s cielom konfrontovat
problémy globalnej vyroby. Organizacia OMAC ako takda ma dve skupiny, ktorych
snahou je umoZnit vyrobcom efektivitu prace, zniZit ¢as dodania a tak zvysit
ziskovost a s tym suvisiacu konkurencieschopnost. Tymito skupinami su: Baliace
technoldgie a Nastroje priemyselnych zariadeni.
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OMAC okrem iného definuje kniZnicu OMAC Pack [12], kompatibilnu s technickym
reportom ISA TR88.00.02, ktora je dostupna vo forme funkcii a funkénych blokov
s definovanym interfacom. Tento Standard je zloZeny z tzv. manazéra stavov
a jednotnej terminolégie premennych pouZitych v riadiacom programe. ManaZér
stavov poskytuje niekol’ko médov, v ktorych méze stroj fungovat: manualny mad,
produkcia, tdrzba a uzivatel'ské resp. testovacie mody. Pre kazdy z tychto médov je
d'alej definovany diagram prechodov a stavov (Obrazok 34), ktory definuje stav
zariadenia a jednotlivé akcie v ramci konkrétneho aktivneho médu daného stroja.
Standard vseobecne definuje, aké druhy akcii musia byt a smu byt v jednotlivych
médoch vykonavané. Dalej je definovana jednotna terminolégia prikazov pre nazvy
stavov, prechody medzi stavmi a procesnymi premennymi, ktorych hlavna vyhoda
je zjavna pri tvorbe aplikacii typu HMI, SCADA. Tieto je vd'aka jednotnej terminol6gii
moZné l'ahko rozsirit, pripadne opakovane pouZzit pri podobnych aplikaciach.
V tejto kniZnici s definované aj funkcie, funk¢né bloky a globalne premenné, ktoré
je mozné jednoducho vyuzit pri tvorbe reportov o vykonnosti, efektivite vyroby,
pripadne sledovat c¢as, straveny vyrobou a prestojmi.

-“_L-"-I-H‘JICI i

Idle
—Start
4 -
A
SC SC Suspend
Suspended
- -4unsusperId p5 4_-SC‘-
b

Reset |

Complete
17

Obrazok 34: Diagram prechodov a stavov [12]

6.6.2 Implementacia OMAC Pack v riadiacom programe

Riadiaci program dvojosého kontinualneho baliaceho stroja umoZziiuje beh stroja
v troch rezimoch: Manualny, Automaticky a Testovaci. Z hl'adiska OMAC Pack maju
Automaticky a Testovaci méd implementované vSetky stavy okrem stavov Idle,
Held, Holding a Unholding (Obrazok 35). Stoj je teda zo stavu Stoppped prepnuty
resetom do stavu Reseting a nasledne do stavu Starting. Tato zmena zjednodusSuje
obsluhu stroja a stav Idle z principu funkcie stroja ako samostatnej jednotky nie je

44



potrebny. Stav Held sa obvykle vyuziva v pripade, Ze operator potrebuje napr.
uvol'nit zaseknuté vyrobky. Z konStrukcie ale vyplyva, Ze by operator musel otvorit
dvere, ¢o znamena stav Aborting a ndsledne Aborted, z toho vyplyva, Ze by stav Held
nemal zmysel a preto nie je implementovany. Diagram prechodov a stavov
pre manualny méd zase vynechava Held, Suspended, Idle a Complete a s nimi
suvisiace prechodové stavy, pretoZe tieto logicky nemaju zmysel pri maudlne
riadenom stroji. Naviac manualny moéd existuje za ucelom udrzby stroja a nie je
urceny na vyrobu produktu.

VSeobecne plati, Ze stavy Stopped a Aborted su stavy kl'udové, t. j. stroj nevykonava
Ziadny pohyb. Pri spusteni technoldgie sa zaCina stavom Starting, kde sa zapina
vykonova Cast zariadenia, osi ktoré majui nastavend home poziciu sa do nej presund,
pri osiach, ktoré nemajui nastavenii home poziciu, sa vykond homing procedura.
Celkovo ide o kroky, ktoré pripravuju zariadenie do stavu Execute. V iom je stroj
inStruovany tak, aby vyrdbal produkt podla aktudlne nastavenej receptury.
V pripade potreby operator vynuti stav Suspended. Stroj beZi, ale vystupom nie je
Ziadny produkt. Potom sa povelom Unsuspend opat spusta produkcia. Stav
Suspended je tieZ moZné aktivovat vplyvom nesplnenia podmienok inych zariadent,
ktoré s vyrobou suvisia napr. davkovac nie je pripraveny alebo dopravnikovy pas
linky nebeZi a pod. Stav Complete sa dosiahne automaticky, ak sa do6jde na koniec
baliacej félie. V ktoromkolvek zo stavov Excecute, Suspended a Complete je mozné
vydat povel Stop. Tymto povelom sa zastavuje vyroba, ide o riadené zastavenie -
teda dokon¢i sa zacaty produkt a osi prejdu do svojich pociatocnych pozicii. Naopak,
povel Abort predstavuje rychle zastavenie technolégie a moze byt vydany zo stavu
Stopped, Execute, Suspended aj Complete - ma najvys$Siu prioritu. Aborting
predstavuje rychle zastavenie typicky z dévodu poruchy, alarmu, alebo na povel
safety obvodov, rozpracovany produkt sa neukoncuje. Z tohto stavu je mozZné prejst’
do stavu Stopped povelom Clear, pricom Clearing predstavuje resetovanie chyb
vzniknutych na pohonoch, osiach alebo inych castiach stojného zariadenia. Povel
Clear musi byt spojeny zo signalom tlacidla Reset, pripojeného do safety PLC.

D pl  starre S| Execute SC ] compieming F2Sp]  comeLeTE
T | Suspend
| Unsuspend *
RESETING UNSUSPENDING |« SUSPENDED |« SUSPENDING

Reset

STOPPED STOPPING CLEARING

Obrazok 35: Implementovany diagram prechodov a stavov v riadiacom programe

ABORTED - ABORTING
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7 OPERATORSKY PANEL

Na ovladanie baliaceho stroja sliZzi dotykovy ovladaci panel TP 700 Comfort. Na jeho
uvodnej obrazovke (Obrazok 36) ma obsluha moZnost zvolit jeden z troch moznych
modov stroja. Méd testovaci a manualny si chranené heslom a pristupné iba
opravnenym osobam. Automaticky méd je pristupny stale, ak je aktivny, je stroj
pripraveny produkovat vyrobky. V hornej Casti je vZdy viditelny aktualny méd
a stav, v ktorom sa baliaci stroj nachadza. Obsluha ma z tejto obrazovky pristup k tzv.
systémovym obrazovkam, ktoré ponukaju doplnkové mozZnosti: systémové
informacie, informdcie o projekte a informdcie o administracii pouZzivatel'ov.

FEKT Mode: Production
State: Stopped
Test mode Manual mode Production

ﬂ% Ty

System screens

#A | (A

Obrazok 36: Uvodna obrazovka operatorského panelu na ovladanie baliaceho stroja

V manualnom moéde (Obrazok 37) ma operator moznost pohybovat vertikalnou aj
horizontalnou osou a vykonavat ich homovanie. V automatickom mdde (Obrazok
38) ma operator moznost stroj spustit, zastavit, vynutit stav Suspended a opat
vynttit produkciu. Je tieZ mozné zmenit dizku sa¢ku, zmena sa ale prejavi az
po zastaveni a spusteni produkcie. Dalej je k dispozicif poéitadlo produktov, ktoré je
moZzné vynulovat nezavisle na aktuadlnom stave. V spodnej Casti si zobrazené
informacie o stave osi. Obrazovka pre ovladanie zariadenia v testovacom madde je
rovnaka ako ta pre mdd automaticky.
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- Mode: Manual
FEKT State: Stopped
Vertical axis Horizontal axis

-
[0

Obrazok 37: Obrazovka pre ovladanie baliaceho stroja v manualnom mdéde

FEKT Mode: Production
State: Stopped
Production information
Sack length: mm
Material speed: +0.000 mm{s
Products processed: +0 bags

Axis State
Vertical axis Horizontal axis Reset counter

Homed: Yes Homed: Yes

Error: No Error: MNo

Obrazok 38: Obrazovka pre ovladanie baliaceho stroja v automatickom méde
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8 ZAVER

Cely projekt pozostava z dvoch zakladnych Casti. Prvou je postuidenie rizik s navrhom
a realizaciou bezpec¢nostnych opatreni a druhou je navrh a realizacia riadenia osi
pohanajucich laminovacie ¢el'uste kontinualneho baliaceho stroja.

V prvej Casti prace bola na dvod predostretd technoldgia strojného zariadenia
spolo¢ne s podrobnym postudenim rizik a ich kvantifikaciou podl'a HRN. Zaroveri bol
vykonany navrh a odporucania na zniZenie pripadne odstranenie tychto rizik. Tieto
opatrenia boli opat’ verifikované pomocou HRN. Bezpecnostné obvody zariadenia
musia podla normy typu C zodpovedat SIL 2. To, Ze navrhnuté obvody a ich
komponenty SIL 2 naozaj odpovedaju, bolo overené nastrojom Safety Evaluation
Tool. Dalej boli pre dani technolégiu vybraté motory pomocou nastroja SIZER.
Aplikaciu poZadovanej drovne integrity bezpecnosti na pohony Sinamics ul'ah¢ila
ich funkcia Shared device. V safety PLC Simatic S7-1500F bol realizovany program,
ktory ovlada tieto pohony, v pripade aktivacie safety obvodov. Pouzita bola jedna zo
zakladnych safety funkcii pohonu - Safe Stop 1.

Ako uZbolo naznacené vyssie, druha cast projektu bola venovana navrhu a realizacii
riadenia osi. V ivode tejto Casti bola popisana realizacia riadenia polohy v uzavretej
regulacnej slucke. Nasledoval navrh synchronizacie osi, ktora bola realizovana ako
elektronicka vacka v motion control PLC Simotion. Po navrhu synchrénnej operacie
bolo nutné realizovat v strojnom zariadeni diagram prechodov a stavov, a to
v spatnej vazbe na navrh bezpecnostnych komponentov z prvej Casti prace. Tu bol
zvoleny diagram z kniZnice OMAC Pack, ktorej autorom je orgranizacia OMAC.
Vysledny riadiaci program, spolofne so safety programom boli otestované
a odskuSané na demonStracnom zariadeni dodanom spolo¢nostou Siemens.
K tomuto =zariadeniu boli na ovladanie vytvorené operatorké obrazovky
na dotykovom paneli TP 700 Comfort. Podarilo sa dosiahnut rychlost stroja
priblizne 152 saékov za minttu pri dizke 100 mm.

Zaverom na zaklade vysSie uvedeného je mozné konStatovat, Ze zadanie bolo
splnené a naviac bolo vykonané dimenzovanie pohonov a vytvorenie operatorskych
obrazoviek v dotykovom paneli Simatic HMI. Samozrejme riadiaci program pre cely
baliaci stroj vratane ostatnych komponentov ako su davkovac alebo pripadne
dopravnikovy pas pre vyrobené produkty by vyzadoval ovela hlbSiu analyzu. Bolo
by nutné vziat do uUvahy, Ze aj os riadiaca odvijanie félie by musela byt
synchronizovana s ddvkovacom. K tomu by bola potrebna d’alSia Specificka operacia
- vystupna vacka. Ak by bol stroj ako jednotka stucastou vacsej vyrobnej linky, tak
by bolo nutné realizovat synchronizaciu celého stroja na tzv. externy enkéder. Obe
tieto Specidlne operacie su pomocou Simotion realizovatel'né, avsak svojou
zloZitostou by presiahli ramec tejto prace.
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Priloha 1: Report z nastroja Safety Evaluation Tool



Report Date: 2/28/17

Safety Evaluation Tool

Name: Baliaci Stroj

Safety standard: IEC 62061, Safety of machinery - Functional safety of safety-related electrical,
electronic and programmable electronic control systems

Manager: Martin Ziak

Inspector:

System type:

Document risk analysis:

Description:

SET version: 2.4.8-20161117

Product data version: 0.61

Table of contents

1. Safety functions (page 3)
2. Approval (page 4)
3. Annex functions (page 5)
4. Annex subsystems (page 7)
5. CCF dialog selections IEC (page 29)
6. Annex order lists (page 32)
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Baliaci Stroj Date: 2/28/17

List of safety functions:

Safety area

Nudzové zastavenie ostatnych nebezpecnych pohyblivych ¢ati (page 3)
Nudzové zastavenie Sinamics 120 (SS1) (page 3)
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Baliaci Stroj

1. Safety functions

1.1. Safety function Nudzové zastavenie ostatnych nebezpeénych pohyblivych Eati

Name:

Last editor:
Inspector:

Last edit date:
Status:

Version:
Operation mode:
Description:

Required SIL:

SlL-calculation by IEC 62061:
Achieved SIL:

Achieved PFHD:

Nudzové zastavenie ostatnych nebezpecnych pohyblivych ¢ati
Ziak, Martin

February 28, 2017 9:29:59 AM GMT
open

1.0

<operationmode>

Nudzové zastavenie sa vykond ak:

- je stlateny EMERGENCY STOP

- je otvoreny predny kryt (jedny alebo druhé dvere)
- je otvoreny maly bocny kryt

- je otvoreny velky bo¢ny kryt

SIL2
(page 29)
SIL 2
1.5228 E-08

Details of the subsystems see annex (pages 8, 9, 7, 10, 11, 12, 13, 14, 16, 17, 15)

1.2. Safety function Nudzové zastavenie Sinamics 120 (SS1)

Name:

Last editor:
Inspector:

Last edit date:
Status:

Version:
Operation mode:
Description:

Required SIL:

SlL-calculation by IEC 62061:
Achieved SIL:

Achieved PFHD:

Nudzové zastavenie Sinamics 120 (SS1)
Ziak, Martin

February 14, 2017 1:58:55 PM GMT
open

1.0

<operationmode>

Nudzové zastavenie sa vykona ak:

- je stlaceny EMERGENCY STOP

- je otvoreny predny kryt (jedny alebo druhé dvere)
- je otvoreny maly bocny kryt

- je otvoreny velky boény kryt

SIL 2
(page 30)
SIL 2
1.6560 E-07

Details of the subsystems see annex (pages 19, 20, 18, 21, 22, 23, 24, 27, 25, 26)

1. Safety functions
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Baliaci Stroj Date: 2/28/17

2. Approval

Hereby you assure correct and valid choices and inputs as well as all their according values. When application software is
used then the required safety integrity only can be achieved with tested software.

Martin Ziak
(Manager) (Inspector)

Exclusion of Liability

The Safety Evaluation Tool is made available to you at no charge. No warranty for the current report is given except in relation to cases of willful acts or malicious conduct.
This shall apply in particular in relation to the correctness, absence of defects, completeness and the usability of any results generated in terms of the use of the Safety

Evaluation Tool.

The use of the Safety Evaluation Tool is voluntary and at one's own risk. Insofar as Siemens provides any technical support such as, for example, by the generation of

reports, such is done on a voluntary basis and without any recognition of any legal duty.

Any liability of Siemens and its agents — with the exception of cases of personal injury — is strictly limited to cases of willful acts and gross negligence and to the extent of any

foreseeable and typical damage.

The Safety Evaluation Tool has been tested by TUV SUD Product Safety.

2. Approval
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Baliaci Stroj

3. Annex functions
Nudzové zastavenie ostatnych nebezpe&nych pohyblivych €ati

List of subsystems

DETECTION

EVALUATION

REACTION

Bocny maly kryt (page 7)

Boény velky kryt (page 7)
EMERGENCY STOP (page 8)
Predny kryt (dvere 1) (page 9)
Predny kryt (dvere 2) (page 10)

PLC S7-1500F (page 11)

S7 - Boény maly kryt (page 11)

S7 - Boény velky kryt (page 12)

S7 - EMERGENCY STOP (page 12)

S7 - Predny kryt (dvere 1) (page 13)

S7 - Predny kryt (dvere 2) (page 13)

S7 - Stykac - kompresor (page 14)

S7 - Stykac - odvijacie zariadenie (page 14)
S7 - Stykad - 8piraly ¢elusti (page 14)

Stykac - kompresor (page 15)
Styka¢ - odvijacie zariadenie (page 16)
Stykag - $piraly &elusti (page 17)

Nudzové zastavenie Sinamics 120 (SS1)

List of subsystems

3. Annex functions

Martin Ziak /

DETECTION

EVALUATION

REACTION

Bocny maly kryt (page 18)
Boény velky kryt (page 18)
EMERGENCY STOP (page 19)
Predny kryt (dvere 1) (page 20)
Predny kryt (dvere 2) (page 21)

PLC S7-1500F (page 22)

S7 - Bo¢ny maly kryt (page 22)

S7 - Boény velky kryt (page 23)

S7 - EMERGENCY STOP (page 23)
S7 - Predny kryt (dvere 1) (page 24)
S7 - Predny kryt (dvere 2) (page 24)

Double Motor Module Frame Size Booksize Compact (1) (page 25)
Double Motor Module Frame Size Booksize Compact (2) (page 25)
Pohon verlikalneho laminovania (1) (page 25)
Pohon verlikalneho laminovania (2) (page 26)

Date: 2/28/17
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Pohon verlikalneho pohybu &elusti (page 26)
Pohon zovretia &elusti (page 27)
SIMOTION D425-2 DP/PN (page 27)

3. Annex functions
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Baliaci Stroj Date: 2/28/17

4. Annex subsystems

4.1. Safety function Nudzové zastavenie ostatnych nebezpeénych pohyblivych Eati
4.1.1. DETECTION

4.1.1.1. Subsystem Bo¢ny maly kryt

Name: Bocny maly kryt
Description:

No. of components: 1

Type: Customer data required
Max. service life, T1 (years): 20

87 Connection: S7-1500

Architecture of circuit: 1 Channel

Measures against failures with a 10

common cause (%):

SIL CL: SIL3

For a single channel architecture (hardware fault tolerance of 0)and DC = 90% SIL CL 2 or 3 only can be achieved with
supplement measures. That means a safe condition of the machine shall be initiated by performing a specified fault
reaction when a fault will be detected.

PFHp: 2.97 E-13

Channels

Manufacturer: Siemens

Product group: SIRIUS Detecting Devices

Product type: Magnetically Operated Switch
Integrated communication connection: without

Description: SIRIUS Magnetically Operated Switch
Order number: 3SE6.0.-.BA..

Reference designations:

Supplementary notes: n/a

B4 (operation cycles): 10,000,000

Ratio of dangerous failures (%): 50

Biop (operation cycles): 20,000,000

Number of operations / test interval 1

(switching cycles):

Unit: Per week

DC (%): 99 (High)

DC (Table E.1)*: 99 %

Measure (Table E.1)*: Cross monitoring of input signals and intermediate results within the logic (L),

and temporal and logical software monitor of the program flow and detection of
static faults and short circuits (for multiple 1/0)

Ap: 2.97 E-11
mission time due to wear (years): 191,780
Component replacement after (years): 20.0

*Estimates for diagnostic coverage 1ISO 13849-1, Annex E.1

4.1.1.2. Subsystem Bodny velky kryt

Name: Boény velky kryt
Description:
No. of components: 1

4. Annex subsystems
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Type: Customer data required
Max. service life, T1 (years): 20

S7 Connection: S7-1500

Architecture of circuit: 1 Channel

Measures against failures with a 10

common cause (%):

SIL CL: SIL 3

For a single channel architecture (hardware fault tolerance of 0)and DC = 90% SIL CL 2 or 3 only can be achieved with
supplement measures. That means a safe condition of the machine shall be initiated by performing a specified fault
reaction when a fault will be detected.

PFHp: 2.97 E-13

Channels

Manufacturer: Siemens

Product group: SIRIUS Detecting Devices

Product type: Magnetically Operated Switch
Integrated communication connection: without

Description: SIRIUS Magnetically Operated Switch
Order number: 3SE6.0.-.BA..

Reference designations:

Supplementary notes: n/a

B4 (operation cycles): 10,000,000

Ratio of dangerous failures (%): 50

Biop (operation cycles): 20,000,000

Number of operations / test interval 1

(switching cycles):

Unit: Per week

DC (%): 99 (High)

DC (Table E.1)*: 99 %

Measure (Table E.1)*: Cross monitoring of input signals and intermediate results within the logic (L),

and temporal and logical software monitor of the program flow and detection of
static faults and short circuits (for multiple 1/0)

Ap: 2.97 E-11
mission time due to wear (years): 191,780
Component replacement after (years): 20.0

*Estimates for diagnostic coverage 1ISO 13849-1, Annex E.1

4.1.1.3. Subsystem EMERGENCY STOP

Name: EMERGENCY STOP
Description:

No. of components: 2

Type: Customer data required

S7 Connection:

S7-1500

Architecture of circuit: 2 Channels
Measures against failures with a 2

common cause (%):

Total points: 75

Please see the selections of the ccf (page 29)
dialog at annex:

SFF: 0.99

HFT: 1

4. Annex subsystems
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Baliaci Stroj

SIL CL:
PFHp:
Channels

Manufacturer:
Product group:

Product type:

Integrated communication connection:
Description:

Order number:

Reference designations:
Supplementary notes:

B4 (operation cycles):

Ratio of dangerous failures (%):
Biop (operation cycles):

Number of operations / test interval
(switching cycles):

Unit:

DC (%):

DC (Table E.1)*:
Measure (Table E.1)*:

Ap:

Max. service life, T1 (years):

mission time due to wear (years):
Component replacement after (years):

SIL 3
5.01 E-10

Siemens

SIRIUS Commanding and Signaling
Devices

EMERGENCY STOP pushbutton,
Turn-to-Release (rotate to unlatch)

without

SIRIUS EMERGENCY STOP
pushbutton, Turn-to-Reset

3SB3.0.-1.A2.

n/a
100,000
20
500,000
3

Per day
99 (High)
99 %

Cross monitoring of input signals and
intermediate results within the logic
(L), and temporal and logical software
monitor of the program flow and
detection of static faults and short
circuits (for multiple 1/0O)

2.50 E-08

20

91
20.0

*Estimates for diagnostic coverage ISO 13849-1, Annex E.1

4.1.1.4. Subsystem Predny kryt (dvere 1)

Name:

Description:

No. of components:

Type:

Max. service life, T1 (years):
87 Connection:

Architecture of circuit:

Measures against failures with a
common cause (%):

SIL CL:

Predny kryt (dvere 1)

1

Customer data required
20

S7-1500

1 Channel

10

SIL 3

Date: 2/28/17

Siemens

SIRIUS Commanding and Signaling
Devices

EMERGENCY STOP pushbutton,
Turn-to-Release (rotate to unlatch)

without

SIRIUS EMERGENCY STOP
pushbutton, Turn-to-Reset

3SB3.0.-1.A2.

n/a
100,000
20
500,000
3

Per day
99 (High)

2.50 E-08
20
91

20.0

For a single channel architecture (hardware fault tolerance of 0)and DC = 90% SIL CL 2 or 3 only can be achieved with
supplement measures. That means a safe condition of the machine shall be initiated by performing a specified fault

reaction when a fault will be detected.
PFHp:

Channels

Manufacturer:

4. Annex subsystems

Martin Ziak /

5.00 E-11

Siemens
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Product group: SIRIUS Detecting Devices

Product type: Magnetically Operated Switch
Integrated communication connection: without

Description: SIRIUS Magnetically Operated Switch
Order number: 3SE6.0.-.BA..

Reference designations:

Supplementary notes: n/a

B4 (operation cycles): 10,000,000

Ratio of dangerous failures (%): 50

Biop (operation cycles): 20,000,000

Number of operations / test interval 1

(switching cycles):

Unit: Per hour

DC (%): 99 (High)

DC (Table E.1)*: 99 %

Measure (Table E.1)*: Cross monitoring of input signals and intermediate results within the logic (L),

and temporal and logical software monitor of the program flow and detection of
static faults and short circuits (for multiple 1/0)

Ap: 5.00 E-09
mission time due to wear (years): 1,141
Component replacement after (years): 20.0

*Estimates for diagnostic coverage 1ISO 13849-1, Annex E.1

4.1.1.5. Subsystem Predny kryt (dvere 2)

Name: Predny kryt (dvere 2)
Description:

No. of components: 1

Type: Customer data required
Max. service life, T1 (years): 20

S7 Connection: S7-1500

Architecture of circuit: 1 Channel

Measures against failures with a 10

common cause (%):

SIL CL: SIL 3

For a single channel architecture (hardware fault tolerance of 0)and DC = 90% SIL CL 2 or 3 only can be achieved with
supplement measures. That means a safe condition of the machine shall be initiated by performing a specified fault
reaction when a fault will be detected.

PFHp: 5.00 E-11

Channels

Manufacturer: Siemens

Product group: SIRIUS Detecting Devices
Product type: Magnetically Operated Switch
Integrated communication connection: without

Description: SIRIUS Magnetically Operated Switch
Order number: 3SE6.0.-.BA..

Reference designations:

Supplementary notes: n/a

B4 (operation cycles): 10,000,000

Ratio of dangerous failures (%): 50

Biop (operation cycles): 20,000,000

4. Annex subsystems
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Number of operations / test interval 1

(switching cycles):

Unit: Per hour

DC (%): 99 (High)

DC (Table E.1)*: 99 %

Measure (Table E.1)*: Cross monitoring of input signals and intermediate results within the logic (L),

and temporal and logical software monitor of the program flow and detection of
static faults and short circuits (for multiple 1/0)

Ap: 5.00 E-09
mission time due to wear (years): 1,141
Component replacement after (years): 20.0

*Estimates for diagnostic coverage ISO 13849-1, Annex E.1

4.1.2. EVALUATION
4.1.2.1. Subsystem PLC S7-1500F

Name: PLC S7-1500F
Description:

No. of components: 1

Type: SIL/PL exists

Max. service life, T1 (years): 20

SIL CL: SIL3

PFHp: 2.00 E-09

PFHy, Profisafe incl.: 1.00 E-09

Channels

Manufacturer: Siemens

Product group: SIMATIC S7 F-CPU
Product type: CPU 1518F-4PN/DP
Description: SIMATIC S7-1500F, CPU 1518F-4 PN/DP, CENTRAL PROCESSING UNIT

WITH WORKING MEMORY 4,5 MB FOR PROGRAM AND 10 MB FOR
DATA, 1. INTERFACE, PROFINET IRT WITH 2 PORT SWITCH, 2.
INTERFACE, ETHERNET, 3. INTERFACE, ETHERNET, 4. INTERFACE,
PROFIBUS, 1 NS BIT-PERFORMANCE, SIMATIC MEMORY CARD

NECESSARY
Order number: 6ES7518-4FP00-0ABO
Reference designations:
Supplementary notes: n/a
mission time due to wear (years): 20

Component replacement after (years): 20.0

4.1.2.2. Subsystem S7 - Boény maly kryt

Name: S7 - Bo¢ny maly kryt
Description:

No. of components: 1

Type: SIL/PL exists

Max. service life, T1 (years): 20

SIL CL: SIL3

PFHp: 1.00 E-09

Channels

Manufacturer: Siemens

4. Annex subsystems
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Product group: SIMATIC ET200MP - fail-safe Modules

Product type: SM526 F-DI 16
1 channel

Description: SIMATIC S7-1500, FAILSAFE DIGITAL INPUT MODULE, F-DI 16X24VDC
PROFISAFE; 35 MM WIDTH; UP TO PL E (ISO 13849-1)/SIL3 (IEC 61508)

Order number: 6ES7526-1BH00-0ABO

Reference designations:

Supplementary notes: n/a

mission time due to wear (years): 20

Component replacement after (years): 20.0

4.1.2.3. Subsystem S7 - Boény velky kryt

Name: S7 - Boény velky kryt

Description:

No. of components: 1

Type: SIL/PL exists

Max. service life, T1 (years): 20

SIL CL: SIL3

PFHp: 1.00 E-09

Channels

Manufacturer: Siemens

Product group: SIMATIC ET200MP - fail-safe Modules

Product type: SM526 F-DI 16
1 channel

Description: SIMATIC S7-1500, FAILSAFE DIGITAL INPUT MODULE, F-DI 16X24VDC
PROFISAFE; 35 MM WIDTH; UP TO PL E (ISO 13849-1)/SIL3 (IEC 61508)

Order number: 6ES7526-1BH00-0ABO

Reference designations:

Supplementary notes: n/a

mission time due to wear (years): 20

Component replacement after (years): 20.0

4.1.2.4. Subsystem S7 - EMERGENCY STOP

Name: S7 - EMERGENCY STOP

Description:

No. of components: 1

Type: SIL/PL exists

Max. service life, T1 (years): 20

SIL CL: SIL3

PFHp: 1.00 E-09

Channels

Manufacturer: Siemens

Product group: SIMATIC ET200MP - fail-safe Modules

Product type: SM526 F-DI 16
2 channels

Description: SIMATIC S7-1500, FAILSAFE DIGITAL INPUT MODULE, F-DI 16X24VDC
PROFISAFE; 35 MM WIDTH; UP TO PL E (ISO 13849-1)/SIL3 (IEC 61508)

Order number: 6ES7526-1BH00-0ABO

4. Annex subsystems
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Reference designations:
Supplementary notes:

mission time due to wear (years):
Component replacement after (years):

n/a
20

20.0

4.1.2.5. Subsystem S7 - Predny kryt (dvere 1)

Name:

Description:

No. of components:

Type:

Max. service life, T1 (years):
SIL CL:

PFHp:

Channels

Manufacturer:
Product group:
Product type:

Description:

Order number:

Reference designations:
Supplementary notes:

mission time due to wear (years):
Component replacement after (years):

S7 - Predny kryt (dvere 1)

1
SIL/PL exists
20

SIL 3

1.00 E-09

Siemens

SIMATIC ET200MP - fail-safe Modules
SM526 F-DI 16

1 channel

Date: 2/28/17

SIMATIC S7-1500, FAILSAFE DIGITAL INPUT MODULE, F-DI 16X24VDC
PROFISAFE; 35 MM WIDTH; UP TO PL E (ISO 13849-1)/SIL3 (IEC 61508)

6ES7526-1BH00-0ABO

n/a
20

20.0

4.1.2.6. Subsystem S7 - Predny kryt (dvere 2)

Name:

Description:

No. of components:

Type:

Max. service life, T1 (years):
SIL CL:

PFHp:

Channels

Manufacturer:
Product group:
Product type:

Description:

Order number:

Reference designations:
Supplementary notes:

mission time due to wear (years):
Component replacement after (years):

4. Annex subsystems
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S7 - Predny kryt (dvere 2)

1

SIL/PL exists
20

SIL3

1.00 E-09

Siemens

SIMATIC ET200MP - fail-safe Modules
SM526 F-DI 16

1 channel

SIMATIC S7-1500, FAILSAFE DIGITAL INPUT MODULE, F-DI 16X24VDC
PROFISAFE; 35 MM WIDTH; UP TO PL E (ISO 13849-1)/SIL3 (IEC 61508)

6ES7526-1BH00-0ABO

n/a
20

20.0
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4.1.2.7. Subsystem S7 - Styka& - kompresor

Name:

Description:

No. of components:

Type:

Max. service life, T1 (years):
SIL CL:

PFHp:

Channels

Manufacturer:
Product group:
Product type:
Description:

Order number:

Reference designations:
Supplementary notes:

mission time due to wear (years):
Component replacement after (years):

S7 - Stykac - kompresor

1

SIL/PL exists
20

SIL3

2.00 E-09

Siemens
SIMATIC ET200MP - fail-safe Modules
SM526 F-DQ 8

Date: 2/28/17

SIMATIC S7-1500, FAILSAFE DIGITAL OUTPUT MODULE F-DQ 8X24VDC
2A PPM PROFISAFE; 35 MM WIDTH; UP TO PL E (ISO 13849-1)/SIL3 (IEC

61508)
6ES7526-2BF00-0AB0

n/a
20

20.0

4.1.2.8. Subsystem S7 - Stykac€ - odvijacie zariadenie

Name:

Description:

No. of components:

Type:

Max. service life, T1 (years):
SIL CL:

PFHp:

Channels

Manufacturer:
Product group:
Product type:
Description:

Order number:

Reference designations:
Supplementary notes:

mission time due to wear (years):
Component replacement after (years):

S7 - Stykac - odvijacie zariadenie

1

SIL/PL exists
20

SIL3

2.00 E-09

Siemens
SIMATIC ET200MP - fail-safe Modules
SM526 F-DQ 8

SIMATIC S7-1500, FAILSAFE DIGITAL OUTPUT MODULE F-DQ 8X24VDC
2A PPM PROFISAFE; 35 MM WIDTH; UP TO PL E (ISO 13849-1)/SIL3 (IEC

61508)
6ES7526-2BF00-0ABO

n/a
20

20.0

4.1.2.9. Subsystem S7 - Stykaé - Spiraly &elusti

Name:

Description:

No. of components:
Type:

4. Annex subsystems
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S7 - Stykad - $piraly éelusti

1
SIL/PL exists
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Max. service life, T1 (years):
SIL CL:

PFHp:

Channels

Manufacturer:
Product group:
Product type:
Description:

Order number:

Reference designations:
Supplementary notes:

mission time due to wear (years):

Component replacement after (years):

4.1.3. REACTION

20
SIL 3
2.00 E-09

Siemens

SIMATIC ET200MP - fail-safe Modules

SM526 F-DQ 8

Date: 2/28/17

SIMATIC S7-1500, FAILSAFE DIGITAL OUTPUT MODULE F-DQ 8X24VDC
2A PPM PROFISAFE; 35 MM WIDTH; UP TO PL E (ISO 13849-1)/SIL3 (IEC

61508)
6ES7526-2BF00-0AB0

n/a
20

20.0

4.1.3.1. Subsystem Styka¢ - kompresor

Name:

Description:

No. of components:

Type:

Max. service life, T1 (years):
87 Connection:

Architecture of circuit:

Measures against failures with a
common cause (%):

SIL CL:

Stykac - kompresor

1

Customer data required
20

S7-1500

1 Channel

10

SIL 2

For a single channel architecture (hardware fault tolerance of 0)and DC = 90% SIL CL 2 or 3 only can be achieved with
supplement measures. That means a safe condition of the machine shall be initiated by performing a specified fault

reaction when a fault will be detected.

PFHp:
Channels

Manufacturer:
Product group:
Product type:

Integrated communication connection:

Description:

Order number:

Reference designations:
Supplementary notes:

Faultrate calculated:

B4 (operation cycles):

Ratio of dangerous failures (%):
Biop (operation cycles):

Number of operations / test interval
(switching cycles):

Unit:
DC (%):

4. Annex subsystems
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2.54 E-10

Siemens

SIRIUS Contactors / Motor Starters
Compact Starter 3RA6 (up to 12A)
without

SIRIUS COMPACT STARTER, UP TO 12A

3RAG61

n/a

with a B10 value
3,000,000

50

6,000,000

257

Per week
99 (High)
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DC (Table E.1)*:
Measure (Table E.1)*:

Ap:
mission time due to wear (years):

Component replacement after (years):

Date: 2/28/17

99 %

Cross monitoring of output signals and intermediate results within the logic (L)
and temporal and logical software monitor of the program flow and detection of
static faults and short circuits (for multiple 1/0)

2.54 E-08
223

20.0

*Estimates for diagnostic coverage 1ISO 13849-1, Annex E.1

4.1.3.2. Subsystem Stykac - odvijacie zariadenie

Name:

Description:

No. of components:

Type:

Max. service life, T1 (years):
S7 Connection:

Architecture of circuit:

Measures against failures with a
common cause (%):

SIL CL:

Stykac - odvijacie zariadenie

1
Customer data required
20

S7-1500

1 Channel

10

SIL 2

For a single channel architecture (hardware fault tolerance of 0)and DC = 90% SIL CL 2 or 3 only can be achieved with
supplement measures. That means a safe condition of the machine shall be initiated by performing a specified fault

reaction when a fault will be detected.

PFHp:
Channels

Manufacturer:
Product group:
Product type:

Integrated communication connection:

Description:

Order number:

Reference designations:
Supplementary notes:

Faultrate calculated:

B4 (operation cycles):

Ratio of dangerous failures (%):
Biop (operation cycles):

Number of operations / test interval
(switching cycles):

Unit:

DC (%):

DC (Table E.1)*:
Measure (Table E.1)*:

Ap:
mission time due to wear (years):

Component replacement after (years):

2.54 E-10

Siemens

SIRIUS Contactors / Motor Starters
Compact Starter 3RA6 (up to 12A)

without

SIRIUS COMPACT STARTER, UP TO 12A
3RA61

n/a

with a B10 value
3,000,000

50

6,000,000

257

Per week
99 (High)
99 %

Cross monitoring of output signals and intermediate results within the logic (L)
and temporal and logical software monitor of the program flow and detection of
static faults and short circuits (for multiple 1/0)

2.54 E-08
223

20.0

*Estimates for diagnostic coverage ISO 13849-1, Annex E.1

4. Annex subsystems
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Date: 2/28/17

4.1.3.3. Subsystem Stykaé - 3piraly &elusti

Name:

Description:

No. of components:

Type:

Max. service life, T1 (years):
87 Connection:

Architecture of circuit:

Measures against failures with a
common cause (%):

SIL CL:

Stykad - $piraly elusti

1

Customer data required
20

S7-1500

1 Channel

10

SIL 2

For a single channel architecture (hardware fault tolerance of 0)and DC = 90% SIL CL 2 or 3 only can be achieved with
supplement measures. That means a safe condition of the machine shall be initiated by performing a specified fault

reaction when a fault will be detected.

PFHp:
Channels

Manufacturer:
Product group:
Product type:

Integrated communication connection:

Description:

Order number:

Reference designations:
Supplementary notes:

Faultrate calculated:

B4 (operation cycles):

Ratio of dangerous failures (%):
Biop (operation cycles):

Number of operations / test interval
(switching cycles):

Unit:

DC (%):

DC (Table E.1)*:
Measure (Table E.1)*:

Ap:
mission time due to wear (years):

Component replacement after (years):

1.11 E-09

Siemens

SIRIUS Contactors / Motor Starters
Contactor 3RT

without

SIRIUS CONTACTOR 3RT, (The B10 value is determined at 66% of the
nominal current le and AC-3/400V. Other values on request)

3RT10

n/a

with a B10 value
1,000,000

73

1,369,863

257

Per week
99 (High)
99 %

Cross monitoring of output signals and intermediate results within the logic (L)
and temporal and logical software monitor of the program flow and detection of
static faults and short circuits (for multiple 1/0)

1.11 E-07
74

20.0

*Estimates for diagnostic coverage 1ISO 13849-1, Annex E.1

4. Annex subsystems
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Baliaci Stroj Date: 2/28/17

4.2. Safety function Nudzové zastavenie Sinamics 120 (SS1)
4.2.1. DETECTION
4.2.1.1. Subsystem Bo¢ny maly kryt

Name: Bocny maly kryt
Description:

No. of components: 1

Type: Customer data required
Max. service life, T1 (years): 20

87 Connection: S7-1500

Architecture of circuit: 1 Channel

Measures against failures with a 10

common cause (%):

SIL CL: SIL3

For a single channel architecture (hardware fault tolerance of 0)and DC = 90% SIL CL 2 or 3 only can be achieved with
supplement measures. That means a safe condition of the machine shall be initiated by performing a specified fault
reaction when a fault will be detected.

PFHp: 2.97 E-13

Channels

Manufacturer: Siemens

Product group: SIRIUS Detecting Devices

Product type: Magnetically Operated Switch
Integrated communication connection: without

Description: SIRIUS Magnetically Operated Switch
Order number: 3SE6.0.-.BA..

Reference designations:

Supplementary notes: n/a

B4 (operation cycles): 10,000,000

Ratio of dangerous failures (%): 50

Biop (operation cycles): 20,000,000

Number of operations / test interval 1

(switching cycles):

Unit: Per week

DC (%): 99 (High)

DC (Table E.1)*: 99 %

Measure (Table E.1)*: Cross monitoring of input signals and intermediate results within the logic (L),

and temporal and logical software monitor of the program flow and detection of
static faults and short circuits (for multiple 1/0)

Ap: 2.97 E-11
mission time due to wear (years): 191,780
Component replacement after (years): 20.0

*Estimates for diagnostic coverage 1ISO 13849-1, Annex E.1

4.2.1.2. Subsystem Bodny velky kryt

Name: Boény velky kryt
Description:

No. of components: 1

Type: Customer data required
Max. service life, T1 (years): 20

4. Annex subsystems
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87 Connection: S7-1500
Architecture of circuit: 1 Channel
Measures against failures with a 10
common cause (%):

SIL CL: SIL 3

For a single channel architecture (hardware fault tolerance of 0)and DC = 90% SIL CL 2 or 3 only can be achieved with
supplement measures. That means a safe condition of the machine shall be initiated by performing a specified fault
reaction when a fault will be detected.

PFHp: 2.97 E-13

Channels

Manufacturer: Siemens

Product group: SIRIUS Detecting Devices
Product type: Magnetically Operated Switch
Integrated communication connection:  without

Description: SIRIUS Magnetically Operated Switch
Order number: 3SE6.0.-.BA..

Reference designations:

Supplementary notes: n/a

B4 (operation cycles): 10,000,000

Ratio of dangerous failures (%): 50

Biop (operation cycles): 20,000,000

Number of operations / test interval 1

(switching cycles):

Unit: Per week

DC (%): 99 (High)

DC (Table E.1)*: 99 %

Measure (Table E.1)*:

Ap:
mission time due to wear (years):

Component replacement after (years):

Cross monitoring of input signals and intermediate results within the logic (L),
and temporal and logical software monitor of the program flow and detection of

static faults and short circuits (for multiple 1/0)

2.97 E-11
191,780

20.0

*Estimates for diagnostic coverage ISO 13849-1, Annex E.1

4.2.1.3. Subsystem EMERGENCY STOP

Name:

Description:

No. of components:
Type:

S7 Connection:
Architecture of circuit:

Measures against failures with a
common cause (%):

Total points:

Please see the selections of the ccf
dialog at annex:

SFF:
HFT:
SIL CL:
PFHp;

4. Annex subsystems
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EMERGENCY STOP

2

Customer data required
S7-1500

2 Channels

2

75
(page 30)

0.99

1

SIL 3
5.01 E-10
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Channels

Manufacturer:
Product group:

Product type:

Integrated communication connection:

Description:

Order number:

Reference designations:
Supplementary notes:

B4 (operation cycles):

Ratio of dangerous failures (%):
Biop (operation cycles):

Number of operations / test interval
(switching cycles):

Unit:

DC (%):

DC (Table E.1)*:
Measure (Table E.1)*:

Ap:

Max. service life, T1 (years):

mission time due to wear (years):
Component replacement after (years):

Siemens

SIRIUS Commanding and Signaling
Devices

EMERGENCY STOP pushbutton,
Turn-to-Release (rotate to unlatch)

without

SIRIUS EMERGENCY STOP
pushbutton, Turn-to-Reset

3SB3.0.-1.A2.

n/a
100,000
20
500,000
3

Per day
99 (High)
99 %

Cross monitoring of input signals and
intermediate results within the logic
(L), and temporal and logical software
monitor of the program flow and
detection of static faults and short
circuits (for multiple 1/0O)

2.50 E-08
20
91

20.0

*Estimates for diagnostic coverage 1ISO 13849-1, Annex E.1

4.2.1.4. Subsystem Predny kryt (dvere 1)

Name:

Description:

No. of components:

Type:

Max. service life, T1 (years):
87 Connection:

Architecture of circuit:

Measures against failures with a
common cause (%):

SIL CL:

Predny kryt (dvere 1)

1

Customer data required
20

S7-1500

1 Channel

10

SIL 3

Date: 2/28/17

Siemens

SIRIUS Commanding and Signaling
Devices

EMERGENCY STOP pushbutton,
Turn-to-Release (rotate to unlatch)

without

SIRIUS EMERGENCY STOP
pushbutton, Turn-to-Reset

3SB3.0.-1.A2.

n/a
100,000
20
500,000
3

Per day
99 (High)

2.50 E-08
20
91

20.0

For a single channel architecture (hardware fault tolerance of 0)and DC = 90% SIL CL 2 or 3 only can be achieved with
supplement measures. That means a safe condition of the machine shall be initiated by performing a specified fault

reaction when a fault will be detected.
PFHp:
Channels

Manufacturer:

Product group:

Product type:

Integrated communication connection:

4. Annex subsystems
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5.00 E-11

Siemens
SIRIUS Detecting Devices
Magnetically Operated Switch

without
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Baliaci Stroj Date: 2/28/17

Description: SIRIUS Magnetically Operated Switch
Order number: 3SE6.0.-.BA..

Reference designations:

Supplementary notes: n/a

B4 (operation cycles): 10,000,000

Ratio of dangerous failures (%): 50

Biop (operation cycles): 20,000,000

Number of operations / test interval 1

(switching cycles):

Unit: Per hour

DC (%): 99 (High)

DC (Table E.1)*: 99 %

Measure (Table E.1)*: Cross monitoring of input signals and intermediate results within the logic (L),

and temporal and logical software monitor of the program flow and detection of
static faults and short circuits (for multiple 1/0)

Ap: 5.00 E-09
mission time due to wear (years): 1,141
Component replacement after (years): 20.0

*Estimates for diagnostic coverage 1ISO 13849-1, Annex E.1

4.2.1.5. Subsystem Predny kryt (dvere 2)

Name: Predny kryt (dvere 2)
Description:

No. of components: 1

Type: Customer data required
Max. service life, T1 (years): 20

S7 Connection: S7-1500

Architecture of circuit: 1 Channel

Measures against failures with a 10

common cause (%):

SIL CL: SIL 3

For a single channel architecture (hardware fault tolerance of 0)and DC = 90% SIL CL 2 or 3 only can be achieved with
supplement measures. That means a safe condition of the machine shall be initiated by performing a specified fault
reaction when a fault will be detected.

PFHp: 5.00 E-11

Channels

Manufacturer: Siemens

Product group: SIRIUS Detecting Devices
Product type: Magnetically Operated Switch
Integrated communication connection: without

Description: SIRIUS Magnetically Operated Switch
Order number: 3SE6.0.-.BA..

Reference designations:

Supplementary notes: n/a

B4 (operation cycles): 10,000,000

Ratio of dangerous failures (%): 50

Biop (operation cycles): 20,000,000

Number of operations / test interval 1

(switching cycles):

Unit: Per hour

4. Annex subsystems
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DC (%): 99 (High)
DC (Table E.1)*: 99 %
Measure (Table E.1)*: Cross monitoring of input signals and intermediate results within the logic (L),

and temporal and logical software monitor of the program flow and detection of
static faults and short circuits (for multiple 1/0)

Ap: 5.00 E-09
mission time due to wear (years): 1,141
Component replacement after (years): 20.0

*Estimates for diagnostic coverage 1ISO 13849-1, Annex E.1

4.2.2. EVALUATION
4.2.2.1. Subsystem PLC S7-1500F

Name: PLC S7-1500F
Description:

No. of components: 1

Type: SIL/PL exists

Max. service life, T1 (years): 20

SIL CL: SIL3

PFHp: 2.00 E-09

PFHp, Profisafe incl.: 1.00 E-09

Channels

Manufacturer: Siemens

Product group: SIMATIC S7 F-CPU
Product type: CPU 1518F-4PN/DP
Description: SIMATIC S7-1500F, CPU 1518F-4 PN/DP, CENTRAL PROCESSING UNIT

WITH WORKING MEMORY 4,5 MB FOR PROGRAM AND 10 MB FOR
DATA, 1. INTERFACE, PROFINET IRT WITH 2 PORT SWITCH, 2.
INTERFACE, ETHERNET, 3. INTERFACE, ETHERNET, 4. INTERFACE,
PROFIBUS, 1 NS BIT-PERFORMANCE, SIMATIC MEMORY CARD

NECESSARY
Order number: 6ES7518-4FP00-0ABO
Reference designations:
Supplementary notes: n/a
mission time due to wear (years): 20

Component replacement after (years): 20.0

4.2.2.2. Subsystem S7 - Boény maly kryt

Name: S7 - Boény maly kryt
Description:
No. of components: 1
Type: SIL/PL exists
Max. service life, T1 (years): 20
SIL CL: SIL 3
PFHp: 1.00 E-09
Channels
Manufacturer: Siemens
Product group: SIMATIC ET200MP - fail-safe Modules
Product type: SM526 F-DI 16
1 channel

4. Annex subsystems
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Description:

Order number:

Reference designations:
Supplementary notes:

mission time due to wear (years):

Component replacement after (years):

Date: 2/28/17

SIMATIC S7-1500, FAILSAFE DIGITAL INPUT MODULE, F-DI 16X24VDC
PROFISAFE; 35 MM WIDTH; UP TO PL E (ISO 13849-1)/SIL3 (IEC 61508)

6ES7526-1BH00-0ABO

n/a
20

20.0

4.2.2.3. Subsystem S7 - Boény velky kryt

Name:

Description:

No. of components:

Type:

Max. service life, T1 (years):
SIL CL:

PFHp:

Channels

Manufacturer:
Product group:
Product type:

Description:

Order number:

Reference designations:
Supplementary notes:

mission time due to wear (years):

Component replacement after (years):

S7 - Boény velky kryt

1

SIL/PL exists
20

SIL3

1.00 E-09

Siemens

SIMATIC ET200MP - fail-safe Modules
SM526 F-DI 16

1 channel

SIMATIC S7-1500, FAILSAFE DIGITAL INPUT MODULE, F-DI 16X24VDC
PROFISAFE; 35 MM WIDTH; UP TO PL E (ISO 13849-1)/SIL3 (IEC 61508)

6ES7526-1BH00-0ABO

n/a
20

20.0

4.2.2.4. Subsystem S7 - EMERGENCY STOP

Name:

Description:

No. of components:

Type:

Max. service life, T1 (years):
SIL CL:

PFHp:

Channels

Manufacturer:
Product group:
Product type:

Description:

Order number:

Reference designations:
Supplementary notes:

mission time due to wear (years):

4. Annex subsystems
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S7 - EMERGENCY STOP

1

SIL/PL exists
20

SIL3

1.00 E-09

Siemens

SIMATIC ET200MP - fail-safe Modules
SM526 F-DI 16

2 channels

SIMATIC S7-1500, FAILSAFE DIGITAL INPUT MODULE, F-DI 16X24VDC
PROFISAFE; 35 MM WIDTH; UP TO PL E (ISO 13849-1)/SIL3 (IEC 61508)

6ES7526-1BH00-0ABO

n/a
20
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Component replacement after (years):  20.0

4.2.2.5. Subsystem S7 - Predny kryt (dvere 1)

Date: 2/28/17

Name: S7 - Predny kryt (dvere 1)

Description:

No. of components: 1

Type: SIL/PL exists

Max. service life, T1 (years): 20

SIL CL: SIL 3

PFHp: 1.00 E-09

Channels

Manufacturer: Siemens

Product group: SIMATIC ET200MP - fail-safe Modules

Product type: SM526 F-DI 16
1 channel

Description: SIMATIC S7-1500, FAILSAFE DIGITAL INPUT MODULE, F-DI 16X24VDC
PROFISAFE; 35 MM WIDTH; UP TO PL E (ISO 13849-1)/SIL3 (IEC 61508)

Order number: 6ES7526-1BH00-0ABO

Reference designations:

Supplementary notes: n/a

mission time due to wear (years): 20

Component replacement after (years): 20.0

4.2.2.6. Subsystem S7 - Predny kryt (dvere 2)

Name: S7 - Predny kryt (dvere 2)

Description:

No. of components: 1

Type: SIL/PL exists

Max. service life, T1 (years): 20

SIL CL: SIL3

PFHp: 1.00 E-09

Channels

Manufacturer: Siemens

Product group: SIMATIC ET200MP - fail-safe Modules

Product type: SM526 F-DI 16
1 channel

Description: SIMATIC S7-1500, FAILSAFE DIGITAL INPUT MODULE, F-DI 16X24VDC
PROFISAFE; 35 MM WIDTH; UP TO PL E (ISO 13849-1)/SIL3 (IEC 61508)

Order number: 6ES7526-1BH00-0ABO

Reference designations:

Supplementary notes: n/a

mission time due to wear (years): 20

Component replacement after (years): 20.0

4.2.3. REACTION

4.2.3.1. Subsystem Double Motor Module Frame Size Booksize Compact (1)

4. Annex subsystems
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Name:

Description:

No. of components:

Type:

Max. service life, T1 (years):
SIL CL:

PFHp:

Channels

Manufacturer:
Product group:
Product type:

Description:

Order number:
Reference designations:
Supplementary notes:

Date: 2/28/17

Double Motor Module Frame Size Booksize Compact (1)

1

SIL/PL exists
20

SIL 2

1.20 E-08

Siemens

SINAMICS S120 modular

Double Motor Module Frame Size Booksize Compact
2 Axis

without SBC

SINAMICS DOUBLE MOTOR MODULE INPUT: DC 600V OUTPUT: 3AC
400V, FRAME SIZE BOOKSIZE COMPACT

6SL3420-2TEXX-XAA1

n/a

mission time due to wear (years): 20
Component replacement after (years): 20.0

4.2.3.2. Subsystem Double Motor Module Frame Size Booksize Compact (2)

Name: Double Motor Module Frame Size Booksize Compact (2)
Description:
No. of components: 1
Type: SIL/PL exists
Max. service life, T1 (years): 20
SIL CL: SIL 2
PFHp: 1.60 E-08
Channels
Manufacturer: Siemens
Product group: SINAMICS S120 modular
Product type: Double Motor Module Frame Size Booksize Compact
2 Axis
1 axis with SBC
Description: SINAMICS DOUBLE MOTOR MODULE INPUT: DC 600V OUTPUT: 3AC

400V, FRAME SIZE BOOKSIZE COMPACT
Order number: 6SL3420-2TEXX-XAA1
Reference designations:
Supplementary notes: n/a
mission time due to wear (years): 20

Component replacement after (years): 20.0

4.2.3.3. Subsystem Pohon verlikalneho laminovania (1)

Name: Pohon verlikalneho laminovania (1)
Description:
No. of components: 1

4. Annex subsystems
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Type:

Max. service life, T1 (years):
SIL CL:

PFHp:

Channels

Manufacturer:
Product group:
Product type:

Description:

Order number:
Reference designations:
Supplementary notes:

mission time due to wear (years):
Component replacement after (years):

SIL/PL exists
20

SIL 2

3.00 E-08

Siemens

SINAMICS S120 modular

Motor with DRIVE-CLIQ Interface, 1-Encoder system sin/cos
highly integrated interface (DQI)

Motor with DRIVE-CLIQ interface

OHNE

n/a
20

20.0

4.2.3.4. Subsystem Pohon verlikalneho laminovania (2)

Name:

Description:

No. of components:

Type:

Max. service life, T1 (years):
SIL CL:

PFHp:

Channels

Manufacturer:
Product group:
Product type:

Description:

Order number:
Reference designations:
Supplementary notes:

mission time due to wear (years):
Component replacement after (years):

Pohon verlikalneho laminovania (2)

1
SIL/PL exists
20

SIL 2

3.00 E-08

Siemens

SINAMICS S120 modular

Motor with DRIVE-CLIQ Interface, 1-Encoder system sin/cos
highly integrated interface (DQI)

Motor with DRIVE-CLIQ interface

OHNE

n/a
20

20.0

4.2.3.5. Subsystem Pohon verlikalneho pohybu &elusti

Name:

Description:

No. of components:

Type:

Max. service life, T1 (years):
SIL CL:

PFHp:

Channels

Manufacturer:

4. Annex subsystems

Martin Ziak /

Pohon verlikalneho pohybu &elusti

1

SIL/PL exists
20

SIL 2

3.00 E-08

Siemens

Date: 2/28/17
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Product group: SINAMICS S120 modular

Product type: Motor with DRIVE-CLIQ Interface, 1-Encoder system sin/cos
highly integrated interface (DQI)

Description: Motor with DRIVE-CLIQ interface

Order number: OHNE

Reference designations:

Supplementary notes: n/a

mission time due to wear (years): 20

Component replacement after (years): 20.0

4.2.3.6. Subsystem Pohon zovretia &elusti

Name: Pohon zovretia elusti

Description:

No. of components: 1

Type: SIL/PL exists

Max. service life, T1 (years): 20

SIL CL: SIL2

PFHp: 3.00 E-08

Channels

Manufacturer: Siemens

Product group: SINAMICS S120 modular

Product type: Motor with DRIVE-CLIQ Interface, 1-Encoder system sin/cos
highly integrated interface (DQI)

Description: Motor with DRIVE-CLIQ interface

Order number: OHNE

Reference designations:

Supplementary notes: n/a

mission time due to wear (years): 20

Component replacement after (years): 20.0

4.2.3.7. Subsystem SIMOTION D425-2 DP/PN

Name: SIMOTION D425-2 DP/PN

Description:

No. of components: 1

Type: SIL/PL exists

Max. service life, T1 (years): 20

SIL CL: SIL 2

PFHp: 1.00 E-08

Channels

Manufacturer: Siemens

Product group: SIMOTION

Product type: SIMOTION D425-2 DP/PN

Description: SIMOTION DRIVE BASED CONTROL UNIT D425-2 DP/PN MULTI-AXIS
CONTROLLER, BASIC PERFORMANCE UP TO 16 MC AXES

Order number: 6AU1425-2AD00-0AA0

Reference designations:

Supplementary notes: n/a

4. Annex subsystems
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mission time due to wear (years): 20
Component replacement after (years): 20.0

4. Annex subsystems
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5. CCF dialog selections IEC

5.1. SlL-calculation by IEC 62061 Nudzové zastavenie ostatnych nebezpeénych pohyblivych éati
Dialog data for safety function "Nudzové zastavenie ostatnych nebezpecnych pohyblivych ¢ati" (page 3)
SlL-calculation by IEC 62061:

Extend of damage Se Permanent, loss of fingers
Frequency Fr <1proh 5
Probability of occurance Pr Likely 4
Avoidance Av Possible 3
Duration less than 10 minutes No

12

5.1.1. Selections of the user in the ccf dialog of EMERGENCY STOP
CCF-dialog data for subsystem "EMERGENCY STOP" (page 8)

Question Points | Selected
Separation/segregation

Are SRECS signal cables for the individual channels routed separately from other 5 Yes
channels at all positions or sufficiently protected?

Where information encoding/decoding is used, is it sufficient for the detection of signal |10 Yes
transmission errors?

Are SRECS signal and electrical energy power cables separate at all positions or 5 Yes
sufficiently protected?

If subsystem elements are able to contribute to a CCF, are they provided as 5 No

physically separated devices in own local enclosures?

Diversity/redundancy

Does the subsystem employ differnt electrical technologies, e.g. electronics or 8 Yes
programmable electronics and an electromechnical relay as other party?
Does the subsystem employ elements that use different physical prinicples (e.g. 10 No

detecting elements at a safety door which use mechanic and magnetic detecting
techniques)?

Does the subsystem employ elements with differing time responses regarding 10 No
functional operation and/or failure modes?

Do the subsystem elements have a diagnostic test interval of <= 1 min? 10 Yes
Complexity/design/application

Is cross-connection between channels of the subsystem avoided except those used |2 Yes

for diagnostic testing purposes?

Assessment/analysis

Have the results of the failure modes and effects analysis been examined to establish |9 Yes
sources of common cause failure and have predetermined sources of common cause
failure been eliminated by design?

Are field failures analysed and reported back to the design process? 9 Yes
Competencel/training
Do subsystem designers understand the causes and consequences of common 4 Yes

cause failures?

Environmental control

Do the subsystem elements operate likely always without supervision of evironmental |9 Yes
conditions within the range of temperature, humidity, corrosion, dust, vibration, etc. for
which they have been tested?

Is the subsystem immune to adverse influences from electromagnetic interference up |9 Yes
to and including the limits specified in IEC 61326-3-1?

5. CCF dialog selections IEC
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| Question Points Selected

75

5.2. SlL-calculation by IEC 62061 Nudzové zastavenie Sinamics 120 (SS1)
Dialog data for safety function "Nudzové zastavenie Sinamics 120 (SS1)" (page 3)
SlL-calculation by IEC 62061:

Extend of damage Se Permanent, loss of fingers
Frequency Fr <1proh 5
Probability of occurance Pr Likely 4
Avoidance Av Possible 3
Duration less than 10 minutes No

12

5.2.1. Selections of the user in the ccf dialog of EMERGENCY STOP
CCF-dialog data for subsystem "EMERGENCY STOP" (page 19)

Question Points | Selected
Separation/segregation

Are SRECS signal cables for the individual channels routed separately from other 5 Yes
channels at all positions or sufficiently protected?

Where information encoding/decoding is used, is it sufficient for the detection of signal |10 Yes
transmission errors?

Are SRECS signal and electrical energy power cables separate at all positions or 5 Yes
sufficiently protected?

If subsystem elements are able to contribute to a CCF, are they provided as 5 No

physically separated devices in own local enclosures?

Diversity/redundancy

Does the subsystem employ differnt electrical technologies, e.g. electronics or 8 Yes
programmable electronics and an electromechnical relay as other party?
Does the subsystem employ elements that use different physical prinicples (e.g. 10 No

detecting elements at a safety door which use mechanic and magnetic detecting
techniques)?

Does the subsystem employ elements with differing time responses regarding 10 No
functional operation and/or failure modes?

Do the subsystem elements have a diagnostic test interval of <= 1 min? 10 Yes
Complexity/design/application

Is cross-connection between channels of the subsystem avoided except those used |2 Yes

for diagnostic testing purposes?

Assessment/analysis

Have the results of the failure modes and effects analysis been examined to establish |9 Yes
sources of common cause failure and have predetermined sources of common cause
failure been eliminated by design?

Are field failures analysed and reported back to the design process? 9 Yes
Competencel/training
Do subsystem designers understand the causes and consequences of common 4 Yes

cause failures?

Environmental control

Do the subsystem elements operate likely always without supervision of evironmental |9 Yes
conditions within the range of temperature, humidity, corrosion, dust, vibration, etc. for
which they have been tested?

5. CCF dialog selections IEC
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Date: 2/28/17

Question Points Selected
Is the subsystem immune to adverse influences from electromagnetic interference up |9 Yes
to and including the limits specified in IEC 61326-3-1?

75

5. CCF dialog selections IEC
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6. Annex order lists

Date: 2/28/17

6.1. List of all safety related control parts: Nudzové zastavenie ostatnych nebezpe&nych pohyblivych

Gati
Function area Subsystem Parts

Manufacturer Order number
DETECTION Boény maly kryt Siemens 3SE6.0.-.BA..
DETECTION Boény velky kryt Siemens 3SE6.0.-.BA..
DETECTION EMERGENCY STOP Siemens 3SB3.0.-1.A2.
DETECTION EMERGENCY STOP Siemens 3SB3.0.-1.A2.
DETECTION Predny kryt (dvere 1) Siemens 3SE6.0.-.BA..
DETECTION Predny kryt (dvere 2) Siemens 3SE6.0.-.BA..
EVALUATION PLC S7-1500F Siemens 6ES7518-4FP00-0ABO
EVALUATION S7 - Bo¢ny maly kryt Siemens 6ES7526-1BH00-0AB0O
EVALUATION S7 - Boény velky kryt Siemens 6ES7526-1BH00-0AB0O
EVALUATION S7 - EMERGENCY STOP Siemens 6ES7526-1BH00-0AB0O
EVALUATION S7 - Predny kryt (dvere 1) Siemens 6ES7526-1BH00-0AB0O
EVALUATION S7 - Predny kryt (dvere 2) Siemens 6ES7526-1BH00-0ABO
EVALUATION S7 - Stykac - kompresor Siemens 6ES7526-2BF00-0ABO
EVALUATION S7 - Stykac - odvijacie Siemens 6ES7526-2BF00-0ABO

zariadenie

EVALUATION S7 - Stykad - $piraly elusti |Siemens B6ES7526-2BF00-0AB0
REACTION Stykac - kompresor Siemens 3RA61
REACTION Stykac - odvijacie zariadenie |Siemens 3RA61
REACTION Stykad - $piraly elusti Siemens 3RT10

6.2. List of all safety related control parts: Nidzové zastavenie Sinamics 120 (SS1)

laminovania (1)

Function area Subsystem Parts
Manufacturer Order number

DETECTION Boény maly kryt Siemens 3SE6.0.-.BA..
DETECTION Boény velky kryt Siemens 3SE6.0.-.BA..
DETECTION EMERGENCY STOP Siemens 3SB3.0.-1.A2.
DETECTION EMERGENCY STOP Siemens 3SB3.0.-1.A2.
DETECTION Predny kryt (dvere 1) Siemens 3SE6.0.-.BA..
DETECTION Predny kryt (dvere 2) Siemens 3SE6.0.-.BA..
EVALUATION PLC S7-1500F Siemens 6ES7518-4FP00-0ABO
EVALUATION S7 - Boény maly kryt Siemens 6ES7526-1BH00-0ABO
EVALUATION S7 - Boény velky kryt Siemens 6ES7526-1BH00-0ABO
EVALUATION S7 - EMERGENCY STOP Siemens 6ES7526-1BH00-0AB0O
EVALUATION S7 - Predny kryt (dvere 1) Siemens 6ES7526-1BH00-0ABO
EVALUATION S7 - Predny kryt (dvere 2) Siemens 6ES7526-1BH00-0AB0O
REACTION Double Motor Module Frame [Siemens 6SL3420-2TEXX-XAA1

Size Booksize Compact (1)
REACTION Double Motor Module Frame [Siemens 6SL3420-2TEXX-XAA1

Size Booksize Compact (2)
REACTION Pohon verlikalneho Siemens OHNE

6. Annex order lists
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Date: 2/28/17

Function area Subsystem Parts
Manufacturer Order number

REACTION Pohon verlikalneho Siemens OHNE

laminovania (2)
REACTION Paohon verlikalneho pohybu |Siemens OHNE

Gelusti
REACTION Pohon zovretia Gelusti Siemens OHNE
REACTION SIMOTION D425-2 DP/PN  |Siemens 6AU1425-2AD00-0AA0

6. Annex order lists
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SIEMENS

04.01.2017
Customer: FEKT
Plant: UAMT
Customer No.: 001
Last saved:
Project: diplomova_praca_motory
Author: Martin Ziak
Comment: Navrh pohonov pre dvojosi kontinudlny balici stroj

1. Technical data

* Supply system

- Line data
Voltage 400 V
Frequency 50 Hz
Number of phases 3
Allowance for differing supply voltage No
Allowance for short term supply fluctuations Yes
Maximum temporary undervoltage to the rated voltage 15 %
Undervoltage 340V

* Drive system / Supply system
SINAMICS S DC/AC

DC link

Smart Line Module (unregulated DC link)

Configure in the smart mode

No

Cooling method

Internal air cooling

Mounting bracket for booksize compact

6SL3462-1CC00-0AAQ

Mounting bracket for booksize compact

6SL.3462-1CC00-0AAQ

Sum of the DC link capacitances (without braking components) 0,770 mF

Maximum precharging limit 6,000 mF
Input options

Line contactor 3RT2024

Line filter

6SL3000-0HE15-0AA0

Line choke

6SL3000-0CE15-0AA0

Line Module

Order designation

6SL3130-6AE15-0AB1

Product name

Smart Line Module

Connected in parallel

1

Line Module / ambient conditions

Installation altitude 1000 m
Ambient temperature 40 °C
Line Module / catalog data

Rated power of a module 5,00 kW
Peak power of a module 10,00 kW
Compliance with Category C2 limit No

Dimensions (height x width x depth)

50 x 410 x 270 mm

Line Module / load-specific data

Available power

4,47 kW

Avail. peak power

8,95 kW

Line Module / DC link power

Evaluation

Power classes

Power class 1

Effective power 0,46 kW
Peak power 5,98 kW
Power range 0,00 kW - 1,80 kW
Axis Vertikalny smer celusti
Effective power 0,68 kW
Peak power 3,98 kW
Continuous No
This configuration data has been created by the SIZER for Siemens Drives program version 3.15.130.6.0. Page 1 From 16
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04.01.2017
Customer: FEKT
Plant: UAMT
Axis Horizontalny smer celusti
Effective power 0,32 kW
Peak power 1,35 kW
Continuous No
Axis Vyrovnavanie folie1
Effective power 0,16 kW
Peak power 0,16 kW
Continuous No
Axis Vyrovnavanie folie2
Effective power 0,16 kW
Peak power 0,16 kW
Continuous No
Axis Kontinualne pozdizne laminovanie1
Effective power 0,16 kW
Peak power 0,16 kW
Continuous No
Axis Kontinualne pozdizne laminovanie2
Effective power 0,16 kW
Peak power 0,16 kW
Continuous No
Calculated coincidence factor 0,28
Coincidence factor for max. motor DC link power 1,00
Total
Effective power 0,46 kW
Peak power 5,98 kW
* Vertikalny smer celusti / Drive system / Supply system
- Motor Module
Order designation 6SL3120-2TE21-0ADO
Product name Double Motor Module
Connected in parallel 1
Drive-based Safety Integrated None
Motor Module / ambient conditions
Installation altitude 1000 m
Ambient temperature 40 °C
Motor Module / catalog data
Rated current of a module 9,00 A
Peak current 27,00 A
Dimensions (height x width x depth) 50 x 410 x 226 mm
Motor Module / load-specific data
Available current 9,00 A
Available peak current 27,00 A
Pulse frequency factory setting 4,00 kHz
Required pulse frequency 4,00 kHz
- Motor supply cable
Laying method VDE 0298-4, without spacing
Cable cross-section 1*4x1.5 mm?
external cable, PVC, 90° C
Cable length 10,0 m
Connector for power cable
Order designation 6SL3162-2MA00-0ACO
Version Screw connection
- Motor
Order designation 1FK7064-4CC71-1CB1
Motor / ambient conditions
Installation altitude 1000 m
This configuration data has been created by the SIZER for Siemens Drives program version 3.15.130.6.0. Page 2 From 16
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Customer: FEKT
Plant: UAMT

Ambient temperature 40 °C

Temperature rise class F/100K

Dimensioning with field weakening operation No

Motor / catalog data (100K values)

Motor type 1FK7

Version High Dynamic (generation 2)

Calculated power 2,50 kW

Static torque 12,00 Nm

Rated torque 10,00 Nm

Stall current 8,10 A

Rated current 7,10 A

Rated speed 2000,00 rpm

Shaft height 63 mm

Efficiency 0,920

Encoder AM24DQI - absolute encoder 24-bit + 12-bit multiturn

Encoder evaluation

Motor integrated

Cooling method

Self-cooling

Holding brake

With holding brake

Shaft extension

With featherkey and half-key balancing

Radial eccentricity tolerance N
Vibration severity grade A
Degree of protection IP 65

Type of construction

IM B5 (IM V1, IM V3)

Direction of connection

270 degree rotatable

Paint finish

Anthracite (similar to RAL7016)

Motor / calculated data

RMS motor current 741A
Maximum motor current 14,13 A
Thermal utilization 93,9 %
Utilization of the max. possible torque 93,9 %
External moment of inertia / motor moment of inertia 5,17
Load speed / rated speed 0,31

Load data on the motor shaft

Load type Slider crank / eccentric
Effective load torque 10,74 Nm

Mean speed 626,47 rpm

Peak torque 20,22 Nm

Speed at peak torque 1037,44 rpm

Max. speed 1729,07 rpm

Load data on the additional gearbox

Maximum output torque 355,20 Nm

Maximum output speed 86,45 rpm

* Horizontalny smer celusti / Drive system / Supply system
Motor Module

Order designation

6SL3120-2TE21-0ADO

Product name

Double Motor Module

Connected in parallel

1

Drive-based Safety Integrated None
Motor Module / ambient conditions

Installation altitude 1000 m
Ambient temperature 40 °C
Motor Module / catalog data

Rated current of a module 9,00 A
Peak current 27,00 A

Dimensions (height x width x depth)

50 x 410 x 226 mm
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Plant: UAMT

04.01.2017

Motor Module / load-specific data

Available current 9,00 A
Available peak current 27,00 A
Pulse frequency factory setting 4,00 kHz
Required pulse frequency 4,00 kHz

Motor supply cable

Cable type

MOTION-CONNECT 500 without brake cable, quick
connection (fixed mounting) S120R

Laying method

DIN EN 60204-1

Cable cross-section

1*4x1.5 mm?

Order designation

6FX5002-5CN06-1BAO

Cable length

10,0 m

Motor

Order designation

1FK7062-2AC71-1CG0

Motor / ambient conditions

Installation altitude 1000 m

Ambient temperature 40 °C

Temperature rise class F/100K

Dimensioning with field weakening operation No

Motor / catalog data (100K values)

Motor type 1FK7

Version Compact (generation 2)
Calculated power 1,78 kW

Static torque 8,50 Nm

Rated torque 7,00 Nm

Stall current 3,00 A

Rated current 2,65A

Rated speed 2000,00 rpm

Shaft height 63 mm

Efficiency 0,900

Encoder AM24DQI - absolute encoder 24-bit + 12-bit multiturn

Encoder evaluation

Motor integrated

Cooling method Self-cooling

Holding brake Without holding brake
Shaft extension Plain

Radial eccentricity tolerance N

Vibration severity grade A

Degree of protection IP 64

Type of construction

IM B5 (IM V1, IM V3)

Direction of connection

270 degree rotatable

Paint finish

Anthracite (similar to RAL7016)

Motor / gearbox data

Order designation V40

Name LP120-M01
Mounting position Horizontal

Type of construction IM B5

Gearbox shaft With featherkey
Rated output speed 520,00 rpm
Maximum output speed 960,00 rpm
Gear ratio 5

Operating mode Continuous operation
Rated output torque 110,00 Nm
Maximum output torque 220,00 Nm
Efficiency 97,0 %

Moment of inertia

0,000542 kg m?

Motor / calculated data
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Customer: FEKT
Plant: UAMT
RMS motor current 1,82A
Maximum motor current 3,09A
Thermal utilization 69,5 %
Utilization of the max. possible torque 48,8 %
External moment of inertia / motor moment of inertia 3,89
Load speed / rated speed 0,24
Load data on the motor shaft
Load type Slider crank / eccentric
Effective load torque 5,13 Nm
Mean speed 484,92 rpm
Peak torque 8,65 Nm
Speed at peak torque 1192,32 rpm
Max. speed 1255,08 rpm
Load data on the mounted gearbox
Mean output torque 19,55 Nm
Maximum output torque 29,47 Nm
Mean output speed 96,98 rpm
Maximum output speed 251,02 rpm
Shock factor 2,10
Load data on the belt drive
Maximum output torque 34,70 Nm
Maximum output speed 209,80 rpm

* Vyrovnavanie folie1 / Drive system / Supply system

Motor Module

Order designation

6SL3420-2TE11-7AA1

Product name

Double Motor Module

Connected in parallel

1

Drive-based Safety Integrated None
Motor Module / ambient conditions

Installation altitude 1000 m
Ambient temperature 40 °C
Motor Module / catalog data

Rated current of a module 1,70A
Peak current 510A

Dimensions (height x width x depth)

75 x 300 x 224 mm

Motor Module / load-specific data

Available current 1,70A
Available peak current 510A
Pulse frequency factory setting 4,00 kHz
Required pulse frequency 4,00 kHz

Motor supply cable

Cable type

MOTION-CONNECT 500 with brake cable, quick
connection (fixed mounting)

Laying method

DIN EN 60204-1

Cable cross-section

1*4x1.5 mm?

Order designation

6FX5002-5DN30-1BAO

Cable length

10,0 m

Motor encoder

Encoder

IC2048S/R - incremental encoder sin/cos 1Vpp 2048
S/R with C and D track

Encoder evaluation

SMC 20

Order designation

6SL3055-0AA00-5BA3

Signal cables

Order designation

6FX8002-2CA20-1BAO
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Plant: UAMT
Cable type MOTION-CONNECT 800 IP20/IP67 (trailing-type)
Cable length 10,00 m
- Motor

Order designation

1FK7011-5AK74-1AG3

Motor / ambient conditions

Installation altitude 1000 m
Ambient temperature 40 °C
Temperature rise class F/100K
Motor / catalog data (100K values)

Motor type 1FK7

Static torque 0,18 Nm
Stall current 1,70A
Rated speed 6000,00 rpm
Rated current 1,00 A
Rated torque 0,08 Nm

Type of construction

IM B5 (IM V1, IM V3)

Direction of connection

270 degree rotatable

Shaft height 20 mm
Efficiency 0,510
Encoder IC2048S/R - incremental encoder sin/cos 1Vpp 2048

S/R with C and D track

Encoder evaluation

External SMC module

Temperature evaluation

PT1000

Note

The use of the PT1000 temperature sensor is
recommended and supported as of

SINAMICS G FW 4.7 SP6

SINAMICS S 4.7 HF17

SINUMERIK 4.5 SP6 or 4.7 SP2 HF1

SIMOTION SCOUT V4.5 (relevant for SIMOTION D
and configuration of SINAMICS S120 CUs via
SCOUT)

Cooling method Self-cooling

Holding brake Without holding brake
Shaft extension Plain

Radial eccentricity tolerance N

Vibration severity grade A

Degree of protection IP 54

Paint finish

Anthracite (similar to RAL7016)

Version

Compact (generation 1)

Load data on the motor shaft

Speed at the operating point 6000,00 rpm
Torque at the operating point 0,08 Nm
Current at the operating point 0,74 A
Power at the operating point 0,05 kW
Actual stall current 1,70A
Actual static torque 0,18 Nm

* Vyrovnavanie folie2 / Drive system / Supply system
Motor Module

Order designation

6SL3420-2TE11-7AA1

Product name

Double Motor Module

Connected in parallel

1

Drive-based Safety Integrated None
Motor Module / ambient conditions
Installation altitude 1000 m
Ambient temperature 40 °C
Motor Module / catalog data
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Rated current of a module 1,70A
Peak current 510A

Dimensions (height x width x depth)

75 x 300 x 224 mm

Motor Module / load-specific data

Available current 1,70A
Available peak current 510A
Pulse frequency factory setting 4,00 kHz
Required pulse frequency 4,00 kHz

Motor supply cable

Cable type

MOTION-CONNECT 500 with brake cable, quick
connection (fixed mounting)

Laying method

DIN EN 60204-1

Cable cross-section

1*4x1.5 mm?

Order designation

6FX5002-5DN30-1BAO

Cable length

10,0 m

Motor encoder

Encoder

IC2048S/R - incremental encoder sin/cos 1Vpp 2048
S/R with C and D track

Encoder evaluation

SMC 20

Order designation

6SL3055-0AA00-5BA3

Signal cables

Order designation

6FX8002-2CA20-1BAO

Cable type MOTION-CONNECT 800 IP20/IP67 (trailing-type)
Cable length 10,00 m
Motor

Order designation

1FK7011-5AK74-1AG3

Motor / ambient conditions

Installation altitude 1000 m
Ambient temperature 40 °C
Temperature rise class F/100K
Motor / catalog data (100K values)

Motor type 1FK7

Static torque 0,18 Nm
Stall current 1,70A
Rated speed 6000,00 rpm
Rated current 1,00 A
Rated torque 0,08 Nm

Type of construction

IM B5 (IM V1, IM V3)

Direction of connection

270 degree rotatable

Shaft height 20 mm
Efficiency 0,510
Encoder IC2048S/R - incremental encoder sin/cos 1Vpp 2048

S/R with C and D track

Encoder evaluation

External SMC module

Temperature evaluation

PT1000

Note

The use of the PT1000 temperature sensor is
recommended and supported as of

SINAMICS G FW 4.7 SP6

SINAMICS S 4.7 HF17

SINUMERIK 4.5 SP6 or 4.7 SP2 HF1

SIMOTION SCOUT V4.5 (relevant for SIMOTION D
and configuration of SINAMICS S120 CUs via
SCOUT)

Cooling method Self-cooling
Holding brake Without holding brake
Shaft extension Plain
Radial eccentricity tolerance N
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04.01.2017
Customer: FEKT
Plant: UAMT
Vibration severity grade A
Degree of protection IP 54

This configuration data has been created by the SIZER for Siemens Drives program version 3.15.130.6.0.

P

Paint finish

Anthracite (similar to RAL7016)

Version

Compact (generation 1)

Load data on the motor shaft

Speed at the operating point 6000,00 rpm
Torque at the operating point 0,08 Nm
Current at the operating point 0,74 A
Power at the operating point 0,05 kW
Actual stall current 1,70A
Actual static torque 0,18 Nm

ontinualne pozdizne laminovanie1 / Drive system / Supply system
Motor Module

Order designation

6SL3420-2TE11-7AA1

Product name

Double Motor Module

Connected in parallel

1

Drive-based Safety Integrated None
Motor Module / ambient conditions

Installation altitude 1000 m
Ambient temperature 40 °C
Motor Module / catalog data

Rated current of a module 1,70A
Peak current 510A

Dimensions (height x width x depth)

75 x 300 x 224 mm

Motor Module / load-specific data

Available current 1,70A
Available peak current 510A
Pulse frequency factory setting 4,00 kHz
Required pulse frequency 4,00 kHz

Motor supply cable

Cable type

MOTION-CONNECT 500 with brake cable, quick
connection (fixed mounting)

Laying method

DIN EN 60204-1

Cable cross-section

1*4x1.5 mm?

Order designation

6FX5002-5DN30-1BAO

Cable length

10,0 m

Motor encoder

Encoder

IC2048S/R - incremental encoder sin/cos 1Vpp 2048
S/R with C and D track

Encoder evaluation

SMC 20

Order designation

6SL3055-0AA00-5BA3

Signal cables

Order designation

6FX8002-2CA20-1BAO

Cable type MOTION-CONNECT 800 IP20/IP67 (trailing-type)
Cable length 10,00 m
Motor

Order designation

1FK7011-5AK74-1AG3

Motor / ambient conditions

Installation altitude 1000 m
Ambient temperature 40 °C
Temperature rise class F/100K
Motor / catalog data (100K values)

Motor type 1FK7
Static torque 0,18 Nm
Stall current 1,70A

Copyright ©Siemens AG 2001-2016. All rights reserved.
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04.01.2017
Customer: FEKT
Plant: UAMT
Rated speed 6000,00 rpm
Rated current 1,00 A
Rated torque 0,08 Nm

Type of construction

IM B5 (IM V1, IM V3)

Direction of connection

270 degree rotatable

Shaft height 20 mm
Efficiency 0,510
Encoder IC2048S/R - incremental encoder sin/cos 1Vpp 2048

S/R with C and D track

Encoder evaluation

External SMC module

Temperature evaluation

PT1000

Note

The use of the PT1000 temperature sensor is
recommended and supported as of

SINAMICS G FW 4.7 SP6

SINAMICS S 4.7 HF17

SINUMERIK 4.5 SP6 or 4.7 SP2 HF1

SIMOTION SCOUT V4.5 (relevant for SIMOTION D
and configuration of SINAMICS S120 CUs via
SCOUT)

Cooling method Self-cooling

Holding brake Without holding brake
Shaft extension Plain

Radial eccentricity tolerance N

Vibration severity grade A

Degree of protection IP 54

Paint finish Anthracite (similar to RAL7016)
Version Compact (generation 1)

Load data on the motor shaft

Speed at the operating point 6000,00 rpm

Torque at the operating point 0,08 Nm

Current at the operating point 0,74 A

Power at the operating point 0,05 kW

Actual stall current 1,70A

Actual static torque 0,18 Nm

* Kontinualne pozdizne laminovanie2 / Drive system / Supply system

This configuration data has been created by the SIZER for Siemens Drives program version 3.15.130.6.0.

Motor Module

Order designation

6SL3420-2TE11-7AA1

Product name

Double Motor Module

Connected in parallel

1

Drive-based Safety Integrated None
Motor Module / ambient conditions

Installation altitude 1000 m
Ambient temperature 40 °C
Motor Module / catalog data

Rated current of a module 1,70A
Peak current 510A

Dimensions (height x width x depth)

75 x 300 x 224 mm

Motor Module / load-specific data

Available current 1,70A
Available peak current 510A
Pulse frequency factory setting 4,00 kHz
Required pulse frequency 4,00 kHz

Motor supply cable

Cable type

MOTION-CONNECT 500 with brake cable, quick
connection (fixed mounting)

Laying method

DIN EN 60204-1
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SIEMENS

Customer: FEKT
Plant: UAMT

04.01.2017

Cable cross-section

1*4x1.5 mm?

Order designation

6FX5002-5DN30-1BAO

Cable length

10,0 m

Motor encoder

Encoder

IC2048S/R - incremental encoder sin/cos 1Vpp 2048
S/R with C and D track

Encoder evaluation

SMC 20

Order designation

6SL3055-0AA00-5BA3

Signal cables

Order designation

6FX8002-2CA20-1BAO

Cable type MOTION-CONNECT 800 IP20/IP67 (trailing-type)
Cable length 10,00 m
- Motor

Order designation

1FK7011-5AK74-1AG3

Motor / ambient conditions

Installation altitude 1000 m
Ambient temperature 40 °C
Temperature rise class F/100K
Motor / catalog data (100K values)

Motor type 1FK7

Static torque 0,18 Nm
Stall current 1,70A
Rated speed 6000,00 rpm
Rated current 1,00 A
Rated torque 0,08 Nm

Type of construction

IMB5 (IM V1, IM V3)

Direction of connection

270 degree rotatable

Shaft height 20 mm
Efficiency 0,510
Encoder IC2048S/R - incremental encoder sin/cos 1Vpp 2048

S/R with C and D track

Encoder evaluation

External SMC module

Temperature evaluation

PT1000

Note

The use of the PT1000 temperature sensor is
recommended and supported as of

SINAMICS G FW 4.7 SP6

SINAMICS S 4.7 HF17

SINUMERIK 4.5 SP6 or 4.7 SP2 HF1

SIMOTION SCOUT V4.5 (relevant for SIMOTION D
and configuration of SINAMICS S120 CUs via
SCOUT)

Cooling method Self-cooling

Holding brake Without holding brake
Shaft extension Plain

Radial eccentricity tolerance N

Vibration severity grade A

Degree of protection IP 54

Paint finish

Anthracite (similar to RAL7016)

Version

Compact (generation 1)

Load data on the motor shaft

Speed at the operating point 6000,00 rpm
Torque at the operating point 0,08 Nm
Current at the operating point 0,74 A
Power at the operating point 0,05 kW
Actual stall current 1,70 A
Actual static torque 0,18 Nm
This configuration data has been created by the SIZER for Siemens Drives program version 3.15.130.6.0. Page 10 From 16
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04.01.2017
Customer: FEKT
Plant: UAMT
Legend

The overload capability for dimensioning according to load characteristic (e.g. load cycle with constant ON
duration) refers to a temporarily required overload on the motor. With longer or cyclic overloads, a configuration via
the application is required.

With "Simple motor selection without load configuration”, the rated data based on 400/460 V will not be attained
depending on the selected drive and version (DC link, control method and control factor). Please take this into
account when selecting/using the motor.

Please check the correct DRIVE-CLIQ topology for the configured SINAMICS S120 drive systems.

This configuration data has been created by the SIZER for Siemens Drives program version 3.15.130.6.0. Page 11 From 16
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Customer: FEKT

Plant: UAMT

2. Load curve on the motor shaft

04.01.2017

2.1.  Vertikalny smer celusti / Drive system / Supply system / 1FK7064-4CC71-1CB1 [Slider crank / eccentric]

Load cycle data:

[Nm] [rpm] Motor torque without
200+ 12000 J-motor (user input)
Motor torque taking
15.0 + 1 1500 account of J-motor and
’ holding torque
10,0 + + 1000 Motor speed
50+ + 500
0,0 1o
5,0 T | — 15
-10,0 ¢ ¢ ¢ ¢ ¢ / -1000
0,000 0,050 0,100 0,150 0,200 0,250 0,300 [s]
The data in the table does not take any rounding into account.
Traversing profile data as individual trav. sections:
Type Duration [s] n-start n-end M-start [Nm] M-end M-start [Nm] M-end Holding
[rom] [rom] without [Nm] with J-motor | [Nm] with brake
J-motor without J-motor
J-motor
- 0,00292 0,00 -33,42 1,27 1,27 0,25 0,25 No
- 0,00292 -33,42 -66,85 1,27 1,27 0,25 0,25 No
- 0,00292 -66,85 -100,27 1,27 1,26 0,25 0,24 No
- 0,00292 -100,27 -133,69 1,26 1,25 0,24 0,23 No
- 0,00292 -133,69 -167,11 1,25 1,23 0,23 0,21 No
- 0,00292 -167,11 -200,54 1,23 1,21 0,21 0,19 No
- 0,00292 -200,54 -233,96 1,21 1,19 0,19 0,17 No
- 0,00292 -233,96 -267,38 1,19 1,17 0,17 0,15 No
- 0,00292 -267,38 -300,80 1,17 1,14 0,15 0,12 No
- 0,00292 -300,80 -334,23 1,14 1,12 0,12 0,10 No
- 0,00292 -334,23 -367,65 1,12 1,08 0,10 0,06 No
- 0,00292 -367,65 -401,07 1,08 1,05 0,06 0,03 No
- 0,00292 -401,07 -434,49 1,05 1,02 0,03 0,00 No
- 0,00292 -434,49 -467,92 1,02 0,98 0,00 -0,04 No
- 0,00292 -467,92 -501,34 0,98 0,94 -0,04 -0,08 No
- 0,00292 -501,34 -534,76 0,94 0,90 -0,08 -0,12 No
- 0,00292 -534,76 -568,18 0,90 0,86 -0,12 -0,16 No
- 0,00292 -568,18 -601,61 0,86 0,82 -0,16 -0,20 No
- 0,00292 -601,61 -635,03 0,82 0,78 -0,20 -0,24 No
- 0,00292 -635,03 -668,45 0,78 0,73 -0,24 -0,29 No
- 0,00517 -668,45 -668,45 5,05 5,12 5,05 5,12 No
- 0,00517 -668,45 -668,45 5,12 5,18 5,12 5,18 No
- 0,00517 -668,45 -668,45 5,18 5,24 5,18 5,24 No
- 0,00517 -668,45 -668,45 5,24 5,29 5,24 5,29 No
- 0,00517 -668,45 -668,45 5,29 5,35 5,29 5,35 No
- 0,00517 -668,45 -668,45 5,35 5,40 5,35 5,40 No
- 0,00517 -668,45 -668,45 5,40 5,45 5,40 5,45 No
- 0,00517 -668,45 -668,45 5,45 5,49 5,45 5,49 No
- 0,00517 -668,45 -668,45 5,49 5,54 5,49 5,54 No
- 0,00517 -668,45 -668,45 5,54 5,58 5,54 5,58 No
- 0,00517 -668,45 -668,45 5,58 5,62 5,58 5,62 No
- 0,00517 -668,45 -668,45 5,62 5,66 5,62 5,66 No
- 0,00517 -668,45 -668,45 5,66 5,69 5,66 5,69 No
- 0,00517 -668,45 -668,45 5,69 5,72 5,69 5,72 No
- 0,00517 -668,45 -668,45 5,72 5,75 5,72 5,75 No
This configuration data has been created by the SIZER for Siemens Drives program version 3.15.130.6.0. Page 12 From 16
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Customer: FEKT
Plant: UAMT
- 0,00517 | -668,45| -668,45 5,75 5,78 5,75 578 No
- 0,00517 | -668,45| -668,45 5,78 5,80 5,78 5,80 No
- 0,00517 | -668,45| -668,45 5,80 5,82 5,80 5,82 No
- 0,00517 | -668,45| -668,45 5,82 5,84 5,82 5,84 No
- 0,00517 | -668,45| -668,45 5,84 5,85 5,84 5,85 No
- 0,00292 | -668,45| -635,03 10,75 10,74 1,77 11,76 No
- 0,00292| -635,03| -601,61 10,74 10,73 11,76 1,75 No
- 0,00292| -601,61| -568,18 10,73 10,72 1,75 1,74 No
- 0,00292 | -568,18| -534,76 10,72 10,70 1,74 1,72 No
- 0,00292 | -534,76| -501,34 10,70 10,68 1,72 11,70 No
- 0,00292 | -501,34| -467,92 10,68 10,66 1,70 11,68 No
- 0,00292 | -467,92| -434,49 10,66 10,64 11,68 11,66 No
- 0,00292 | -434,49| -401,07 10,64 10,62 11,66 11,64 No
- 0,00292 | -401,07| -367,65 10,62 10,61 11,64 11,63 No
- 0,00292 | -367,65| -334,23 10,61 10,59 11,63 11,61 No
- 0,00292 | -334,23| -300,80 10,59 10,57 11,61 11,59 No
- 0,00292 | -300,80| -267,38 10,57 10,55 11,59 1,57 No
- 0,00292 | -267,38| -233,96 10,55 10,53 1,57 11,55 No
- 0,00292 | -233,96| -200,54 10,53 10,52 11,55 11,54 No
- 0,00292| -200,54| -167,11 10,52 10,51 11,54 11,53 No
- 0,00292 | -167,11| -133,69 10,51 10,50 11,53 11,52 No
- 0,00292 | -13369| -100,27 10,50 10,49 11,52 11,51 No
- 0,00292 | -100,27 -66,85 10,49 10,48 11,51 11,50 No
- 0,00292 -66,85 -33,42 10,48 10,48 11,50 11,50 No
- 0,00292 -33,42 0,00 10,48 10,48 11,50 11,50 No
- 0,00313 0,00 86,45 17,22 17,23 19,69 19,69 No
- 0,00313 86,45 172,91 17,23 17,25 19,69 19,71 No
- 0,00313 172,91 259,36 17,25 17,28 19,71 19,75 No
- 0,00313 259,36 345,81 17,28 17,33 19,75 19,79 No
- 0,00313 345,81 432,27 17,33 17,38 19,79 19,84 No
- 0,00313 432,27 518,72 17,38 17,44 19,84 19,90 No
- 0,00313 518,72 605,17 17,44 17,51 19,90 19,97 No
- 0,00313 605,17 691,63 17,51 17,57 19,97 20,04 No
- 0,00313 691,63 778,08 17,57 17,64 20,04 20,10 No
- 0,00313 778,08 864,53 17,64 17,69 20,10 20,16 No
- 0,00313 864,53 950,99 17,69 17,74 20,16 20,20 No
- 0,00313 950,99 | 1037,44 17,74 17,76 20,20 20,22 No
- 0,00313| 1037,44| 1123,89 17,76 17,76 20,22 20,22 No
- 0,00313| 112389| 1210,35 17,76 17,72 20,22 20,18 No
- 0,00313| 1210,35| 1296,80 17,72 17,64 20,18 20,10 No
- 0,00313| 1296,80| 1383,25 17,64 17,50 20,10 19,97 No
- 0,00313| 1383,25| 1469,71 17,50 17,31 19,97 19,77 No
- 0,00313| 1469,71| 1556,16 17,31 17,04 19,77 19,51 No
- 0,00313| 1556,16 | 1642,61 17,04 16,70 19,51 19,16 No
- 0,00313| 1642,61| 1729,07 16,70 16,25 19,16 18,72 No
- 0,00313| 1729,07| 1642,61 6,99 7,01 9,45 9,47 No
- 0,00313| 1642,61| 1556,16 -7,01 6,96 9,47 9,42 No
- 0,00313| 1556,16 | 1469,71 6,96 6,86 9,42 9,33 No
- 0,00313| 1469,71| 1383,25 6,86 6,72 9,33 9,19 No
- 0,00313| 1383,25| 1296,80 6,72 6,55 9,19 -9,01 No
- 0,00313| 1296,80| 1210,35 6,55 6,36 9,01 8,82 No
- 0,00313| 1210,35| 1123,89 6,36 6,14 8,82 -8,61 No
- 0,00313| 112389| 1037,44 6,14 -5,92 8,61 8,38 No
- 0,00313 | 1037,44 950,99 -5,92 -5,70 -8,38 -8,16 No
- 0,00313 950,99 864,53 -5,70 -5,47 -8,16 7,94 No
- 0,00313 864,53 778,08 -5,47 -5,26 7,94 7,72 No
- 0,00313 778,08 691,63 -5,26 -5,06 7,72 7,52 No
- 0,00313 691,63 605,17 -5,06 4,87 7,52 7,33 No
- 0,00313 605,17 518,72 4,87 4,70 7,33 717 No
- 0,00313 518,72 432,27 -4,70 -4,56 717 -7,02 No
- 0,00313 432,27 345,81 -4,56 -4,44 7,02 6,90 No
- 0,00313 345,81 259,36 -4,44 -4,34 6,90 6,80 No
- 0,00313 259,36 172,91 4,34 4,27 6,80 6,73 No

This configuration data has been created by the SIZER for Siemens Drives program version 3.15.130.6.0.
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Customer: FEKT
Plant: UAMT
- 0,00313 172,91 86,45 -4,27 -4,23 6,73 -6,69 No
- 0,00313 86,45 0,00 -4,23 -4,21 -6,69 -6,68 No
2.2. Horizontalny smer celusti / Drive system / Supply system / 1FK7062-2AC71-1CGO [Slider crank / eccentric]

Load cycle data:

[Nm] [rpm] Motor torque without
6,0 - —+ 2500 J-motor (user input)
401 /\ 1 2000 Motor torque taking
/\ account of J-motor and
2,0 41500 holding torque
0.0 1 1000 Motor speed
-2,0 -+ 500
-4,0 + +0
-6,0 + -+ -500
-8,0 T +-1000
-10,0 } } } } -1500
0,00 0,10 0,20 0,30 0,40 [s]
The data in the table does not take any rounding into account.
Traversing profile data as individual trav. sections:
Type Duration [s] n-start n-end M-start [Nm] M-end M-start [Nm] M-end Holding
[rom] [rom] without [Nm] with J-motor | [Nm] with brake
J-motor without J-motor
J-motor
- 0,00425 0,00 62,75 3,40 3,42 5,14 5,15 No
- 0,00425 62,75 125,51 3,42 3,47 5,15 5,20 No
- 0,00425 125,51 188,26 3,47 3,54 5,20 5,27 No
- 0,00425 188,26 251,02 3,54 3,65 5,27 5,38 No
- 0,00425 251,02 313,77 3,65 3,78 5,38 5,52 No
- 0,00425 313,77 376,52 3,78 3,94 5,52 5,68 No
- 0,00425 376,52 439,28 3,94 4,13 5,68 5,86 No
- 0,00425 439,28 502,03 4,13 4,33 5,86 6,06 No
- 0,00425 502,03 564,78 4,33 4,54 6,06 6,27 No
- 0,00425 564,78 627,54 4,54 4,75 6,27 6,48 No
- 0,00425 627,54 690,29 4,75 4,95 6,48 6,68 No
- 0,00425 690,29 753,05 4,95 5,11 6,68 6,84 No
- 0,00425 753,05 815,80 5,11 5,21 6,84 6,94 No
- 0,00425 815,80 878,55 5,21 5,22 6,94 6,95 No
- 0,00425 878,55 941,31 5,22 5,11 6,95 6,84 No
- 0,00425 941,31 1004,06 5,11 4,84 6,84 6,57 No
- 0,00425| 1004,06| 1066,82 4,84 4,38 6,57 6,11 No
- 0,00425| 1066,82 1129,57 4,38 3,70 6,11 5,43 No
- 0,00425 1129,57 1192,32 3,70 2,79 5,43 4,53 No
- 0,00425 1192,32 |  1255,08 2,79 1,67 4,53 3,40 No
- 0,00425 | 1255,08 1192,32 -6,53 -6,56 -8,26 -8,29 No
- 0,00425 1192,32 1129,57 -6,56 -6,33 -8,29 -8,06 No
- 0,00425 1129,57 | 1066,82 -6,33 -5,91 -8,06 -7,65 No
- 0,00425| 1066,82| 1004,06 -5,91 -5,38 -7,65 -7,11 No
- 0,00425 | 1004,06 941,31 -5,38 -4,77 -7,1 -6,50 No
- 0,00425 941,31 878,55 -4,77 -4,15 -6,50 -5,88 No
- 0,00425 878,55 815,80 -4,15 -3,56 -5,88 -5,29 No
- 0,00425 815,80 753,05 -3,56 -3,02 -5,29 -4,75 No
- 0,00425 753,05 690,29 -3,02 -2,55 -4,75 -4,28 No
- 0,00425 690,29 627,54 -2,55 -2,15 -4,28 -3,88 No
- 0,00425 627,54 564,78 -2,15 -1,83 -3,88 -3,56 No
- 0,00425 564,78 502,03 -1,83 -1,58 -3,56 -3,31 No
- 0,00425 502,03 439,28 -1,58 -1,39 -3,31 -3,12 No
- 0,00425 439,28 376,52 -1,39 -1,26 -3,12 -2,99 No

This configuration data has been created by the SIZER for Siemens Drives program version 3.15.130.6.0.
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- 0,00425 376,52 313,77 1,26 -1,16 2,99 2,89 No
- 0,00425 313,77 251,02 -1,16 -1,10 2,89 2,83 No
- 0,00425 251,02 188,26 -1,10 -1,06 2,83 2,79 No
- 0,00425 188,26 125,51 -1,06 -1,04 2,79 2,77 No
- 0,00425 125,51 62,75 -1,04 1,02 2,77 2,76 No
- 0,00425 62,75 0,00 -1,02 -1,02 2,76 2,75 No
- 0,00500 0,00 0,00 3,40 3,40 3,40 3,40 No
- 0,00500 0,00 0,00 3,40 3,40 3,40 3,40 No
- 0,00500 0,00 0,00 3,40 3,40 3,40 3,40 No
- 0,00500 0,00 0,00 3,40 3,40 3,40 3,40 No
- 0,00500 0,00 0,00 3,40 3,40 3,40 3,40 No
- 0,00500 0,00 0,00 3,40 3,40 3,40 3,40 No
- 0,00500 0,00 0,00 3,40 3,40 3,40 3,40 No
- 0,00500 0,00 0,00 3,40 3,40 3,40 3,40 No
- 0,00500 0,00 0,00 3,40 3,40 3,40 3,40 No
- 0,00500 0,00 0,00 3,40 3,40 3,40 3,40 No
- 0,00500 0,00 0,00 3,40 3,40 3,40 3,40 No
- 0,00500 0,00 0,00 3,40 3,40 3,40 3,40 No
- 0,00500 0,00 0,00 3,40 3,40 3,40 3,40 No
- 0,00500 0,00 0,00 3,40 3,40 3,40 3,40 No
- 0,00500 0,00 0,00 3,40 3,40 3,40 3,40 No
- 0,00500 0,00 0,00 3,40 3,40 3,40 3,40 No
- 0,00500 0,00 0,00 3,40 3,40 3,40 3,40 No
- 0,00500 0,00 0,00 3,40 3,40 3,40 3,40 No
- 0,00500 0,00 0,00 3,40 3,40 3,40 3,40 No
- 0,00500 0,00 0,00 3,40 3,40 3,40 3,40 No
- 0,00425 0,00 62,75 -1,03 -1,04 2,76 2,77 No
- 0,00425 62,75 12551 -1,04 1,05 2,77 2,78 No
- 0,00425| -12551| -188,26 1,05 -1,07 2,78 2,80 No
- 0,00425| -188,26| -251,02 -1,07 1,11 2,80 2,85 No
- 0,00425| -251,02| -313,77 1,11 1,18 2,85 2,91 No
- 0,00425| -313,77| -376,52 1,18 1,28 2,91 -3,01 No
- 0,00425| -376552| -439,28 1,28 1,43 -3,01 -3,16 No
- 0,00425| -439,28| -502,03 1,43 -1,63 -3,16 -3,36 No
- 0,00425| -502,03| -564,78 -1,63 -1,89 -3,36 -3,62 No
- 0,00425| -564,78| -627,54 -1,89 2,23 -3,62 -3,96 No
- 0,00425| -627,54| -690,29 2,23 2,65 -3,96 -4,38 No
- 0,00425| -690,29| -753,05 2,65 3,15 4,38 4,89 No
- 0,00425| -753,05| -815,80 3,15 3,73 4,89 5,46 No
- 0,00425| -81580| -878,55 3,73 4,36 5,46 6,09 No
- 0,00425| -878,55| -941,31 -4,36 -5,02 6,09 6,75 No
- 0,00425| -941,31| -1004,06 -5,02 -5,66 6,75 7,39 No
- 0,00425 | -1004,06 | -1066,82 -5,66 6,23 7,39 7,97 No
- 0,00425 | -1066,82| -1129,57 6,23 6,67 7,97 8,41 No
- 0,00425| -1129,57 | -1192,32 6,67 6,91 8,41 8,65 No
- 0,00425 | -1192,32| -1255,08 6,91 6,89 8,65 8,62 No
- 0,00425 | -1255,08| -1192,32 1,62 2,68 3,35 4,41 No
- 0,00425 | -1192,32| -1129,57 2,68 3,53 4,41 5,26 No
- 0,00425 | -1129,57 | -1066,82 3,53 417 5,26 5,90 No
- 0,00425 | -1066,82| -1004,06 417 4,60 5,90 6,34 No
- 0,00425 | -1004,06 | -941,31 4,60 4,86 6,34 6,59 No
- 0,00425| -941,31| -878,55 4,86 4,96 6,59 6,69 No
- 0,00425| -87855| -815,80 4,96 4,95 6,69 6,68 No
- 0,00425| -81580| -753,05 4,95 4,86 6,68 6,59 No
- 0,00425| -753,05| -690,29 4,86 4,70 6,59 6,44 No
- 0,00425| -690,29| -627,54 4,70 4,52 6,44 6,25 No
- 0,00425| -627,54| -564,78 4,52 4,32 6,25 6,05 No
- 0,00425| -564,78| -502,03 4,32 4,12 6,05 5,86 No
- 0,00425| -502,03| -439,28 4,12 3,93 5,86 5,67 No
- 0,00425 | -439,28| -376,52 3,93 3,76 5,67 5,49 No
- 0,00425| -37652| -313,77 3,76 3,61 5,49 5,34 No
- 0,00425| -313,77| -251,02 3,61 3,48 5,34 5,21 No
- 0,00425| -251,02| -188,26 3,48 3,38 5,21 5,11 No

This configuration data has been created by the SIZER for Siemens Drives program version 3.15.130.6.0.

Copyright ©Siemens AG 2001-2016. All rights reserved.
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SIEMENS

Customer: FEKT

Plant: UAMT
- 0,00425| -188,26| -125,51 3,38 3,31 5,11 5,04 No
- 0,00425| -125,51 62,75 3,31 3,27 5,04 5,00 No
- 0,00425 62,75 0,00 3,27 3,25 5,00 4,99 No

This configuration data has been created by the SIZER for Siemens Drives program version 3.15.130.6.0.

Copyright ©Siemens AG 2001-2016. All rights reserved.

04.01.2017
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Priloha 3: Safety program v PLC S7-1500
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diplomova_praca_V14 / Safety_PLC [CPU 1516F-3 PN/DP] / Program blocks

Main_Safety RTG1 [FB1]

Main_Safety_RTG1 Properties

Name Main_Safety_RTG1 Number 1 Type FB Language FBD
Numbering Manual
Title Packaging machine safety | |Author Comment Family
relevant inputs evaluation
Version 0.1 User-defined ID
Main_Safety_RTG1
Name Data type Default value Retain Accessible Writ- Visible in Setpoint Supervi- Comment
from able HMI engi- sion
HMI/OPC from neering
UA HMI/
OPC
UA
Input
Output
InOut
w Static
AlwaysTrue Bool true Non-retain True True [True False
AlwaysFalse Bool false Non-retain True True [True False
Temp
Constant
Network 1: Generate AlwaysTrue and AlwaysFalse
>=1 #AlwaysTrue
#AlwaysTrue — S
#AlwaysTrue —o ¢ —_
>=1 #AlwaysFalse
#AlwaysFalse — R
#AlwaysFalse—o ¢ e
Symbol Address Type Comment
#AlwaysFalse Bool
#AlwaysTrue Bool
Network 2: Reset safety errors for F-10 module
%DB3
"ACK_GL_DB"
ACK_GL
..—EN
%11036.7
"ResetButton" — ACK_GLOB ENO —
Symbol Address Type Comment
"ResetButton” %I1036.7 Bool
Network 3: Acknowledge of drive errors
%Q1024.7
"Horizontal_ %Q1030.7
IismENES "Vertical_ %Q0.0
- Internal ACK" "Reset"
%11036.7 = =
"ResetButton” — _ —— -
Symbol Address Type Comment
"Horizontal_Internal ACK" %Q1024.7 Bool
"Reset” %Q0.0 Bool
"ResetButton” %I1036.7 Bool
"Vertical_InternalACK" %Q1030.7 Bool

Network 4: Estop evaluation

Safety information: 5842A9AF; STEP 7 Safety V14; The safety program is consistent.
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>=1
%11036.0
"EmergencyStopB
utton" —
%11036.2
"LeftDoorOpened" —
%11036.6
"RightDoorOpenr‘el
%11036.5 %DB4
"BigDoorOpened" — "ESTOP1_DB"
%11036.1 ESTOP1
"SmallDoorOpene - EN
d'— ¢ o———E STOP
Q—..
true — ACK_NEC Q_DELAY — ...
%I11036.7 ACK_REQ — ...
"ResetButton” — ACK DIAG
0 TIME_DEL ENO —
Symbol Address Type Comment
"BigDoorOpened" %11036.5 Bool
"EmergencyStopButton” %11036.0 Bool
"LeftDoorOpened" %11036.2 Bool
"ResetButton” %l1036.7 Bool
"RightDoorOpened" %11036.6 Bool
"SmallDoorOpened" %11036.1 Bool
Network 5: Enable SS1 on both axes
0 - activate SS1; 1 - deactivate SS1
%Q1024.1 %Q1030.1
"Horizontal_SS1" "Vertical_SS1"
"ESTOP1_DB".Q — - =
Symbol Address Type Comment
"ESTOP1_DB".Q Bool 1=Enable
"Horizontal _SS1" %Q1024.1 Bool
"Vertical_SS1" %Q1030.1 Bool
Network 6: Deactivated functions on Horizontal drive
%Q1025.5 %Q1025.4
%Q1024.0 %Q1024.2 %Q1024.3 %Q1024.4 %Q1024.6 "Horizontal _ "Horizontal_
"Horizontal_STO" "Horizontal_SS2" "Horizontal_SOS" "Horizontal_SLS" "Horizontal_SLP" SDIPositive" SDINegative"
#AlwaysTrue — e e —_— e e e —
Symbol Address Type Comment
"Horizontal_SDINegative" %Q1025.4 Bool
"Horizontal_SDIPositive" %Q1025.5 Bool
"Horizontal_SLP" %Q1024.6 Bool
"Horizontal_SLS" %Q1024.4 Bool
"Horizontal_SOS" %Q1024.3 Bool
"Horizontal_SS2" %Q1024.2 Bool
"Horizontal_STO" %Q1024.0 Bool
#AlwaysTrue Bool
Network 7: Deactivated functions on Vertical drive
%Q1031.5 %Q1031.4
%Q1030.0 %Q1030.2 %Q1030.3 %Q1030.4 %Q1030.6 "Vertical_ "Vertical _
"Vertical_STO" "Vertical_SS2" "Vertical_SOS" "Vertical_SLS" "Vertical_SLP" SDIPositive" SDINegative"
#AlwaysTrue — e — e — e — e — e — e — —
Symbol Address Type Comment
“"Vertical_SDINegative" %Q1031.4 Bool
"Vertical_SDIPositive" %Q1031.5 Bool
"Vertical_SLP" %Q1030.6 Bool
"Vertical_SLS" %Q1030.4 Bool
"Vertical_SOS" %Q1030.3 Bool
"Vertical_SS2" %Q1030.2 Bool
"Vertical_STO" %Q1030.0 Bool
#AlwaysTrue Bool

Network 8: Switching off contactors

Safety information: 5842A9AF; STEP 7 Safety V14; The safety program is consistent.
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%Q1042.0 %Q1042.1 %Q1042.2
"HeatingContactor “"CompressorCont "UnwindingContac
" actor" tor"

"ESTOP1_DB".Q — ) - ) - ) =
Symbol Address Type Comment
"CompressorContactor” %Q1042.1 Bool
"ESTOP1_DB".Q Bool 1=Enable
"HeatingContactor" %Q1042.0 Bool
"UnwindingContactor" %Q1042.2 Bool

Safety information: 5842A9AF; STEP 7 Safety V14; The safety program is consistent.




Priloha 4: DVD s elektronickou verziou prace,

projektom v TIA Portal a doplnkovymi suibormi
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