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ABSTRAKT

Tato diplomova prace se zabyva virtudlnim zprovoznénim vyrobniho systému nachazejiciho
se Vv laboratofich Ustavu vyrobnich strojii, systému a robotiky VUT v Brné. V teoretické &asti
prace je popsana problematika virtualniho zprovoznéni, nasledovana popisem jednotlivych
zafizeni nachazejicich se v tomto vyrobnim systému. V praktické ¢asti je popsan navrh 3D
modelu, navrh fidiciho PLC programu a nasledné samotné virtualni zprovoznéni. Na konci
této prace je popsana tvorba programu robotu. Pro realizaci virtudlniho zprovoznéni bylo
pouzito n¢kolika softwarovych nastroju firmy Siemens (TECNOMATIX Process Simulate,
TIA Portal a PLCSIM Advanced 2.0).

ABSTRACT

This diploma thesis deals with virtual commissioning of production system which is located
in the laboratories of the Institute of Production Machines, Systems and Robotics at the BUT.
The issue of virtual commissioning is described in the theoretical part of the thesis, followed
by a description of each device located in this production system. The design of the 3D
model, the design of the PLC control program and also the virtual commissioning itself are
described in the practical part of the thesis. There is the creation of the robot‘s program
described at the end of the thesis. Several Siemens software tools were used for virtual
commissioning realization (TECNOMATIX Process Simulate, TIA Portal and PLCSIM
Advanced 2.0).

KLICOVA SLOVA

Virtualni zprovoznéni, Process Simulate, PLCSIM Advanced, TIA Portal, Tecnomatix,
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1 UVOD

V dnesni dob¢ je vlivem nedostatkti zaméstnanc ve vyrob¢é snaha tento deficit eliminovat
pomoci automatizovanych robotizovanych vyrobnich systému, které dosahuji mnohdy vétsi
rychlosti a pfesnosti pii Vykonu pozadovanych tkonil nez ¢loveék. Dal§im znacnym benefitem
téchto vyrobnich systému je moznost prace v takika nepfetrzitém provozu. Snahou je také,
aby Cinnosti, které jsou opakované a algoritmizovatelné vykonaval robot, coz vede
k moznosti vyuziti lidského potencialu pfi feSeni mnohem komplexnéjsich loh, které robot
zatim nezvladne. Tato globalni automatizace pak nachazi uplatnéni ve vSemoznych
primyslovych odvétvich od vyroby jidla az po tézky primysl.

Dnes jsou pozadavky na vyrobce robotizovanych vyrobnich systému ze strany
zakazniku ¢im dal vétsi. Hlavnimi pozadavky jsou pievazné snizeni ¢asovych a finan¢nich
nakladt, avSak oproti tomu se stavici pozadavky na co nejvétsi flexibilitu a moznost
dodate¢né upravy navrhnutého vyrobniho systému. Aby bylo mozné tyto naro¢né pozadavky
uspokojit, je vhodné vytvotit model vyrobniho systému ve 3D prostiedi. Na tomto modelu
mohou byt pak simulovany a ovéfeny veskeré procesni a technologické operace z hlediska
casového rozlozeni, pldnovani materidlového toku, ¢i koliznich stavl. Taktéz je mozno
simulovat obsluhu, u které je kladen diraz hlavné na ergonomii prace. Zaroven je poté tento
model k dispozici po Cas celého Zivotniho cyklu vyrobniho systému, diky tomu je snadna jeho
ptipadna uprava ¢i rozsifeni a nasledné nasazeni do realné vyroby.

Tato diplomova prace se zaobird problematikou virtudlniho zprovoznéni, coz je
vyuziti zminovaného 3D modelu K ovéfeni spravnosti PLC programu pouzitého k fizeni
navrhovaného vyrobniho systému. Virtudlni zprovoznéni bylo provedeno na vyrobnim
systému nachazejicim se v laboratofich Ustavu vyrobnich strojil, systému a robotiky na padé
fakulty strojniho inzenyrstvi Vysokého uceni technického v Brng.

Aby bylo mozné provést virtudlni zprovoznéni je nutné vyuZit Sirokou Skélu
softwarovych nastroji. Jedna se zejména 0 prostiedi, ve kterém je vytvaren 3D model
vyrobniho systému se vSemi potiebnymi nélezitostmi. Déle je nutné pouzit vhodné tidici PLC
a prostiedi slouzici k vytvofeni jeho programu. Poslednim krokem je volba rozhrani pro
komunikaci PLC programu s 3D modelem.
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2 MOTIVACE

Tato prace byla vytvoiena z duvodu poukazani na moznost povyseni 3D modelu, zadaného
vyrobniho systému, v prosttedi TECNOMATIX Process Simulate na plné¢ dynamickou
simulaci fizenou pomoci externiho PLC, jehoZ program mél byt posléze nasazen na fizeni
realného vyrobniho systému v laboratoiich UVSSR VUT v Brné.

Snahou bylo vytvofit co mozna nejvérngjsi virtudlni reprezentaci zadané¢ho vyrobniho
systému a k tomu navrhnout adekvatni PLC program. Pfi propojeni téchto dvou ¢asti pak
mélo byt provedeno virtualni zprovoznéni poukazujici na moznost tvorby a nasledného ladéni
vyrobnich operaci a fidiciho PLC programu, bez nutnosti pouziti fyzického hardwaru.

Zminéné virtualni zprovoznéni poté Setfi v praxi znacné mnozstvi Casu a celkovych
nakladt, coz by do budoucna mohlo ptildkat fadu firem majicich zajem dale spolupracovat
se Skolou na téhle problematice. Taktéz se toto virtudlni zprovoznéni muiize promitnou
do vyuky, kde by se budouci studenti mohli s feSenim této problematiky seznamit a vyzkouset
si ji na redlném vyrobnim systému Vv laboratoiich UVSSR VUT v Brné.
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3 PREHLED SOUCASNEHO STAVU POZNANI

3.1 Virtualni zprovoznéni

V navaznosti na ¢tvrtou prumyslovou revoluci (Primysl 4.0) se stale vice sklofiuje pojem
virtualni zprovoznéni (Obr. 3-1). P#i pouziti vhodnych softwarovych nastroji se muze stat
virtualni zprovoznéni vyraznou soucasti zavadéni vyrobnich systému, ¢i stroji do provozu,
coz se projevi ve zna¢né Uspoie celkovych nakladt na jejich vyrobu, fyzické zprovoznéni
a odladéni, ptipadné jejich naslednou udrzbu. Tato metodika je odrazem dnes$ni doby, kdy
vyrobei linek a stroji Celi stdle vétSim pozadavkim na snizovani celkové ceny, avSak
s protichidnymi pozadavky nardstajici slozitosti, variability a flexibility navrhovanych
zafizeni. JakoZto feSeni téchto poZadavkil se jevi tzv. virtudlni inZenyrstvi, které povysuje
obycejny CAD model na komplexni virtudlni model obsahujici kompletni kinematiku
pohyblivych komponent, strukturu senzort a logickou fidici strukturu. Takovy model je pak
mozno pouzit pro simulaci chovani vyvijeného zafizeni ve 3D prostfedi, coz vede k moznosti
ovéteni celkového navrhu konstrukce, kontrole kolizniho chovani, ovéteni trvani jednotlivych
operaci a kone¢né k verifikaci navrzeného fidiciho PLC programu, ovladacich paneli (HMI)
a zkoumani situaci co-kdyby. Model vyrabéné linky nebo stroje je spole¢ny pro vSechna
oddéleni vyvoje a ulehCuje tak praci konstruktérim, provoznim inzenyriim a programatortim
robotl pii navrhovani optimalniho feSeni zadané¢ho projektu [1].

Obr. 3-1 Schéma virtualniho zprovoznéni



Dulezitost propracovaného virtualniho modelu vyrobniho systému a jeho nasledné
simulovani, spoc¢iva ptredevs§im v moznosti odhaleni chyb v névrhu a jejich odstranéni pied
realnou vyrobou takového systému. Pokud nedojde k dostatecnému odladéni vyrobniho
systému a tim i vyrobniho procesu uz v prubéhu planovani a vyvoje, velikost nakladu roste
exponencialn€. V tomto ptipad¢ plati tzv. ,pravidlo desitek™ (Obr. 3-2), ze kterého vyplyva,
ze vyse nakladu na odstranéni chyby nardsta desetkrat v pribéhu postupu etapami zivotniho
cyklu vyrobku [2].

Planovani VyVOj Realizace Sériova vyroba

Naklady na chybu

Zivotni cyklus vyrobku

Obr. 3-2 Pravidlo desitek [2]

Mezi hlavni benefity virtualniho zprovoznéni tedy patii:

= Verifikace a odladéni programu v fidicich jednotkach (PLC)

* Znacnd uspora ¢asu na inZenyring

» QOvéfeni spravného navrhu senzoru a jejich napojeni na PLC

* Testovani blokaci a bezpe€nostnich prvka

* Testovani riznych variant konstruk¢nich feSeni

» Testovani riznych variant fidicich programt

» (Odladéni chybovych scénari

= Optimalizace celkového navrhu bez nutnosti testovani na realném zatizeni

* Vyznamnd Gspora Casu pii ozivovani a ladéni redlného zatizeni

* Velmi brzké zaskoleni obsluhy jesté pfed samotnym redlnym zprovoznénim

* Opravdovy mechatronicky pfistup diky propojeni mechaniky, elektroniky
a softwaru [1]

3.2 Programovani primyslovych roboti
Jelikoz jsou dulezitou soucasti vyrobnich systému prumyslové roboty, a protoze dil¢im cilem
této prace je zpracovani programu robotu, byla v této kapitole ptiblizena problematika
programovani primyslovych roboti.

V dne$ni dob& je pomoci robotli automatizovano mnozstvi vyrobnich operaci,

kdy nejcastéji se jedna o operace svarovaci (kontinualni nebo bodové), lepeni, kaleni, dale
tzv. pick and place operace, naptiklad zakladani do stroje, odkladani obrobenych soucasti

8
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na palety a spoustu dalsich. Primyslové roboty Ize programovat dvéma hlavnimi zptisoby on-
line a off-line.

3.2.1 On-line programovani

Programovani robott se provadi on-line, to znamena, Zze programator je pfitomen v blizkosti
robotu a program pro realnou aplikaci je vytvafen zadavanim ptikazii pfimo do ftidiciho
systému robotu. On-line programovani se dale d€li na programovani ptimé a nepfimé.

Primé programovdni:

Jedna se 0 manualni programovani spocivajici V tom, ze nastroj robotu je veden obsluhou a
fidici systém si uklada jednotlivé trajektorie a rychlosti, kde posléze v automatickém rezimu
vykonava tuto nauc¢enou trajektorii [3].

Neprimé programovani:

Jednd se o dalkové ovladané programovani spocivajici V zadavani jednotlivych bodl
trajektorie pomoci fidicitho panelu. Trajektorie mezi témito body je pak dopocitana fidicim
systémem robotu [3].

3.2.2 Off-line programovani

Druhym pfistupem je off-line programovani (OLP). Program je vytvotfen na zaklad¢é simulaci
V pocitaci, kde je redlna aplikace reprezentovand 3D modelem a nasledné je tento program
nahran do robotu. Pro tvorbu simulaci slouZzi Siroka Skala softwaru. Lze nalézt free softwary
(RoboDK), déle se na trhu nachdzeji softwary jednotlivych vyrobcl primyslovych robotl
(KUKA Sim — KUKA, Roboguide — Fanuc, RobotStudio — ABB). Oficialni softwary
od vyrobct disponuji kopii realného fidiciho systému, diky tomu jsou pak dosazené
simulované ¢asy témét shodné s realitou. Ve vétSing piipadu tyto softwary vyuzivaji k tfizeni
navrhovaného vyrobniho systému pouze fidiciho systému robotu, bez moznosti fizeni pomoci
externich PLC. DalSimi softwary jsou softwary zaméfené na tvorbu simulaci s moZnosti
vyuziti mnozstvi robotll od riznych vyrobcl (WorkSpace5, RoboLogix, RobotExpert).
Posledni skupinou softwaru umoziujicich simulovani vyrobnich systému a tim i off-line
programovani robotti jsou softwary z baliku tzv. digitalnich tovaren, které jsou pouZzivany
v kombinaci se softwary zajist'ujici spravu zivotnich cykld (PLM) vyrabénych produktd. Tyto
softwary umoziuji vytvafet simulace komplexnéjSich a vétSich vyrobnich systému k jejiz
fizeni nestaCi pouze fidici systém pramyslového robotu. V téchto balicich se nachazi
softwarové nastroje usnadnujici vyvoj produktu od navrhu pies konstrukci, planovani vyroby,
po simulovani a ovéfeni vyrobnich a logistickych procesii. Dilezitym aspektem téchto
simulaénich softwaru je rovnéz moznost virtualniho zprovoznéni. Mezi simula¢ni softwary
téchto baliku patii napiiklad DELMIA firmy Dassault Systémes, Process Simulate digitalni
tovarny Tecnomatix firmy Siemens a FASTSUITE Edition 2 némecké firmy Cenit. Jednotlivé
vyznamné softwary slouzici k off-line programovani a virtualnimu zprovoznéni jsou
pfibliZeny v dalsi kapitole.

3.3 Nastroje potiebné k virtualnimu zprovoznéni

Pro virtualni zprovoznéni vyrobniho systému je potfeba né€kolika softwarovych nastroja.
Jako prvni je nutné vyuzit simulacnich softwaru, kde je vytvofen kompletni 3D model
navrhovaného systému s veSkerymi kinematickymi strukturami a S prvky logiky, které
nasledné slouZzi pro fizeni a tvorbu simulaci jednotlivych operaci, jez bude vyrobni systém



vykonavat. Dale je nutné zvolit vhodnou platformu PLC, kterou bude vyrobni systém fizen
a naprogramovat adekvatni fidici program. Poslednim neméné dilezitym nastrojem
je software zajist'ujici komunikacni rozhrani mezi simulovanym 3D modelem a fidicim PLC.

3.3.1 Simula¢ni softwary

ABB RobotStudio

ABB RobotStudio (dale RS) je softwarovym nastrojem uréenym Kk off-line programovani
prumyslovych robotl spolecnosti ABB. Hlavni vyhodou tohoto simulacniho softwaru je to,
ze simulované roboty jsou fizeny pomoci technologie VirtualRobot™, coz je piesna kopie
redlného fidiciho systému a diky tomu casy simulovanych pracovnich cykli odpovidaji
hodnotam v realném provozu. Pro jednoduchou tvorbu 3D modelu simulovaného vyrobniho
systému je do RS mozno importovat vétSinu standardizovanych CAD formatu (IGES, STEP,
CATIA atd.). Dalsi velmi zajimavou funkci je Multimove, kterda umoziuje fidit nékolik
roboti pomoci jednoho kontroléru [4], [5], [6].

Mezi dal$i funkce RS patii naptiklad:

» AutoPath umoznuje na zakladé pouzitétho 3D modelu generovat body drahy
robotu

» AutoReach umoziuje analyzovat dosah robotu a tim ovéfit vhodnost jeho
umisténi

= PathOptimalization je funkce, ktera analyzuje ty trajektorie, ve kterych robot
prochdzi blizko singuldrnim bodiim a tim padem je mozné udélat v€éasnou korekci

= CollsionDetection tato funkce sleduje, jestli za chodu programu nedochazi ke
kolizim vybranych soucasti modelu [6]

Velmi uziteCnou soucasti RS je tzv. VirtualFlexPendant, ktery odpovida realnému
fidicimu panelu robotu a umoZznuje vyuzivat vSechny jeho funkce v ramci RS. To vede
k moznosti zaskoleni obsluhy bez rizika poskozeni realného robotu a prvka v jeho okoli [3],
[6].

Novinkou je rovné€Z moznost ovéteni simulace v prostfedi virtualni reality za pouZiti
systému virtualni reality jako je napfiklad Oculus Rift, HTC Vive apod. V nejnovéjsich
verzich RS je mozno primyslové roboty ve virtualni realité pfimo programovat, coz off-line
programovani posouva technologicky stale vice dopiedu. V budoucny by naptiklad mohla
existovat sit’ 3D skenerti, kterd by pfenaSela v redlném case realné vyrobni prostiedi do této
virtualni reality, kde by pak programator programoval, ptipadné provadé¢l korekci programu
robotu ziskaného z RS nebo jinych softwarti, jako by byl pfipojen k robotu on-line.

Hlavni nevyhodou RS, je zaméfeni pouze na roboty firmy ABB a tim padem
nemoznost provadét off-line programovani robotl jinych vyrobcid. Virtudlni zprovoznéni
je rovnéz omezeno pouze na tidici systémy ABB, bez mozZnosti pfipojeni externich PLC.

FASTSUITE Edition 2

Mezistupen mezi softwary pro off-line programovani a virtualni zprovoznéni jednotlivych
vyrobct priimyslovych robotl a pln€ univerzalnimi baliky digitalnich tovaren tvoii software
némecké firmy Cenit FASTSUITE Edition 2, ktery existuje ve dvou verzich. Prvni verze
je implementovatelna do softwaru CATIA/DELMIA V5 francouzské firmy Dassault
Systémes. Druha verze existuje ve formé nezavislé platformy [7].
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FASTSUITE Edition 2 je platforma se silnou orientaci na aplikace pramyslovych
roboti a obrabécich stroji, kde poskytuje rozsifitelné feSeni pro riznou komplexnost
navrhovaného vyrobniho systému od jednoho stroje nebo robotu po kompletni vyrobni linky.
Tento software obsahuje vSechny dilezité prvky nutné k uspé$nému zprovoznéni vyrobniho
systému, jako jsou manipulace s materidlem, automatizace vyroby, ovéfeni navrzenych
operaci, Off-line programovani, virtualni zprovoznéni atd. Rozhrani je koncipovano tak,
aby bylo co nejvice uzivatelsky pfivétivé a jednoduché i pfi narustu komplexnosti feSeného
projektu [7].

Hlavni vyhodou oproti ABB RS je mozZnost instalace kontroléru riznych vyrobct
robotli a rovnéz pripojeni externich PLC, ¢imz je docileno vétsi vSestrannosti tohoto softwaru

[7].

Digitalni tovarny

Digitalni tovarny jsou baliky softwari, které slouzi k zajisténi spravy celého zivotniho cyklu
vyrobku (PLM). To znamena, Zze je navrhnut vyrobek a nasledné jeho vyroba, kde se tato
vyroba skldda z nespo¢tu ukonu, jako je vhodné rozlozeni celé vyrobni haly, nasledné
rozlozeni jednotlivych vyrobnich bungk, planovani logistiky, toku materialu, kapacit skladt
atd. Pro vSechny vyse zminéné tikony se V baliku digitalni tovarny nachazi konkrétni software
fesici danou problematiku, piipadné se vytvari kombinace softwari odpovidajici zakaznickym
pozadavklim.

Digitalni tovdarna DELMIA

Jelikoz je tato prace zaméfena na virtualni zprovoznéni vyrobniho systému, jsou zde
ptiblizeny pouze softwary, které konkrétné umoznuji virtudlni zprovoznéni, jako tomu je
u baliku digitalni tovarny DELMIA, kde k tomuto Géelu slouzi software Delmia V5 Robotics.
Znacnou vyhodou Delmie V5 Robotics je rozsahla knihovna obsahujici pies 700 piesnych
modelll primyslovych robotii. Delmia V5 Robotics nabizi dostupné, flexibilni a uzivatelsky
privéetivé feSeni pro programovani robotl, rozvrzeni a néaslednou simulaci vyrobnich bunék.
Diky struktufe V5 je garantovana jednoduchd navaznost dalSich nastroji, které slouzi
naptiklad K planovani vyroby a optimalizaci rozvrzeni vyrobnich prostor podnik (Delmia
Process Engineer), nebo je mozné rozsitit softwarovy balik o Delmia V5 Human, kde lze
mimo navrhovani pracovisté¢ z hlediska mechatronického ovéfovat ergonomii, bezpecnost
a rozvrhovat operace plnéné obsluhou s vidinou dosazeni co nejvyssi efektivity prace [8].

Digitdlni tovirna TECNOMATIX

Digitalni tovarna Tecnomatix firmy Siemens poskytuje Sirokou skalu softwarovych nastroji
propojujicich vSechny discipliny tykajici se vyroby produktu. Jednotlivé softwary digitalni
tovarny Tecnomatix mohou byt vzijemné propojeny se zaruenou kompatibilitou, ale tyto
softwary jsou rovnéz pouzitelné samostatné. Umoziluje také piimé napojeni na ostatni
softwary firmy Siemens, jako jsou NX, Teamcenter atd. Jednotlivymi nastroji digitalni
tovarny Tecnomatix jsou Plant Simulation, Process Designer, Robot Expert, Robcad, Jack a
Process Simulate [9].

Process Designer slouzi k hrubému planovani, kde je navrzené predbézné rozlozeni
celé vyrobni bunky, linky ¢i haly. Na téchto modelech jsou pak provadény odhady nakladi
a celkovych ¢asu cykli. Nasledné je cely model importovan do Process Simulatu, kde dochazi
k jemnému planovani a verifikovani navrhu provedenych v Process Designeru [8], [9].

11



Process Simulate, dale jen PS, je modularni software slouzici Kk jemnému planovani,
¢imz je mysleno simulovani nejriznéjSich vyrobnich nebo procesnich operaci v navaznosti
na modely ziskané z Process Designeru. PS lze rozdélit do dvou ¢&asti: PS Robotics, slouzici
k tvorbé dynamickych simulaci zahrnujici roboty a PS Human, zprostfedkovavajici simulace
operaci provadénych osobami, kde dochdzi prevazné k ovéfeni ergonomie. Ob¢ Casti je
mozno mit zahrnuty v jedné simulaci a verifikovat tak praci roboti i ¢lovéka najednou [8],
[9].

Plant Simulation ma pfimou vazbu na piedchozi softwary a slouzi k dynamickému
simulovani diskrétnich udalosti, tvorbé digitalnich model vyrobnich a logistickych systému
umoziujici nasledné zkoumdni jejich charakteristik a optimalizaci jejich vykonnosti.
Umoznuje simulaci ruznych situaci, které mohou v systému nastat a jejich naslednou
interpretaci. Diky ftadé analytickych nastroji, je zprostfedkovano znaéné mnozstvi
spolehlivych dat, coz vede k moznosti délat zasadni rozhodnuti a upravovat proces vyroby
v pocatcich jejiho pldnovani. Rovnéz lze na zékladé téchto simulaci optimalizovat toky
materialu, vyuziti zdroju a logistiky na vSech trovnich planovani od jednotlivych stroji, az po
globalni vyrobni zavody [8], [9].

V této praci bylo pouzito pouze PS Robotics, kde byly vytvofeny a simulovany
veskeré robotické operace. PS umoziuje tvorbu dvou typu simulaci, kde prvni typ je ¢asové
fizena simulace a druhy typ je simulace fizena udalostmi. Pfi udalostnim fizeni jsou simulace
fizeny pomoci logické signalové struktury, kdy je mozno tuto strukturu napojit na externi
PLC, ¢imz je docileno virtualniho zprovoznéni.

332 PLC

PLC (Programovatelny logicky automat) je prumyslovy pocita¢ navrzeny pro praci
V neptiznivém prostiedi primyslovych podniki, slouzici K fizeni vyrobnich procesi. PLC je
zkonstruovano tak, aby bylo jednoduché jeho programovani, ladéni, zména programu a aby

v

bylo co nejspolehlivéjsi [10].

Hlavnim rysem PLC je, ze program je vykonavan cyklicky v nekonecéné smycce,
kdy odpoveéd’ na vSechny casti programu musi byt realizovana ve stanovenou dobu, coZ je
délka jednoho cyklu smycky. To znamena, ze béZi v realném cCase. Kazdy cyklus smycky je
vykonavan ve ttech krocich:

1. Nacteni vstupt a jejich docasné ulozeni do paméti
2. Vyhodnoceni veskeré logiky na zakladé nactenych vstupt
3. Nastaveni vystupt na zakladé vyhodnocené logiky [11]

PLC hraji pfi virtudlnim zprovoznéni kritickou roli, jelikoz hlavnim ukolem
virtualniho zprovoznéni je verifikace funkénosti PLC programu vyrobniho systému, ktery je
graficky reprezentovan 3D modelem v simula¢nim softwaru [10].

Na trhu se dnes nachazi PLC mnoha vyrobct. Z globalniho hlediska lze konstatovat,
7ze nejveétSimu rozsifeni se pySni PLC firmy Siemens, nasledujici PLC americké firmy
Rockwell Automation a japonské Mitsubishi Electric. Dalsimi vyrobci jsou pak
Schenider Electrics, Omron, B&R atd. Na UVSSR se vyuzivaji také PLC némecké firmy
Beckhoff. Dilezité je zminit, ze neni mozné jednoznacné fict, ktery vyrobce je nejlepsi,
jelikoz vzdy zalezi na konkrétni aplikaci a pozadavcich zakaznikt [12], [13].
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Pro virtualni zprovoznéni a nasledné fizeni zadaného vyrobniho systému bylo pouzito
PLC firmy Siemens SIMATIC S7-1512C-1PN, momentalné jedno z nejvykonnéjsich PLC
v portfoliu firmy Siemens, coz je vhodné zejména pro dalsi vyzkumné ucely [14].

3.3.3 Softwary zajist'ujici komunikaéni rozhrani

Aby bylo mozné propojit simulacni software a tidici PLC je nutné pouzit néktery z nabidky
softwarovych nastrojii tuto komunikaci zajistujici. Standardné pouzivanou je technologie
OPC, ktera je pouzitelna u vSech simula¢nich softwaru umoziujicich virtualni zprovoznéni.
Dalsi nastroje zavisi na vyrobci simula¢niho softwaru. Jelikoz byl v této praci pouzivan
Tecnomatix Process Simulate firmy Siemens, byly zde popsany jeho moznosti pfipojeni
k externimu PLC. To je umoznéno technologii OPC, diky softwarovému emulatoru PLCSIM
Advanced 2.0, starsimu PLCSIM, nebo ptipadné SIMITu.

Technologie OPC
OPC (Open Platform Communications) je standardem prumyslové komunikace, ktery byl
vytvofen ve spoluprdci mnoha svétovych spolecnosti zabyvajicich se pramyslovou
automatizaci a spolecnosti Microsoft. Jednd se o rozhrani umoziujici snadné piipojeni
a komunikaci mezi riznymi zafizenimi uréenymi pro monitorovani a fizeni vyrobnich
procest, coz vede k zamezeni zavislosti softwaru na vyrobci hardwaru. O vyvoj technologie
OPC se stara mezinarodni organizace OPC Foundation. OPC existuje v n¢kolika specifikacich
vytvarejici OPC standard [15]. Process Simulate je mozno pfipojit skrze OPC DA nebo
nov¢jsi OPC UA.

OPC DA (Data Access Protocol) je nejzakladnéjsim protokolem OPC standardu a je
omezen pouze na platformu Windows [15].

OPC UA (Unified Architecture) bylo vytvoieno spole¢nosti OPC Foundation
se zaméfenim primarn€ na komunikaci jednotlivych zafizeni, zalozené na komunikacnich
standardech TCP/IP, diky ¢emu neni omezena platforma pouze na Windows. Protokol
OPC UA rovnéz disponuje robustnéj§im zabezpecenim nez jeho piedchozi specifikace [16].

PLCSIM Advanced 2.0

PLCSIM Advanced 2.0 je softwarovy nastroj, slouzici k simulovani PLC, ktery pfiSel s verzi
TIA Portal V14. Nejvétsi vyhodou oproti klasickému simulatoru S7-PLCSIM je moznost
propojeni s OPC UA a schopnost softwari rodiny Tecnomatix piimo komunikovat
se softwarem PLCSIM Advanced, coZ ma za nasledek zefektivnéni vyuzivani digitalnich
tovaren. Nevyhodou je moznost simulovat pouze PLC Simatic S7 fady 1500 a kontrolér
ET200SP [2].

PLCSIM

PLCSIM je ptedchtidce softwaru PLCSIM Advanced bézici na lokalnim zatfizeni a slouzici
k simulaci PLC programu, pitimo v prostiedi TIA Portal. PLCSIM rovnéz umoznuje
simulovat Sirsi skalu PLC automatti z fady Simatic S7 a taktéz umoznuje simulovat PLC
program ve star§im prostiedi STEP7 [17].

SIMIT

SIMIT je software firmy Siemens, slouzici K virtualni simulaci zprovoziovaného systému.
Simulovat je mozno jednotlivé stroje, linky, ale také celé¢ tovarny, elektrarny atd. Hlavni
vyhodou SIMITu oproti PLCSIM Advanced 2.0 je Sirsi konektivita k riznym fadam PLC
[18].
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3.4 Analyza zadaného vyrobniho systému

Virtualni zprovoznéni bylo provedeno na vyrobni buiice nachazejici se v diln¢ Ustavu
vyrobnich stroji, systému a robotiky (Obr. 3-3). Tato bunka se sklada z mnozstvi zafizeni,
které byly dale popsany.
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Obr. 3-3 Zprovoziiovany vyrobni systém v laboratoii UVSSR

3.4.1 Pramyslovy robot ABB IRB 4400/60

ABB IRB 4400/60 (Obr. 3-4) je velmi rychly a kompaktni Sestiosy primyslovy robot
umoziujici manipulaci se stfedné t€Zkymi az téZkymi soucastmi. V piipadé pouziti dvojitého
chapadla a diky své nosnosti az 60 kg pfi velmi vysokych rychlostech, dovoluje manipulaci
i se dvéma soucastmi zaroven. Robot rovnéZz svou vSestrannosti a robustni konstrukei,
umoziuje pouziti v Siroké Skale aplikaci jako jsou lepeni, fezani, brouseni, méteni atd. Verze
S krytim IP 67 jsou také vhodné pro aplikace v lakovnach, slévarnach a obecné nepiiznivych
prostiedich. Pro fizeni robotu je pouzito fidiciho systému firmy ABB IRC5 [19].
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Obr. 3-4 Pramyslovy robot ABB IRB 4400/60

3.4.2 Nastroje robotu
Pro manipulaci se sou¢astmi je pouzito tii nastroji robotu, které je mozno fadit z hlediska
pouziti mezi uchopovace.

Ndstroj s chapadlem Schunk

Nastroj pro manipulaci s obrobkem (Obr. 3-5) slouzi k obsluze tfiosé CNC vertikalni frézky
MCV 754 QUICK. Chapadlo Schunk PGN plus 200 je pneumaticky pohanéno, dosahujici
zdvihu Celisti 25 mm, uchopovaci sily az 2700 N a hmotnosti 5,4 kg [20].

Obr. 3-5 Nastroj pro manipulaci s obrobkem — Schunk

Nastroj s chapadlem SMC

Nastroj s chapadlem SMC (Obr. 3-6) slouzi pro manipulaci s kostkami. Chapadlo
SMC MHZ2 — 40D je pneumaticky pohanéno 0 hmotnosti 1,27 kg, dosahujici zdvihu ¢elisti
30 mm a uchopovaci sily az 318 N [21].
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Obr. 3-6 Nastroj pro manipulaci s kostkami — SMC

Ndstroj s prisavkovym chapadlem

Nastroj s ptisavkovym chapadlem (Obr. 3-7) slozi pro manipulaci s kartonem a je fizen
elektropneumatickymi ventily SMCVCQ2200KN — 5W, operujici v tlakovém intervalu 0,1 —
1 MPa [22].

Obr. 3-7 Nastroj s ptisavkovym chapadlem

3.4.3 Automatickda vyména nastroji

Aby mohl robot plnit celou $kalu operaci, pro které jsou nutné rizné nastroje, je potieba jej
osadit systétmem pro automatickou vyménu nastrojii. V zadaném vyrobnim systému je
zastarald vymeéna nastroju, ktera bude do budoucna nahrazena moderngjs$im systémem firmy
Schunk SWS (Obr. 3-8). Ten se sklada z hlavy pro rychlou vyménu (SWK-060), umisténé na
prirubé robotu a adaptéru (SWA-060) umisténém na kazdém nastroji. Tento systém je urcen

16



IZY (RPN istav vyrobnich strojd,
sTROJNIHO B RS
INZENYRSTVI ERCILITRY

pro hmotnosti dosahujici az 75 kg, coz je pifi maximalni nosnosti robotu 60 kg vice nez

dostatecné [23]. V praci bylo dale pouzito systému SWS i kdyz ve skutecnosti byla pouzivana
stale starsi verze.

Obr. 3-8 Systém automatické vymeény nastroje Schunk SWS [23]

3.4.4 Ridici systém robotu ABB IRC5

Pro fizeni robotu je pouzit fidici systém firmy ABB IRC5 (Obr. 3-9). Tento fidici systém
umoziiuje robotim firmy ABB vykondvat tukony velmi efektivnim zplsobem.
Diky pokrocilému dynamickému modelovani je vykon robotu automaticky optimalizovan
pomoci zkracovani dob cykli jednotlivych ukonl a zprostfedkovavanim velmi piesné
trajektorie. To znamena, Ze piesnost trajektorie neni zavisla na rychlosti. Ridici systém ABB
IRCS disponuje také lepSi bezpecnosti oznaCovanou jako ,, SafeMove2“, ktera umoZiuje
tvorbu  bezpecngjsich, flexibilngjSich a rozmérové mensich vyrobnich bungk,
zprostiedkovavajicich kooperaci ¢lovéka a robotu. Pro programovani tkonu robotu vyuziva

fidici systém ABB IRCS5 jazyku RAPID [24].

Obr. 3-9 Ridici systém robotu ABB IRC5
17



3.4.5 Pojezd ABB IRBT 4003

vvvvvv

vEtsi v porovnani s piedchozimi modely. Dalsi pfednosti tohoto pojezdu je moznost plné¢ho
zakomponovani do fidiciho systému robotu a tim tak vyuziti vS§ech jeho vlastnosti, tykajici
se dynamiky a ptesnosti polohovani. Pojezd je modularni a lze jej ziskat v délkach 1.9-19.9 m
s maximalni rychlosti 2 m/s a zrychlenim 2.5 m/s%. RovnéZ jej je mozné osadit jednim nebo
dvéma roboty, které lze fidit pouze jednim fidicim systémem pomoci funkce MultiMove®,
coz vede k dalsimu zefektivnéni vyroby [25]. V buiice UVSSR je pouZito pojezdu s aktivni
délkou 4,7 m.

Obr. 3-10 Pojezd ABB IRBT 4003

3.4.6 Kovosvit MCV 754 QUICK a SPM 16
Stroj Kovosvit SPM 16 (Obr. 3-11a) je CNC soustruh. Protoze tento soustruh je starSiho data
vyroby, neni, bez vétSich zasahu pifevazné do jeho fidiciho systému, mozna jeho
implementace do automatického vyrobniho systému. Je zde vSak uveden, jelikozZ je nedilnou
soucasti zastavby zadané¢ho vyrobniho systému.

Stroj Kovosvit MCV 754 QUICK (Obr. 3-11b) je tfiosa CNC vertikalni frézka
umoziujici Sirokou Skalu obrabécich operaci, diky zna¢nému vykonu vietene 9 kW dosahujici
az 10 000 ot./min [26].

Obr. 3-11 a) Soustruh SPM 16 b) Ttiosa CNC frézka MCV 754 QUICK [26]
18



IZY (RPN istav vyrobnich strojd,

STROJNIHO

INZENYRSTVI ERCILITRY

3.4.7 Magneticky upina¢ Schunk MFRS-A1-032

Aby bylo mozné obsluhovat stroj MCV 754 QUICK Vv pln¢ automatickém rezimu, je nutné jej
vybavit automatickym upina¢em. Tomuto vyhovuje magneticky upina¢ firmy Schunk MFRS-
A1-032 (Obr. 3-12), dosahujici zna¢nych upinacich sil az 54 kKN pfi rozmérech upinaci plochy
315 x 315 mm [27].

Obr. 3-12 Magneticky upina¢ Schunk MFRS-A1-032 [27]

3.4.8 Bezpecnost vyrobniho systému
Pti navrhu automatického vyrobniho systému je nutné fesit jeho bezpecnost. Bezpecnost
by méla byt posouzena na zaklad¢ analyzy rizik, ktera zprostiedkovava vsechny informace
0 vzniku moznych rizik a o rizicich zbytkovych. Analyza rizik nebyla cilem této diplomové
prace, protoze pii téchto rozmérech by jeji komplexnost vystacila na samostatnou diplomovou
praci. Avsak prvky bezpecnosti jsou soucasti zastavby vyrobniho systému a bylo vhodné je
zminit.

U obrabécich stroji MCV 754 QUICK a SPM 16 se predpoklada jejich vlastni plnéni
bezpecnosti, blokovanim spusténi operaci pii otevienych dvefich a rovnéz jsou vybaveny
STOP tlacitkem pro nouzové zastaveni [28].

Dalsi bezpecnostni prvky je mozno rozdélit na dvé skupiny, a to fyzické bezpeénostni
prvky a softwarové bezpecnostni prvky. Prvni zminéna skupina zamezuje obsluze, respektive
¢loveku, vstoupit do pracovniho prostoru robotu. O toto se stara oploceni firmy ABB Quick-
guard, které je navrzené pro potieby daného vyrobniho systému. Toto oploceni je vybaveno
svételnymi zavorami ABB Orionl-4-30-090-E s rozte¢i paprski 30 mm, umisténymi
pii zakladaci stanici a svételnymi zavorami ABB Orion3-4-K2C-120-B, které zabramuji
vstupu ¢loveéka do pracovniho prostoru robotu pii robotické obsluze stroje MCV 754 QUICK.
Oploceni je také vybaveno tfemi dveinimi vstupy, jejichZ otevirani je zajiSt€no pomoci
bezpecnostnich dveinich zamku ABB Knox, které neumozni otevieni dveii, pokud je robot
v pohybu. Pro ovladani dveii a nouzové zastaveni vyrobniho systému je oploceni vybaveno
Ctyfmi ovladacimi tlacitkovymi krabicemi ABB Smile 41 EWWWP u kazdych dveti a dale
tlacitkem nouzového zastaveni na fidicim systému robotu. Tyto prvky vSak zastavuji pouze
robot a jeho periferie. Pro zastaveni celého vyrobniho systému vcetné obrabécich stroja bude
pouzito tlacitko nouzového zastaveni umisténé na ptipadném ovladacim panelu [28].
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Za druhou skupinu lze povazovat softwarové bezpeCnostni prvky, které jsou
implementovany v fidicim systému robotu, aby nedoslo k prorazeni oploceni a tim padem
ohrozeni osob a majetku nachazejicich se v blizkosti vyrobniho systému. Toto je zajisténo
pomoci rozdéleni pracovniho prostoru robotu do zon, které vymezuji pracovni prostor robotu
v automatickém rezimu, coz je mozné diky bezpecnostni funkci SafeMove 2. Vzdalenost
mezi oplocenim a jakoukoliv ¢asti robotu nesmi byt nikdy mensi nez 200 mm [28].

3.5 Pozadované operace a senzory (signaly)

V zadaném vyrobnim systému je pozadavek na nékolik robotickych tloh. Prvni ulohou je
Obsluha stroje MCV 754 Quick, dale uloha Manipula¢ni operace s kostkami a posledni jsou
robotické operace vymeény nastroji. Dulezité je zminit, ze kazda uloha se sklada z nékolika
robotickych operaci, které jsou vytvofeny v PS a také v realném programu robotu, a ty jsou
nasledné volany PLC programem k vykondani.

Jelikoz jsou simulace fizeny udalostné, coz znamena na zaklad¢ signald, je nutné tyto
signaly zprostiedkovat pomoci vhodné soustavy senzort, diky tomu jsou pak v PLC
programu vytvoieny podminky, pfi jejichz splnéni jsou volany pozadované robotické operace.

3.5.1 Vyména nastroju

Aby bylo mozné vykonavat pozadované manipulaéni operace obsluhy stroje nebo manipulaci
s kostkami, je nutné, aby byl robot osazen potiebnym koncovym efektorem. V ptipadé tii
moznych néstroji to znamend dvanact moznych operaci vymeény:

=

Bez nastroje = Nastroj s chapadlem Schunk

Bez nastroje > Nastroj s chapadlem SMC

Bez nastroje = Nastroj s vakuovym chapadlem

Nastroj s chapadlem Schunk - Bez nastroje

Nastroj s chapadlem Schunk—> Nastroj s chapadlem SMC
Nastroj s chapadlem Schunk - Nastroj s vakuovym chapadlem
Nastroj s chapadlem SMC - Bez nastroje

Nastroj s chapadlem SMC - Nastroj s chapadlem Schunk
Nastroj s chapadlem SMC - Nastroj s vakuovym chapadlem
10 Nastroj s vakuovym chapadlem = Bez nastroje

11. Nastroj s vakuovym chapadlem - Nastroj s chapadlem Schunk
12. Nastroj s vakuovym chapadlem - Nastroj s chapadlem SMC

©CoOoNORwLD

I kdyz v ramci pozadovanych uloh nejsou nutné vSechny tyto vymény, je vhodné je
vytvofit, jelikoz v pfipadé rozsifeni o dalsi operace ¢i nastroje bude jejich editace znaéné
jednoducha.

Pii vyméné nastroju jsou dulezité signaly udavajici kompletni ptehled o nastrojich
a jejich pritomnosti ve stojanu, coz je zajisténo tiemi indukénimi senzory (Obr. 3-13).
Na prirubé robotu by mély byt umistény rovnéz tii indukéni sensory informujici o tom,
ktery nastroj je na robotu zrovna upnut.
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Obr. 3-13 Induk¢ni senzory na stojanu pro nastroje

3.5.2 Obsluha stroje MCV 754 Quick
Uloha Obsluha stroje MCV 754 Quick je zajisténa dvéma robotickymi operacemi, kdy prvni
operaci je zalozeni polotovaru do stroje (Obr. 3-14 bod 2.) a druhou operaci je vyjmuti

a odlozeni obrobku. Polotovar je bran a nasledné jako obrobek odkladéan na stejné misto (Obr.
3-14 bod 1.).

Pii obsluze jsou dualezité¢ signaly zprostfedkovavajici informace o ptfitomnosti
polotovaru a o volnosti odkladaci plochy. Jelikoz je odkladaci plocha jednotna pro polotovar
i obrobek, je toto zajisténo pomoci jednoho indukéniho sensoru. Dale je dulezity signal, ktery
dava povel k zavieni a otevieni dvefi u stroje, a signaly davajici stroji povel k zapo¢nuti
obrabéciho cyklu a nasledné signal ukonceni obrabéciho cyklu vychézejici z fidiciho systému
stroje, ktery je podminkou pro provedeni vyjmuti obrobku.

Obr. 3-14 Graficka reprezentace tlohy Obsluha stroje
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3.5.3 Manipulac¢ni operace s kostkami

Uloha Manipulaéni operace s kostkami sestava z celkem &trnacti robotickych operaci,
kde dvanact operaci je manipulace s kostkami a zbylé dv€é manipulace s kartonem. V prvni
Casti je pomoci nastroje s chapadlem SMC postupné ulozeno Sest kostek ve dvou fadach,
nasledné je pomoci nastroje s vakuovym chapadlem na kostky umistén karténovy blok. Poté
je vSe znovu zopakovano S tim, ze kostky a karton jsou umistény v druhé vrstvé na vrstvu
ptedchozi. Kostky jsou odebirany ze zasobniho skluzu (Obr. 3-15bod 1.) a kartony ze stolu
(Obr. 3-15bod 2.). Celou sestavu je mozno vidét na obrazku (Obr. 3-15 bod 3.).

Pro tuto ulohu jsou nutné pouze signaly informujici o pfitomnosti kostky v zasobnim
skluzu a o ptitomnosti kartonového bloku na stole. Predpoklada se, ze misto, kde maji byt
kostky slozeny, bude vzdy uvolnéné, coz zajisti piipadna obsluha. V pfipad¢, kdy by mélo byt
vyuzito senzord, které by mély zprostiedkovat informace o stavu plochy, kde maji byt kostky
slozeny, by bylo nutno celkem Sest senzorti na mistech, umisténi prvni vrstvy kostek,
ptipadné by muselo byt uzito néjakého skeneru nebo strojového vidéni, coz by bylo pro tuto
ukazkovou aplikaci podstatné ekonomicky nevhodné.

Obr. 3-15 Graficka reprezentace ulohy Manipulaéni operace s kostkami
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4 PRAKTICKA CAST

V této Casti prace je popsan postup vedouci k virtualnimu zprovoznéni. V prvni fadé bylo
nutné vytvofit 3D model zprovoznovaného vyrobniho systému se vSemi kinematikami,
operacemi, logickymi bloky a materialovymi toky. Nasledné¢ bylo nutné navrhnout
a naprogramovat PLC fidici tento 3D model. Nad ramec prace byla rovnéz vytvorena
vizualizace ovladaciho panelu (HMI) slouzici k ovladani naprogramovaného PLC. PLC, HMI
a 3D model byly pak spojeny skrze softwarovy emulator PLCSIM Advanced 2.0, diky ¢emu
bylo nasledné provedeno virtualni zprovoznéni.

4.1 Postup tvorby simulaci v prostiedi Process Simulate

V této kapitole je popsana metodika tvorby simulace v softwaru Process Simulate. Zde nebylo
mozné popsat veskeré funkce a moznosti PS v ramci této prace, jelikoz pouzity software je
velmi komplexni, obsahujici Sirokou Skdlu moznosti tvorby simulaci, operaci atd. Proto v této
kapitole bylo pfistoupeno k zjednodusenému popisu metodiky tvorby simulace zadaného
vyrobniho systému nutné k virtualnimu zprovoznéni.

Pro tvorbu pozadované simulace byla k dispozici diive zpracovana simulace v PS.
Tato simulace ale ne zcela odpovidala, ptevazné zahrnutymi operacemi, realnému vyrobnimu
systému, na kterém mélo byt pozdéji provedeno virtudlni zprovoznéni. Jelikoz po
podrobnéjsim prozkoumani bylo zjisténo, ze zmény v simulaci by byly natolik markantni, ze
by mohlo dochazet pozdgji ke konfliktim ruznych soubort, ptipadné k chybam v definici
komponent, ¢i nemoznosti upravovat operace, bylo rozhodnuto o znovu vytvoieni simulace se
vSemi prvky potiebnymi pro nasledné virtudlni zprovoznéni S tim, Ze byl kladen diraz na
pozd¢jsi moznost rozsiteni a editaci této nové simulace.

Prvotni simulace byla ovSem pfinosna, jelikoZ jeji rozlozeni nékterych zafizeni
korespondovalo s realitou. Jedna se o soustruh SPM 16, frézku MCV 754 Quick, robot ABB
IRB 4400/60 s pojezdem IRBT 4003 a ochranné ploty s bezpe¢nostnimi prvky. Zdrojové
soubory soucasti v dodané simulaci, které jsou pouzity v nové simulaci byly pfekopirovany
do nového pracovniho adresafe a s témi bylo nasledné pracovéno.

4.1.1 Modely pouzitych zafizeni

V dodané simulaci byly pouzity nepiesné nebo zjednoduSené modely nékterych zatizeni.
Aby bylo mozné vytvofit vérnou reprezentaci rozlozeni vyrobniho systému, bylo nutné tyto
modely vytvofit nebo upravit stavajici. Jednalo se pfedev§im o model soustruhu SPM 16,
magneticky upina¢ MFRS-A1-032 a nastroje robotu.

Model soustruhu Kovosvit SPM 16

V dodané simulaci byl pouzit zjednoduSeny model soustruhu SPM 16, ten bylo nutné vytvofit
jako vérn€jsi model realného soustruhu s moZznosti otevirani dvefi a pohybu celisti skli¢idla
simulujici upnuti obrobku. I kdyz k soustruhu nebyly v této diplomové praci vztazené zadné
operace, V ptipadé pozadavku na rozsifeni a tvorbu naslednych simulaci zahrnujicich tento
soustruh, je vSe pfipraveno. Soustruh byl vytvofen v softwaru Inventor Professional 2018,
nasledné byl nahran do PS a byla mu vytvotena zakladni kinematicka struktura reprezentujici
zavirani dveti a pohyb kament sklic¢idla (Obr. 4-1).
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Kinematics Editor - soustruhSestava2800 v3_stp (m]

N £ =[x =] o] Em] x| e K@ &

Joint Jog - soustruhSestava2800 v3_stp
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Steering/Foses Value Lower Limit | Upper Limit
B ¢ | soustruhSestava2800_v3_stp HOME ;I

----- & doorOpenSPM [— U 000 650.00
----- & chuck1MaveSPM (e XN 000 20.00
Reset | Close |

Obr. 4-1 Kinematicka struktura soustruhu SPM v PS

Model magnetického upinace Schunk MFRS-A1-032
Dalsi prvek, ktery byl v dodané simulaci reprezentovan znaéné zjednodusenym modelem, byl
magneticky upina¢ Schunk MFRS-A1-032. Ten bylo nutné vymodelovat ve vérnéjsi podobé

realného upinace. Model byl vytvotfen v prostiedi Siemens NX 12.0 a nasledné byl nahran
do PS a umistén na stil stroje MCV (Obr. 4-2).

Obr. 4-2 Magneticky upina¢ umistén ve stroji MCV

Modely ndastroje s chapadlem Schunk

Jelikoz v dobé tvorby poskytnuté simulace nebyl jasné definovan ndstroj, ktery by mél
provadét obsluhu stroje MCV 754 Quick, bylo v ni pouZito velmi nekvalitniho modelu.
Po konzultaci byl dodan novy model nastroje, ktery bylo nutné osadit adaptérem pro vyménu
nastroji. Takto vytvofeny model byl pak nahran do PS (Obr. 4-3), byla mu vytvofena
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adekvatni kinematika (Obr. 4-4), referen¢ni souradny systém TCP a soufadny systém pro
ptipojeni nastroje k robotu.

SS pro pripojeni k robotu
5

A~
Iaw'egdﬁ"f:l"dwement upper)a
>
lowerJaw
v
€ >

¥ show colors Close |

Obr. 4-4 Kinematicka struktura nastroje s chapadlem Schunk v PS

Dalsi modely

V rdmci vyrobniho syst¢ému bylo nutné vytvofit dale model stolu, kde je provadéna tloha
Manipulaéni operace s kostkami a model starého stolu frézky, ktery je pouzit jako plocha pro
odkladani obrobku pfi robotické obsluze stroje MCV 754 Quick. Taktéz byl upraven model
oploceni, kde byly odebrany vSechny vypliujici pletiva, ktera byla nahrazena prihlednymi
bloky. Diky tomu jsou simulace piehlednéjsi a vypocetné méné narocné.
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4.1.2 RozloZeni vyrobniho systému

Po nakopirovani vSech dil¢ich modeld do pracovniho adresafe a vytvoreni potfebnych
kinematik, byly modely importovany do PS. Po importovani bylo nutné vytvofit soustavu
charakteristickych soufadnych systému, do kterych pak byly ptesunuty jednotlivé modely,
¢imz bylo docileno rozlozeni korespondujici s rozlozenim realného vyrobniho systému (Obr.
4-5).

Obr. 4-5 Model kompletniho vyrobniho systému v PS

4.1.3 Tvorba pozadovanych operaci

Aby bylo mozné vytvofit pozadované operace, bylo nutné vytvofit nékolik soutadnych
systému odpovidajici mistim, kde maji byt manipulované souc¢asti umistény. V piipad¢ ulohy
Obsluhy stroje MCV 754 Quick se jednalo o soufadny systém umistény na stolu staré frézky
a na magnetickém upinaci v utrobach samotného stroje (Obr. 4-6). U ulohy Manipula¢ni
operace s kostkami bylo nutno vytvofit celkem Sestnact soufadnych systému. Prvni byl
vytvofen jeden soufadny systém ve skluzu reprezentujici misto odebrani kostky a jeden
odpovidajici mistu, kde se bude ve vychozi pozici nachazet karton. Dale bylo vytvofeno
celkem dvanact soufadnych systému pro dvé vrstvy kostek a dva soufadné systémy pro
uloZeni kartont (Obr. 4-7).
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Obr. 4-6Soutadné systémy nutné pro Obsluhu stroje

PLACE SS

)

CARDBOARD PICK SS

L

L3 /.

CUBE PICK SS

Obr. 4-7 Soutadné systémy nutné pro Manipulaci s kostkami
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Po vytvoreni vSech potiebnych soufadnych systémi byly vytvofeny manipulacni (Pick
and Place) operace tyto soufadné systémy spojujici. Pro ulohu Obsluha stroje MCV 754
Quick bylo nutné sestavit dvé robotické operace (viz. Kapitola 3.5.2). Pro ulohu Manipulace
S kostkami bylo vytvoieno celkem ¢trnact manipulacénich (Pick and Place) robotickych
operaci (viz. Kapitola 3.5.3). Poslednim krokem bylo vytvofeni operaci vymény nastroju (Viz.
Kapitola 3.5.1).

Dulezitym krokem bylo vlozeni operace do programu robotu a piifadit jim
pozadovana ¢isla cesty ,.#Path®, jelikoz na zaklad¢ téchto hodnot jsou nasledné tyto operace
volany z fidiciho programu nadiazené¢ho PLC. Operace (Obr. 4-8) jsou usporadany tak, aby
pii spusténi funkce ,,Auto Teach* prob&hly v navaznosti jedna na druhou, a tim se tak zapsaly
do programu robotu. Tento program Ize po tpravé nahrat do realného fidiciho systému robotu.

Paths & Locations Pzh #

== Main
+ _E ToolChangeHange ToSchunk 1
%W, Partinsert 101
+ Wy, PartTakeOut 102
+ B ToolChange_Schunk ToYac 13
+- B ToolChange VacToSchunk k)
(#- B ToolChange_Schunk TaSMC 12
[P TaolChanae_SMCTaSchunk 21
#- B TasiChange_Sehunk ToFange 10
[+ !_’ ToolChangeFlange ToSMC 2
[+ .:3 Cubes_1_1_1 201
[+ My Cubes 2 11 202
= By Cubes 3_1_1 203
B, Cubes 1_2 1 204
W, Cubes 2 2 1 205
By, Cubes_3_2_1 206
= By Cubes_1_1_2 207
=By Cubes 2_1_2 208
=By Cubes 312 209
=By, Cubes_1_2_2 210
=By Cubes 2 2 2 21
[+ M, Cubes_3 2 2 212
[+ B ToolChange SMCToVac 23
+ B, Cubes_Kart_1 250
[+ By Cubes_Har_2 251
= - B ToslChange_VacTaSMC 2
L § ToolChange_SMCToHange 20
L S ToclChangeFlangeToVac 1
= % ToolChange_VacToFange 30

Obr. 4-8 Operace a jejich ¢isla (#Path) zahrnuty v programu robotu

4.1.4 Materialovy tok

Diky tomu, Ze je simulace udalostné fizena, bylo nutné definovat materidlovy tok
jednotlivych manipulovanych soucasti, jelikoz v pribéhu simulace se tyto soucasti objevuji
pouze za splnéni urcitych podminek.

Pti obsluze stroje MCV 754 Quick je polotovar odebiran ze stejného mista, na které je
nasledné odklddan obrobek. To znamend, Ze v prib&hu této operace nemtize dojit k
,objeveni* dal§iho polotovaru, proto zde neni nutné vytvaret materidlovy tok, protoze Vv celé
simulaci bude vzdy existovat pouze jeden tento polotovar/obrobek.

Avsak pfi operaci manipulace s kostkami bylo vyuziti materidlového toku nadmiru
vhodné, jelikoz je mozné tyto kostky postupné zobrazovat v simulaci a na jejim konci je
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dvandct jejich grafickych reprezentaci (instanci). Kostky umisténé ve skluzu se postupné
skryvaji, ale k manipulaci dochazi pouze sjednou objevujici se kostkou na zakladé
materialového toku. Kostka je vygenerovana pouze v piipad¢ zavolani tlohy Manipulace
s kostkami, nebo kdyz je signal ,,Generate_Cube* roven ,,TRUE®. Tento signal je uveden do
stavu ,,TRUE®, diky OLP ptikazu ,,SetSignal®, ktery je vybaven, jakmile robot projde bodem
trajektorie po odebrani kostky ze skluzu (Obr. 4-9). Vysledny materidlovy tok ve zkracené
podobé je mozno vidét na obrazku (Obr. 4-10).

Abb-Rapid - bPP

M| 4| »| M| &£
OLP Commands

# Blank tezitko 3
# SetSignal Generate_Cube =true

Obr. 4-9 Nastaveni signalu pro generovani dalsi kostky

B OP_1_1_1_end

: & Cubes_1_1_1

B OF_ 1.2 7 end

. . . . - . . . w . . .
~———p - Provsechny
Lo A o . Operace s |
C E:l;t Cubes 3 2 2 co s e e estkami

Obr. 4-10 Vysledny materialovy tok (zkracena verze)

4.1.5 Senzory a signaly

Aby bylo mozné tidit simulaci v PS pomoci externé ptipojeného PLC, bylo nutné vytvofit
signalovou strukturu poskytujici potiebné vstupni a vystupni signaly fidicimu PLC. Jedna
se 0 signaly robotu (Obr. 4-12), signaly senzort (Obr. 4-13), ptipadné signaly logickych
blokt. Pro robot jsou vytvotreny zdkladni signély. Dale bylo vytvoteno nékolik ,, Photoelectric
Sensor “, které snimaji nastroje na piirubé robotu (Obr. 4-11). Obdobn¢ byly vytvofeny dalsi
senzory snimajici pfitomnost nastroji ve stojanu a piitomnost soucasti nutnych k vykonani
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manipulacnich operaci, jako je polotovar ptfi obsluze stroje, nebo kostky a kartony pfti
manipulaci s kostkami. Tyto signaly byly namapované na vstupy/vystupy fidiciho PLC.

Senzory informujici o pritomnosti nastroje
v

-

Obr. 4-11 Zobrazeni virtualnich sensord na pfirubé robotu

4 | 4| #| B

| PLC Signal Name Robat Sigral Mame 140 Signal Function HW T... |Address
No Address
| irp4400_&0_rev02_programMumber programMumber @ Program Number BYTE | Mo Address
irb4400_&0_rev(2_emergencyStop emergencyStop 3  Program Emergency Stop BOOL | Mo Address
| i 4400_&0_rev02_programFause programPause Q@ Program Pause BODOL | Mo Address
iro4400_&0_rev(2_programEnded programEnded | Ending Program BOOL | Mo Address
irb4400_&0_rev02_mirorProgramMumber | mimarProgramMumber | Mimor Program Number BYTE [ Mo Address
: irb4400_60_rev(2 emorProgremMumber | emorProgram Number | Emor Program Mumber BOOL | Mo Address
| irb4400_&0_rev02_robotFeady robotReady | Robot Ready BOOL | Mo Address
| b 4400_E0_rev02_at HOME HOME I Pose Signal BOOL | No Address
1| | 3
Ok Cancel

Obr. 4-12 Zéakladni signaly robotu
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Signal Viewer

FrT R BB

Signal Name Memory | Type Address « | |EC Format PLC Connection| Resource

Type hare fo filtar Tvipe here to filter | Type here fo fil o
A CART_SENS [ |BoOL 0.0 10.0 @ _cartonSensor
A% CIUB_SENS [ |eooL 0.1 10.1 @ _cubesSensor
A PNP_SENS [} BOOL 02 10.2 @ HandlingPartSensor
A SCHUNK_SENS_F [} BOOL 10 11.0 @ SchunkSensorFlange
A% SMC_SENS_F O] |BOOL 12 1.2 @ SMCSensorFlange
A JAC_SENS_F [} BOOL 13 113 @ “VacSensorFlange
A% SCHUNK_SENS_S [ |eooL 20 12.0 @ _schunkInStand
AN SMC_SENS_S [ |BooOL 21 12.1 @ _SMClnStand
A% VAC_SENS_S [ |BoOOL 22 12.2 ® _vacinStand

Obr. 4-13 Signaly senzori

4.1.6 Logické bloky

Logické bloky (dale LB) v PS slouzi k vytvofeni logické struktury, ktera je nezavisla na
fidicim PLC. Vnitini logika LB je sestavena na zakladé¢ logickych podminek, kdy na zakladé
vstupnich signalu ,,Entries® jsou ovlivnény signaly vystupni ,,Exits“. Od PS verze 14 je
mozné V LB pouzivat 1 funkce jako Set-Reset, Casovace, ¢itaCe apod. LB je taktéZ mozno
vytvofit pro jednotlivé zafizeni.

Pro zafizeni se LB vytvafeji automaticky ptikazem ,,Create LB Pose Action And
Sensors®. Priklad takto vytvoteného LB zafizeni (ploti) je mozné vidét na obrazku (Obr.
4-14), kde jako vstupni signaly jsou pouzity ,,rmtp_CLOSE* a ,rmtp_OPEN®, které jsou
svazany s akcemi ,,rmtp_CLOSE_action* a ,,rmtp_OPEN_action“. To znamena, ze v piipadé,
kdy jsou vstupni signaly v hodnoté ,,TRUE®, je volana pfislusna akce zaviit nebo otevfit
dvete. Toho by bylo mozné vyuzit v piipad€, kdy by dvete byly automatizované a signal pro
zavieni, pfipadné otevieni, by posilalo tidici PLC. Dale jsou v bloku parametry (senzory)
»al_CLOSE_sensor* a ,,at OPEN_sensor®, zprostiedkovavajici informaci o tom, Vv jaké se
zrovna nachazeji dvete poloze. Na zakladé téchto parametru jsou pak vystaveny vystupni
proménné ,,at CLOSE* a ,,at OPEN®. Proménna, respektive signal ,,at CLOSE* poskytuje
informaci, zda jsou veSkeré dvete uzavieny, coz je velmi dilezitd podminka pro splnéni
bezpecnostniho hlediska fidiciho PLC pfed volanim operace.

Resource Logic Behavior Editor - Fences o x
‘ Overview | Entries | Exits | Parameters | Constants | Actions |
|
rmtp_CLOSE (») Parameters at_CLOSE

at_CLOSE_sensor
at_OPEN_sensor

rmtp_OPEN at_ OPEN

® Actions
rmtp_CLOSE_action
rmtp_OPEN_action

Obr. 4-14 LB pro ploty

Dale byl vytvoien LB ,,ABBRapidBlock®”, ktery zprostifedkovava fidicimu PLC
informaci o tom, zda robot zrovna pracuje. Jak je mozno vidét na obrazku (Obr. 4-15), v ¢asti
,ValueExpression“, je pouzita Set-Reset funkce, ktera je aktivovana v piipadé vybaveni
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vstupniho signalu ,,StartRobot_I*“. Funkce je resetovana v ptipadé vybaveni vstupniho signalu
,,RobotOperationEnd_1*.

Resource Logic Behavior Editor - ABBRapidBlock o =
Chverview I Entries Euits | Parameters | Constanis |
Add = A Create Signal = Delete

MName Type Connected Signals Description *
RobotWorking_O Bool RobotWorking_PLC

' Rizeny signal na zalkladé funkce v poli Value Expression

w  General

w |f Condition

# | Value Exprassion

SR{StartRobot_I,RobotOperationEnd_I)
Logicka funkee ovliviujici hednotu signalu

[ [ =0 e

Obr. 4-15 LB reprezentujici praci robotu

4.2 Program PLC

Jako fidici PLC pro zadany vyrobni systém bylo pouzito PLC firmy Simens Simatic
S7 1512 - PN/C. Vysledny program byl sestaven v prostiedi TIA Portal V15. Hlavni cyklicka
rutina programu je psana v jazyce LAD (LadderLogic) a sklada se z n€kolika funkci (dale
FC), které jsou psany V jazycich LAD a SCL (Structured Control Text). Ty syntakticky
vychazi z jazyku Pascal. Dilezité ¢asti programu jsou popsany pomoci vyvojovych digram,
které graficky zobrazuji tok programu, a jsou tak mnohem piehlednéjsi a nazornéjsi nez
samotné kody.

4.2.1 Vizualizace ovladaciho panelu

Nad ramec prace byla vytvofena zjednoduSena vizualizace ovladaciho panelu slouziciho
k ovladani fidiciho PLC (Obr. 4-16), tzv. HMI, jelikoz je pravdépodobné budouci pouziti
takového panelu pro ovladani celého vyrobniho systému. Nebylo mozné ptedur€it, 0 jaky
panel se bude jednat, proto byla vizualizace navrZzena pro dvanactipalcovy panel stiedni tfidy
KTP1200 tady Basic ze série SIMATIC HMI firmy Siemens. Této vizualizace bylo rovnéz
pouzito k ovladani PLC, a tim tak fizeni a ovéfeni virtudlniho modelu vyrobniho systému.

Ve vizualizaci je prozatim pouzitda jedna plocha, kde je zobrazen pohled shora
na vyrobni systém, ve kterém jsou zasazeny zelené/Cervené ukazatele (kolecka) reprezentujici
pouzité senzory. Pokud je ukazatel zobrazen v Cervené barvé, je signal senzoru roven
,,FALSE®, v barv¢ zelené je signal roven ,,TRUE®. Jednotlivé pismena a Cisla ukazateli jsou
vysvétlené v pravé dolni ¢asti panelu. Na ptirubé robotu se nachazi ukazatel ¢isla piitomného
nastroje:

e 0 - Zadny nastroj
e 1 Nastroj s chapadlem Schunk

e 2 —Nastroj s chapadlem SMC
e 3 —Nastroj s vakuovym chapadlem
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Dale jsou Vv oblasti stojanu ukazatele zprostfedkovavajici informace o pfitomnosti
jednotlivych nastrojii. Taktéz se zde nachazi ukazatel C1 reprezentujici pfitomnost kostek
v zasobnim skluzu. Na odkladacim stolu se nachazi ukazatel C2, ktery udavéa informaci
0 pfitomnosti manipulovanych kartonu, a v pravé c¢asti je ukazatel W, ktery informuje
0 pritomnosti polotvaru/obrobku uréenému k zakladani/odebirani ze stroje. Posledni ukazatele
jsou znaeny pismenem S reprezentujici bezpecnost. Jelikoz se o bezpecnost stard
bezpecnostni PLC, které momentalné vraci, zda je bezpecnost splnéna a bunka je tak
V bezpecném stavu nebo ne, proto nebylo mozno ve vizualizaci rozlisit, kde neni bezpecnost
splnéna, zda na dvetnich zamcich, ¢i svételnych zavorach.

Navrzena vizualizace rovnéz zobrazuje informaci o tom, zda je buika v sepnutém
nebo vypnutém stavu, dale jaka uloha je zrovna vykonavana a jeji aktualni postup, tj. kolik
dil¢ich robotickych operaci je splnéno. V ptipadé nesplnéné bezpecnosti a pozadavku na start
robotu se ploty a svételné zavory rozblikaji cervenou barvou (Obr. 4-17). Pokud je bezpecnost
splnéna a robot pracuje, blika zelen¢ (Obr. 4-18). Nakonec byla vytvoiena jazykova sada pro
moznost prepinani vizualizace mezi ¢eskym a anglickym jazykem (Obr. 4-19).

SIEMENS SIMATIC HMI

y - |
¥ cerL stoppep |

"Current Operation: No operation runni;lg
Progress:

ey - Schunk Tool | C2 - Carton Sensor’
SRR - SMC Tool W - Workpiece

VAC Tool . 5- Safety

\‘

No Tool C1 - Cubes Sensor

Obr. 4-16 Vizualizace fidiciho PLC (HMI)
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SIEMENS SIMATIC HMI

b,

0 - No Tool C1 - Cubes Sensor

—ees 1 - Schunk Tool C2 - Carton Sensor
StartCell 2 - SMC Tool W - Workpiece

3 - VAC Tool S - Safety

Current Operation: Machine operating

Obr. 4-17 Vizualizace pfi nesplnéné bezpecnosti

SIEMENS SIMATIC HMI

CZ/ENG

Cunent Operation: Machine operating

0 - No Tool C1 - Cubes Sensor

» 1 - Schunk Tool C2 - Carton Sensor
Start Cell 2 - SMC Tool W - Workpiece

3 - VAC Tool S - Safety

Obr. 4-18 Vizualizace pti bézicim robotu



SIMATIC HMI

m”/m ,n\\.h\\wmlh '-——
CELL STOPPED !

Bézici operace:

- Bez nastroje K1 - Sensor kostky

- Schunk nastroj K2 - Sensor karton
Zapni Buiiku - SMC nastroj 0 - Sensor obrobku

- Vakuovy nastroj B - Bezpecnost

Obr. 4-19 Vizualizace v ¢eském jazyce

4.2.2 Hlavni rutina — Main
Rutina ,,Main* (Obr. 4-20) je ¢ast programu, ktera se vola po spusténi PLC.

V prvni ¢asti se ¢eka na sepnuti celé buiiky. Toho je docileno pfi stiSténi tlacitka
otart Cell na ovladacim panelu, coz se promitne do proménné ,,START*. P0 spusténi bunky,
¢imz dojde k jeji inicializaci nactenim vSech senzorti a stavu robotu, nasleduje vybér ulohy.
Toho je docileno nactenim proménnych , TASK 1“ a , TASK 2% které jsou ,,TRUE®,
Vv ptipadé stisténi piislusnych tlacitek na ovladacim panelu. Kdy ,,TASK_1* odpovida tlacitku
,Machine operating“ a ,,TASK 2“ odpovida tla¢itku ,,Cubes Handling®“. Po nacteni téchto
proménnych a jejich nasledném vyhodnoceni je volana funkce pozadované tulohy.
Po ukonceni FC volané ulohy je nactena proménna ,,.STOP*, ktera je urCena tlacitkem ,,Stop
Cell*. V pfipade¢, ze tla¢itko neni stis§téno, je program vracen pied volbu provedené ulohy, kdy
je mozno volat dal$i pozadovanou tlohu. Pokud je toto tlacitko stiSténo, je program vracen
zpét na pocatek, kdy musi byt butika pied volanim dalsi ulohy opét spusténa a inicializovana.
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READ. START.HMI_Btn

START

Yes

> €

READ.TASK_1.HMI_Btn

Mo READ.TASK_2 HMI_Btn

Ma
L TASK_Z2 e TASK_1

Yes Yes

[[Task20:] ] [[Tesk 0] |

AD STOP.HMI_Btn

Yes Ma
STOP

Obr. 4-20 Vyvojovy diagram hlavni rutiny — Main

4.2.3 FC Volani ulohy — Task_n

Funkce Volani ulohy (Obr. 4-22) se stara o nastaveni spravného ¢isla volané robotické
operace a ovéteni, zda jsou splnény veskeré podminky nutné pro vykon operace, kde je
nasledné tato operace zavolana. V ramci této funkce je pouzito nékolik dalsich podfunkci.
V nazvu ,,Task_n“ reprezentuje pismeno ,,n“ ¢islo ulohy, ktera ma byt provedena, jak je
naznaceno v hlavni rutiné.

Na pocatku je nacteno Cislo nastroje, kterym je zrovna osazen robot, pomoci funkce
,T00lRead“. Dale je nastaveno Ccislo robotické operace do paméti v proménné
,OP_NUMBER_M*, které je ziskano na zakladé predem definované tabulky
,OperationTable_n* v datovém bloku ,,Program_Data_Block* (Obr. 4-21), ve kterém jsou
¢isla pozadovanych robotickych operaci. Poté pfichazi rozhodnuti, zda je ¢islo operace rovno
nule, pokud ano, je program pfesunut nakonec této funkce s tim, Zze proménna reprezentujici
ukonceni pozadované tulohy ,, TASK_END* je nastavena do hodnoty , TRUE®“ a C¢islo
pozadované robotické operace ,,OP_NUM® je vynulovano. To znamen4, ze kdykoliv program
narazi pii prochazeni pole na nulu, je zrovna provadéna uloha ukoncena, coz zajistuje
moznost jednoduchého rozsiteni stavajicich uloh o nové dil¢i operace.

V ptipadé, kdy je operace nenulovd, dochazi k ovéfeni, zda osazeny nastroj odpovida
pozadovanému nastroji dané operace diky funkci ,,ToolCheck”. Pokud ne, je volana funkce
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,»T00lChange* vracejici do proménné ,,FINAL_R_OP_NUM* ¢islo pozadované robotické
operace vymeny nastroje. Jestlize vyména nutnd neni a ndstroj osazeny odpovida néstroji
pozadovanému, je do proménné ,,FINAL_R_OP_NUM® zapsano ¢islo pozadované robotické
operace ulozené v proménné ,,OP_NUMBER_M “. Nasledné¢ je ovéteno, zda jsou splnéné
vSechny potiebné podminky pro vykon dané operace pomoci funkce ,,ConditionsCheck*,
pokud splnény jsou a je rovnéz splnénd bezpecnost, je do vystupni proménné ,,OP_NUM*
zapsano Cislo volané robotické operace nachazejici se v proménné ,,FINAL_R_OP_NUM*
arovnéz je nastavena vystupni proménnd ,,START_ROBOT_OP* na hodnotu ,,TRUE®, ¢imz
je zavolana pozadovana roboticka operace.

Po dokonceni operace, coz reprezentuje vstupni proménnd ,,R_OP_DONE®, je pomoci
funkce ,,COUNTER_TASK_T* rozhodnuto, zda m4 byt ¢ita¢ inkrementovan. Takto navrzena
inkrementace je vhodna tehdy, kdyz dochazi mezi pozadovanymi operacemi K vyméné
nastroju, jelikoz vyména nastroje neni dil¢i operaci zadné z uloh, a tudiz neni nutny posun
v deklarovaném poli operaci ¢isel. V nazvu funkce pak ,, T* reprezentuje Cislo pozadované
ulohy, kde 1 je obsluha stroje a 2 manipulace s kostkami.

Jakmile je ¢ita¢ inkrementovéan, dochazi k posunuti v definovaném poli operaci, ¢imz
je vykonana nasledujici operace za piedpokladu splnéni vSech podminek, jako u operace
ptedchozi.

3 <@ = ¥ OperationTablel Array[0..2] of "OperationDescription”

4 0 8 ¥ ODperationTable1[0] "OperationDescription”

5 i u 0 Int 0

&6 |- = TargetStation Int 1

7| = ID_MEXT_OPFERATIOMN_ROW Int 1

g8 |-ad B QP_MUM Int 101

S |« 8 ¥ QOperationTable1[1] "OperationDescription”

10 |-g3 u 0 Int 1
< = TargetStation Int 1

12 |-qq u ID_MEXT_OFERATION_ROW Int 2

15 40 = OF_MUM Int 102

14 |-ag 8 ¥ OperationTable1[2] "OperationDescription”

15 |-qd u 0 Int 3

16 -0 = TargetStation Int 1

17 |0 u ID_MEXT_OPERATION_ROW Int 0

18 |-ad u QPF_MUM Int 0

Obr. 4-21 Pole operaci Program_Data_Block pro ulohu Obsluha stroje
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START

T =chosen task

¥
| ITooIRead{};I |

OP_NUMBER_M = Program_Data_Block. TaskOperationTableT.[JARRAY_1D] FCE]

Program_Data_Block

OP_NUMBER_M == 0 TASK_END = TRUE

OP_HUM =0

| ToolCheck(); |

O0L_READ

4
= |cr: ‘FINAL_R_OP_NUM = OP_NUMBER_M
|_|Too f‘”g‘*{]‘] |  OPERATION_NUMBER _SET = TRUE

|
-

r
L 4
| ConditionsCheck(); |

*

READ. SAFETY

Yes

[op_uuu =FINAL_R_OP_NUM J

START_ROBOT_OP=TRUE

L 4
| |DDU NTER_TASK_T{};' |

ARRAY_ID +=1

Obr. 4-22 Vyvojovy diagram FC Volani tlohy — Task_n
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FC Nacteni ndstroje — ToolRead

Funkce Nacteni nastroje (Obr. 4-23) slouzi k nacteni nastroje, kterym je robot osazen
a nastaveni jeho ¢iselné hodnoty do proménné ,,CURRENT_TOOL®. Toho je docileno pomoci
nékolika IF-ELSEIF podminek, kdy podle senzoru, ktery zrovna vraci hodnotu ,,TRUE* je
nastaveno ¢islo pouzitého nastroje. V piipadé, Ze robot neni osazen zadnym nastrojem, jsou

vSechny senzory v logické nule a ¢islo néstroje je tedy nula.

>

READ.TOOL_1.Flange
READ.TOOL_2 Flange

No READ.TOOL_3Flange

Mo Mo Mo
I(Tool_1|| Tool_2 || Tool_3) f— Tool_3 “»4——< Tool_2 “»e— Tool_1

Yes Yes Yes Yes

CURRENT_TOOL=10 CURRENT_TOOL =3 CURRENT_TOOL =2 CURRENT_TOOL =1

Obr. 4-23 Vyvojovy diagram FC Nacteni nastroje — ToolRead

FC Kontrola nastroje — ToolCheck

Funkce Kontrola nastroje (Obr. 4-24) slouzi ke kontrole nastroje vzhledem k pozadované
robotické operaci. Je logické, Ze robot nemliZe vykonavat operaci pii osazeni nastrojem, ktery
pro tuto operaci neni urcen.

Prvné musi byt nacteny hodnoty proménnych ¢islo nastroje ,,CURRENT_TOOL
acislo pozadované robotické operace ,,OP_NUMBER_M®“, dale je nastavena hodnota
proménné ,,n“ na nulu. Poté, za pouziti cyklu FOR jdouciho podle proménné ,,n“, je projita
tabulka operaci a nastroju ,,RoboticOperationAndTools* (Obr. 4-25). V ptipad¢, ze se nactené
¢islo operace rovna ¢islu operace na tadku ,,n“ je poté ze stejného fadku nactena hodnota
nastroje. Tato hodnota je néasledné porovnana s hodnotou proménné ¢islo néstroje, nactenou
na pocatku tohoto funkcéniho bloku. Pokud se ¢islo nacteného néstroje shoduje s Cislem
pozadovaného ndstroje jsou nastaveny proménné ,TOOL_READY“ na ,TRUE®
a,,TOOL_CHANGE_REQUIRED* na,FALSE®“. V piipad¢, kdy krovnosti nedochazi, je
proménna ,,TOOL_READY* nastavena na ,,FALSE* a, TOOL_CHANGE_REQUIRED* na
» TRUE®.
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READ.OP_NUMBER_M
READ.CURRENT_TOOL

T

Y
Program_Data_Block No

< N==20

OP_NUMBER_M

Program_Data_Block RoboticOperationAndToolTable[n] OperationMumbe

CURRENT_TOOL ==
PROGRAM_DATA_BLOCK RoboticOperationAndToolTable[n]. ToolNumbe

h 4

TOOL_READY = FALSE
TOOL_CHANGE_REQUIRED = TRUE

TOOL_READY = TRUE
TOOL_CHANGE_REQUIRED = FALSE

\ Ly
Y

Obr. 4-24 Vyvojovy diagram FC Kontrola nastroje — ToolCheck

20 <a@ = ¥ RoboticOperationsAndTools Array[0.50] of*... |||

21 < =~ RoboticOperationsAndTools[0] *OperaticnsAndTools®

22 |1 = CalledOperaticnMurnber Int 101
23 < = RequiredToolMumber Int 1
24 |0 =} RoboticOperationsAndTools[1] "OperationsAndTools”

25 |aa ® p RoboticOperationsAndTools[2] "OperaticnsAndTools”

26 < =~ RoboticOperationsAndTools[3] *OperaticnsAndTools®

27 |1 = CalledOperaticnMurnber Int 202
28 41 = RequiredToolMurnber Int 2
29 0 = } RoboticOperationsAndTools[4] *OperaticnsAndTools®

30 |<ad ® p RoboticOperationsAndTools[5] "OperaticnsAndTools”

Obr. 4-25 Tabulka operaci a nastroji
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FC Vyména nastroje — ToolChange
Funkce Vymeéna nastroje (Obr. 4-26) je volana Vv piipadé, Ze je nutné provést vyménu

nastroje. V této funkci jSou nacteny dvé vstupni proménné Cislo nastroje ,,CURRENT_TOOL*
a ¢islo operace ,,OP_NUMBER_M*.

Jako v piechozi funkci Kontrola nastroje, je zde prvné deklarovana do¢asna proménna
»N“ na zaklad¢é, které prochazi FOR cyklus tabulku robotickych operaci a nastroji
,RoboticOperationAndTools“, ve které jsou zapsany nastroje prislusici kazdé operaci.
V ptipadé, ze se nactené Cislo operace rovna Cislu operace na fadku ,,n*, je poté nastavena
proménna ,,FINAL_R_OP_NUM® jako ¢islo nastroje, ktery je pfitomny na pfirubé robotu
nasobené desiti, plus ¢iselna hodnota pozadovaného nastroje z tabulky robotickych operaci
a nastroju, coz je poté ¢islem robotické operace vymeény v programu robotu.

READ.OP_NUMBER_M
READ.CURRENT_TOOL

Program_Data_Block

P N==20

Mo OP_NUMBER_M

n+=1 < ==
Program_Data_Block RoboticOperationAndToolTable[n]. Operationfumber

Yes

FINAL_R_OP_NUM = toolNumber * 10 + Program_Data_Block.RoboticOperationAndToolsTable[n]. RequiredToolNumber

TC_OP_NUM_SET = TRUE

<

Obr. 4-26 Vyvojovy diagram FC Vyména nastroje — ToolChange

FC Ovéreni podminek — ConditionsCheck
Funkce Ovéteni podminek (Obr. 4-27) slouzi k verifikaci, zda jsou vSechny logické podminky
nutné k vykonani pozadované robotické operace splnény.

Prvné je nacteno <¢islo pozadované robotické operace ,,FINAL_R_OP_NUM*
anasledné¢ je na zdklad€ tohoto Ccisla pomoci SWITCH-CASE podminky, provedeno
rozhodnuti, zda je nebo neni podminka splnéna. Jestli je podminka splnéna, je rozhodnuto
diky signaltim ziskanym ze senzorl. V ptipadé vymén néstrojl se jedna zejména o pritomnost
nastroji ve stojanu, coz jsou operace 1 — 3, 10 — 13, 20 — 23 a 30 — 32. Dalsi jsou operace
ulohy Obsluhy stroje 101 a 102, kde pii operaci 101, coz je zakladani do stroje, je dilezita
ptitomnost zakladaného polotovaru a pii operaci 102, coz je odebirani obrobku ze stroje, je
dilezité, aby bylo dokonfeno obrabéni a misto pro odlozeni obrobku bylo prazdné.
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Poslednimi jsou operace pfti uloze Manipulace s kostkami, kde pro dil¢i manipula¢ni operace
s kostkami 201 — 212 je nutné, aby vubec néjaka kostka byla ve skluzu pfitomna, a pfi
manipulaci s kartony 250 — 251 je rovnéz nutna jejich ptitomnost. Pokud jsou veskeré
podminky pro danou operaci splnény, je nastavena vystupni proménna ,,CONDITION_MET*
na hodnotu ,,TRUE®. V opa¢ném piipad¢ se ¢eka na splnéni podminek.

READ.FINAL_R_OP_NUM

|
FINAL_R_OP_NUM == 2 FINAL_R_OP_NUM==1
Yes Yes

INAL_R_OP_NUM==3
Bs

Yes Yes Yes

INAL_R_QP_MUM ==

Yes

Yes

INAL_R_OP_NUM == 30
Yes
READ.VAC_SENS_S

Y

INAL_R_OP_NUM == 3

Yes

—
READ.SMC_SENS_S

Yes

A

READ PNP_SENS
READ MACHINING_DOMNE

T

READ PNP_SENS
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| Mo |N0 | Mo
CUB_SENS TPNP_SENSOR && MAGHINING_DONE PNP_SENSOR

Yes Yes
Yes
Mo
Yes
>
READ.CART_SENS
Mo
CART_SENS

Yes

CONDITION_MET = TRUE

Obr. 4-27 Vyvojovy diagram FC Ovéfeni podminek — ConditionsCheck

FC Inkrementace citace — COUNTER_TASK T

Funkce Inkrementace ¢itace slouzi k vystaveni proménné ,,CTU* do hodnoty ,,TRUE® tehdy,
kdyZ je provadéna operace definovana Vv tabulce operaci ,,OperationTable T, kde , T
reprezentuje provadénou ulohu (Obr. 4-28 a Obr. 4-29). To zamezuje, aby doslo
k inkrementaci, tj. k volani dalsi operace i kdyz byla provadéna pouze mezioperaéni vyménna
nastroji, které nema na celkovy prubéh zvolené ulohy vliv. Operace, které nejsou
zapocitavany, se nachazeji v rozsahu 1 — 99 a momentalné se jedna o vymény nastroju.

Funkce zacind nactenim proménné ,,MIRROR_OP_NUM®, coz je c¢islo operace
vykonavané robotem, které vraci fidici systém robotu. Nasledné¢ je ve SWITCH-CASE
struktuie rozhodnuto, o jakou operaci se jedna. Pokud je operace z rozsahu 1 — 99 je vystupni
proménna ,,CTU* nastavena jako ,,FALSE®. V piipad¢, ze je operace ,,MIRROR_OP_NUM*
vrozsahu 100 — 199 a je dokonCena operace reprezentovana nactenim proménné
,ROB_OP_DONE®", ktera se rovna ,,TRUE®, je vystupni proménna ,,CTU* nastavena jako
»TRUE®. Jestlize rozsah odpovida, ale operace neni dokoncend, pak je proménna ,,CTU*
nastavena jako ,,FALSE®. Toto plati pro alohu Obsluha stroje. Pro Manipulaci s kostkami je
rozsah operaci ,,MIRROR_OP_NUM* 200 — 299.
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CTARTS

READ.MIRROR_OP_NUMBER

Mo Mo

MIRROR_OF_NUM ==100..199 MIRROR_COP_MUM ==1.99

Yes Yes

[ CTU=FALSE ]
READ ROB_OP_DONE

Mo
ROB_OF_DON [ CTU=FALSE ]

Yes

[ CTU=TRUE }

Obr. 4-28 Vyvojovy diagram FC Inkrementace ¢itace pro ulohu Obsluha stroje
CSTARTS
>

READ MIRROR_OP_NUMBER

Mo

WMIRROR_COP_MUM == 200..299 MRROR_OP_MUM==1.99

Yes Yes

l CTU=FALSE I
READ.ROB_OP_DONE
CTU = FALSE

CTU=TRUE

Obr. 4-29 Vyvojovy diagram FC Inkrementace ¢itace pro tulohu Manipulace s kostkami
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4.2.4 PLC signaly (Tagy)

Jakmile byl program vytvofen, bylo nutné namapovat jeho signaly na vstupni/vystupni
proménné tzv. PLC tagy (Obr. 4-30). Tyto signaly koresponduji se signaly v simulaci v PS
(Obr. 4-31). Signaly jsou v PS i PLC brany z pohledu PLC. Adresy vstupnich signalu zac¢inaji
pismenem I a vystupnich signalu pismenem Q.

ProcessSimulate

Marne
1 - CART_SENS
2 -l CUB_SENS
3 1| PMP_SENS
4 - SCHUME_SENS_F
5 < SMC_SENS_F
B - WAC_SENS_F
7 0| SCHUME_SENS_S
8 T | SMC_SENS_S
9 - WAC_SENS_S
10 -l RFE
11 1| R
12 - FRF
13 < RPRAM
14 - SAFETY_OK
15 0| 5RO
16 T | RPM
17 - EMS
18 -l S0

Data type Address a

Bool %I0.0
Bool 2101
Bool %102
Bool %I1.0
Bool %I1.2
Bool %I1.3
Bool %I12.0
Bool %121
Bool %22
Bool %100
Bool %101
Bool %102
Int %6
Bool %l 100.0
Bool %012.0
Int LOWI4
Bool Q1001
Bool %0Q1002

Cornment

Carton sensor

Cubes sensar

Handling part sensor
Schunk sensor flange
SMC sensor flange

WAL sensor flange
Schunk sensor stand
SMC sensor stand

VAC sensor stand

Robot operation end
Robot working

Pause robotic prograrm
Robotic program mirrer number
Safety check

Start robotic operation
Robotic program number
Emergency stop

Servis Mode

Obr. 4-30 Namapované signaly v PLC

Signal Viewer

PV RTHY

Signal Name

Type hara fo filfar

A7 CART_SENS

A7 CUB SENS

A PNP_SENS

A SCHUNK_SENS_F

A7 SMC_SENS F

ATVAC SENS F

AT SCHUNK_SENS_S

A7 SMC_SENS S

ATVAC SENS S

E irb4400_80_rev(?2_programEnded
A Robotworking_PLC

7_.5 irb4400 80 _rev(Z_programPause
?ﬂg irb4400_80_rev0?2_startProgram
E irb4400_60_rev(2_programMumber

E irb4400_80_rev02_mirrorProgramMumber

A SAFETY_FENCES
A% irb4400_B0_rev(?_emergency Stop

Memory | Type

BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
INT

INT

BOOL
BOOL

o0

OOOooooooEEoooE=

Address = | |EC Format PLC Connection
Type hare fo filter| Type hare to i I,
0.0 10.0
0.1 101
0.2 0.2
1.0 1.0
1.2 1.2
13 1.3
20 2.0
21 [21
22 [2.2
10,0 110.0
10.1 1101
102 Qinz
120 Q120
14 Q14
16 116
100.0 1100.0
1001 Q100.1

Obr. 4-31 Namapované signaly v PS
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4.3 Virtualni zprovoznéni

Pro virtudlni zprovoznéni v této praci bylo pouzito softwaru PLCSIM Advanced 2.0 slouzici
k vytvofeni virtualni PLC instance do které byl nahran vytvofeny fidici program. Nasledné
bylo nutné spravné nastavit PS pro pfipojeni k externimu kontroléru. Dalsim krokem bylo
nastaveni PG/PC rozhrani, Uprava projektu a nahrani programu do PLC instance
prostfednictvim TIA portalu. Nakonec bylo nutné spustit simulace a ovladat skrze HMI panel
virtualni model, ¢imz bylo provedeno virtualni zprovoznéni.

4.3.1 Tvorba PLC instance v SW PLCSIM Advanced 2.0
Pro vytvofeni PLC instance je nutné po spusténi softwaru PLCSIM Advanced 2.0 zpfistupnit
instanci on-line (Obr. 4-32 bod 1). Toto je dulezité, jelikoz by pti snaze nahrat program z TIA
portalu do vytvoifené PLC instance nebyla tato instance vidét. Déle je nutné zvolit nazev,
IP adresu a typ PLC. V ptipadé¢ této prace je zvolen typ PLC jako ,,Unspecified CPU 1500
Po zadani vSech parametrd je instance vytvofena stiskem tlac¢itka ,,Start (Obr. 4-32 bod 2).
Jakmile je instance vytvofena, je ji mozno vidét v seznamu (Obr. 4-32 bod 3).

ATL/
® S7-PLCSIM Advanced V2.0
SIM Control Panel

(=" :
Q#  Online Access

1 PLCSIM Virtual Eth. Adapter @

G TCP/IP communication with | <Local>

5 Virtual Time Scaling

0.01 Off 100

() Start Virtual 57-1500 PLC

2. | Instance name PLC_VS

IP address [X7] 192.168.0.1
Y Subnet mask  255.255.255.0
Default gateway

PLC type Unspecified CPU 1500 v

1 Active PLC Instance(s):
3.]E0EE pLC VS /192.168.0.1 O (x

Obr. 4-32 Tvorba PLC instance v PLCSIM Advanced 2.0

4.3.2 Nastaveni PS pro externi Fizeni

Aby bylo mozné pftipojit PS k externimu fizeni bylo nutné jej spravné nastavit. V okné
,,Options* (File>Options) pod zalozkou ,,PLC* v sekci ,,Simulation® je nutno zaskrtnou
policko ,,PLC* a nasledné¢ ,,ExternalConnection (Obr. 4-33). Dale po rozkliknuti
,,ConnectionSettings* je v okn¢ ,,ExternalConnections* pomoci tla¢itka ,,4dd...*“ ptidano
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ptipojeni k PLCSIM Advanced (Obr. 4-34). Pot¢ je vokné¢ ,L,Add PLCSIM
AdvancedConnection® definovan nazev pfipojeni a vybrana vytvofena instance v PLCSIM

Advanced 2.0 (Obr. 4-35). Po vytvofeni externiho pfipojeni je vhodné toto piipojeni ovéfit
kliknutim na tlac¢itko ,,Validate*.

Options x

Weld | Continuous | Graphic Viewer | Pefomance |

General ] Units | dhoearance ] Collisian I

Mation I Simulation Disconnected I
~ Log Fie

Log file drectory:  [C:\Users'Student\Deskiop _|

Level of notfications: |0-ALL |

¥ Append to existing file

~ Simulation

" CEE (Cyclic Event Evaluation)
LB update rate: I‘HJ— ms
& PLC
" Emulation
CSIMIT

Conneciion S eftings |

= PLCSIK
% FExtemal Connection
Connection Seitings |

|pdate rate: |1I] ﬁ ms

Obr. 4-33 Nastaveni PS pro externi fizeni

External Connmections

Mmme Type Server Ibermn Hender N

Import... Expont Validate Remove | Edit I Add...
OPC DA
Seffings.. | oK | OPC UA
) ) Simulation Unit
3 Addrass Mo Address | i | @ irb24D0 60 rev(2 . |
: N = = & hidl B el PLCSIM Advanced

Obr. 4-34 Pidani externiho pfipojeni

47



Add PLCSIM Advanced Connection x

Mame: [PLC_vS

Host type: * |ocal " Remote

Instance name: IPLC_‘I.-'S LI 'ij
Map =signals by: |

Obr. 4-35 Deklarace externiho ptipojeni

4.3.3 Nastaveni PG/PC rozhrani

Aby bylo mozné ovladat PLC program skrze virtudlni HMI panel je nutné upravit PG/PC
rozhrani, které vytvaii spojeni mezi virtudlnim ethernetovym adaptérem, ke kterému je
pfipojena vytvofena PLC instance a virtualni simulaci ovladaciho HMI panelu.

Toto nastaveni lze nalézt v ovladacich panelech pocitace. Po otevieni je tfeba
rozkliknout zalozku a vybrat pfistupovy bod ,,STONLINE (STEP 7) - Siemens PLCSIM
Virtual Ethernet Adapter. TCPIP.1*“ (Obr. 4-36 bod 1), ¢imz se ptidal do spodniho okna, kde
je jej tteba vybrat (Obr. 4-36 bod 2) a poté potvrdit stiskem tlac¢itka ,,OK*.

Set PG/PC Interface *

Access Path | LLDP / DCP | PNIO Adapter | Info |

Access Poit of the Application:

|STONLINE (STEP 7)  ~> Siemens PLCSIM Vitual Ethemet Adapte ~ |
|<Mdmelﬁe:x
CP L2 1: -»PLCSIM.TCPIP.1
FWL_LOAD (STEP )

vl il

. |23 Siemens PLCSIM Virtual Ethemet & :
[H) Siemens PLCSIM Virtual Ethemet A ., Delets |

< >

(Parameter assignment of your NDIS-CP
withTCP/IP protocol (RFC-1006))

OK | Cancel Help

Obr. 4-36 Nastaveni PG/PC rozhrani
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4.3.4 Nastaveni projektu a nahrani PLC programu
Aby bylo mozné nahrat PLC program do vytvofené instance a virtualné jej ovladat, je nutné

Vv nastaveni projektu v zalozce ,,Protection® zaskrtnout ,,Support Simulation During Block
Compilation* (Obr. 4-37).

PLC_BunkaUVSSR_Optimalizated [Project]

General Protection

Protection

Note that the know-how protection of blocks can be weakened by a simulation.

[ Support simulation during block compilation_

Obr. 4-37 Zména v nastaveni projektu

Poté je mozné PLC program nahrat do vytvofené instance, kde je nutné v PG/PC
interface vybrat ,,Siemens PLCSIM Virtual Ethernet Adapter, a nasledné po vyhledani
stiSténim tlacitka ,,Start search® by méla byt nalezena vytvofena instance se zadanou IP
adresou (Obr. 4-38).

Configured access nodes of “PLC_1"
Device Device type Slot imterface type  Address Subnet
FLE_1 CPU1512C-1 PN 1 %1 PHIE 192.168.0.1 PHIE_1
[
Type of the PGIPC interiace: '!_ PR =]
I PGIFC interface: E Sremnens FLCSIM Virtwel Ethernet Adapier - Ir\f_'.:' Eet
Connection to interface/subnet; | Directat slot "1 X1 _TI i‘;]
-|®
Select target device: Show all cempatible devices [=
Device Device ype Interface ype Address Target device
1- 57-1500 (PLCSIM) | PNIE 192.168.0.1 - |
- — FHIE Access address -
[ | Fash LED
St search |

Obr. 4-38 Nahravani PLC programu do vytvofené instance

4.3.5 Spusténi virtualniho zprovoznéni

Simulaci je nutno spustit v PS kliknutim na tlacitko ,,Play Simulation* v ,,Sequence Editoru*
(Obr. 4-39). Poté je nutno spustit simulaci HMI panelu v TIA portalu kliknutim pravym
tlacitkem mysi na HMI a poté stisténim piikazu ,,Start Simulation* (Obr. 4-40). Po spusténi
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téchto dvou simulaci je mozné ovladat model vyrobniho systému v PS skrze virtualni HMI
panel, ¢imz bylo provedeno virtualni zprovoznéni.

Sequence Editor

oe@ Q@ W 4« ul]p n o 0,00/ -
Sequence Editor Transiion
= o Line0peration

¥ gm ToolChange 1=

¥ gm PartHandling =

+- oy Cubes =

Obr. 4-39 Spusténi simulace v PS

7@ WETNY Lnange opject coior
:=l
- Prccelﬁ Start simulation Crrl+Shift+X
» _iy PLC data
» L5 watch ar WP UNYIMEISIT
» (& Online b (g4 Search in project Crrl+F
2 ,‘f jraces Cross-references F11
P 53 OPCUAC
=

» [, Device p =8 Print... Ctrl+P

e £, Print preview...
% Program ®' P

5 PLC supe Export CAxdata...
= PLC alarr .= Export module labeling strips...

4 _1’._l Local mc 'g properties... Alt+Enter
P i HMI 2 [KTPTZ00 Basic PNl - | |

Obr. 4-40 Spusténi simulace HMI panelu v TIA portalu

4.4 Program robotu

Program robotu byl v hrubé form¢ ziskan z PS (Obr. 4-41). Vlivem nemoznosti vyuzit pfi
navrhu operaci RCS (Robot Controller Simulation) modul, ktery slouzi k ziskani pfesnych dat
pro planovani pohybu a dopoditavani inverzni kinematiky, byl program vyexportovan z PS
bez definic rychlosti, nastroji a referen¢nich soufadnych systému, coz znamenalo, Ze kazda
pohybova instrukce byla netiplna a bylo ji nutno témito atributy doplnit. Kazda operace v PS
je v programu reprezentovana jednou procedurou. Pro vSechny procedury byly v deklaraéni
¢asti programu vygenerovany body trajektorie vSech operaci, coz ve vysledku c¢ita 254 bodu.

Vygenerovany program byl posléze importovan do prostfedi Robot Studio, kde byly
veskeré pohybové instrukce doplnény o chybéjici parametry. Dale do jednotlivych procedur
byly ptidany realné piikazy uréené k vyméné nastroju, ¢i uzavieni a otevieni jednotlivych
nastroji, ¢imz byly nahrazeny OLP piikazy pouzité pro tyto ulohy pouze v prostiedi PS.
Priklad procedury doplnéné 0 chybéjici parametry je mozno vidét na obrazku (Obr. 4-42).
Kazda procedura musela byt nasledné simulovana, kde byly definovany konfigurace os robotu
pro jednotlivé body pozadované trajektorie (Obr. 4-43), ¢imz se zajistilo, Zze se robot vzdy
dostane do téchto bodi a nedojde k nechténému pretoceni 0s.
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212 e
213 =] PROC ToolChangeFlangeToSchunk()
214 !--Mowved TC FlangeToSch HOME a,,fine,:
215 !--Mowved TC FlangeToSch PosBeforeStand =z 100,,fine,;
216 !--Mowved TC FlangeToSch MountSch, ,fine,
217 # Mount Gripper PGN 200 S520Editted TCP
218 !--Mowved TC FlangeToSch TCP ChangeToSch, ,fine,;
218 !--Mowved TC FlangeToSch PosAfterStand a z 100, ,fine,;
220 !--Mowved TC FlangeToSch PosAfterStand b, ,fine,:
221 !--Mowved TC FlangeToSch PosAfterStand c,,fine,:
222 !--Mowved TC FlangeToSch PosAfterStand d,,fine,:

l 223 !--HMowved TC FlangeToSch HOME b, ,fine,:
224 - ENDPROC
225
226 ] PROC PartInsert()
227 !-—MowveJd PartInsert HOME,,fine,;
228 !--MoveJ Partlnsert_PosBeforaPick a,,fine,:
229 !--MowveJ PartInsert_PosBeforePick b _z 100, fine,;
230 !-—FrameJ PartInsert_Pick,,fins;
231 # Destination Gripper PGN_200_520Editted -

1 »

Obr. 4-41 Program robotu v hrubé formé

!--Procedure where robot mounts Schunk Tool

PROC ToolChangeFlangeToSchunk()
SetD0 OPERATION_DOME,low; !--Setting output signal OPERATION_DOME as false
Mowvel TC_FlangeToSch_HOME_a,v1@8d,fine,toolChangerykibj:=korkobject_1;
Mowvel TC_FlangeToSch_PosBeforestand,v188e,zl, toolChanger \Wobj:=Workobject_1;
Mowvel TC_FlangeToSch_MountSch,vl@@,fine,toolChangeriWlobj:=Workobject_1;
!--Several move instructions
!--Point to point or linear movement, wvelocity, zone, tool with reference frame

PulseDd Local_IO @ _DO1;
WaitTime 8.5;
!--Pulse signal to attach tool

Movel TC_FlangeToSch_PosAfterStand_a,v1®@,fine,toolGripper_PGHN_288%W0bj:=Workobject_1;
Mowvel TC_FlangeToSch_PosAfterStand_b,v388,fine,toolGripper_PGN_28@%W0bJ:=kWorkobject_1;
Mowvel TC_FlangeToSch_PosAfterstand_c, w1988, fine,toolGripper PGH_208\W0b]:=Workobject_1;
Movel TC_FlangeToSch_PosAfterStand_d, w1888, fine,toolGripper_PGH_208%1Wob7 :=Workobject_1;
Mowvel TC_FlangeToSch_HOME_b,v1888,fine,toolGripper_PGH_208%W0bJ:=Workobject_1;

I--MNext movement instructions with the same attributes as on the beginning

SetD0 OPERATION_DOME,high; !--Setting output signal OPERATION_DONE as false

ENDPROC

Obr. 4-42 Ptiklad dopInéné procedury
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DHI--F- = MAIN - ABB RobotStudio 6.08

Fil Home Modeling Simulation Controller RAPID Add-Ins Modify

_@ = S@ . E' @ O_g @ B Teach Target £ Task T_ROB1(05-102946) ~ % o

J: A = 2 %
ﬁfeacn Instruction MultiMove Workobject Workobject_1

ABB Import Robot Import Frame | Target Path  Other Synchronize oV 53
Library » Library~ ' System~ Geometry~ - & 2 v Eview Robot at Target Tool wfipper_PGN_200 ~ - T ?’}b Sy 09 a&
Build Station . Path Programming £ Settings Controller Freehand |
| Move) dul LF icka > X|| MAIN:View! X |
Configurations
¥ Cig1(1-1:1.0)
Cfg2(-1,1,1,0)
[ Inciude Tums
Joint Values
Previous Cument
J1:90.03 N1:-0.39
J2:0.11 N2:-23.83
J3:-5.05 N3:-9.74
J4:0,00 1J4:-0.38
J5: 95.05 N5: 9,74
J6: 0,03 N6: 0,08
Cfg: (1-1.0.0) Cfg: (-1-1-1.0)
Apply Close
| tayout | Paths&Targets | Tags | s x
b i Cubes 212
" .2 Cubes 2 2 1
2 Cubes_2 2 2
s Cubes_3_1_1
I .y Cubes_3 12
i Cubes_3 2.1
iz Cubes_3.2 2
« Cuhes Kart 1

Obr. 4-43 Ukazka nastaveni konfigurace os robotu pro zvoleny bod trajektorie

Nakonec byla vytvofena procedura ,,CellProgram* (Obr. 4-44), ve které dochazi
k volani jednotlivych procedur operaci na zakladé¢ funkce ,,Call by variable®, coz je
ekvivalent zname SWITCH-CASE podminky. Proménna ,,OPERATION_NUMBER* je
numerickéd a reprezentuje, kterd z procedur ma byt volana. Volani procedury je podminéno
proménnou ,,START_ROBOT* Pii kazdém volani procedury je nejprve vystavend promeénna
,ROBOT_WORKING* do hodnoty ,,TRUE a proménnd ,,MIRROR_NUMBER* na hodnotu
,»OPERATION_NUMBER®. Nésledn¢ je provedena procedura a po jejim ukonceni je
proménna ,,ROBOT_WORKING* nastavena na ,,FALSE®. V ramci kazdé podprocedury je na
jejim zacatku nastavena proménna ,,OPERATION_DONE* na hodnotu ,,FALSE* a nasledné,
po vykonani vSech instrukci, je nastavena na hodnotu , TRUE®“. Tyto proménné
odpovidaji proménnym v PLC programu, které byly pouzity pro fizeni virtudlniho modelu,
diky ¢emu neni nutné ménit jiz odladény PLC program.
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Obr. 4-44 Ukazka z cyklicky volané procedury CellProgram

PROC CellProgram()

TEST ATnput(OPERATION NUMEER)
CASE 1:
IF DInput(START ROBOT)=high THEN
SetDD ROBOT_WORKING,high;
5etAD MIRROR_NUMBER,OPERATION_ MNUMBER;
ToclChangeFlangeToSchunk;
Setl0 ROBOT_WORKING, Low;
ENDIF
CASE 2:
IF DInput(START _ROBOT)=high THEN
SetD0 ROBOT_WORKING,high;
SetAD MIRROR_NUMBER,OPERATION_NUMBER;
ToolChangeFlangeToSMC;
SetD0 ROBOT_WORKING, Low;
EMDIF
CASE 3:
IF DInput(START ROBOT)=high THEN
SetD0 ROBOT_WORKING,high;
SetAD MIRROR_NUMBER,OPERATION_NUMBER;
ToclChange_FlangeToVac;
SetlD ROBOT WORKING, Low;
ENDIF
CASE 1@:
IF DInput(START ROBOT)=high THEN
SetD0 ROBOT_WORKING,high;
5etA0 MIRROR_NUMBER,OPERATION_MNUMBER;
ToclChange_SchunkToFlange;
SetDD ROBOT_WORKING, Low;
ENDIF
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5 ZHODNOCENI A DISKUZE

Virtudlni zprovoznéni Ize povazovat za celkem komplexni problematiku. V této praci byly
zpracovany vSechny zadané dil¢i cile vedouci k virtualnimu zprovoznéni. Zpracovani téchto
cilt je adekvatni vzhledem Kk pozadavkum kladenym na diplomovou praci, avSak pro uziti
Vv praxi by bylo vhodné nékteré ¢asti doladit.

V ptipad¢, kdy by mélo dochazet ke zprovozinovani vice vyrobnich systému s roboty
spole¢nosti ABB ¢i spole¢nosti jinych, bylo by vhodné vytvofit sjednocenou strukturu.
Touto strukturou se mysli, Ze pro PLC by se tvafil stejné robot virtudlni jako robot realny.
To znamena, ze Vramci Process Simulatu by byl vytvoren logicky blok se signalovou
strukturou odpovidajici redlnému robotu, a v PLC by byla vytvofena knihovna s funkénimi
bloky se stejnym udélem. Po virtualnim zprovoznéni a odladéni fidiciho PLC programu by
pak byl v HW konfiguraci pouze pfidan robot, jako dalsi zatizeni a spojen s PLC skrze
sbérnici PROFINET. Nasledn¢ by byla nutna pouze zménéna adres tidicich signalu.

Dale by bylo vhodné upravit, respektive ptidat, fidici signaly v robotu, které by byly
svazany s vnitinimi signdly fidiciho systému robotu. Tim by se zarucilo, ze naptiklad signal
zprostiedkovavajici informaci, zda robot pracuje, by byl opravdu vystaven pouze, pokud je
robot v pohybu, jelikoz v nynéj$im programu robotu je signal vystaven, pokud je volana
procedura, nikoliv pokud je robot opravdu v pohybu. To samé plati pro signaly konce
operace, cisla provadéné operace atd.

Taktéz by bylo vhodné, aby v HW konfiguraci fidictho PLC bylo pfidano
bezpec¢nostni PLC, diky ¢emu by bylo mozné rozliSovat, kde doslo k chybé a pro¢ bezpecnost
neni splnéna, coz by poté mohlo byt vyobrazeno na HMI panelu.

Poslednim krokem, by mélo byt rozsitfeni vizualizace o servisni mdd, rtizné alarmy,
ptipadné dalsi diagnostické prvky.
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6 ZAVER

Hlavnim cilem této diplomové prace bylo virtualni zprovoznéni vyrobniho systému
nachazejiciho se v laboratotich Ustavu vyrobnich stroji, systému a robotiky FSI VUT
v Brn€. To obnaselo tvorbu pfislusného 3D modelu se vSemi pozadovanymi operacemi
v prostiedi TECNOMATIX Process Simulate. Nasledné bylo nutné vytvofit fidici PLC
program, ktery byl pouzit pro rozpohybovani a fizeni 3D modelu, ¢imz bylo docileno
virtualniho zprovoznéni. Poslednim krokem byla tvorba programu robotu, ktery byl
pripraven pro nahrani do fyzického kontroléru a odladéni v realném vyrobnim systému.

Prace je koncipovana do nékolika ¢asti, kde v prvni Casti je piiblizena teoreticka
problematika virtualniho zprovoznéni. Tato teoreticka ¢ast je rovnéz doplnéna 0 analyzu
zadané¢ho vyrobniho systému. Druhd c¢ast je zaméfend na praktické feSeni této
problematiky, tvorbu 3D modelu a fidiciho PLC programu.

Jak bylo zminéno, teoreticka Cast je seznamenim s problematikou virtualniho
zprovoznéni, kde jsou pfiblizeny hlavni benefity virtualniho zprovoznéni v praxi. Déle
jsou zde rozebrany softwarové nastroje pouzivané pro feSeni této problematiky, coz jsou
softwary pro tvorbu 3D modelu a jeho naslednych simulaci, nasledovany popisem
nejastéji pouzivanych PLC ve svété primyslové automatizace a konecné softwary
umoziujici propojeni 3D modelu s tidicim PLC.

Nasleduje analyza zadaného vyrobniho systému, kde je popsan hardware zahrnut
Vv jeho zastavbé. Zde se jedna prevazné o technicka specifika robotu ABB IRB 4400/60 a
vSech jeho soucasti jako jsou pojezd IRBT 4003, kontrolér IRC5 a pouzivané nastroje.
Tato ¢ast je také dopInéna o popis operact, které by mél vyrobni systém vykonavat.

V praktické ¢asti je kladen daraz na vystizny popis tvorby 3D modelu zadaného
vyrobniho systému, kde jsou popsany jednotlivé kinematické struktury, operace a
senzory. Dalsi, neméné dulezitou casti, byla tvorba fidictho PLC programu, kterd je
podrobné popsana soustavou okomentovanych vyvojovych diagramii. Nad ramec prace
byla rovnéz vytvofena vizualizace HMI panelu, kterou je mozZno pouzit jako ovladaci
rozhrani realného vyrobniho systému.

Taktéz byl v této Casti zahrnut popiS tvorby virtudlniho PLC skrze software
PLCSIM Advanced 2.0, ke kterému byl nasledné piipojen 3D model vyrobniho systému
v prosttedi TECNOMATIX Process Simulate, a do kter¢ho byl nahran vytvofeny PLC
program z prosttedi TIA Portal.

Poté nasledovalo virtualni zprovoznéni. Je mozno konstatovat, Ze PLC program
plni svou funkci, nikde nedochazi ke kolizim a operace jsou volany postupné, jak bylo
planovano. V piipadé naruseni bezpec¢nosti je program robotu pozastaven a po opétovném
splnéni bezpecnosti program pokracuje tam, kde skoncil. Na zaklad¢ vyse zminéného, Ize
virtualni zprovoznéni povazovat za uspésné.

Poslednim cilem této diplomové prace byla tvorba programu robotu, ktery byl
V hrubé formé ziskan na zaklad¢é operaci a programu robotu z Process Simulatu. Tento
program byl importovan do prostfedi Robot Studio, avSak byl ochuzen 0 mnozstvi
atributd  specifikujicich jednotlivé pohybové instrukce. Tyto atributy bylo nutné
v deklaraci kazdé pohybové instrukce doplnit, ¢imz byly vytvofeny funkéni procedury,
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které byly oveéfeny na modelu ziskaném ze zalohy realné¢ho fidiciho systému robotu.
Nakonec byla v programu vytvoiena procedura CellProgram starajici se o volani procedur
pozadovanych operaci a vraceni signalu, potfebnych pro spravny chod PLC programu.

Zaveérem lze konstatovat, ze v praci byly splnény vSechny dil¢i cile. Prace rovnéz
poklada zaklad pro dalsi rozSifovani, pfipadné pro aplikaci ve vyuce, kde muize byt
studentim pfiblizena problematika virtualniho zprovoznéni na mnozstvi novych aplikaci,
které mohou byt implementovany jak do simulaci a 3D modelu v prostiedi
TECNOMATIX Process Simulate, tak do fidiciho PLC programu v prostfedi TIA Portal.
Dale je mozné 3D model obohatit o simulace zahrnujici lidskou obsluhu, coz mize byt
podkladem fteSeni ergonomické vhodnosti pracovisté z hlediska kvality, bezpecnosti
a spolehlivosti.
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MODULE MainModule

I--ToolData

TASK PERS tooldata toolGripper:=[TRUE,[[3.05726,-16.9492,308.991],
[0.999973,0.00616026,0.00412827,0.000025556]],[1,[0,0,100],[1,0,0,0],0,0,011;

LOCAL CONST robtarget TC_FlangeToSch_HOME_a:=[[0,-0.02,0],[1,0,0,0.000001],[0,0,-1,0],[0,9E
+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_FlangeToSch_PosBeforeStand:=[[-393.98,1252.18,1027.1],
[0.704314,0,-0.000001,0.709889],[1,0,0,08],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget TC_FlangeToSch_MountSch:=[[-393.98,1252.18,1127.1],
[0.704314,0,-0.000001,0.709889],[1,-1,1,08], [0, 9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget TC_FlangeToSch_PosAfterStand_a:=[[-395.88,1492.12,1573.2],
[0.498026,-0.501967,0.498024,0.501967],[1,-1,1,0], [0, 9E+89,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_FlangeToSch_PosAfterStand_b:=[[-394.3,1292.13,1573.2],
[0.498026,-0.501967,0.498024,0.501967],[1,-1,1,0], [0, 9E+09,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_FlangeToSch_PosAfterStand_c:=[[-150.78,959.99,1573.21],
[0.707014,-0.011471,0.707014,0.011472],[1,-1,1,0], [0, 9E+09, 9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_FlangeToSch_PosAfterStand_d:=[[129.08,969.07,793.21],
[0.707014,-0.011471,0.707014,0.011472],[1,-1,0,0],[0,9E+09,9E+09, 9E+09,9E+09,9E+09]];

LOCAL CONST robtarget TC_FlangeToSch_HOME_b:=[[239.95,-0.02,466.11],
[0.707107,-0.000001,0.707107,0],[1,-1,0,0],[0,9E+09, 9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget PartInsert_HOME:=[[239.95,-0.02,466.1],[0.707107,0,0.707107,0.000002],
[1,-1,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];
LOCAL CONST robtarget PartInsert_PosBeforaPick_a:=[[4784.39,-1316.25,33.16],
[0.704308,0.002776,0.002797,0.709883],[-1,-1,-1,0],[3693,9E+09,9E+09,9E+09, 9E+89,9E+09]];
LOCAL CONST robtarget PartInsert_PosBeforePick_b_z 100:=[[5206.52,1460.76,1459.71],
[0.709889,0.000001,0.000001,-0.704314],[-2,0,0,0], [3693,9E+09,9E+09, 9E+09, 9E+09,9E+09]];
LOCAL CONST robtarget PartInsert_Pick:=[[5206.52,1460.76,1559.71],
[0.709889,0.000001,0.000001,-0.704314],[-2,0,0,0],[3693,9E+09,9E+09, 9E+09, 9E+09,9E+09]];
LOCAL CONST robtarget PartInsert_PosAfterPick_z_ 100:=[[5206.52,1460.76,1459.71],
[0.709889,0.000001,0.000001,-0.704314],[-2,0,0,0],[3693,9E+09,9E+09, 9E+09,9E+09,9E+09]];
LOCAL CONST robtarget PartInsert_PosBeforeMCV:=[[5085.27,-1856.98,1012.7],
[0.704314,0.000001, -0.000001,0.709889],[-1,-1,0,0],[3693,9E+09,9E+09,9E+09, 9E+09,9E+09]];
LOCAL CONST robtarget PartInsert_PosBeforePlace_z_100:=[[5090.79,-2556.95,1012.7],
[0.704314,0.000001, -0.000001,0.709889],[-1,-1,08,0], [3693,9E+09,9E+89,9E+09,9E+09,9E+09] ] ;
LOCAL CONST robtarget PartInsert_Place:=[[5090.79,-2556.95,1112.7],
[0.704314,0.000001, -0.000001,0.709889],[-1,-1,0,0],[3693,9E+09,9E+09,9E+09, 9E+89,9E+09]];
LOCAL CONST robtarget PartInsert_PosAfterPlace_z_100:=[[5090.79,-2556.95,1012.7],
[0.704314,0.000001, -0.000001,0.709889],[-1,-1,0,0],[3693,9E+09,9E+09, 9E+09, 9E+09,9E+09]];
LOCAL CONST robtarget PartInsert WaitingForMachining:=[[5085.27,-1856.98,1012.7],
[0.704314,0.000001, -0.000001,0.709889],[-1,-1,0,0],[3693,9E+09,9E+09,9E+09, 9E+89,9E+09]];

LOCAL CONST robtarget PartTakeOut_WaitingForMachining:=[[5085.27,-1856.98,1012.7],
[0.704314,0.000001, -0.000001,0.709889],[-1,-1,0,0], [3693,9E+89,9E+89,9E+09, 9E+09,9E+09] ] ;
LOCAL CONST robtarget PartTakeOut_PosBeforePick_z_100:=[[5090.79,-2556.95,1012.7],
[0.704314,0.000001, -0.000001,0.709889],[-1,-1,0,0], [3693,9E+89,9E+89,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget PartTakeOut_Pick:=[[5090.79,-2556.95,1127.7],
[0.704314,0.000001, -0.000001,0.709889],[-1,-1,0,0],[3693,9E+09,9E+09,9E+09,9E+09,9E+09] ] ;
LOCAL CONST robtarget PartTakeOut_PosAfterPick_z_100:=[[5090.79,-2556.95,1012.7],
[0.704314,0.000001, -0.000001,0.709889],[-1,-1,08,0], [3693,9E+89,9E+89,9E+09,9E+09,9E+09] ] ;

LOCAL CONST robtarget PartTakeOut_PosAfterMCV:=[[5085.27,-1856.98,1012.7],
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[0.704314,0.000001, -0.000001,0.709889],[-1,-1,0,0],[3693,9E+09,9E+09,9E+09,9E+09,9E+09] ] ;
LOCAL CONST robtarget PartTakeOut_PosBeforePlace_z_ 100:=[[5206.52,1460.76,1459.71],
[0.709889,0.000001,0.000001, -0.704314],[-2,0,0,0],[3693,9E+09,9E+09,9E+09,9E+09,9E+09]];
LOCAL CONST robtarget PartTakeOut_Place:=[[5206.52,1460.76,1574.71],
[0.709889,0.000001,0.000001,-0.704314],[-2,0,0,0], [3693,9E+09,9E+09, 9E+09, 9E+09,9E+09]];
LOCAL CONST robtarget PartTakeOut_PosAfterPlace_a:=[[5206.52,1460.76,1459.71],
[0.709889,0.000001,0.000001, -0.704314],[-2,0,0,0], [3693,9E+09,9E+09, 9E+09,9E+09,9E+09]];
LOCAL CONST robtarget PartTakeOut_PosAfterPlace_b:=[[4784.39,-1316.25,33.16],
[0.704308,0.002776,0.002797,0.709883],[-1,-1,-1,0],[3693,9E+09,9E+09,9E+09,9E+09,9E+09] ] ;
LOCAL CONST robtarget PartTakeOut_HOME:=[[239.95,-0.02,466.1],[0.707107,0,0.707107,0.000002],
[1,-1,0,0],[0,9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_SchToVac_HOME_a:=[[240.45,-0.02,466.1],[0.707107,0,0.707107,0.000001],
[1,-1,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];
LOCAL CONST robtarget TC_SchToVac_MoveToStand_a:=[[129.08,969.07,793.21],
[0.707014,-0.011471,0.707014,0.011472],[1,-1,0,0],[0,9E+09,9E+@9, 9E+09, 9E+09,9E+09]];
LOCAL CONST robtarget TC_SchToVac_MoveToStand_b:=[[-1508.78,959.99,1573.21],
[0.707014,-0.011471,0.707014,0.011472],[1,-1,0,0], [0, 9E+89,9E+09, 9E+09, 9E+09,9E+09]];
LOCAL CONST robtarget TC_SchToVac_PosBeforeStand a:=[[-394.3,1292.13,1573.21],
[0.498025,-0.501967,0.498025,0.501968],[1,-1,0,0], [0, 9E+89,9E+09,9E+09, 9E+09,9E+09]];
LOCAL CONST robtarget TC_SchToVac_PosBeforeStand_b:=[[-395.87,1492.12,1480.21],
[0.498025,-0.501967,0.498025,0.501968],[1,-1,1,0], [0, 9E+09,9E+09, 9E+09, 9E+09,9E+09]];
LOCAL CONST robtarget TC_SchToVac_ReleaseSchunk:=[[-395.87,1492.12,1593.21],
[0.498025,-0.501967,0.498025,0.501968],[1,-1,1,08],[0,9E+09,9E+09, 9E+09, 9E+09,9E+89]];
LOCAL CONST robtarget TC_SchToVac_PosBetweenStand_a:=[[-393.98,1265,957.11],
[0.704314,0,-0.000001,0.709889],[1,-1,1,0],[0,9E+09,9E+89, 9E+09,9E+09,9E+09]];
LOCAL CONST robtarget TC_SchToVac_PosBetweenStand b:=[[-144.27,1226.64,1041.6],
[0.704314,0.000001, -0.000001,0.709889],[1,-1,1,0], [0, 9E+89,9E+09,9E+09, 9E+09,9E+09]];
LOCAL CONST robtarget TC_SchToVac_MountVac:=[[-144.27,1226.64,1141.6],
[0.704314,0.000001, -0.000001,0.709889],[1,-1,1,0], [0, 9E+89,9E+09,9E+09, 9E+09,9E+09]];
LOCAL CONST robtarget TC_SchToVac_PosAfterStand_a:=[[-144.27,1226.65,1320.7],
[0.704314,0.000001, -0.000001,0.709889],[1,-1,1,0],[0,9E+09,9E+09, 9E+09, 9E+09,9E+89]];
LOCAL CONST robtarget TC_SchToVac_PosAfterStand_b:=[[-142.3,976.65,1320.7],
[0.704314,0.000001, -0.000001,0.709889],[1,-1,1,0],[0,9E+89,9E+09,9E+09, 9E+09,9E+09]];
LOCAL CONST robtarget TC_SchToVac HOME_b:=[[0,-0.02,199.1],[1,0.000001,0,0.000001],[1,-1,1,0],
[0,9E+09,9E+09, 9E+09,9E+09,9E+09]];

LOCAL CONST robtarget TC_VacToSch_HOME_a:=[[@,-0.02,199.11],[1,0.000001,0,0.000001],[1,0,-1,08],
[@,9E+09,9E+09, 9E+09,9E+09,9E+09]];

LOCAL CONST robtarget TC_VacToSch_PosBeforeStand a:=[[-142.3,976.65,1320.7],
[0.704314,0.000001, -0.000001,0.709889],[1,-1,0,0], [0, 9E+89,9E+09,9E+09, 9E+09,9E+09]];
LOCAL CONST robtarget TC_VacToSch_PosBeforeStand_b:=[[-144.27,1226.64,1250],
[0.704314,0.000001, -0.000001,0.709889],[1,-1,1,0], [0, 9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_VacToSch_ReleaseVac:=[[-144.27,1226.64,1340.7],
[0.704314,0.000001, -0.000001,0.709889],[1,-1,1,0],[0,9E+09,9E+09, 9E+09, 9E+09,9E+89]];
LOCAL CONST robtarget TC_VacToSch_PosBetweenStand_a:=[[-144.27,1226.64,957.6],
[0.704314,0.000001, -0.000001,0.709889],[1,-1,1,0],[0,9E+89,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_VacToSch_PosBetweenStand b:=[[-393.98,1252.18,1027.11],
[0.704314,0,-0.000001,0.709889],[1,-1,1,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget TC_VacToSch_MountSch:=[[-393.98,1252.18,1127.11],
[0.704314,0,-0.000001,0.709889],[1,-1,1,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget TC_VacToSch_PosAfterStand_a:=[[-395.88,1492.12,1573.21],
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.498026,-0.501967,0.498024,0.501967],[1,-1,1,0], [0, 9E+89,9E+09, 9E+09, 9E+09,9E+09]];
LOCAL CONST robtarget TC_VacToSch_PosAfterStand_b:=[[-394.3,1292.13,1573.21],
.498026,-0.501967,0.498024,0.501967],[1,-1,1,0], [0, 9E+89,9E+09, 9E+09, 9E+09,9E+09] ] ;
LOCAL CONST robtarget TC_VacToSch_MoveToHome_a:=[[-150.78,959.99,1573.21],
.707014,-0.011471,0.707014,0.011472],[1,-1,1,0], [0, 9E+89, 9E+09, 9E+09, 9E+89,9E+09] ] ;
LOCAL CONST robtarget TC_VacToSch_MoveToHome b:=[[129.08,969.07,793.21],
.707014,-0.011471,0.707014,0.011472],[1,-1,0,0], [0, 9E+89,9E+09, 9E+09, OE+09,9E+09] ] ;

LOCAL CONST robtarget TC_VacToSch _HOME_b:=[[240.45,-0.02,466.1],[0.707107,0,0.707107,0.000001],
,-1,0,0],[0,9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_SchToSMC_HOME_a:=[[240.45,-0.02,466.1],[0.707107,0,0.707107,0.000001],
,-1,0,0],[0,9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_SchToSMC_MoveToStand_a:=[[129.08,969.07,793.21],
.707014,-0.011471,0.707014,0.011472],[1,-1,0,0], [0, 9E+89,9E+09, 9E+09, 9E+09,9E+09] ] ;

LOCAL CONST robtarget TC_SchToSMC_MoveToStand_b:=[[-150.78,959.99,1573.21],
.707014,-0.011471,0.707014,0.011472],[1,-1,0,0], [0, 9E+09,9E+09, 9E+89, 9E+09,9E+09]];

LOCAL CONST robtarget TC_SchToSMC_PosBeforeStand_a:=[[-394.3,1292.13,1573.21],
.498025,-0.501967,0.498025,0.501968],[1,-1,0,0], [0, 9E+89, 9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_SchToSMC_PosBeforeStand b:=[[-395.87,1492.12,1573.21],
.498025,-0.501967,0.498025,0.501968],[1,-1,1,0], [0, 9E+89,9E+09, 9E+09, OE+09,9E+09]];

LOCAL CONST robtarget TC_SchToSMC_ReleaseSchunk:=[[-395.87,1492.12,1593.21],
.498025,-0.501967,0.498025,0.501968],[1,-1,1,0], [0, 9E+89,9E+09, 9E+09, 9E+09,9E+09] ] ;

LOCAL CONST robtarget TC_SchToSMC_PosBetweenStand_a:=[[-393.98,1265,957.11],
.704314,0,-0.000001,0.709889],[1,-1,1,0],[0,9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_SchToSMC_PosBetweenStand_b:=[[79.95,1262.41,1037.33],
.003944,0,0.000001, -0.999992],[1,-1,2,0],[0,9E+09, 9E+89, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_SchToSMC_MountSMC:=[[79.95,1262.41,1137.33],
.003944,0,0.000001,-0.999992],[1,-1,2,0],[0,9E+09, 9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_SchToSMC_PosAfterStand_a:=[[79.95,1262.41,1323.43],
.003944,0,0.000001,-0.999992],[1,-1,2,0],[0,9E+09, 9E+89,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_SchToSMC_PosAfterStand_b:=[[81.13,1112.42,1323.43],
.003944,0,0.000001,-0.999992],[1,-1,2,0],[0,9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_SchToSMC_HOME_b:=[[0,-0.02,206.1],[1,0.000001,0,08.000001],[1,-1,2,0],

,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget TC_SMCToSch HOME_a:=[[@,-0.02,206.1],[1,0.000001,0,0.000001],[0,0,3,0],

,9E+09,9E+09, 9E+09,9E+09,9E+09]];

LOCAL CONST robtarget TC_SMCToSch_PosBeforeStand_a:=[[81.13,1112.42,1283.43],
.003944,0,0.000001, -0.999992],[1,-1,2,0],[0,9E+09,9E+89, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_SMCToSch_PosBeforeStand b:=[[79.95,1262.41,1283.43],
.003944,0,0.000001,-0.999992],[1,-1,2,0],[0,9E+09, 9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_SMCToSch_ReleaseSMC:=[[79.95,1262.41,1343.43],
.003944,0,0.000001,-0.999992],[1,-1,2,0],[0,9E+09, 9E+89,9E+09, 9E+09, 9E+09]];

LOCAL CONST robtarget TC_SMCToSch_PosBetweenStand_a:=[[79.95,1255.41,957.33],
.003944,0,0.000002,-0.999992],[1,-1,2,0],[0,9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_SMCToSch_PosBetweenStand_b:=[[-393.98,1252.18,1027.11],
.704314,0,-0.000001,0.709889],[1,-1,1,0],[0,9E+09,9E+89,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_SMCToSch_MountSch:=[[-393.98,1252.18,1127.11],
.704314,0,-0.000001,0.709889],[1,-1,1,0],[0,9E+09, 9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_SMCToSch_PosAfterStand_a:=[[-395.88,1492.12,1573.21],
.498026,-0.501967,0.498024,0.501967],[1,-1,1,0], [0, 9E+89,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_SMCToSch_PosAfterStand_b:=[[-392.96,1122.13,1573.21],
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[0.498026,-0.501967,0.498024,0.501967],[1,-1,1,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09] ] ;

LOCAL CONST robtarget TC_SMCTOSch_MoveToHome_a:=[[-150.78,959.99,1573.21],
[0.707014,-0.011471,0.707014,0.011472],[1,-1,1,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget TC_SMCTOSch_MoveToHome_b:=[[129.08,969.07,793.21],
[0.707014,-0.011471,0.707014,0.011472],[1,-1,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget TC_SMCToSch_HOME_b:=[[240.45,-0.02,466.1],[0.707107,0,0.707107,0.000001],
[1,-1,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget TC_SchToFlange HOME_a:=[[239.95,-08.02,466.11],
[0.707107,0,0.707107,0.000002],[1,-1,0,08],[0,9E+09,9E+@9, 9E+09,9E+09,9E+09]];

LOCAL CONST robtarget TC_SchToFlange_MoveToStand_a:=[[129.08,969.07,793.21],
[0.707014,-0.011471,0.707014,0.011472],[1,-1,0,0], [0, 9E+89,9E+09, 9E+09, 9E+09,9E+09]];
LOCAL CONST robtarget TC_SchToFlange_MoveToStand_b:=[[-150.78,959.99,1573.21],
[0.707014,-0.011471,0.707014,0.011472],[1,-1,0,0], [0, 9E+89,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_SchToFlange_PosBeforeStand_a:=[[-394.3,1292.13,1573.21],
[0.498025,-0.501967,0.498025,0.501968],[1,-1,0,0], [0, 9E+09,9E+09, 9E+09, 9E+09,9E+89]];

LOCAL CONST robtarget TC_SchToFlange_ PosBeforeStand_b:=[[-395.87,1492.12,1573.21],
[0.498025,-0.501967,0.498025,0.501968],[1,-1,1,0], [0, 9E+89,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_SchToFlange_ReleaseSchunk:=[[-395.87,1492.12,1593.21],
[0.498025,-0.501967,0.498025,0.501968],[1,-1,1,0], [0, 9E+89,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_SchToFlange_PosAfterStand:=[[-393.99,1252.18,1027.11],
[0.704314,0,-0.000001,0.709889],[1,-1,1,0],[0,9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_SchToFlange HOME_b:=[[0,-0.02,08],[1,0,0,0.000001],[1,-1,1,0],[0,9E
+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_FlangeToSMC_HOME_a:=[[0,-0.02,0],[1,0,0,0.000001],[0,0,-1,0],[9,9E
+09,9E+09,9E+09,9E+09,9E+09] ] ;

LOCAL CONST robtarget TC_FlangeToSMC_PosBeforeStand:=[[79.95,1262.41,1037.33],
[0.003944,0,0.000002,-0.999992],[1,0,0,08], [0, 9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget TC_FlangeToSMC_MountSMC:=[[79.95,1262.41,1137.33],
[0.003944,0,0.000002,-0.999992],[1,-1,-2,0],[0,9E+09,9E+89,9E+09,9E+09,9E+89]];

LOCAL CONST robtarget TC_FlangeToSMC_PosAfterStand_a:=[[79.95,1262.41,1323.43],
[0.003944,0,0.000002,-0.999992],[1,-1,-2,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget TC_FlangeToSMC_PosAfterStand_b:=[[81.13,1112.42,1323.43],
[0.003944,0,0.000002,-0.999992],[1,-1,-2,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget TC_FlangeToSMC_HOME_b:=[[0,-0.02,206.1],[1,0.000001,0,0.000001],
[1,-1,-2,0],[0,9E+89,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_111 HOME:=[[®,-0.02,206.1],[1,0.000001,0,0.000002],[0,0,-1,0],[0,9E
+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_111 bPick:=[[81.3,1455.43,1033.09],
[0.988991,0.000584,-0.147922,0.003899],[1,-1,0,0], [0, 9E+09,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_111 pick:=[[52.04,1455.2,1128.71],
[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0], [0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_111 aPick:=[[81.3,1455.43,1033.09],
[0.988991,0.000584,-0.147922,0.003899],[1,-1,0,0], [0, 9E+09,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_111_bPP:=[[85.39,935.45,1033.09],[0.988991,0.000583,-0.147921,0.003907],

[1,-1,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];
LOCAL CONST robtarget C_111_bPlace:=[[-418.94,165.65,1098.7],[0.999992,0.000001,0,0.003942],
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[1,0,0,0],[0,9E+09,9E+09, 9E+09,9E+89,9E+89]];

LOCAL CONST robtarget C_111_place:=[[-418.94,165.65,1198.7],[0.999992,0.000001,0,0.003942],
[1,0,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_111 aPlace:=[[-418.94,165.65,1098.7],[0.999992,0.000001,0,0.003942],
[1,0,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_111 bPP_2:=[[85.39,935.45,1033.09],
[0.988991,0.000583,-0.147921,0.003907],[1,-1,0,0], [0, 9E+89,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_111 bPick_2:=[[81.3,1455.43,1033.09],
[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0], [0, 9E+09,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_211_bPick:=[[81.3,1455.43,1033.09],
[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0], [0, 9E+09,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_211_pick:=[[52.04,1455.2,1128.71],
[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0], [0, 9E+89,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_211 aPick:=[[81.3,1455.43,1033.09],
[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0],[0,9E+09,9E+09, 9E+09, 9E+09,9E+89]];

LOCAL CONST robtarget C_211 bPP:=[[85.39,935.45,10833.09],[0.988991,0.000583,-0.147921,0.003907],
[1,-1,0,0],[0,9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_211 bPlace:=[[-508.94,164.94,1098.7],[0.999992,0.000001,0,0.003942],
[1,-1,0,0],[0,9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_211 place:=[[-508.94,164.94,1198.7],[0.999992,0.000001,0,0.003942],
[1,0,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_211_aPlace:=[[-508.94,164.94,1098.7],[0.999992,0.000001,0,0.003942],
[1,0,0,0],[0,9E+09,9E+09, 9E+09,9E+89,9E+89]];

LOCAL CONST robtarget C_211 bPP_2:=[[85.39,935.45,1033.09],
[0.988991,0.000583,-0.147921,0.003907],[1,-1,0,0], [0, 9E+09,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_211 bPick_2:=[[81.3,1455.43,1033.09],
[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0], [0, 9E+09, 9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_311 bPick:=[[81.3,1455.43,1033.09],
[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0], [0, 9E+89,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_311 pick:=[[52.04,1455.2,1128.71],
[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0], [0, 9E+09,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_311_aPick:=[[81.3,1455.43,1033.09],
[0.988991,0.000584,-0.147922,0.003899],[1,-1,0,0],[0,9E+09,9E+@9, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_311 bPP:=[[85.39,935.45,1033.09],[0.988991,0.000583,-0.147921,0.003907],
[1,-1,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_311 bPlace:=[[-598.94,164.23,1098.7],[0.999992,0.000001,0,0.003942],
[1,-1,0,0],[0,9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_311 place:=[[-598.94,164.23,1198.7],[0.999992,0.000001,0,0.003942],
[1,0,0,0],[0,9E+09,9E+09, 9E+09,9E+89,9E+89]];

LOCAL CONST robtarget C_311_aPlace:=[[-598.94,164.23,1098.7],[0.999992,0.000001,0,0.003942],
[1,0,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_311_bPP_2:=[[85.39,935.45,1033.09],
[0.988991,0.000583,-0.147921,0.003907],[1,-1,0,0], [0, 9E+89, 9E+09, 9E+09, 9E+89,9E+09]];

LOCAL CONST robtarget C_311 bPick 2:=[[81.3,1455.43,1033.09],
[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0], [0, 9E+89,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_121 bPick:=[[81.3,1455.43,1033.09],
[0.988991,0.000584,-0.147922,0.003899],[1,-1,0,0],[0,9E+09,9E+@9, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_121_pick:=[[52.04,1455.2,1128.71],
[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0], [0, 9E+09, 9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_121 aPick:=[[81.3,1455.43,1033.09],
[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0],[0,9E+09,9E+09, 9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_121 bPP:=[[85.39,935.45,1033.09],[0.988991,0.000583,-0.147921,0.003907],
[1,-1,0,0],[0,9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_121 bPlace:=[[-418.19,70.65,1098.7],[0.999992,0.000001,0,0.003942],
[1,-1,0,0],[0,9E+09,9E+09,9E+09, 9E+09,9E+09]];
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LOCAL CONST robtarget C_121 place:=[[-418.19,70.65,1198.7],[0.999992,0.000001,0,0.003942],
[1,0,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_121_aPlace:=[[-418.19,70.65,1098.7],[0.999992,0.000001,0,0.003942],
[1,0,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_121_bPP_2:=[[85.39,935.45,1033.09],
[0.988991,0.000583,-0.147921,0.003907],[1,-1,0,0],[0,9E+09,9E+09, 9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_121 bPick_2:=[[81.3,1455.43,1033.09],
[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0], [0, 9E+09,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_221 bPick:=[[81.3,1455.43,1033.09],
[0.988991,0.000584,-0.147922,0.003899],[1,-1,0,0], [0, 9E+09,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_221 pick:=[[52.04,1455.2,1128.71],
[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0], [0,9E+09,9E+09, 9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_221_aPick:=[[81.3,1455.43,1033.09],
[0.988991,0.000584,-0.147922,0.003899],[1,-1,0,0], [@,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_221_bPP:=[[85.39,935.45,1033.09],[0.988991,0.000583,-0.147921,0.003907],
[1,-1,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_221 bPlace:=[[-508.19,69.94,1098.7],[0.999992,0.000001,0,0.003942],
[1,-1,0,0],[0,9E+89,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_221 place:=[[-508.19,69.94,1198.7],[0.999992,0.000001,0,0.003942],
[1,0,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_221_aPlace:=[[-508.19,69.94,1098.7],[0.999992,0.000001,0,0.003942],
[1,0,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_221 bPP_2:=[[85.39,935.45,1033.09],
[0.988991,0.000583,-0.147921,0.003907],[1,-1,0,0], [@,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_221 bPick_2:=[[81.3,1455.43,1033.09],
[0.988991,0.000584,-0.147922,0.003899],[1,-1,0,0], [0, 9E+09,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_321 bPick:=[[81.3,1455.43,1033.09],
[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0],[0,9E+09,9E+09, 9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_321 pick:=[[52.04,1455.2,1128.71],
[0.988991,0.000584,-0.147922,0.003899],[1,-1,0,0], [0, 9E+09,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_321 aPick:=[[81.3,1455.43,1033.09],
[0.988991,0.000584,-0.147922,0.003899],[1,-1,0,0],[0,9E+09,9E+@9, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_321_bPP:=[[85.39,935.45,1033.09],[0.988991,0.000583,-0.147921,0.0603907],
[1,-1,0,0],[0,9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_321 bPlace:=[[-598.19,69.23,1098.7],[0.999992,0.000001,0,0.003942],
[1,-1,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_321 place:=[[-598.19,69.23,1198.7],[0.999992,0.000001,0,0.003942],
[1,0,0,0],[0,9E+09,9E+09, 9E+09,9E+89,9E+89]];

LOCAL CONST robtarget C_321_aPlace:=[[-598.19,69.23,1098.7],[0.999992,0.000001,0,0.003942],
[1,0,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_321_bPP_2:=[[85.39,935.45,1033.09],
[0.988991,0.000583,-0.147921,0.003907],[1,-1,0,0], [0, 9E+09,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_321_bPick_2:=[[81.3,1455.43,1033.09],
[0.988991,0.000584,-0.147922,0.003899],[1,-1,0,0],[0,9E+09,9E+09, 9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_112 bPick:=[[81.3,1455.43,1033.09],
[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0], [0, 9E+89,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_112_pick:=[[52.04,1455.2,1128.71],
[0.988991,0.000584,-0.147922,0.003899],[1,-1,0,0],[0,9E+09,9E+@9, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_112_aPick:=[[81.3,1455.43,1033.09],
[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0], [0, 9E+89, 9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_112 bPP:=[[85.39,935.45,1033.09],[0.988991,0.000583,-0.147921,0.003907],
[1,-1,0,0],[0,9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_112 bPlace:=[[-418.94,165.65,1042.7],[0.999992,0.000001,0,0.003942],
[1,-1,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_112_place:=[[-418.94,165.65,1142.7],[0.999992,0.000001,0,0.003942],

Page 6 of 24



[1,0,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_112_aPlace:=[[-418.94,165.65,1042.7],[0.999992,0.000001,0,0.003942],
[1,0,0,0],[0,9E+09,9E+09,9E+89,9E+09,9E+09]];

LOCAL CONST robtarget C_112_bPP_2:=[[85.39,935.45,1033.09],
[0.988991,0.000583,-0.147921,0.003907],[1,-1,0,0], [0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_112_bPick_2:=[[81.3,1455.43,1033.09],
[0.988991,0.000584,-0.147922,0.003899],[1,-1,0,0], [0, 9E+09,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_212 bPick:=[[81.3,1455.43,1033.09],
[0.988991,0.000584,-0.147922,0.003899],[1,-1,0,0],[0,9E+09,9E+@9, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_212_pick:=[[52.04,1455.2,1128.71],
[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0], [0, 9E+09,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_212_ aPick:=[[81.3,1455.43,1033.09],
[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0],[0,9E+09,9E+09, 9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_212 bPP:=[[85.39,935.45,1033.09],[0.988991,0.000583,-0.147921,0.003907],
[1,-1,0,0],[0,9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_212_bPlace:=[[-508.94,164.94,1042.7],[0.999992,0.000001,0,0.003942],
[1,-1,0,0],[0,9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_212_place:=[[-508.94,164.94,1142.7],[0.999992,0.000001,0,0.003942],
[1,0,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_212 aPlace:=[[-508.94,164.94,1042.7],[0.999992,0.000001,0,0.003942],
[1,0,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+89]];

LOCAL CONST robtarget C_212_bPP_2:=[[85.39,935.45,1033.09],
[0.988991,0.000583,-0.147921,0.003907],[1,-1,0,0], [0, 9E+09,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_212 bPick_2:=[[81.3,1455.43,1033.09],
[0.988991,0.000584,-0.147922,0.003899],[1,-1,0,0],[0,9E+09,9E+@9, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_312_bPick:=[[81.3,1455.43,1033.09],
[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0], [0, 9E+89, 9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_312 pick:=[[52.04,1455.2,1128.71],
[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0], [0, 9E+89,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_312_aPick:=[[81.3,1455.43,1033.09],
[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0], [0, 9E+09,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_312_bPP:=[[85.39,935.45,1033.09],[0.988991,0.000583,-0.147921,0.0603907],
[1,-1,0,0],[0,9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_312_bPlace:=[[-598.94,164.23,1042.7],[0.999992,0.000001,0,0.003942],
[1,-1,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_312 place:=[[-598.94,164.23,1142.7],[0.999992,0.000001,0,0.003942],
[1,0,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_312_aPlace:=[[-598.94,164.23,1042.7],[0.999992,0.000001,0,0.003942],
[1,0,0,0],[0,9E+09,9E+09, 9E+09,9E+89,9E+89]];

LOCAL CONST robtarget C_312_bPP_2:=[[85.39,935.45,1033.09],
[0.988991,0.000583,-0.147921,0.003907],[1,-1,0,0],[0,9E+09,9E+@9, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_312_bPick_2:=[[81.3,1455.43,1033.09],
[0.988991,0.000584, -8.147922,0.003899],[1,-1,0,0], [0, 9E+89, 9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_122 bPick:=[[81.3,1455.43,1033.09],
[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0],[0,9E+09,9E+09, 9E+09, 9E+09,9E+89]];

LOCAL CONST robtarget C_122_pick:=[[52.04,1455.2,1128.71],
[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0], [0, 9E+09,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_122_aPick:=[[81.3,1455.43,1033.09],
[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0], [0, 9E+09, 9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_122 bPP:=[[85.39,935.45,1033.09],[0.988991,0.000583, -0.147921,0.003907],
[1,-1,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_122_bPlace:=[[-418.19,70.65,1042.7],[0.999992,0.000001,0,0.003942],
[1,-1,0,0],[0,9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_122_place:=[[-418.19,70.65,1142.7],[0.999992,0.000001,0,0.003942],
[1,0,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];
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LOCAL CONST robtarget C_122_aPlace:=[[-418.19,70.65,1042.7],[0.999992,0.000001,0,0.003942],
[1,0,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_122 bPP_2:=[[85.39,935.45,1033.09],
[0.988991,0.000583,-0.147921,0.003907],[1,-1,0,0], [0, 9E+89,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_122 bPick_2:=[[81.3,1455.43,1033.09],
[0.988991,0.000584,-0.147922,0.003899],[1,-1,0,0], [0, 9E+09,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_222 bPick:=[[81.3,1455.43,1033.09],

[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0], [0, 9E+09,9E+09, 9E+09, 9E+09,9E+09]];
LOCAL CONST robtarget C_222_pick:=[[52.04,1455.2,1128.71],

[0.988991,0.000584,-0.147922,0.003899],[1,-1,0,0],[0,9E+09,9E+@9, 9E+09, 9E+09,9E+09]];
LOCAL CONST robtarget C_222_aPick:=[[81.3,1455.43,1033.09],

[0.988991,0.000584, -8.147922,0.003899],[1,-1,0,0], [0, 9E+89,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_222_bPP:=[[85.39,935.45,1033.09],[0.988991,0.000583,-0.147921,0.003907],

[1,-1,0,0],[0,9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_222 bPlace:=[[-508.19,69.94,1042.7],[0.999992,0.000001,0,0.003942],
[1,-1,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_222_place:=[[-508.19,69.94,1142.7],[0.999992,0.000001,0,0.003942],
[1,0,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_222_aPlace:=[[-508.19,69.94,1042.7],[0.999992,0.000001,0,0.003942],
[1,0,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_222 bPP_2:=[[85.39,935.45,1033.09],
[0.988991,0.000583,-0.147921,0.003907],[1,-1,0,0], [0, 9E+89,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_222 bPick_2:=[[81.3,1455.43,1033.09],
[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0], [0, 9E+09,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_322 bPick:=[[81.3,1455.43,1033.09],

[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0], [0, 9E+09, 9E+09, 9E+09, 9E+09,9E+09]];
LOCAL CONST robtarget C_322 pick:=[[52.04,1455.2,1128.71],

[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0],[0,9E+09,9E+09, 9E+09,9E+09,9E+09]];
LOCAL CONST robtarget C_322 aPick:=[[81.3,1455.43,1033.09],

[0.988991,0.000584,-0.147922,0.003899],[1,-1,0,0], [0, 9E+09,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget C_322_bPP:=[[85.39,935.45,1033.09],[0.988991,0.000583,-0.147921,0.003907],

[1,-1,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_322_bPlace:=[[-598.19,69.23,1042.7],[0.999992,0.000001,0,0.003942],
[1,-1,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_322 place:=[[-598.19,69.23,1142.7],[0.999992,0.000001,0,0.003942],
[1,0,0,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_322_aPlace:=[[-598.19,69.23,1042.7],[0.999992,0.000001,0,0.003942],
[1,0,0,0],[0,9E+09,9E+09, 9E+09,9E+09,9E+09]];

LOCAL CONST robtarget C_322 bPP_2:=[[85.39,935.45,1033.09],
[0.988991,0.000583,-0.147921,0.003907],[1,-1,0,0], [0, 9E+09, 9E+09, 9E+09, 9E+09,9E+89] ] ;

LOCAL CONST robtarget C_322_bPick_2:=[[81.3,1455.43,1033.09],
[0.988991,0.000584, -0.147922,0.003899],[1,-1,0,0], [0, 9E+09,9E+09, 9E+09, 9E+09,9E+89] ] ;

LOCAL CONST robtarget TC_SMCToVac_HOME_a:=[[0,-0.02,206.1],[1,0.000001,0,0.000001],[0,0,-1,0],

[0,9E+09,9E+09, 9E+09,9E+09,9E+09]];
LOCAL CONST robtarget TC_SMCToVac_PosBeforeStand_a:=[[81.13,1112.42,1223.43],
[0.003944,0,0.000001,-0.999992],[1,0,2,08], [0, 9E+09,9E+09,9E+09,9E+09,9E+09]1;
LOCAL CONST robtarget TC_SMCToVac_PosBeforeStand_b:=[[79.95,1262.41,1223.43],
[0.003944,0,0.000001,-0.999992],[1,0,2,08], [0, 9E+09,9E+09,9E+09,9E+09,9E+09]];
LOCAL CONST robtarget TC_SMCToVac_ReleaseSMC:=[[79.95,1262.41,1343.43],
[0.003944,0,0.000001,-0.999992],[1,0,2,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09] ] ;
LOCAL CONST robtarget TC_SMCToVac_PosBetweenStand_a:=[[79.95,1240.41,940.33],
[0.003944,0,0.000002,-0.999992],[1,0,2,08], [0, 9E+09,9E+09,9E+09,9E+09,9E+09]];
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LOCAL CONST robtarget TC_SMCToVac_PosBetweenStand_b:=[[-144.27,1226.64,1041.6],
.704314,0.000001, -0.000001,0.709889],[1,0,1,0], [0, 9E+09, 9E+09, 9E+89,9E+89,9E+89]];
LOCAL CONST robtarget TC_SMCToVac_MountVac:=[[-144.27,1226.64,1141.6],
.704314,0.000001, -0.000001,0.709889],[1,0,1,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09] ];
LOCAL CONST robtarget TC_SMCToVac_PosAfterStand_a:=[[-144.27,1226.64,1320.7],
.704314,0.000001, -0.000001,0.709889],[1,0,1,0], [0, 9E+09,9E+09,9E+09, 9E+09,9E+09]];
LOCAL CONST robtarget TC_SMCToVac_PosAfterStand_b:=[[-142.3,976.65,1320.7],
.704314,0.000001, -0.000001,0.709889],[1,0,1,0], [0, 9E+89,9E+09, 9E+09, 9E+09,9E+09]];
LOCAL CONST robtarget TC_SMCToVac_HOME_b:=[[0,-0.02,199.11],[1,0.000001,0,0.000002],[0,0,-1,0],

,9E+09,9E+09, 9E+09, 9E+09,9E+09] ] ;

LOCAL CONST robtarget Cubes_Kart_1Home:=[[9,-0.02,199.1],[1,90.000001,0,0.000002],[0,0,-1,0],

,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget Cubes_Kart_1bPick:=[[-422.82,658.13,1141.71],
.999992,0.000001,0,0.003942],[1,-1,0,0], [0, 9E+09, 9E+89, 9E+89,9E+89,9E+09]];
LOCAL CONST robtarget Cubes_Kart_ipick:=[[-422.82,658.13,1237.71],
.999992,0.000001,0,0.003942],[1,-1,0,0],[0,9E+89,9E+09, 9E+09, 9E+09,9E+0911;
LOCAL CONST robtarget Cubes_Kart_laPick:=[[-422.82,658.13,1141.71],
.999992,0.000001,0,0.003942],[1,-1,0,0],[0,9E+89,9E+09, 9E+09,9E+09,9E+09]];
LOCAL CONST robtarget Cubes_Kart_1bPlace:=[[-508.56,117.44,1141.7],
.999992,0.000001,0,0.003942],[1,-1,0,0],[0,9E+09, 9E+09,9E+09, 9E+09,9E+09]];
LOCAL CONST robtarget Cubes_Kart_1lplace:=[[-508.56,117.44,1191.7],
.999992,0.000001,0,0.003942],[1,-1,0,0], [0, 9E+09, 9E+89, 9E+89,9E+89,9E+09]];
LOCAL CONST robtarget Cubes_Kart_laPlace:=[[-508.57,117.44,1141.7],
.999992,0.000001,0,0.003942],[1,-1,0,0],[0,9E+89,9E+09, 9E+09, 9E+09,9E+09]];
LOCAL CONST robtarget Cubes_Kart_1Home2:=[[0,-0.02,199.1],[1,0.000001,0,0.000002],[1,-1,0,0],

,9E+09, 9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget Cubes_Kart_2Home:=[[0,-0.02,199.1],[1,0.000001,0,0.000002],[0,0,-1,0],

,9E+09,9E+09, 9E+09, 9E+09, 9E+09]];

LOCAL CONST robtarget Cubes_Kart_2bPick:=[[-422.82,658.13,1141.71],
.999992,0.000001,0,0.003942],[1,-1,0,0], [0, 9E+09, 9E+89, 9E+89, 9E+09,9E+09]];
LOCAL CONST robtarget Cubes_Kart_2pick:=[[-422.82,658.13,1242.71],
.999992,0.000001,0,0.003942],[1,-1,0,08],[0,9E+09, 9E+09, 9E+09,9E+09,9E+09]];
LOCAL CONST robtarget Cubes_Kart 2aPick:=[[-422.82,658.13,1035.71],
.999992,0.000001,0,0.003942],[1,-1,0,08],[0,9E+09, 9E+09,9E+09,9E+09,9E+09]];
LOCAL CONST robtarget Cubes_Kart_2bPlace:=[[-508.56,117.44,1035.7],
.999992,0.000001,0,0.003942],[1,-1,0,0],[0,9E+09, 9E+09,9E+09, 9E+09,9E+09]];
LOCAL CONST robtarget Cubes_Kart_2place:=[[-508.56,117.44,1135.7],
.999992,0.000001,0,0.003942],[1,-1,0,0], [0, 9E+09, 9E+89, 9E+89,9E+09,9E+09]];
LOCAL CONST robtarget Cubes_Kart_2aPlace:=[[-508.56,117.44,1035.7],
.999992,0.000001,0,0.003942],[1,-1,0,08],[0,9E+09, 9E+09, 9E+09,9E+09,9E+09]];
LOCAL CONST robtarget Cubes_Kart 2Home2:=[[0,-0.02,199.1],[1,0.000001,0,0.000002],[1,-1,0,0],

,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget TC_VacToSMC_HOME_a:=[[®,-0.02,199.11],[1,0.000001,0,0.000001],[1,0,-1,0],

,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget TC_VacToSMC_PosBeforeStand a:=[[-142.3,976.65,1220.7],
.704314,0.000001, -0.000001,0.709889],[1,-1,0,0], [0, 9E+89,9E+09, 9E+09, OE+09,9E+09]];
LOCAL CONST robtarget TC_VacToSMC_PosBeforeStand_b:=[[-144.27,1226.64,1220.7],
.704314,0.000001, -0.000001,0.709889],[1,-1,1,0], [0, 9E+89,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_VacToSMC_ReleaseVac:=[[-144.27,1226.64,1340.7],
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[0.704314,0.000001, -0.000001,0.709889],[1,-1,1,0], [0, 9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_VacToSMC_PosBetweenStand_a:=[[-144.27,1226.64,950.6],
[0.704314,0,-0.000001,0.709889],[1,-1,1,0],[0,9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_VacToSMC_PosBetweenStand_b:=[[79.95,1262.41,1037.33],
[0.003944,0,0.000002,-0.999992],[1,-1,2,0],[0,9E+09,9E+89, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_VacToSMC_MountSMC:=[[79.95,1262.41,1137.33],
[0.003944,0,0.000002,-0.999992],[1,-1,2,0],[0,9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_VacToSMC_PosAfterStand_a:=[[79.95,1262.41,1323.43],
[0.003944,0,0.000002,-0.999992],[1,-1,2,0],[0,9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_VacToSMC_PosAfterStand_b:=[[81.13,1112.42,1323.43],
[0.003944,0,0.000002,-0.999992],[1,-1,2,0],[0,9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_VacToSMC_HOME_b:=[[@,-0.02,206.1],[1,0.000001,0,0.000001],[1,-1,2,0],
[0,9E+09,9E+09, 9E+09,9E+09,9E+09]];

LOCAL CONST robtarget TC_SMCToFlange_HOME_a:=[[0,-0.02,206.1],[1,0.000001,0,0.000001],[0,0,3,0],
[0,9E+09,9E+09, 9E+09,9E+09,9E+09]];

LOCAL CONST robtarget TC_SMCToFlange_PosBeforeStand_a:=[[81.13,1112.42,1223.43],
[0.003944,0,0.000001,-0.999992],[1,-1,2,0],[0,9E+09,9E+09, 9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_SMCToFlange_PosBeforeStand_b:=[[79.95,1262.41,1223.43],
[0.003944,0,0.000001,-0.999992],[1,-1,2,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09] ] ;

LOCAL CONST robtarget TC_SMCToFlange_ReleaseSMC:=[[79.95,1262.41,1343.43],
[0.003944,0,0.000001,-0.999992],[1,-1,2,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09] ] ;

LOCAL CONST robtarget TC_SMCToFlange_PosAfterStand:=[[79.95,1262.41,950.33],
[0.003944,0,0.000002,-0.999992],[1,-1,2,08], [0, 9E+09,9E+09, 9E+89,9E+09,9E+09]];

LOCAL CONST robtarget TC_SMCToFlange HOME_b:=[[@,-0.02,0],[1,0,0,0.000001],[1,-1,2,0],[0,9E
+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_FlangeToVac_HOME_a:=[[0,-0.02,08],[1,0,0,0.000001],[0,0,-1,0],[0,9E
+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_FlangeToVac_PosBeforeStand:=[[-144.27,1226.64,1041.6],
[0.704314,0.000001, -0.000001,0.709889],[1,0,0,0], [0, 9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_FlangeToVac_MountVac:=[[-144.27,1226.64,1141.6],
[0.704314,0.000001, -0.000001,0.709889],[1,-1,1,0], [0, 9E+89,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_FlangeToVac_PosAfterStand:=[[-144.28,1226.65,1320.7],
[0.704314,0,-0.000001,0.709889],[1,-1,1,0],[0,9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_FlangeToVac_PosAfterStand_b:=[[-142.3,976.65,1320.7],
[0.704314,0,-0.000001,0.709889],[1,-1,1,0],[0,9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_FlangeToVac_HOME_b:=[[0,-0.02,199.1],[1,0.000001,0,0.000001],
[1,-1,0,0],[0,9E+89,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget TC_VacToFlange_HOME_a:=[[0,-0.02,199.1],[1,0.000001,0,0.000001],
[0,0,-1,0],[0,9E+09,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_VacToFlange_PosBeforeStand_a:=[[-142.3,976.65,1220.7],
[0.704314,0.000001, -0.000001,0.709889],[1,-1,0,0], [0, 9E+89,9E+09,9E+09, 9E+09,9E+09]];

LOCAL CONST robtarget TC_VacToFlange_PosBeforeStand_b:=[[-144.27,1226.64,1220.7],
[0.704314,0.000001, -0.000001,0.709889],[1,-1,1,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09]];

LOCAL CONST robtarget TC_VacToFlange_ReleaseVac:=[[-144.27,1226.64,1340.7],
[0.704314,0.000001, -0.000001,0.709889],[1,-1,1,0],[0,9E+09,9E+09,9E+09,9E+09,9E+09] ] ;

LOCAL CONST robtarget TC_VacToFlange_PosAfterStand:=[[-144.27,1226.64,950],

ge)
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[0.704314,0.000001, -0.000001,0.709889],[1,-1,1,0], [0, 9E+09,9E+09,9E+09, 9E+09,9E+09]];
LOCAL CONST robtarget TC_VacToFlange HOME_b:=[[0,-0.02,0],[1,0,0,0.000001],[1,0,0,0],[0,9E+09,9E <
+09,9E+09,9E+09,9E+09]];

VAR signalai OPERATION_NUMBER;
VAR signalao MIRROR_NUMBER;
VAR signaldo OPERATION_DONE;
VAR signaldi START_ROBOT;

VAR signaldo ROBOT_WORKING;

EXXXXXX XK XXX XXX XXX XXX XXXXXXXXXXX XXX KKK XXX XXX XX XXX XXXXXXXXXXXXXXXXXXXXX

PROC main()
CellProgram;
ENDPROC

IXXXXXX XXX XXX XXX XXX XXXXXXXXXXX XXX XXX XXX XXX XXX XXX XXXXXXXXXXXXXXXXXXXXXX
TXXXXXX XX XXX XXX XXX XX XXX XX XXXKXXXXXXX XXX XXX XXXXXXXXXXXXXKXXXXXXXXXXXXXX

I--Procedure CellProgram where all required subprocedures are called
PROC CellProgram()
TEST AInput(OPERATION_NUMBER)
I--Function Called by variable declaration
I--Called operations are dependent on the OPERATION_NUMBER input signal
CASE 1:
I--This cases are representing called operation's numbers
IF DInput(START_ROBOT)=high THEN
I--Operation can be called only when input signal START_ROBOT is set
SetDO ROBOT_WORKING, high;
SetAO MIRROR_NUMBER,OPERATION_NUMBER;
ToolChangeFlangeToSchunk;
I--Before an operation is called ROBOT_WORKING and MIRROR_NUMBER signals are set
SetDO ROBOT_WORKING, low;
I--After operation ends a ROBOT_WORKING signal is set to false
ENDIF
I--The same approach is used in another cases
CASE 2:
IF DInput(START_ROBOT)=high THEN
SetDO ROBOT_WORKING,high;
SetAO MIRROR_NUMBER,OPERATION_NUMBER;
ToolChangeFlangeToSMC;
SetDO ROBOT_WORKING, low;
ENDIF
CASE 3:
IF DInput(START_ROBOT)=high THEN
SetDO ROBOT_WORKING, high;
SetAO MIRROR_NUMBER,OPERATION_NUMBER;
ToolChange_FlangeToVac;
SetDO ROBOT_WORKING, low;
ENDIF
CASE 10:
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IF DInput(START_ROBOT)=high THEN
SetDO ROBOT_WORKING,high;
SetAO MIRROR_NUMBER,OPERATION_NUMBER;
ToolChange_SchunkToFlange;
SetDO ROBOT_WORKING, low;
ENDIF
CASE 12:
IF DInput(START_ROBOT)=high THEN
SetDO ROBOT_WORKING,high;
SetAO MIRROR_NUMBER,OPERATION_NUMBER;
ToolChange_SchunkToSMC;
SetDO ROBOT_WORKING, low;
ENDIF
CASE 13:
IF DInput(START_ROBOT)=high THEN
SetDO ROBOT_WORKING,high;
SetAO MIRROR_NUMBER,OPERATION_NUMBER;
ToolChange_SchunkToVac;
SetDO ROBOT_WORKING, low;
ENDIF
CASE 20:
IF DInput(START_ROBOT)=high THEN
SetDO ROBOT_WORKING,high;
SetAO MIRROR_NUMBER,OPERATION_NUMBER;
ToolChange_SMCToFlange;
SetDO ROBOT_WORKING, low;
ENDIF
CASE 21:
IF DInput(START_ROBOT)=high THEN
SetDO ROBOT_WORKING,high;
SetAO MIRROR_NUMBER,OPERATION_NUMBER;
ToolChange_SMCToSchunk;
SetDO ROBOT_WORKING, low;
ENDIF
CASE 23:
IF DInput(START_ROBOT)=high THEN
SetDO ROBOT_WORKING, high;
SetAO MIRROR_NUMBER,OPERATION_NUMBER;
ToolChange_SMCToVac;
SetDO ROBOT_WORKING, low;
ENDIF
CASE 30:
IF DInput(START_ROBOT)=high THEN
SetDO ROBOT_WORKING, high;
SetAO MIRROR_NUMBER,OPERATION_NUMBER;
ToolChange_VacToFlange;
SetDO ROBOT_WORKING, low;
ENDIF
CASE 31:
IF DInput(START_ROBOT)=high THEN
SetDO ROBOT_WORKING, high;
SetAO MIRROR_NUMBER,OPERATION_NUMBER;
ToolChange_VacToSchunk;
SetDO ROBOT_WORKING, low;
ENDIF
CASE 32:
IF DInput(START_ROBOT)=high THEN
SetDO ROBOT_WORKING,high;
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SetAO MIRROR_NUMBER,OPERATION_NUMBER;
ToolChange_VacToSMC;
SetDO ROBOT_WORKING, low;
ENDIF
CASE 101:
IF DInput(START_ROBOT)=high THEN
SetDO ROBOT_WORKING,high;
SetAO MIRROR_NUMBER,OPERATION_NUMBER;
PartInsert;
SetDO ROBOT_WORKING, low;
ENDIF
CASE 102:
IF DInput(START_ROBOT)=high THEN
SetDO ROBOT_WORKING,high;
SetAO MIRROR_NUMBER,OPERATION_NUMBER;
PartTakeOut;
SetDO ROBOT_WORKING, low;
ENDIF
CASE 201:
IF DInput(START_ROBOT)=high THEN
SetDO ROBOT_WORKING, high;
SetAO MIRROR_NUMBER,OPERATION_NUMBER;
Cubes_1 1 1;
SetDO ROBOT_WORKING, low;
ENDIF
CASE 202:
IF DInput(START_ROBOT)=high THEN
SetDO ROBOT_WORKING, high;
SetAO MIRROR_NUMBER,OPERATION_NUMBER;
Cubes_2 1 1;
SetDO ROBOT_WORKING, low;
ENDIF
CASE 203:
IF DInput(START_ROBOT)=high THEN
SetDO ROBOT_WORKING, high;
SetAO MIRROR_NUMBER,OPERATION_NUMBER;
Cubes_3 1 1;
SetDO ROBOT_WORKING, low;
ENDIF
CASE 204:
IF DInput(START_ROBOT)=high THEN
SetDO ROBOT_WORKING, high;
SetAO MIRROR_NUMBER,OPERATION_NUMBER;
Cubes_1_2 1;
SetDO ROBOT_WORKING, low;
ENDIF
CASE 205:
IF DInput(START_ROBOT)=high THEN
SetDO ROBOT_WORKING,high;
SetAO MIRROR_NUMBER,OPERATION_NUMBER;
Cubes_2 2 1;
SetDO ROBOT_WORKING, low;
ENDIF
CASE 206:
IF DInput(START_ROBOT)=high THEN
SetDO ROBOT_WORKING,high;
SetAO MIRROR_NUMBER,OPERATION_NUMBER;
Cubes_3 2 1;
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SetDO ROBOT_WORKING, low;
ENDIF
CASE 207:
IF DInput(START_ROBOT)=high THEN
SetDO ROBOT_WORKING, high;
SetAO MIRROR_NUMBER,OPERATION_NUMBER;
Cubes_1 1 2;
SetDO ROBOT_WORKING, low;
ENDIF
CASE 208:
IF DInput(START_ROBOT)=high THEN
SetDO ROBOT_WORKING, high;
SetAO MIRROR_NUMBER,OPERATION_NUMBER;
Cubes_2 1 2;
SetDO ROBOT_WORKING, low;
ENDIF
CASE 209:
IF DInput(START_ROBOT)=high THEN
SetDO ROBOT_WORKING, high;
SetAO MIRROR_NUMBER,OPERATION_NUMBER;
Cubes_3_1 2;
SetDO ROBOT_WORKING, low;
ENDIF
CASE 21@:
IF DInput(START_ROBOT)=high THEN
SetDO ROBOT_WORKING, high;
SetAO MIRROR_NUMBER,OPERATION_NUMBER;
Cubes_1_2_2;
SetDO ROBOT_WORKING, low;
ENDIF
CASE 211:
IF DInput(START_ROBOT)=high THEN
SetDO ROBOT_WORKING,high;
SetAO MIRROR_NUMBER,OPERATION_NUMBER;
Cubes_2 2 2;
SetDO ROBOT_WORKING, low;
ENDIF
CASE 212:
IF DInput(START_ROBOT)=high THEN
SetDO ROBOT_WORKING,high;
SetAO MIRROR_NUMBER,OPERATION_NUMBER;
Cubes_3 2 2;
SetDO ROBOT_WORKING, low;
ENDIF
CASE 250:
IF DInput(START_ROBOT)=high THEN
SetDO ROBOT_WORKING,high;
SetAO MIRROR_NUMBER,OPERATION_NUMBER;
Cubes_Kart_1;
SetDO ROBOT_WORKING, low;
ENDIF
CASE 251:
IF DInput(START_ROBOT)=high THEN
SetDO ROBOT_WORKING,high;
SetAO MIRROR_NUMBER,OPERATION_NUMBER;
Cubes_Kart_2;
SetDO ROBOT_WORKING, low;
ENDIF
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ENDTEST
ENDPROC

I --Procedure where robot puts part into the machine MCV
I --Procedure has the same process as procedure before (ToolChangeFlangeToSchunk)
I--With only one small difference - Pulse signal (DO3) is used to close jaws on the gripper
I--and the Pulse signal (DO4) is used to open jaws on the defined gripper
PROC PartInsert()
SetDO OPERATION_DONE, low;
Movel PartInsert_HOME,v1000,z200,toolGripper_PGN_200\WObj:=Workobject_1;
Move] PartInsert_PosBeforaPick_a,v1000,z200,toolGripper_PGN_200\WObj:=Workobject 1;
Movel PartInsert_PosBeforePick_b_z 100,v1000,fine,toolGripper_PGN_200\WObj:=Workobject_1;
MovelL PartInsert_Pick,v100,fine,toolGripper_PGN_200\WObj:=Workobject_1;

I--Close tool
PulseDO Local_IO_© DO3;
WaitTime 0.5;

Move] PartInsert_PosAfterPick_z_100,v100,fine,toolGripper_PGN_200\WObj:=Workobject_1;
Movel PartInsert_PosBeforeMCV,v1000,z10,toolGripper_PGN_200\WObj:=Workobject_1;

MovelL PartInsert_PosBeforePlace_z_100,v500,fine,toolGripper_PGN_200\WObj:=Workobject_1;
MovelL PartInsert_Place,v1000,fine,toolGripper_PGN_200\WObj:=Workobject_1;

I--Open tool
PulseDO Local IO @ DO4;
WaitTime 0.5;

MovelL PartInsert_PosAfterPlace_z_100,v100,fine,toolGripper_PGN_200\WObj:=Workobject_1;
MovelL PartInsert_WaitingForMachining,v500,2z10,to0lGripper_PGN_200\WObj:=Workobject_1;
SetDO OPERATION_DONE,high;

ENDPROC

I--Procedure where robot takes part out of the machine MCV

PROC PartTakeOut()
SetDO OPERATION_DONE, low;
Movel PartTakeOut_WaitingForMachining,v500,fine,toolGripper_PGN_200\WObj:=Workobject_1;
MovelL PartTakeOut_PosBeforePick_z_100,v500,fine,toolGripper_PGN_200\WObj:=Workobject_1;
MovelL PartTakeOut_Pick,v100,fine,toolGripper_PGN_200\WObj:=Workobject_1;
PulseDO Local_IO_6©_DO03;
WaitTime ©.5;
MovelL PartTakeOut_PosAfterPick_z_100,v100,fine,toolGripper_PGN_200\WObj:=Workobject_1;
MovelL PartTakeOut_PosAfterMCV,v500,fine,toolGripper_PGN_200\WObj:=Workobject_1;
Move] PartTakeOut_PosBeforePlace_z_100,v1000,fine,toolGripper_PGN_200\WObj:=Workobject_1;
MovelL PartTakeOut_Place,v100,fine,toolGripper_PGN_200\WObj:=Workobject_1;
PulseDO Local_I0O_0©_DO04;
WaitTime 0.5;
MovelL PartTakeOut_PosAfterPlace_a,v100,fine,toolGripper_PGN_200\WObj:=Workobject_1;
Move] PartTakeOut_PosAfterPlace_b,v1000,z200,toolGripper_PGN_200\WObj:=Workobject_1;
MoveJ PartTakeOut_HOME,v1000,fine,toolGripper_PGN_200\WObj:=Workobject_1;
SetDO OPERATION_DONE,high;

ENDPROC

TXXXXXX XX XXX XXX XXXXX XXX XX XXXKXXXXXXX XXX XXX XXXXXXXXXXXXXKXXXXXXXXXXXXXXX
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PROC Cubes_ 1 1 1()
SetDO OPERATION_DONE, low;
MoveJ C_111 HOME,v1000,fine,toolGripper\WObj:=Workobject_1;
MoveJ C_111 bPick,v1000,fine,toolGripper\WObj:=Workobject_1;
MovelL C_111_pick,v100,fine,toolGripper\WObj:=Workobject_1;
PulseDO Local_IO_0©_DO3;
WaitTime 0.5;
Movel C_111_aPick,v100,fine,toolGripper\WObj:=Workobject_1;
MoveJ C_111_bPP,v1000,2z200,toolGripper\WObj:=Workobject_1;
MoveJ C_111_bPlace,v1000,fine,toolGripper\WObj:=Workobject_1;
MovelL C_111 place,v100,fine,toolGripper\WObj:=Workobject_1;
PulseDO Local_IO_© _DO04;
WaitTime 0.5;
MovelL C_111_aPlace,v100,fine,toolGripper\WObj:=Workobject_1;
MoveJ C_111_bPP_2,v1000,2z200,toolGripper\WObj:=Workobject_1;
Move] C_111_bPick_2,v1000,fine,toolGripper\WObj:=Workobject_1;
SetDO OPERATION_DONE,high;

ENDPROC

PROC Cubes_2_ 1 1()
SetDO OPERATION_DONE, low;
MoveJ C_211_bPick,v1000,fine,toolGripper\WObj:=Workobject_1;
MovelL C_211_pick,v100,fine,toolGripper\WObj:=Workobject_1;
PulseDO Local_IO_© DO3;
WaitTime 0.5;
MovelL C_211_aPick,v100,fine,toolGripper\WObj:=Workobject_1;
Movel C_211 bPP,v1000,z200,toolGripper\WObj:=Workobject_1;
Movel C_211 bPlace,v1000,fine,toolGripper\WObj:=Workobject_1;
MovelL C_211 place,v100,fine,toolGripper\WObj:=Workobject_1;
PulseDO Local_IO_0©_DO04;
WaitTime 0.5;
Movel C_211_aPlace,v100,fine,toolGripper\WObj:=Workobject_1;
MoveJ C_211_bPP_2,v1000,2z200,toolGripper\WObj:=Workobject_1;
MoveJ C_211_bPick_2,v1000,fine,toolGripper\WObj:=Workobject_1;
SetDO OPERATION_DONE,high;

ENDPROC

PROC Cubes_3_1_1()
SetDO OPERATION_DONE, low;
Movel C_311_bPick,v1000,fine,toolGripper\WObj:=Workobject_1;
MovelL C_311_pick,v100,fine,toolGripper\WObj:=Workobject_1;
PulseDO Local IO @ DO3;
WaitTime 0.5;
MovelL C_311_aPick,v100,fine,toolGripper\WObj:=Workobject_1;
MoveJ C_311_bPP,v1000,2z200,to0lGripper\WObj:=Workobject_1;
MoveJ C_311_bPlace,v1000,fine,toolGripper\WObj:=Workobject_1;
MovelL C_311_place,v100,fine,toolGripper\WObj:=Workobject_1;
PulseDO Local_IO_© DO4;
WaitTime 0.5;
MovelL C_311_aPlace,v100,fine,toolGripper\WObj:=Workobject_1;
Movel C_311 bPP_2,v1000,z200,toolGripper\WObj:=Workobject_1;
Movel C_311_bPick_2,v1000,fine,toolGripper\WObj:=Workobject_1;
SetDO OPERATION DONE,high;

ENDPROC
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PROC Cubes_1_2_1()
SetDO OPERATION_DONE, low;
Move] C_121_bPick,v1000,fine,toolGripper\WObj:=Workobject_1;
MovelL C_121_ pick,v100,fine,toolGripper\WObj:=Workobject_1;
PulseDO Local IO @ DO3;
WaitTime 0.5;
MovelL C_121 aPick,v100,fine,toolGripper\WObj:=Workobject_1;
Movel C_121_bPP,v1000,2z200,to0lGripper\WObj:=Workobject_1;
MoveJ C_121_bPlace,v1000,fine,toolGripper\WObj:=Workobject_1;
MovelL C_121_ place,v100,fine,toolGripper\WObj:=Workobject_1;
PulseDO Local_IO_© DO4;
WaitTime 0.5;
MovelL C_121_aPlace,v100,fine,toolGripper\WObj:=Workobject_1;
Movel C_121 bPP_2,v1000,z200,toolGripper\WObj:=Workobject_1;
Movel C_121 bPick_2,v1000,fine,toolGripper\WObj:=Workobject_1;
SetDO OPERATION DONE,high;

ENDPROC

PROC Cubes_2_2 1()
SetDO OPERATION_DONE, low;
Movel C_221_bPick,v1000,fine,toolGripper\WObj:=Workobject_1;
MovelL C_221 pick,v100,fine,toolGripper\WObj:=Workobject_1;
PulseDO Local_IO_© _DO3;
WaitTime 0.5;
MovelL C_221_aPick,v100,fine,toolGripper\WObj:=Workobject_1;
Movel C_221_bPP,v1000,2z200,too0lGripper\WObj:=Workobject_1;
Move] C_221_bPlace,v1000,fine,toolGripper\WObj:=Workobject_1;
MovelL C_221 place,v100,fine,toolGripper\WObj:=Workobject_1;
PulseDO Local IO @ DO4;
WaitTime 0.5;
MovelL C_221 aPlace,v100,fine,toolGripper\WObj:=Workobject_1;
Movel C_221_bPP_2,v1000,2200,toolGripper\WObj:=Workobject_1;
Movel C_221_bPick_2,v1000,fine,toolGripper\WObj:=Workobject_1;
SetDO OPERATION_DONE,high;

ENDPROC

PROC Cubes_3 2 1()
SetDO OPERATION_DONE, low;
Movel C_321_bPick,v1000,fine,toolGripper\WObj:=Workobject_1;
MovelL C_321_pick,v100,fine,toolGripper\WObj:=Workobject_1;
PulseDO Local_IO_0©_DO3;
WaitTime 0.5;
Movel C_321_aPick,v100,fine,toolGripper\WObj:=Workobject_1;
Movel C_321_bPP,v1000,2200,toolGripper\WObj:=Workobject_1;
Movel C_321_bPlace,v1000,fine,toolGripper\WObj:=Workobject_1;
MovelL C_321 place,v100,fine,toolGripper\WObj:=Workobject_1;
PulseDO Local_IO_© _DO04;
WaitTime 0.5;
MovelL C_321_aPlace,v100,fine,toolGripper\WObj:=Workobject_1;
MoveJ C_321_bPP_2,v1000,2z200,toolGripper\WObj:=Workobject_1;
Movel C_321_bPick_2,v1000,fine,toolGripper\WObj:=Workobject_1;
SetDO OPERATION_DONE,high;

ENDPROC

PROC Cubes_1 1 2()
SetDO OPERATION_DONE, low;
MoveJ C_112_bPick,v1000,fine,toolGripper\WObj:=Workobject_1;

Page 17 of 24



MovelL C_112 pick,v100,fine,toolGripper\WObj:=Workobject_1;
PulseDO Local_I0O_0©_DO3;
WaitTime 0.5;
Movel C_112_aPick,v100,fine,toolGripper\WObj:=Workobject_1;
MoveJ C_112_bPP,v1000,2z200,toolGripper\WObj:=Workobject_1;
Movel C_112_bPlace,v1000,fine,toolGripper\WObj:=Workobject_1;
MovelL C_112 place,v100,fine,toolGripper\WObj:=Workobject_1;
PulseDO Local IO _© _DO04;
WaitTime 0.5;
MovelL C_112_aPlace,v100,fine,toolGripper\WObj:=Workobject_1;
MoveJ C_112_bPP_2,v1000,z200,toolGripper\WObj:=Workobject_1;
Move] C_112_bPick_2,v1000,fine,toolGripper\WObj:=Workobject_1;
SetDO OPERATION_DONE,high;

ENDPROC

PROC Cubes_2_1 2()
SetDO OPERATION_DONE, low;
Movel C_212_bPick,v1000,fine,toolGripper\WObj:=Workobject_1;
MovelL C_212_ pick,v100,fine,toolGripper\WObj:=Workobject_1;
PulseDO Local_IO_© DO3;
WaitTime 0.5;
MovelL C_212_aPick,v100,fine,toolGripper\WObj:=Workobject_1;
Movel C_212_bPP,v1000,z200,toolGripper\WObj:=Workobject_1;
Movel C_212 bPlace,v1000,fine,toolGripper\WObj:=Workobject_1;
MovelL C_212 place,v100,fine,toolGripper\WObj:=Workobject_1;
PulseDO Local_IO_0©_DO04;
WaitTime 0.5;
Movel C_212_aPlace,v100,fine,toolGripper\WObj:=Workobject_1;
Movel C_212_bPP_2,v1000,z200,toolGripper\WObj:=Workobject_1;
Movel C_212_bPick_2,v1000,fine,toolGripper\WObj:=Workobject_1;
SetDO OPERATION_DONE,high;

ENDPROC

PROC Cubes_3_1_2()
SetDO OPERATION_DONE, low;
Movel C_312_bPick,v1000,fine,toolGripper\WObj:=Workobject_1;
MovelL C_312_pick,v100,fine,toolGripper\WObj:=Workobject_1;
PulseDO Local IO @ DO3;
WaitTime 0.5;
MovelL C_312_ aPick,v100,fine,toolGripper\WObj:=Workobject_1;
Movel C_312_bPP,v1000,2z200,to0lGripper\WObj:=Workobject_1;
MoveJ C_312_bPlace,v1000,fine,toolGripper\WObj:=Workobject_1;
MovelL C_312_place,v100,fine,toolGripper\WObj:=Workobject_1;
PulseDO Local_IO_© DO4;
WaitTime 0.5;
MovelL C_312_aPlace,v100,fine,toolGripper\WObj:=Workobject_1;
Movel C_312_bPP_2,v1000,z200,toolGripper\WObj:=Workobject_1;
Movel C_312_ bPick_2,v1000,fine,toolGripper\WObj:=Workobject_1;
SetDO OPERATION DONE,high;

ENDPROC

PROC Cubes_1_2 2()
SetDO OPERATION_DONE, low;
Movel C_122_bPick,v1000,fine,toolGripper\WObj:=Workobject_1;
MovelL C_122 pick,v100,fine,toolGripper\WObj:=Workobject_1;
PulseDO Local_IO_© _DO3;
WaitTime 0.5;
MovelL C_122_aPick,v100,fine,toolGripper\WObj:=Workobject_1;
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Movel C_122_ bPP,v1000,z200,to0lGripper\WObj:=Workobject_1;
Movel C_122_bPlace,v1000,fine,toolGripper\WObj:=Workobject_1;
MovelL C_122_ place,v100,fine,toolGripper\WObj:=Workobject_1;
PulseDO Local_IO_© DO4;
WaitTime 0.5;
MovelL C_122_aPlace,v100,fine,toolGripper\WObj:=Workobject_1;
Movel C_122_bPP_2,v1000,z200,toolGripper\WObj:=Workobject_1;
Movel C_122 bPick_2,v1000,fine,toolGripper\WObj:=Workobject_1;
SetDO OPERATION_DONE,high;

ENDPROC

PROC Cubes_2_2 2()
SetDO OPERATION_DONE, low;
Movel C_222_bPick,v1000,fine,toolGripper\WObj:=Workobject_1;
MovelL C_222 pick,v100,fine,toolGripper\WObj:=Workobject_1;
PulseDO Local_IO_© _DO3;
WaitTime 0.5;
MovelL C_222_ aPick,v100,fine,toolGripper\WObj:=Workobject_1;
Movel C_222_bPP,v1000,z200,to0lGripper\WObj:=Workobject_1;
Move] C_222_bPlace,v1000,fine,toolGripper\WObj:=Workobject_1;
MovelL C_222 place,v100,fine,toolGripper\WObj:=Workobject_1;
PulseDO Local IO @ DO4;
WaitTime 0.5;
Movel C_222 aPlace,v100,fine,toolGripper\WObj:=Workobject_1;
Movel C_222 bPP_2,v1000,z200,toolGripper\WObj:=Workobject_1;
Movel C_222_ bPick_2,v1000,fine,toolGripper\WObj:=Workobject_1;
SetDO OPERATION_DONE,high;

ENDPROC

PROC Cubes_3 2 2()
SetDO OPERATION_DONE, low;
Movel C_322 bPick,v1000,fine,toolGripper\WObj:=Workobject_1;
MovelL C_322_ pick,v100,fine,toolGripper\WObj:=Workobject_1;
PulseDO Local_IO_0©_DO3;
WaitTime 0.5;
Movel C_322_aPick,v100,fine,toolGripper\WObj:=Workobject_1;
Movel C_322_bPP,v1000,2z200,to0lGripper\WObj:=Workobject_1;
Movel C_322_bPlace,v1000,fine,toolGripper\WObj:=Workobject_1;
MovelL C_322 place,v100,fine,toolGripper\WObj:=Workobject_1;
PulseDO Local_I0O_© _DO04;
WaitTime 0.5;
MovelL C_322_aPlace,v100,fine,toolGripper\WObj:=Workobject_1;
Movel C_322_bPP_2,v1000,z200,toolGripper\WObj:=Workobject_1;
Movel C_322_bPick_2,v1000,fine,toolGripper\WObj:=Workobject_1;
SetDO OPERATION_DONE,high;

ENDPROC

XXX XX XXX XXX XXX XXXXXXXXXXX XXX XXX KKK XXX XXX XXX XXX XXXXXXXXXXXXXX XXX XXX

PROC Cubes_Kart_1()
SetDO OPERATION_DONE, low;
MoveJ Cubes_Kart_1Home,v1000,fine,toolVacuum\WObj:=Workobject_1;
MoveJ Cubes_Kart_1bPick,v1000,fine,toolVacuum\WObj:=Workobject_1;
MovelL Cubes_Kart_1pick,v100,fine,toolVacuum\WObj:=Workobject_1;
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PulseDO Local_I0_0©_DO3;
WaitTime 0.5;
Movel Cubes_Kart_1aPick,v100,z200,toolVacuum\WObj:=Workobject_1;
Move] Cubes_Kart_1bPlace,v1000,fine,toolVacuum\WObj:=Workobject_1;
MovelL Cubes_Kart_1place,v100,fine,toolVacuum\WObj:=Workobject_1;
PulseDO Local IO @ DO4;
WaitTime 0.5;
MovelL Cubes_Kart_laPlace,v100,fine,toolVacuum\WObj:=Workobject_1;
MoveJ Cubes_Kart_1Home2,v1000,fine,toolVacuum\WObj:=Workobject_1;
SetDO OPERATION_DONE,high;

ENDPROC

PROC Cubes_Kart_2()
SetDO OPERATION_DONE, low;
Move] Cubes_Kart_2Home,v1000,fine,toolVacuum\WObj:=Workobject_1;
Movel Cubes_Kart_2bPick,v1000,fine,toolVacuum\WObj:=Workobject_1;
MovelL Cubes_Kart_2pick,v100,fine,toolVacuum\WObj:=Workobject_1;
PulseDO Local_IO_0©_DO3;
WaitTime 0.5;
Move] Cubes_Kart_2aPick,v100,z200,toolVacuum\WObj:=Workobject_1;
MoveJ Cubes_Kart_2bPlace,v1000,fine,toolVacuum\WObj:=Workobject_1;
MovelL Cubes_Kart_2place,v100,fine,toolVacuum\WObj:=Workobject_1;
PulseDO Local IO _© DO04;
WaitTime @0.5;
MovelL Cubes_Kart_2aPlace,v100,fine,toolVacuum\WObj:=Workobject_1;
Move] Cubes_Kart_2Home2,v1000,fine,toolVacuum\WObj:=Workobject_1;
SetDO OPERATION_DONE,high;

ENDPROC

TXXXXXX XXX XXX XXX XX XXX XXXXXXXXXXX XXX KKK XXX XXX XXX XXX XXXXXXXXXXXXXXXXXXXX

I --Procedure where robot mounts Schunk Tool

PROC ToolChangeFlangeToSchunk()
SetDO OPERATION_DONE, low; !--Setting output signal OPERATION_DONE as false
MoveJ TC_FlangeToSch_HOME_a,v1000,fine,toolChanger\WObj:=Workobject_1;
MoveJ TC_FlangeToSch_PosBeforeStand,v1000,z1,toolChanger\WObj:=Workobject_1;
MovelL TC_FlangeToSch_MountSch,v100,fine,toolChanger\WObj:=Workobject_1;
I--Several move instructions
I--Point to point or linear movement, velocity, zone, tool with reference frame

PulseDO Local IO @ DO1;
WaitTime 0.5;
I--Pulse signal to attach tool

MovelL TC_FlangeToSch_PosAfterStand_a,v100,fine,toolGripper_PGN_200\WObj:=Workobject_1;
MoveJ TC_FlangeToSch_PosAfterStand_b,v300,fine,toolGripper_PGN_200\WObj:=Workobject_1;
MoveJ TC_FlangeToSch_PosAfterStand_c,v1000,fine,toolGripper_PGN_200\WObj:=Workobject_1;
Movel TC_FlangeToSch_PosAfterStand_d,v1000,fine,toolGripper_PGN_200\WObj:=Workobject_1;
MoveJ TC_FlangeToSch_HOME_b,v1000,fine,toolGripper_PGN_200\WObj:=Workobject_1;

I--Next movement instructions with the same attributes as on the beginning

SetDO OPERATION_DONE,high; !--Setting output signal OPERATION_DONE as false

ENDPROC

| --Procedure where tool is changed from Schunk To Vac
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I--Signal pulses (DO2) are used to detach the tool

I--Signal pulses (DO1) are used to attach the tool

PROC ToolChange_SchunkToVac()
SetDO OPERATION_DONE, low;
MoveJ TC_SchToVac_HOME_a,v1000,fine,toolGripper_ PGN_200\WObj:=Workobject_1;
MoveJ TC_SchToVac_MoveToStand_a,v1000,fine,toolGripper_PGN_200\WObj:=Workobject_1;
Movel TC_SchToVac_MoveToStand_b,v1000,fine,toolGripper_PGN_200\WObj:=Workobject_1;
MoveJ TC_SchToVac_PosBeforeStand_a,v1000,fine,toolGripper_ PGN_200\WObj:=Workobject_1;
MoveJ TC_SchToVac_PosBeforeStand_b,v300,fine,toolGripper_PGN_200\WObj:=Workobject_1;
MovelL TC_SchToVac_ReleaseSchunk,v100,fine,toolGripper_PGN_200\WObj:=Workobject_1;
PulseDO Local_IO_0©_DO02;
WaitTime 0.5;
MovelL TC_SchToVac_PosBetweenStand_a,v100,fine,toolChanger\WObj:=Workobject_1;
MovelL TC_SchToVac_PosBetweenStand_b,v300,fine,toolChanger\WObj:=Workobject_1;
MovelL TC_SchToVac_MountVac,v100,fine,toolChanger\WObj:=Workobject_1;
PulseDO Local_IO_o_DO1;
WaitTime 0.5;
MovelL TC_SchToVac_PosAfterStand_a,v100,fine,toolVacuum\WObj:=Workobject_1;
MoveJ TC_SchToVac_PosAfterStand_b,v300,fine,toolVacuum\WObj:=Workobject_1;
Movel TC_SchToVac_HOME_b,v1000,fine,toolVacuum\WObj:=Workobject_1;
SetDO OPERATION_DONE,high;

ENDPROC

I --Procedure where tool is changed from Vac To Schunk

PROC ToolChange_VacToSchunk()
SetDO OPERATION_DONE, low;
Movel TC_VacToSch_HOME_a,v1000,fine,toolVacuum\WObj:=Workobject_1;
Movel TC_VacToSch_PosBeforeStand_a,v1000,fine,toolVacuum\WObj:=Workobject_1;
MoveJ TC_VacToSch_PosBeforeStand_b,v1000,fine,toolVacuum\WObj:=Workobject_1;
MovelL TC_VacToSch_ReleaseVac,v100,fine,toolVacuum\WObj:=Workobject_1;
PulseDO Local IO _© DO02;
WaitTime @0.5;
MovelL TC_VacToSch_PosBetweenStand_a,v100,fine,toolChanger\WObj:=Workobject_1;
MovelL TC_VacToSch_PosBetweenStand_b,v300,fine,toolChanger\WObj:=Workobject_1;
MovelL TC_VacToSch_MountSch,v100,fine,toolChanger\WObj:=Workobject_1;
PulseDO Local IO @ DO1;
WaitTime 0.5;
MovelL TC_VacToSch_PosAfterStand_a,v100,fine,toolGripper_PGN_200\WObj:=Workobject_1;
Movel TC_VacToSch_PosAfterStand_b,v300,fine,toolGripper_PGN_200\WObj:=Workobject 1;
Movel TC_VacToSch_MoveToHome_a,v1000,fine,toolGripper_PGN_200\WObj:=Workobject_1;
MoveJ TC_VacToSch_MoveToHome_b,v1000,fine,toolGripper_PGN_200\WObj:=Workobject_1;
MoveJ TC_VacToSch_HOME_b,v1000,fine,toolGripper_PGN_200\WObj:=Workobject_1;
SetDO OPERATION_DONE,high;

ENDPROC

| --Procedure where tool is changed from Schunk To SMC

PROC ToolChange_SchunkToSMC()
SetDO OPERATION_DONE, low;
MoveJ TC_SchToSMC_HOME_a,v1000,fine,toolGripper_PGN_200\WObj:=Workobject_1;
MoveJ TC_SchToSMC_MoveToStand_a,v1000,fine,toolGripper_PGN_200\WObj:=Workobject_1;
MoveJ TC_SchToSMC_MoveToStand_b,v1000,fine,toolGripper_PGN_200\WObj:=Workobject_1;
Movel TC_SchToSMC_PosBeforeStand_a,v1000,fine,toolGripper_PGN_200\WObj:=Workobject_1;
MovelL TC_SchToSMC_PosBeforeStand_b,v300,fine,toolGripper_PGN_200\WObj:=Workobject_1;
MovelL TC_SchToSMC_ReleaseSchunk,v100,fine,toolGripper_PGN_200\WObj:=Workobject_1;
PulseDO Local IO @ DO02;
WaitTime 0.5;
MovelL TC_SchToSMC_PosBetweenStand_a,v100,fine,toolChanger\WObj:=Workobject_1;
MovelL TC_SchToSMC_PosBetweenStand_b,v300,fine,toolChanger\WObj:=Workobject_1;
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MovelL TC_SchToSMC_MountSMC,v100,fine,toolChanger\WObj:=Workobject_1;
PulseDO Local_IO_o_DO1;
WaitTime 0.5;
MovelL TC_SchToSMC_PosAfterStand_a,v100,fine,toolGripper\WObj:=Workobject_1;
MoveJ TC_SchToSMC_PosAfterStand_b,v1000,fine,toolGripper\WObj:=Workobject_1;
MoveJ TC_SchToSMC_HOME_b,v1000,fine,toolGripper\WObj:=Workobject_1;
SetDO OPERATION_DONE,high;
ENDPROC

I --Procedure where tool is changed from SMC To Schunk

PROC ToolChange_SMCToSchunk()
SetDO OPERATION_DONE, low;
MoveJ TC_SMCToSch_HOME_a,v1000,fine,toolGripper\WObj:=Workobject_1;
MoveJ TC_SMCToSch_PosBeforeStand_a,v1000,fine,toolGripper\WObj:=Workobject_1;
Movel TC_SMCToSch_PosBeforeStand_b,v300,fine,toolGripper\WObj:=Workobject 1;
MovelL TC_SMCToSch_ReleaseSMC,v100,fine,toolGripper\WObj:=Workobject_1;
PulseDO Local_IO_o_DO02;
WaitTime 0.5;
MovelL TC_SMCToSch_PosBetweenStand_a,v100,fine,toolChanger\WObj:=Workobject_1;
Movel TC_SMCToSch_PosBetweenStand_b,v300,fine,toolChanger\WObj:=Workobject_1;
MovelL TC_SMCToSch_MountSch,v100,fine,toolChanger\WObj:=Workobject_1;
PulseDO Local IO @ DO1;
WaitTime 0.5;
MovelL TC_SMCToSch_PosAfterStand_a,v100,fine,toolGripper_PGN_200\WObj:=Workobject_1;
Movel TC_SMCToSch_PosAfterStand_b,v300,fine,toolGripper_PGN_200\WObj:=Workobject_1;
MoveJ TC_SMCTOSch_MoveToHome_a,v500,fine,toolGripper_PGN_200\WObj:=Workobject_1;
MoveJ TC_SMCTOSch_MoveToHome_b,v1000,fine,toolGripper_PGN_200\WObj:=Workobject_1;
MoveJ TC_SMCToSch_HOME_b,v1000,fine,toolGripper_PGN_200\WObj:=Workobject_1;
SetDO OPERATION_DONE,high;

ENDPROC

I--Procedure where tool is changed from Schunk To Flange

PROC ToolChange_SchunkToFlange()
SetDO OPERATION_DONE, low;
MoveJ TC_SchToFlange HOME_a,v1000,fine,toolGripper_PGN_200\WObj:=Workobject_1;
Movel TC_SchToFlange_MoveToStand_a,v1000,fine,toolGripper_PGN_200\WObj:=Workobject_1;
MoveJ TC_SchToFlange_MoveToStand_b,v1000,fine,toolGripper_ PGN_200\WObj:=Workobject_1;
MoveJ TC_SchToFlange_PosBeforeStand_a,v1000,fine,toolGripper_PGN_200\WObj:=Workobject_1;
Movel TC_SchToFlange PosBeforeStand_b,v300,fine,toolGripper_PGN_200\WObj:=Workobject_1;
MovelL TC_SchToFlange_ReleaseSchunk,v100,fine,toolGripper_PGN_200\WObj:=Workobject_1;
PulseDO Local_IO_o_DO02;
WaitTime 0.5;
MovelL TC_SchToFlange_PosAfterStand,v100,fine,toolChanger\WObj:=Workobject_1;
Movel TC_SchToFlange_HOME_b,v1000,fine,toolChanger\WObj:=Workobject_1;
SetDO OPERATION_DONE,high;

ENDPROC

I --Procedure where tool is changed from Flange To SMC

PROC ToolChangeFlangeToSMC()
SetDO OPERATION_DONE, low;
MoveJ TC_FlangeToSMC_HOME_a,v1000,fine,toolChanger\WObj:=Workobject_1;
Move] TC_FlangeToSMC_PosBeforeStand,v1000,fine,toolChanger\WObj:=Workobject_1;
MovelL TC_FlangeToSMC_MountSMC,v100,fine,toolChanger\WObj:=Workobject_1;
PulseDO Local IO @ DO1;
WaitTime 0.5;
MovelL TC_FlangeToSMC_PosAfterStand_a,v100,fine,toolGripper\WObj:=Workobject 1;
Movel TC_FlangeToSMC_PosAfterStand_b,v300,fine,toolGripper\WObj:=Workobject_1;
MoveJ TC_FlangeToSMC_HOME_b,v1000,fine,toolGripper\WObj:=Workobject_1;
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SetDO OPERATION_DONE,high;
ENDPROC

I --Procedure where tool is changed from SMC To VAC

PROC ToolChange_SMCToVac()
SetDO OPERATION_DONE, low;
Move] TC_SMCToVac_HOME_a,v1000,fine,toolGripper\WObj:=Workobject_1;
Movel TC_SMCToVac_PosBeforeStand_a,v1000,fine,toolGripper\WObj:=Workobject_1;
MovelL TC_SMCToVac_PosBeforeStand_b,v1000,fine,toolGripper\WObj:=Workobject_1;
MovelL TC_SMCToVac_ReleaseSMC,v100,fine,toolGripper\WObj:=Workobject_1;
PulseDO Local_IO_0©_DO02;
WaitTime 0.5;
MovelL TC_SMCToVac_PosBetweenStand_a,v100,fine,toolChanger\WObj:=Workobject_1;
MovelL TC_SMCToVac_PosBetweenStand_b,v300,fine,toolChanger\WObj:=Workobject_1;
MovelL TC_SMCToVac_MountVac,v1000,fine,toolChanger\WObj:=Workobject_1;
PulseDO Local_IO_o_DO1;
WaitTime 0.5;
MovelL TC_SMCToVac_PosAfterStand_a,v100,fine,toolVacuum\WObj:=Workobject_1;
MovelL TC_SMCToVac_PosAfterStand_b,v1000,fine,toolVacuum\WObj:=Workobject_1;
MoveJ TC_SMCToVac_HOME_b,v1000,fine,toolVacuum\WObj:=Workobject_1;
SetDO OPERATION_DONE,high;

ENDPROC

I --Procedure where tool is changed from Vac To SMC

PROC ToolChange_VacToSMC()
SetDO OPERATION_DONE, low;
Movel TC_VacToSMC_HOME_a,v1000,fine,toolVacuum\WObj:=Workobject_1;
Move] TC_VacToSMC_PosBeforeStand_a,v1000,fine,toolVacuum\WObj:=Workobject_1;
MoveJ TC_VacToSMC_PosBeforeStand_b,v1000,fine,toolVacuum\WObj:=Workobject_1;
MovelL TC_VacToSMC_ReleaseVac,v100,fine,toolVacuum\WObj:=Workobject_1;
PulseDO Local IO _© DO02;
WaitTime @0.5;
MovelL TC_VacToSMC_PosBetweenStand_a,v100,fine,toolChanger\WObj:=Workobject_1;
MovelL TC_VacToSMC_PosBetweenStand_b,v300,fine,toolChanger\WObj:=Workobject_1;
MovelL TC_VacToSMC_MountSMC,v100,fine,toolChanger\WObj:=Workobject_1;
PulseDO Local IO @ DO1;
WaitTime 0.5;
MovelL TC_VacToSMC_PosAfterStand_a,v100,fine,toolGripper\WObj:=Workobject_1;
Movel TC_VacToSMC_PosAfterStand_b,v300,fine,toolGripper\WObj:=Workobject_1;
MoveJ TC_VacToSMC_HOME_b,v1000,fine,toolGripper\WObj:=Workobject_1;
SetDO OPERATION DONE,high;

ENDPROC

I --Procedure where tool is changed from SMC To Flange

PROC ToolChange_SMCToFlange()
SetDO OPERATION_DONE, low;
Movel TC_SMCToFlange HOME_a,v1000,fine,toolGripper\WObj:=Workobject_1;
Movel TC_SMCToFlange PosBeforeStand_a,v1000,fine,toolGripper\WObj:=Workobject_1;
MovelL TC_SMCToFlange_PosBeforeStand_b,v300,fine,toolGripper\WObj:=Workobject_1;
MovelL TC_SMCToFlange_ReleaseSMC,v100,fine,toolGripper\WObj:=Workobject_1;
PulseDO Local_IO_0©_DO02;
WaitTime ©.5;
MovelL TC_SMCToFlange_ PosAfterStand,v100,fine,toolChanger\WObj:=Workobject_1;
MoveJ TC_SMCToFlange HOME_b,v1000,fine,toolChanger\WObj:=Workobject_1;
SetDO OPERATION_DONE,high;

ENDPROC

I --Procedure where tool is changed from Flange To VAC
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PROC ToolChange_FlangeToVac()
SetDO OPERATION_DONE, low;
MoveJ TC_FlangeToVac_HOME_a,v1000,fine,toolChanger\WObj:=Workobject_1;
Movel TC_FlangeToVac_PosBeforeStand,v1000,fine,toolChanger\WObj:=Workobject_1;
MovelL TC_FlangeToVac_MountVac,v100,fine,toolChanger\WObj:=Workobject_1;
PulseDO Local IO @ DO1;
WaitTime 0.5;
MovelL TC_FlangeToVac_PosAfterStand,v100,fine,toolVacuum\WObj:=Workobject_1;
MovelL TC_FlangeToVac_PosAfterStand_b,v300,fine,toolVacuum\WObj:=Workobject_1;
Movel TC_FlangeToVac_HOME_b,v1000,fine,toolVacuum\WObj:=Workobject_1;
SetDO OPERATION_DONE,high;

ENDPROC

I --Procedure where tool is changed from Vac To Flange

PROC ToolChange_VacToFlange()
SetDO OPERATION_DONE,low;
Movel TC_VacToFlange HOME_a,v1000,fine,toolVacuum\WObj:=Workobject_1;
MoveJ TC_VacToFlange_ PosBeforeStand_a,v1000,fine,toolVacuum\WObj:=Workobject_1;
MovelL TC_VacToFlange_ PosBeforeStand_b,v300,fine,toolVacuum\WObj:=Workobject_1;
Movel TC_VacToFlange_ReleaseVac,v100,fine,toolVacuum\WObj:=Workobject_1;
PulseDO Local IO @ DO02;
WaitTime 0.5;
MovelL TC_VacToFlange_PosAfterStand,v100,fine,toolChanger\WObj:=Workobject_1;
MoveJ TC_VacToFlange HOME_b,v1000,fine,toolChanger\WObj:=Workobject_1;
SetDO OPERATION DONE,high;

ENDPROC

IXXXXX XXX XXX XX XXX XXX XXXXXXXXXXXX XXX XXX KKK XXX XX XXX XXXXXXXXXXXXXXXXXXXXX

ENDMODULE
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