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EESSONA

Kdesolev magistritdé sai alguse ettevottes Stoneridge Electronics AS. Autor todtab
antud ettevottes. LOputdd teema kujunes vdlja tootmise pidevast parendamisest ja

optimeerimisest.

Magistrito0 teemaks sai Robotiseerimise sobilikkuse analiilis ettevottele Stoneridge
Electronics AS. Ettevottes tootmismahud on kasvutrendis, kui koos mahtude kasvuga
kasvab ja to60joupuudus ning toodjoukulud. LOputdds kaardistati tootmises olevad
koostamisprotsessid, et hinnata nende robotiseerimist. Seejarel loodi (hele
tootmisliinile detailne tehnoloogiline lahendus, mis pohineb koostdérobotitel. Lahenduse
valjatéotamisel konsulteeriti ABB ja Rethink Robotics spetsialistidega. Viidi labi uue
lahenduse riskianalliis. Seejarel leiti lahenduse tasuvusaeg ning arvutati teoreetiline

tasuvusaeg ka ulejdanud koostamisliinide robotiseerimise lahendustele.

Magistritod on kirjutatud Tallinna Tehnikaulikooli mehaanika ja t66stustehnika

instituudi vanemteaduri Martins Sarkans juhendamisel.



SISSEJUHATUS

Kdesoleva magistritdd Ulesandeks on uurida autoelektroonikat arendava ja tootva
ettevotte, Stoneridge Electronics AS, Tallinna tehases robotiseerimise vdimalikkust ja
kasumlikkust. Stoneridge Electronics AS on 1998.a. asutatud autotddstusele
elektroonikaseadmeid tootev ettevote, kelle klientideks on maailma suurimad

autotootjad, sealhulgas Volvo, Scania, MAN, Ford ja teised.

Kuna toojoukulud ja té6joupuudus lihtsatel ja monotoonsetel tookohtadel on Eestis
kasvavas trendis. Seda kinnitab ka té6étukassa, mille andmete podhjal on Harjumaal
Elektri- ja elektroonikaseadmete koostajate t66jou puudujaak [1]. Samuti on
kdrgenenud toodetele madratud kvaliteedinduded ja tootmismahud. Seetdttu tuleks
moelda tootmisvdimalustele, mis suudaks toota 0OO0pdeva ringselt, vasimatult ning

hooletusvigu tegemata.

Uks lahendustest oleks kasutada koostdéroboteid. Koostédrobotite kasutamise suur
eelis on nende paindlikus. Koostdorobotid suudavad todtada juba olemasolevatel
téokohtadel ilma tootmisliinide suurema Umberehituseta ja on taaskasutatavad ka
jargmistel téokohtadel. Samuti tohivad koostddrobotid tdéd teha inimesega samal alal
ilma kaitsepiirete ja suletud tddaalata ning suudavad tagada tootajate ohutuste, kes
liiguvad voi tootavad robotite vahetus ldaheduses. Need voimalused vahendavad

investeeringute suurust ja tasuvuse aega.

Konkreetse t66 raames valitakse tootmisest 5 tédkohta, kus tootmismahud on kdrged
ja operaatori t60 Uksluine voi ebamugav. Too kaigus kaardistatakse dra tdéokohtade
esialgsed parameetrid ja protseduurid. Pdarast seda luuakse Uhest té6kohast 3D mudel.
Seejarel plstitatakse otsustuskriteeriumid tehnoloogilise lahenduse valikuks. P6hinedes
eelnevale leitakse tédkohale sobiv tehnoloogiline lahendus. Parast sobiva lahenduse
leidmist luuakse simulatsioon tédkohale. Detailse lahenduse pdhjal leitakse teoreetilised
lahendused ka teistele tookohtadele. LOpuks viiakse labi arvutused majanduslikust
aspektist, et leida tehnoloogilise lahenduse tasuvusaeg ja konkreetne otsus, kas oleks

kasulik antud tehnoloogiline lahendus labi viia voi mitte.



1 Tootmisliinide anallius

1.1 Videolililti

Esimesele valjavalitud téokohal koostatkse videoldililitit.Koostu maksimaalne kaal on 1
kg.Tédkohal toodetakse 15000 toodet aastas. Tootmismahu tditmiseks tédtab hetkel
tookohal (ks inimene, kahes vahetuses. Tédkohal on aga oodata tootmismahu téusu.

Hooldust6déd on todkohal minimaalsed, peamiselt tédpindade puhastamine ja

koristamine, mille viib Iabi téokohal téotav operaator oma toopaeva Iopus.

1.1.1 Tookoha kirjeldus

Videoluliti tédkoht koosneb kolmest riiulitega lauast, kahest materjali lauast ning
pakkimise alusest. Tookoha juures on fikstuuride ja nadidete kapp. Todkohale on
madratud 16,7 m? suurune ala tootmispinnal. To6koha plaan on naidatud Joonis 1.
Samuti loodi sellele tédkohale 3D mudel, et ndha parema detailsusega roboti liigutusi ja

asetust téokohal, mis on naidatud Joonis 2.

Joonis 1 Videoliliti koostamise to6koha plaan



Joonis 2 Videollliti koostamise té6koha 3D mudel

1.1.2 Protsessi kirjeldus

Videoluliti tédkohal kaib t66 16 tundi paevas, 5 pdeva nadalas. Kuna tédkohal téétavad
inimesed, siis tuleb kuueteistkiimnest tunnist maha arvestada puhkepauside ja Idunate
ajad ning kokku tdéétatakse 14 tundi paevas.

Videollliti koostamine koosneb kuuest suurest protsessist: EMC kilbi paigaldamine,
PCBA ja korpuse koostamine, tagakaane koostamine, korpuse ja tagakaane
kokkupanek, Idppmontaaz ja pakkimine.

Tookohal téotab korraga 1 inimene. Tema tegevused on toodud vooskeemina Joonis 3,
Joonis 4, Joonis 5 ja Joonis 6. Tookoha kohta loodi Uldine protsesside plaan, et saada
paremat Ulevaadet ning oleks vdimalik liigitada toote koostamisel tehtavaid toiminguid.
Keskmiselt kulub (Uhe toote tootmiseks 491,1 sekundit, millest 380,7 sekundit on

manuaalne t66 ning Ulejdanud testide ja masinate t66 jarel ootamine [9].
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1.2 Telemaatika uksus

Teisel valjavalitud to6kohal koostatakse telemaatika Uiksust.Koostu maksimaalne kaal
on 0,9 kg.Tédkohal toodetakse 65713 toodet aastas. Tootmismahu tditmiseks tdotab
hetkel todkohal Uks inimene, kahes vahetuses. Hooldustdod on tédkohal minimaalsed,
peamiselt téopindade puhastamine ja koristamine, mille viib lébi tédkohal todtav

operaator oma toopaeva Iopus.

1.2.1 Tookoha kirjeldus

Telemaatika liksuse tédkoht koosneb kolmest riiulitega lauast, kahest materjali riiulist,
katsemasinast ning pakkimise alusest. Téokohale on maaratud 15,2 m? suurune ala

tootmispinnal. To6koha plaan on naidatud Joonis 7.

G50 Testrack

G50 Europallet

Joonis 7 Telemaatikaliksuse koostamise tookoha plaan

1.2.2 Protsessi kirjeldus

Toodkohal kaib t66 16 tundi pdevas, 5 paeva nadalas. Kuna tédkohal tédtavad inimesed,
siis tuleb kuueteistkimnest tunnist maha arvestada pauside ja Idunate ajad ning kokku

toodtatakse 14 tundi paevas.
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Telemaatika Uksuse koostamine koosneb heksast protsessist: ECU koostamine, ECU

testmine, IGppmontaaz, teise poole koostamine, tarkvara laadimine, tarkvara testimine,

poolte kokkupanek, liini I0pptest, pakkimine.

Todkohal toédtab korraga 1 inimene. Operaatori tegevused on toodud vooskeemina
Joonis 8. Uhe toote kokkupanekuks kulub 500 sekundit, millest 256 sekundit on

manuaalne t66 ning llejdanud testide ja masinate t66 [10].
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Joonis 8 Telemaatikalksuse koostamisprotsessi vooskeem
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1.3 Uksemoodul

Kolmandal valjavalitud tookohal koostatakse uksemoodulit. Koostu maksimaalne kaal
on 0,3 kg.Téodkohal toodetakse 180000 toodet aastas. Mahu tditmiseks tdéotab hetkel
tookohal Uiks inimene, kahes vahetuses.Hooldustédod on tédkohal minimaalsed,
peamiselt tédopindade puhastamine ja koristamine, mille viib |abi tédkohal tootav

operaator oma toopaeva I0pus.

1.3.1 Tookoha kirjeldus

Telemaatika Uksuse t6dkoht koosneb Uhest lauast mille peal on etiketiprinter, kooste-
ja testfikstuur ning Ghest komponentide riiulist. T66kohale on maaratud 6,3 m? suurune

ala tootmispinnal. To6koha plaan on naidatud Joonis 9.

Joonis 9 Uksemooduli koostamise t66koha plaan
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1.3.2 Protsessi kirjeldus

Todkohal kaib t66 16 tundi paevas, 5 pdeva nadalas. Kuna tédkohal téétavad inimesed,
siis tuleb kuueteistkiimnest tunnist maha arvestada pauside ja Idunate ajad ning kokku
tootatakse 14 tundi paevas.

Uksemooduli koostamine koosneb kolmest protsessist: komponentide fikstuuri
asetamine, liini I0pptest ja pakkimine.

Todkohal tédtab korraga 1 inimene. Tema tegevused on toodud vooskeemina Joonis 10.
Keskmiselt kulub {he toote koostamiseks 64,5 sekundit, millest 30 sekundit on

manuaalne t66 ning lGlejaanud testide ja masinate t66 [11].
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Joonis 10 Uksemooduli koostamisprotsessi vooskeem
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1.4 Sassiimoodul

Neljandal valjavalitud todkohal koostatakse Sassiimooduli Uksust.Koostu maksimaalne
kaal on 0,95 kg.Tddkohal toodetakse 93600 toodet aastas. Tootmismahu taitmiseks
tootab hetkel tookohal ks inimene, kolmes vahetuses.Hooldust66d todkohal votavad
aega umbes 16 tundi aastas, sellele lisaks toimub tédpindade puhastamine ja

koristamine, mille viib Iabi todkohal to6tav operaator oma toédpaeva I0pus.

1.4.1 Tookoha kirjeldus

Sassiimooduli tiksuse tédkoht koosneb kahest lauast mille peal etiketiprinter, kooste- ja
testfikstuur, kahest komponentide riiulist, kruvimisroboti téékohast ning
pakkimisalusest. T66kohale on puhendatud 21,3 m? suurune ala tootmispinnal. Té6koha

plaan on naidatud Joonis 11.

Failed units to disazzamb

1000xa 1 I mm

Joonis 11 Sassiimooduli koostamise té6koha plaan
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1.4.2 Protsessi kirjeldus

Todkohal kaib td66 24 tundi paevas, 5 pdeva nadalas. Kuna tédkohal téétavad inimesed,
siis tuleb kuueteistkiimnest tunnist maha arvestada pauside ja Idunate ajad ning kokku
tootatakse 21 tundi paevas.

Sassiimooduli koostamine koosneb viiest protsessist: algkoostamine, kruvimine,
lekketest, liini [Opptest ja pakkimine.

Todkohal tédtab korraga 1 inimene. Tema tegevused on toodud vooskeemina Joonis 12.
Keskmiselt kulub Uhe toote koostamiseks 138 sekundit, millest 98 sekundit on

manuaalne t66 ning lGlejaanud testide ja masinate t66 [12].
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Joonis 12 Sassiimooduli koostamisprotsessi vooskeem
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1.5 Tahmaandur

Viiendal valjavalitud todkohal koostatakse tahmaanduri PCB-d ja korpust.Koostu
maksimaalne kaal on 0,35 kg.Tédkohal toodetakse 641217 toodet aastas. Mahu
taitmiseks tootab hetkel tdéokohal Uks inimene, kolmes vahetuses. Lisaks kaib
koostamine ka nadalavahetusel thel paeval kahes vahetuses.Hooldust66d on tédkohal
on minimaalsed, peamiselt toimub téépindade puhastamine ja koristamine, mille viib

labi todkohal tootav operaator oma tédpaeva I6pus.

1.5.1 Tookoha kirjeldus

Tahmaanduri Uksuse tookoht koosneb (ihest koostamistodkohast ja kahest

komponentide riiulist. To6kohale on mé&éaratud 13,3 m? suurune ala tootmispinnal.

Tookoha plaan on naidatud Joonis 13.

Joonis 13 Tahmaanduri koostamise té6koha plaan
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1.5.2 Protsessi kirjeldus

Todkohal kaib t66 24 tundi paevas, 5 pdeva nadalas. Kuna tédkohal téétavad inimesed,
siis tuleb kuueteistkiimnest tunnist maha arvestada pauside ja Idunate ajad ning kokku
tootatakse 22 tundi pdevas. Lisaks sellele tehakse t66d laupdeval kahes vahetuses 16
tundi pdevas, millest pausid maha arvestada tuleb kokku 14,6 tundi.

Tahmaanduri koostamine koosneb kahest protsessist: komponentide fikstuuri panek ja
koostu fikstuurist valja votmine.

Todkohal tédtab korraga 1 inimene. Tema tegevused on toodud vooskeemina Joonis 14.
Keskmiselt kulub Ghe toote koostamiseks 22 sekundit, millest 9 sekundit on manuaalne

td0 ning Ulejdanud testide ja masinate t66 jarel ootamine [13].
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Joonis 14 Tahmaanduri koostamisprotsessi vooskeem
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1.6 Analiitisi kokkuvote

Kdige suurema inimt66jou mahuga tookoht on tahmaanduri té6koht, kus t66 kaib nadala

sees kolmes vahetuses ning nadalavahetusel (hel pdeval kahes vahetuses. Sellele
jargneb Sassimooduli tédkoht, kus kéib téd nadala sees kolmes vahetuses. Ulejaanud

tookohtadel tootatakse téopaevadel kahes vahetuses.

Tabel 1 - Té6kohtade parameetrid

Ukse- Sassi- | Tahma- |Telemaati| Video-
moodul | moodul andur | -ka liksus laliti
T°°tm's'(‘;i;'t aastas | 1843000 | 93600 | 641217 | 65713 15000
Tsiikliaeg (s) 64,5 138 22 500 491,1
Manuaalsele toole
kuluv aeg igas tsiiklis 30 98 9 256 380,7
()
Masina todle kuluv 58 138 22 244 491,1
aeg igas tsiiklis (s)
Maksimaalne
tsiikliaeg 57/106/ 98,2/196,3 | 445/830/
1 vahetus/2 30/55/83 160 8/16/23 /294,5 1245
vahetust/3 vahetust
Inlmve_ast tekitud 0 0,01 0,02 0 0
praagi protsent
Vajalike operaatorite 1 1 1 1 1
arv
og?:‘:::;:;'ht:t‘:;‘;i 1290/ 1290/ | 1314/ 1290/ 1290/
P . 510/480 510/480 438 510/480 510/480
(minutes)
Masina kasutuse aeg 24h 5p/
toonadalal/ 16h 5P 24h 5P 16h 5P 16h 5P
. 16h 1P
nadalavahetusel
VahetL_l_s_!:e__arv pdevas > 3 3 > >
toonadalal
Vahgtuste arv paevas 0 0 5 0 0
nadalavahetusel
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Tookohtadel tehtavatest operatsioonidest on kdige enim levinud ,,vota ja aseta™. Kdikidel
tookohtadel peale Sassiimooduli on vaja ka vajutada nuppu. Sahtlite tdmbamine ja
likkamine, siltide kleepimine ja skaneerimine on samuti levinud operatsioonid kdikidel
tookohtadel peale Tahmaanduri. Sassiimooduli, videoliliti ja telemaatikaiiksuse
koostamise todkohtadel on veel lisaks kruvimisoperatsioonid. Telemaatika liksusel on
ainukesena tootmises operatsioon, kus tuleb sisestada SIM kaart ja hiljem eemaldada.
Arutades seda operatsiooni koostddrobotite pakkujatega leiti, et kdige parem viis see

operatsioon lahendada oleks todkoht taielikult automatiseerida.

Tabel 2 - T66kohtadel esinevad operatsioonid ja nende sagedus

Ukse- Sassi- Tahma- | Telemaatika | Video-
moodul moodul andur tiksus luliti
VVota ja aseta 4 11 4 16 21
Vajuta nuppu 2 0 1 5 9
Likka/tomba sahtel 2 2 0 2 10
Kleebi silt 1 2 0 1 2
Skaneeri silt 0 1 0 4 2
Kruvimis- 0 3 0 6 8
operatsioonid
S_IM kaa_rdl 0 0 0 1 0
sisestamine

Operatsioonide keerukuse ja arvu jargi on kdige keerulisem koostamisprotsess
Videoluliti tooliinil. Lisaks keerukusele on tdoliinil ka vaga suur osa téést manuaalne
ning selleparast oleks koostddroboti kasutamine Videoliliti koostamisel kdige suurema

kasuteguriga.
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2 Koostooroboti valik

2.1 Roboti valikukriteeriumid

Roboti  valikukriteeriumite pUstitamisel lahtutakse to6ékoha omaparast ja
koostamisprotsessil tulevatest nouetest. Samuti vOetakse arvesse Uldisi ettevotte
investeeringu tingimusi. Eelnevale pdhinedes peab lahendus vastama jdrgmistele
tingimustele:

1. Roboti haardeulatus véhemalt 1 m.

2. Roboti tostevdime vahemalt 1 kg.

3. Roboti tdpsus vdhemalt 0,1 mm.

Uue tehnoloogilise lahenduse tasuvusaeg peaks jaama alla 1,5 aasta.
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2.2 Roboti valik

2.2.1 ABB IRB 14000 YuMi

ABB IRB 14000 YuMi on koostodrobot, mis on valja tootatud vaikeste detailide
monteerimiseks vajalike paindlike ja kiirete tootmisoperatsioonide tegemiseks
elektroonikatoostuses. Koike seda suudab YuMi teha tanu kahele painduvale kaele,

kaamerapdhisele detailide leidmisele ja tipptasemel liikkumise tépsusele ning kontrollile

[2].

Ohutuse tagamiseks on YuMil imber kerge, kuid jaik magneesium skelett, mis on kaetud
ujuva plastikust iUmbrisega, mis omakorda on mahitud pehmesse polsterdusse. Seetdttu
neelab YuMi konstruktsioon igasuguse ootamatu jou ning peatub millisekundite jooksul
vigastusi valtides. Liikumise saab kiiresti ja vaevata uuesti alustada vajutades
kaugjuhtimispuldil olevat ,Play™ nuppu [2].

Yumi on vaga tapne ja kiire. Maksimaalne liikumiskiirus on 1500 mm/s, et tagada
inimkaaslaste turvalisus. Positsioneerimistapsus on tal 0,02 mm. Modlema kae

haardeulatus kokku on ~ 1,1 m. Lisaks I/O liidesele, on YuMil veel Ethernet IP, Profibus

ning USB pordid. YuMi (he k&e kandevdime on 0,5 kg. Roboti elueaks on maaratud 10
aastat, kui see tootab 24/7 [2].

Joonis 15 - IRB 14000 YuMi
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2.2.2 Rethink robotics Sawyer

Rethink robotics koostddrobot Sawyer on holpsasti kasutatav, paindlik ja korgelt
tunnustatud. Sawyeriga saab automatiseerida tapsustndudvaid operatsioone kergesti,
tanu sisseehitatud kaameratele. Roboti katt juhtides, Opetatakse seda tegema keerulisi

Ulesandeid mone minutiga ning seejarel jatkab robot juba ise [3].

Sawyerit eristab teistest koostdorobotitest tema paindlikus. Tanu sisseehitatud
kaameratele on vdimalik Sawyerit liigutada mitme erineva tédkoha vahel vaga vaikese
vaevaga. Téokohal tuvastab Sawyer 2D koodi jargi, mis té6kohaga on tegemist, seejarel

oma positsiooni ning tédobjektid ja asub tédle [3].

Koostoorobot Sawyer vastab standardile ISO 10218-1:2011, mis defineerib nduded ja
juhised tdédstusroboti loomupdrasele ohutule disainile, kaitsemeetmetele ja
informatsioonile [5]. Lisaks sellele, teeb Sawyeri tootmisse integreerimise lihtsaks tema
omaparane ekraan, mis t66d tehes kuvab kas vajalikku informatsiooni vdi sdbralikku
silmapaari. Neist viimane on aidanud tootmisto6tajatel robotiga paremini harjuda ning

vastu votta teda oma meeskonda[3].

Sawyeri maksimaalne liikumiskiirus on 1500 mm/s. Haardeulatus on Sawyeril 1,26 m.
Positsioneerimistapsus on tal 0,1 mm. Lisaks kontrolleri ja kde peal olevatele I/O
liidestele on Sawyeril veel Modbus, TCP ja TCP/IP. Sawyeri kandevdime on 4 kg. Roboti

elueaks on maaratud 10 aastat, kui see tdédtab 24/7 [4].

Joonis 16 - Rethink robotics Sawyer koostdérobot
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2.2.3 Robotite vordlus ja kokkuvote

Tabel 3 Robotite hinnangumaatriks

Kande- | Haarde- | Liikumis : umber- 1 yaksu-
. Eluiga | seadmise Kokku
koormus ulatus -kiirus ~ mus
holpsus
Kaal 4 3 5 5 3 5
ABB IRB
14000 2 5 5 5 1 3 91
YuMi
Rethink
robotics 4 5 5 5 5 5 121
Sawyer

Hinnangumaatriksi ja valikukriteeriumite pdhjal on parimaks koostdorobotiks Sawyer.
Tema suurimaks eeliseks YuMi ees on Umberseadistamise hdlpsus. Tootmises on
vaikese tootmishulgaga tooted, siis tuleb kasuks kui robotit saab liigutada erinevate
tookohtade vahel ning hoida teda t66s nii palju kui vdimalik. Sawyer on ka odavam

YuMist. Sawyer vastab ka koigile peatiikis 2.1 etteseatud roboti valikukriteeriumitele.
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3 Tehniline lahendus koos konstruktsiooni, 3D mudeli

ja simulatsiooniga

Tehnilise lahenduse valjatéotamise kadigus konsulteeriti koostdéoroboti tootjate ABB ja
Rethink Robotics, et olla kindlad lahenduse vdimalikkusest. Lisaks sellele tehti ka

Idplikule lahendusele hinnapakkumised.

3.1 Koostoorobotite asetusplaan

Iga tookoha korval asetsevale alusele paigaldatakse Sawyer koostoorobot (Joonis 17 -
Joonis 21). Kui koostédérobotid on hel tootmisliinil pdevase koguse taitnud, saab neid
liigutada jargmisele todkohale, kus jatkub jargmise toote tootmine. Tslkliajad on
madalad kuna mitu koostamisoperatsiooni tehakse korraga ning lahenduse tasuvusaeg
on lihem kuna koostd6robotid on alati kasutuses. Lahenduse puuduseks on inimressursi
vajamine koostoorobotite liigutamisel tédkohtade vahel. Lisaks voib roboteid liigutav
inimene teha ka vea ning selle tulemusel kahjustada robotit voi todkohal asetsevaid

masinaid ja tooteid.
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Joonis 17 - Koostdorobotite asetsusalused téokohtadel
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3.2 Koostedetailide liikumine tookohtade vahel

Koostedetailid ja poolkoostud asetatakse  todkohtade  vahel asuvatele
konstruktsioonidele. Konstruktsiooni materjali valiku puhul tuli arvestada té6tingimusi,
milleks on siseruumides kontrollitud kliima. Lisaks tuli arvesse votta materjalide
kattesaadavust ning materjali téddeldavust. Konstruktsiooni erinevad detailid
keevitatakse omavahel kokku ning kinnitatakse tédlaua kiilge poltide ja mutrite abil.
Arvestades eespoololevaid tingimusi sobib tédkohtade vaheliste fikstuuride

konstruktsioonimaterjaliks S235.

Joonis 22 Tookohtade vaheline konstruktsioon koostedetailide asetamiseks. 1 - Fikstuur. 2 -
30x30x3 nelikanttoru. 3 - kinnitusplaat.
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3.2.1 Tookohtade vahelise konstruktsioon tugevusanaliilis

Toodkohatade vaheline konstruktsioon koosneb (hest kinnitusplaadist paksusega 3 mm,
Uhest 30x30x3 nelikanttorust ning fikstuurist kuhu sisse asetada koostedetail voi
pooltoode. Fikstuur on keevitatud nelikanttoru kiilge, mis on omakorda keevitatud

kinnitusplaadi kiilge. Kinnitusplaat on kinnitatud té6koha kiilge poltide ja mutritega.

Leian konstruktsioonile mojuvad maksimaalsed joud. Esimene joud, mis modjub
konstruktsioonile on omaraskus. Konstruktsiooni hinnanguline ruumala on 0,000605 m3
ning S235 tihedus on ligikaudu 7850 kg/m3. Kasutades valemit (1) leiame

konstruktsiooni omaraskuse, milleks on ligikaudu 4,8 kg [8].

m=p=*V =0,000605 * 7850 = 4,749 ~ 4,8 kg (1)
, kus
m - mass, kg
p — tihedus, kg/m?3

V - ruumala, m3

Lisaks omaraskusele tuleb konstruktsioonil vastu pidada ka koostedetaili vdi poolkoostu
raskusele ning vodimalikule joule, mida robot vdib detaili fikstuuri peale asetades
tekitada. Maksimaalne poolkoostu raskus on I6ppkoostu raskus, milleks on 1 kg. Roboti
maksimaalne kandevdime on 4 kg, mis tédhendab, et tema joud, millega ta voib fikstuuri

suruda on samuti 4 kg.

Liites kokku koik vOimalikud konstruktsioonile mojuvad raskused saame, et
konstruktsioon peaks vastu pidama véahemalt 10 kg raskusele. Joonis 23 demonstreerib
tarkvaraga Autodesk Inventor Professional 2019 tehtud tugevusanalllsi [6].
TugevusanallUusist on naha, et suurim tekkiv pinge on ligikaudu 11,2 Mpa. S235
voolepiir on ligikaudu 235 MPa. Saadud tulemustest lahtuvalt on arvutatud varutegur
valemiga (2).

_ 0y 235 _ (2)
[S] = s =11i2°- 20,982 =~ 20

,kus

[S] - konstruktsiooni varutegur
o - tekkinud maksimaalne pinge (MPa)

o, — kasutatud materjali voolepiir (MPa)

31



Type: Von
Unit: MPa

0 Min

Joonis 23 Konstruktsiooni tugevusanalilsi simulatsioon
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3.3 Koostedetailide sorteerimine

Lisaks liinil asuvatele robotitele tegutseb laos veel (ks robot. Selle roboti eesmargiks on
sorteerida ja asetada tarnijatelt saabunud detailid alustele. Robotil on lisandina Uks
korgema defineerimistapsusega kaamera, millega tuvastatakse dara kuidas detail

asetseb ja millise detailiga on tegemist.

Roboti ette lauale kallatakse kastides tarnijatelt saabunud detailid, mida robot hakkab

asetama alustele, mis I6puks viiakse koostamisliinile ja laotakse gravitatsiooniriiulile.

Joonis 24 - Alus komponentide sorteerimiseks

33



3.4 Tookohtadel koostedetailide kasitlemine

Tookohtadel votavad koostddrobotid koostedetailid gravitatsiooniriiulitel asetsevatelt
alustelt. Lahendus on olnud pikalt kasutuses operaatoritega t66 puhul ning vajadusel

saab inimene asendada roboti ilma suuremate probleemideta.

Koostoorobot votab gravitatsiooniriiulil ette sditvalt aluselt komponendid ning asetab
need tootmisfikstuuridesse. Samal ajal kui tootmisfikstuur teeb t66d asetab robot tihja
aluse valjamineva gravitatsiooniriiuli peale, kus alus s®idab t00pingi vastaskiilge ja
koguneb kuni tuuakse uued alused koos detailidega ning tihjad alused viiakse tagasi
lattu.

,

Joonis 25 - Sorteeritud aluste gravitatsiooniriiulid. 1 — sorteeritud komponente sisaldavate aluste
riiul. 2 - tihjade aluste valjumisriiul. 3 - tihjade aluste kogunemispunkt.
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3.5 Suhtlus koostamisfikstuuride ja koostoorobotite

vahel

Iga t6o6pingi koostamisfikstuuril on sees mikrokontroller. Operaatoriga suhtlemiseks on
fikstuuridel mitu nuppu ja LED tuld, mis annavad teavet tooprotsessi kohta. Neid
valjundeid mikrokontrolleril saab kasutada ka robotiga suhtlemiseks. Nii on vdimalik
anda robotile tagasisidet kuna peab sulgema ning avama fikstuuri, toote korrektse

paigutuse ning komponentide tdpse asukoha kontrolli tulemused.
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Joonis 26 - Tootmisfikstuuri sees oleva mikrokontrolleri sisendid/valjundid

35



1089/ +24VDC -

-+ 24VDC/ 110
11083/ YDC

CEl Tl e e e e e we wee ey

shotgn bk

XB:20
i

-XB:19
1icas

0
o—t
20—t

o
=
o
20—t
20—
o—
o
o—

#o—

#O—

#o—

o

Joonis 27 - Tootmisfikstuuri sees oleva mikrokontrolleri valjundite Gihendused LEDide ja
nuppudega

Lisaks suhtlemisele tootmisfikstuuridega, suhtlevad igal té6kohal asetsevad
koostdorobotid ka omavahel, et teavitada teist koostéérobotit detaili olemasolust ja
anda luba jargmist koostamisoperatsiooni alustada.

Selleks on igal robotil oma kontroller, mille sisendid ja valjundid on Ghendatud teiste

robotite kontrolleritega nagu on naidatud Joonis 28.

FJ Controller3
/0 Signals -
Di_workstation_2_lefi_start DO_workstation_3_start_lefi_2
DI_workstation_2_right_start DO_workstation_2._right_start
DI_rlorkstation_2_right_start_2 DO_workstation_1_right_start_2
custom_DI_3
E—: Controller4
10 Signsls - Tl Controller
DI_workstation_3_left_start_2 DO_workstation_2_left_start_2 ) /0 Signals . -
DI_werkstation_3_right_start DO_workstation_3_right_start DI_workstation_4_left_start DO_workstation_3_right_start_
0l Controllers DI_workstation_3_right_start_2 DO_workstation_4_left_start DO_workstation_4_left_start
1O Signals DI _workstation_3_left_start DO_workstation_3_lef:_start
DI_workstation_1_right_start DO_warkstation_1_right_sart
DI_workstation_1_lef_start DO_workstation_1_left_start
Dl_workstation_1_right_start_2 DO_workstation_2_left_start

Joonis 28 - Koostddrobotite omavahelised sisendid/valjundid
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4 Lopplahenduse tulemused

4.1 Simulatsioon

Lopplahenduse simuleerimiseks kasutati tarkvara Robotstudio 2020 [7] ning
koostdorobotit YuMi 14000. Simulatsiooni eesmargiks oli kontrollida kdikide fikstuuride
ja detailide kattesaadavust ning roboti haardeulatust. Lisaks sellele kasutati

simulatsiooni uue lahenduse tsikliaja leidmiseks.

Igal robotil on eraldiseisev kontroller ja igal roboti kael oma programm. Robotid on ka

omavahel Uhenduses digitaalsete sisendite ja valjundite kaudu (Joonis 28). Robotite

liikumiskiirused olenevad tehtava operatsiooni tapsuse ndudest, ning varieeruvad 200
- 1500 mm/s vahel.

Joonis 29 Simulatsioon tarkvaras Robotstudio 2020
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4.2 Programm

Simulatsioon algab esimese to0koha vasaku kde ning kolmanda tédkoha vasaku kae
samaaegse tegutsemisega. Seejarel vastavalt signaalidele jatkavad teised robotite kded
oma koostamisprotsesse, kuni 10puks esimene toode pakitakse ja asetatakse
pakkimiskasti. Samal ajal on juba poolkoostute valmistamine jargmisel tootel kdaimas
ning nii jatkub té66, kuni antakse stop signaal robotitele. Programmid on leitavad t66
peatlkis LISAD, robotite vooskeemid Joonis 30 -Joonis 36. Robotite tdotrajektoorid on

nahtavad Joonis 37 - Joonis 40.

Oota signaali, et
alustada
koostamisprot sess
Path_10

Kas signaal
koostamisprotsess Path_10
alustuseks on antud?

JAH

Tee koostamisprotsess
Path_10

Anna signaal Robot 1 Paremals
kiele, et viib alustada
koostamisprotsessiga

Kassigraal too
IGpetamizaks on antud?

Joonis 30 - Robot 1 parema kae vooskeem
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a5 on antud

Path_20

Joonis 31 Robot 1 parema kde vooskeem

39

Tee koostamisprotsess
Path_30

El




amisope ratiooni
ks on antud

Seadista robot 2 parema k3e
alustussignaal negatiivs eks

Joonis 32 Robot 2 vasaku kae vooskeem

40

Tee koostamisoperatsioon
Path_10

Seadista robot 2 parema kie
poolt antud

alustada
tamisoperatsiooniga

Kas signaal
lGpetamiseks on antud?

El




JAH

aal robot 3

Tee koostamisoperatsioon
vastawvalt Path_20

Muuda robat 2 paremalt

Joonis 33 Robot 2 parema kae vooskeem

41

Oota 5 sekundit

Anna signaal r
parema k
amisoperatsiooni
alg

Muuda nega ;
signaal r 1 vasaku k3e
teise
stamisoperatsiooni

alguse ks

Kas signaal thd
opetamiseks on ant




Etamis
Path_10

Anna signaal
kaele,

Joonis 34 Robot 3 vasaku kae vooskeem

42

rabo




t alustada

ath_20

misprot
alustamiseks negats

Joonis 35 Robot 3 parema kde vooskeem

43

Tee koostamisp

Anna signaal
koostamisp

Kas signaal
lGpetamiseks on antud?




Oota signaali, et alustada

koostamisprotsess

koostamisprotsessi
alustuseks on antud?

Muuda negatiivseks signaal
Robaot 3 Paremale kdele
koostamisprotsessi alustamise
kohta

Tee koostamisprotsess Path_10

Joonis 36 Robot 4 parema kde vooskeem

Joonis 37 Todkoht 1 roboti tootrajektoor

44

Anna signaal Robat 3 Paremale
kdele koostamis protsessi
alustamise kohta

naal o
on antud?




Joonis 38 Todkoht 2 roboti tédtrajektoor

Y

Joonis 39 Todkoht 3 roboti tootrajektoor
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Joonis 40 Téokoht 4 roboti tédtrajetkoor
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4.3 Simulatsiooni tulemused

Simulatsioonist on n&ha, et kodik koostamisoperatsioonid on tehtavad Joonis 17
valjatoodud asetusega. Lisaks tuli vélja, et esimese toote koostamistsikli manuaalne
t6o votab 370 sekundit, kuid iga jargneva koostamistsiikli manuaalne t66 votab kdigest
180 sekundit. Et leida koostamists(ikli aeg, tuleb sellele lisada veel tootmisfikstuuride ja
testide aeg, mis on Uhe toote kohta 205 sekundit. Leiame, et esimese koostamistsuikli
I6plik aeg on 370 + 205 = 575 sekundit ning iga jargneva toote koostamistslkli aeg
180 + 205 = 385 sekundit.

Selleks, et taita Videoldliliti aastast tootmiskogust, mis on valja toodud Tabel 1 kulub
robotiseeritud lahendusel vastavalt valemile (3) 1605 h.

t=1xt;+ 14999 * t, = 1575 4+ 14999385 =5775190s = 1605 h (3)
, kus
t — aastase tootekoguse tootmiseks kuluv aeg
t,; — esimese toote koostamistsukli aeg, s

t, — iga jargmise toote koostamistsiikli aeg, s

Selleks, et taita Videoldliliti aastast tootmistkogust, mis on valja toodud Tabel 1, kulub
olemasoleval lahendusel vastavalt valemile (4) 15875 h.

t = 15000 * t; = 15000 * 492 =7380000s =~ 2050 h (4)
, kus
t — aastase tootekoguse tootmiseks kuluv aeg

t; — olemasoleva lahenduse koostamistsikli aeg, s

Valemi (3) ja (4) tulemustest on naha, et robotiseeritud lahendus on v@imeline tditma
aastast tootmiskogust 445 tundi kiiremini, kui olemasolev lahendus. Kuid valemi (4)
tsiikliaega pole sisse arvestatud operaatorite Iduna- ega puhkepause ning vahetuste

Uleandmisi.
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5 Riskianallius

Tootmisesse uute tehnoloogiate ja lahenduste toomisega kaasnevad alati uued riskid ja

ohud. Tabel 4 on valja toodud riskid, hinnatud nende esinemise tdendosust ja olulisust

ning pakutud vélja lahendusi nende riskide maandamiseks.

Tabel 4 - Riskianallls

Riski kirjeldus

Riski esinemise
toendosus

Riski olulisus

Hinnang

Puudub roboti
kasutamise oskus

Kdrge

Keskmine

Koolitada robotit
kasutavad isikud voi
palgata uus
kogemustega inimene.

Puudub roboti
hooldamise oskus

Korge

Keskmine

Koolitatakse roboti
hoolduse eest vastutav
isik voi tellitakse
hooldusteenus
valjaspoolt.

Robot on peale
toéotamist kuum
ning voib tootajale
ohtlik olla

Keskmine

Korge

Lisada lisa andurid, mis
naitaksid roboti
kuumemate kohtade
temperatuuri ning
hoiataksid too6tajat.

Roboti
seadistamisel uuele
tookohale tekib
inimviga

Keskmine

Kodrge

Markeerida porandal
roboti
asetsemispunktid, luua
protseduur, mis tuleb
lIabida enne roboti tédle
seadmist, naiteks
programmi tihjalt Iabi
jooksutamine.

Kiberturvalisus

Keskmine

Keskmine

Rakendada kdoiki
kUberturvalisuse
meetmeid, mis on seni
kasutuses ettevottes.
Moelda labi IT
osakonnaga erilised
meetmed
koostdorobotite jaoks.
Kasutada ainult
usaldatud tootjate
koostddroboteid ja
programme.
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Sorteerimisrobot Madal Korge Enne esimest

laos on asetanud koostamisprotsessi

detailid valesse kontrollida detailide

asendisse asendeid

sorteerimisalustel sorteerimisalustel. Mitte
lahkuda enne tdéokohalt
kui esimese toote
koostamine on edukalt
I6ppenud.

Puudulikud Madal Korge Lisa turvanduded ja

turvameetmed sliisteemid. Koolitatakse
koiki roboti
turvalisusega seotud
teemadel.

Robot jaab rikke Madal Madal Luua teavitussilisteem,

tottu seisma

mis teavitab roboti
tooshoidmise eest
vastutavat isikut
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6 Majanduslike aspektide lilevaade

6.1 Videoliiliti robotiseermise tasuvusaja arvutamine

Rethink robotics koostéorobot Sawyeril pdhinev kogulahenduse maksumus on ligikaudu
190 000€. Operaatorite personalikulu on ~ 16000€ aastas. Aastal 2020 tootasid
operaatorid iga paev kahes vahetuses ehk aastal 2020 oli kokku operaatorite
personalikulu 32000€.

Leian Videoldiliti tdokoha robotiseerimise tasuvusaja:

robotiseeritud lahenduse maksumus 190 000
ty = - - = = 5,9375 ~ 6 aastat
aastane operaatorite personalikulu 32000

t, — robotiseeritud lahenduse tasuvusaeg

Kahjuks ei vasta tasuvusaeg peatlikis 2.1 ettevotte poolt kehtestatud tasuvusajale.

6.2 Robotiseeritud lahenduse tasuvusaja arvutamine

taielikult utiliseeritud kasutusmeetodil

Kui peatikis 6.1 arvutati robotiseeritud lahenduse tasuvusajaks 6 aastat, siis selle
lahenduse puuduseks oli see, et robotid seisid tihjalt parast Videollliti aastase koguse

taitmist.

Sawyer robotitel on funktsioon, mis lubab neid Umberseadistada uutele t66kohtadele
ning kui robotid on Idpetanud Videollliti aastase koguse tootmise, voib neid kasutada

teise toote koostamiseks.

Selleks arvutame ligikaudselt, kui mitu % kiirem on robotiseeritud lahendus operaatori
todst. Leiame Tabel 1 manuaalse t66 koguse koostamistsikklist, milleks on operaatoril
381 sekundit. Arvutame kui suure protsendi moodustab robotiseeritud lahenduse

manuaalse t66 operaatori manuaalse t66 pikkusest.

robotiseeritud lahenduse manuaalne t66 * 100% _ 180 % 100

= = = 47,244% =~ 48%
4 operaatori manuaalne t66 381 0 0

Tulemusest on ndha, et robotiseeritud lahendus teeb manuaalse t66 pea 2 korda
kiiremini, kui operaator. Kasutades seda infot, saame leida, kui palju kiirem oleks

robotiseeritud lahendus teistel tootmisliinidel.
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6.2.1 Uksemooduli aastase koguse taitmine robotiseeritud

lahendusega

Arvutame robotiseeritud lahenduse manuaalse t36 pikkuse Sassiimooduli koostamise
tsukli ajast:
operaatori manuaalne t66 30

te = ==—_=15
5 2 2

t; — robotiseeritud lahenduse manuaalse t66 pikkus Sassiimooduli koostamisel, s

Arvutame, kui palju votaks robotiseeritud lahendusel aega toota Uksemooduli aastane
kogus. Selleks leiame robotiseeritud lahenduse Uksemooduli koostamise tsukliaja
milleks on, olemasoleva lahenduse tsikliajast maha arvutada robotiseeritud lahenduse
manuaalse t60 voit:
ty = 64,5 — 15 = 49,5

t, — robotiseeritud lahenduse tsukliaeg Uksemooduli koostamisel, s

Arvutame, kui palju aega kulub robotiseeritud lahendusel Uksemooduli aastase
tootmiskoguse taitmiseks:
t=1t, * 180000 = 49,5 * 180000 =8910000s = 2475 h

Arvutame, mitu pdeva kulub robotiseeritud lahendusel Uksemooduli aastase

tootmiskoguse taitmiseks, kui robotid téétavad 16 h paevas.

2475
t= BT = 154,688 =~ 155 padeva
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6.2.2 Sassiimooduli aastase koguse tditmine robotiseeritud

lahendusega

Kuna Sassiimooduli kogu tstikliaja moodustab I8pptest (Tabel 1), ei ole vdimalik seda
kiirendada robotiseeritud lahendusega. Sellegipoolest on voimalik kasutada
robotiseeritud lahendust inimese asemel.

Leiti, kui palju aega kulub robotiseeritud lahendusel Sassiimooduli aastase

tootmiskoguse taitmiseks:
t =138 * 93600 = 49,5 * 180000 =12916800s ~ 3588 h

Leiti, mitu paeva kulub robotiseeritud lahendusel Sassiimooduli aastase tootmiskoguse

taitmiseks, kui robotid toé6tavad 24 h paevas.

_ 3588
24
Leiti, mitu paeva kulub robotiseeritud lahendusel Sassimooduli aastase tootmiskoguse

= 149,5 = 150 pdeva

taitmiseks, kui robotid té6tavad 16 h paevas.

3588
t= BT = 224,25 = 225 paeva
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6.2.3 Tasuvusaja arvutamine, kui jagada roboteid Videoliiliti,

Uksemooduli ning Sassiimooduli koostamisliinide vahel

Aastal 2020 oli ligikaudu 253 té6paeva. Sellest 100 t66taks koostdorobotid Videoliliti
koostamisel, ning kui aastane kogus on tdidetud, liigutatakse 1 koostédrobot

Uksemooduli koostamisliini taha ning tlejaanud 3 Sassiimooduli koostamisliini taha.

Uksemooduli koostamisel tédtavad operaatorid kahes vahetuses ning aastane

personalikulu on ligikaudu 32 000€.

Sassiimooduli koostamisel téGtavad operaatorid kolmes vahetuses, millest viimane on
tasustatud 1,5 korda kdrgemalt kui teised kaks. SeetSttu on Sassiimooduli aastane
personalikulu 56 000€.

Kokku oleks Videoluliti, Uksemooduli ning Sassiimooduli koostamiseks vajamineva

personali kulu aastas:

32000 + 32000 + 56000 = 120 000€
Leian robotiseeritud lahenduse tasuvusaja kui kasutada neid mitmel koostamisliinil
korraga:

. robotiseeritud lahenduse maksumus 190 000
4= =

aastane operaatorite personalikulu 120 000 aasta
t, — robotiseeritud lahenduse tasuvusaeg

Antud tasuvusaja sisse pole arvestatud robotite imberseadistamisele kuluvat aega ega
Umberseadistamisega tegeleva tdotaja personalikulutusi, kuid isegi nii ei vasta

lahenduse tasuvusaeg peatlkis 2.1 ettevotte poolt kehtestatud tingimusele.
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6.3 Tahmaanduri tookoha robotiseerimise tasuvusaja

arvutamine

Kuna tahmaanduri téokoha robotiseerimiseks piisaks vaid Ghest robotist, voib arvutada

Rethink robotics koostédrobot Sawyeril pdhinev kogulahenduse maksumuseks on

190 000
4

ligikaudu =47 500€. Operaatorite personalikulu on ~16000€ aastas. Aastal 2020

tootasid operaatorid iga todpaev kolmes vahetuses ning laupdeviti kahes vahetuses.

Toopaeviti todtavate operaatorite personalikulu on ligikaudu 56 000€ , millele lisandub

veel nédalavahetusel kahes vahetuses tootajate kulu, mis on ligikaudu 222 = 6400 €.

Tahmaanduri té6koha aastane personalikulu on kokku ligikaudu 62 400€.

Leian Tahmaanduri téokoha robotiseerimise tasuvusaja:

. robotiseeritud lahenduse maksumus 47 500
4 =

= =0,761 = 0,8 tat
aastane operaatorite personalikulu 62 400 aasta

t, — robotiseeritud lahenduse tasuvusaeg
Tahmaanduri tédkoha robotiseerimine on vastavuses peatlikis 2.1 ettevotte poolt

kehtestatud tasuvusajale.
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KOKKUVOTE

Kdesoleva magistritd6 eesmargiks oli analiilisida robotiseermise sobilikkust Stoneridge
Electronics AS Tallinna tehase tootmises. Kuna té6joukulud ja t66joupuudus lihtsatel ja
monotoonsetel todkohtadel on Eestis kasvavas trendis ja ning toodetele maaratud
kvaliteedinduded ja tootmismahud on suurenenud tuli idee anallilisida robotiseerimise

sobilikkust tootmises.

T66 alguses kaardistati tootmises olevad vdimalikud robotiseeritavad todkohad, nende
operatsioonid ja parameetrid. Koguti vajalik info, mille pohjal saaks hinnata, kas
tootmisliini téokohti on vdimalik robotiseerida ja mis oleks tehnoloogilise lahenduse

tasuvusaeg.

Jargmises t60 etapis valiti kdige keerulisem tootmisliin, milleks osutus Videoliliti
tootmisliin. Videollliti tootmisliinile koostati detailne tehnoloogiline lahendus
koostodrobotite pohjal. Lahenduse esimene etapp oli koostamisliini 3D mudeli loomine,
mille alusel oli vdimalik hinnata robotite haardeulatust ning paigutust. Peale mudeli
loomist oli vOimalik paika panna roboti valikukriteeriumid. Valikukriteeriumite pdhjal
valiti sobilik koostodrobot. Tootmisliinile loodi simulatsioon, mis kinnitaks, et
koostodrobot on suuteline iga tdokoha tootmisprotsesse labi viima. Simulatsiooni pdhjal
leiti koostoorobotil pdhineva lahenduse tslikliajad. Analllsiti uue tehnoloogilise

lahenduse riske ning pakuti valja lahendusi, kuidas neid maandada.

Pohinedes koigele eelnevale voib Oelda, et robotiseerimine oleks vdimalik ettevotte
Stoneridge Electronics AS Tallinna tehases, kuid mitte kdikidel koostamisliinidel. Naiteks
Telemaatika Uksuse liks koostamisprotsess on liiga keeruline koostééroboti jaoks ning
nduaks selle tédkoha taielikku Umberehitust ning automatiseerimist, mis poleks enam

majanduslikult otstarbekas.

Simulatsiooni pohjal vdib 6elda, et koostodrobotid suudavad teha t66d kiiremini, kui
operaatorid Videollliti todkohtadel ning tslikliaja pohjal on vdimalik arvutada kui kaua
aega votab robotiseeritud lahendusel aastase tootmiskoguse taitmine ning mis oleks

tema tasuvusaeg.

Selleks, et Videoldliti, Sassiimooduli ja Uksemooduli tddkohtade robotiseerimine oleks
majanduslikult otstarbekas ja tasuvusaeg piisavalt vaike, tuleks kasutada nendel
todkohtadel mobiilseid koostdéroboteid, mida saab vastavalt vajadusele téékohtade
vahel liigutada. Kuid selline lahendus toob sisse vdimaluse inimvea tekkele, kus robotite

liigutamisel ja Ulesseadmisel vdidakse teha vigu ning kahjustada robotit, tooteid voi
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tootmisfikstuure. Lisaks sellele, leiti peatlikis 6.2.3, et ka kdige paremal juhul ei vasta

sellise lahenduse tasuvusaeg peatlkis 2.1 ettevotte poolt kehtestatud tasuvusajale.

Tahmaanduri tookoha robotiseerimine on teoreetiliselt voimalik ning tanu kodrgele

koormusele ka majanduslikult otstarbekas nagu leiti peatiikis 6.3.

T66 eesmargid taideti. Leiti tootmises tootmisliinid, millel oleks robotiseerimine véimalik
ning millistel koostamisoperatsioonidel pole vdimalik operaatorit otseselt asendada
koostdorobotiga. Loodi detailne robotiseerimise lahendus ja anti hinnang, kas

tootmisliine oleks majanduslikult otstarbekas robotiseerida voi mitte.
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SUMMARY

The aim of this master’s thesis was to analyze the suitability of robotics in the production
of Stoneridge Electronics AS Tallinn factory. As labor costs and shortages are on a
growing trend in simple and monotonus jobs in Estonia, and the quality requirements
and production volumes have increased, which gave even firther motivation to analyze

the suitability of robotics in production.

At the earliest stage of the of the work, workstations in production, their operations and
parameters were mapped. Necessary information was collected on the basis of wheter
it would be possible to robotize the production operatsions on the assembly lines and

what would be the payback period of the solution.

The most complex production line was then selected, which turned out to be Video
Switch production line. A detailed tehological solution for this production line was
devised on the basis of collaborative robots. The first stage of the solution was to create
a 3D model of the assembly line, on the basis of which the grip reach and position of
the robots could be assessed. After that, the selection criterias for the robot were set
and a suitable collaboration robot was selected, that met all the selection criteria. A
simulation was then created on the production line to confirm that the collaboration
robot is able to perform the production processes at each workplace, and cycle times of
the solution based on the collaboration robot were also found. Risk analysis of the

solution was performed, risks assessed and proposals made how to mitigate them.

Based on all of the above, it can be said that robotisation could be possible in the Tallinn
plant of Stoneridge Electronics AS, but not completely. For example, one production
process on Telematics unit is too complex for a collaborative robot and would require a
complete remake and full automation of the workstation, which would no longer be

economically viable.

Based on the simulation it can be said that the collaborative robots can work faster than
the operators at the Video Switch workstations and on the basis of the cycle time it is
possible to calculate how long it takes for collaborative robots solution to meet annual

production volume and what would its payback period be.

In order to make robotization of the Video Switch, Chassis module and Door Module
workstations economically feasible and the payback time sufficently short, mobile
collaboration robots should be used at these workplaces, which can be moved between
workstations as needed. However, such a solution introduces the possibility of human

error, where moving and setting up robots can lead to errors and damage the robot,
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products or production fixtures. In addition it was found in Chapter 6.2.3 that, even in
the bast case scenario the payback period of such a solution does not correspond to the

payback period set by the company in Chapter 2.1.

Robotization of the Soot Sensor workstation are theoretically possible and, due to high

load it is also economically feasible, as found in Chapter 6.3.

In conclusion, the objectives of the thesis work were filled. Production lines were found
in production that could and production processes, where the operator can not be
replaced directly by collaborative robot. A detailed robotization solution was developed
and an assessment was made as to whether it would be economically viable to robotize

these procution lines.
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LISAD

Lisa 1 Robot 1 vasaku kde main programm ja Path_10 koordinaadid koos
liilkumiskiiruse ja positsioneerimistipsusega

PROC main()
WHILE TRUE DO
WaitDO DO_workstation_1_left_start,1;
WaitTime 2;
SetDO DO_workstation_1_left_start,0;
Path_10;
SetDO DO_workstation_1_right_start,1;
ENDWHILE
ENDPROC

PROC Path_10()
Movel Home_1st_left,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_10,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_20,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_30,v1500,fine,Servo\WObj: =Workstation_1_left;
Movel Target_40,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_41,v1500,fine,Servo\WObj: =Workstation_1_left;
Movel Target_43,v1500,fine,Servo\WObj: =Workstation_1_left;
Movel Target_44,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_44_2,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_45,v1500,fine,Servo\WObj: =Workstation_1_left;
Movel Target_46,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_46_2,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_60,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_70,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_80,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_90,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_100,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_110,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_120,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_130,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_150,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_160,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_170,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_180,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_190,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_200,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_210,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_220,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_230,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_240,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_250,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_260,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_270,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_280,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_290,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_300,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_310,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_330,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_340,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_350,v1500,fine,Servo\WObj:=Workstation_1_left;
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Movel Target_360,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_370,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_380,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_400,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_410,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_420,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_430,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_440,v1500,fine,Servo\WObj:=Workstation_1_left;
Movel Target_999,v1500,fine,Servo\WObj:=Workstation_1_left;
ENDPROC
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Lisa 2 Robot 1 parema kde main programm ning Path_20 ja Path_30
koordinaadid koos liikumiskiiruse ja positsioneerimistapsusega

PROC main()
WHILE TRUE DO

WaitDO DO_workstation_1_right_start, 1;
WaitTime 2;
SetDO DO_workstation_1_right_start,0;
Path_20;
WaitDI DI_workstation_1_right_start_2,1;
Path_30;

SetDO DO_workstation_2_left_start,1;
WaitTime 10;
PulseDO\High\PLength:=pi,DO_workstation_1_left_start;
SetDO DO_workstation_2_left_start,0;
ENDWHILE
ENDPROC

PROC Path_20()

Movel Target_1,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_11,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_12,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_20,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_30,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_40,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_50,v1500,fine,Servo\WObj: =Workstation_1_right;
Movel Target_60,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_70,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_80,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_90,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_100,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_110,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_330,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_340,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_350,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_360,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_370,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_380,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_390,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_400,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_410,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_420,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_430,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_440,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_450,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_460,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_470,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_480,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_490,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_500,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_510,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_520,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_530,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_540,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_550,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_560,v1500,fine,Servo\WObj:=Workstation_1_right;
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Movel Target_570,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_580,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_590,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_600,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_610,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_620,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_640,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_650,v1500,fine,Servo\WObj:=Workstation_1_right;
Movel Target_660,v1500,fine,Servo\WObj:=Workstation_1_right;
ENDPROC

PROC Path_30()
Movel Target_670,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_680,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_690,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_700,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_710,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_720,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_730,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_740,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_750,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_760,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_770,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_780,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_790,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_800,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_810,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_820,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_830,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_840,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_850,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_860,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_870,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_880,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_890,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_900,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_910,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_920,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_930,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_940,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_950,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_960,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_970,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_980,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_990,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_1000,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_1010,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_1020,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_1030,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_1040,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_1050,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_1060,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_1070,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_1080,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_1090,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_1100,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_1110,v1500,fine,Servo\WObj:=Workstation_2_right_2;
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Movel Target_1120,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_1130,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_1140,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_1150,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_1160,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_1170,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_1180,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_1190,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_1200,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_1210,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_1220,v1500,fine,Servo\WObj:=Workstation_2_right_2;
Movel Target_1230,v1500,fine,Servo\WObj:=Workstation_2_right_2;
ENDPROC
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Lisa 3 Robot 2 vasaku kde main programm ning Path_10 koordinaadid koos
liikumiskiiruse ja positsioneerimistapsusega

PROC Main_workstation_2_left()

WHILE TRUE DO
WaitDI DI_workstation_2_left_start,1;
WaitDO DO_workstation_2_left_start_2,1;
SetDO DO_workstation_2_right_start,0;
WaitTime 2;
Path_10;
SetDO DO_workstation_2_left_start_2,0;
SetDO DO_workstation_2_right_start,1;

ENDWHILE

ENDPROC
PROC Path_10()

Movel Target_1_home_2,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_20,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_30,v1500,fine,Servo\WObj: =Workstation_2_left;
Movel Target_40,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_50,v1500,fine,Servo\WObj: =Workstation_2_left;
Movel Target_60,v1500,fine,Servo\WObj: =Workstation_2_left;
Movel Target_70,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_80,v1500,fine,Servo\WObj: =Workstation_2_left;
Movel Target_90,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_99,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_100,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_101,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_102,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_103,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_104,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_105,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_106,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_107,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_108,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_109,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_110,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_180,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_190,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_200,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_210,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_220,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_230,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_240,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_250,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_260,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_270,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_280,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_290,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_300,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_310,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_320,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_330,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_331,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_332,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_333,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_334,v1500,fine,Servo\WObj:=Workstation_2_left;
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Movel Target_335,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_336,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_337,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_338,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_339,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_340,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_341,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_420v1500,fine,Servo\WObj:=Workstation_2_left;

Movel Target_430,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_440,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_450,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_460,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_470,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_480,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_490,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_500,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_510,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_520,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_530,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_540,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_550,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_560,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_570,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_580,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_600,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_610,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_620,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_630,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_640,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_650,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_660,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_670,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_680,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_690,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_700,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_710,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_720,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_730,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_740,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_750,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_760,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_770,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_780,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_790,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_800,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_810,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_820,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_830,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_840,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_850,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_860,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_870,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_880,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_890,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_900,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_910,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_920,v1500,fine,Servo\WObj:=Workstation_2_left;
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Movel Target_930,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_940,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_950,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_960,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_970,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_980,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_990,v1500,fine,Servo\WObj:=Workstation_2_left;

Movel Target_1000,v1500,fine,Servo\WObj
Movel Target_1010,v1500,fine,Servo\WObj
Movel Target_1020,v1500,fine,Servo\WObj
Movel Target_1030,v1500,fine,Servo\WObj
Movel Target_1040,v1500,fine,Servo\WObj
Movel Target_1050,v1500,fine,Servo\WObj
Movel Target_1060,v1500,fine,Servo\WObj
Movel Target_1070,v1500,fine,Servo\WObj
Movel Target_1080,v1500,fine,Servo\WObj
Movel Target_1090,v1500,fine,Servo\WObj

Movel Target_1110,v1500,fine,Servo\WObj:
Movel Target_1111,v1500,fine,Servo\WObj:
Movel Target_1121,v1500,fine,Servo\WObj:
Movel Target_1131,v1500,fine,Servo\WObj:
Movel Target_1141,v1500,fine,Servo\WObj:
Movel Target_1142,v1500,fine,Servo\WObj:
Movel Target_1143,v1500,fine,Servo\WObj:
Movel Target_1144,v1500,fine,Servo\WObj:
Movel Target_1145,v1500,fine,Servo\WObj:
Movel Target_1146,v1500,fine,Servo\WObj:
Movel Target_1147,v1500,fine,Servo\WObj:
Movel Target_1148,v1500,fine,Servo\WObj:
Movel Target_1149,v1500,fine,Servo\WObj:
Movel Target_1150,v1500,fine,Servo\WObj:
Movel Target_1160,v1500,fine,Servo\WObj:
Movel Target_1170,v1500,fine,Servo\WObj:
Movel Target_1180,v1500,fine,Servo\WObj:
Movel Target_1190,v1500,fine,Servo\WObj:
Movel Target_1200,v1500,fine,Servo\WObj:
Movel Target_1201,v1500,fine,Servo\WObj:
Movel Target_1202,v1500,fine,Servo\WObj:
Movel Target_1203,v1500,fine,Servo\WObj:
Movel Target_1204,v1500,fine,Servo\WObj:
Movel Target_1205,v1500,fine,Servo\WObj:
Movel Target_1206,v1500,fine,Servo\WObj:
Movel Target_1207,v1500,fine,Servo\WObj:
Movel Target_1208,v1500,fine,Servo\WObj:
Movel Target_1209,v1500,fine,Servo\WObj:
Movel Target _1210,v1500,fine,Servo\WObj:
Movel Target_1211,v1500,fine,Servo\WObj:
Movel Target_1221,v1500,fine,Servo\WObj:
Movel Target_1231,v1500,fine,Servo\WObj:

Movel Target_1241,v1500,fine,Servo\WObj
Movel Target_1251,v1500,fine,Servo\WObj
Movel Target_1261,v1500,fine,Servo\WObj
Movel Target_1262,v1500,fine,Servo\WObj
Movel Target_1263,v1500,fine,Servo\WObj
Movel Target_1264,v1500,fine,Servo\WObj
Movel Target_1265,v1500,fine,Servo\WObj
Movel Target_1266,v1500,fine,Servo\WObj
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Movel Target_1267,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_1268,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_1269,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_1270,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_1280,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_1290,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_1300,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_1301,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_1302,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_1303,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_1304,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_1305,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_1306,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_1307,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_1308,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_1309,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_1310,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_1311,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_1312,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_1313,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_1314,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_1315,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_1316,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_1317,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_1318,v1500,fine,Servo\WObj:=Workstation_2_left;
Movel Target_1319,v1500,fine,Servo\WObj: =Workstation_2_left;
Movel Target_1320_home,v1500,fine,Servo\WObj:=Workstation_2_left;
ENDPROC
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Lisa 4 Robot 2 parema kde main programm ning Path_20 koordinaadid koos
liikumiskiiruse ja positsioneerimistapsusega

PROC Main_workstation_2_right()
WHILE TRUE DO
WaitDO DO_workstation_2_right_start, 1;
WaitDI DI_Workstation_2_right_start_2,1;
WaitTime 2;
Path_20;
SetDO DO_workstation_2_right_start,0;
SetDO DO_workstation_3_start_left_2,1;
WaitTime 5;
SetDO DO_workstation_3_start_left_2,0;
SetDO DO_workstation_2_left_start_2,1;
SetDO DO_workstation_1_right_start_2,1;
SetDO DO_workstation_1_right_start_2,0;
ENDWHILE
ENDPROC

PROC Path_20()
Movel Target_10_home,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_40,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_50,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_60,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_70,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_80,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_90,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_100,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_110,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_120,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_130,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_140,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_150,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_160,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_170,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_180,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_190,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_200,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_210,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_220,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_230,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_240,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_250,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_260,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_270,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_271,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_290,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_300,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target _310,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_320,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_330,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_340,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_350,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_360,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_370,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_380_end_turning,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_390,v1000,z100,Servo\WObj:=Workstation_2_right;
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Movel Target_400,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_410,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_420,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_421,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_422,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_423,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_424,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_425,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_426,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_427,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_428,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_429,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_430,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_431,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_432,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_433,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_434,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_520,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_530_drill_grab,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_540,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_550,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_560,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_570,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_580,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_590,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_600,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_610,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_620,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_630,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_640,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_650,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_710,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_720,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_730,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_740,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_750,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_760,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_770,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_780,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_790,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_800,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_810,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_820,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target _830,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_840,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_850,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_860,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_870,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_880,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_890,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_900,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_910,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_920,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_930,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_940,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_950,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_960,v1000,z100,Servo\WObj:=Workstation_2_right;
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Movel Target_970,v1000,z100,Servo\WObj:=Workstation_2_right;

Movel Target_980,v1000,z100,Servo\WObj:=Workstation_2_right;

Movel Target_990,v1000,z100,Servo\WObj:=Workstation_2_right;

Movel Target_999,v1000,z100,Servo\WObj:=Workstation_2_right;

Movel Target_1000,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1010,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1020,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1030,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1040,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1050,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1060,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1070,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1080,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1090,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1100,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1110,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1120,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1130,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1180,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1190,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1200,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1210,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1220,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1230,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1240,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1250,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1260,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1270,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1280,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1290,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1300,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1310,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1320,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1330,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1340,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1350,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1360,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1370,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1380,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1390,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1400,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1410,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1540,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1550,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1560,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1570,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1580,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1590,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1600,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1601,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1602,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1603,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1604,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1605,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1606,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1607,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1608,v1000,z100,Servo\WObj: =Workstation_2_right;
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Movel Target_1609,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1610,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1611,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1612,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1613,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1614,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1615,v1000,z100,Servo\WObj:=Workstation_2_right;
MovelL
Target_1680_end_of_problem,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1681,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1682,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1692,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1693,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1694,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1695,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1696,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1697,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1698,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1699,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1700,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1710,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1720,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1730,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1750,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1760,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1770,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1780,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1790,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1800,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1810,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1820,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1830,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1840,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1850,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1860,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1870,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1880,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1890,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1900,v1000,z100,Servo\WObj:=Workstation_2_right;
Movel Target_1910,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1920,v1000,z100,Servo\WObj: =Workstation_2_right;
Movel Target_1920_end,v1000,z100,Servo\WObj:=Workstation_2_right;
ENDPROC
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Lisa 5 Robot 3 vasaku kde main programm ning Path_10 ja Path_11
koordinaadid koos liikumiskiiruse ja positsioneerimistapsusega

PROC Main()
WHILE TRUE DO
WaitDI DI_workstation_3_left_start,1;
WaitTime 2;
SetDO DO_workstation_3_left_start,0;
Path_10;
SetDO DO_workstation_2_left_start_2,1;
WaitDI DI_workstation_3_left_start_2,1;
SetDO DO_workstation_2_left_start_2,0;
WaitDO DO_workstation_3_left_start_3,1;
SetDO DO_workstation_3_left_start_3,0;
Path_11;
SetDO DO_workstation_3_right_start,1;
SetDO DO_workstation_3_left_start,1;
ENDWHILE
ENDPROC

PROC Path_10()
Movel Target_1_home,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_2,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_3,v200,fine,Servo\WObj: =Workstation_3_left;
Movel Target_80,v200,fine,Servo\WObj: =Workstation_3_left;
Movel Target_90,v200,fine,Servo\WObj: =Workstation_3_left;
Movel Target_100,v200,fine,Servo\WObj: =Workstation_3_left;
Movel Target_110,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_120,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_160,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_170,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_190,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_200,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_210,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_220,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_230,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_240,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_250,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_260,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_270,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_280,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_290,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_300,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_310,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_320,v200,fine,Servo\WObj: =Workstation_3_left;
Movel Target_330,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_340,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_350,v200,fine,Servo\WObj: =Workstation_3_left;
Movel Target_360,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_370,v200,fine,Servo\WObj: =Workstation_3_left;
Movel Target_380,v200,fine,Servo\WObj: =Workstation_3_left;
Movel Target_390,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_400,v200,fine,Servo\WObj: =Workstation_3_left;
Movel Target_410,v200,fine,Servo\WObj: =Workstation_3_left;
Movel Target_411,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_412,v200,fine,Servo\WObj: =Workstation_3_left;
Movel Target_413,v200,fine,Servo\WObj:=Workstation_3_left;
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Movel Target_420,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_430,v200,fine,Servo\WObj: =Workstation_3_left;
Movel Target_440,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_450,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_460_continue,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_461,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_462,v200,fine,Servo\WObj: =Workstation_3_left;
Movel Target_463,v200,fine,Servo\WObj: =Workstation_3_left;
Movel Target_464,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_465,v200,fine,Servo\WObj: =Workstation_3_left;
Movel Target_466,v200,fine,Servo\WObj: =Workstation_3_left;
Movel Target_467,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_468,v200,fine,Servo\WObj: =Workstation_3_left;
Movel Target_469,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_470,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_471,v200,fine,Servo\WObj: =Workstation_3_left;
Movel Target_472,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_473,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_474,v200,fine,Servo\WObj: =Workstation_3_left;
Movel Target_475,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1003,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1004,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1014,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1024,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1034,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1040,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1041,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1042,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1043,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1044,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1054,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1064,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1074,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1084,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1094,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1104,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1114,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1124,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1134,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1140,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1150,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1160,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1171,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1172,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1173,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1183,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1193,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1203,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1213,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1223,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1233,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1243,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1253,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1263,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1273,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1283,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1293,v200,fine,Servo\WObj:=Workstation_3_left;
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Movel Target_1303,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1313,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1323,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1343,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1344,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1345,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1346,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1347,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1357,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1367,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1377,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1387,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1397,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1400,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1401,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1402,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1403,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1413,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1423,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1433,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1443,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1453,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1463,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1483,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1493,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1500,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1501,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1511,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1521,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1531,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1541,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1542,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1543,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1553,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1556,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1557,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1558,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1559,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1560,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1562,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1563,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1564,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1565,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1566,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1567,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1568,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1569,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1570,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1571,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1572,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1573,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1574,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1575,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1580,v200,fine,Servo\WObj:=Workstation_3_left;
Movel Target_1581_end,v200,fine,Servo\WObj:=Workstation_3_left;
ENDPROC
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PROC Path_11()
Movel Target_1590_home,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1600,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1610,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1620,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1630,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1640,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1650,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1660,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1670,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1680,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1690,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1700,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1710,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1720,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1730,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1740,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1750,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1760,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1770,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1780,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1790,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1800,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1810,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1820,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1830,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1840,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1850,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1860,v200,fine,Servo\WObj:=Workstation_3_left_2;
Movel Target_1870_end,v200,fine,Servo\WObj:=Workstation_3_left_2;
ENDPROC
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Lisa 6 Robot 3 parema kde main programm ning Path_20 koordinaadid koos

PROC Main_workstation_3_right()
WHILE TRUE DO

liikumiskiiruse ja positsioneerimistapsusega

WaitDI DI_workstation_3_right_start,1;
WaitDI DI_workstation_3_right_start_2,1;

WaitTime 2;

SetDO DO_workstation_3_right_start,0;

Path_20;

PulseDO DO_workstation_4_left_start;
SetDO DO_workstation_3_left_start_3,1;

ENDWHILE
ENDPROC

PROC Path_20()

Movel Target_1,v1500,fine,Servo\WObj: =Workstation_3_right;
Movel Target_10,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_20,v1500,fine,Servo\WObj: =Workstation_3_right;
Movel Target_30,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_40,v1500,fine,Servo\WObj: =Workstation_3_right;
Movel Target_70,v1500,fine,Servo\WObj: =Workstation_3_right;
Movel Target_80,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_90,v1500,fine,Servo\WObj: =Workstation_3_right;
Movel Target_100,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_110,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_120,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_130,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_140,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_150,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_160,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_170,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_180,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_190,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_200,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_210,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_230,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_240,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_250,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_260,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_270,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_280,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_290,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_300,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_310,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_320,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_330,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_340,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_350,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_360,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_370,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_380,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_390,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_400,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_410,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_420,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_430,v1500,fine,Servo\WObj:=Workstation_3_right;

77



Movel Target_440,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_450,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_460,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_470,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_480,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_490,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_500,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_510,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_520,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_530,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_540,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_550,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_560,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_570,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_580,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_590,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_600,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_610,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_620,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_630,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_640,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_650,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_660,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_670,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_680,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_690,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_700,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_710,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_720,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_730,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_740,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_750,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_760,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_780,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_790,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_800,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_810,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_820,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_830,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_840,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_850,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_860,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_870,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_880,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_890,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_900,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_910,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_920,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_930,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_940,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_950,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_960,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_970,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_980,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_990,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_1000,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_1010,v1500,fine,Servo\WObj:=Workstation_3_right;
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Movel Target_1020,v1500,fine,Servo\WObj
Movel Target_1030,v1500,fine,Servo\WObj
Movel Target_1040,v1500,fine,Servo\WObj
Movel Target_1050,v1500,fine,Servo\WObj
Movel Target_1060,v1500,fine,Servo\WObj
Movel Target_1070,v1500,fine,Servo\WObj
Movel Target_1080,v1500,fine,Servo\WObj

Movel Target_1090,v1500,fine,Servo\WObj:
Movel Target_1100,v1500,fine,Servo\WObj:
Movel Target_1110,v1500,fine,Servo\WObj:
Movel Target_1120,v1500,fine,Servo\WObj:
Movel Target_1130,v1500,fine,Servo\WObj:
Movel Target_1140,v1500,fine,Servo\WObj:
Movel Target_1150,v1500,fine,Servo\WObj:
Movel Target_1160,v1500,fine,Servo\WObj:
Movel Target_1170,v1500,fine,Servo\WObj:
Movel Target_1180,v1500,fine,Servo\WObj:
Movel Target_1190,v1500,fine,Servo\WObj:
Movel Target_1200,v1500,fine,Servo\WObj:
Movel Target_1210,v1500,fine,Servo\WObj:
Movel Target_1220,v1500,fine,Servo\WObj:
Movel Target_1230,v1500,fine,Servo\WObj:
Movel Target_1240,v1500,fine,Servo\WObj:
Movel Target_1250,v1500,fine,Servo\WObj:
Movel Target_1260,v1500,fine,Servo\WObj:
Movel Target_1270,v1500,fine,Servo\WObj:
Movel Target_1280,v1500,fine,Servo\WObj:
Movel Target_1290,v1500,fine,Servo\WObj:
Movel Target_1300,v1500,fine,Servo\WObj:
Movel Target_1310,v1500,fine,Servo\WObj:
Movel Target_1320,v1500,fine,Servo\WObj:
Movel Target_1330,v1500,fine,Servo\WObj:
Movel Target_1340,v1500,fine,Servo\WObj:
Movel Target_1350,v1500,fine,Servo\WObj:
Movel Target_1360,v1500,fine,Servo\WObj:
Movel Target_1370,v1500,fine,Servo\WObj:
Movel Target_1380,v1500,fine,Servo\WObj:
Movel Target_1390,v1500,fine,Servo\WObj:
Movel Target_1400,v1500,fine,Servo\WObj:
Movel Target_1410,v1500,fine,Servo\WObj:
Movel Target_1420,v1500,fine,Servo\WObj:
Movel Target_1430,v1500,fine,Servo\WObj:
Movel Target_1440,v1500,fine,Servo\WObj:
Movel Target_1450,v1500,fine,Servo\WObj:
Movel Target_1460,v1500,fine,Servo\WObj:
Movel Target_1470,v1500,fine,Servo\WObj:
Movel Target_1480,v1500,fine,Servo\WObj:
Movel Target_1490,v1500,fine,Servo\WObj:
Movel Target_1500,v1500,fine,Servo\WObj:

Movel Target_1510,v1500,fine,Servo\WObj
Movel Target_1520,v1500,fine,Servo\WObj
Movel Target_1530,v1500,fine,Servo\WObj
Movel Target_1540,v1500,fine,Servo\WObj
Movel Target_1550,v1500,fine,Servo\WObj
Movel Target_1560,v1500,fine,Servo\WObj
Movel Target_1570,v1500,fine,Servo\WObj
Movel Target_1580,v1500,fine,Servo\WObj
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Movel Target_1590,v1500,fine,Servo\WObj
Movel Target_1600,v1500,fine,Servo\WObj
Movel Target_1610,v1500,fine,Servo\WObj
Movel Target_1620,v1500,fine,Servo\WObj
Movel Target_1630,v1500,fine,Servo\WObj
Movel Target_1640,v1500,fine,Servo\WObj
Movel Target_1650,v1500,fine,Servo\WObj

Movel Target_1670,v1500,fine,Servo\WObj:
Movel Target_1680,v1500,fine,Servo\WObj:
Movel Target_1690,v1500,fine,Servo\WObj:
Movel Target_1700,v1500,fine,Servo\WObj:
Movel Target_1710,v1500,fine,Servo\WObj:
Movel Target_1720,v1500,fine,Servo\WObj:
Movel Target_1730,v1500,fine,Servo\WObj:
Movel Target_1740,v1500,fine,Servo\WObj:
Movel Target_1750,v1500,fine,Servo\WObj:
Movel Target_1760,v1500,fine,Servo\WObj:
Movel Target_1770,v1500,fine,Servo\WObj:
Movel Target_1780,v1500,fine,Servo\WObj:
Movel Target_1790,v1500,fine,Servo\WObj:
Movel Target_1800,v1500,fine,Servo\WObj:
Movel Target_1810,v1500,fine,Servo\WObj:
Movel Target_1820,v1500,fine,Servo\WObj:
Movel Target_1830,v1500,fine,Servo\WObj:
Movel Target_1840,v1500,fine,Servo\WObj:
Movel Target_1850,v1500,fine,Servo\WObj:
Movel Target_1860,v1500,fine,Servo\WObj:
Movel Target_1870,v1500,fine,Servo\WObj:
Movel Target_1880,v1500,fine,Servo\WObj:
Movel Target_1890,v1500,fine,Servo\WObj:
Movel Target_1900,v1500,fine,Servo\WObj:
Movel Target_1910,v1500,fine,Servo\WObj:
Movel Target_1920,v1500,fine,Servo\WObj:
Movel Target_1930,v1500,fine,Servo\WObj:
Movel Target_1940,v1500,fine,Servo\WObj:
Movel Target_1950,v1500,fine,Servo\WObj:
Movel Target_1960,v1500,fine,Servo\WObj:
Movel Target_1970,v1500,fine,Servo\WObj:
Movel Target_1980,v1500,fine,Servo\WObj:
Movel Target_1990,v1500,fine,Servo\WObj:
Movel Target_2000,v1500,fine,Servo\WObj:
Movel Target_2010,v1500,fine,Servo\WObj:
Movel Target_2020,v1500,fine,Servo\WObj:
Movel Target_2030,v1500,fine,Servo\WObj:
Movel Target_2040,v1500,fine,Servo\WObj:
Movel Target_2050,v1500,fine,Servo\WObj:
Movel Target_2060,v1500,fine,Servo\WObj:
Movel Target_2070,v1500,fine,Servo\WObj:
Movel Target_2080,v1500,fine,Servo\WObj:

Movel Target_2090,v1500,fine,Servo\WObj
Movel Target_2100,v1500,fine,Servo\WObj
Movel Target _2110,v1500,fine,Servo\WObj
Movel Target_2120,v1500,fine,Servo\WObj
Movel Target_2130,v1500,fine,Servo\WObj
Movel Target_2140,v1500,fine,Servo\WObj
Movel Target_2150,v1500,fine,Servo\WObj
Movel Target_2160,v1500,fine,Servo\WObj
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Movel Target_2170,v1500,fine,Servo\WObj
Movel Target_2180,v1500,fine,Servo\WObj
Movel Target_2190,v1500,fine,Servo\WObj
Movel Target_2200,v1500,fine,Servo\WObj
Movel Target_2210,v1500,fine,Servo\WObj
Movel Target_2220,v1500,fine,Servo\WObj
Movel Target_2230,v1500,fine,Servo\WObj

Movel Target_2240,v1500,fine,Servo\WObj:
Movel Target_2250,v1500,fine,Servo\WObj:
Movel Target_2260,v1500,fine,Servo\WObj:
Movel Target_2270,v1500,fine,Servo\WObj:
Movel Target_2280,v1500,fine,Servo\WObj:
Movel Target_2290,v1500,fine,Servo\WObj:
Movel Target_2300,v1500,fine,Servo\WObj:
Movel Target_2310,v1500,fine,Servo\WObj:
Movel Target_2320,v1500,fine,Servo\WObj:
Movel Target_2330,v1500,fine,Servo\WObj:
Movel Target_2340,v1500,fine,Servo\WObj:
Movel Target_2350,v1500,fine,Servo\WObj:
Movel Target_2360,v1500,fine,Servo\WObj:
Movel Target_2370,v1500,fine,Servo\WObj:
Movel Target_2380,v1500,fine,Servo\WObj:
Movel Target_2390,v1500,fine,Servo\WObj:
Movel Target_2400,v1500,fine,Servo\WObj:
Movel Target_2410,v1500,fine,Servo\WObj:
Movel Target_2420,v1500,fine,Servo\WObj:
Movel Target_2430,v1500,fine,Servo\WObj:
Movel Target_2440,v1500,fine,Servo\WObj:
Movel Target_2450,v1500,fine,Servo\WObj:
Movel Target_2460,v1500,fine,Servo\WObj:
Movel Target_2470,v1500,fine,Servo\WObj:
Movel Target_2480,v1500,fine,Servo\WObj:
Movel Target_2490,v1500,fine,Servo\WObj:
Movel Target_2500,v1500,fine,Servo\WObj:
Movel Target_2510,v1500,fine,Servo\WObj:
Movel Target_2520,v1500,fine,Servo\WObj:
Movel Target_2530,v1500,fine,Servo\WObj:
Movel Target_2540,v1500,fine,Servo\WObj:
Movel Target_2550,v1500,fine,Servo\WObj:
Movel Target_2560,v1500,fine,Servo\WObj:
Movel Target_2570,v1500,fine,Servo\WObj:
Movel Target_2580,v1500,fine,Servo\WObj:
Movel Target_2590,v1500,fine,Servo\WObj:
Movel Target_2600,v1500,fine,Servo\WObj:
Movel Target_2610,v1500,fine,Servo\WObj:
Movel Target_2620,v1500,fine,Servo\WObj:
Movel Target_2670,v1500,fine,Servo\WObj:
Movel Target_2680,v1500,fine,Servo\WObj:
Movel Target_2690,v1500,fine,Servo\WObj:

Movel Target_2700,v1500,fine,Servo\WObj
Movel Target_2710,v1500,fine,Servo\WObj
Movel Target_2720,v1500,fine,Servo\WObj
Movel Target_2730,v1500,fine,Servo\WObj
Movel Target_2740,v1500,fine,Servo\WObj
Movel Target_2750,v1500,fine,Servo\WObj
Movel Target_2760,v1500,fine,Servo\WObj
Movel Target_2780,v1500,fine,Servo\WObj

81

:=Workstation_3_right;
:=Workstation_3_right;
:=Workstation_3_right;
:=Workstation_3_right;
:=Workstation_3_right;
:=Workstation_3_right;
:=Workstation_3_right;
Workstation_3_right;
Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
Workstation_3_right;
Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
Workstation_3_right;
Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
Workstation_3_right;
Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
=Workstation_3_right;
Workstation_3_right;
Workstation_3_right;
:=Workstation_3_right;
:=Workstation_3_right;
:=Workstation_3_right;
:=Workstation_3_right;
:=Workstation_3_right;
:=Workstation_3_right;
:=Workstation_3_right;
:=Workstation_3_right;



Movel Target_2790,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_2800,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_2810,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_2820,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_2830,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_2840,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_2850,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_2860,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_2870,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_2880,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_2890,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_2900,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_2910,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_2920,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_2930,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_2940,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_2950,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_2960,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_2970,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_2980,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_2990,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_3000,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_3010,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_3020,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_3030,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_3040,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_3050,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_3060,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_3070,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_3080,v1500,fine,Servo\WObj: =Workstation_3_right;
Movel Target_3090,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_3100,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_3110,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_3120,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_3130,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_3140,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_3150,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_3160,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_3170,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_3180,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_3190,v1500,fine,Servo\WObj: =Workstation_3_right;
Movel Target_3190,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_3191_1,v1500,fine,Servo\WObj: =Workstation_3_right;
Movel Target_3191_2,v1500,fine,Servo\WObj: =Workstation_3_right;
Movel Target_3191_3,v1500,fine,Servo\WObj: =Workstation_3_right;
Movel Target_3191_4,v1500,fine,Servo\WObj: =Workstation_3_right;
Movel Target_3191_5,v1500,fine,Servo\WObj: =Workstation_3_right;
Movel Target_3200,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_3210,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_3220,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_3230,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_3240,v1500,fine,Servo\WObj: =Workstation_3_right;
Movel Target_3250,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_3260,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target _3270,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_3280,v1500,fine,Servo\WObj:=Workstation_3_right;
Movel Target_3290,v1500,fine,Servo\WObj: =Workstation_3_right;
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Movel Target_3300,v1500,fine,Servo\WObj
Movel Target_3310,v1500,fine,Servo\WObj
Movel Target_3320,v1500,fine,Servo\WObj
Movel Target_3330,v1500,fine,Servo\WObj
Movel Target_3340,v1500,fine,Servo\WObj
Movel Target_3350,v1500,fine,Servo\WObj
Movel Target_3360,v1500,fine,Servo\WObj

Movel Target_3370,v1500,fine,Servo\WObj:
Movel Target_3380,v1500,fine,Servo\WObj:
Movel Target_3390,v1500,fine,Servo\WObj:
Movel Target_3400,v1500,fine,Servo\WObj:
Movel Target_3410,v1500,fine,Servo\WObj:
Movel Target_3420,v1500,fine,Servo\WObj:
Movel Target_3430,v1500,fine,Servo\WObj:
Movel Target_3440,v1500,fine,Servo\WObj:
Movel Target_3450,v1500,fine,Servo\WObj:
Movel Target_3460,v1500,fine,Servo\WObj:
Movel Target_3470,v1500,fine,Servo\WObj:
Movel Target_3480,v1500,fine,Servo\WObj:
Movel Target_3490,v1500,fine,Servo\WObj:
Movel Target_3500,v1500,fine,Servo\WObj:
Movel Target_3510,v1500,fine,Servo\WObj:
Movel Target_3520,v1500,fine,Servo\WObj:
Movel Target_3530,v1500,fine,Servo\WObj:
Movel Target_3540,v1500,fine,Servo\WObj:
Movel Target_3550,v1500,fine,Servo\WObj:
Movel Target_3560,v1500,fine,Servo\WObj:
Movel Target_3570,v1500,fine,Servo\WObj:
Movel Target_3580,v1500,fine,Servo\WObj:
Movel Target_3590,v1500,fine,Servo\WObj:
Movel Target_3600,v1500,fine,Servo\WObj:
Movel Target_3610,v1500,fine,Servo\WObj:
Movel Target_3620,v1500,fine,Servo\WObj:
Movel Target_3630,v1500,fine,Servo\WObj:
Movel Target_3640,v1500,fine,Servo\WObj:
Movel Target_3650,v1500,fine,Servo\WObj:
Movel Target_3660,v1500,fine,Servo\WObj:
Movel Target_3670,v1500,fine,Servo\WObj:
Movel Target_3680,v1500,fine,Servo\WObj:
Movel Target_3690,v1500,fine,Servo\WObj:
Movel Target_3700,v1500,fine,Servo\WObj:
Movel Target_3710,v1500,fine,Servo\WObj:
Movel Target_3720,v1500,fine,Servo\WObj:
Movel Target_3730,v1500,fine,Servo\WObj:
Movel Target_3740,v1500,fine,Servo\WObj:
Movel Target_3750,v1500,fine,Servo\WObj:
Movel Target_3760,v1500,fine,Servo\WObj:
Movel Target_3770,v1500,fine,Servo\WObj:
Movel Target_3780,v1500,fine,Servo\WObj:

Movel Target_3790,v1500,fine,Servo\WObj
Movel Target_3800,v1500,fine,Servo\WObj
Movel Target_3805,v1500,fine,Servo\WObj
Movel Target_3810,v1500,fine,Servo\WObj
Movel Target_3820,v1500,fine,Servo\WObj
Movel Target_3830,v1500,fine,Servo\WObj
Movel Target_3840,v1500,fine,Servo\WObj
Movel Target_3850,v1500,fine,Servo\WObj
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Movel Target_3860,v1500,fine,Servo\WObj:=Workstation_3_right;

Movel Target_3940,v1500,fine,Servo\WObj:=Workstation_3_right;

Movel Target_3950,v1500,fine,Servo\WObj:=Workstation_3_right;

Movel Target_3960,v1500,fine,Servo\WObj:=Workstation_3_right;

Movel Target_3961_end,v1500,fine,Servo\WObj:=Workstation_3_right;
ENDPROC

84



Lisa 6 Robot 4 vasaku kdae main programm ning Path_10 koordinaadid koos
liikumiskiiruse ja positsioneerimistapsusega

PROC main()
WHILE TRUE DO
WaitDI DI_workstation_4_left_start,1;
WaitTime 5;
SetDO DO_workstation_3_right_start_2,0;
Path_10;
SetDO DO_workstation_3_right_start_2,1;
ENDWHILE
ENDPROC

PROC Path_10()
MovelL

Target_10_start_of_problem,v1000,z100,Servo\WObj: =Workstation_4_left;
Movel Target_20,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_30,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_40,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_50,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_70,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_80,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_90,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_100,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_110,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_120,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_130,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_140,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_150,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_160,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_170,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_180_before_scan,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_181_1,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_181_2,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_181_3,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_181_4,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_181_5,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_181_6,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_181_7,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_181_8,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_181_9,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_181_10,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_200,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_210,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_220,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_230,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_240,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_250,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_260,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_270,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_280,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_290,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_300,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_310,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_320,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_330,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_331,v1000,z100,Servo\WObj:=Workstation_4_left;
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Movel Target_340,v1000,z100,Servo\WObj:=Workstation_4_left;
Movel Target_350_end,v1000,z100,Servo\WObj:=Workstation_4_left;
ENDPROC
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