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Agenda - Modulul 3

* Rolul robotilor colaborativi in automatizarile industriale

* Prezentarea aplicatiilor clasice cu roboti industriali (Pick & Place,
paletizare) precum si a perifericelor tipice (senzori, dispozitive de
prehensiune)

* Integrarea robotilor colaborativi in celule de asamblare automate
* Automatizarea celulelor robotice colaborative

e Studiu de caz:

* Implementarea unei aplicatii de Pick & Place cu ajutorul unui robot
colaborativ UR3e

* Integrarea unui robot colaborativintr-o aplicatie de automatizare cu PLC
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Obiective

* Obiectiv general: dezvoltarea cunostintelor si competentelor
practice necesare pentru integrarea sistemelor de conducere
inteligente bazate pe roboti industriali si colaborativi

* Scop: familiarizarea cu principiile de functionare si dezvoltarea
capacitatilor de integrare in celule cu robotilor industriali
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Ce sunt robotii industriali?

* Robotii industriali sunt masini automatizate programabile,
utilizate n diverse industrii pentru a efectua sarcini repetitive,
periculoase sau care necesita o precizie ridicata. Acestia sunt
echipati cu brate mecanice si senzori care le permit sa
manipuleze, sa sudeze, sa asambleze, sa vopseasca sau sa
transporte materiale, in functie de nevoile procesului de
productie.
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* De obicei, robotii industriali sunt controlati prin software si pot fi
adaptati pentru a executa diferite operatiuni. Printre avantajele lor
se numara cresterea eficientei, reducerea erorilor, costurile
mai mici pe termen lung siimbunatatirea sigurantei muncitorilor
prin preluarea sarcinilor periculoase. Acestia sunt utilizati in
domenii precum industria auto, electronica, alimentara si

farmaceutica.

—

- —
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Tipuri de roboti

* Robotii articulati sunt tipul cel mai raspandit in
mediul industrial, avand articulatii rotative care
permit miscarea in mai multe directii. Acestia
dispun de doua pana la zece articulatii, ceea ce i
face extrem de versatili pentru sarcini precum
manipularea materialelor, sudarea, si asamblarea.
Designul lor permite flexibilitate si viteza
ridicate, ceea ce este esential pentru efectuarea
operatiunilor in spatii restranse si in zone greu
accesibile.

\ Proiectul “Instruirea si certificarea utilizatorilor in
domeniul ingineriei fabricatiei pentru Industria 4.0 a tiaut ti 6
fost finantat printr-un grant al Bancii Mondiale (GEAR www.astiautomation.com

4.0), contract nr. MD-TECHUNI-354549-CS-CQS



s

* Roboti SCARA sunt cunoscuti pentru
bratele lor articulate si articulatiile

orizontale de rotatie. Acestia sunt e
eg e . . ~n . oo “ I!
utilizati preAdomlnqnt In a.pllf:a’gu de ADB
asamblare, 1n special atunci cand sunt
o 7 [ ] o o o o] et W "' —-
necesare miscari precise si rapide, ——

cum ar fi inserarea componentelor sau
fixarea pieselor. Designul lor permite |
flexibilitatea 1n plan orizontal, | =
mentinand n acelasi timp rigiditatea in |

. . . v L~ -
directie verticala.
>
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* Robotii Delta sunt recunoscuti
pentru structura lor unica, care
seamana cu o0 configuratie
triunghiulara rasturnata, cu trei
brate conectate la o platforma
mobila. Acestia exceleaza 1n
sarcinile de preluare si plasare de
mare viteza, in special in industria
alimentara, farmaceutica Si
electronica.
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* Robotii colaborativi, sau cobots, sunt
conceputi pentru a lucra in siguranta alaturi de
operatorii umani, fara a fi nevoie de incinte de
siguranta. Cobots sunt echipati cu senzori
pentru a detecta prezenta umana in apropiere,
ceea ce le permite sa opreasca operatiunile
pentru a preveni accidentele. Aplicatiile lor
includ asamblarea, operatiunile de preluare si
plasare si inspectia calitatii, promovand o
abordare colaborativa a automatizarii.
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Aplicatii uzuale

* Asamblare

* Sudura

* Manipularea materialelor

* Vopsire si acoperire

* Ambalare

* Controlul calitatii

* Testarea si masurarea

* Paletizarea si depaletizarea
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Siguranta in robotica

* Buton ciupera

* Bariere protective

* Senzori inteligenti detectie persoane/obiecte
* “Dead-man” - buton actionare motoare

* “Free Drive” — buton eliberare frana motoare
* Buton ciuperca pe consola de programare

\ Proiectul “Instruirea si certificarea utilizatorilor in
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Siguranta in robotica AU

Proiectul “Instruirea si certificarea utilizatorilor in

domeniul ingineriei fabricatiei pentru Industria 4.0 a . .

fost finantat printr-un grant al Bancii Mondiale (GEAR www.astiautomation.com 12
4.0), contract nr. MD-TECHUNI-354549-CS-CQS



Tk

Parametri de interes

* Numar de axe/grade de libertate — dexteritate

* Anvelopa de lucru — multimea punctelor atinse (punct = (x, Y, z, Rx,
Ry, Rz), amplasament + orientare)

* Viteza + acceleratie

* Precizie, repetabilitate (care este diferenta?)
e Sarcina utila

* Minimizare consum energetic

* Standardizare tipuri roboti (manipulator fizic) — Necesitatea de a fi
generic (refolosibil in alte aplicatii); Necesitatea de a nu dezvolta
echipamentul de la zero

* Integrare (porturi I/0O, ETH, s.a.)
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Structura unui robot industrial

* Manipulator (brat robotic)
e Efector terminal

e Controller

* Interfete comunicatii industriale

* Programarea/invatarea punctelor de
interes

* Sisteme de achizitie date, camere
(vision)

* Sistem de conducere superior - PLC
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Miscarile robotului

* Cum se misca robotul?
* Tipuri de miscari (Movel, Movel, MoveP)

* Parametrii unei miscari

Move (plecare, destinatie, viteza, tool, sistem_coordonate, offset)
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Tipuri de miscari ’_’G@ML

~%
&
- - - - -
a) Joint motion. b) Linear motion. ¢) Arch motion.
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Move J ST TN

* O miscare joint reprezinta traiectoria optima a robotului in
miscarea sa catre pozitia dorita. Folosind operatia de interpolare a
articulatiilor, se deplaseaza de la pozitia curenta la pozitia de

destinatie.
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Move L

* O miscare liniara este una dintre cele mai utilizate instructiuni
atunci cand vorbim despre programarea robotilor. Aceasta
efectueaza o miscare de interpolare liniara de la pozitia curenta la
pozitia tinta a miscarii. Aceasta inseamna ca programatorul poate
forta o traiectorie specifica. Este adesea utilizata pentru a ridica
sau a plasa un obiect. Deoarece miscarea utilizeaza de obicei
toate articulatiile pentru a deplasa unealta intr-un mod liniar,
sarcina robotului este mai mare.
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Move P ASTE YN

* O miscare circulara va deplasa unealta in miscare liniara la viteza
constanta cu amestecuri circulare si este destinata operatiunilor
de proces, cum ar fi sigilarea sau distribuirea. Dimensiunea razei
amestecului este, 1n mod implicit, o valoare comuna pentru toate
punctele de referinta.

trajectory path . .
L
v\
X W
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Miscarea bratului robotic

* Pasi pentru invatarea unei pozitii (abordare generala):
* Treceti robotul in modul manual

* Mutati manipulatorul folosind joystick-ul sau butoanele de pe
FlexPendant

* In jurul pozitiei dorite, micsorati incrementul de vitez3

* Verificati sistemul de coordonate in care se afla robotul si
unealta curenta

* Salvati pozitia

Proiectul “Instruirea si certificarea utilizatorilor in
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Limbaje de programare

* UR scripts (Universal Robot)
 RAPID (ABB)

* Melfa VI

* ROS (robot operating system)

Cum ruleaza programele din robot? (PLC vs Robot)

P tul “Inst si certifi utilizatorilor
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Gama de roboti UR ASEE TV

UR3e URSe .
g

2

3kg (6.6 Ibs) 5kg (11 Ibs)
500 mm (19.7 in) 850 mm (33.5in)
<6 rotating joints >
<12inchtouchscreen with PolyScope graphical user interface >

UR20’

12.5kg (27.51bs) 16 kg (35.3 Ibs) 20 kg (44.1 Ibs)
1300 mm (51.2in) 900 mm (35.4in) 1750 mm (68.9 in)
< 6 rotating joints >
<12 inch touchscreen with PolyScope graphical user interface >

fost finantat printr-un grant al Bancii Mondiale (GEAR
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Brat robotic colaborativ UR3e

* Brat robot cu 6 axe

e Caracteristici:
e Intindere: 500 mm
e Sarcina utila: 3 kg
Amprenta la sol: @ 128 mm
Greutate: 11,2 kg
Consum de energie: 300 W
10: 2DI, 2 DO, 2 Al
Repetabilitatea pozitiei: £ 0,03 mm

(S0}
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Nume joint Range functionare Viteza maxima
Baza + 360° + 180°/s
Umar + 360° + 180°/s

Cot + 360° + 180°/s Wiist 1 joint
Incheieturd 1 + 360° + 360°/s ’
Incheieturs 2 + 360° + 360°/s
Tncheietura 3 Infinit + 360°/s

//
Base /

/
/

Wrist 2 joint

Wrist 3 joint

/
0 Tool flange

/ /
Base joint/
joint; // //
Shoulder joint/ /
/
Elbow joint /
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Controller robot ST TN

* |[Os:
* 16 DI
« 16 DO
« 2 Al
« 2A0
* General Stop
» Safeguard Stop
* 8 Safety Inputs
» 8 Safety Outputs

 Comunicatii:
e Modbus TCP
* Profinet
e Ethernet IP

 Alimentare: 100-240VAC
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Conexiuni interne /ST TV

Safety Remote Power Configurable Inputz| |Configurable Outputs Digital Inputs Digital Outputs
g 24VE 12v(H| Pwr|M| |24v|H||24av|H]| | ov |H]| ov|H]| |24v|H]||24v|/H]| [ov [H|{ ov|H
& |EIO |cnD| M| [GND clo|(M|(ci4|M| [COO|M|/cOo4|M| |[DIO|M||DI4 || [DOO|M||DO4| N
g 24V ON || |24V 24v(M|[24v|M| |ov M|/ ov || [24v|||24Vv|I| |ov |H|| oV |
E Elle |oFF| M| | OV Cl1|m|(cis|m| [coi/m|/cos|m| |DI11|{W|/DI5S (M| [DO1{W/||DOS| W
g [24v 24V(M|[24v|®m| |ov (M|l ov || [24v|||24v|H| |oVv |W|| oV |
§ 510 =TeTalsl=]= Cl2|M||ci6|H| |co2|M|/cos/M| |[DI2|W||DI6 || |DO2|W|[DO6| N
2 [24v slalalal&|S]|2avim||24av|m| [ov (m]|| ov M| [24v|H|{24v|E| [ov (W] ov |E
ﬁsuﬁ mmmmm{m oz (ml|[c7(m]| |[co3|m|ico7|m| [oiz[m]|[oi7 [m ([DO3(M|[DO7| M
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Touch Panel

* 12-inch touch display
* “Free Drive” buton

* General ESD buton

* ON/OFF buton

S
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Gripper — Sistem prindere

* SMC Gripper

* Patru pozitii de lucru: 3 perechi de
degete si o duza de vaccum

Z ! | /i
“‘\t\.lh mr‘m“_%\iﬁ ‘
2
-

* Doi senzori de pozitie (Digitali,Normal
Deschisi)

* Senzor optic prezenta
* Degete printate cu tehnologie 3D

Proiectul “Instruirea si certificarea utilizatorilor in
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INDUSTRIAL PROCESS AUTOMATION
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TCP - Tool Central Point ASTE YN

 TCP-ul in contextul robotilor industriali se refera la Tool Center Point
(Punctul Central al Uneltei). Este un concept esential in programarea si
utilizarea robotilor pentru diverse aplicatii, precum sudura, asamblare,
vopsire sau manipularea obiectelor

* Reprezinta punctul specific de pe unealta robotului unde are loc
interactiunea efectiva cu mediul

eRoboti de sudura: TCP-ul este punctul unde electrozii creeaza arcul de
sudura.

eRoboti de vopsire: TCP-ul este duza prin care se pulverizeaza vopseaua.
eRoboti de manipulare: TCP-ul este punctul de apucare sau de contact
cu obiectul.

Proiectul “Instruirea si certificarea utilizatorilor in
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Sistemul de coordonate al TCP-ului ASK& T

The control hole

= The wrist coordinate system
Y

The tool coordinate system

TCP
Y
X
Zl

Proiectul “Instruirea si certificarea utilizatorilor in
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Status robot ASE WV

R Universal Robots Graphical Programming Environment G
Y Application_1
™E 2+ Q4 gt 3 B W
Run Program Installation  Move 110 Log New Snss Save
Readings Joint Load
Controller Temp. 24.0 °C o0 Base OK e e 0.0V -
Main Voltage 48.0V 1) Shoulder oK R 0.0V 4 ! 3
Avg.Robot Power ow 2) Elbow OK e 0.0V
Current 0.0A 3) Wrist 1 OK e 0.0V 2 I
IO Current 0A 4) Wrist 2 OK = 0.0V
Tool Current 0mA s) Wrist 3 OK — 0.0V 1 | 0
Date Log
ve 0] [1] 6] 1@ & s
A

Select an event from the Date Log to see more
information.

O Normal Speed Gy Simulation.

Proiectul “Instruirea si certificarea utilizatorilor in
domeniul ingineriei fabricatiei pentru Industria 4.0 a
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Deplasarea robotului /ASTE WM

* Se actioneaza motoarele
* Miscare libera prin apasarea butonului fizic de pe dispozitiv

* Miscare liniara din butoanele software

TCP Position Robot Tool Position

Robot Status View v | TCP X ‘ 264. 19‘ mm  RX ‘ 2.222‘ rad
Y | -133.85/mm RY -2.220|rad

®© o0 O #
o rake ot z| -372.95/mm Rz| -0.056|rad

| . OFF Joint Position

Base -91.71 °
! Warning! Stand clear of the robot when starting it! I ]
TCP Orientation i T

| @ START

Shoulder -98.96 °

Payload Robot " ' . |
LA 71 Elbow -126.22 °

Y Active Payload is used to temporarily overwrite the Installation Payload.
[ N 1

‘ o EI Wrist 1 -46.29 °

Active Payload Installation Payload I ]

1.00 kg 1.00 kg Wrist 2 91.39 °

T e w022 -

ﬂ? Home A Align Freedrive > [ T ]

Speed C— 100% o 0 O Sl . O Normal

Proiectul “Instruirea si certificarea utilizatorilor in
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Miscare manuala - joystick WM

Universal Robots Graphical Programming Environment

Application_1 D ﬁ E

default

RE 2% QH

New... Open.. Save..

Run Program  Installatic Move Jj Log
TCP Position Tool Position
Active TCP
v | TCP X | 189.16/mm RX 1.922|rad
Y | -319.34 mm RY -2.491 rad
+
D z| -272.95mm Rz| -0.055|rad
- Joint Position

® Base -114.38 °

» 4 [ N |

=1 Shoulder -104.67 °

[ A |

Elbow -87.68 °

[ R |

E Wrist 1 -79.54 °

[ A |

Wrist 2 90.72 °

[ A |

Wrist 3 335.56 °

ﬂ? Home A Align Freedrive > [ N ]

O Normal Speed @y Su'w,ﬂdtim.
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INDUSTRIAL PROCESS AUTOMATION

<
2 0p)
@)
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Q
DY
(q))
©
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N
=
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Universal Robots Graphical Programming Environment

n Application_1
) M E default [j i E
1/0

R 8 2@

New... Open... Save...
Program Installatic Move

Run

Log

TCP Position Robot Tool Position
Feature Active TCP
View v | TCP X 189.16) mm RX 1.922|rad

Y | -319.34 mm RY -2.491 rad

Z| -272.95/mm RZ rad
® IBase -114.38 °|
TCP Orientation T
Shoulder -104.67 °
[ N ]
Elbow -87.68 °
[ R ]
E‘ Wrist 1 -79.54 °
[ N ]
Wrist 2 90.72 °
[ A ]
Wrist 3 335.56 °
ﬁ? Home A Align Freedrive > I N ]

O Normal Speed @y > ‘,Zn’nl_matior'l.
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Declararea in interfata - TCP ST TN

<unnamed>

Adaugarea unuinou TCP [l <k e Do
. . . Tool Center Point TCP Visualization
* Modificarea punctuluide = /&« 2N NEN

actiune — —
* Modificarea rotatiei = R

p u n Ct u l_u i ??:c".:lzr ;J;its Rotation v:?;c; O[(I;ad] v E
 Adaugarea sarcinii utile | = o000

D safety Payload and Center of Gravity Tool Flange
Features \4 Y
Payload: kg [ Center of gravity
X z

e Manual / Wizard

0.0
0.0

O Power off Speed (o — /o Simulation .

fost finantat printr-un grant al Bancii Mondiale (GEAR
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s
- |-
INDUSTRIAL PROCESS AUTOMATION U

Meniu intrari/iesiri

* \Vizualizare intrari

WV Internal Configurable Input Configurable Output Digital Input Digital Output
L] . L]
[ ] S e t a re I e S I r I ezt S-Guard Reset 4 o(J[J4 gripper_Close vacuum_sensor Close_command ] (] 4
’
S-Guard Reset 5 1 E] [:] 5 gripper_Open blocker_sensor  Open_command [:] E] 5
2 6 2(J e 2 6 vacuum_command | (] 6
3 7 3007 optic_sensor 7 Blocker_command ] (] 7
Analog Input Tool Digital Input Tool Digital Output
analog_in[0] 0.00v 0 1 oJ[1
ov 10V
Current
analog_in[1] 0.00V oA
ov 10V
Analog Output Tool Analog Input
analog_in[2] 0.00v Voltage
analog_ou0) (@ ov 10V
4.00 mA
analog_in[3] 0.00v Voltage
analog_out[1 -
9_OutLL] . ov 1o0v
4.00 mA

Universal Robots Graphical Programming Environment

Run Program _Installation _ Move

default

New. Open...

O Normal Speed Gy 22%

Application_1 D i E

000

Simulation .

Proiectul “Instruirea si certificarea utilizatorilor in
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Variabile

* Inputs/outputs fizice

Universal Robots Graphical Programming Environment

R
lm E ; '*’ ﬁ pplication_1

Run Prograr Installation Move 1/0 Log
V General ‘
View
TCP
Jau v|
Mounting

L &

New.

Open...

Selected 1/O: digital_in[0]

> safety
Rename
-
gripper_Close
D Fieldbus

O Normal

1/0 Setup Output
DI[0] gripper_Close DO[0] Close_command A
v ETIEEIES g Do) Open_command
Startup DIf2] digital_in[2] DO[2] Vacuum_command
DI[3] optic_sensor DO[3] Blocker_command
Smooth Dila DO[4 digital_out(4
Transition (4] vacuum_sensor (4] igital_out[4]
DI[S] blocker_sensor DO[S] digital_out[5]
Conveyor §
DI[6 digital_in[6 DOI6: digital_out (6]
Tracking 6l gital_in(6] 161 igital_out[6)
DI[7] digital_in[7] DO[7] digital_out[7]
Screwdriving
TI[o] tool_in[0] T0[0] tool_out[0]
Tool 1/0 T tool_in[1] v To[L] tool_out[1] v
Home

Simulation .

INDUSTRIAL PROCESS AUTOMATION
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Variabile ASTE YN

e Software

Bool:O variabila booleana a carei valoare este fie adevarata, fie falsa.

Int: Un numar intreg in intervalul cuprinsintre - 2147483648 si
2147483647 (32 de biti).

Float: Un numarin virgula mobila (zecimal) (32 de biti).
String: O secventa de caractere.

Pose: Un vector care descrie locatia si orientarea in spatiul cartezian.
Este o combinatie a unui vector de pozitie (X, y, z) si a unui vector de
rotatie (rx, ry, rz) reprezentand orientarea, scris p[x, Y, z, rx, ry, rz]

Array: O lista de variabile

\ Proiectul “Instruirea si certificarea utilizatorilor in
domeniul ingineriei fabricatiei pentru Industria 4.0 a . .
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Variabile

Universal Robots Graphical Programming Environment

Prograr  [Installstion Move

WV General

TCP
Variable ~
Mounting array

O . CrtTrg
float
test_div

TR test_mod

Smooth
Transition
Conveyor
Tracking
Screwdriving
Tool I/O
Home

D safety
Create new installation variable

> Fieldbus Name Value

new_variable

O Normal

Application_1
default*

[ &

New.. Open...

Installation Variables

Value

[0,0,0, 1]

pl0, 0,0, 0, 0, 0]
5.76

7

1

1

dit Value Delete

Simulation .

INDUSTRIAL PROCESS AUTOMATION
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Diverse sisteme de coordonate ASTR Wi

O Tool coordinates

Y
N.TCP
X

Z Z
User coordinates '
Y Z Object coordinates
z =X Y
A Base coordinates Y X
< Y X
X
World coordinates

Proiectul “Instruirea si certificarea utilizatorilor in
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Aplicatie de pick & place

Robot

Proiectul “Instruirea si certificarea utilizatorilor in
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s

Elemente de siguranta

* Robotul nu se va deplasa direct catre o pozitie fixa (pozitia Pick-A
sau Place-B). Manipulatorul se va deplasain apropierea acestei
pozitii intr-o pozitie numita ,,Approach”.Invatarea unei pozitii se va
realiza prin diminuarea vitezei de miscare. Pozitiile sunt testate in
modul manual, la cea mai mica viteza posibila.

Proiectul “Instruirea si certificarea utilizatorilor in
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Aplicatie de pick & place "G@ML

Home position

e

Pick position
A

Place position
B

Proiectul “Instruirea si certificarea utilizatorilor in
domeniul ingineriei fabricatiei pentru Industria 4.0 a . .
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Pasul 1 ST TN

* Se asteapta o comanda de “Start”
in pozitia pHome (Acasa)
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I a S u l 2 INDUSTRIAL PROCESS AUTOMATION

* Move J pApproachPick

Proiectul “Instruirea si certificarea utilizatorilor in

domeniul ingineriei fabricatiei pentru Industria 4.0 a . .

fost finantat printr-un grant al Bancii Mondiale (GEAR www.astiautomation.com 46
4.0), contract nr. MD-TECHUNI-354549-CS-CQS



WM

I a S u l 3 INDUSTRIAL PROCESS AUTOMATION

* Move L pPick
* Inchidere gripper
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I a S u l I INDUSTRIAL PROCESS AUTOMATION

* Move L pApproachPick
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WM

I a S u l 5 INDUSTRIAL PROCESS AUTOMATION

* Move J pApproachPlace
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WM

I a S u l 6 INDUSTRIAL PROCESS AUTOMATION

* Move L pPlace
* Deschidere gripper
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WM

I a S u l : INDUSTRIAL PROCESS AUTOMATION

* Move L pApproachPlace
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I a S u l 8 INDUSTRIAL PROCESS AUTOMATION

* Move J pHome

Proiectul “Instruirea si certificarea utilizatorilor in
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s

Studiu de caz - implementare Pick&Place

* Move — cum se va misca robotul intre doua pozitii sau waypoints
* Waypoint — pozitie

* Wait - blocare pana laindeplinirea unei conditii (Timer, digital IO,
variable)

* Set - realizeaza o actiune (Digital 10, Analog 10)

\ Proiectul “Instruirea si certificarea utilizatorilor in
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Creare program nou

ABCDE D i B
New...

default
= s e File Path displays active robot Program

and Installation.

New... creates a new Program or Installation.

Open... opens a previously created and saved Program or Installation.

Save... saves a Program, Installation or both at the same time.

Proiectul “Instruirea si certificarea utilizatorilor in
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Instructiunile de baza

Universal Robots Graphical Programming Environment

M ? $ n E Application_1
R AL S = i o
- - ot Move 1/O Log . o e

default

Move

1 v Robot Program
Waypoint 2 - <empty>
Direction
Wait
Set
Popup
Halt
Comment
Folder P

) Advanced

D Templates

t R AR N R =
O Power off C_ I Simulation .

INDUSTRIAL PROCESS AUTOMATION
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Instructiunile avansate

Universal Robots Graphical Programming Environment

R
RIS 2 ¢ Q -

e

Run Program | Installation Move 1/O

> Basic Q _ Graphics Variables

W Advanced

1 v Robot Program
Loop

2 - <empty>
SubProg
Assignment
If
Script
Event
Thread
Switch r
Timer
Screwdriving

Home

D> Templates

29 o XEPHm
O Power off Speed Gy 22% ° 0 O Simulat‘\on.

INDUSTRIAL PROCESS AUTOMATION
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Templates ASE WV

Universal Robots Graphical Programming Environment

E Application_1 D ﬁ E

default

RIR 2 ¢ X

Program  Installation Move /0 Log

New... Open.. Save...

Q _ Graphics Variables

> Advanced
1 v Robot Program

Vv Templates 2 - <empty>

Seek

Force

Palletizing

Conveyor
Tracking

29 xXERTZ=
O Power off Speed @iy 22% Si!ﬂLﬂatiOﬂ.

Proiectul “Instruirea si certificarea utilizatorilor in
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Comanda MOVE

Universal Robots Graphical Programming Environment

R
| I {l ? $ n E Application_1*
Pl =N /-\ default
Run Program | Installation Move 1/0 Log
Q _ Graphics Variables

Move

1 ¥ Robot Program

2 @« Movel Specify how the robot will move between waypoints.
. . 3 ® Waypoint 1
Direction - ) )
The values below apply to all child waypoints and dependiib{Movel
Wait type.
Set Set TCP Joint Speed
Popup ’Use active TCP v ‘ | 60.0|°/s
Halt
Feature Joint Acceleration
Comment
f » [Base v ‘ | 80.0| °/s?
Folder
> Advanced
> Templates [0 Use joint angles
Reset '
VS XBBRTZ -
_—

O Power off Speed @@y Simulation.

Proiectul “Instruirea si certificarea utilizatorilor in
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Modificare WAYPOINT

? $ n E Application_1*
Pl =N /.\ default

Program | Installation Move 1/0 Log

Universal Robots Graphical Programming Environment

Q - Graphics Variables

¥ Robot Program

B Move Waypoint

Direction

Wait

® Waypoint_1 Waypoint_1 %

Popup

Halt

Edit pose

Comment

Folder g P

> Advanced
) Templates @ Stop at this point

O Blend with radius
0

Add Until

R AoRSa-dl Nl =

@ Use shared parameters
O Joint Speed

Joint Acceleration

O Time

Fixed position

Fixed position

Relative position

\Variable position

Move here

Q0
o

Simulation .

O Power off Speed @

INDUSTRIAL PROCESS AUTOMATION
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Instructiunea WAIT

Universal Robots Graphical Programming Environment

? ‘i' n E Application_1*
Pl =N /.\ default
Program | Installation Move /O Log
O\ _ Graphics Variables

1 v Robot Program Wait
Waypoint 2 B Wait

Please select what should trigger the robot's next action;

O No wait
O Wait seconds

@ Wait for Digital Input |<Di.Input>

Popup

Halt <Di.Input>
O Wait for |<An.Input> P

Comment gripper_Close

—— Jq O Wait for aripper_Open

) Advanced digital_in[2]
optic_sensor

> Templates
lvacuum_sensor

blocker_sensor \
digital in[6] !
digital_in[7]

2 R A RS g N R =
O Power off Speed -y S‘\nju|ation.

W

INDUSTRIAL PROCESS AUTOMATION

Asteapta un timp
setat sau in semnal
/O

Proiectul “Instruirea si certificarea utilizatorilor in
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Instructiunea SET ASEH WM

Universal Robots Graphical Programming Environment = + X

R
NE 24 QH e 3 mod

New.. Open... Save...
Run Program | Installation  Move 110 Log

Move

1 v Robot Program Set
Waypoint 2 = Set Close_command=0n Select the action you wish the robot to perform at this point in the program. You can
Direction also specify changes in the robot's payload.

Popup

Halt O Set |<Output> v ‘ f(x)

Comment O Set Single Pulse |<Di.Output> v ‘ 0.500

Folder N P O Increment installation variable by one: |<Variab|e> v

[0 Set Total Payload  ~ 0.00
[0 Use active TCP as center of gravity

O set TCP )

Test

VS XBRTZ .
O Power off -y > 2 Simulation.

Proiectul “Instruirea si certificarea utilizatorilor in
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Secventa Pick&Place

‘

Pick position
A

@

:

L

INDUSTRIAL PROCESS AUTOMATION

Ve |
LMeve T o 4 o
4 ¢ « Move
m 5 ® pApproachPick
8 X Wait: 0.5
_ 9 = Set gripper_open=0ff
“ 10 = Set gripper_close=0n
“ 11 X Wait: 0.5
g 129 <+ Movel
m 13 ® pApproachPick
15 ® pApproachPlace
16 ¢ 4 Movel
B 17 ® pPlace
18 X Wait: 0.5
19 = Set gripper_close=0ff
20 = Set gripper_open=0n
21 X Wait: 0.5
22 9 ¢ MovelL
23

® pApproachPlace

Y

Proiectul “Instruirea si certificarea utilizatorilor in
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SubProg

RE 2 ¢ QB

Program | Installation Move 1/0 Log

1 v Robot Program
00D L. Call Open_Gripper
: L. Call Open_Gripper
. 5 t. Open_Gripper
If 6 = Set Close_command=0ff

7 = Set Open_command=0n

Script
8 B Wait: 1.0

Event

Thread
Switch q
Timer

Screwdriving

Home

) Templates

3OS KBEMD

Speed (@

O Power off

Universal Robots Graphical Programming Environment =

default

Application_1* D E E
Open.

New.

Q _ Graphics Variables

Save.

Call Subroutine

Choose which subroutine to call at this point at the program execution.

IOpen_Gripper v

Simulation .

Apelari ale acelorasi
instructiuni de mai multe ori.
(Functie din C, sau FC din
programarea PLC-urilor)

*actionarea gripperului se
face cu un distribuitor 5/2
bistabil. Din acest motiy,
comanda de close trebuie sa
fie FALSE cand se da o
comanda de open. Respectiv
invers.

fost finantat printr-un grant al Bancii Mondiale (GEAR
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Optimizare ST TN

* Se poate reduce viteza pe orice miscare, iar in cazul in care exista
mai multe waypoint-uri in instructiunea de miscare se poate

modifica blend-ul.

O Stop at this point O Use shared parameters
@ Blend with radius @ Joint Speed 60| °/s
50/ mm Joint Acceleration 80| °/s2

QO Time 2.0

== Add Until
Proiectul “Instruirea si certificarea utilizatorilor in
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Conceptul de paletizare /ST Ve

 Paletizarea

—> C coloane

pal
) T\«f O . O
((( ") ((( ") Q L linii

" OO . &

7

. k/‘ N nivele
* Avantaje:

* Usor de programat
* Usor de depanat
* Nu exista eroriintre pozitiile invatate
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Studiu de caz - calcul pozitii

* Pozitie initiala — x0 si y0

un grant al Bancii Mondiale (GEAR
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« Poz 1= x0 +1*50, y0 + 1*70
* Poz2= x0+2*50,y0 + 3*7
® 'Calculate MOD'
& offset y = index % 3
® 'Calculte DIV
& offset x = floor(index / 3)

e Rest/ Cat?

* RefTrg = p [X,y,z,rX,ry,rz]
* CrtTrg =p [x+index MOD 3 *0.05, y+ index DIV 3 * 0.07, z, rx, ry, rZ]
* In care Index este pozitia piesei intr-o matrice de 3 pe 4, pe un

L]
nivel.
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Instructiunea de paletizare

P8 2 ¢ QM

Run Program | (nstallation  Move 110 Log

> Advanced
1 ¥ Robot Program
W Templates 2 9 ## Pallet 1

Seek 3 ? ® Patterns

4 -
Force 5 - | ayers
Palletizing 6 9 19 At Each item
Conveyor U = =
Tracking

A

: B A-NSa-al Nl =

O Normal Speed ¢

Universal Robots Graphical Programming Environment

I

default

q _ Graphics Variables

Palletizing

Palletizing allows the robot to perform palletizing/depalletizing tasks such as
picking-and-placing parts from areas and performing the same actions for different
items in multiple layers.

@ Palletizing l
O Depalletizing é

Pallet Properties

Name Pallet_1

Feature ‘Base

Object Height : mm J
Item Counter Pallet_1_cnt

[0 Remember last item location

Actions

[0 Add action before palletizing
[0 Add action after palletizing

Simulation .

INDUSTRIAL PROCESS AUTOMATION
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Exemplu cod

R Universal Robots Graphical Programming Environment - 4+ X

R 2P QM coper [3 M W

New. Open. Save

Progeam | Installation Move 1/0 Log
a
RLEEO 1 v Robot Program g
Waypoint 2 @ ## Pallet_1 3
Direction 3 9 m Patterns Q
4 @ :ii Grid_Pattern_1
Ll 5 Cornerltem_1 o
Set 6 Cornerltem_2 g
7 Cornerltem_3 >
Popup - (o]
8 i3 Cornerltem_4 0
Halt 9 - |Layers
Comment 10 @ 19 At Each Item <
q 11 ¢ = Generated Movements 4 5
FelkEr 12 9 « Move) E |
13 ® Approach o \
15 ®© ToolActionPoint
16 ? = Tool action
17 = Set Open_command=0ff
18 = Set Close_command=0n
19 B Wait: 1.0
20 @ « Movel I
21 ® Exit_1
*t & 5 o K L) B @ =

O Normal Speed 100% Simulation .
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Universal Robots Graphical Programming Environment

E Application_1 D
default* :

New.

Open. Save.

Program [installation Move

O Normal

Joint Limits
Planes @ Factory Preses ‘ .
Tool Position Most Restricted east Restricted
Egol "
irection
1/0 O -
Hardware Limit Normal Reduced
Three Power 300 200 .
Position Momentum 25.0 10.0 @
Safe Home Stopping Time 400 300
Stopping Distance 500 300
Tool Speed 1500 750 .
Tool Force 150.0 120.0 I
Elbow Speed 1500 750
Elbow Force 150.0 120.0
Safety password I Lock Apply |8

Simulation .

Y=

INDUSTRIAL PROCESS AUTOMATION

Default safety password:
easybot
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Y=

afety — plane

Universal Robots Graphical Programming Environment =+ X

R
MEBEZ+ QM s [B

Run Program _ Hinstallstion Move /0 Log

Robot Planes (1 of 8)
v/ Safety Plane 1 e m

Robot Limits Fpcspiane

Joint Limits EI

Planes

Tool Position

Tool

Direction

1/0 ® Properties

Hardware Plane 1

Three

Position Copy Feature QO

Safe Home lo New_Plan v
Restrictions
F | @ o

Displacement

0 -1 mm

[4 Restrict Elbow

O Power off Speed —.
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Safety — tool

Universal Robots Graphical Programming Environment

2% QN

Program |Installation| M Log

Robot Tool 2 of 3
v/ Safety Tool Flange

Tool_1 lll
Robot Limits + /;dd Tool
Joint Limits EI
Planes

Tool Position

Tool
Direction

B : ® Tool 1

Hardware Radius (max: 300mm)

Three
Position 150.0/mm

Safe Home Copy TCP (:)

o -
> Fieldbus - Edit Position

X 0.0 mm
Y 0.0/mm
Z | 120.0/mm

Unlock Apply
O Power off peec ) 22% Sn‘mulation.

Proiectul “Instruirea si certificarea utilizatorilor in

domeniul ingineriei fabricatiei pentru Industria 4.0 a . .

fost finantat printr-un grant al Bancii Mondiale (GEAR www.astiautomation.com 72
4.0), contract nr. MD-TECHUNI-354549-CS-CQS



WM

Solutie hardware AU
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Protocoale industriale

* Modbus TCP/IP-> Interfata Modbus este un protocol de comunicatie
utilizat pe scara larga in industria automatizarii.

 EtherNet/IP. Ethernet/IP este un alt Fieldbus disponibil pe UR

* SRCI. Standard Robot Command Interface (SRCI) este un protocol
bazat pe comenzi, utilizand PROFINET.

* PROFINET/ProfiSafe.
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Studiu de caz —integrarea cu PLC ~ /ASEa W
- Profinet

SIEMENS SIMATIC §7-1200 |

IndexingFeedbackDown  %l0.4  IndexingRetractCmd %Q0.1
IndexingFeedbackUp %10.5

o

™

o0 Digital Input Digital Output

© N

— ame Address Name Address
(\] PieceAtIndexing %10.3  IndexingExtendCmd  %Q0.0
o

T

| - 192.168.0.33

Digital Output Digital Input
Name Address Name Address
Robot_StartJob %Q100.0 Robot_Busy %1100.0
Robot_Done %1100.1
Analog Output 192.168.0.32
Name Address

Robot_PlacePos QD104 SIVATIC Hu

fost finantat printr-un grant al Bancii Mondiale (GEAR
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Activare protocol AsTi WM

Universal Robots Graphical Programming Environment

2 ¢ QM g B =

Prograrr Lnstallation| Move 110 Log

> General

® PROFINET IO Device: Disabled

Vv Fieldbus

MODBUS

Disable
PROFINET __

Program action upon loss of PROFINET input connection:
Robot 10 module Registers module 1  Registers module 2

The LED indicates the status of the connection to a PROFINET
|0 Controller:

e Gray indicates that PROFINET functionality is disabled

» Yellow indicates that no controller is connected to the
robot

» Green indicates that the robot is connected to a .
controller \

O Normal eed ¢ I Simulat\'on.
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ntegrarea cu PLC (exemplu Siemes

7 Siemens - C:WUsersWiorel\Desktop\RobotCell_PLC\RobotCell_PLC
Project Edit View Insert Online | Options |[Tools Window Help

j 3 g Save project : 3 x Eé]

Devices

¥ | 7] RobotCell_PLC

— .

{ Settings

Support packages

Manage general station description files (GSD)

Start Automation License Manager
[#| Show reference text

Ll Global libraries

ToT = =]

= |

Installed GSDs

Manage general station description files
GSDs in the project

W

INDUSTRIAL PROCESS AUTOMATION

Source path:

I C:\UsersWiorel\OneDrive\10_Projects\20141114_ASTI001 - proiectel0014 - FESTODOZ{ m

Content of imported path
[+ File

g GSDML-V2.42-UR-PROFIsafe-2022...

Version
V2.42

Language
English

Status Info

Not yet installed URPNIOD...

(<]

]

|

Delete H—lmm“—” Cancel I
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RobotCell_PLC » Devices & networks

— W B X Hardware catalog

*

PLC_1 HMI_1
CPU 1212C KTF700 Basic PN
[BMNIE 1|
PN/IE_1
URIODev1
V1.0
PLC_1

Options

E Topology view ||gﬁ, Network view "E‘ Device view

=]

[>]

E1ep yomeN

v | catalog

|<5earch>

[ Filter Profile: [ <All>

» [ Controllers

» [ HM

» [i PCsystems

» (i Drives & starters

» [l Network components

» [i Detecting & Monitoring

» [ Distributed 110

» [l Power supplyand distribution
» [ Field devices

- [i Other field devices

» [ Additional Ethernet devices
~ [l PROFINETIO
» [[§ Drives
» [l Encoders
» [i Gateway
» (5 General
~ [ lio
» [l ABB Automation Products GmbH
» [ ifm electronic
» [ SIEMENS AG
~ [ Universal Robots AlS
~ [ Collaborative Robot
Wvio
» [i Ident Systems
» [i Sensors
» [ PROFIBUS DP
» [l PROFIBUS PA

INDUSTRIAL PROCESS AUTOMATION
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ngrouped devices » URIODev1 [V1.0]

- i W X [Hardware catalog

INDUSTRIAL PROCESS AUTOMATION

[ Topology view |8 Network view |I¥ Device view || Options
Device overview o
¥ .. | Module |Rack  [slot  |iaddress |Q address |Type M l Catalog
¥ URIODevi [ 0 V1.0 [Search> | (it [t
» Interface 0 0 X1 URIODev1 g Filter Profile: | Al F‘ @
0 1
g B » [ Head module
= s v [ Module
= = 5 Il 1_120 state
~ — . 10_02T General Purpose Registers 2
5_T20 General Purpose BitRegisters_1 0 3 100..107 5_T20 Gene... . > 1010
6_T20 General Purpose Int Registers_1 0 6 108..203 6_T20 Gene... . 3‘120 P
J
0 7/ e
5 = Il ¢ 20 T1CP
> Il 5_120 General Purpose Bit Registers
| 3] 9_02TGeneral Purpose Registers 1_1 0 2 100..199 9_O2TGene... . BE120]Caneral Pursose int Ragistars
0 10 = s
. 7_T20 General Purpose Float Registers
¥ PROFIsafe_1 0 1 PROFIsafe 8 02TRobot 10
Module Access Point 0 11 Module Acc... 9_02TGeneraI o SRor
0 112 =
PROFIsafe
» [l submodules
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RobotCell_PLC » PLC_1 [CPU 1212C DUDUDC] » PLCtags » Robot [4]

INDUSTRIAL PROCESS AUTOMATION

Project tree
| Devices |
B =EXIEE
| Robot
¥ | RobotCell_PLC IName lDatBtype |Addr55 a lmin lAccs... IWrita... IVisibl... ]Cornment
new device 1 <l Robot_Bus Bool %I100.0
B¢ Add new devi y O My ¥ &
si! Devices & networks 2 g | Robot_Done Bool %I100.1 D g B Q
~ [ PLC_1 [CPU 1212C DC/DC/DC] 3 |40 Robot Startiob Bool %Q100.0 ) ™ ™ =)
If Device configuration 4 e | Robot_PlacePos Dint %QD104 D Q Q E
4| Online & diagnostics 5 <Add new= -

4 [El Program blocks

4 [:i Technology objects

4 External source files

= [2 PLC tags
%5 Showall tags
B Add new tag table
[“ Default tag table [40]
E5 105 [8]

g Robot [4]

» (i) PLC data types

WM
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INDUSTRIAL PROCESS AUTOMATION

Universal Robots Graphical Programming Environment

Ex_4_pallet*
cpder [3 3 =

RE2Z 4 QK

Run Program Finstallstion

Move /0

Log

default*

New.

Open Save

TCP
Mounting
1/O Setup
Variables
Startup

Smooth
Transition

Conveyor
Tracking

Screwdriving
Tool I/O

Home

D safety

> Fieldbus

O Normal

View

(Al

Input Output
Al[2] analog_in[2]
9- & AO[0] analog_out[0] ~
Al[3] analog_in[3]
AO[1] analog_out[1]
GPbi[0] start_from_PLC
GPbo[0]  busy
GPbi[1]) GP_bool_in[1]
GPbo[l]  done
GPbi[2]  GP_bool_in[2)
GPbo[2] GP_bool_out[2]
GPbi[3]  GP_bool_in[3] e
GPbo([3] GP_bool_out([3]
GPbi[4) GP_bool_in[4]
GPbo[4]  GP_bool_out(4]
GPbi[S]  GP_bool_in[5)
GPbo[5S] GP_bool_out[S]
GPbi[6] GP_bool_in[6]
) v GPbo[6]  GP_bool_out([6] v
GPbi[7] GP_bool_in[7] . ek P
Selected 1/O: GP_bool_in[0]
Rename (to use in programs)
sart_from_PLC
Action
None v

Speed

wr OO O

Simulation .
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INDUSTRIAL PROCESS AUTOMATION

Universal Robots Graphical Programming Environment S5

8 2z 4 QM

Run Program | Installation Move 1/0 Log

Q _ Graphics Variables
Move 2 ¢ < Move| PN Set
Waypoint 3 ®© pHome . ) R
. Select the action you wish the robot to perform at this point in the program. You can

Direction 4 B Wait startjob=HI also specify changes in the robot's payload.

5 = Set done=0ff
Wait 6 = Set busy=0n O No Action
Set 7 @ < Move] @ Set Digital Output ‘done v HHigh v

8 ® pApproachPick
Popup 9 ¢ W Movel O Set Analog Output |<An.Output> v ‘ 4.0
Halt 10 ® pPick O Set ’<Output> v ‘ f(x)
Comment E Bl Wak:0.5 O Set Single Pulse '<Di.Output> v ‘ 0.500

® 'Inchidere gripper’
A I

Folder 13 @ «b Movel O Increment installation variable by one: |<Variable> >
Set Payload 14 ®© pApproachPick

15 ¢ « Move)
> G 16 ® pApproachPlace
) Templates 17 ¢ b Movel 0 To set payload, please use the 'Set Payload' node

18 ® pPlace

19 @ 'Deschidere gripper' [0 SetTCP
20 9 « MovelL

21 ® pApproachPlace

22 = Set busy=0ff
= Set done=0n

RS R =
O Normal :— o 0 O Simulation.

v
Test
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https://www.universal-robots.com/download/?filters%5b%5d=98916&query=
https://www.universal-robots.com/articles/ur/interface-communication/profinet-how-to-guide-e-series/

