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PROGRAMIRANJE FANUC
INDUSTRIJSKIH ROBOTOV

ROBOTSKI PROGRAM

2.1.3 Program

A program contains motion instructions, input/output instructions, register instructions, and branch
mstructions. (For the program structure, see Chapter 4.) Each instruction is assigned a statement number.
The target work is accomplished by sequentially executing the instructions.

The teach pendant is used to create or correct a program. (For creation of a program. see Chapter 5.) The
program contains the following instructions. Fig.2.1.3 shows a basic program for manipulating workpieces.

¢  Motion instruction: Moves the tool to the target position within the operating range.
¢  Additional motion instruction: Performs an additional (special) operation during a motion.

¢  Register instruction: Places (loads) numerical data into a register.

e  Position register instruction: Places (loads) position data into a register.

¢  Input/output instruction: Sends or receives a signal to or from a peripheral unit.
¢  Branch instruction: Changes the flow of a program.

¢  Wait instruction: Holds execution of the program until the specified conditions are satisfied.
¢  Routine call instruction: Calls and executes a subprogram.

¢  Macro instruction: Calls a specified program and executes it.

¢  Palletizing instruction: Palletizes workpieces.

¢  Program end instruction: Terminates execution of a program.

¢  Comment instruction: Adds a comment to a program.

e  Other instructions
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UCENJE/PROGRAMIRANJE ROBOTA
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INDUSTRIJSKIH ROBOTOV

' . PROGRAMIRANJE FANUC

FAZE PROGRAMIRANJA

Programiranja se lotimo podobno kot razvoj drugih izdelkov
* razvoj izdelka

Projektna Razvoj in

Nacrtovanje

naloga testiranje

« ucenje / programiranje industrijskega robota

Projektna Kodiranje in

Nacrtovanje

naloga dokumentiranje
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FAZE PROGRAMIRANJA
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FAZE PROGRAMIRANJA
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NACRTOVANJE PROGRAMIRANJA

Beginn und Ende eines Prozes-
ses oder Programms

= Verkniipfung von Anweisungen
| und Operationen

Verzweigung

Allgemeine Anweisungen im Pro-
grammcode

Unterprogrammaufruf

Ein-/Ausgabe Anweisung
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NACRTOVANJE PROGRAMIRANJA

« Diagram poteka (Flow Chart)

« Je graficno prikazan algoritem, torej na
Cloveku razumljiv nac€in opisan potek
dogodkov.

« Uporablja se pri naCrtovanju programov in -
tudi pri opisovanju ostalih dejavnosti (npr.
 ————— -

Domaci zdravnik v knjizni obliki, ObcCinska
navodila za pridobitev dovoljenj itd).

« Pametno se je lotiti programskega problema
na nacin diagrama poteka, da si razjasnite
izvajanje po korakih in predvidite, kaj bo
moral narediti raCunalnik.
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PROGRAMIRANJE FANUC
' . INDUSTRIJSKIH ROBOTOV |CAMF

NACRTOVANJE PROGRAMIRANJA

* Programer mora do podrobnosti razumeti problem, za katerega piSe program. Njegovo delo lahko razclenimo v
naslednja opravila:

« Analiza problema je razvoj postopka, ki korak za korakom reSi dani problem. Temu postopku pravimo algoritem.

« Organizacija programa. Algoritem organizirate v zaporedje operacij, pri Cemer uporabljate diagrame poteka. Delo
lahko opravljate s pomocjo osebnega racunalnika, Ce imate orodje za risanje diagramov poteka.

« Koadiranje. Diagram poteka zapiSete v za?or_edje ukazov — program s pomocjo urejevalnika teksta za osebni
racunalnik. Shranite ga v t. i. izvorni datoteki.

« Povezovanje. in prevajanje. Program povezete z drugimi deli programa, ki ste jih napisali Ze v preteklosti, ali pa s
programi, Ki jih dobite v knjiznicr (napisal jih je proizvajalec prevajalnika in povezovalnika). Povezavo opravi
ovezovalnik — linker. Celoten program prevedete s prevajalnikom — compilerjem v obliko, ki jo razume uP.
ovezovalnik in prevajalnik sta programski opremi za osebni racunalnik.

« Vstavljanje programa v mikroracunalnik opravite s pomocjo programatorja, ki ga prikljucCite na osebni racunalnik s
pripadajoCo programsko opremo.

* Preizkusanje. Program preizkusite tako, da z izvajanjem na mikroprocesorju ugotovite ali da ustrezne rezultate. V
ta namen izdelate testno kartico. Napake, ki jih pri tem odkrijete, odpravite tako, da se vrnete na kodiranje in
ponovite postopek.

« Dokumentiranje. Za kasnejso dodelavo ali spremembo programa je potrebno program dokumentirati.
Dokumentacijo s potrebnimi komentarji uredite pri vseh opravilnih'tockah (tehnicni opis, porocCilo, elaborat).
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.
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+/P[6:AP2]
L P[2:AP1] % - 3 PB:RT2]

t&. A [MPE:PickuPl | t&. B [P[7:DROP]

e
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» nastavitev za€etnih vrednosti
 TF - orodje, ki ga uporabljamo (doloCa lokacijo TCP in orientacijo orodja),
 UF — ,prostor®, v katerem programiramo

» payload — dimenzije, masa/vztrajnost in teziSCe orodja z/brez izdelkov
* registri oz. spremenljivke ...

« zaporedje toCk — polozaja in orientacije TCP (orodja oz. TF) v UF in

* uporaba drugih ukazov
 LBL/UMP LBL,
« |F/SELECT,
« FOR/ENDFOR,
« WAIT, CALL ...

B  scAvPEl
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' . IZBIRA oz. ODPIRANJE PROGRAMA CAM

> LW =

na UE kliknite SELECT,

na seznamu s puscicami 1 |
poiscCite zeleni program in
izbor potrdite z ENTER

[ Edu_cell- Robot Controllert

C PICKNPLACE LINE 0 T2 ABORTED
683872 bytes free 3/22
No. Program name Comment
1 -BCKEDT- [PRVI_ PROGRAM 1
2 DROP [ 1
 ——— !
4 PICKNPLACE 0> [ 3 1
5 PICKNPLACE 0> [ 1
6 PICKNPLACE P> [ 1
7 PICKNPLACE V> [ 1
8 PICKUP [ ]
9 POS_REG [ 1
10 POS_REG_OFFS> [ /IT 1
/I_

Dl g
B - R ) o)
= D e
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PARAMETRI PROGRAMA

[

Rur

B Edu_cell - Robot Controlier1

Busy mmm
J

Select

CAM
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iP] O| T | @ X
LANG-095 File does not exist
PICKNPLACE LINE O T2 ABORTED

Prod [CyC
~ 1

683872 bytes free 3/22

No. Program name Comment
1 -BCKEDT- [PRVI_PROGRAM ]
2 DROP [ 1
3 ; )
4 PICKNPLACE O> [ 1
5 PICKNPLACE O> [
6 PICKNPLACE P> [
7 PICKNPLACE_V) [ 2 Protection
8 PICKUP [ 3 Last Modified
9 POS _REG [ 4 Size

10 POS REG OF] 1 | I 5 Copy Source | 2

6 Name Only

#LCAMP_EU

[ TYPE ] | CREATE | DELETE | MONITORl |ATTR | | >
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683872 bytes free
Program name Comment

-BCKEDT- [PRVI_PROGRAM
DROP
PICKNPLACE |
PICKNPLACE O>
PICKNPLACE O>
PICKNPLACE P>
PICKNPLACE V>
PICKUP
POS_REG
POS_REG 2 >

2
(]

cCwoOo-donUe WNE

o B e B e B e B e B e B e B e B |
et bt bt b b b b et e

[

COPYV | DETAIL | LOAD | SA\;E AS | PRINT |
E-EEEEET 1=




{§ Edu_cell- Robot Controlert ﬁ E’

PARAMETRI PROGRAMA

Select

683872 bytes free

No. Program name Comment
1 -BCKEDT- [PRVI_PROGRAM 1
2 DROP [ ]
3 i ]
4 PICKNPLACE O> ]
5 PICKNPLACE 0> 1 1
6 PICKNPLACE P> [ 1
7 PICKNPLACE V> [ ]
8 PICKUP [ ]
9 POS_REG [

10 POS_REG _OFFS> 3 2

COPY | DETAIL | LOAD | SAVE AS |

o) [ v )] ) e [ i)

{§ Edu_cell- Robot Controler1

SJ:.‘. _—-
G
L od

Program detail

Creation Date: 15- Upper Case
Modification Date: 27- Lower Case
Copy Source: Punctuation

Positions: TRUE Size:

: 3 (MOJ KOMENTAR

. _~ew | oemev | owea | | I. 4_PICKNPLACE 0> il AnD EY

OVRSTRK | INSERT | CLEAR | SPACE | I(EYBOARDl

Program name: 4
1 PICKNPLACE
S 2 Sub type: one 1
2 Sub type: [None 1 N¢ Comment 3 Comment: [ ]
3 Comment: 40 KOMENTAR | | komentar | ervr ProGRaM | Group mask:  [1,%,%,%,%,%,%,% 1| [
8 Group mask: [1,%, %, %, % % % % ] m - ] 01d Value:
1
1
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TESTIRANJE (T1/T2
' . ROBOTSKEGI{ PRO(;RAMA lQAMP

» testiranje je preverjanje delovanja programa pred avtomatskim, izvajanjem programa

* je zelo pomembno in mora biti izvedeno, da zagotovimo varnost ljudi in prepreCimo morebitne
poSkodbe opreme

* koracni nacin (STEP)
* izvajanje od trenutne programske vrstice, vrstico za vrstico

L | Busy [Faule

* kontinuirani nacin (CONT) g '} — -

* izvajanje programa od trenutne programske vrstice do konca programa, oznake [END] oz. dokler ne pride do
napake/prekinitve testiranja

B  scAvPEl
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Testiranje T1, STEP
0% _ouuuill 100 %
testiranje (in iskanje napak) na robotu:

1. T1, koracni nacin, nizka hitrost

2. T1, kontinuirani nacin, nizka/srednja/visoka hitrost

3. T2, kontinuirani nacin, nizka/srednja/visoka hitrost

Popravi program

. S . . Testiranje T1, CONT
testiranje (in iskanje napak) v RoboGuide-u: 0% gl 100 %

1. T2, koracni nadin, nizka hitrost
2. T2, kontinuirani nacin, nizka/srednja/visoka hitrost

zagon:
1. AUTO nacin, programirana hitrost

Testiranje T2, CONT

0% _quulll 100 %

Zagon AUTO

0% _ouuill 100 %
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() TESTIRANJE (T1)

« koracni nacin (STEP)

na krmilniku nastavite T1

omogocite uéno enoto (ON)

izberite program (SELECT ...)

postavite se v zeleno programsko vrstico
vkljuCite STEP (ikona na lucki STEP)
nastavite nizko hitrost

aktivirajte dovolilno tipko in izbriSite napake
(RESET)

s pritiski na kombinacijo SHIFT + FWD/BWD
testirajte programsko vrstico po vrstici naprej/naza;

znak @ oznacuje trenutno programsko vrstico oz. v
kateri toCki programa se nahaja TCP

#LCAMF
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susy (M step)

Run =

- FILE-078 Auto backup complete

Prod TEST LINE 0 T2 ABORTED

TEST ~ i e
1: UTOOL NUM=1
2: UFRAME NUM=3
3:J @P[1:HOME] 25% CNT100
B:0 P[2:AP] 25% CNT100

5:L @P[3:Z1] 400mm/sec FINE

6:C P[4]

P[5] 4000mm/sec FINE

[End]

POINT | | | | TOUCHUP | >
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Busy P | SYST-178 SHIFT-RESET Pressed
kontinui ) . fun B TEST LINE 0 T2 ABORTED eIl
* Kontinuirani nacin :
TEST ~ i [

* na krmilniku nastavite T1 oz. T2
« postavite se v zeleno programsko vrstico

UTOOL NUM=1

« izkljugite STEP (brez ikone na lu¢ki STEP) : UFRAME_NUM=3

 nastavite nizko/srednjo/visoko hitrost g @igfiﬂmiszsiugfgéoo

- aktivirajte dovolilno tipko in izbrigite napake .1 @P[3:Z1] 400mm/sec FINE
(RESET) :C P[A4]

s pritiskom na kombinacijo SHIFT + FWD testirajte : P[5] 4000mm/sec FINE
program od izbrane programske vrstice do konca [End]

[End] oz. do morebitne prekinitve/napake

« znak @ oznacuje trenutno programsko vrstico oz. v
kateri toCki programa se nahaja TCP

POINT | | | | TOUCHUP | >

#LCAMF
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Kaj pomeni uciti oz. programirati robota? Kaj je robotski program?

Pojasnite kaj v robotskem programu dolo€ite z ukazoma UTOOL_NUM in UFRAME_NUM.

Kaj pomeni izbrati robotski program? Kaj lahko s programom naredimo v oknu izbire (Select)?
Pojasnite razliko med testiranjem in zagonom programa. Zakaj je testiranje programa zelo pomembno?
Katere nacine testiranja poznamo in pojasnite pravilni postopek testiranja programa.

OpiSite koracni nacCin testiranja programa.

OpiSite kontinuirani nacin testiranja programa.

© N O 0 bk WD~

OpiSite zagon programa.
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. UKAZ ZA GIBANJE

e primer ukaza za gibanje:

J @ P[1] 100% FINE ACC100
a) b) «c¢) d) e) f)

a) nacin gibanja (J, L, C)

b) oznaka lokacije orodja (TCP)

c) tocCka, polozajin orientacija TCP (P[1], PR[2,1])

d) hitrost (mm/sec, %, deg/sec, sec ...)

e) natancnost, terminacija (FINE, CNT)

f)  dodatni parameter/i gibanja

Y #LCAVP_EU
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Positional Information

rm— —
Position Type Termination Type
P: Position FINE: FINE
PR: Position register CNT: Continuous 0-100
Position
Number
1 32767

J@P [1]150% FINE ACC100

et Tl

Speed Mation Opt
1 100 % n Opton

J Joirt s80"
inchimin®™
L: Linear degfsec”

C: Ciroular mimisec*
cm'min®
Can be specified with R[]

* upper and lower limits depend on the robot model
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« SHIFT + F1 POINT — v Zeleni vrstici tvorite ukaz za gibanje
« SHIFT + F5 TOUCHUP — v vrstici z ukazom za gibanje popravite koordinate TCP in UF ter TF

VEDNO SE PRVO S TCP POSTAVITE V ZELENO LOKACIJO IN SELE POTEM IZVEDITE ENEGA OD
ZGORNJIH UKAZOVIN

CIEREE SEE
&

TEST LINE O T2 ABORTED

:  UTOOL_ NUM=1
:  UFRAME NUM=1

1 UTOOL_NUM=1
2 —_—

3: OVERRIDE=50%

4

1:
2: UFRAME‘._NUM=1
3: OVERRIDE=50%

ﬁ:a @P[1] 100% FINE|
nd]

POINT TOUCHUP | >

4 CAMP_EU

TOUCHUP
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prosti gib J (joint)
* robot sam izraCuna najhitrejSo pot oz. trajektorijo
* je najhitrejSi in najenostavnejsSi gib za robota

* pot gibanja, hitrost in orientacija orodja
(TCP) v naprej niso znani, zato ga je potrebno
s pazljivostjo uporabiti

» oshno znadilno gibanje

Y #LCAVP_EU
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' @ 3a) NACIN GIBANJA |ICAMP

* linearni gib L (linear)

» orodje (TCP) se linearno giblje iz zaCetne v
koncno toCko

* pot gibanja, hitrost in orientacija orodja
(TCP) so v naprej znani

« gibanje TCP po poti

#LCAMP_EU
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' @ 3a) NACIN GIBANJA |ICAMP

» krozni gib C (circular)

» orodje (TCP) se giblje v loku iz zaCetne toCke
P[1] skozi vmesno toCko P[2] v kon€no toCko
P[3]

* pot gibanja, hitrost in orientacija orodja
(TCP) so v naprej znani

« gibanje TCP po poti

Y #LCAVP_EU
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' @ 2 NACIN GIBANJA |ICAMP

« krozni gib C (circular)

* z enim ukazom lahko izvedemo samo pol kroznice — za celotno
kroznico potrebujemo dva polkrozna giba

» ukaz za krozni gib vsebuje vmesno P[2] in konCno toCko P[3], -
zaCetno toCko P[1] vsebuje predhodni ukaz

. Isec ™~
1: J P[1] 100% FINE y Dostination Position \\
2: C P[2] \
P[3] 100mm/sec FINE \
3: C P[4] —— _ \
P[1] 100mm/sec FINE T intermediate Position
: I
- /
| : /
/
° 4
7’
-

— —
P[1]

DY #L.CAMP_EU
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+/P[6:AP2]
L ¥ P[2:AP1] L & P[8:RT2]

y L . L

té. A [P3:Pickupl | té. B [|P[7:DROP]

S scAvPEl
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Kartezicnha oblika koordinat Osno znacilna oblika koordinat

;' HandingPROA - Robod Gonbrolien IIEI fPI DI le"l a Ix '-.-I HandingPROA - Robad Conlrolier ‘IE.I fPI DI Tlfl [ 7] I'X

Rz (SRS (SHIEIE RS
fn EOEEN cros BREME TEST UINE 0 T2 asorTED HERGE 100%

EICT | L
Fon SR TESTLINE 0 T2 AGORTED [HER 100%

B[1] UF:0 TUT:1 CONF : NUT
b4 558.000 mm W -180.000 deg
Y -.000 mm P -90.000 deg
7 486.515 mm R 0.000 deg

P[1] UF:0 TUT:1
J1 0. 0001
J2 =11.646 deg J5 -4.568 deg

J3 4.568 deg J6 000 deg
FPosition Detail

l: UTOOL NUM=5

2: UFRAME NUM=3

3:J @dpN] 1005 FINE
[End]

l: UTOOL NUM=5

2: UFRAME NUM=3

3:J eyl 100 FINE
[End]

Enter valua
2 Jaoint

| | cow | ocow | peemn | | | | oone | ireerer |

B #LCAMPEU U
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'-.1 HandingPRO1 - Robal Confrodert

Ry
Fun

TEST

c) POLOZAJ TCP IN ORIENTACIJA ORODJA

NEEEESEE

Step | Hels Fauls

,E”'q, pred [0 TESTLINE D T2 ABORTED RIS 100%
A sl
3/4
1 UTOOL NUM=5
2: E NUM=3
3:Jep(M1§100% FINE
[End]

Enter wvalue or press ENTER

i DEGEGRAE

Busy Step Hald Fault .
7 2090 rrod [0 | VZAMI_POBERILINE 0 T2 ABORTEDmﬁ 100%

VZAMI_POBERI 2
vzamiposert [l

P[1] UF:1 UT:1 CONF :NUT 000
X 475.000 mm W 180.000 deg
Y 0.000 mm P -90.000 deg
Z 280.000 mm R 0.000 deg
1: UTOOL_NUM=1
2 UFRAME_NUM=1
Ze OVERRIDE=50%
4.
5

:J (el 50% FINE
6:
7:3 P[2:AP1] 50% CNT50
Enter wvalue

| | | [CHOICE] I Putuuuu'

CAMP
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§ oo FEDEPERAER

Busy Step Held Fault @
fon 28] crod IR VZAMI_POBERI LINE 0 T2 asorTED EEES|100%

| vzAMI POBERI ~ i [
P[1] UF:1 UT:1

Jl (RO deg J4 0.000 deg
J2 0.000 deg J5 0.000 deg
J3 0.000 deg J6 0.000 deg

1: UTOOL_NUM=1

2: UFRAME_NUM=1
3: OVERRIDE=50%
4
5

:J (e elig] 50% FINE
6.

7:J P[2:AP1] 50% CNTS50

| | CONF | DONE I |REPRE| I

#LCAMP_EU

Enter wvalue
T [ oo Jwra [
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Configuration
A configuration represents the attitude of the robot. Several configurations are available which meet the Ji-axis joint placement J3-axis joink placerment f-' J1-axis joint placemunt
condition of Cartesian coordinates (x, y, z, w, p, 1). The Tum Number and Joint Placement of each axis must

; e 1 . ..-_--;a'-l' o
be specified. WA et i
i BN * SV, &
Puis specified with e WA '&
$5CR_GRP[group] STURN_AXIS[3] el G
- Sy : ]
Auis specified with ||[ e v
$SCR_GRP[group] STURN_AXIS[Z] A i 3 ;
—t l:
Auis specified with
$SCR_GRP[group] STURN_AXIS[1] HOFLIP e (CAWN
(E__ L U T 0_0 0) : _
Joint pla-::ement Tum number Fig. 4.3.2 (d) Joint placement
FLIP LEFT FRONT 1: 180deg to 530 deg
NOFLIP | RIGHT DDWN BACK -[ 1115 ::5;3 :Eg I.IE :g deg Turn number
Fipornofip Lefloripht Up or doun Frontorback = = e Turn number represents the mumber nilf‘revulu_ﬁnns of the wnst axis (J4, J5, J6). Each axis returns to the
Fig. 432 (c) Configuration original position after one revolution. So, specify how many tums have been made. Turn number 1s 0 when

each ams 1s at an athitude of 0.
- Joint placement

Jount placement specifies the placement of the wrist and arm. This specifies which side the controlpointof  The turmn mumbers for up to three axes can be displayed. The axis number to comespond to each field 1=
the wrist and arm 1s placed on against the control plane. When a contrel peint is placed on the control plane. specified with system variable 1SCR _GRP[i) STURN_AXIS[j] (where i is a group mumber), as follows:

the robot 1s said to be placed at a singular point, or to be taking a peculiar attitude. At the singular point,

since the c-nn.ﬁgm’alianlz::an not be decided tg one by the specified Cartesian coordinate values, the mhgt can ]'_.E.fl field - Axis mumber specified with $SCR_GRP[1]. $TURN_AXIS[1]
not move. Middle field : Axis number specified with $5CE.GRP[1]. $TUR_"'~I_-5J€15 2]
*  An operation that ends at a singular point cannot be programmed. (In some cases, the most feasible Right field : Axis number specified with 55CR_GFP[1].$TURH_;"JCLS[3]

configuration can be selected.) Te specify such an operation, define the axial coordinate values.

*  During linear or circular motion or circle arc motion, the tool cannot pass through a singular point (the When programmed linear motion or circular motion or circle arc motion is executed, the robot tool moves
Joint pla{:t cannot be changed:l In this case, execute a joint motion. To pass through a singular

point on the wrist axis, a wrist joint motion (Wjnt) can also be executed.

toward the target point while adopting an attifude very simular to that at the start point. The number of
revolutions performed at the target point i1s selected automatically. The actual number of revolutons
performed at the target point may differ from the number specified in the pesibon data.

ACAMPEV U




c) POLOZAJ TCP IN ORIENTACIJA ORODJA l P

er Centric Advanced Manufacturing Plaiform

Cartesian coordinate system reference
In playback of posihon data consisting of Cartesian coordinates, a Cartesian coordinate system reference
checks the coordinate system number of a Cartesian coordinate system to be used.
If the coordinate system number {a number from { to 10 for the tocl coordinate system and a number from
1 to 9 for the user coordinate system) spe::i.ﬁed mn the posihon data does not match the coordinate system

number currently selected, the program 1s not executed for safety, and an alarm 15 1ssued.
A coordinate s'lrs.tem number 15 written into position data in pesihon teaching.

To change a coordinate system number after it has been wmitten, use the tocl replacement/coordmate
replacement shoft function.

B  scAvPEl



c) POLOZAJ TCP IN ORIENTACIJA ORODJA

N = [ [ o[ ][ <

Busy [ESEEREN BN Fault -
n 296 oo BN VZAMI_POBERILINE 0 T2 ABORTED HIo | 100%

|vZAMI_POBERI

UTOOL_NUM=1
UFRAME NUM=1
OVERRIDE=50%

1:
2:
3:
4:
5:J50% FINE
6:
7:
8:

J P[2:AP1] 50% CNT50
L. P[3:GRIP] 200mm/sec FINE
9: CALL VZAMI

10:L
11:
Enter value or press ENTER

P[5:RT1] 100mm/sec CNT50

| [CHOICE] | POSITION |

§oceo [EEFGSEEE

Busy Ste Hild Fault
f— ,,po orod [N VZAMI_POBERI LINE O T2 ABORTEDﬂ 100%
|vzAMI POBERI ~ i
5/20
1: UTOOL_NUM=1
23 UFRAME_NUM=1
3: OVERRIDE=50%
4:
5:7 eP[1:]} 1 50% FINE
6:
7:J P[2:AP1] 50% CNT50 [
8:1., P[3:GRIP] 200mm/sec E UpperCase
9: CALL VZAMI Lower Case
10:I. P[5:RT1] 100mm/sec CK Punctuation
5:J @P[1: Options/Keybd
OVRSTRK | INSERT | CLEAR | SPACE KEYBOARD

#LCAMP_EU

10

B Robot Controlier1

OO W R

CAMP

Learner Centric Advanced Manufacturing Plaiform

Busy Step Held Fault &
cn E998) proc NN VZAMI_POBERI LINE 0 T2 ABORTED HIe | $00%

| vZAMI_POBERI

UTOOL_NUM=1
UFRAME NUM=1
OVERRIDE=50%

:Jjep[1:HOME]| ) FINE

:J P[2:AP1] 50% CNT50

:IL, P[3:GRIP] 200mm/sec FINE
CALL VZAMI

:L P[5:RT1] 100mm/sec CNT50

11:
Enter wvalue

REGISTER | |

| [CHOICE] |




c) POLOZAJ TCP IN ORIENTACIJA ORODJA l P

Learner Centric Advanced Manufacturing Plaiform

g Edu_cell- Robot Controlert sk § Edu_cel- Robot Controllert sk g Edu_cel- Robot Controllert

1: UTOOL NUM=5 Sviprmmemey: NUM=5 1: UTOOL NUM=5
2: :H:Lu NIIM=5 bbbt ot 19 NUM=5 2: :H:Lu N[ IM=
3:J P[:HOME] 100% FINE z@iigl 100% FINE 3:J JPR[1:HOME]} iit)s FINE
[2 PR 1
[End] . [End]
8 --next page--
Enter value or press ENTER 3:J pAeR:@ligl 100% FINE Enter value
| | |— | | | reroice] | | REGISTER | | | reroice] | |

B  scAvPEl



Learner Centric Advanced Manufacturing Plaiform

'. &) HITROST ICAMP

* JOINT (%, sec)
* ni mozno vpisati vecCje hitrosti od maksimalne hitrosti robota
* hitrost vodilne osi — os, ki potrebuje najveC Casa, da doseze ciljno toCko

Hitrost posamitne osi V

L

npr. os 2: vodilna os

npr. os 3: prilagojena
npr. os 6: prilagojena

P2

1
1
1
1
i
1
1
1
1
1
L]

»Cas t

Konstantno Zaviranje

ACAMPEV U




d) HITROST lQ MP

Learner Centric Advanced Manufacturing Plaiform
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e) NATANCNOST, TERMINACIJA

#LCAMP_EU

CAMP

Learner Centric Advanced Manufacturing Plaiform

P[2]

FINE = CNTO
CNT25
CNT50
CNT100

P[3]




e) NATANCNOST, TERMINACIJA lc Mi

arner Centric Advanced Manufacturing Platform

P[2]

CNT100
200 mm/s P[2]

L L
P[1] P[3] P[1] P[3]

B  scAvPEl



e) NATANGNOST, TERMINACIJA |ICAMP

arner Centric Advanced Manufacturing Platform

P[2] P[2]

CNT100
200 mm/s

CNT100

P[1] 400 mm/s

P[3] P[1] P[3]

B  scAvPEl



e) NATANENOST, TERMINACIJA lQ MP

Learner Centric Advanced Manufacturing Plaiform
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e) DODATNI PARAMETER GIBANJA: ACC

CAMP

Learner Centric Advanced Manufacturing Plaiform

Acceleration Time = 100 ms
Acceleration Overnide Mot Used

Deceleration Time = 100 ms Ac-
celeration Overnide Not Lisad

Programmed Speed : /

Acceleration Time = 100 ms
Acceleration Override = 50
Actual Acceleration Time = 200 ms

Time

Programmed Speed

Deceleration Time = 100 ms
Acceleration Override = 50
Actual Deceleration Time = 200 ms

Velacity

Time

#LCAMP_EU




e) DODATNI PARAMETER GIBANJA: AP_LD, l P
RT_LD

er Centric Advanced Manufacturing Plaiform

J P[2] 100% CNT100

L P[3] 2000 mm/s FINE AP LD100O

L P[2] 2000 mm/s CNT100 RT LD10OC
J P[4] 2000 mm/s CNT100

P2 P1 P4 P2 P1 P4 P2 P1 P4
L & ] ] L ] L ] -> [ ]
Joint Move CNT100 CNT100 CNT100 \
Linear Linear Fobot is at Pl
Move Move i Ei ;Egz rﬁﬂiﬂgrm T
L [P2] 2000 mm/s CNT100 LD=150mm
J [P4] 2000 mm/s CNT100 LD=100mm
PICK P3 P5 PLACE }...P3]PICK PLACE| PS5 L.
PICK P3¢ *P5 PLACE FINE FINE FINE FINE

Y #LCAVP_EU




e) DODATNI PARAMETER GIBANJA: CRy

CAMP

Learner Centric Advanced Manufacturing Plaiform

CR y mm

Comer path
starts here v

CR ymm = half segment distance
Actual CE. x = half segment distance

Unequal segment lengths case
Actual CE = half segment distances x1, x2

CR vy mm

_ P3 . #LCAMP_EU

CR v mm

=

Corner path—"
ends here




in CR

e) PRIMERJAVA PARAMETROV GIBANJA: CNT lc MP

vanced Manufacturing P

CR
Path closed to taught pts
Constant Path wrt Prog Speed

CNT100 ;’
Path changes |
as Prog Speed changes s

T
T ——— I $LCAMP_EU J—




e) UPORABA PARAMETROV GIBANJA: AP LD l P
in CR

er Centric Advanced Manufacturing Plaiform

L P[x] 2000 mm/sec CRS50 L P[x] 2000 mm/sec CR100
L Ply] 2000 mm/sec FINE AP_LD400-.._ L Ply] 2000 mmisec FINE AP_LD125
P[x]
P
CR_@O[mm] N
Corner path g ' Comér path
| - >-CR100[mm]
________ I
AP LD100 < AP_LD125 <
g
X Pyl #LCAMP_EU




¢ PoNovITE lQAMP

Learner Centric Advanced Manufacturing Plaiform

1.  Kaj je ukaz za gibanje in kako ga tvorimo? Kako v ukazu za gibanje spremenimo koordinate v trenutni polozaj
TCP-ja?

Opisite prosti gib.
OpiSite linearni gib.
OpiSite krozni gib.

Kako je lahko shranjena toCka programa? Kako pogledamo koordinate toCke?

o Ok WD

Na kakSen nacCin so lahko v tocCki P[ ] shranjene koordinate? Kako med njimi preklopimo?

B  scAvPEl



() PoNoOVITE lQAMP

Learner Centric Advanced Manufacturing Plaiform

7. Kako toCki dodamo ime? Zakaj toCke poimenujemo?

8. Kaj je prednost, Ce je toCka shranjena v PR][ ]?

9. Pojasnite, na kakSen nacin je podana hitrost giba in na kaj se nanasa ta hitrost (kaj potuje s to hitrostjo)?
10. OpiSite natanCnost oz. terminacijo toCke. Kaj so prednosti uporabe parametra CNT?

11. NariSite pot gibanje TCP-ja.

CNT100
200 mm/s P[2]

L L
P[1] P[3] P[1] P[3]

B  scAvPEl



PONOVITE

P[2]

CNT100

P[] 200 mm/s

CAMP

Learner Centric Advanced Manufacturing Plaiform

P[2]

P[1]

#LCAMP_EU

CNT100

400 mm/s P[3]



OPIS UCENJA /| PROGRAMIRANJA NA UE lc MP

(TEACH PENDANT)

Learner Centric Advanced Manufacturing Plaiform

B  scAvPEl




=
7

(Sl 5

H

i
(]
s}

POSTOPEK UCENJA /| PROGRAMIRANJA NA

UE (TEACH PENDANT)

w
=

SEEE (D
EEEEEE

w
Sm

BRBRE 4
EBRBHS:

8
3
G
g.
IO
2

e
(41}
(42}

- -Z

[

=
=

;-d T+liTc+T+
ENJE=

!'! HandlingPRO1 - Robot Controllert

| m] i O] 7]rfa ] x|

706812 bytes free 4/9

No. Program name Comment

1 -BCKEDT- [ 1
2 GETDATA MR [Get PC Data 1
3 GOGI [ 1
4 [ I
5 REQMENU MR [Request PC Menu ]
6 SENDDATA MR [Send PC Data 1
7 SENDEVNT MR [Send PC Event 1
8 SENDSYSV MR [Send PC SysVar ]
9 TEST I |

[ TYPE ] CREATE DELETE | MONITOR | [ATTR ] | >

#LCAMP_EU

CAMP

Learner Centric Advanced Manufacturing Plaiform

!.! HandlingPRO1 - Robot Controliert

Busy mm HOST-197 TLNT:invalid login id
0

KRUH LINE 0 T2 ABORTED [NEER

--- Create Teach Pendant Program ---

Program Name:
MOJ_PROGRAJY

Enter program name




POSTOPEK UCENJA / PROGRAMIRANJA NA l P
UE (TEACH PENDANT)

!-.! HandlingPRO1 - Robot Controllert

Busy mm HOST-195 TLNT:rejected conn request

HOST-203 TLNT:from 109.185.184.115

MOJ_PROGRAM

Z'! HandlingPRO1 - Robot Controllert !" HandlingPRO1 - Robot Controllert

MOJ_PROGRAM

[End]

--- Create Teach Pendant Program ---

|

Program Name:
MOJ PROGRAM

[

R
JBEEE A &

Select function

=
b

]
5

- {]-]-]

DETAIL | EDIT

#LCAMP_EU




POSTOPEK UCENJA / PROGRAMIRANJA NA l P
UE (TEACH PENDANT)

Learner Centric Advanced Manufacturing Plaiform

(=]

@ HandlingPRO1 - Robot Controllert %‘ HandlingPRO1 - Robot Controllert %‘ HandlingPRO1 - Robot Controliert
susy R HOST-195 TLNT:rejected conn request
fun 2998 proc BN | HOST-203 TLNT:from 109.185.184.115

MO]_PROGRAM

susy [N IR @B | HosT-195 TLNT:rejected conn request
7un 2910) prod [0 | HOST-203 TLNT:from 108.185.184.115

MOJ_PROGRAM

gusy  [NENEI IR @RS | HoST-195 TLNT:rejected conn request
fun 2940| rod [0 HOST-203 TLNT:from 109.185.184.115

MO]_PROGRAM

/Frames 1/1
1 Registers PREG 1 OFFSET CONDITION
21/0 OR/MON. END 2 UFRAME_NUM=...
3 IF/SELECT 3 UTOOL_NUM-=...
4 WAIT [oSE 4 UFRAME[ ]=...

5 Program control
5 JMP/LBL S —— 5UTOOL[ ]=...
6 CALL 6

7 FOR/ENDFOR
7 Miscellaneous [pEgfE== 7

8 --next page--

Select item 1: urooL NuM=[jl}

[INST ] [EDCMD] >

[CHOICE] | | [CHOICE]

#LCAMP_EU




POSTOPEK UCENJA /| PROGRAMIRANJA NA l P
UE (TEACH PENDANT)

Learner Centric Advanced Manufacturing Plaiform

%‘ HandlingPRO1 - Robot Controllert

=

%‘ HandlingPRO1 - Robot Controllert

@ HandlingPRO1 - Robot Controllert

sy ECEEE HOST-195 TLNT:rejected conn request

susy ECEREE HOST-195 TLNT:rejected conn request
run 290N proc BN HOST-203 TLNT:from 109.185.184.115 100%

sy ECEREE HOST-195 TLNT:rejected conn request
run 290N proc RN HOST-203 TLNT:from 109.185.184.115 100%

run 20N prod ERN| HOST-203 TLNT:from 109.185.184.115 100%

MOJ_PROGRAM MOJ_PROGRAM MOJ_PROGRAM
1/2 2/2 3/3
1: UTOOL NUM=[JSryetne 1: UTOOL NUM=5 1: UTOOL NUM=5
[End] [End]] 2: UFRAME_NUM=2

[CHOICE] [INST ] [EDCMD] > [INST] [EDCMD] >

#LCAMP_EU




POSTOPEK UCENJA /| PROGRAMIRANJA NA l P
UE (TEACH PENDANT)

%‘ HandlingPRO1 - Robot Controllert

? HandlingPRO1 - Robat Controller1

% HandlingPRO1 - Robot Controllert
Busy Step | Held Fault Busy Step Hold Fault

Busy Step Hold Fault
fun 22| pred 1000 | TEST LINE 0 T2 ABORTED (RN fun 20| prod [0 | TEST LINE 0 T2 ABORTED HEEI fun 22 0| erod ||| TEST LINE 0 T2 ABORTED HERU
Default Motion 1/1
13 P[] 100% FINE
2 1 P[] 100% CNT100
1: UTOOL NUM=5 2 L [Hl A0Ominfese FRE = 1: UTOOL NUM=5
2: UFRAME NUM=3 4 L P[] 100mm/sec CNT100 =3 2: UFRAME NUM=3
3:J @P[1:HOME] 100% FINE 3:J @P[1:HOME] 100% FINE IE:7 ¢P[1:HOME] 100% FINE
[End]
POINT | | | | TOUCHUP | > ED_DEF | TOUCHUP | > POINT | | | | TOUCHUP | >

B  scAvPEl




POSTOPEK UCENJA /| PROGRAMIRANJA NA l P
UE (TEACH PENDANT)

Learner Centric Advanced Manufacturing Plaiform

HandlingPRO1 - Robot Controller] HandlingPRO1 - Robot Controliert a|r| 0| T @|x % HandingPRO1 - Robot Controliert &|ir| D] T @l|x
v Busy Step Hald Fault Busy Step Held Fault
BRLLI;. .%?tffpo :\Dlj ::IE MOJ_PROGRAM LINE 0 T2 AgORTED [NEER 100% run 20l proc I TEST LINEO T2 ABoRTED HEHW £ e run 20Ol erod BN TEST LINE G T2 AsORTED HEE ﬁ 100%
N - e - @ Y] -
3/4 3/4 3/4
ale UTOOL_NUM=5
2: UFRAME NUM=2
3:§ @P[1:HOME] 25% CNT100
[End]
1: UTOOL NUM=5 1: UTOOL NUM=5
2: UFRAME NUM=3 2: UFRAME NUM=3
3:J @P[l:r 1 100% 3:J GP[1:HOME] iUz FINE
FINE [End]
[End]
Upper Case
Lower Case
3:J7 @P[l:_ Punctuation Enter value
Options/Keybd
[CHOICE] ABCDEF | GHIKL | MNOPQR | STUVWX | YZ_@*. REGISTER [CHOICE]

B  scAvPEl




POSTOPEK UCENJA /| PROGRAMIRANJA NA lc MP

UE (TEACH PENDANT)

Learner Centric Advanced Manufacturing Plaiform
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' () ROENO AKTIVIRANJE PRIJEMALA lQAMP

Learner Centric Advanced Manufacturing Plaiform

« SHIFT + TOOL 1 (bela tipka, desno od 9)

m— F1 F2 F3 Fa F§
SHIFT I"E"”] ‘m] [Emr] mm] SHIFT

El
o

ot

3

o

swWoc+lilc+lc+
ENjE<] 2>

-
|
=

REBRRH:

ssBEEE 4
EEEEIGE

SHIFT + TOOL 1 — prijemalo odprto/zaprto

o

@]
oo
s
il
-

«
=
&

i

Y #LCAVIP_EU



NASTAVITEV ROCNEGA AKTIVIRANJA lc MP

PRIJEMALA

Learner Centric Advanced Manufacturing Plaiform

TOOL | Y1) and
1 SU 1]

UIK [2] and
TGEGL e

MOVE LIK [3] and
MENU | SV

LK [4
SETUP| spijs)

# \.
(F"DE] [ o ] STATUS
N, L A

UK [7] UK 6] LK [5)
and and e
sUm S0 6] S0 5]

B  scAvPEl



NASTAVITEV ROCNEGA AKTIVIRANJA
PRIJEMALA

Learner Centric Advanced Manufacturing Plaiform

N == s =T s
Busy [RESHEEENENEGIE Fault Busy |[RESHEEIRN BNSEIE Fault Busy |IESEEEIN I Fault
fon B0 oo BN PoBERI_ODLOZI G LNe 0 T2 asorten EENY | $00% o el eod [ PosERi_opLozIG LN 0 T2 asorTeo B  (100% con 2WON rroc BN PoBERI_0DLOZI G Line o T2 asorTen EER | 100%
i | Program detail i
2/8 2/8
--- Create Teach Pendant Program --- Date: 30-Nov-2021 Creation Date: 30-Nov-2021
tion Date: 30-Nov-2021 Modification Date: 30-Nov-2021
Program Name: rce: Copy Source:
-- Y -- s: FALSE Size: 132 Byte Positions: FALSE Size: 132 Byte
name: Program name:
MAT.O 1 PRIJEMAIO
e (T— 2o e ()
omment: [ 1 3 Comment: [ 1
4 Group mask: [1,%,%, %, % % % % ] 4 Group mask: [1,%,%, % % % % % ]
Select function
| DETAIL l EDIT | | | END | PREV | NEXT @ | END PREV | NEXT | [CHOICE] | |

Y #LCAVP_EU




NASTAVITEV ROCNEGA AKTIVIRANJA
PRIJEMALA

CAM

Learner Centric Advanced Manufacturing Plaiform

HAND_OPEN ~ i [E] S HAND_CLOSE ~ i [ HAND_TOG ~ i [
1/4 1/5 1/8
LBL[1] : IBL[1] : 'Toggle Hand Open/Close
RO[7:0pen Gripper]=0N 2: RO[7:0pen Gripper]=- 2: 1IF RO[7:0pen Gripper]=0N,
IF RO[B:Close Gripper]<>-, 3: IF RO[8:Close Gripper]<>ON, : JMP LBL[1]
JMP ILBL[1] : JMP ILBLI[1] RO[7:0pen Gripper]=0N
4: WAIT .10 (sec) JMP LBL[2]
[End] LBL[1]
RO[7:0pen Gripper] =-
ILBL[2]

#LCAMP_EU




NASTAVITEV ROCNEGA AKTIVIRANJA

PRIJEMALA

#LCAMP_EU

Learner Centric Advanced Manufacturing Plaiform

| PRIJEMALO

1 UTILITIES

2 TEST CYCLE

3 MANUAL FCTNS
4 ALARM

51/0

(8 6 Port Init

= 7 FILE F|7 Ovrd Select
8 8 User Alarm

L 9 USER 9 Error Table
0 — NEXT — 0 -- NEXT --

Esume Offset
sume Tol.
ace fnct.
ag Interface
lost Comm
hsswords

NEXT --

| Macro Command

Instruction name

OWOoOJo Ul WNPRE

[
[
[
[
[
[
[
[
[
[

et et d d d d d d
L T T e T e T e T e T e T e T e T e |

=

1--1
1--1
1--1
1--1
1--1
1--1
1--1
1--1
1--1
1--1

1/150
Program Assign

0]
0]
0]
0]
0]
0]
0]
0]
0]
0]

[ TYPE ] | CLEAR |

Macro Command

Instruction name

2 [ 11

1/150

Program Assign

1 (CEEETRERE | [(HAND_TOG]SU[

1--1I

1]
0]




PROGRAMSKO AKTIVIRANJE PRIJEMALA

(]

B TSC_WB-MILOSIC_|ztok-Solitare - Robot Controlier!

PICK_A_PLACE

(]
B

PICK_A_PLACE

TSC_MB-MILOSIC_Iztok-Solitare - Robot Controllert

(]

] TSC_MB-MILOSIC_I

PICK_A_ PLACE

GETDATA

re - Robot Controller1

CAMP

Learner Centric Advanced Manufacturing Plaiform

? TSC_MB-MILOSIC_|ztok-Solitare - Robot Controlier!

PICK_A_PLACE LINE O T2 ABORTED ﬂ
PICK_A_ PLACE

1: UTOOL NUM=1 e sy 1: UTOOL NUM=1

2: UFRAME_NUM=1 P e— heG mein 2: UFRAME_NUM=1

3: OVERRIDE=50% o i ] SEIPRTA 3: OVERRIDE=50%

4 = 3 IF/SELECT rames 3 SENDSYSV 4 H

5:J P[1l:HOME] 100% FINI T control SE 2 OME] 100% FINE [NE 5:J P[1l:HOME] 100% FINE

6: e ——— n control . 6:

7:J P[2:AP1] 100% CNT1 5 \IP1] 100% CNT10 rio 7:3 P[2:AP1] 100% CNT100

8:L @P[3:PICKUP] 200mm/{ 3 miscelaneous DECH FE— - ICKUP] 200mm/s n/ s 8:L @P[3:PICKUP] 200mm/sec FINE

BE: R — = 7 9: caLL HAND cLosE[J}
10:I. P[4:RT1] 100mm/sec T0:L P[Z:RT1l] 100mm/sec — IU:L P[Z:RT1l] 100mm/sec bc 10:L. P[4:RT1] 100mm/sec CNT100
11: 11: 11: 11:
Select item o
[ INST ] | | | [INST ] | | | [C PROGRAM MACRO COLLECT | IN [CHOICE] |
—




SMERNICE PRI PROGRAMIRANJU lQ MP

Learner Centric Advanced Manufacturing Plaiform

E i « P[1:HOME]

- P[5:VIA]

* P[4:RT1] - P[6:AP2]
* P[2:AP1] / - P[8:RT2]

té. A HP[B:PICKU % té. B HP[?:DROP]

7////////////////////////{{/{%{///{{/////////////////////
_ \

=




() SMERNICE PRI PROGRAMIRANJU lQAMP

Learner Centric Advanced Manufacturing Plaiform

« smiselno nacrtujemo tocke oz. lokacije TCP:
* izhodiséno toéko (HOME) P[1]
« v tejtoCki TCP pri€ne in se na koncu v njo vrne oz. Caka na naslednji ukaz
* je primerno blizu in hkrati dovolj oddaljena, da robot ne moti ostalih aktivnosti
* ciljne (konéne) tocke (PICKUP, DROP, WELD ...) P[3] in P[6]
« toCke obratovanja (prijemanje / odlaganje, varjenje, lepljenje ...)
« predtoCke (APPROACH) P[2] in to€ke vracanja (RETREAT) P[5]
* SO0 pravokotne na ciljne toCke in
v njih je orodje ustrezno orientirano
« vmesne tocke (VIA) P[4]
« Zzaizogibanje oviram
« za ustreznejSo gibanje TCP
» toCke komentiramo — smiselno poimenujemo

B  scAvPEl



SMERNICE PRI PROGRAMIRANJU lQ MP

Learner Centric Advanced Manufacturing Plaiform

B  scAvPEl




() SMERNICE PRI PROGRAMIRANJU |ICAMP

Learner Centric Advanced Manufacturing Plaiform

« uporabljamo proste gibe (J) — gibanje osi, za hitrejSe delovanje in krajSe ¢asovne cikle

* linearni in krozni gibi (L, C) so poCasnejsi; uporabljamo jih tam, kjer mora TCP potovati po to€no predvideni
poti — gibanje po poti (prijemanje/odlaganje, varjenje, lepljenje ...)

» predtoCke (AP) in toCke vraCanja (RT) postavljamo ¢im bliZje ciljnim tokam (PICKUP, DROP, WELD ...)

« parameter FINE uporabljamo samo v ciljnih toCkah (PICKUP, DROP, WELD ...), v vmesnih toCkah (VIA)
uporabljamo parameter CNT

B  scAvPEl
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' () oPTIMIZACIJA EASA CIKLA lQAMP

 ustrezni gibi
« uporabljajte ¢im vec€ prostih (J) gibov, razen tam, kjer morate uporabiti L ali C gibe (gibanje TCP po poti)
» premikanje toCk
* izhodiS€na pozicija HOME naj bo €im blize delovhemu prostoru, vendar dovolj dale¢, da ne moti ostalih aktivnosti

« pocasne gibe (L in C) izvajajte na ¢im krajSih razdaljah — premik toCk AP, RT €im blize pobiranju, odlaganju, lepljenju,
varjenju ...

 hitrost giba
« uporabljajte Cim viSje hitrosti gibov, kot to prenese tehnoloski postopek

 nastavitev FINE/CNT

« uporabljajte €im vec in €im viSje vrednosti CNT parametra, razen tam, kjer se mora TCP zagotovo ustaviti FINE
(pobiranje, odlaganje, priCetek/konec lepljenja, varjenja ...)

* nastavitev ACC
« ustrezno povecajte/zmanjsajte pospesek in pojemek gibanja robota

B  scAvPEl
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'. UCENJE | PROGRAMIRANJE ICAMP

« primer ucenja (programiranje) sodelujoCega robota

https://www.youtube.com/watch?v=r7gU74YVv9Es



https://www.youtube.com/watch?v=r7gU74Yv9Es
https://www.youtube.com/watch?v=r7gU74Yv9Es
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Learner Centric Advanced Manufacturing Platform

#LCAMP_EU

info@lcamp.eu

www.lcamp.eu @LCAMP_EU LCAMP

Learner Centric Advanced
Manufacturing Platform for CoVEs
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