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ROBOTIC PROGRAMME

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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LEARNING/PROGRAMMING A ROBOT
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PROGRAMMING PHASES

We approach programming similarly to the development of other products.
« product development

Prototype
creation

Project Development

Planning

assignment and testing

 learning / programming an industrial robot

Testing and

Project Coding and

debugging
(T1, T2)

Planning

assignment documentation
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PROGRAMMING PHASES
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PROGRAMMING PHASES
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PROGRAMMING PLANNING

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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PROGRAMMING PLANNING

* Flowchart ( Flowchart) Chart )

* Itis a graphically displayed algorithm, i.e. a
sequence of events described in a human-
understandable way.

* Itis used in planning programs and also in
describing other activities (e.g., Family

Doctor in book form, Municipal Instructions
for Obtaining Permits , etc. ). _
* Itis wise to approach a programming
problem in a flowchart fashion to clarify the
step-by-step implementation and anticipate
=

what the computer will need to do.
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PROGRAMMING PLANNING

* A programmer must understand in detail the problem for which he is writing the program. His work can be broken
down into the following tasks:

» Problem analysis is the development of a step-by-step procedure to solve a given problem. This procedure is
called an algorithm.

* Program organization. You organize the algorithm into a sequence of operations using flowcharts. You can do
this work on a personal computer if you have a flowchart drawing tool.

« Coding. You write the flowchart into a sequence of commands — a program using a text editor for your personal
computer. Save it in a so-called source file.

» Linking and compilation. You link the program with other parts of the program that you have written in the past, or
with programs that you get in a library (written b% the manufacturer of the compilerand linker). The linking is done
by a linker . You translate the entire program with a compiler into a format that uP understands . The linker and
compiler are software for a personal computer.

« Inserting a program into a microcomputer is done using a programmer that is connected to a personal computer
with the associated software.

« Testing. Test the program by running it on a microprocessor to determine whether it produces the appropriate
trﬁsults. To do this, create a test card. Correct any errors you discover by going back to the coding and repeating
e process.

* Documentation. For later refinement or modification of the f)rogram, it is necessary to document the program.
Edit the documentation with the necessary comments at all task points (technical description, report, study).
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.

point A|| point B||
... .
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7 o/ P[6:AP2]

L ¥P[2:AP1] % L R P[8:RT2]
Y Yy I

point A P[3.PICKU% point B|*|P[7:DROP]

e
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« setting initial values
* TF — the tool we are using (determines the TCP location and tool orientation),
* UF - the “space” in which we program
« payload — dimensions, mass/inertia and center of gravity of the tool with/without products
* registers or variables ...

« sequence of points — positions and orientations of TCP (tool or TF) in UF and

* using other commands
 LBL/UMP LBL,
« |F/SELECT,
« FOR/ENDFOR,
« WAIT, CALL ...

B  scAvPEl
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. SELECTING OR OPENING A PROGRAM CAM

> LW =

on the UE click SELECT,
in the list with arrows 1 |

find the desired program and

confirm selection with ENTER
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[ 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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PROGRAM PARAMETERS

[

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 | | >



PROGRAM PARAMETERS
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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’

PROGRAM PARAMETERS

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 | | comment | (prvr PRoGRAM | Group mask:  [1,%,%,%,%,%,%,% 1| [
8 Group mask: [1,%, %, %, % % % % ] m - ] 01d Value:
1
1
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S G (T1/T2) O OBO P
'. IEO-{;I:ANsT T2) OF THE ROBOT lQAM

« Testing is checking the operation of a program before automatically executing it.
 is very important and must be carried out to ensure the safety of people and prevent possible damage
to equipment

« step mode (STEP)
execution from the current program line, line by line

oo [

* continuous mode (CONT) Iz '} e
« program execution from the current program line to the end of the program, the [END] mark, or until an error
occurs/testing is aborted

B  scAvPEl
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T1, STEP testing

testing (and debugging) on the robot :
1. T1, step mode, low speed
2. T1, continuous mode, low/medium/high speed
3. T2, continuous mode, low/medium/high speed

testing (and debugging) in RoboGuide :
1. T2, step mode, low speed
2. T2, continuous mode, low/medium/high speed

startup:
1. AUTO mode, programmed speed

AUTO start

0 giaitll/>
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() TESTING (T1)

« step mode (STEP)

set T1 on the controller

enable the learning unit (ON)

select a program (SELECT ...)

position yourself in the desired program line
turn on STEP (icon on STEP light)

set low speed

activate the permission button and clear the errors
(RESET)

Test the program line by line forward/backward by
pressing the SHIFT + FWD/BWD combination

The @ sign indicates the current program line or at
which point in the program the TCP is located.

#LCAMF
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- FILE-078 Auto backup complete
TEST LINE 0 T2 ABORTED

susy (M step)

Run B& Prod

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 | >




. TESTING (T1, T2) EAMP
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Busy P | SYST-178 SHIFT-RESET Pressed
ti d Run B TEST LINE 0 T2 ABORTED
¢ continuous mode .
= N

set T1 or T2 on the controller
position yourself in the desired program line UTOOL NUM=1

turn off STEP (no icon on STEP light) : UFRAME_NUM=3
: . :J @GP[1:HOME] 25% CNT100
set low/medium/high speed

: o :Jd P[2:AP] 25% CNT100
activate the permission button and clear the errors L @P[3:2Z1] 400mm/sec FINE

(RESET) :C P[A4]

by pressing the combination SHIFT + FWD test the : P[5] 4000mm/sec FINE
program from the selected program line to the end [ [End]
End ] or until a possible interruption/error

The @ sign indicates the current program line or at
which point in the program the TCP is located.

POINT | | | | TOUCHUP | >

#LCAMF



PROGRAM START (AUTO) lQ MP
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@) REPEAT lQAMP
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What does it mean to teach or program a robot? What is a robot program?

Explain what you specify in the robot program with the commands UTOOL_NUM and UFRAME_NUM.
What does it mean to select a robot program? What can we do with the program in the Select window ?
Explain the difference between testing and running a program. Why is program testing very important?
What testing methods do we know and explain the correct procedure for testing a program.

Describe the step-by-step method of testing a program.

Describe the continuous method of program testing.

© N O 0 bk WD~

Describe the program startup.

B  scAvPEl
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Positional Information
« example of a movement command: Position Type Termination Type
P: Position FINE: FINE
PR: Position register CNT: Continuous 0-100
J @ P[1] 100% FINE ACC100 eon
a)b)c)d)e)f) 1 32767
JA@P [1150% FINE ACC100
a) movement mode (J, L, C)
b) tool location tag (TCP) ﬁ Position ﬁ
. - . . Indicator
c) TCP point, position and orientation (P[1], PR[2,1]) yosen Symbol o - Motion Ogllon
d) speed (mm/sec, %, deg /sec, sec ...) iy e ke
e) precision, termination (FINE, CNT) Ctnear ) et
- . C: Circular mim/sec*
f)  additional motion parameter(s) cmimin®
Can be specified with R[]
* upper and lower limits depend on the robot model

B  scAvPEl



() MOVE COMMAND EAMP
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e SHIFT + F1 POINT — create a movement command in the desired line

o SHIFT + F5 TOUCHUP - correct TCP and UF coordinates and TF in the movement command line

ALWAYS FIRST PUT YOURSELF IN THE DESIRED LOCATION WITH TCP AND ONLY THEN EXECUTE
ONE OF THE ABOVE COMMANDS!!!

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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' @® 3a) MOVEMENT METHOD |ICAMP

« free movement J ( joint)

» the robot itself calculates the fastest path or
trajectory

* is the fastest and simplest movement for a robot

* The path, speed and orientation of the tool
(TCP) are not known in advance , so it must
be used with caution.

 axial characteristic movement

Y #LCAVP_EU
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' @® 3a) MOVEMENT METHOD |ICAMP

* linear motion L ( linear)

 the tool (TCP) moves linearly from the starting
point to the end point

» the path of movement, speed and orientation
of the tool (TCP) are known in advance

« TCP movement along the path

Y #LCAVP_EU
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» circular motion C ( circular)

» the tool (TCP) moves in an arc from the starting
point P[1] through the intermediate point P[2] to
the end point P[3]

» the path of movement, speed and orientation
of the tool (TCP) are known in advance

« TCP movement along the path

Y #LCAVP_EU
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' @ 2 MOVEMENT METHOD |ICAMP

« circular motion C ( circular)

« we can only perform half a circle with one command — for a full circle
we need two semicircular movements

« The circular motion command contains the intermediate point P[2] -
and the end point P[3], the starting point P[1] is contained in the
previous command.

'Sec \
y Destination Position N
1: JP[1] 100% FINE i
2: CP[2] \\
: P[3] 100mm/sec FINE \
3: CP[4] Eultzelrmediate Position - : P[]
intermediate Position
: P[1] 100mm/sec FINE |
v /
' ¢ J
/
F 4
”
-

— —
P[1]

DY #L.CAMP_EU




b) OBSTACLES lQ MP
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o/ P[6:AP2]
L P[2:AP1] L 3 PI8:RT2]
point A |[|P[3:PICKUF} | point B+ P[7:DROP]

S scAvPEl
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c) TCP POSITION AND TOOL ORIENTATION lc MP

Learner Centric Advanced Manufacturing Plaiform

Cartesian coordinate form Axis-specific coordinate form

;' 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) TCP POSITION AND TOOL ORIENTATION

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 [




c) TCP POSITION AND TOOL ORIENTATION
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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 - ._..;,-.]- o
be specified. WA 4 W F |
e o A
Auis specified with - [ =T )
$5CR_GRP[group] STURN_AXIS] FLIF L E;f e
—— Sy & .
Auis spacified with ||[ breo v
$SCR_GRP[group] STURN_AXIS[Z] A i 3 ;
—t l:
Auis specified with
$5CR_GRP[group] STURN_AXIS[] HOFLIP e (CAWN
(B 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
NOFLIF | RIGHT DDWN BACK -[ 0: -179deg to 179 deg Turn number
- ; -1: 530d -180 - : : -
Foornofip Leflorright Up or doun Front or back =9 to-lE0e Tum number represents the mumber of revolutions of the wrist axis (J4, I3, J6). Each axs retums 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) TCP POSITION AND TOOL ORIENTATION l P
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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) TCP POSITION AND TOOL ORIENTATION

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
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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) TCP POSITION AND TOOL ORIENTATION l P
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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
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* JOINT (%, sec)
 itis not possible to enter a speed higher than the maximum speed of the robot
» |eading axis speed — the axis that takes the longest time to reach the target point

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) SPEED IQ MP

Learner Centric Advanced Manufacturing Plaiform
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e) ACCURACY, TERMINATION

#LCAMP_EU

CAMP

Learner Centric Advanced Manufacturing Plaiform

P[2]

FINE = CNTO
CNT25
CNT50
CNT100

P[3]




e) ACCURACY, TERMINATION 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]
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e) ACCURACY, TERMINATION lc MF

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]
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e) ACCURACY, TERMINATION lQ Mi
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e) ADDITIONAL MOVEMENT PARAMETER:

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

Programmed Speed

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

Velacity

Time

#LCAMP_EU




e) ADDITIONAL MOVEMENT PARAMETER: lQ MP

AP LD, RT_LD

Learner Centric Advanced Manufacturing Plaiform

J P[2] 100% CNT100
L P[3] 2000 mm/s FINE AP_LD100
L P[2] 2000 mm/s CNT100 RT LD100
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 rﬁ?;OE‘INE T
L [P2] 2000 mm/s CNTl00 |  Fmemmees 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) ADDITIONAL MOVEMENT PARAMETER: CRy l_ _P

er Centric Advanced Manufacturing Plaiform
CR y mm
P1 P2
X L e A
it i
/ \ 1
I
1
1
LA
| :
Comer path '
]
starts here Y|
Cormer path—" i
- . ends here |
CR ymm = half segment distance Unequal segment lengths case i
Actual CR. x = half segment distance Actual CE = half segment distances x1, x2 i
|
. I
CR v mm CR v mm |
|
I
I
1
_ ¢
:‘-T"???b P3
?IE_K
P3




PARAMETERS : CNT and CR

e) COMPARISON OF MOVEMENT lc MP

arner Centric Advanced Manufacturing Platform

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) USE OF MOVEMENT PARAMETERS: AP_LD l P

and cR er Centric Advanced Manufacturing Platform
L P[x] 2000 mm/sec CR50 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 ’ . Comér path
| ~ >-CR100[mm]
........ =
AP LD100 < AP_LD125 <
g
X Pyl #LCAMP_EU




@ REPEAT |ICAMP

Learner Centric Advanced Manufacturing Plaiform

1. What is a move command and how do we create it? How do we change the coordinates in a move command
to the current position of the TCP?

Describe free movement.
Describe linear motion.

Describe circular motion.

How can a program point be saved? How do we view the coordinates of a point?

o Ok WD

How can coordinates be stored in point P[ ]? How do we switch between them?

B  scAvPEl



@ REPEAT |ICAMP

Learner Centric Advanced Manufacturing Plaiform

7. How do we name a point? Why do we name points?
8. What is the advantage of storing the point in PR[ ]?
9. Explain how the speed of movement is given and what this speed refers to (what is traveling at this speed)?

10. Describe the precision or termination of a point. What are the advantages of using the CNT parameter?

11. Draw the path of TCP's movement.

CNT100
200 mm/s P[2]

L L
P[1] P[3] P[1] P[3]
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REPEAT lg MP
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P[2]

P[2]

CNT100
200 mm/s

CNT100

P[] 400 mm/s

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

B  scAvPEl



DESCRIPTION OF LEARNING / PROGRAMMING l P
AT UE (TEACH PENDANT)

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
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LEARNING /| PROGRAMMING PROCESS ON UE
(TEACH PENDANT)

;-d T+liTc+T+
ENJE=

=
=

e

%)

=
=

SRR (4
BETDE

MENU
| SET
uP +%

2
1

!'! 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] -

DELETE | MONITOR | [ATTR ] | >

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

#LCAMP_EU
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LEARNING /| PROGRAMMING PROCESS ON UE l P
(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




LEARNING / PROGRAMMING PROCESS ON l P
THE 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




LEARNING / PROGRAMMING PROCESS ON l P
THE 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
run 290N proc BN HOST-203 TLNT:from 109.185.184.115 100%

MOJ_PROGRAM

sucy  [EIE IR @RS | HosT-195 TLNT:rejected conn request susy R 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
1/2 2/2 3/3
1: UTOOL NUM={s{eisERtslx 1: UTOOL_NUM=5 1: UTOOL_NUM=5
[End] [End]] 2: UFRAME_NUM=2

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

#LCAMP_EU




LEARNING /| PROGRAMMING PROCESS ON UE l P
(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




LEARNING /| PROGRAMMING PROCESS ON UE l P
(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]
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LEARNING / PROGRAMMING PROCESS ON UE lc MP

(TEACH PENDANT)

Learner Centric Advanced Manufacturing Plaiform
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' () MANUAL RECEIVER ACTIVATION |ICAMP

Learner Centric Advanced Manufacturing Plaiform

- SHIFT + TOOL 1 (white key, right of 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 — gripper open/close

o

@]
oo
s
il
-

«
=
&

i

Y #LCAVIP_EU



SETTING MANUAL RECEIVER ACTIVATION lc Mi

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]
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SETTING MANUAL RECEIVER ACTIVATION

N i = -[ o] -[o[x

Busy [RESHEEENENEGIE Fault 100%
OIN 0
fun 2990 prod [N POBERI_ODLOZI G LINE O T2 ABORTED

—-—-—- Create Teach Pendant Program ---

Program Name:
PRIJEMALO

Select function

| DETAIL l EDIT | | |

N = =~ [ o[ ][]

Busy Step Hild Fault 100%
fun B26)| prod NN | POBERI_ODLOZI G LINE 0 T2 ABORTED [N 0

Program detail ~ 1 @

2/8

Date: 30-Nov-2021
tion Date: 30-Nov-2021
rce:

132 Byte

omment : [ ]
4 Group mask: [RIPAIRE PP P P Y

CAMP

Learner Centric Advanced Manufacturing Plaiform

? Robot Controliert

Busy Step Held Fault
5] POBERI_ODLOZI_G LINE 0 T2 ABORTED pleil 1000/0
Run EEN Prod Ty — — U

Program detail .
2/8

Creation Date: 30-Nov-2021
Modification Date: 30-Nov-2021
Copy Source:

Positions: FALSE Size: 132 Byte

Program name:
1 PRIJEMALO
2 Sub type:

3 Comment:

4

Macro |
[ 1

Group mask: [1,%,%, % % % % % ]

END | PREV |

END PREV | NEXT | [CHOICE] | |

NEXT lﬂ [CHOICE] l |
#LCAMP_EU




CAMP
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SETTING MANUAL RECEIVER ACTIVATION

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




SETTING MANUAL RECEIVER ACTIVATION

#LCAMP_EU

CAMP

Learner Centric Advanced Manufacturing Plaiform

| PRIJEMALO

51/0

1 UTILITIES
2 TEST CYCLE

3 MANUAL FCTNS psume Offset
4 ALARM sume Tol.

ace fnct.

ag Interface

(8 6 Port Init st Comm
= 7 FILE F|7 Ovrd Select
hsswords
8 8 User Alarm
LL 9 USER 9 Error Table ETT
0 -- NEXT — 0 -- 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]




SOFTWARE ACTIVATION OF THE RECEIVER

(]

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] |
—




PROGRAMMING GUIDELINES 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]
point A |{P[3:PICKU | point B|+|P[7:DROP]
7//////////////////////////{{/{%/{//{{/////////////////%
_ \

=




() PROGRAMMING GUIDELINES lQAMP

Learner Centric Advanced Manufacturing Plaiform

« We plan TCP points or locations sensibly :
 starting point (HOME) P[1]
 at this point TCP starts and eventually returns to it or waits for the next command
is suitably close and at the same time far enough away that the robot does not interfere with other activities
 target (end) points (PICKUP, DROP, WELD ...) P[3] and P[6]
operating points (picking/placing, welding, gluing, etc.)
+ prefixes (APPROACH) P[2] and return points ( RETREAT) P[5]
« are perpendicular to the target points and
* in them the tool is properly oriented
 intermediate points (VIA) P[4]
to avoid obstacles
for more appropriate TCP movement
« the points — we give them meaningful names

B  scAvPEl



PROGRAMMING GUIDELINES lQ MP
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' () PROGRAMMING GUIDELINES EAMP

Learner Centric Advanced Manufacturing Plaiform

« we use free motion (J) — axis movement, for faster operation and shorter cycle times

 linear and circular movements (L, C) are slower; they are used where the TCP must travel along a precisely
planned path — movement along a path (picking/placing, welding, gluing, etc.)

 the pre-points (AP) and return points (RT) as close as possible to the target points (PICKUP, DROP, WELD,
etc.)

« The FINE parameter is used only in target points (PICKUP, DROP, WELD, etc.), in intermediate points
(VIA) we use the CNT parameter

B  scAvPEl



Learner Centric Advanced Manufacturing Plaiform

' () CYCLE TIME OPTIMIZATION |ICAMP

« appropriate movements
« use as many free (J) moves as possible, except where you must use L or C moves (TCP movement along the path)

* moving points

+ the HOME starting position should be as close as possible to the workspace, but far enough away so as not to
interfere with other activities

+ Perform slow movements (L and C) at the shortest possible distances - move points AP, RT as close as possible to
picking, placing, gluing, welding, etc.

» speed of movement
« use the highest possible movement speeds that the technological process allows

* FINE/CNT setting

* use as many and as high a value for the CNT parameter as possible, except where the TCP must definitely stop FINE
(picking, depositing, start/end of gluing, welding, etc.)

« ACC setting
* increase/decrease the acceleration and deceleration of the robot movement accordingly

B  scAvPEl



' () LEARNING / PROGRAMMING |ICAMP

Learner Centric Advanced Manufacturing Plaiform

« example of learning (programming) a collaborative robot

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



https://www.youtube.com/watch?v=r7gU74Yv9Es
https://www.youtube.com/watch?v=r7gU74Yv9Es

EXAMPLE lQ MP
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point A
_________________
T fcavP ey

point B

.




EXAMPLE lQ MP
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o/ P[6:AP2]
L ¥ P[2:AP1] L 3 PIB:RT2]
point A |[P[3:PICKUFT | point B|+P[7:DROP]

O cAVPEU
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REPEAT lQ MP
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REPEAT lQ MP
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point A
_________________
T fcavP ey

point B

.
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