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Introduction

HOW TO USE THIS
RESOURCE

Co-funded by the
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This Master Class is an@ampus learning and orientation experi
for high school students, combining visits to computer labs
informative interactive talks on scientific topics related to con
programmingand Roboticsthat have direct relevando young
people’”s |lives. They shoul d
the university and use available labs or other equipment.
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Activity concept and lesson plan

THEME OF THE
CLASS

LEVEL OF
DIFFICULTY / AGE
OF STUDENTS

REQUIRED PRIOR
KNOWLEDGE

TIME REQUIRED
FOR
IMPLEMENTATION

INSTRUCTORS

KNOWLEDGE
GAINED AND
COMPETENCIES
DEVELOPED -
STUDENTS

KNOWLEDGE
GAINED AND
COMPETENCIES
DEVELOPED i
SCHOOL
TEACHERS

KNOWLEDGE
GAINED AND
COMPETENCIES
DEVELOPED -
UNIVERSITY STAFF
OR UNIVERSITY
STUDENTS

MATERIALS
NEEDED FOR
IMPLEMENTATION
OF THE ACTIVITY

Programming of ABB Robots: The objective ofttiwvity is to teac
students how to program industrial robot ABBRB 360. For robo
programming, the method “fro
be used. This is the online programming method.

For students and teachers of vocational secondary schools anc
secondary schools

Basic knowledge about industrial rabots

3 academic hours

The activity shoultbe implemented by an assistant professor
researcher at the University. Graduate students are a ver
alternative to regular teaching staff

Participating student will developowledge and skills for onli
programming of ABB industrial robots, knowledge and understi
of kinematic structures of robots

Participating school teachers will develupvledgeand skills for
online programming of ABB industrial robots, knowledge
understanding of kinematic structures of robots; didactical sl
teach about industrial robots; pedagogical competencies

demonstrations and practical activities initegach

Participating university lecturers and students will develog
scienceommunication skilend theireducational outreach skills

For the lecturea nultimedia projectoand, in addition, printe
handoutsIf demonstration will be included in the informative te
robot and a teaching pendant will be necessary

For the handsn activity:ABB robot: IRB360 and flex pendar
possibly handuts for the theoretical material or a multim
projector for visualization of schemes or cdtdnandouts with
theoretical information were distributed during the lectudenss
should be instructed to keep th&an reference during the practi
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exercise.

BREAKDOWN OF
ACTIVITIES

This course is divided into 3 parts:

1. Informative talk/Lecture: theoretical instruction and a ques
andanswers session

2. Handson activity— practical exercise: performing in practice '
has been theoretically explained

3. Selreflection on the part of students

USEFUL LINKS TO
RESOURCES

https://new.abb.com/

https://library.e.abb.com/public/b60548090c886120c1257b5f00
0/3HAC036958n.pdf

SUGGESTED
FURTHER READING

Application manual FlexPendant, SREbotWare 5.15, Docume
ID: 3HAC03695%01, Revision: B

SOURCES USED TO
DEVELOP THE
RESOURCE
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[1] Niku, Saeed2001 Introduction to Robotics Analysis, Sys
ApplicationSan Luis Obispo, California, Prentice.Hall,

[2] Abigo Izabo, Tarig Faisal, Mahmud IlwarA8$adi, Hanif Ram
», Programming ABB I ndustri al

[ 3] RoAdid IRCHraining Manual2011.
[4] ABB Robotic2010,, Oper ati ng Manual f
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Background knowledgesheet

EDITORS

Mi kul a T eHalj rdiudka | Uni ver)sity <

INTRODUCTION TO
THE TOPIC

A robot is defined as an automatically operated machine that 1
human efforts although it may not resemble a human. A ro
designe@nd meant to be controlled by a computer or a similar ¢
Mechatronics deals with the study of robotics. Robotics is tl
knowledge base, and the kAmww of designing, applying and us
robots in human endeavours. A robotic system consistsshof
robots, but also other devices and systems that can be used
with the robots to perform the necessary tasks.

This class is focused on introduction to the programming of r
There are different ways to program a robot:

- Teaching pendar{online programming): Programming throuc
teach pendant is the most popular way of programming rob:
order to program the robot, the operator uses the pendant to
the robot from pointo-point, saving each position individually. W
the progranmhas been learned, the robot can perform the progr
full speed. The robot can be programmed using precise coor
Such programming requires th
that other operations are discontinued

- Offline programming (sumhation): In this form of programming, t
program is simulated and generated in advance on a compu
robot’s other operations ar e
done independently using a virtual model of the robot

- Teaching by demonstratidhe operator moves the robot arou
either by manipulation of a force sensor or a joystick attachec
robot. Like with the teach pendant, the operator needs to stor
position in the robot computer.

This class is focused on creating skillsrfine robot programmin
using a teach pendant.

IMPORTANCE TO
DAILY LIFE/
ECONOMY
/ISOCIETY

It is expected that in forthcoming decades, robots will exec
increasing variety of human activities. Apart from their conti
importance in industrgnd fields like medicine, they are becol
increasingly widely used in fields that have not be tradit
associated with automation, such as tourism. Considering thit
knowledge and skills in robotics and Mechatronics is set to be
key emfpyability skill.

DETAILED
PRESENTATION ON
THE TOPIC

Co-funded by the
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Introduction

ABB Robot Programming is the practice of configuring
programming industrial robots and nowadays it represents
known brand of robots. ABB delivers the hardware for the 1
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while the software is written by the ABB robot programmer
languagealled RAPID, which is a specific ABB code. ABB rok
utilised to facilitate tasks performed by humans or to replace
completely and in general, robots are designed to be contrc
acomputer or similar devidéhe motions of the robotraliedahtoug|
controller that is under the supervision of the computer which i
of program. Thus if the program is changed, the actions of the |
accordingly. The robot can thus be designed to perforian aoe
programmed (within its limit and work envelope) simply by cha
(see sources used to develop the resoice

System description

To illustrate the steps required to program a writing robot, a
diagram of the system is showRigure 1.

Flexpendant
(Teach Pendant Unit)
CAD Design of RobotStudio Y

Model Programming Ly

IRB 1410 Robot
Manipulator

IRCS
Controller

s - > Writing

L.

Workobject/
Writing Board

Cleaning

Figire 1: System block diagram [2]

Robot hardware

The IRC5 controller contains all the functions required to mo
robot manipulator. The controller consists of two modules, the
the drive module. The control module contains all the control
main computdD boards and flash memory. The control moc
software necessary for operating the robot system. The drive n
power electronics supplying the robot motors. An IRC5 drive n
nine drive units and can hamdésrsal axes plus two or more axes
on the robot m¢glel.
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Teach pendent
(FlexPendant)

Motors on / acknowledge restart of
motors after system stop

Mode selector key

15 4 u Emergency stop
button (also available
on the TeachPendant)

Figire2: Robot hardware
Teach pendant

The FlexPendahich is also referred to as the teach pendant uni
operator unit used to perform many of the tasks involved durin
robot system such as modifying the work object, jogging the
modifying RAPID programas creating instructions using teach

joggingd] While moving the robot with a joystick (jogging) the
can choose a jagode and the following properties are presentec

Motion mode — deermines how to use the joystick
Coordinate system - changes the jogging directions

Tool — affects the position and also the jogging directic
the Coordinate syseool

1 Work object - affects the positiorand also the joggir
directions.

[‘\I;][ :::;Mwihm (SEVST-L-0.) ;:‘::do? et 10057 iv0 ]
1

Q'Production Window : NewProgramName in T_ROB1/MainModule/main

1 |MODULE MainModule

2 CONST jointtarget jposi0:=[[0,0,0,0,0,0],[0,0,0,9E
3 TASK PERS wobjdata wobjl:=[FALSE, FALSE, "STN1",[[O,
4 CONST robtarget pl0:=[[200,0,100],[0.7071,0,0.7071,
5 PROC main ()

e MoveAbsJ jposl0\NoEOffs, v1000, z50, tool0;
7 MoveJ pl0, v1000, z50, toolO\WObj:=wobjl;
ENDPROC

¢ |ENDMODULE

band PP to Main

P

Production

Figre3: ABB FlexPendant

Coordinate systems

In order to facilitate the programming stage, a number of cool
systems can be defined. This can be calibrated with the he
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robot. To start with, a tool coordinate system needs to be defin
a world fixed tipfrom in at least four directiamseds to be
approached. Then, the mass and inertia data can be identified
pre-defined movements of the robot.

The main coordinate systems are:

1 Word frame

1 Base frame

1 Tool frame

1 Work object / User frame
IIZ <

Tool frame
Z

y Work object / User
frame

Base frame

World frame X

Figire4: Rapid Systems
A Rapid module (program)

The language is originally developed in collaboration with SoftL.

» |F THEN ELSE (ELSEIF)

VAR num time := 38.7;
IF time < 40 THEN

TPWrite "Part produced at fast rate";
ELSEIF time < 60 THEN

TPWrite "Part produced at average rate";
ELSE

TPWrite "Part produced at slow rate";
ENDIF

= FOR
FOR i FROM 1 TO 5 DO
TPWrite "Hello";
ENDFOR

= WHILE
VAR num sum := 0;
VAR num i := 0;
WHILE sum <= 100 DO
i =1+ 1;
sum := sum + i;
ENDWHILE

Figures: Controlling the program flow
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Move instructions

MoveL is an instruction that moves the robot linearly (in a st
line) from its current position to the spedif@sition. Simple mo\
instructionincludesMoveL p10, v1000, fine, tool0;

1 p10 specifies the position that the robot shall move to.

1 +v1000 specifies that the speed of the robot shall be 1000
mm/s.

i fine specifies that the robot shall go exactly to the specifi
position and not cut any corners on its way to the next
position.

1 tool0 specifies that it is the mounting flange at the tip of ti
robot that should move to the specified position.

Program template

MODULE MainModule
CONST jointtarget jpos10:=[[0,0,0,0,0,0],[0,0,0,9E+09,9E +09,9E+09]);
TASK PERS wobjdata wobj1:=[FALSE,FALSE,"STN1",[[0,0,0],[1,0,0,0],[[0,0,0],[1,0,0,0]]};
CONST robtarget p10:=[[200,0,100],[0.7071,0,0.7071,0],[0,0,0,0],[0,0,0,8E+09,9E+09,9E+09]];
CONST robtarget p20:=[[1662.50,0.00,2055.00],[0.707107,0,0.707107,0,[0,0,0,0],[0,0,0,9E +09,9E+09,9E+09]];
PROC main()
MoveAbsJ jpos10\NoEOffs, v1000, z50, tool0;
!MoveJ p10, v1000, z50, tool0\W Obj:=wobj1;
ENDPROC

PROC DrawLiuLogo(
PERS tooldata LocalTool,
PERS wobjdata LocalWorkObj)

ENDPROC

PROC TestlInterpSingPos()
SingArea\Wrist;
Movel Offs(p20,0,-400, 0), v100, fine, tool0;
Movel Offs(p20,0, 400, 0), v100, fine, tool0;
SingArea\Off;
ConfL\Off;
Movel Offs(p20,0,200, 20), v100, fine, tool0;
MoveL Offs(p20,0, -200, 20), v100, fine, tool0;

SCIENCE
COMMUNICATION
GUIDANCE TO
INSTRUCTORS

* %

* %

*
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ConfL\On;
ENDPROC
ENDMODULE
Figire6: Program template
-Don’ t be “justdam’ott hjeustt etae

students your passion for robots. This would typically entail
them how you got into Robotiasd Mechatronics and why you
doing it.

- Establish your authority as an expert so that students feel cc
about working with sophisticated machines under your instri
However, avoid projecting a position of superiority.

- Establish a moreepsonal connection with the students. This w

typically entail telling them something about yourself or making

during the activity.
The European Commission's support for the production of this publication does
constitute an endorsement of the contents, which refléut et voers;samol e

Commission cannot be held responsible for any use which may be made of the infi
contained therein.



- Ask the students about their prior knowledge of programmi
order to try to link the new knowledge with what the students &
know.

- During the theoretical explanation, use demonstration with
teach pendant

- Try to make students curioabout other ways of programmi
robots

- Tell students not just how to program the robot but also what
sophisticated) functions can robots be programmed to perforrr
the same method. This woul d
to them tlat learning the basics now can help them do some
exciting stuff later.

- If you will be using visual material through a presentatior
handout, scale everything up in order to allow students to see
For printing, print in cola if there a@ schemes of robot parts.

The European Commission's support for the production of this publication does
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Lecture planning sheet

GOAL Introduce secondary education students to online programir
ABB robots
SETTING - The activity is suitable for a group of up to 20 learners

limitation is related to the netxlsee a demonstration using a
robot, as well as to practice robot programming

- For this stage, it is not necessary to divide students in groups

- If the talk will rely mostly on demonstration, students need
located near the robot. This migletessitate that they stand ra
than sit. Such organization is suitable for smaller grou
presentations will be used, the multimedia projector needs
located near the robot in order to avoid moving around. |
informative talk will reply sty on handouts or presentation vi
multimedia projector, any hall at the university would be a s
location.

- The duration of this part of the activity should be between 45 i
min., depending on the prior knowledge of the students and
intended complexity of the lecture

LOCATION FOR Teaching hall or Robotics lab at the university
THE
TALK/LECTURE

POSSIBILE University students can be included in this activity asnstailctors
TRV only if they have sufficient knowledge of the subject matter (e.
STUDENTS IN THE year talented students). In general, university students cou
ACTIVITY facilitate this part of the activity, for example, by carrying o

demonstration while the instruci® speaking.
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TIMING & RUN- Phase | Description of phase Time
DOWN no. allocated
1 Introduction to the online programming of ABB | 10 min.
robots (and comparison with other methods of
programing)
2 Instruction in the programming method “point | 15min.
to point”
3 Explanation of main functions in the RAPID | 10min.
language
4 Questions of clarification 10min.
This is a possibility for the instructor to giv¢
explanations in order to link any new kng
knowledge related to the cocoputsduyn or to [
knowledge

Role of instructor: present the concepts and theoretical mate
that they are understandable to the learners, taking into accot
prior knowledge and other characteristics of the age grol
responsive to any questions of clarification; maintain the sche
order to allow time for the practical exercise.

Role of learners (students): understand the presented progr:
method so as to be able to then put it in practice; can ask qués
clarification

Role of the teachers: can ask questions of clarification, especia
they consider that the presented material may be too difficult fo
students; may eweate the training sessions by providing additio
explanations aimed aiking the new knowledge to the compulsor
curriculum or prior instruction

The European Commission's support for the production of this publication does
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Hands-on activity/experiment planning sheet

GOAL

SETTING

LOCATION AND
EQUIPMENT

POSSIBILE
INVOLVEMENT OF
UNIVERSITY
STUDENTS IN THE
ACTIVITY

CONTENT OF THE
HANDS-ON
ACTIVITY

TIMING & RUN-
DOWN OF THE
HANDS-ON
ACTIVITY

The goal of the activity is ¢uidestudents to program an IRB60
robot via a flex pendant. This will allow them to understanc
remember the theoretical instruction, as well as to develop p
skills for operating robots.

- 2to 5 learners in one group
- 4 groups
- 2 to 4 instructors

The hand®n activity should take place at the university labor
The laboratory should have at least four ABB robots36BBnd fle»
pendant

University students can be actively involved in this practical exe
facilitators. While the instructor goes from group to group,
university student can stay with each group to supervise its w
general, university students should be engagadh an activity on
if the number ofinvolved teacherns not sufficient to provide or
facilitator per group. Students should not duplicate the facilitat
of teachers.

University students, however, can be asked to join the gro
secondargchool students if the programming task is more diffic
more creative. This would have very positive impact of teamw
they can allow younger students to becorrereators in mor
complex programming projects. Thiscation scenario is mc
suitable for longer training sessions

Online programming of IRB60 via flex pendant through t
programming method “point to

Co-funded by the
Erasmus+ Programme
of the European Union

Phase no Description of phase Time allocate(

1 Introduction 5 min.
2 Testing the main functions of the robot | 10 min.
3 Examples of online programming 10 min.
4 Creating program via flex pendant 35 min.
5 Testing and debugging the program 10 min.
6 Feedback and self-reflection 5 min.

Roles of instructor: demonstrates the main functions of the so
but only if necessary; works with all the groups in turn, in coopt
with the teacher (if a teacher is available to stay with the groug
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constitute an endorsement of the contents, which refléut et voers;samol e
Commission cannot be held responsible for any use which may be made of the infi

contained therein.




the whole exeise, the instructor may instruct them how to pro
supervising the group as s/he moves to the other group)

Roles of teachers: demonstrates the main functions of softwe
only if necessary; work with the groups during the whole time
need to wdt with different groups in turn).

Roles of students: learning to operate the robot, pr:
programming. The exercise requires that students in a large
allow all group members to work with the pendant, e.g. by rotati

The European Commission's support for the production of this publication does
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Annex |: Co-Creation

University Students

Selection

The following university students can be involved in the design and delivery of the acti

- Students of Mechatronics, Engineering or Computer Science, in any year of s
long as they akemowledgeable in robot programming.
- Students should be selected by the faculty member responsible for the ac
should have worked with this faculty member before (in class or in educational

activities).

The selected students should staridar their science communication skills rather than
excellence and academic achievement per se.

Role (in order of relevance)

Guidance

Pedagogical atesigners of learning, teachi
and assessment; facilitators in handmnd
lab experiments

Theselected university students:

- should work together with high sch
students during the practical activity and
themhandle théRB-360 andheflex pendant

- should participate in the assessmen
student performance during the Master (
andin the evaluation of the effectiveness
the training

- should also be actively engaged in the
reflection phase, staying with the student
in which they worked.

Mentors of SE VET students

The selected university students can be
to share their contacts with bright
motivated high school students who may
to learn more abouRobotics and Robg
Programming The possibility of involvin
high school students in teams working
univasity projects or contests in the field
Mechatronics or Robotiskould be explored

Consultants in planning and designing the
learning and teaching process

The selected university students should be
engaged in the design of the hamdactivity,
in order to ensure that the tasks woulg
manageable for younger students without
experience with programming.

Students can be given the task to prepar
Power Point presentation for the activity
well as any handouts and supporting mate
They should, however, do this on the bas
clear instructions from the faculty mem
who will lead the course.
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Coresearchers contributing to subjEted
research

The selected university students can be

to design smalladditional practical tasks
involving robot programming@hey should b
instructed to keep the level of difficulty c
to the skills and knowledge of high scf
students.

High School Teachers (supporting role is suitable for teachers in Computer Science or

Physics)

Consultants in planning and designing the
learning and teaching process

The accompanying teachers should hav
leading role in selecting trainees from an
the students.

They should be approached in advance
consulted about the relevance of theeptes
examples and the level of difficulty of
theoretical presentation (in view of

intended group of trainees). Special atte
should be paid to the selection of manags
practical tasks and the avoidance of task
have no relevance to theompulsory
curriculum.

Teachers should be consulted about the
way to draw parallels and to link the conte
the courséo the compulsory curriculum

Pedagogical atesigners of learning, teachi
and assessment; facilitators in handsnd
lab xperiments

The accompanying teachers should

together with high school students during
practical activity in order to helperate the
robots and use the teach pendastwell as |
provide clarification to those of them w
have failed to undéasid the presente
material or apply it in practice

Most teachers would be in position in wk
they themselveswill engage in robg
programmingdor the first time They shoulg
be given the chance to learn themselves.

High School teachers should be phienary
source of feedback about the effectivene
the training.They will also be in the bg
position to assess the performance of t
students.

Teachers should play a central role
maintaining discipline during the activity.

Teachers should beegpally instructed abg
safety rules in the Robotics Lab. S
instruction most likely would be given to
students by the Lab staff or the Master (
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instructor. However, teachers should be tg
with monitoring functions during the actiy
in order to ensure that safety instructions
strictly observed by the students.

University-high school partnerships

This course in particular would be a suitable addition to study programs in secondary schools
with a profile in Computer SciengagineeringiMathematics, or the Natural Sciences. It can be

the beginning of a series of exinaricular courses dvlechatronics and Robotid§ there is

such an interest, contact between the accompanying teachers and the university should be made
well in advance and the course should be planned as part ofsatlafgepicsThe course can

be combined with workshops organized at the bkdhpowisiting university lecturers. One
particular high school teacher or administrator and one particular university faculty member
should be tasked with the organization of this Master Class and these people can later act as
contact per sofpammedr s“"b ofuonrd afriyt ur e col | abor at
be planned, it is advisable that an educational manager from the school attend (part of) the
Master Class in order to witness the effectiveness of the training. If this is not possble, then
report on the achieved results and the satisfaction of students should be presented to the school
management, together with a proposal for further collaboration.
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