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1. DESCRIPTION OF SCIENTIFIC PROBLEM

AQAP 2000 documents declare that quality management is a process where the participants of it — among them with high
importance the industry - facilitate the development, creation and maintain of military capabilities from forming out of
concept till disposal. The military vehicle production has dominant role in the Hungarian military equipment manufacturing
when introducing of the quality management system also means the application of high quality and reliable production
equipment. Such equipment is the welding robot in the field of welding.

Since the military vehicle manufacturing typically uses thicker plates arises the demand to apply robots with intelligent
features with sensor technology at the robotisation of welding processes. Thus in my thesis I set such targets that can
contribute to work in praxis in this field with high efficiency by means of the result of praxis orientated experimental
processing of this theme.

2. TARGETS OF RESEARCH WORK

2.1 Make an overview about the possibilities where can be applied the artificial intelligence in robotisation of welding
processes.

2.2 Give an overview about the different and typical types of sensors that make possible intelligent working of robots in arc
welding.

2.3 Work out an investigation method that makes possible the planning of sensor parameters for arc sensor which is the
most frequently applied type of sensor in robotisation of arc welding.

2.4 Investigate the possibility of application of contact electric sensor for butt joints at an actual military vehicle production
project.

2.5 Investigate whether it is possible to expand the application of an expert system that is used for judging robot
applicability for welding even for sensor technology by means of the methods described above and thus make possible
to combine this two anyway independent field of artificial intelligence.

3. METHODS OF RESEARCH WORK

I applied analysis, synthesis, induction and experimental analysis as general methods of research work during my work. I
made investigation in professional literature in two directions: expert systems in practical robot technology and adaptive
robot systems first of all in welding applications particularly in points of contact of this two fields.

The working features of arc sensor I explored with experiments where I leaned on my previous results of my former
experiments.

The possibility of application of contact electrical sensor for butt joint I investigated by means of experimental method.

4. SUMMARY OF RESEARCH WORK CHAPTER BY CHAPTER

4.1 In the first chapter I made an overview of fields of application of artificial intelligence in arc welding. Bearing in mind
the main objectives of the thesis I studied particularly detailed different expert systems and robotics and within robotics
the sensors that make possible intelligent working of welding robots.

4.2 The second chapter contains the description of my research works that I made with the most frequently used arc sensor
investigating its application features. I described a new method that I introduced for determining the application features
of arc sensors used for seam tracking at application of arc welding robots.

4.3 In the third chapter I described a new searching method that I introduced for expanding the field of effective application
for welding butt joints as well where sensor body is the welding wire itself in the welding torch of the robot.

4.4 In the fourth chapter I described a model of a complex expert system that was made by me. This system expands the
application area of a basic expert system (that was designed to investigate the basic possibility of robotisation of arc
welding) to the robot application where robots have agent features. This system includes also the off-line technology
knowledge base of arc sensor that was described in the second chapter and the knowledge base of contact electric sensor
that was described in the third chapter. In this way I could join two fields of artificial intelligence: expert systems and
robotics in order to increase the effective application of arc welding robots.

5.  SUMMARY OF CONCLUSIONS

I fulfilled the targets of my research work with proper methods of investigation. I made an overview of the professional
literature focused on expert system in arc welding and robotics among the areas of artificial intelligence. I investigated more
detailed within this scope sensor technology that makes possible the agents capabilities of welding robots. I made
experimental tests investigating the application technology of arc sensor that is one of the most frequently used sensors for



arc welding robots. The results of these tests make possible the technological off-line programming of arc sensor. I worked
out a new searching method for contact electric sensor that makes possible to expand the possibility of application of this
sensor to butt weld joints with high efficiency and accuracy as well. This investigation was especially actual at a military
vehicle production project. Leaning on the knowledge base of these results of experiments with both sensor types I worked
out a model of a complex expert system that helps technological off-line programming even by robots that have agent
features. This has particular importance in production of military vehicles since the robotic welding of such vehicles can be
realized in most cases only with robots they have agent features i.e. the appropriate sensor technology. These results in
military vehicle production can be surely good applied because they fit correctly to the development of military quality
management systems. This makes possible the production of military devices with higher efficiency and higher quality. The
application of quality devices are essential parts of high level of NATO defense capabilities.

6. THESES — NEW SCIENTIFIC RESULTS
6.1. I found that application features of seam tracking arc sensor basically determined by the following factors:

« Kinetic features of the arc sensor

e The relation of correction speed necessary for successful seam tracking and technological parameters of
application

« conditions of stable seam tracking process

6.2. Worked out a new method for testing application features of seam tracking arc sensor that is based on the investigation
of the features mentioned in the first thesis. By means of this method it became possible to plan sensor parameters that
provides possibility to expand the technological off-line programming to the programming of welding seams have to
be welded with arc sensor.

6.3. Iintroduced a new searching method for application of contact electric sensor that expands its application area to butt
weld joints as well.

6.4. 1 worked out a model of a complex expert system for robotisation of welding that merge two anyway separate scope of
artificial intelligence: expert systems and robotics.

7. PRACTICAL APPLICATION OF RESULTS OF THE RESEARCHES

Results of this research work can be directly utilized in robotized welding of military vehicle production. Promote the
introduction and development of military quality management system in production of military equipment excluding in
higher level of human factor from the production.

8. RECOMMENDATIONS

I recommend for utilization of the results for those experts they are working in assuring technical conditions of introduction
and operation of military quality management systems.

I recommend this for all companies they intend to investigate the possibility of mechanization and robotisation of their
welding processes.

I recommend these results also those people they want to study a possibility of robotisation of a certain product.

I recommend the overview of literature and also the results of research work for graduate and postgraduate education of
engineers first of all in applied robotics.
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