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VIRTUAL WELDING
D. Dobraš
, Z. Božičković2, Ž. Petrović3, M. Santrač4, P. Tasić5
Summary: Training of qualitative technical staff is a long and tedious process that often requires considerable financial resources. Costs of training are expressed specifically in the training of welders. Besides adekvante welding equipment and instructors of welding, are necessary of large amounts of basic,  additional and auxiliary materials. Price of training includes the cost of  preparation and control samples. Virtual training of welders of the simulators , which also provide a simulation of the welding process and the assess their quality, provides training welders without the high cost. At the same time its possible avoid injury still inexperienced welders. The paper is presents the basic concept of virtual training welders.
Key words: training, costs, simulator, virtual welding.
INTRODUCTION
Welder training includes training of students in theoretical knowledge, skill welding and motor skills. Theoretical training costs are constant for each student. However, the cost of practical training changes depending on the motivation and motor skills of the participants.

According to the guidelines of the International Institute of Welding (IIW) training is done at multiple levels (Figure 1). Welders are constantly trained on different: the type and thickness of the base material, joint types and welding positions, and are subject to periodic checks of welding skills.

The practical training of motor skills and welding require significant financial resources required for: welding equipment, basic, additional and auxiliary materials, energy, and safety equipment and welding instructor.

A large number of students training for welders certain level fails to meet the necessary requirements, and the costs incurred in the training of such personnel loss.
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Fig. 1 Simplified scheme of education welders
The moment in which to cancel the training of non-performing students, it means increase or decrease the total cost of training welders.
1. VIRTUAL WORLD
In the real environment of people through our senses receive and send information. Speech, relative position of the body and objects and their movements in 3D space, we get a lot of information that we understand and easy to connect.

The development of computer technology, especially software, provided that the computers can mimic the real environment. The virtual world provides access to information that imitate real - 3D space. This imitation of the real space is called virtual space, because we can see through the sense of something that is unreal - virtually, that is. generated by computers and special haptic hardware.

Virtual space is for a number of years present in our everyday life. Widest application found in video games. Use it, and production of television and film program. It is extremely useful in the education system. Used in workout routines, both general and specialist knowledge level indicators. Already used:

· in training drivers of motor vehicles, instead of on the road using the simulators are being practiced procedures in the run,
· airplane pilots train ride in various flight conditions,
· designers assembled position and verify the interoperability,
· doctors on virtual simulators to practice surgeries,
· provide a new generation of navigation information in 3D space. 
2. VIRTUAL SPACE AND WELDING
Similar reasons for the application of virtual space in other areas, the virtual space slowly ascends into the training of welders.
To welder achieve the necessary motor skills required over 100 hours of practical training. During training welder will spend a large amount of metal samples, additional materials, shielding gas, electricity. In this training will be done in terms of the established arc, smoke polluted atmosphere, intense light, ultraviolet and heat radiation, which requires adequate protection.

Analysis of the average cost of consumables and energy needed to train one welder to MIG / MAG procedure is given in Table.
Table 1 Average cost of consumables for training one MAG welders 
	The basic material (different levels of preparation)
	1800 kg

	Additional material
	190 kg

	Shielding gas
	270 kg

	electrical energy
	1 100 kWh


Learning in virtual space provides an initial improvement of working conditions, increasing the efficiency and effectiveness of training welders.

In the market you can find different types of simulators for welding and their manufacturers suggest different savings in the cost of training welders. The average savings is about 25% of the necessary materials, and training time is reduced by more than 20%.

For beginners in welding, after the theoretical training, the first part of the practical training is conducted in the classroom, simulator welding. Due to similarities with video games, training welding at this stage may be interesting to young people. Training on simulators is possible for experienced welders, if the training is done in new positions or new materials.

2.1 SIMULATORS VIRTUAL SPACE
Simulators are highly developed devices based on special hardware additions in the form of a special workspace, torch and mask connected via computer software that simulates 3D space. Computer records movements haptic portal (torch) and using a database creates the illusion of real work.

The database contains information on: the basic material (type, shape, dimensions) additional material (type, size, speed wire length free end of the wire), shielding gas (type, flow), the type and size of the compound, the position of welding, gas diffuser (shape, size, distance from the base material), the direction of welding, welding speed, the strength and type of failure, mode of transmission, additional materials through an electric arc, torch angles (longitudinal, transverse), as well as audio recordings of various welding regimes.

In the market there are different types of welding simulator that can be fixed or portable (Figure 2).
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Fig. 2 Different models simulator for welding
To view the virtual space used LCD monitors and 3D glasses with built-in display and stereo sound system in a protective mask (Figure 3). Virtual welding is performed on models of standard tube welding (Figure 4), the welding position for which training takes place.
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Fig. 3 3D mask with sound system 
     
  Fig. 4 Specimens for virtual welding 
The principle of training welders on the simulator is as follows:
· learning phase - a simulator of the screen shows what a welder to do,
· phase of rehearsal - welder attempt a default, and measure the success of the simulator,
· exercise phase - welder repeating the exercise until it is sufficiently trained,
· new level - when a welder trained about all required changes to the practice in the workshop.
2.2 TRAINING ON SIMULATOR FOR WELDING  
 The quality manual welding depends on the skills and motor skills of welders. In the initial phase of training in the simulator practicing the motor to which the actual training spend a lot of time and resources. Rehearsing the following stages:

The quality manual welding depends on the skills and motor skills of welders. In the initial phase of training on the simulator are practicing motor to which the actual training spends a lot of time and resources. Practicing the following phases:
· guiding burner - maintaining the necessary and constant welding speed,
· guiding burner - maintaining the required distance burner 
· guiding burner - maintaining the proper distance and angle burner (longitudinal and transverse)
A virtual instructor can demonstrate what welder should do, after that it does a welder and receives feedback whether it is within the set value or beyond. This phase continues until the motor skills are stabilized.

In the second phase exceeds the training simulator which takes place at two levels:
· welding simulation with a fixed set (the ideal) parameters, where welder see the real picture and hear realistic sound welding (Figure 5),
[image: image8.png]


[image: image9.png]


[image: image10.emf]
Fig. 5 Different views of simulated welding
· welding simulation with real given parameters, are practiced technique and specificity of certain welding parameters. It is possible to identify and store the errors that occur in the work, analyze the results.
If the student fails to meet the said parameters at any stage of training is interrupted with his further training.
3. ACCESSIBILITY WELDING SIMULATOR
Welding simulators have been developed with different options for the highest number welding procedures and practical tasks. Access simulator is enabled via touch-screen monitors and multifunctional menu, where the attendant through graphic menu selected area and level of training (Figure 6).

The possibility of analyzing results, feedback and suggestions during training allows errors corrections and faster mastering skills - the locomotion of. Improve muscle memory and kinetic awareness welders leads to faster achieve the required quality. Allows training of beginners and experienced welders.

Participant learns new techniques and practice their skills in a safe environment, without possible injury, harmful gases or waste materials. Training is carried out without the expenditure of expensive materials.
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Fig. 6 A typical menu on the monitor the simulator
4. CONCLUSION 

Simulators are welding process has its advantages and great potential in terms of improving and harmonizing the quality of training procedures and welders all levels. Reduce the cost and time of training with significant environmental benefits. Accessible for training all ages. For non-performing of participants can interrupt training before occurrence the higher costs. However, some of the participants who are first confronted with the technology of welding can occur demotivation when the virtual space move into the real welding conditions where they are exposed to radiation and sources of injury.

[1] LITERATURE 
[2] Jovanović, M., Šprajc, P., Virtual welding - a major shift in the education of welders, Proceedings of the 26th consultation with international participation IBR 2010th Tara 2010th
[3] Rudan, M., Tucman, T., Virtual reality simulators are in welding. 6th Seminar Newspapers in welding technology and related techniques, Pula 2010th
[4] Kreindl, J., Tucman, T., Szügyi, M., Habek, Ž., Training welding procedure virtual simulator-first results, 6 International Symposium SBZ 2011, Slavonski Brod 2011th
 [4]  Postlethwaite, D., Virtual Welding, from http://www.weldingandgasestoday.org/index.php/2010/06/virtual-welding/, accessed on 2013-01-10.
[5] 
Burger, S., Virtualtraining machine to accelerate welding training, from

http://www.engineeringnews.co.za/article/virtual-training-machine-to-accelerate-welding-training-2011-06-10, accessed on 2012-12-16.
[6]  Fronius International GmbH: "Training document", SUP07 Virtual Welding, Version 03, 06/2010 jk
[7] "Minimum Requirements for the Education, Training, Examination and Qualification of International Welder", Guideline of the International Institute of Welding, IAB-089r4-10 Draft 1, IIW, June 2010
HERE WILL BE LOGO





� EMBED CorelDRAW.Graphic.13  ���








�dr.sc. Dragoslav Dobraš. University of Banja Luka, Faculty of Mechanical Engineering Banja Luka, 


   Vojvode Stepe Stepanovića 73, 78 000 Banja Luka, e-mail: dragoslav.dobras@unibl.rs


2dr.sc. Zdravko Božičković, University of East Sarajevo, Faculty of Mechanical Engineering of East Sarajevo, 


   Vuka Karadžića 30, 71123 East Sarajevo, e-mail: zdravko.bozickovic@gmail.com


3dr sc. Žarko Petrović, University of East Sarajevo, Faculty of Mechanical Engineering of East Sarajevo, 


   Vuka Karadžića 30, 71123 East Sarajevo, e-mail: zpetrovic@bata.gov.ba


4 Mladen Sanrač, dipl.ing, Walter d.o.o., Veselina Masleše 1, 78 000 Banja Luka, 


   e-mail: mladen@walterdoo.com


5 Petar Tasic, dipl.ing. University of Sarajevo, Faculty of Mechanical Engineering Sarajevo, 


  Vilsonovo setaliste 9, 71000 Sarajevo, e-mail: tasic@mef.unsa.ba





6
7

_1366185240.unknown

