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Abstract  

The topic of this research paper is welding training with the help of augmented reality technology. 

The aim of the investigation is to find out the best way to train welding skills, namely by using the 

SOLDAMATIC augmented reality simulator or the traditional method of training.  

The research was conducted by experiment. Two groups of participants at Hochschule Esslingen and at 

AUDI were trained under equal conditions in different ways. The first way was training with the 

SOLDAMATIC augmented reality simulator and the digital E-Learning platform (60% of the training time) 

followed by training in a workshop on the welding equipment (40% of the training time). The second way 

was training only in a workshop on welding equipment and the use of paper media (100% of the training 

time). 

As a result of the investigation, it was proven that the modern method of welding training using the 

SOLDAMATIC augmented reality simulator is a good training method with good results and much lower 

resource costs, and it is the leader which provides sustainable and climate friendly welding training method. 

The results will be used to improve AR technology applied to education and more specifically to skills 

development, and the SOLDAMATIC welding training simulator. 

Key words: SOLDAMATIC, E-Learning, digital welding training, AR welding training, welding 

technologies, learning of welding, MAG welding. 
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welding machine. It is important to note that Augmented Reality does not seek to replace real welding 

practices, but rather to improve the educational process of welders to meet higher quality standards. 

I express my deep appreciation to my supervisor Prof. Dr.-Ing. Martin Greitmann for his help and assistance 

during the preparation of my thesis. Thank you very much for the time and effort you put into my Master 
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training, which was a great experience for me! 
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you very much! 
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1. Introduction  

In the 21st century technology does not stand still and every year it develops more and more in all spheres of 

our life. With the advent of the Industrial Revolution 4.0, the transformation of ordinary things using 

advanced and innovative technologies such as automation, machine learning and smart digital technology 

has become possible. New technologies allow us to treat nature more carefully, save resources and at the 

same time improve the quality of life. Also, in the sphere of metal welding such technology as augmented 

reality has entered widely into this sphere and helps millions of people to get knowledge under more careful 

control of the simulator and most importantly using the minimum of resources such as electricity, metal, gas 

and wire. Moreover, there is another factor that makes this technology more noble, and that is the reduction 

to zero of harmful gases in the atmosphere during the training process. People using augmented reality 

simulators learn welding skills by literally sitting in front of a computer, which increases their safety in the 

learning process and in conventional classrooms. These aspects make welding training more effective. 

This Master Thesis compares two ways of learning welding skills: 1) Using augmented reality technology, 

namely the SOLDAMATIC Augmented Reality welding simulator and real practice 2) Using real welding 

machines during the whole training course. 

Once the research is completed, the advantages and disadvantages of the two training models will be 

discussed and the conclusions will be reviewed. The main point to be analyzed on this study is: Is augmented 

reality technology the best choice for welding training? In the progress of the work, this question will be 

gradually revealed as experimental data become available, and it will be possible to answer this question 

based on the values of the numbers. For a more structured understanding of this work, below is a table 

(Tab.1) with the research plan. 

Month 1st part of month 2nd part of month 

October - 
Studying of SOLDAMATIC and 

Literature Checking 

November 
Welding Practice and Experiment 

Preparation 

Experiment in Hochschule Esslingen 

Group 1 

December 
Experiment in Hochschule Esslingen 

Group 1 

Experiment in Hochschule Esslingen 

Group 1 

January 
Experiment in Hochschule Esslingen 

Group 2 

Experiment in Hochschule Esslingen 

Group 2 

February 
Experiment in Hochschule Esslingen 

Group 2 and Research in Audi 

Metallographic examination of weld 

seams 

March Analysis Conclusions 

Table 1: Master Thesis Timetable 

Source: self-developed 
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2. Theory 

2.1 Welding status quo 

In any industry, welding processes are among the most important processes in production and must therefore 

be carried out to the highest standards and by highly qualified professionals. Moreover, the focus on energy 

efficiency and sustainability as well as the increasing quality requirements are fundamental for the industry 

at a time when raw material prices are rising. Welding process in the 21st century is an integral part of many 

industries such as transport, automotive, shipbuilding, etc. At the moment there are quite a few different 

types of welding, both new and proven for ten years, but progress does not stand still and every year there 

are new and improved technologies in this area. 

To this day, there are 12 basic types of welding (based on: The Crucible n.d.; TWI n.d.; William Andrew 

2008) 

1. MIG welding 

Metal inert gas welding (MIG) is a type of arc welding that requires a solid wire electrode. The 

electrode is pushed into the gun from the welder and heated, after which welding takes place (Fig.1). 

 

Figure 1: MIG welding 

Source: https://rime.de/en/welding/mig-welding/   

https://rime.de/en/welding/mig-welding/
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2. MAG welding 

This type of welding is very similar to MIG welding, but MAG welding uses an active gas (Fig.2). 

 

Figure 2: MAG welding 

Source: https://rime.de/en/welding/mag-welding/  

3. TIG welding 

Tungsten inert gas (TIG) welding is a type of arc welding that uses a tungsten non-fusing electrode to 

weld. This type of welding is accurate and the welder can adjust different parameters on the machine. 

Welding is suitable for welding both ferrous and non-ferrous metals, very well suited for brittle 

metals (Fig.3). 

 

Figure 3: TIG welding 

Source: https://rime.de/en/welding/tig-welding/  

https://rime.de/en/welding/mag-welding/
https://rime.de/en/welding/tig-welding/


   

17 

 

4. Stick or Arc welding 

Stick welding is a type of manual arc welding that uses a flux-coated fusible electrode to weld. This 

type is well suited for welding thick materials and is easy both to use and to set up (Fig.4). 

 

Figure 4: Arc welding 

Source: https://www.kjellberg.de/en/provesses-manual-metal-arc-welding.html  

5. Flux welding 

Flux welding is a semi-automatic or automatic arc welding process that uses a continuously fed 

consumable electrode. The fusible electrode is continuously fed, the center part of the electrode 

consists of flux and provides protection of the weld from the environment (Fig.5). 

 

Figure 5: Flux welding 

Source: https://www.thefabricator.com/thewelder/article/consumables/getting-to-know-flux-cored-wires  

https://www.kjellberg.de/en/provesses-manual-metal-arc-welding.html
https://www.thefabricator.com/thewelder/article/consumables/getting-to-know-flux-cored-wires
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6. Plasma arc welding 

Plasma arc welding is a process that uses a non-consumable electrode, an arc is formed between the 

surface and the electrode. This high-temperature process makes it possible to weld deep and narrow 

seams at high speed (Fig.6). 

7. Oxy-acetylene welding 

The oxygen-acetylene welding process is carried out by means of gas and oxygen combustion. An 

increase in the palm temperature is possible due to oxygen for quality metal melting (Fig.7). 

                

Figure 6: Plasma arc welding 

Source: https://www.substech.com/dokuwiki 

/doku.php?id=plasma_arc_welding_paw  

Figure 7: Oxy-acetylene welding 

Source: https://scotthaywood.weebly.com/oxy-

acetylene.html

8. FS welding 

Friction Stir Welding (FSW) - this process uses friction between the rotating tool and the surfaces 

to be welded, resulting in an increase in temperature and melting of the metal. The non-fusing 

electrode rotates at high frequency, plunges into the weld and stirs the metal in the weld, the 

movement is along the weld (Fig.8). 

https://www.substech.com/dokuwiki%20/doku.php?id=plasma_arc_welding_paw
https://www.substech.com/dokuwiki%20/doku.php?id=plasma_arc_welding_paw
https://scotthaywood.weebly.com/oxy-acetylene.html
https://scotthaywood.weebly.com/oxy-acetylene.html
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Figure 8: Friction stir welding 

Source: https://megastir.com/friction-stir-welding-vs-traditional-welding/  

9. US welding 

Ultrasonic welding (USW) is welding with an ultrasonic vibration frequency. During the welding 

process, the parts to be welded are placed on an anvil and pressed with a reed with a certain force, 

then a high frequency vibration is emitted, which generates heat, causing the metal to melt and 

weld (Fig.9). 

 

Figure 9: Ultrasonic welding 

Source: https://www.teletecsi.com/blogs/ultrasonic-welding-in-contract-manufacturing  

https://megastir.com/friction-stir-welding-vs-traditional-welding/
https://www.teletecsi.com/blogs/ultrasonic-welding-in-contract-manufacturing
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10. Laser welding 

Laser welding is the process of welding metal with a laser beam. This type of welding is high-

speed, with speeds up to 10 meters per minute. It is well suited for welding thick metals and 

narrow, deep seams (Fig.10). 

 

Figure 10: Laser welding 

Source: https://www.eurobots.net/laser-welding-and-cutting-robots-subc-13-en.html  

2.2 MAG Welding  

Metal Active Gas welding (MAG) During this process, a melting electrode from the gun is used, creating 

an electric arc between the electrode and the surface. This type of welding uses an active gas, which also 

comes continuously from the nose of the gun to protect the weld from the environment. (TWI n.d.) The 

gases that can be used for this process and their ratios are given in the Table below (Tab.2): 

Gas Ar CO2 O2 

CO2 0% 100% 0% 

ArO2 95-98% 0% 2-5% 

ArCO2 75-95% 5-25% 0% 

ArCO2O2 85% 10% 5% 

Table 2: MAG welding gas ratio 

Source: self-developed based on (https://www.twi-global.com/technical-knowledge/faqs/faq-what-is-mig-

mag-welding) 

https://www.eurobots.net/laser-welding-and-cutting-robots-subc-13-en.html
https://www.twi-global.com/technical-knowledge/faqs/faq-what-is-mig-mag-welding
https://www.twi-global.com/technical-knowledge/faqs/faq-what-is-mig-mag-welding
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There are also different regimes for transferring metal from the melting electrode to the molten pool of 

metal. For the most part, these modes are selected by changing the characteristics on the welder, such as 

amperage and voltages. There are four modes for transferring metal from the electrode to the molten pool 

(Fig.11): 

¶ Short circuiting, 

¶ Globular transfer, 

¶ Spray transfer, 

¶ Pulsed transfer. (shtorm-its n.d.) 

 

Figure 11: 4 modes in MAG welding 

Source: https://www.aedmotorsport.com/news/mig-welding-transfer-methods  

The Short circuit welding mode is good for wires with a diameter of 0.5-1.6 mm and a short arc with a 

voltage of 15-22 V. The metal melts after the short circuit, collects in a drop, which gives an increase in 

arc voltage and arc length to its maximum value. The wire feed rate is constant but the melt rate of the 

electrode varies in the different phases, so when the electrode with the drop at the end is close to the 

molten pool the voltage and the arc decreases until a new short circuit. During the short circuit, the 

current increases, thereby tearing the droplet away from the electrode and the droplet falls into the molten 

pool of metal. This cycle is repeated countless times during welding. The frequency of short circuits 

during this welding mode is about 90-450 times per second, depending on the parameters of the welding 

machine. If the welding parameters are correct, the splashing of metal from the electrode is no more than 

7%. 

For the globular transfer mode, the current density and arc length increase, this gives a change in the 

electrode drop and the transfer of the molten metal drop from the electrode to the pool. The molten 

https://www.aedmotorsport.com/news/mig-welding-transfer-methods
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droplets are not carried continuously and are large in size so this is quite visible to the eye. The properties 

of the arc deteriorate, the splashing and burning of metal from the electrode increases by up to 15%. 

In Spray Transfer mode, without any additional devices, it is possible to see how the metal from the 

electrode moves continuously as a spray. This mode is only possible when the current is increased to the 

maximum for the thickness of the wire used. If the gas supply is changed, the current may change. 

To improve the properties of the arc, pulse transfer is used, i.e., pulse increase of its power. The electrode 

does not have time to fall at the speed of its feeding from the welding machine. During the current pulse, 

the electrode melts faster and forms a drop at the end. The increase in amperage pulls the droplet away 

from the electrode and into the pool. This mode allows to weld in all positions. (shtorm-its n.d.) 

There are a number of pros and cons to this type of welding given in Table below (Tab.3): 

Pros Cons 

Good weld protection Electrode combustion and spattering is high 

No slag formation Strong arc emission 

Welding is allowed in all orientations Amperage is restricted 

Well suited for automation of the welding process 

(connecting of robotic arm) 

Only DC current is used during the welding 

process 

Table 3: Pros and cons of MAG welding 

Source: self-developed based on (https://www.shtorm-its.ru/info/articles/tekhnologiya-svarki-mig-mag/) 

A MAG welder is a body with electrical components inside. On the outside there is a control panel with 

buttons and controls for amperage, voltage, wire feed speed. Also, there is always a welding gun and a 

ground wire with a clamp (Fig. 12). 

https://www.shtorm-its.ru/info/articles/tekhnologiya-svarki-mig-mag/
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Figure 12: MAG welder 

Source: https://allweldsupplies.com/en_GB/p/MIG-MAG-Welder-Magnum-190-II-MMA -NEW-

Welding-Machine-230-V/2615 

A welding gun for this type of welding consists of gun housing, conducter tube and nozzle. Under the 

nozzle there are gas diffuser for distributing of gas and contact tip from which the wire is fed - the 

melting electrode. When the welder pushes a button on the gun gas, wire and current begins to flow. 

Striation of welding gun given on Figure below (Fig.13). 

 

Figure 13: Welder gun 

Source: http://www.imagequiz.co.uk/quizzes/329589001  

https://allweldsupplies.com/en_GB/p/MIG-MAG-Welder-Magnum-190-II-MMA-NEW-Welding-Machine-230-V/2615
https://allweldsupplies.com/en_GB/p/MIG-MAG-Welder-Magnum-190-II-MMA-NEW-Welding-Machine-230-V/2615
http://www.imagequiz.co.uk/quizzes/329589001
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2.3 Welding Education in Germany 

In Germany, as in many other countries, welding technology develops every year. An important role in 

Germany is taken by DVS - the German Association of Welding and allied processes. This organization 

provides certification, accreditation and attestation of both personnel and organizations that want to 

become welding training schools. DVS has many partner companies throughout Germany, this can be 

seen on their website. Moreover, DVS has partnerships not only with companies but also with universities 

around the country, Hochschule Esslingen can be seen in this list. This university has a DVS student 

group headed by Prof. Dr.-Ing. Martin Greitmann, who develops this area and each student who is 

interested can join the university DVS community. The list of university partners also includes RWTH 

Aachen University, Technical University Chemnitz, University of Technology and Economics Berlin and 

many others. (DVS 2022) 

2.4 Augmented Reality Welding  

Augmented reality (AR) technology is an enhancement of the real environment where a person is in the 

present moment using digital information such as visualization of various elements, sounds and even 

smells. Basically, it uses the camera of a phone or some other device to broadcast pictures in real time. 

Then the Augmented Reality software recognizes the objects and downloads the desired 3D objects from 

its server. Then the digital objects are superimposed on the real image and the final broadcast is displayed 

on the screen or on smart glasses. For example, a person who uses this technology can control what is 

happening in the Augmented Reality using hand gestures, voice or on the touch screen of the device. 

Also, when changing the place of the person, i.e., while moving, the Augmented Reality system changes 

the output image that the person sees. The new graphic appears and the old one is no longer visible to the 

person.  

These days, this technology is widely used in industry. One example of this is employees at any factory in 

various positions. The repairman looks at the machine and sees information only relevant to his/her line 

of work, for example in what order to disassemble the machine to access the repair of the unit that is 

broken. And the operator of this machine has information and instructions for the correct and quality 

setting of the machine. By using this technology in production, training costs, material usage, and 

productivity can be reduced. Thus, the possibility of using Augmented Reality in the 21st century helps 

people in all areas ranging from online shopping to medicine (Alsop 2021), (Hayes 2021), (Porter & 

Heppelmann 2017), (PTC n.d.). 

Also, an example of Augmented Reality technology to aid in industry training are welding simulators 

from companies such as Seabery and Miller Electric. These welding simulators have been used for more 
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than ten years to train novel and professional welders, integrate the simulation into the real world, 

together with the different elements used in the actual welding process: torch, helmet, parts and 

equipment, allowing the user to interact with the practice using the natural movements of the body, just as 

if he/she were performing a real practice; developing muscle memory and exercising real posture. The use 

of Augmented Reality Welding helps to reduce the cost of materials, electricity and emissions of harmful 

substances into the atmosphere. 

However, there are virtual reality welding simulators, but unlike augmented reality, the student does not 

interact with the real environment and does not see anything but the virtual world. 

2.5 SOLDAMATIC  

SOLDAMATIC is an innovative simulator with Augmented Reality technology for training new and 

advanced welders. The advanced company Seabery, the creator of this welding solution, invested all of 

the most important qualities during its creation. At the moment the simulator combines advanced training 

concepts, training anywhere in the world, a safe training process, environmental friendliness, attracting 

young professionals with its concept and also reduces training costs to a minimum (Fig.14). This welding 

simulator is an aid in the welding training process, but it is not a substitute for actual welding practice. 

(WeldPlus n.d.). 

It is the most realist welding training simulator available in the market, because: 

¶ The welding simulation is parameterized based on the behavior of a WPS in a real environment 

and under different scenarios  

¶ Real Sound recorded in a real welding shop.  

¶ Augmented Reality- integrates the simulation into the real world 

¶ Design similar to a welding equipment 

¶ Real amperage foot controller/server for TIG welding. 

¶ Real torches for MIG/MAG, TIG and MMA welding. Manufactured by Abicor Binzel.  

¶ Real welding mask 

¶ Real welding gloves 

¶ Custom welding joints made according to customer needs. 
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Figure 14: SOLDAMATIC 

Source: https://weldplus.de/de/products/soldamatic/concept/  

Seabery supplies this product in a variety of packages such as Education, Edication +, Advanced, 

Robotics and Industry. Let's take a look at the standard Education kit. In this kit the buyer receives a basic 

set of tools: SOLDAMATIC, a welding helmet, welding guns for MIG/MAG, TIG and MMA welding, a 

pair of electrodes and 5 work surfaces (overlap joint, butt joint, butt pipe joint, T-joint, T-joint pipe to 

plate). The design of the simulator is identical to a professional welding machine, i.e., details such as the 

control panel, welding mask and welding guns are fully consistent with the real thing. 

The table below (Tab.4) shows the possible processes, materials, material thicknesses, gases and modes 

of the Education package on the SOLDAMATIC simulator. 

Welding Process 

¶ MIG/MAG 

¶ TIG 

¶ MMA  

Base Material 

¶ Carbon steel 

¶ Stainless steel 

¶ Aluminum 

https://weldplus.de/de/products/soldamatic/concept/
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Thicknesses 

¶ 3 mm  

¶ 6 mm 

¶ 10 mm 

Gases 

¶ Argon/CO2 

¶ Argon 

¶ CO2 

¶ Argon/O2 

Transfer Modes 

¶ Short circuit 

¶ Globular 

¶ Spray 

Table 4: Possibilities of Education package 

Source: self-developed based on Seabery website 

SOLDAMATIC also includes E-Learning platform for managing and developing the training. Welding 

school instructors can easily monitor students' progress, evaluate their work, create and edit existing 

courses and interact with students on real time. E-Learning platform is designed not only for 

administrators but also for students. Every student gets a personal web page to access theoretical 

exercises, either at home or anywhere else. In this way, an excellent welding training package, as close to 

reality as possible, is available to the customer (WeldPlus n.d.). 

A SOLDAMATIC unit was purchased a bit more than one year ago for the Hochschule Esslingen 

laboratory to train students in welding. In the table below is a list of what has been purchased from 

WeldPlus (Tab.5). 

Also, the E-Learning has a wide range of courses for the training of welders ready to use and with which 

the teacher can teach courses of electric arc welding procedures (MMA, MIG-MAG and TIG), the most 

common positions, thicknesses and materials in the industry. These contents have been developed in 

collaboration with some of the most prestigious welding experts, such as the German Welding Institute 

(DVS). 

Name of position Part/Invoice number Note 

SOLDAMATIC 3.0 Basic PLUS 

Version - Lifetime Augmented 

Reality Simulator, Welding 

Simulator for MIG/MAG, MMA 

and WIG, Router, Antenna and 

standard accessories. Software 

License - Lifetime 5 years 

WP19306D/12809 
SOLDAMATIC and E-Learning 

software version 3.2.1 



   

28 

 

Software Upgrades & Support 

License. After the 5 years system 

still usable! Included in delivery: 

MIG / MAG, MMA and TIG for 

the standard workpieces 

(Overlap weld, T-joint, fillet weld, 

pipe-flange 6", pipe-pipe 6") with 

Mild steel, aluminum and stainless 

steel. Teacher software (LMS) and 

e-learning platform. 

WORK STAND SHORT for fixing 

the workpieces in different 

positions. 

WP19004D/12809 - 

CASE for TRANSPORTATION 

consisting of upper & lower case. 
WP19003D/12809 - 

DVS based TIG course with 

theoretical and practical exercises, 

German language. 

So_O-Sc02.2-DE/12809 - 

DVS based MMA electrode course 

with practical and theoretical 

exercises, in German language. 

So_O-Sc03.2-DE/12809 - 

DVS based MIG/MAG course with 

practical and theoretical exercises, 

in German language. 

So_O-Sc01.2-DE/12809 - 

DVS aligned MIG/MAG course 

with practical and theoretical 

exercises, in English language. 

SOGMAWKM/12929 - 

SOLDAMATIC SERVER 3.0 

required for network connection 10 

devices can be connected, 

additional devices via cable. 

WP19002D/12941 Server version 3.2.1 

Table 5: Purchased equipment for Hochschule Esslingen 

Source: self-developed based on documents from Hochschule Esslingen 
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2.6 Metallography Examination 

Metallography is the analysis of the microstructure of metal, which gives an insight into the processing of 

metal and provides answers to questions such as whether the part is reliable and the causes of product 

failure. 

In the process of this study, it is possible to collect quite a lot of information about the microstructure of a 

metal, such as color, size, shape of grain, segregation effect, shape of the second phase, inclusions, 

distribution, percentage of ferrite and pearlite, porosity, nodularity. The microstructure also strongly 

affects the properties of the material, namely the tensile strength, thermal conductivity and electrical 

behavior. 

There is a specific procedure for conducting a metallographic analysis, which includes 5 main points 

(Fig.15): 

¶ Cutting with water cooling 

¶ Embedding 

¶ Grinding / Polishing 

¶ Etching 

¶ Analysis with Microscope (Kemet n.d.), (Metallurgical Engineering Services n.d.) 

 

Figure 15: Metallography Examination stages 

Source: https://www.kemet.co.uk/blog/metallography/what-is-metallography  

This test method is only used for real welding joints, the SOLDAMATIC welding simulator does not 

provide this possibility to test the weld because it has other purposes. 

2.7 Ultrasonic Testing 

Ultrasonic testing is a non-destructive method of testing metal and welds based on the principle of high-

frequency vibrations of about 20,000 Hz. The waves emitted by the device pass through the metal until 

they encounter cracks or other defects, then they are reflected and the detector registers them. If there are 

https://www.kemet.co.uk/blog/metallography/what-is-metallography
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no defects inside the metal, the wave is reflected only from the surface on which the piece of material lies. 

The type of flaw can be determined by such indicators as the distance to the crack or cavity using the time 

of the wave passing and establishing its size with the help of the pulse amplitude (Fig.16).  

There are a total of 5 testing methods, but the only difference is in the recording and analysis of the 

readings. 

There are also basic steps for testing: 

¶ Clean the area to be tested of dirt, rust, or any coatings, 

¶ Treat the area with a special gel to improve contact, 

¶ Set up the ultrasonic testing device, 

¶ The transducer moves over the test site in a zig-zag pattern, 

¶ If the defect is located, it is recommended to locate it more accurately in order to stabilize the 

probe signal, 

¶ Record the position of the defect, 

¶ To verify the data, it is worth checking the seam twice. 

 

Figure 16: Ultrasonic Testing 

Source: http://novotest.biz/ultrasonic-testing-of-welds/  

Thus, the results of this study can determine such defects as cracks, pores, corrosion damage, and 

delamination. (Novotest n.d.) 

This method of checking welds is widely used in this field, but it was not used in this research because of 

the large number of final works and as a consequence it would be very time consuming. Therefore, 

http://novotest.biz/ultrasonic-testing-of-welds/
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another method was chosen to analyze the results. Moreover, the welding simulator does not provide 

nondestructive testing results because its main task is training. 

2.8 Electricity Measurement with Dewetron DEWE-2600 and Rogowski 

belt 

ñThe flexible DEWE-2600 system is a portable all-in-one measurement instrument with up to 80 analog 

channels. With 16, 22 or 24-bit resolution, the sampling rate is up to 10MS/s per channel and each one 

has its own anti-aliasing filter.ò (Power Technology 2014). 

ñThe Rogowski coil is defined as an electrical device that is used to measure alternating current (AC). It 

is also used to measure the high-speed transient, pulsed current or sinusoidal current. A Rogowski coil is 

an evenly wounded coil with N number of turn and constant cross-section area A. There is no metal core 

in a Rogowski coil. The end terminal of the coil is returned through the central axis of the coil to another 

end. Therefore, both terminals are at the same end of the coil. This entire assembly wrapped around the 

current-carrying conductor whose current we need to measure.ò (Electrical 4u 2020). 

The Rogowski coil allows current measurements to be made using only one wire strand, e.g. phase or 

neutral (220V), phase 1, phase 2, phase 3, neutral (380V). If the coil is placed around a pair of strands of 

one wire, however, the measurements will not be correct. Concluding from the above words for correct 

measurements it is required to remove cable jacket of the wire preparing access to each wire for 

Rogowski coil (it is supposed to remove only the top protective jacket of the wire, not remove the wire 

insulation from the wires). 

Thus, the Dewetron and Rogowski belt can measure the current, record the measurements, make plots and 

make calculations based on the obtained values (Fig. 17). In the future it will be possible to measure the 

current on the SOLDAMATIC, welding machine and calculate the real power consumption.  
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Figure 17: DEWE-2600 

Source: self-made 

2.9 Welding Procedure Specification (WPS) 

The Welding Procedures Specification (WPS) is an official document and a precise indication for the 

person who will perform the welding work. This document always clearly indicates all the parameters to 

be adhered to as well as what additive, material, gas, and titer should be used. It is also necessary to take 

into account the position in which the welder should perform his work. This document is always in 

accordance with the norms and standards to produce quality welds in the future and as a result quality 

product. Every company that performs products by welding should use the WPS for welding work to 

comply with safety laws. In addition to this, welders who use this document should independently verify 

the correctness of the document for safety purposes (Technoweld 2019). 

There are many different computer programs for creating WPS, but they all follow the same principles. It 

is possible to highlight the basic points for writing this document: 

1. Basic information (Company, developer, date, number and etc.), 

2. Type of joint (Material, distance between joints, pictures), 

3. Materials (Main material and type of wire), 

4. Gas and Position of welder, 

5. Electrical settings, 

6. Welding sequence (Seabery 2018).  












































































































































































