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Sažetak: Najbolji tehnološki i ekonomski rezultati pri zavarivanju metalnih materijala, mogu se postići samo kad su svi čimbenici koji utječu na proces zavarivanja ispravno podešeni, s obzirom na zadatak zavarivanja. Pored uređaja za zavarivanje i dodatnog materijala, to se odnosi i na izbor zaštitnog plina. Upotreba posebnih plinskih mješavina može doprinjeti značajnom poboljšanju procesa zavarivanja. Tako je zaštitni plin od potrošnog, postao alat za optimizaciju. 

Zaštitina plinska mješavina, optimizirana s obzirom na zadatak zavarivanja, može doprinjeti većoj produktivnosti i postizanju više kvalitete zavarenog spoja. Da bi se to postiglo, potrebno je pažljivo izabrati i kombinirati komponente mješavine, uzimajući u obzir njihova specifičnia svojstva. 

Primjerice, kod MIG-MAG zavarivanja konstrukcijskih čelika dodatak helija u mješavinu može dovesti do povećanja brzine zavarivanja ne djelujući pritom na profil penetracije i nastanak ugorina. Elektrolučno zavarivanje u plinskoj zaštiti, aluminijskih legura i legura na bazi nikla sve se više izvodi uz upotrebu zaštitnog plina s vrlo malim dodacima kisika ili ugljičnog dioksida, koji doprinose izvrsnoj stabilnosti električnog luka i boljem izgledu zavara. Kod mehaniziranih postupaka zavarivanja vrlo je važno uspostaviti stabilan električni luk, jer uređaj teško može reagirati na nestabilne pojave u samom luku, koje pri ručnom zavarivanju kompenzira zavarivač. 

Abstract: In welding of metallic materials technologically and economically best results can only be obtained, when all the parameters relevant for the welding process are properly set up for the welding task. Besides the welding machine and the filler material this also applies to the choice of the process gas. The use of special gas mixtures can enable a great improvement of the welding process, the shielding gas changes turns from a commodity to an optimising tool.

Shielding gases, when optimised with respect to the welding application, can enable higher productivity and provide better quality of the weld. To achieve this, the gas components with their specific properties must be carefully combined.

In GMA welding of structural steels for example an addition of helium to the gas can lead to higher travel speeds without impairing penetration profile or producing undercuts. Gas-shielded arc welding of aluminium or nickel alloys is more and more carried out using a process gas containing very small amounts of oxygen or carbon dioxide, which provides excellent arc stability and weld appearance. In mechanised welding applications having a good arc stability is particularly important, since the machine can, unlike a manual welder, hardly react to glitches in the arc.

1. INTRODUCTION

Shielding gas welding processes are one of the mainstays of metal fabrication. Above all, this joining techniques are valued for their broad flexibility of use and the relatively low capital investment they entail. The gas metal-arc welding (MIG and MAG) and gas tungsten-arc welding (TIG) processes are suitable for almost every type of weldable material and the entire range of working methods from manual to fully automated robotic welding. Laser welding process also uses a shielding gas, and the application of laser welding is groving every day. The use of special gas mixtures can enable a great improvement of the welding process, such as higher productivity and better weld quality. It is therefore very important to choose optimum shielding gas mixture for every process, material and application.   

2. INFLUENCE OF SHIELDING GAS UPON PENETRATION AND WELDING 

SPEED AT MAG WELDING

High travel speeds in mechanized welding processes can be obtained, when the shielding gas:

· provides a wide arc for good sidewall penetration,

· enables a high heat input,

· generates high arc temperatures.

2.1. Applications of optimized gas mixtures

High Performance MAG Tandem Welding

Shielding gases CORGON ®  8 and CORGON ®  He 30, are used for high performance MAG tandem welding. Addition of 30% helium to Ar+10%CO2 mixture can lead to higher travel speeds up to 220 cm/min, without impairing penetration profile or producing undercuts. Crossections and weld appearence are shown in Figure 1. 
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Figure 1. Crossections and weld appearence of filet welds welded in CORGON ®  8 and CORGON ®  He 30 shielding. 

High Performance MAG Welding

In high performance MAG welding, shielding gas mixture Ar+10%CO2 is producing undercuts in fillet welds. Addition of 30% helium to Ar+10%CO2 mixture, besides raising welding speed up to 85 cm/min also eliminates production of undercuts. Crossections and detail of undercut are shown in Figure 2.
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High-performance MAG welding:

Influence of Helium addition to the shielding gas


Figure 2. Crossections and detail of undercut. 

CORGON ® He 30 fullfils versatility of applications, meaning single- or dual- wire MAG processes and thin or thick materials. In every instance the aim was to raise productivity by increasing deposition rate and/or welding speed. CORGON ® He 30 is especially well suited for fully mechanized applications such as robotic welding.   
3. INFLUENCE OF SHIELDING GAS UPON WELD QUALITY AT MIG/MAG 

WELDING

Good weld quality in mechanised welding processes can be obtained, when the process gas:

· produces a good penetration through high heat input,

· provides very good arc stability,

· use of doped process gases instead of inert gases  (e.g. in Aluminium welding),

· use of process gases containing low amounts of active components instead of standard shielding gas mixtures  (e.g. in structural steel welding).

3.1. MAG welding of nickel alloys

In MAG welding of nickel alloys shieldig gas also acts on penetration and welding speed. Fillet welds of Nicrofer 5923 nickel alloy, 5 mm thick were welded using argon, VARIGON ®  He 50  and CRONIGON®  He 30 S as shielding gases. Comparison of weld appearence and crossection is given in Figure 3. Welding speed obtained with argon was 25 cm/min. Addition of 50% helium to argon, resulted with raising of welding speed up to 35cm/min. Highest welding speed 50 cm/min was obtained with CRONIGON®  He 30 S, containing 2% hydrogen, which was specially developed for this class of the materials. CRONIGON®  He 30 S provides very good arc stability, multipass weldability and distinctly better fluidity coupled with wery good mechanical properties of the weld. 
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Figure 3. Comparison of weld appearence and crossections of fillet weld of Nicrofer 5923, welded with different shielding gases.

3.1. MIG welding of aluminium alloys

Using doped shielding gases in MIG aluminium welding, results with better arc stability. In Figure 4, is shown the effect of addition of 300 ppm O2 to argon on weld appearance of   AlMgSi 1, welded with AlSi5 filler metal.
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Figure 4. Weld appearance od AlMgSi1 welded with argon and VARIGON ®  S.

4. LASER WELDING

At laser welding, shielding gases must fulfil several demands - shielding of the weld pool and the heat affected area, protection of the optics against fumes and spatter, root protection and "plasma control" during CO2 laser welding. 

The principal welding gases for CO2 laser welding are helium and helium-argon mixtures. Helium is required as a component in order to control plasma formation above the keyhole. Argon tends to support a plasma formation, and should therefore not be used with laser powers above 3 kW. For some applications, mixtures of argon with oxygen or CO2 can be used, but to avoid formation of extended plasma CO2 must not be fed though the central nozzle. For higher laser powers, helium/oxygen mixtures provide high production rates with acceptable weld quality.

The best overall Nd:YAG laser welding gas is argon, although nitrogen and CO2 sometimes result in acceptable welds as well (CO2 welds are generally slightly oxidised). Helium is not the preferred choice, since proper protection of the weld requires a high gas flow rate of the very light gas compared with argon, resulting in blowing turbulence in the weld pool.

The welding is basically carried out in two ways.

4.1. Conduction welding mode 

In conduction mode welding the heat is transferred from the surface into the material via thermal conduction, Figure 5. Welding is performed with lower intensity on the surface of the material.

	Characteristics of process:

· energy transfer by heat conduction and convection

· stable weld puddle

· robust welding process

· no plasma formation

· shallow weld deph

· slow process

· typical power suorce: diode laser
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Figure 5. Welding by thermal conductivity.


4.2 Deep penetration welding 

Welding is performed with high intensity of laser power at the surface of the material, Figure 6. The laser energy then melts and evaporates the metal. The pressure of the vapour displaces the molten metal so that a cavity is formed - the keyhole.

	Characteristics of process:

· energy transfer by keyhole absorption

· dynamic weld puddle

· sensitive welding process

· plasma formation

· narrow deep weld

· fast process

· typical power suorce: CO2 and Nd:YAG laser
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        Figure 6. Deep penetration welding.


New laser power suorces, Figure 7,  are opening the opportunity for new process gases. 

Emerging opportunities for the use of optimized process gases are:

· different wawe length – less plasma formation,

· different intensity,

· different energy transfer.

Research on the influence of the process gas was done. The main targets of the research were: 

· increasing of penetration,

· increasing of welding speed,

· maintaining or improveing weld quality,

· reducing fabrication costs.  

It was found that the composition of the shielding gases plays a large part with the diode laser. By adding active gas components, laser welding process was modified from conduction welding mode to keyhole welding. By changing from the previously customary helium or argon to a mixture of argon and CO2, deeper penetration is obtained. An increasing share of active gas component leads to a deeper penetration, Figure 8.
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	Figure 7. New diode laser source attached to the robot. 

                                                                                    
	Figure 8. The crossection illustrate effect of the shielding gas upon the welding process by diode laser (austenitic steel X5 CrNi 18 10).


Diode lasers are superior compared to other lasers with respect to compactness, efficiency and flexibility. Variation of the welding gas composition allows tuning of the seam geometry either deep and tall or wide and shallow. Welding parameter remain the same and weld cross sectional area does not show remarkable differences. Steering the Marangoni convection (melt flow) does the trick, Figure 9.
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Figure 9. Marangoni flow effect.

In laser welding of aluminium alloys, increasing share of active gas component also leads to a deeper penetration, Figure 10.
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Figure 10. Influence of active gas mixtures upon penetration in laser welding of aluminium alloys. 

5. CONCLUSION

There can be no question that the right mixture of shielding gas has a strong effect on the welding process and the final outcome. In other words, the shielding gas is not just an ancillary, but also an effective tool.  
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