Electrodes

MMA electrodes are available in various diameters and lengths, depending on the position, material thickness and requirements of the welded joint. 

There are five main groupings of electrodes:- 

· Rutile (titanium dioxide) 

· Basic (calcium carbonate and fluoride) 

· Cellulosic (cellulose) 

· Iron powder 

· Surfacing and non-ferrous alloy types 

	Rutile (titanium dioxide) 
	Gives arc stability, low spatter. Most common general purpose electrode. 

	Basic (calcium carbonate and fluoride) 
	Moisture resistant flux coating, low spatter, good arc striking. Used on carbon steels giving excellent mechanical properties and low crack risk. 

	Cellulosic (cellulose)
	Deeply penetrating all positions electrodes. Light slag covering, used mainly for high speed welding of pipe. 

	Iron powder
	Added to coating/flux to produce deep penetrating welds. 110-170% efficient. Used mainly on structural steels in the flat or horizontal-vertical position. Good arc striking characteristics. 

	Surfacing and non-ferrous alloy types 
	Special applications such as building up of worn surfaces, providing a wear resistant finish. Nickel type electrodes for welding of cast iron, giving an imaginably deposit. 


Care and storage of electrodes

The quality of the welded joint and ease of welding depends entirely on the condition of the electrodes. If the mineral coating is damaged, poor arc stability and inadequate shielding will result. 

If not properly protected most of the coating materials can absorb water. This could result in the coating deteriorating and subsequent hydrogen pick-up in the weld bead. Special care must be taken with the storage of controlled hydrogen electrodes. The electrodes should be re-dried according to the manufacturer’s instructions if they absorb damp. 

Increased spatter, striking difficulties weld bead porosity and harsh arcing characteristics can all be indications of poor electrode condition. The condition of the electrode profoundly influences the ease of welding and weld metal quality. 

In applications varying from simple fabrications of plain carbon steel to demanding joints in high strength materials, manual metal arc continues to be the process used. 

Damage to, or deterioration of the electrode coating may be indicated by any one or more of the following: weld metal porosity; arc instability; excessive spatter; poor bead profile; undercut; poor slag release; heat affected zone cracking. Therefore for quality and effectiveness attention to the correct storage and handling of electrodes cannot be over-emphasized. 

Special Requirements for Hydrogen Controlled Electrodes

Low hydrogen electrodes are used where there may be a risk of cold cracking. It is essential that the moisture level of the coating is kept at a very low level; this may entail special packaging, storage conditions, re-drying and the use of heated quivers. 

Practical Considerations

To ensure that the correct electrodes are used and that these are in the required condition, the following practical steps should be taken:- 

· Ensure that the electrodes are stored in clearly marked groups 

· Open new packets of electrodes only when they are required for use 

· Keep electrode types separate when in storage or in drying areas 

· Avoid overloading drying rooms 

· Issue a limited quantity of electrodes particularly low hydrogen types 

· Rotate stock to ensure that electrodes are not stored for long periods 

· Discard electrodes with any visible damage to electrode coating 

Selecting an Electrode
Electrodes are classified by their core material: mild steel, high-carbon steel, special alloy steel, cast iron, and non-ferrous. Mild steel electrodes are the most commonly used. In general, the electrode core material is matched as closely as possible with the composition of the base metal. Electrode size varies with the thickness of the base metal.

The size and characteristics of the selected electrode determine the arc current settings on the welding machine. Normally, the range of recommended amperage for the electrode is given by the manufacturer.

Polarity
For DC machines, this is important. When the electrode is negative and the work piece is positive, this is called Straight Polarity. The opposite of this is Reverse Polarity.

DCSP or direct current straight polarity is characterized by faster melting of the electrode, the weld puddle being broad and penetration into the base metal is relatively shallow. This is used when fast welding speeds and high deposition rates are required.

DCRP or direct current reversed polarity results in a hotter arc, making deeper, narrower weld puddle. This is used for structural welding, multi pass welds, and applications requiring deep penetrations.

Most electrodes are designed to be used with only one polarity.

Power Sources
Most AC power sources contain a transformer that steps down line voltage to the level required for welding (normally less than 100V) 

Welding Machines
Many types and sizes of welding machines are used for shielded metal-arc welding. The current of a Constant-Current type does not change significantly in variations in arc length. This is preferred for manual welding operations.

The Constant-Potential type of welding machine adjusts the current according to the arc length. If used in a manual operation, the unavoidable variations in arc length will produce large fluctuations in the current, resulting in an unstable, non-uniform arc. For automatic operations, the constant electrode feed rate establishes a stable arc and uniform arc length.

The current rating of the machine is its maximum current output. A current rating of 400 amp means the machine can deliver up to 400 amps of welding current.

The duty cycle rating of the machine is the safe operating capacity for non-stop welding. This is expressed as a percentage over a 10-minute period over which a machine can deliver its rated maximum welding current output without damage or overheating. An 80 percent 400-amp machine is one, which can deliver 400 amps of welding current for a total of 8 minutes out of every 10, and must idle at least, 2 minutes out of every 10 for cooling.
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Introduction 

Molten titanium  readily  reacts  with  oxygen,  nitrogen  and  hydrogen  in  the atmosphere  to  form oxides,  nitrides  and hydrides.  Even in solid-state, oxides, nitrides and hydrides can still form, albeit at a much slower rate. These second phase particles are known to deteriorate the properties of titanium welds.  Hydrogen  can  also  be absorbed  in  the  weld  pool  and  cause  cracking  during  subsequent  processing. 

Improperly  protected,  titanium  weldments  may  exhibit  a  high  content  of  interstitial elements  and  micro-cracks.  To  avoid  these  problems,  inert  gas  shielding  (primary, trailing  and  back)  with  argon,  helium  and  argon-helium  mixture  is  employed  during welding. However, fixturing to accomplish this shielding is unwieldy, bulky and expensive.  More timely and cost-effective joining methods such as flux-assisted arc welding processes are needed for welding titanium alloys. 

Procedures 

Knowledge acquired from literature search regarding fluxes for titanium processing was applied to design experimental flux systems for welding titanium alloys. 

The  flux  systems  were  designed  to  form  a  protective,  but  detachable,  slag,  without adversely affecting arc stability or deposition rate. Based on physical properties such as melting and boiling temperature, and density, alkali (Li, Na, and K) and alkali-earth (Mg, Ca, Sr, and Ba) fluorides and chlorides were selected.  In addition, iron fluoride and titanium fluoride were also considered. Tubular electrodes were produced by filling CP-titanium grade 2 tubes (1/8 in. OD and 0.016 in. wall thickness) with mixtures of CaF2, BaF2, and NaF and subsequently drawn to 0.065 in. diameter. A flux-filling ratio of 30% was achieved. Welds were produced using these electrodes and gas tungsten arc (GTA) welding. The electrodes were fed manually into the arc. Two millimeter-thick Ti-15V-3Cr-3Sn-3Al  sheets  were  used  as  base  metal  and  argon  was  used  as  shielding gas.  The arc current was between 90 and 100 A. The arc length was fixed at 3 mm and the travel speed was 10 in/min. A hollow electrode was also used to prepare the control welds.  

Results and Discussion 

Melting of the hollow electrode caused no effect on the arc stability and the weld morphology was uniform. However, when flux-filled electrodes were used, the arc was not as stable, with sporadic spattering. The instability was because of the vaporization and dissociation of the fluorides in the arc.  Manual  electrode  feeding,  however,  was directly  responsible  for  the  undesirable  bead  shape.  Correspondingly, the weld morphology was not as uniform, as shown in the figure 1. The difficulty in controlling wire feed speed is not a major concern because it can be significantly improved with an automatic feeding system.  

Aside  from  the  non-uniform bead  shape,  the  weldments  produced with  the  flux-cored  wires  were  of acceptable  quality.  The  surface  of  the weld required only light brushing to remove the thin layer of slag and reclaim the metallic shine of  titanium,  a  good  indication  that  the  molten slag was able to protect the weld pool from the surrounding atmosphere, with only the primary gas  shielding.  Transverse and longitudinal cross-sections of the welds confirmed the earlier statement on weld quality and the effect of the halide fluxes.  As shown in figure 2, no visible defects existed in the weldments.  

Conclusions 

The fluoride-based fluxes were effective in protecting the molten titanium weld pools.  A  thin  layer  of  slag  covered  the  solidified  weld  metal,  decreasing  the  need  for inert gas shielding. The slag could be easily removed by brushing alone because of its powdery nature. With flux-cored electrodes, the weld system can be simplified because typical trailing gas shielding would be eliminated.  Interstitial (N, O, and H) analysis detected no significant pickup of these elements in the welds.  These  positive exploratory  results  indicate  that  research  should  continue  to  further  develop  these electrodes for broader alloy composition and optimize weld properties.  

