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Gas Metal Arc Welding (GMAW)
1.0  INTRODUCTION:



Gas Metal Arc Welding (GMAW) ), sometimes referred to by its subtypes Metal Inert Gas (MIG) welding or Metal Active Gas (MAG) welding ( MIG with Active gas such as CO2), is a welding process which joins metals by heating the metals to their melting point with an electric arc. The arc is between a continuous, Consumable electrode wire and the metal being welded. The arc is shielded from contaminants in the atmosphere by a shielding gas.

Originally developed for welding aluminum and other non-ferrous materials in the 1940s, Gas metal arc welding (GMAW ) was soon applied to steels because it allowed for lower welding time compared to other welding processes. The cost of inert gas limited its use in steels until several years later, when the use of semi-inert gases such as carbon dioxide became common. Further developments during the 1950s and 1960s gave the process more versatility and as a result, it became a highly used industrial process. Today, GMAW is the most common industrial welding process, preferred for its versatility, speed and the relative ease of adapting the process to robotic automation. The automobile industry in particular uses GMAW welding almost exclusively. Unlike welding processes that do not employ a shielding gas, such as shielded metal arc welding, it is rarely used outdoors or in other areas of air volatility. A related process, flux cored arc welding, often does not utilize a shielding gas, instead employing a hollow electrode wire that is filled with flux on the inside.

A constant voltage, direct current power source is most commonly used with GMAW, but constant current systems, as well as alternating current, can be used. There are four primary methods of metal transfer in GMAW, called globular, short-circuiting, spray, and pulsed-spray, each of which has distinct properties and corresponding advantages and limitations.

MIG Welding Benefits
· All position capability 

· Higher deposition rates than SMAW 

· Less operator skill required 

· Long welds can be made without starts and stops 

· Minimal post weld cleaning is required 

Here are some disadvantages of MIG welding:
·  welding can only be used on thin to medium thick metals 

· The use of an inert gas makes this type of welding less portable than arc welding   which requires no external source of shielding gas 

· Produces a somewhat sloppier and less controlled weld as compared to TIG (Tungsten Inert Gas Welding) 

SPECIAL FEATURES OF GMAW

· High current density

· Self adjusting arc

· Different modes of metal transfer

· Gas mixtures can be used

· Higher welding speed

2.0 DEVELOPMENT OF MIG WELDING PROCESS
The principles of gas metal arc welding began to be developed around the turn of the 19th century, with Humphry Davy's discovery of the electric arc in 1800. At first, carbon electrodes were used, but by the late 1800s, metal electrodes had been invented by N.G. Slavianoff and C. L. Coffin. In 1920, an early predecessor of GMAW was invented by P. O. Nobel of General Electric. It used a bare electrode wire and direct current, and used arc voltage to regulate the feed rate. It did not use a shielding gas to protect the weld, as developments in welding atmospheres did not take place until later that decade. In 1926 another forerunner of GMAW was released, but it was not suitable for practical use.

It was not until 1948 that GMAW was finally developed by the Battelle Memorial institute. It used a smaller diameter electrode and a constant voltage power source, which had been developed by H. E. Kennedy. It offered a high deposition rate but the high cost of inert gases limited its use to non-ferrous materials and cost savings were not obtained. In 1953, the use of carbon dioxide as a welding atmosphere was developed, and it quickly gained popularity in GMAW, since it made welding steel more economical. In 1958 and 1959, the short-arc variation of GMAW was released, which increased welding versatility and made the welding of thin materials possible while relying on smaller electrode wires and more advanced power supplies. It quickly became the most popular GMAW variation. The spray-arc transfer variation was developed in the early 1960s, when experimenters added small amounts of oxygen to inert gases. More recently, pulsed current has been applied, giving rise to a new method called the pulsed spray-arc variation.

As noted, GMAW is currently one of the most popular welding methods, especially in industrial environments. It is used extensively by the sheet metal industry and, by extension, the automobile industry. There, the method is often used to do arc spot welding, thereby replacing riveting or resistance spot welding. It is also popular in robot welding, in which robots handle the workpieces and the welding gun to quicken the manufacturing process. Generally, it is unsuitable for welding outdoors, because the movement of the surrounding atmosphere can dissipate the shielding gas and thus make welding more difficult, while also decreasing the quality of the weld. The problem can be alleviated to some extent by increasing the shielding gas output, but this can be expensive and may also affect the quality of the weld. In general, processes such as shielded metal arc welding and flux cored arc welding are preferred for welding outdoors, making the use of GMAW in the construction industry rather limited. Furthermore, the use of a shielding gas makes GMAW an unpopular underwater welding process, and for the same reason it is rarely used in space applications.
GMAW can be done in three different ways:

Semiautomatic Welding - equipment controls only the electrode wire feeding. Movement of welding gun is controlled by hand. This may be called hand-held welding.

 Machine Welding - uses a gun that is connected to a manipulator of some kind (not hand-held). An operator has to constantly set and adjust controls that move the manipulator.
Automatic Welding - uses equipment which welds without the constant adjusting of controls by a welder or operator.

On some equipment, automatic sensing devices control the correct gun alignment in a weld joint.
Argon being an inert gas and insoluble in molten metal does not undergo any chemical reaction.

CO2 breaks down into CO and atomic oxygen at arc temperatures. 


         CO2           (
CO    +    (O) 

                  C   +  (O)   (   CO (gas bubbles).

This reaction is the most frequently responsible for porosity in the weld metal.

To avoid porosity, elements having a high affinity for oxygen such as silicon and manganese (de-oxidizers) are alloyed into the wire.
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3.0
EQUIPMENT
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To perform gas metal arc welding, the basic necessary equipment is a welding gun, a wire feed unit, a welding power supply, an electrode wire, and a shielding gas supply.
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3.1
 WELDING GUN AND WIRE FEED UNIT
GMAW torch nozzle cutaway image. (1) Torch handle, (2) Molded phenolic dielectric (shown in white) and threaded metal nut insert (yellow), (3) Shielding gas nozzle, (4) Contact tip, (5) Nozzle output face




A GMAW wire feed unit

The typical GMAW welding gun has a number of key parts—a control switch, a contact tip, a power cable, a gas nozzle, an electrode conduit and liner, and a gas hose. The control switch, or trigger, when pressed by the operator, initiates the wire feed, electric power, and the shielding gas flow, causing an electric arc to be struck. The contact tip, normally made of copper and sometimes chemically treated to reduce spatter, is connected to the welding power source through the power cable and transmits the electrical energy to the electrode while directing it to the weld area. It must be firmly secured and properly sized, since it must allow the passage of the electrode while maintaining an electrical contact. Before arriving at the contact tip, the wire is protected and guided by the electrode conduit and liner, which help prevent buckling and maintain an uninterrupted wire feed. The gas nozzle is used to evenly direct the shielding gas into the welding zone—if the flow is inconsistent, it may not provide adequate protection of the weld area. Larger nozzles provide greater shielding gas flow, which is useful for high current welding operations, in which the size of the molten weld pool is increased. The gas is supplied to the nozzle through a gas hose, which is connected to the tanks of shielding gas. Sometimes, a water hose is also built into the welding gun, cooling the gun in high heat operations.

The wire feed unit supplies the electrode to the work, driving it through the conduit and on to the contact tip. Most models provide the wire at a constant feed rate, but more advanced machines can vary the feed rate in response to the arc length and voltage. Some wire feeders can reach feed rates as high as 30.5 m/min (1200 in/min),but feed rates for semiautomatic GMAW typically range from 2 to 10 m/min (75–400 in/min).

3.2 POWER SUPPLY
Most applications of gas metal arc welding use a constant voltage power supply. As a result, any change in arc length (which is directly related to voltage) results in a large change in heat input and current. A shorter arc length will cause a much greater heat input, which will make the wire electrode melt more quickly and thereby restore the original arc length. This helps operators keep the arc length consistent even when manually welding with hand-held welding guns. To achieve a similar effect, sometimes a constant current power source is used in combination with an arc voltage-controlled wire feed unit. In this case, a change in arc length makes the wire feed rate adjust in order to maintain a relatively constant arc length. In rare circumstances, a constant current power source and a constant wire feed rate unit might be coupled, especially for the welding of metals with high thermal conductivities, such as aluminum. This grants the operator additional control over the heat input into the weld, but requires significant skill to perform successfully.

Alternating current is rarely used with GMAW; instead, direct current is employed and the electrode is generally positively charged. Since the anode tends to have a greater heat concentration, this results in faster melting of the feed wire, which increases weld penetration and welding speed. The polarity can be reversed only when special emissive-coated electrode wires are used, but since these are not popular, a negatively charged electrode is rarely employed.
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3.3 ELECTRODE
Electrode selection is based primarily on the composition of the metal being welded, but also on the process variation being used, the joint design, and the material surface conditions. The choice of an electrode strongly influences the mechanical properties of the weld area, and is a key factor in weld quality. In general, the finished weld metal should have mechanical properties similar to those of the base material, with no defects such as discontinuities, entrained contaminants, or porosity, within the weld. To achieve these goals a wide variety of electrodes exist. All commercially available electrodes contain deoxidizing metals such as silicon, manganese, titanium, and aluminum in small percentages to help prevent oxygen porosity, and some contain denitriding metals such as titanium and zirconium to avoid nitrogen porosity. Depending on the process variation and base material being used, the diameters of the electrodes used in GMAW typically range from 0.7 to 2.4 mm (0.028–0.095 in), but can be as large as 4 mm (0.16 in). The smallest electrodes, generally up to 1.14 mm (0.045 in) are associated with the short-circuiting metal transfer process, while the most common spray-transfer process mode electrodes are usually at least 0.9 mm (0.035 in).

 MIG welders tend to be plagued by wire feed troubles. Here are the tips The wire feed arrangements on the cheaper MIGs don't tend to be up to the job, although their effectiveness can be improved by a good set up procedure. 

MIG welders are very sensitive to wire feeder settings and liner condition. The wire liner is a service item and should be replaced regularly especially if rusty wire has been run through it. 

	


	Preparing the wire

The wire reel mounting normally includes a spring tensioner. This tensioner should be initially tightened to the point where the reel of wire doesn't unravel under it's own spring tension.
The first 3 inches of wire should be as straight as possible to reduce the chance of damage to the liner or snagging as the wire is fed through. Sharp wire cutters can be used for trimming. 

Letting go of the end of the wire would cause it to unravel and tangle. (In the photo the hand normally used to hold the wire when cutting is being used to operate the camera.)

	 
	 

	


	Feeding the wire to the torch

The wire is inserted through the guide tube and over the roller. On the torch side of the welder the small hole of the end of the wire liner should be visible. The end of the wire can be aligned with that hole using a small screwdriver or the piece of wire that was removed at the start.
The wire can then be pushed into the liner manually for a few inches, and should feed easily and without any force. If force is required it is likely that the wire has missed the liner.

	
	

	


	The wire feed roller itself will normally have two grooves, and is secured either by a grub screw in the side of the roller, or a knurled plastic cap as in the photo. The groves on UK welders are normally matched to 0.6mm and 0.8mm wire and the roller can be reversed to line up the appropriate groove for the wire size being used. 
Rust or grease on the wire can reduce the effectiveness of the rollers, and they need to be cleaned with a dry cloth before inserting the wire.

With the wire pushed a couple of inches into the liner replace the tensioner clamp, switch on the welder and use the wire feed mechanism to push the wire through the liner. The torch should be a straight as possible especially near the torch to reduce the chance of the end of the wire wire catching inside the liner.

	 
	 

	


	On some welders it can help to remove the contact tip from the end of the torch before feeding the wire through. The gas shroud is secured by a spring and can be removed by pulling and twisting in a clockwise direction, and the tip has a standard screw thread that unscrews in an anti-clockwise direction (viewed as in the photo). Never unscrew the tip when it is still hot or it may break or strip the thread inside the torch. 
If the wire snags in the torch it may be possible to withdraw a little wire onto the reel, and use a rotating motion with the torch to get the wire past the snagging point.

	 
	 

	


	Setting the roller tensioner

The wire is driven by friction between the wire feed drive roller and the wire. This method of drive commonly causes problems on hobby welders where the tensioner is not robust. Care in tensioning the wire feed can prolong the life of the tensioner mechanism.
Tightening the tensioner fully can cause the tensioners or tensioner mountings to bend and could also shear the motor gearing if the wire were to stick in the tip during welding. The minimum tension that will ensure good wire feed is recommended.

	 
	 

	


	One way to judge the wire feed tension is to grip the wire very lightly between your fingers and pull the trigger. Care is needed with this approach as if the wire were to touch the earth clamp it would arc, resulting in burned fingers and possibly arc eye.
Starting with very little tension on the wire feed mechanism, Increase the tension until the wire feed stops slipping, but do not grip the wire so tightly that the wire feed motor slows. 

The wire should ideally start to slip inside the rollers before the motor stalls.

	 
	 

	


	Setting the reel tensioner

Finally check the tension on the wire reel. The tensioner on the reel is there to stop the wire becoming loose and tangled, but the tension should be as light as possible to make life easy for the wire feed mechanism.
Set your wire speed to the maximum you are likely to use, and press the trigger on the torch. The wire reel should stop without unraveling when you lift off the trigger. 

	 
	 

	


	Avoiding wire feed problems

Wire feed problems are commonly caused by rusty welding wire. The rust acts as a lubricant on the feed rollers causing slip, and as an abrasive on the wire liner which increases resistance.Wire can quickly go rusty when left unused inside a welder. Ideally the wire should be removed and stored indoors when the welder is not in use. This wire in the photo was reusable after the top couple of layers of wire had been removed. Liners damaged by rusty wire can be replaced fairly cheaply. 


· Wire liners do wear and are considered to be a service item. Professional welders might replace the liner after every 100kg of wire. On most welders the liner can be unscrewed at each end and pulled out of the cord. Replacement liners only cost a few pounds. 

· The grove in the roller varies between metal type. A V shaped groove is used for standard mild steel wire. For flux cored wire the groove often has a knurled finish. Aluminium wire is much softer than steel and tends to be used with a U shaped groove. 

· The common sizes of wire reel are 1kg, 5kg and 15kg. The 5kg and 15kg reels have similar mountings, but the reels are different in width and diameter, and the 1kg reel has a smaller mounting. Welders won't necessarily be supplied with the fittings to suit all types, and hobby welders might not be big enough to take 15kg reels. 

· Wire liners come in steel, plastic and teflon. The steel liners are the most robust and are excellent for mild steel wire, offering the lowest resistance to the wire. Teflon liners are intended for use with aluminium wire, though plastic liners can also be used for aluminium welding. 

Solid wires for CO2  welding
Normal wire diameters: 0.8, 1.0, 1.2 and 1.6 mm. The choice of wire diameter for a particular application is extremely important since this decides the current range which can be used and the ease with which the welder can control the weld pool. 

The wires normally would have a uniform and thin copper coating to facilitate easy current pickup.  The copper coating also serves as good lubricant for the passage of the wire through the torch assembly. 

Classification of Carbon steel consumable electrode wires meant for CO2 welding applications [ AWS A5.18 ]

E70S-6

E   - electrode wire

70 - UTS of weld metal in 10,000th psi.

S   - Solid wire

6    - Chemical composition of the wire
Mild steel MIG wires: 
	E70S-2
	Al, Zr, Ti. Triple deoxidised.Good for welding on dirty surfaces.

	E70S-3
	High Si. Ar+O2, CO2.

	E70S-4
	Super high Si. Good for large puddles & large welds. CO2 or mixed gas.

	E70S-5
	Triple deoxidised.

	E70S-6
	Double deoxidised. Premium wire. CO2 or mixed gas.

	E70S-7
	High Mn. Good wetting. Smooth appearance.

	E70S-G
	All purpose wire.
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In the place of solid wires, the flux cored wires can be used. The functions of the flux are : 
· Arc Stabilizers.

·    Deoxidants.

·    Gas Formers.

·    Slag Formers.

·    Alloying Elements
Main Advantages are 
· High deposition rate.

·  High deposition efficiency.

·  Low weldmetal hydrogen content.

·  Resistance to moisture re-absorption.

·  Improved penetration.

·  Reduced risk of fusion defects.
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The advantages self sheilded flux cored electrodes are 

· No shielding gas is required.

· Ideal for welding outdoors.

· Higher productivity than solid wire.

· Good welds even on rusted plates.

· Re-baking of wire not required.

· All position welding capability.

· Extensively used for pipeline construction.

The advantages gas sheilded flux cored electrodes are 

·  Requires external shielding gas.

·  Higher deposition rate.

·  Faster travel speed.

·  Less sensitive to side wind.

·  Higher productivity.

·  All position welding capability.

·  Works at a higher current even in overhead position.

·  Higher deposition efficiency ( 85 - 90%).

·  Deep penetration.




GMAW Circuit diagram. (1) Welding torch, (2) Workpiece, (3) Power source, (4) Wire feed unit, (5) Electrode source, (6) Shielding gas supply.

3.4 SHIELDING GAS

[image: image18]
Shielding gases are necessary for gas metal arc welding to protect the welding area from atmospheric gases such as nitrogen and oxygen, which can cause fusion defects, porosity, and weld metal embrittlement if they come in contact with the electrode, the arc, or the welding metal. This problem is common to all arc welding processes, but instead of a shielding gas, many arc welding methods utilize a flux material which disintegrates into a protective gas when heated to welding temperatures. In GMAW, however, the electrode wire does not have a flux coating, and a separate shielding gas is employed to protect the weld. This eliminates slag, the hard residue from the flux that builds up after welding and must be chipped off to reveal the completed weld.

The choice of a shielding gas depends on several factors, most importantly the type of material being welded and the process variation being used. Pure inert gases such as argon and helium are only used for nonferrous welding; with steel they do not provide adequate weld penetration (argon) or cause an erratic arc and encourage spatter (with helium). Pure carbon dioxide, on the other hand, allows for deep penetration welds but encourages oxide formation, which adversely affect the mechanical properties of the weld. Its low cost makes it an attractive choice, but because of the violence of the arc, spatter is unavoidable and welding thin materials is difficult. As a result, argon and carbon dioxide are frequently mixed in a 75%/25% to 90%/10% mixture. Generally, in short circuit GMAW, higher carbon dioxide content increases the weld heat and energy when all other weld parameters (volts, current, electrode type and diameter) are held the same. As the carbon dioxide content increases over 20%, spray transfer GMAW becomes increasingly problematic with thinner electrodes.

Argon is also commonly mixed with other gases, such as oxygen, helium, hydrogen, and nitrogen. The addition of up to 5% oxygen (like the higher concentrations of carbon dioxide mentioned above) can be helpful in welding stainless steel or in very thin gauge materials, however, in most applications carbon dioxide is preferred. Increased oxygen makes the shielding gas oxidize the electrode, which can lead to porosity in the deposit if the electrode does not contain sufficient deoxidizers. Argon-helium mixtures are completely inert, and can be used on nonferrous materials. A helium concentration of 50%–75% raises the voltage and increases the heat in the arc. Higher percentages of helium also improve the weld quality and speed of using alternating current for the welding of aluminum. Hydrogen is sometimes added to argon in small concentrations (up to about 5%) for welding nickel and thick stainless steel workpieces. In higher concentrations (up to 25% hydrogen), it is useful for welding conductive materials such as copper. However, it should not be used on steel, aluminum or magnesium because of the risk of hydrogen porosity. Additionally, nitrogen is sometimes added to argon to a concentration of 25%–50% for welding copper, but the use of nitrogen, especially in North America, is limited. Mixtures of carbon dioxide and oxygen are similarly rarely used in North America, but are more common in Europe and Japan.

Shielding gas mixtures of three or more gases are also available. claiming to improve weld quality. Mixtures of argon, carbon dioxide and oxygen are marketed for welding steels. Other mixtures add a small amount of helium to argon-oxygen combinations, these mixtures reportedly allow higher arc voltages and welding speed. Helium is also sometimes used as the base gas, with small amounts of argon and carbon dioxide added. Additionally, other specialized and often proprietary gas mixtures purport even greater benefits for specific applications.

The desirable rate of gas flow depends primarily on weld geometry, speed, current, the type of gas, and the metal transfer mode being utilized. Welding flat surfaces requires higher flow than welding grooved materials, since the gas is dispersed more quickly. Faster welding speeds mean that more gas must be supplied to provide adequate coverage. Additionally, higher current requires greater flow, and generally, more helium is required to provide adequate coverage than argon. Perhaps most importantly, the four primary variations of GMAW have differing shielding gas flow requirements—for the small weld pools of the short circuiting and pulsed spray modes, about 10 L/min (20 ft³/h) is generally suitable, while for globular transfer, around 15 L/min (30 ft³/h) is preferred. The spray transfer variation normally requires more because of its higher heat input and thus larger weld pool; along the lines of 20–25 L/min (40–50 ft³/h).

Specification for welding Shielding gases AWS A5.32

Identification:

A-Argon
C- CO2
H- Hydrogen
N- Nitrogen

He-Helium
O-Oxygen

SG – BXYZ - % / % / %

SG – Shielding gas

B  – Base gas

XYZ – Minor individual gas indicators in decreasing order of %.

% - Percentage designator.

SG – BX - %

2 Component mix.

SG – BXY - % / %

3 Component mix.

SG – BXYZ - % / % / %
4 Component mix.

Typical Classifications:

SG – AC – 25


SG – HeA – 25

SG – AO -  2


SG – ACO – 8/2

SG – AHe – 10



SG – AH - 5

The CO2 shielding gas is supplied in cylinders at high pressure( 140 kg/cm(  ) . Therefore a pressure regulator and flow meter are connected to reduce the pressure to required level ( 2 kg/cm2 ) and to control the flow rate of the shielding gas from the cylinder. The quality of the CO2 gas used for welding must conform to BS4105:1967 or IS 307:1966.  As per the above standard the moisture in the CO2  gas should be less than 10 ppm.
CO2 gas is supplied in cylinders at a high pressure (140 kg/cm2). When the cylinder is full, nearly 90% of the volume is filled with CO2 liquid and balance is filled with gas. The CO2 gas and liquid phases are in equilibrium pressure. 
· Two type of CO2 cylinders are available viz. gas  type and syphonic type. 

·  In gas type cylinders gaseous CO2 is withdrawn when the cylinder valve is opened. 

·  The physical properties of CO2 are such that if the gas is taken off too fast the CO2 gas in the cylinder cylinder will freeze as the temperature and pressure within the cylinder drop rapidly.  

· Where CO2 requirements are in excess of 20 l/min the use of syphon cylinder is recommended.  

· These are fitted with an internal dip tube and CO2 is withdrawn as liquid which must then be passed through a vaporiser unit with sufficient capacity to suit the rate of draw off required. 

· All CO2 cylinders must also be fitted with a heater near the gas regulator to avoid freezing around the regulator. 
4.0 OPERATION



GMAW weld area. (1) Direction of travel, (2) Contact tube, (3) Electrode, (4) Shielding gas, (5) Molten weld metal, (6) Solidified weld metal, (7) Workpiece.

In most of its applications, gas metal arc welding is a fairly simple welding process to learn, requiring no more than a week or two to master basic welding technique. Even when welding is performed by well-trained operators, however, weld quality can fluctuate, since it depends on a number of external factors. And all GMAW is dangerous, though perhaps less so than some other welding methods, such as shielded metal arc welding. 
Process parameters are
· Current

·  Voltage

·  Stand off distance

·  Inductance

·  Gas flow rate

·  Torch Angle

·  Welding Speed

Factors that control welding current are:
·  Wire diameter 

·  Wire material

·  Feed rate

·  Stand off distance

Factors to be considered for the voltage selection are : 

· Current

· Mode of metal transfer

· Shielding gas

· Stand - off distance

Empirical relationships are

V = 14 + (0.04 x I ) For short arc

V = 16 + (0.04 x I ) For spray arc

Where  V is voltage and I is current. 
5.0
TECHNIQUE
The basic technique for GMAW is quite simple, since the electrode is fed automatically through the torch. By contrast, in gas tungsten arc welding, the welder must handle a welding torch in one hand and a separate filler wire in the other, and in shielded metal arc welding, the operator must frequently chip off slag and change welding electrodes. GMAW requires only that the operator guide the welding gun with proper position and orientation along the area being welded. Keeping a consistent contact tip-to-work distance (the stickout distance) is important, because a long stickout distance can cause the electrode to overheat and will also waste shielding gas. Stickout distance varies for different GMAW weld processes and applications. For short-circuit transfer, the stickout is generally 1/4 inch to 1/2 inch, for spray transfer the stickout is generally 1/2 inch. The position of the end of the contact tip to the gas nozzle are related to the stickout distance and also varies with transfer type and application. The orientation of the gun is also important—it should be held so as to bisect the angle between the workpieces; that is, at 45 degrees for a fillet weld and 90 degrees for welding a flat surface. The travel angle or lead angle is the angle of the torch with respect to the direction of travel, and it should generally remain approximately vertical. However, the desirable angle changes somewhat depending on the type of shielding gas used—with pure inert gases, the bottom of the torch is out often slightly in front of the upper section, while the opposite is true when the welding atmosphere is carbon dioxide.

6.0
Common weld defects in CO2 welding, their causes and remedies
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7.0 METAL TRANSFER MODES:
 Based on the forces acting on the droplets, different metal transfers can be obtained. The forces can be altered by adjusting the process parameters. The main metal transfer methods are : 
BASED ON METHOD OF METAL TRANSFER IN THE ARC:

· TRNSFER BY SHORT -CIRCUIT

· TRANSFER BY AXIAL SPRAY

· TRANSFER BY DROPLETS (Globular)

· TRANSFER DROP By DROP IN AXIAL JET

(With pulsed arc: which imposes their rhythm on 
the droplet formation)
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7.1
GLOBULAR
GMAW with globular metal transfer is often considered the most undesirable of the four major GMAW variations, because of its tendency to produce high heat, a poor weld surface, and spatter. The method was originally developed as a cost efficient way to weld steel using GMAW, because this variation uses carbon dioxide, a less expensive shielding gas than argon. Adding to its economic advantage was its high deposition rate, allowing welding speeds of up to 110 mm/s (250 in/min). As the weld is made, a ball of molten metal from the electrode tends to build up on the end of the electrode, often in irregular shapes with a larger diameter than the electrode itself. When the droplet finally detaches either by gravity or short circuiting, it falls to the workpiece, leaving an uneven surface and often causing spatter. As a result of the large molten droplet, the process is generally limited to flat and horizontal welding positions. The high amount of heat generated also is a downside, because it forces the welder to use a larger electrode wire, increases the size of the weld pool, and causes greater residual stresses and distortion in the weld area.
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7.2
SHORT-CIRCUITING
Further developments in welding steel with GMAW led to a variation known as short-circuiting or short-arc GMAW, in which carbon dioxide shields the weld, the electrode wire is smaller, and the current is lower than for the globular method. As a result of the lower current, the heat input for the short-arc variation is reduced, making it possible to weld thinner materials while decreasing the amount of distortion and residual stress in the weld area. As in globular welding, molten droplets form on the tip of the electrode, but instead of dropping to the weld pool, they bridge the gap between the electrode and the weld pool as a result of the greater wire feed rate. This causes a short circuit and extinguishes the arc, but it is quickly reignited after the surface tension of the weld pool pulls the molten metal bead off the electrode tip. This process is repeated about 100 times per second, making the arc appear constant to the human eye. This type of metal transfer provides better weld quality and less spatter than the globular variation, and allows for welding in all positions, albeit with slower deposition of weld material. Setting the weld process parameters (volts, amps and wire feed rate) within a relatively narrow band is critical to maintaining a stable arc: generally less than 200 amps and 22 volts for most applications. Like the globular variation, it can only be used on ferrous metals.
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Description:

 -  Droplets transferred during short-circuits

 -  Weld pool of high viscosity

 -  About 70 droplets transferred per second
7.3
SPRAY
Spray transfer GMAW was the first metal transfer method used in GMAW, and well-suited to welding aluminum and stainless steel while employing an inert shielding gas. In this GMAW process, the weld electrode metal is rapidly passed along the stable electric arc from the electrode to the workpiece, essentially eliminating spatter and resulting in a high-quality weld finish. As the current and voltage increases beyond the range of short circuit transfer the weld electrode metal transfer transitions from larger globules through small droplets to a vaporized stream at the highest energies. Since this vaporized spray transfer variation of the GMAW weld process requires higher voltage and current than short circuit transfer, and as a result of the higher heat input and larger weld pool area (for a given weld electrode diameter), it is generally used only on workpieces of thicknesses above about 6.4 mm (0.25 in).Also, because of the large weld pool, it is often limited to flat and horizontal welding positions and sometimes also used for vertical-down welds. It is generally not practical for root pass welds.When a smaller electrode is used in conjunction with lower heat input, its versatility increases. The maximum deposition rate for spray arc GMAW is relatively high; about 60 mm/s (150 in/min).
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7.4
PULSED-SPRAY
A more recently developed method, the pulse-spray metal transfer mode is based on the principles of spray transfer but uses a pulsing current to melt the filler wire and allow one small molten droplet to fall with each pulse. The pulses allow the average current to be lower, decreasing the overall heat input and thereby decreasing the size of the weld pool and heat-affected zone while making it possible to weld thin workpieces. The pulse provides a stable arc and no spatter, since no short-circuiting takes place. This also makes the process suitable for nearly all metals, and thicker electrode wire can be used as well. The smaller weld pool gives the variation greater versatility, making it possible to weld in all positions. In comparison with short arc GMAW, this method has a somewhat slower maximum speed (85 mm/s or 200 in/min) and the process also requires that the shielding gas be primarily argon with a low carbon dioxide concentration. Additionally, it requires a special power source capable of providing current pulses with a frequency between 30 and 400 pulses per second. However, the method has gained popularity, since it requires lower heat input and can be used to weld thin workpieces, as well as nonferrous materials

Metal Transfer in different shielding gases
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8.0
 PULSED MIG/MAG WELDING AND ITS ADVANTAGES 
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Pulsed MIG/MAG welding is a variant of the conventional MIG/MAG welding process in which the current is pulsed. Pulsing was introduced originally for control of metal transfer at low mean current levels by imposing short duration high current pulses. The cycle consists of applying the repeated pulse current over a constant background current:
Modern welding sets permit the use of a wide range of pulse amplitudes, durations and waveforms at frequencies from a few Hertz to a few hundred Hertz. Pulse amplitude and duration are best combined to melt and detach a single droplet of the same/slightly smaller diameter as the electrode wire. Selection of pulse parameters for a given wire feed speed is a complex operation. Pulse height and duration are a function of wire composition, diameter and to a lesser extent, shielding gas composition. This has lead to the advent of Synergic welding sets.

It allows the use of smooth, spatter free welding at mean currents (50-150A), which would otherwise be too low for all except dip transfer with its irregular transfer and associated spatter. 

Pulsing can extend spray operation below and through the natural transition (180-220A for 1-1.2mm mild steel wire) from dip to spray where globular transfer would normally occur. 

Pulsed transfer is midway between spray transfer and the dip transfer mechanism, which can be too 'cold' (due to non-continuous arcing; the arc effectively 'goes out' between each melting cycle). This makes it ideal for welding thicker sections where more heat is needed but for which spray transfer is still too 'hot'. 

Pulsed MIG allows welding at higher deposition rates in all positions where dip or spray transfer are not applicable. 
9.0
MAKING A SOUND MIG WELD: A CASE STUDY OF AUTOMOBILE BODY 
The ability to make a good MIG weld is extremely important to the success of an auto repair technician. In fact, almost every welding repair made on a uni-body car, light truck or van can be made with the Metal Inert Gas (MIG) welding process. For this reason, there are well-accepted standards and practices for producing sound MIG welds.

What Needs Welding?

The front driver's side corner of a vehicle receives more damage than any other area. Parts damaged in this area include the upper rail, frame rail, radiator core support, and fender aprons. Other parts often damaged include the rear body panels, trunk floor, and lower rear rails. To make these repairs, the technician must thoroughly master all-position welding. It is important to practice so that you feel confident with making sound welds in all positions.

Before making a repair weld, make test welds on material of the same type, thickness, and joint configuration. Visually inspect and destructively test the practice weld to ensure that it is sound before welding on the vehicle. Fine tuning the welding parameters and your technique on test welds improves the quality of the repair.

Welding In the Flat Position

For a flat joint, such as a butt joint, hold the gun at a 90 degree angle to the workpiece, directing the filler metal straight into the joint. A small, back and forth motion with the gun can help fill a large gap or when making multiple passes.

For a fillet weld on a T-joint, keep the gun at a 45 degree angle, or equal distance from each piece. When making multiple weld passes, the work angles change slightly. This helps avoid uneven weld beads and undercuts.

For a fillet weld on a lap joint, angle the gun between 60 and 70 degrees. The thicker the metal being welded, the greater the angle should be.

Plug welds should be made with the weld in the flat position if at all possible. Using a spiral-type technique, weld in a slow motion around the edges of the hole, making a complete circle before working toward the center (starting the spiral too soon can create pinholes). When welding around the edge, angle the gun slightly, somewhat like you would for a lap joint. Keep the gun perpendicular when filling the rest of the hole.

Horizontal

Because of the effects of gravity, the gun work angle must be dropped slightly by 0 to 15 degrees when welding horizontally. Without changing the work angle, the filler metal may sag or rollover on the bottom side of the weld joint. The travel angle, whether using a push or a drag technique, generally remains the same as for a weld joint in the flat position.

On thick metal when making multi-pass welds, or to bridge a slight gap where fit-up is poor, weave beads may be used to fill a weld joint. A back-and-forth weave, with or without a slight arch, is used in the horizontal position. A slight hesitation at the top toe of the weld helps prevent undercut and ensure proper tie-in of the weld to the base metal.

Voltage and amperage settings for welding in the horizontal position are usually the same, or very slightly less, than settings for welding in the flat position. However, note that if the wire diameter is too large, the resulting heat and size of the weld puddle may be too great to allow the weld puddle to freeze quickly, and the weld may rollover.

Vertical Positions

Vertical welding, both up and down, can be difficult. This makes pre-weld set-up very important for making high quality welds. Since you are fighting gravity, consider reducing the voltage and amperage 10 to 15 percent from the settings for the same weld in the flat position.

Know when to weld vertical down and when to weld vertical up. For vertical down welding, the welder begins at the top of a joint and welds down. This technique helps when welding thin metals because the arc penetrates less due to the faster travel speed. Because vertical down welding helps avoid excessive melt-through, welders sometimes place very thin materials in the vertical position even if they can weld them in the flat position.

When welding vertical down, angle the gun slightly back into the weld puddle at a 5 to 15 degree angle. For thin metal where burn-through is a concern, angle the gun slightly up and pull it downward (i.e., direct the wire away from the weld puddle). Either way, keep the electrode wire on the leading edge of the weld puddle. A very slight weave may help flatten the weld crown.

The vertical up technique - beginning at the bottom of a joint and welding up - can provide better penetration on thicker materials (typically 1/4 in. or more). The travel angle of the gun is a 5 to 15 degree drop from the perpendicular position. A slight weaving motion can help control the size, shape and cooling effects of the weld puddle.

Making a plug weld in the vertical position is somewhat similar to making a vertical up fillet weld. For a vertical plug weld, the filler metal is deposited upward along one side of the hole. Then, another bead is deposited from the bottom to the top on the other side of the hole. Alternate sides until the hole are filled. For thin metal, use a similar technique, but weld in the vertical down position to prevent burn-through.

Overhead Position

Drag, push or perpendicular gun techniques can be used for welding overhead. But, because of gravity, travel speeds must be fast enough so that the weld metal does not fall out of the joint. Also for this reason, weave beads should not be too wide. Using smaller diameter electrodes (e.g., .023 in.) and lowering the voltage and amperage help keep the weld puddle small and more controllable, too.

Work angles and travel angles for the overhead position can be thought of as the same angles for the flat position, only upside down. However, be sure to keep the gun nozzle clean, as spatter can build up much faster when overhead welding. Also, because the shielding gas flows upward, you may have to increase the gas flow rate to ensure proper coverage.

Travel Speed and Stickout

Travel speed and electrode extension (or stickout) also influence the shape and quality of a weld bead to a significant degree. Travel speed is the rate at which you move the gun along the joint. Many experienced MIG welders can determine the correct travel speed by judging the weld puddle size - in relation to the joint thickness - and keeping the arc on the leading edge of the puddle.

Stickout is the length of unmelted electrode extending from the tip of the contact tube. Changing the stickout - which occurs with variations in the distance of the contact tube to the workpiece - causes the voltage and amperage to vary, as well as changes the shape of the weld bead.

Generally, maintain a stickout of 1/4 to 1/2 in. Note that when starting a weld, a short stickout helps ensure a good, hot start; a longer stickout - once you've established the arc - can help bridge a gap when encountering poor fit-up. [Note: Long stickouts promote poor starts.] For critical welds, maintain a constant stickout.

10.0
QUALITY
Two of the most prevalent quality problems in GMAW are dross and porosity. If not controlled, they can lead to weaker, less ductile welds. Dross is an especially common problem in aluminum GMAW welds, normally coming from particles of aluminum oxide or aluminum nitride present in the electrode or base materials. Electrodes and workpieces must be brushed with a wire brush or chemically treated to remove oxides on the surface. Any oxygen in contact with the weld pool, whether from the atmosphere or the shielding gas, causes dross as well. As a result, sufficient flow of inert shielding gases is necessary, and welding in volatile air should be avoided.

In GMAW the primary cause of porosity is gas entrapment in the weld pool, which occurs when the metal solidifies before the gas escapes. The gas can come from impurities in the shielding gas or on the workpiece, as well as from an excessively long or violent arc. Generally, the amount of gas entrapped is directly related to the cooling rate of the weld pool. Because of its higher thermal conductivity, aluminum welds are especially susceptible to greater cooling rates and thus additional porosity. To reduce it, the workpiece and electrode should be clean, the welding speed diminished and the current set high enough to provide sufficient heat input and stable metal transfer but low enough that the arc remains steady. Preheating can also help reduce the cooling rate in some cases by reducing the temperature gradient between the weld area and the base material.

11.0
SAFETY
Gas metal arc welding can be dangerous if proper precautions are not taken. Since GMAW employs an electric arc, welders wear protective clothing, including heavy leather gloves and protective long sleeve jackets, to avoid exposure to extreme heat and flames. In addition, the brightness of the electric arc can cause arc eye, in which ultraviolet light causes the inflammation of the cornea and can burn the retinas of the eyes. Helmets with dark face plates are worn to prevent this exposure, and in recent years, new helmet models have been produced that feature a liquid crystal-type face plate that self-darkens upon exposure to high amounts of UV light. Transparent welding curtains, made of a polyvinyl chloride plastic film, are often used to shield nearby workers and bystanders from exposure to the UV light from the electric arc.

Welders are also often exposed to dangerous gases and particulate matter. GMAW produces smoke containing particles of various types of oxides, and the size of the particles in question tends to influence the toxicity of the fumes, with smaller particles presenting a greater danger. Additionally, carbon dioxide and ozone gases can prove dangerous if ventilation is inadequate. Furthermore, because the use of compressed gases in GMAW pose an explosion and fire risk, some common precautions include limiting the amount of oxygen in the air and keeping combustible materials away from the workplace. While porosity usually results from atmospheric contamination, too much shielding gas has a similar effect; if the flow rate is too high it may create a vortex that draws in the surrounding air, thereby contaminating the weld pool as it cools. The gas output should be felt (as a cool breeze) on a dry hand but not enough to create any noticeable pressure, this equates to between 20–25 psi (mild and stainless steel). Above 26 volts the gas debit should be augmented slightly since the weld pool takes longer to cool. As a factor that is often ignored, many flow meters are never adjusted and typically run between 35–45 psi. A healthy reduction of gas will not affect the quality of the weld, will save money on shielding gas and reduce the rate at which the tank must be replaced.
SUMMARY
MIG is a versatile arc welding process. When the deposition rates are high or the productivity is the criteria, the obvious choice is MIG. It is widely used process in automobile industry. Even the Russian Energia rocket central unit is fabricated by the pulsed MIG process.
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Surface appearance of CO2 welds showing islands of de-oxidation product occurring at the toes of butt joints made with a short circuiting arc





�





Rutile


Basic








Arc attachment and droplet formation �with different shielding gases





(b) Si-Mn-Al wire





          (a) Si-Mn wire





Porosity:


Causes:


Dirt (oil, grease etc.), rust and humidity on the material to be welded.


Welding on painted material.


Insufficient shielding gas protection.


Remedies:


Clean the plates.


Use adequate gas flow rate.


Avoid leakage of gas.


Clean the gas nozzle.





Lack of fusion:


Causes:


Too low I / Too high welding speed.


Using short arc on thicker plate.


Molten metal cushioning the arc / Too low welding speed. 


Unfavorable welding position.(Vertical down) 


Too narrow joint angle.


Remedies:


Use higher heat input.


Avoid short arc on thicker plates.


Use a favorable torch position.


Use backhand torch position in Vertical down.


Make the joint wider.





Undercut:


Highly dependent on the process parameter.


Causes:


Too high arc voltage in relation  to current.


Higher welding speed.


Unfavourable torch position.





Remedies:


Balance the arc voltage.


Reduce the welding speed.


Adjust the torch position.
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Classification of Flux Cored Wires
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