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•an electric arc welding process 

•heat for welding is produced by an electric arc maintained between the tip of a covered electrode and the 
surface of the base metal being welded. 

•The core of the covered electrode is a solid metal rod 

•conducts the electric current to the arc and melts to provide filler metal to the joint.  

•primary functions of the electrode covering are to generate gas to protect the molten metal from oxygen and 
nitrogen contamination from the air and to provide arc stability.

•may also  effect  the mechanical properties and chemical composition of the weld metal and increase 
the weld metal deposition rate.

•shielded metal arc welding is the simplest and most versatile welding process but it is not usually the most 
productive.  

•The arc is under the control of the welder and is visible.  

•leaves a slag on the surface of the weld bead, which must be removed.  

•is  almost always a manually operated process.  

•The electrode is clamped in an electrode holder

•the welder manipulates the tip of the electrode in relation to the metal being welded.  

•The arc is struck, maintained, and stopped manually by the welder.

•Limitations –

•All the welding manipulations are controlled by the welder:

•Electrode inclination, Arc length. Travel speed, Weaving and Back-stepping

•Absorption of moisture by the flux when not stored properly can be a big problem.  

•Inspectors need to look for signs that welding electrodes are stored per manufacturer 
requirements.  

•Low-Hydrogen electrodes require storage in rod ovens after packaging is open.  

•Electrodes can only be exposed to atmosphere for a limited amount of time.
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•an electric arc welding process

•fuses together the parts to be welded by heating them with an arc between a continuous metal 
electrode and the work.  

•Filler metal is obtained from melting of the electrode, 

•fed continuously into the arc by the wire feeder.  

•Shielding is obtained from an externally supplied gas or gas mixture.  

•electrodes used either solid wire or the metal-cored wire electrodes 

•Metal core - used to be considered part of the flux cored wire classification. 

•welding is widely used in the semiautomatic, machine and automatic modes.  

•can be used in all positions 

•weld deposits with little or no spatter.  

•Higher deposition rates, travel speeds, and welder efficiencies result in less welding time in production 
situations as compared to shielded metal arc welding.

•Four distinct modes of metal transfer - from the tip of the electrode into the weld pool 

•spray, 

•short-circuiting, 

•globular and 

•pulsed transfer.

•Limitations –

•short circuit mode may lead to incomplete fusion.  

•Inspectors should be aware that welding in short circuit is not “pre-qualified” and require testing.  

•The major concern is incomplete fusion.  

•Spray transfer can only be used in the Flat or Horizontal positions 

•exception: can be used Vertical-down on material 3/16 and under. 



• High Argon content can lead to poor sidewall fusion.
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•a very stable, spatter free mode of molten metal transfer.  

•characterized by a stream of droplets, which are projected across the arc into the weld pool.  

•The droplets are smaller in diameter than the electrode.  

•occurs at relatively high voltages when the welding current is greater than a specific minimum or 
transition value.  

•shielding gas mixture used for spray transfer must contain more than 82 % argon.  

•normally used to weld metal of thickness greater than 1/4 inch in the flat and horizontal positions.

•characterized by small droplets that rapidly transfer in the arc.  

•electrode tapers down to a point.  

•relatively high current and voltage levels.  

•normally used to weld medium to heavy thickness of steel in the flat and horizontal positions 

•mixtures with high percentages of argon.

•Limitation –

•Flat or Horizontal positions

•exception: can be used Vertical-down on material 3/16 and under

•High Argon content can lead to poor sidewall fusion.
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•tip of the electrode touches the work piece to create an electrical short circuit.  

•current then increases rapidly, 

•heats the electrode, 

•melts the end off and breaks the contact between the electrode and the work.  

•arc is re-established.  

•sequence is repeated.   

•sequence occurs between 20 and 200 times per second, 

•depending upon the electrode size, 

•current, voltage and 

•shielding gas.  

•metal is only transferred from the electrode to the weld pool during the short circuits.

•low current and voltage 

•best suited for:

• use on thin materials, 

•joints with poor fit-up

•welding in the vertical and overhead positions.  

•may also generate large amounts of spatter due to the current surges during the short circuits

•Limitations –

•may lead to incomplete fusion. 

•not “pre-qualified” and require testing.  T

The major concern is incomplete fusion.
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•large droplets form on the tip of the electrode and then fall into the weld pool.  

•droplets are larger in diameter than the electrode 

•electrode melting rate equals the wire feed speed rate.  

•has an erratic arc, 

•it is generally avoided. 

•Limitations –

•High amounts of weld spatter
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• is an electric arc welding process

• heat for welding is produced by an electric arc maintained between the tip of a continuously fed electrode 
and the base metal

• The electrode, or wire, conducts the current to the arc and melts to provide filler metal to the joint.  

• electrode may either be a solid wire or a tubular wire with metal oxide power in the core.  

• externally supplied shielding gas or gas mixture.  

• difference from spray transfer GMAW is the welding current.  

• With spray transfer the welding current is maintained at a constant level during welding.  

• Pulsed transfer power sources deliver a current, which consists of a relatively low background 
value and a series of much higher current pulses added to it. 

• small droplets projected across the arc.  

• background current acts to maintain the arc between pulses.  

• average current during GMAW-P is significantly lower than is needed for spray transfer in 
GMAW

• advantages:

• Spray transfer can be obtained at lower average current levels, 

• permits easier weld puddle control 

• allows the use of spray transfer for out-of-position welds.

• Spatter levels are reduced compared to short circuit transfer. 

• Larger diameter wires can be used (Generally can go up one wire size).  

• reduces cost, 

• increases deposition rate and 

• reduces wire feeding problems.

• penetration is increased 



• less chance of lack-of-fusion type defects.

• can be used to weld thin materials without burning through or excessive melting.
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•an electric arc welding process 

•heat for welding is produced by an arc between a continuously fed tubular electrode and the work.  

•electrode conducts the current and melts to provide filler metal to the joint. 

•Shielding is obtained from the decomposition of the flux within the tubular wire or from an externally supplied 
gas mixture or both.

•electrode is a metal tube with a core of various powdered materials.  

•produce a slag - removed after welding.

•two basic types of flux cored wires available:

•Self-shielded (Shielded only by internal flux), or 

•Gas Shielded (Shielded by both internal flux and shielding gas).

•normally used manually, known as semi-automatic, but it can also be  used by machine or automatically.  

•Higher deposition rates, travel speeds, and welder efficiencies are obtained when compared to SMAW.  

•wider operating range than gas metal arc welding 

•allows more flexibility when compared to GMAW.  

•produces a weld bead with deep, hemispherical fusion

•less affected by the presence of rust and mill scale on the surface of the base metal than GMAW. 

•more tolerant of welder skill levels than GMAW.  

•major disadvantage of the process –

•it generates significantly more fume than GMAW

•removal of flux requires additional cleanup.

•Limitations –

•absorption of moisture by the flux when not stored properly.  

•Inspectors need to look for signs that welding electrodes are stored per manufacturer requirements.
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•an electric arc welding process

•heat for welding is produced by an electric arc maintained between the tip of a non-
consumable tungsten electrode and the work. 

•tungsten electrode and liquid weld pool protected from contamination by an 
externally supplied inert shielding gas. 

•Filler metal may or may not be added to the joint.  

•The addition may either be done manually or by a mechanized wire feeder. 

•The process is normally used manually, but it can be mechanized.  

•welder usually adjusts the current with a foot control and adds filler metal 
manually as needed.  

•produces a high quality weld deposit

•relatively slow compared to other arc welding processes. 

•no slag produced during welding, 

•a very clean, sound weld is produced.

•Limitations –

•skill level needed is very high 

•only comes from consistent practice manipulating the weld pool and 
adding filler rod.  



•The possibility of tungsten inclusions is high.
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•an electric arc welding process 

•electrode(s) conduct the current to the arc and melt to provide filler metal to the 
joint.  

•arc is shielded by a blanket of granular flux covering the weld joint.  

•Provides:

•high deposition rates, 

•minimal amounts of fume

•provides deep weld penetration into the work.

•twin electrodes which are used to give much faster travel speeds and deposition 
rates. 

•normally mechanized but hand held equipment is available.  

•Because of the flux, the process is limited to the flat or horizontal positions.

•Limitations –

•The arc can not be seen. 

• Improper alignment can result in incomplete joint penetration.  

•Changes to the flux proportion or arc voltage will change weld 
composition.
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•stud is joined to the base material by heating both parts with an arc that is drawn between the two.  

•Equipment that is specific to the process regulates:

•arc length

•arc dwell time

After an arc is struck, 

•the end of the stud and the work piece surface are heated rapidly to the proper temperature for joining

•after a preset period of time, the two heated surfaces are brought together under pressure, creating a 
metallurgical bond.

•utilizes similar principles as other arc welding processes.  

•the stud, which acts as an electrode, is inserted into a chuck on the end of the gun, 

•surrounded by a ceramic ferrule, 

•positioned against the work piece  

•Next, the trigger is depressed, 

•which starts the automatic weld cycle:

•energizing a solenoid coil within the gun body that lifts the stud off the work and 
draws an arc

•arc melts the end of the stud and a portion of the work piece.  

•the welding current is shut off and the solenoid is de-energized.  

•mainspring in the gun forces the stud into the molten pool of metal 

•produces a full-penetration, full-strength weld which is similar to that obtained with other types of arc-welding 
processes

•Ferrules, or ceramic arc shields, are used in most stud arc welding applications and provide protection to the arc 
from contamination during the welding cycle.  

•available in a wide variety of shapes and sizes to fit specific stud base designs and applications.  



•A ferrule is placed over every stud at the weld end, 

•held in place by a grip on the stud-welding gun.  

•used only once 

•must be removed from the stud after welding.
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•arc cutting process 

•metals to be cut or gouged are melted by the heat of an arc between a carbon 
electrode and the work.  

•A high velocity air jet, which is parallel to the electrode, hits the molten puddle 
behind the arc to remove the molten metal.  

•commonly used for back gouging full penetration welds, removing poor welds, 
gouging out weld defects, preparing grooves, and general cutting of steel.
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•remove metal by the chemical reaction of oxygen with the metal at elevated 
temperatures.  

•flame of fuel gas burning in oxygen.  

•The fuel gas used may be:

•acetylene, 

•propylene,

•propane,

•natural gas.  

•commonly used for cutting steel in all thickness

•may be applied manually or by machine.

•begins by heating a small area on the surface of the metal to the ignition 
temperature of 760 to 870 C (1400 to 1600 F) with an oxy-fuel gas flame. 

•the surface of the metal will appear bright red.  

•oxygen stream is then directed at the preheated spot, causing rapid oxidation of the 
heated metal and generating large amounts of heat.  

•Combusted gas and the pressurized oxygen jet flush the molten oxide away, 

•exposes fresh surfaces for cutting and makes a narrow slot, or kerf, through the 
metal
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The power sources commonly used in welding are divided into two major types: 
constant current (CC) and constant voltage (CV).
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CC Power Supply –

•Power sources for manual processes such as SMAW, GTAW and CAC-A generally 
have a V-A curve with a high slope in the operating range 

•The welder can vary the arc length, and hence the arc voltage, with very little 
change in the welding current. 

•The constant-current (CC) characteristic allows the welder to control the amount of 
heat entering the weld pool by changing the arc length with little risk of 
extinguishing the arc.

CV Power Supplies

•Power sources for wire-feed processes such as GMAW, SAW and FCAW generally 
have a V-A curve with a low slope in the operating range

•These power sources are called constant voltage (CV) machines because large 
changes in welding current occur over a relatively small voltage range. 

•For example, a small reduction of arc length, and hence arc voltage, results 
in a relatively large increase in weld current. 

•The increase in current increases the melting rate of the wire, restoring the 
arc to its original length and voltage. 

•The arc tends to remain at a constant length regardless of contact tube to 
work distance.
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Wire Feed Speed

•GMAW, FCAW, and SAW, 

•wire feed speed is the amperage or welding current setting which is usually controlled by a knob on the wire 
feeder.  

•Adjustments to wire feed speed affect amperage.  

•As wire feed speed is increased, amperage increases.  

•The wire feed speed directly affects the deposition rate of the welding process.

Welding Current

•SMAW, GTAW, and CA,

•the weld current level (amperage) is set by a control knob on the CC power supply.  

•Increasing the amperage results in a higher burn-off rate for the covered electrode or carbon rod and more base 
material melting for the GTAW process.

Welding Voltage

•proportional to the arc length

•On constant voltage machines this parameter is normally adjusted at the power supply.  

•On constant current machines, arc voltage is determined by the arc length controlled by the welder.  

•Increasing the voltage will increase the arc length and widen the weld bead if the contact tube to work distance is held 
constant. 

•For a given welding current or wire feed speed there is an optimum voltage setting to produce a smooth arc.

Travel Speed

•rate at which the arc travels along the work piece.

•controlled by the welder’s hand movement in manual and semiautomatic welding.

•controlled by the machine in mechanized and automatic welding.  

•Travel speed has a great effect on the penetration of the weld.  

•For given amperage and volt settings, there is an optimum travel speed setting to achieve maximum penetration.  

•Increasing or decreasing the travel speed from this point will reduce the amount of penetration.  

•When travel speed is too slow, the weld puddle flows in front of the arc to greatly reduce the amount of penetration 



and produce a wide weld bead.  

•When travel speed is too fast it reduces the amount of melting in the base metal which again reduces penetration.  

•An excessive travel speed will tend to cause undercutting along the edges of the weld bead.
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•Stick out - distance between the tip of the contact tube and the tip of the electrode 
where it melts off

•As the distance is increased, the electrical resistance of the electrode 
increases which increases the preheating on the electrode.  

•Because of this, less welding current is required to melt the electrode at a 
given wire feed rate.  

•Increasing the electrode extension will reduce the amount of penetration.  

•excessively long electrode extension results in an excess of weld metal being 
deposited at low heat inputs and an unstable arc. 

•Electrode extension is often used to make adjustments of the weld bead 
characteristics such as where the root opening is excessively large or small.
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•electrode angles are called the work and travel angles.  

•Work angle is the angle between the electrode and work piece in the plane 
perpendicular to the direction of travel.  

•The travel angle is the angle between the joint and the electrode in the longitudinal 
plane

Travel Angle

•A push angle exists when the electrode points in the direction of travel.  

•A drag angle exists when the electrode points opposite to the direction of travel.  

•A zero degree travel angle exists when the electrode is perpendicular (90 degrees) 
to the direction of travel.  

•When the travel angle is changed from a drag angle to a push angle, the amount of 
penetration decreases and the weld bead becomes wider and flatter.  

•Excessive drag or push angles (over 25 degrees) will reduce the amount of 
penetration and increase the possibility of cold lap (lack-of-fusion).  

•Electrode travel angles of 5 to 25 degrees are used for most applications.  

Work Angle

•The work angle affects the penetration and shape of the weld bead.  

•Most fillet welds should be made with a work angle that is approximately 45 
degrees from either item being joined, when the parts intersect at 90 degree angles.  



•An incorrect work angle will produce poor weld penetration patterns, unequal fillet weld leg 
size, and may cause excessive undercut.
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•The American Welding Society has developed a classification system for electrodes 
and filler metals.  

•The following are examples of classifications for various welding electrodes and 
filler metals.
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Covered Electrodes for SMAW

Exxxx - Designates an electrode.  This designator is not required for identification of the electrode and may be 
omitted.

eXXxx - Designates the minimum weld metal tensile strength in ksi

exxXx – Designates the welding position in which the electrode is usable.

exxxX - Designates the operating characteristics of the electrode (Type of current, Composition of flux coating, 
etc.)

E7018

E = electrode

70 = 70ksi tensile strength

Electrode designations, tensile strength and corresponding minimum yield strengths:

XX Tensile Yield

60 60,000 psi 50,000 psi

70 70,000 psi 57,000 psi

80 80,000 psi 67,000 psi

90 90,000 psi 77,000 psi

100 100,000 psi 87,000 psi

110 110,000 psi 95,000 psi

1 = Electrode can be used in all positions.

1 = All position

2 = Flat and Horizontal position



4 = Vertical Down only

8 = AC or DCEP polarity, Medium Penetration, Low-hydrogen, Iron Powder coating.
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Exxxx - Designates an electrode.  This designator is not required for identification 
of the electrode and may be omitted.

eXXxx - Designates the minimum weld metal tensile strength in ksi

exxXx – Designates the welding position in which the electrode is usable.

exxxX - Designates the operating characteristics of the electrode (Type of current, 
Composition of flux coating, etc.)
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Exxxx - Designates an electrode.  This designator is not required for identification 
of the electrode and may be omitted.

eXXxx - Designates the minimum weld metal tensile strength in ksi

exxXx – Designates the welding position in which the electrode is usable.

exxxX - Designates the operating characteristics of the electrode (Type of current, 
Composition of flux coating, etc.)
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Exxxx - Designates an electrode.  This designator is not required for identification 
of the electrode and may be omitted.

eXXxx - Designates the minimum weld metal tensile strength in ksi

exxXx – Designates the welding position in which the electrode is usable.

exxxX - Designates the operating characteristics of the electrode (Type of current, 
Composition of flux coating, etc.)
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ERxxx-x - Indicates use as either an electrode (GMAW) or rod (GTAW).

erXXx-x - Indicates, in 1,000psi increments, the minimum tensile strength produced by the electrode.

erxxX-x - Indicates whether the filler metal is solid (S) or composite (C). 

Erxxx-X - Indicates the chemical composition of the electrode.  The use of the “GS” suffix 
designates filler metals intended for single-pass applications only.

ER70S-6

ER = May be used as an electrode for GMAW or as a filler rod for GTAW.

70 = 70ksi tensile strength.

Electrode designations, tensile strength and corresponding minimum yield strengths:

XX Tensile Yield

70 72,000 psi 60,000 psi

80 80,000 psi 68,000 psi

90 90,000 psi 78,000 psi

100 100,000 psi 88,000 psi

S = Solid Wire Electrode

6 = Chemical Requirements of the filler metal. The major difference between the carbon steel 
electrodes is the deoxidizer content.  As the oxygen level in the molten pool increases (due to 
rust, scale, high travel speeds, or high current) the deoxidizer level in the welding electrode must 



also increase if excessive porosity is to be avoided.  ERXXS-3 has the lowest level of deoxidizers and ERXXS-2 
has the highest.
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ERxxx-x - Indicates use as either an electrode (GMAW) or rod (GTAW).

erXXx-x - Indicates, in 1,000psi increments, the minimum tensile strength produced 
by the electrode.

erxxX-x - Indicates whether the filler metal is solid (S) or composite (C). 

Erxxx-X - Indicates the chemical composition of the electrode.  The use of the “GS” 
suffix designates filler metals intended for single-pass applications only.
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EXXT-XM

Exxt-xm - Designates an electrode.

eXxt-xm - This designator is either 6 or 7.  It indicates the minimum tensile strength (in psi x 10,000) 
of the weld metal.

exXt-xm - This designator is either 0 or 1.  It indicates the positions of welding for which the 
electrode is intended.

exxT-xm - The “T” indicates that the electrode is a tubular, flux cored electrode. 

exxt-Xm - This designator is a number between 1 and 14 or a “G” with or without an “S” following.  
This number refers to the chemical composition of the electrode.  The “G” indicates that 
external shielding, polarity, and impact properties are not specified.  An “S” indicates that the 
electrode should be used with single pass welds only. 

exxt-xM - An “M” designator in this position indicates that the electrode is classified using 75-80% 
argon/ balance CO2 shielding gas.  When “M” does not appear, it signifies that either 100% 
CO2 was used for classification or that the wire is self-shielded.

E71T-1

E = electrode

7 = Tensile Strength of 70,000 psi

1 = Electrode can weld in all positions.

0 = Flat and Horizontal only

1 = All Position

T = Flux cored electrode.



1 = DCEP Welding Current, CO2 Shielding Gas with Multiple Pass
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•two main welding techniques used by the welder

•forehand (push travel angle)

•backhand (drag travel angle).  

•Two weaving techniques are sometimes used by the welder

•oscillating (side to side) motion 

•whipping (forward and back) motion.

•The oscillating motion is best employed when welding in the vertical position. 

•allows the operator to control the bead shape and get good fusion in the side of the joint.

•used in the flat or horizontal position to make a wide bead that cannot be otherwise made in one pass. 

•this motion should be avoided in these positions for the following reasons:

•An operators timing at the side walls may not be consistent enough to allow good fusion 
throughout the length of the bead and to avoid undercut.

•A welder may tend to lift the torch away from the weld pool erratically, causing intermittent 
loss of gas shielding.

•This motion, when used with the FCAW process, will tend to roll the flux under the pool, causing slag inclusions.

•Bead appearance will suffer most of the time. 

•If a weld size is too large to make without oscillating, use the multi-pass technique given in this text.

•The whipping motion technique should always be avoided when using the FCAW or GMAW processes for the following 
reasons:

•This motion will cause the loss of gas shielding at the leading and trailing ends of each movement.

•Penetration depths can significantly vary because the forward motion tends to raise the torch away from the pool 
causing a loss in amperage to maintain the voltage level, with a CV power source.

•Depth of penetration will also vary because the backward motion will tend to cause the arc to ride on the pool 
while the forward motion positions the arc on the plate.

•This technique should never be used with the FCAW process due to the high likelihood of creating slag 
inclusions.
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•main welding techniques used by the welder

•forehand (push travel angle)
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main welding techniques used by the welder

•backhand (drag travel angle).
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•Weaving:

•The oscillating motion is best employed when welding in the vertical position. 

•allows the operator to control the bead shape and get good fusion in the side 
of the joint.

•used in the flat or horizontal position to make a wide bead that cannot be 
otherwise made in one pass. 

•this motion should be avoided in these positions for the following 
reasons:

•An operators timing at the side walls may not be consistent 
enough to allow good fusion throughout the length of the 
bead and to avoid undercut.

•A welder may tend to lift the torch away from the weld pool 
erratically, causing intermittent loss of gas shielding.

•This motion, when used with the FCAW process, will tend to roll the flux 
under the pool, causing slag inclusions.

•Bead appearance will suffer most of the time. 

•If a weld size is too large to make without oscillating, use the multi-pass technique 
given in this text.
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•Whipping:

•The whipping motion technique should always be avoided when using the FCAW 
or GMAW processes for the following reasons:

•This motion will cause the loss of gas shielding at the leading and trailing 
ends of each movement.

•Penetration depths can significantly vary because the forward motion tends 
to raise the torch away from the pool causing a loss in amperage to maintain 
the voltage level, with a CV power source.

•Depth of penetration will also vary because the backward motion will tend 
to cause the arc to ride on the pool while the forward motion positions the 
arc on the plate.

•This technique should never be used with the FCAW process due to 
the high likelihood of creating slag inclusions.
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