
Stud arc welding
 Equipments 

 Power supply (DC)

 Stud welding gun



Resistance welding

 Resistance spot welding

 Resistance seam welding



Resistance spot welding
 Equipments 

 Power supply (direct energy type or stored energy type)

 Welding machines (rocker-arm, press-type)

 Spot welding electrode (copper alloys)



Resistance seam welding
 Equipments

 Power supply

 Electrode force and support

 Electrode or work piece drive



Laser beam welding (LBW)

 Laser beam welding (LBW) is a welding process 

which produces coalescence of materials with the 

heat obtained from the application of a 

concentrate coherent light beam impinging upon 

the surfaces to be joined. The laser beam is a 

coherent (single phase) light of a single 

wavelength (monochromatic). The laser beam has 

low beam divergence and high energy content 

and thus will create heat when it strikes a surface



Laser beam welding (LBW

 Laser beam welding (LBW) is a welding technique 

used to join multiple pieces of metal through the use 

of a laser. The beam provides a concentrated heat 

source, allowing for narrow, deep welds and high 

welding rates. The process is frequently used in high 

volume applications, such as in the automotive 

industry. It is based on keyhole or Penetration mode 

welding.Like electron beam welding (EBW), laser 

beam welding has high power density (on the order of 

1 MW/cm2) resulting in small heat-affected zones and 

high heating and cooling rates. The spot size of the 

laser can vary between 0.2 mm and 13 mm, though 

only smaller sizes are used for welding. 



Laser beam welding (LBW)

 The depth of penetration is proportional to the amount 

of power supplied, but is also dependent on the location 

of the focal point: penetration is maximized when the 

focal point is slightly below the surface of the 

workpiece Some of the advantages of LBW in 

comparison to EBW are as follows:

- the laser beam can be transmitted through air rather 

than requiring a vacuum

- the process is easily automated with robotic 

machinery

- x-rays are not generated

- LBW results in higher quality welds



Few Solid State Welding     Processes

▪ Resistance spot (1905) 

▪ Friction for polymeric materials (1945) 

▪ Friction for metals (1956) 

▪ Explosive (1963) 

▪ Ultrasonic (1965) 

▪ Resistance seam (1967) 

▪ Friction stir (1991) 

▪ Friction plunge (1992)



Various Friction Welding Processes

Friction 
Welding

Convention
al Friction 
Welding

Friction 
Stir 

Welding

Friction 
Plunge 

Welding



Conventional Friction Welding



Stages in Conventional Friction 

Welding

One component is loaded into a rotational 

headstock chuck and the other component 

is loaded into a fixed tailstock. The head is 

accelerated to a preset speed.

Shape of the fusion zones in friction 

welding, as a function of the axial force 

applied and the rotational speed



Advantages of Friction Welding

• The combination of fast joining times (on the order of a 

few seconds), and direct heat input at the weld interface, 

yields relatively small heat-affected zones.

• Friction welding techniques are generally melt-free, which 

avoids grain growth in engineered materials, such as high-

strength heat-treated steels.

• The motion tends to "clean" the surface between the 

materials being welded, which means they can be joined with 

less preparation.

• It allows dissimilar materials to be joined.



Weldability

 The capacity of a material to be welded under the 

imposed fabrication conditions into a specific, 

suitably designed structure and to perform

satisfactorily in intended service.



Factors affecting weldability

 Weldability is often considered to be a material 

property.

▪ However the effect of other variables should not be 

ignored.

Weldability is also affected by :

▪ Design of weld

▪ Service conditions

▪ Choice of welding process



Design

 Weld joint design and execution

▪ Thickness, location, access, environment

▪ Restraint

Service stresses

▪ Safety factor for welds



Physical properties

Melting and vaporisation temperatures

Electrical and thermal properties

▪ Conductivity, expansion coefficient, thermal capacity,

latent heat

Ionisation potential of electrode

Magnetic susceptibility

Reflectivity



Solidification of weld metal

 Dendritic or cellular growth

 Segregation 

▪ Depends on composition

▪ Cooling rate

▪ Can lead to solidification cracking



Chemical properties

 Affinity of weld metal for O, N and H

▪ Susceptibility to porosity, embrittlement

 Presence of a surface film on base metal 

▪ Oxide films

▪ Paint or metallic surface coating

 Fluxing / De-oxidising properties of a slag



Contaminant gases

 Nitrogen and oxygen from air

 Hydrogen from

▪ Moisture in air

▪ Moisture in consumables or surface contaminants

▪ Organic materials (grease, oil, paint etc)



Gas-metal reactions

 Liquid metal may react with air or other gases

 Depends on 

▪ Liquid metal composition

▪ Gas composition

 Consequences

▪ Porosity – gas released on solidification

▪ Formation of compounds (Embrittlement) 



Metallurgical properties

Strengthening mechanism of base material 

▪ Weld versus base metal strength

Freezing range

▪ susceptibility to solidification cracking

Susceptibility to detrimental phases forming during 

welding

▪ Embrittlement or corrosion



Service environment
 Extreme environments

▪ Corrosive

▪ Low temperature (, brittle failure)

▪ High temperature (oxidation, creep, embrittlement)

▪ Others (wear, fatigue, nuclear)

 The more extreme the environment

▪ The more difficult it is to find suitable materials

▪ The more restricted the welding procedure becomes to 

avoid service failure (arc energy)



Welding variables

 Arc energy (heat input)

Preheat and interpass temperature

Filler metal composition 

Speed of welding



Preheat and interpass

 Preheat is applied independently

▪ Gas torches

▪ Gas radiant heaters

 Interpass temperature

▪ Temperature  before next pass is added

▪ Controlled by a cooling time, or air water cooling



Fusion weld structure



Heat affected zone (HAZ)

It is adjacent to weld metal zone and composed of 

parent metal which did not melt

Heated to a high enough temperature for a  

sufficient period that grain growth occurred.

Effects of HAZ

▪ Altered mechanical properties

▪ Altered microstructure

▪ Weakest area of  the weld



Thermal HAZ region



HAZ structure



Weld Defects and Discontinuities



Welding discontinuities

Discontinuities are essentially defects that fall within the
limitations of the welding standard requirements

Cracks

▪ Never a discontinuity!!

Porosity

▪ Most common complying weld defect

Incomplete fusion / inclusions

▪ Some allowed by most welding standards

Defective profile

▪ Under-weld, over-weld, lack of root bead, burn through,
undercut, spatter etc.

▪ Most client specifications limit these types



Welding defects - causes

Cracks

▪ Solidification, liquation causes

Porosity

▪ Gas entrapment / ejection, poor shielding

 Incomplete fusion

▪ Sidewall, inter run, root pass, weld toes (cold lap)

▪ Electrode angle implicated or poor joint profile

 Inclusions

▪ Slag, oxide, tungsten

▪ Usually operator induced

Defective weld profile / finish

▪ Under-weld, over-weld, lack of root bead, burn through, undercut

▪ Usually operator induced



Welding defects - causes
 Spatter

 Excessive current, long arcs, arc blow 

 electrode coated with improper flux ingredients

 Undercutting

 Wrong manipulation and inclination of electrode

 Too large electorde diameter

 Higher currents

 Overlapping

 Lower arc current

 Slower arc travel speed



Some weld defects



Solidification cracking

 low melting point constituents

▪ Sulphur, Phosphorus, Tin, Lead, Niobium

▪ Undesirable eutectics

Grain boundary segregation

▪ Segregation of sulphides etc.

▪ Lower ductility and raising crack sensitivity

Strains arising during solidification
▪ Solidification range

▪ Material types, contamination

▪ Base metal dilution, lowering weld strength

▪ Expansion coefficient

▪ Weld pool shape and size
▪ Depth-to-width ratio

▪ Surface concavity

▪ Arc energy



Solidification cracks



Lamellar tearing

Separation or cracking along planes parallel to the 

principal plane of deformation

Occurs in rolled sections mainly but can also occur 

in extrusions and forgings

Does not occur in castings



Lamellar tearing





Weld types



Arc V-I Characteristic

Welding 

Power 

Source

A 

V 

Welding 
Arc 

I 

V 

V 

I 0 

20

30

40

10

50 100 150 200 250 300 0 

h1

h2

h3

h=0 

h 

Unstable

We see that current and arc length have an effect, what happens if we change from Ar 

to some other ionizing gas?


