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INTRODUCTION

Metal joining is defined as the process of joining two metal parts either temporarily or permanently with or without the
application of heat and pressure.

Following are the methods that are used for joining metals:

Welding

Soldering

Brazing

Riveting

Adhesive bonding
Assembling with bolt
g. Seaming

WELDING PROCESS

Welding is a process of joining similar and dissimilar metals or other materials by application of heat, pressure and filler
materials.
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FUSION WELDING PROCESS

In fusion welding process, coalescence is done by melting two parts to be joined and applying filler metals to the welded
joints to provide strength.

Fusion welding process is classified as:

Arc welding process
Resistance welding process
Radiant welding process
Thermit welding process

ARC WELDING PROCESS:

It is a fusion process in which coalescence is achieved by the heat formed between an electrode and the work piece.
The electrode can be rod or wire which also acts as a filler metal to the joint. The power source for this welding is AC
or DC. When the electrode is placed closed to the work piece an arc is created between the gap of electrode and
workpiece. It is ionized column of gas develops to complete the circuit. The arc that produced has temperature of
about 3600 degree Celsius which helps to melt the metal being welded. This produces a molten pool that solidifies
and form the joint.




CONSUMBALE ELECTRODE

NON CONSUMBALE ELECTRODE

electrode itself melts down during welding and
deposit at the weld bead. So it acts as a filler
metal

It doesnot melts down. So extra supply of filler
metal is required

Electrode is chosen based on the base metal
composition

Electrode is independent of base metal
composition

Does not allow autogenous mode of welding

Allows autogenous welding

SMAW, GMAW, FCAW, SAW, ESW uses
consumable electrode

GTAW, TIG USES non consumable electrode




Alternating Current Direct Current (from
(from Transformer) Generator)
More efficiency Less efficiency
Power consumption less Power consumption more
3 [Cost of equipment is less_| Cost of squipment fs more
4 | Higher voltage — hence not | Low voltage — safer
safe operation

5 | Not suitable for welding suitable for both ferrous non

non ferrous metals ferrous metals
6 | Not preferred for welding | preferred for welding thin
thin sections sections
7 | Any terminal can be Positive terminal connected
connected to the work or tothe work
electrode Negative terminal connected
to the electrode




DCEN / DCSP

Proper fusion

Deeper penetration
Low filler deposition

Low productivity

Poor cleaning
Wide HAZ
Large distortion

Welding Polarity

DCEP / DCRP

Insufficient melting
Less penetration
High filler deposition
Increased productivity
Good arc cleaning
Narrow HAZ
Less distortion
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Base Metal Solidified weld
Flux Cored Arc Welding (FCAW)
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Electroslag Welding

Electrode wire feed
Guide tube

Molten slag
Weld pool

Starting plate
Welded pieces




SUBMERGED ARC WELDING

Process

Welding Direction

e =
contact Tube ! . R . Sheelding Atmosphere

Weld Metal

ADVANTAGES

e HIGH QUALITY

e NO SPATTER

e HIGH DEPOSITION RATE
e LOW DISTORTION

Welding is shielded by a cover of granular
flux

In this process, the welding arc and the work
piece are completely submerged under cover
of granular flux

During welding, granular flux is melted using
heat generated by arc and forms cover of
molten flux layer which in turn avoids spatter
tendency and prevents accessibility of
atmospheric gases to the arc zone and the
weld pool

The molten flux reacts with the impurities in
the molten weld to form slag which floats
over the surface of the weld metal

LIMITATION

e Precise joint preparation

e Solidification cracking

e High operational cost

e Irregular wire feed

e Flux is subjected to
contamination and
absorption of moisture




RESISTANCE WELDING

e Welding is done by the application of heat generated by resistance of the material
e These are pressure welding processes in which heavy current is passed for a short time through the area of interface
of metals to be joined
e No flux and filler metals are added
e Heat is generated in localized are which is enough to heat the metal to sufficient temperature, so that the parts to be
joined with the application of pressure, pressure is applied through the electrode
e The heat generated during resistance welding is given by the expression
H = I°Rt
Where H = heat generated
| = current
R = resistance
t = time for the flow of current

TYPES OF RESISTANCE WELDING

o RESISTANCE SPOT WELDING
e RESISTANCE SEAM WELDING
e PROJECTION WELDING
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Projection Welding

Melting of Projected part
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RADIANT ENERGY WELDING

e In radiant energy welding processes, heat is produced at the point of welding when a stream of electrons or a beam of
electro-magnetic radiations strikes on the work piece
e This welding can be carried out in vacuum or at low pressures

LASER BEAM

WELDING

ELECTRON BEAM
WELDING
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[ ] Electron Beam Welding( EBW)
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GAS WELDING

It is a process which relies on combustion of oxygen and acetylene. When mixed together in correct proportions within a
hand-held torch or blowpipe, a relatively hot flame is produced with a temperature of about 3,200 deg.C. The chemical
action of the oxyacetylene flame can be adjusted by changing the ratio of the volume of oxygen to acetylene.

Neutral flame

THREE DISNTICT FLAME ARE USED

Carburising flame




2100 “C (3800 “F)
1260 “C (2300 “F)

Inner cone
3040-3300 “C  (5500-6000 “Flenvelope

Temperature Gradient of a Neutral Welding Flame




Acetylene feather

Bright Iuminous Blue envelope
inner cone

Figare 2: Carburizing Flame




Oxidizing Flame

1. Carburizing flame is obtained when less
oxygen than that is required
stoichiometrically is supplied.

. Incomplete combustion of gaseous fuel (like
acetylene, propylene, propane, natural gas,
etc.) takes place within the flame.

. A carburizing flame consists of three distinct
layers (i) inner white cone, (ii) intermediate
reddish flame feather, (iii) outer bluish flame.

. Comparatively larger inner cone is obtained.

The average temperature at the inner cone
is comparatively less (around 2900°C).

The weld bead formed with carburizing flame | 6.

can be somewhat hard and brittie than the
corresponding parent components.

. Less noisy.

7. More noisy.

1. Oxidizing flame is obtained when excess

oxygen than that is required stoichiometrically
is supplied.

. Complete combustion of gaseous fuel occurs

within the flame. Even after the entire fuel
burns out, oxygen remains in excess.

. An oxidizing flame typically consists of two

layers (i) inner white cone, and (ii) outer
bluish flame.

Inner cone in the flame is smaller.

The heat intensity and the temperature are
more at the inner cone (3300°C).

The weld bead formed with carburizing flame
can be comparatively softer and ductile than
the corresponding parent components.
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ADVANTAGES AND DISADVANTAGES

The main advantage of the oxyacetylene welding process is that the equipment is simple, portable, and inexpensive.
Therefore, it is convenient for maintenance and repair applications. However, due to its limited power density, welding
speed is very low and the total heat input per unit length of the weld is rather high, resulting in large heat-affected zones and
severe distortion. The oxyacetylene welding process is not recommended for welding reactive metals such as titanium and
zirconium because of its limited protection power
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