http://nptel.ac.in/courses/112107144/welding/lecture13.htm

Welding Defects
The defects in the weld can be defined as irregularities in the weld
metal produced due to incorrect welding parameters or wrong
welding procedures or wrong combination of filler metal and parent
metal.
Weld defect may be in the form of variations from the intended weld
bead shape, size and desired quality. Defects may be on the surface
or inside the weld metal. Certain defects such as cracks are never
tolerated but other defects may be acceptable within permissible
limits. Welding defects may result into the failure of components
under service condition, leading to serious accidents and causing the
loss of property and sometimes also life.
Various welding defects can be classified into groups such as
cracks, porosity, solid inclusions, lack of fusion and inadequate
penetration, imperfect shape and miscellaneous defects.
1. Cracks
Cracks may be of micro or macro size and may appear in the weld
metal or base metal or base metal and weld metal boundary.
Different categories of cracks are longitudinal cracks, transverse
cracks or radiating/star cracks and cracks in the weld crater. Cracks
occur when localized stresses exceed the ultimate tensile strength of
material. These stresses are developed due to shrinkage during
solidification of weld metal.

Fig 13.1: Various Types of Cracks in Welds
Cracks may be developed due to poor ductility of base metal, high
sulpher and carbon contents, high arc travel speeds i.e. fast cooling
rates, too concave or convex weld bead and high hydrogen contents
in the weld metal.
2. Porosity
Porosity results when the gases are entrapped in the solidifying weld
metal. These gases are generated from the flux or coating
constituents of the electrode or shielding gases used during welding
or from absorbed moisture in the coating. Rust, dust, oil and grease
present on the surface of work pieces or on electrodes are also
source of gases during welding. Porosity may be easily prevented if
work pieces are properly cleaned from rust, dust, oil and
grease.Futher, porosity can also be controlled if excessively high
welding currents, faster welding speeds and long arc lengths are
avoided flux and coated electrodes are properly baked.

Fig 13.3: Slag Inclusion in Weldments
4. Lack of Fusion and Inadequate or incomplete penetration:
Lack of fusion is the failure to fuse together either the base metal
and weld metal or subsequent beads in multipass welding because
of failure to raise the temperature of base metal or previously
deposited weld layer to melting point during welding. Lack of fusion
can be avoided by properly cleaning of surfaces to be welded,
selecting proper current, proper welding technique and correct size
of electrode.
Fig 13.2: Different Forms of Porosities
3. Solid Inclusion
Solid inclusions may be in the form of slag or any other nonmetallic
material entrapped in the weld metal as these may not able to float
on the surface of the solidifying weld metal. During arc welding flux
either in the form of granules or coating after melting, reacts with the
molten weld metal removing oxides and other impurities in the form
of slag and it floats on the surface of weld metal due to its low
density. However, if the molten weld metal has high viscosity or too
low temperature or cools rapidly then the slag may not be released
from the weld pool and may cause inclusion.
Slag inclusion can be prevented if proper groove is selected, all the
slag from the previously deposited bead is removed, too high or too
low welding currents and long arcs are avoided.

Fig 13.4: Types of Lack of Fusion
Incomplete penetration means that the weld depth is not upto the
desired level or root faces have not reached to melting point in a
groove joint. If either low currents or larger arc lengths or large root
face or small root gap or too narrow groove angles are used then it
results into poor penetration.

Fig 13.5: Examples of Inadequate Penetration
5. Imperfect Shape
Imperfect shape means the variation from the desired shape and
size of the weld bead.

During undercutting a notch is formed either on one side of the weld
bead or both sides in which stresses tend to concentrate and it can
result in the early failure of the joint. Main reasons for undercutting
are the excessive welding currents, long arc lengths and fast travel
speeds.
Underfilling may be due to low currents, fast travel speeds and small
size of electrodes. Overlap may occur due to low currents, longer arc
lengths and slower welding speeds.

Fig 13.6: Various Imperfect Shapes of Welds
Excessive reinforcement is formed if high currents, low voltages,
slow travel speeds and large size electrodes are used. Excessive
root penetration and sag occur if excessive high currents and slow
travel speeds are used for relatively thinner members.
Distortion is caused because of shrinkage occurring due to large
heat input during welding.
6. Miscellaneous Defects
Various miscellaneous defects may be multiple arc strikes i.e.
several arc strikes are one behind the other, spatter, grinding and
chipping marks, tack weld defects, oxidized surface in the region of
weld, unremoved slag and misalignment of weld beads if welded
from both sides in butt welds.

Casting Defects
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The following are the major defects, which are likely to occur in sand
castings






Gas defects
Shrinkage cavities
Molding material defects
Pouring metal defects
Mold shift

These are caused by liquid shrinkage occurring during the
solidification of the casting. To compensate for this, proper feeding of
liquid metal is required. For this reason risers are placed at the
appropriate places in the mold. Sprues may be too thin, too long or
not attached in the proper location, causing shrinkage cavities. It is
recommended to use thick sprues to avoid shrinkage cavities.
Molding Material Defects
The defects in this category are cuts and washes, metal penetration,
fusion, and swell.

Gas Defects

Cut and washes

A condition existing in a casting caused by the trapping of gas in the
molten metal or by mold gases evolved during the pouring of the
casting. The defects in this category can be classified into blowholes
and pinhole porosity. Blowholes are spherical or elongated cavities
present in the casting on the surface or inside the casting. Pinhole
porosity occurs due to the dissolution of hydrogen gas, which gets
entrapped during heating of molten metal.

These appear as rough spots and areas of excess metal, and are
caused by erosion of molding sand by the flowing metal. This is
caused by the molding sand not having enough strength and the
molten metal flowing at high velocity. The former can be taken care
of by the proper choice of molding sand and the latter can be
overcome by the proper design of the gating system.
Metal penetration

Causes
The lower gas-passing tendency of the mold, which may be due to
lower venting, lower permeability of the mold or improper design of
the casting. The lower permeability is caused by finer grain size of
the sand, high percentage of clay in mold mixture, and excessive
moisture present in the mold.




Metal contains gas
Mold is too hot
Poor mold burnout

When molten metal enters into the gaps between sand grains, the
result is a rough casting surface. This occurs because the sand is
coarse or no mold wash was applied on the surface of the mold. The
coarser the sand grains more the metal penetration.
Fusion
This is caused by the fusion of the sand grains with the molten metal,
giving a brittle, glassy appearance on the casting surface. The main
reason for this is that the clay or the sand particles are of lower
refractoriness or that the pouring temperature is too high.

Shrinkage Cavities
Swell

Under the influence of metallostatic forces, the mold wall may move
back causing a swell in the dimension of the casting. A proper
ramming of the mold will correct this defect.

very small. Fluidity can be improved by changing the composition of
the metal and by increasing the pouring temperature of the metal.
Mold Shift

Inclusions
Particles of slag, refractory materials, sand or deoxidation products
are trapped in the casting during pouring solidification. The provision
of choke in the gating system and the pouring basin at the top of the
mold can prevent this defect.
Pouring Metal Defects
The likely defects in this category are



Mis-runs and
Cold shuts.

A mis-run is caused when the metal is unable to fill the mold cavity
completely and thus leaves unfilled cavities. A mis-run results when
the metal is too cold to flow to the extremities of the mold cavity
before freezing. Long, thin sections are subject to this defect and
should be avoided in casting design.
A cold shut is caused when two streams while meeting in the mold
cavity, do not fuse together properly thus forming a discontinuity in
the casting. When the molten metal is poured into the mold cavity
through more-than-one gate, multiple liquid fronts will have to flow
together and become one solid. If the flowing metal fronts are too
cool, they may not flow together, but will leave a seam in the
part. Such a seam is called a cold shut, and can be prevented by
assuring sufficient superheat in the poured metal and thick enough
walls in the casting design.
The mis-run and cold shut defects are caused either by a lower
fluidity of the mold or when the section thickness of the casting is

The mold shift defect occurs when cope and drag or molding boxes
have not been properly aligned.

