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Figure 12.12
(a) Gas tungsten arc welding process, formerly known as TIG welding (for tungsten inert gas). (b) Equipment for gas tungsten arc

welding operations.
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Figure 12.13
7 Two types of plasma arc welding processes: (a) transferred and (b) nontransferred. Deep and narrow welds are made by this process at high
welding speeds.
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Two types of electrode designs for easy access in spot welding operations for complex shapes.
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13 (a) Hlustration of the seam welding process, with rolls acting as electrodes. (b) Overlapping spots in a
seam weld. (c) Cross section of a roll spot weld. (d) Mash seam welding.
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Schematic illustration of the Laser GMAW hybrid welding process.
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Figure 12.32
Sequence of operations in the friction welding process. (1) The part on the left is rotated at high speed. (2) The part on the right is brought
Into contact under an axial force. (3) The axial force is increased, and the part on the left stops rotating; flash begins to form. (4) After a

26  specified upset length or distance is achieved, the weld is completed. The upset length is the distance the two pieces move inward during
welding after their initial contact; thus, the total length after welding is less than the sum of the lengths of the two pieces.
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Shapes of the fusion zone in friction welding as a function of the force applied and the rotational speed.
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Figure 12.41

Schematic illustration of the explosion welding process: (a) constant interface clearance gap and (b) angular interface clearance gap.
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Figure 12.42

Cross sections of explosion welded joints: (a) titanium (top) on low-carbon steel (bottom) and (b) Incoloy 800 (iron-nickel-base alloy) on low-
carbon steel. The wavy interfaces shown improve the shear strength of the joint. Some combinations of metals, such as tantalum and vanadium,
produce a much less wavy interface. If the two metals have little metallurgical compatibility, an interlayer may be added that has compatibility
with both metals.
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Figure 12.17
Characteristics of a typical fusion weld zone in oxyfuel gas welding and arc welding processes.
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34 (a) Weld bead on a cold-rolled nickel strip produced by a laser beam. (b) Microhardness profile across the

weld bead. Note the lower hardness of the weld bead as compared with the base metal.
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Types of cracks in welded joints. The cracks are caused by thermal stresses that develop during solidification and contraction
44 of the weld bead and the welded structure: (a) crater cracks and (b) various types of cracks in butt and T joints.
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