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Fig. 1 Schematic of radial friction welding
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Fig. 2 Typical radial friction welding joint of super
martensitic stainless steel. (a) macrostructure of
the joint cross-section; (b) corresponding micro-
structure of the region | in Fig.2a
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Fig. 3 Girth friction welding process. (a) schematic of
the process; (b) morphology of the welds
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Microstructure of the duplex stainless steel joint
produced by girth friction welding. (a) phase of
weld zone; (b) phase of thermo-mechanically
affected zone; (c) phase of base metal; (d) grain
of weld zone; (e) grain of thermo-mechanically
affected zone; (f) grain of base metal
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Fig. 5 Schematic of friction stir blind riveting process.
(a) positioning; (b) plunging; (c) self-plugging
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Fig. 6 Macrostructure and mechanical properties of
friction stir blind riveting joint. (a) cross-section of
the joint; (b) comparison of tensile properties with
resistance spot welding joint
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Fig. 7 Schematic of friction element welding. (a) posi-
tioning; (b) plunging; (c) dwelling; (d) forging
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Fig. 8 Macroscopic and microstructure of the Al/steel
joints produced by friction element welding
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Fig. 9 Schematic of friction self-piercing riveting. (a) rotating; (b) plunging; (c) forming; (d) stopping; (e) retracting
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Fig. 10 Interface microstructure of friction self-piercing riveting joint. (a) joint longitudinal cross-section and the

corresponding horizontal cross-section on the dotted line; (b) element analysis of the interface between rivet
and its outside workpiece; (c) element analysis of the interface between rivet and its inside workpiece
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Schematic of friction stir riveting welding. (a) positioning; (b) riveting; (c) forming; (d) retracting
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Fig. 12 Microstructure and mechanical properties of the friction stir riveting welding joint. (a) microstructure near the

rivet; (b) metallurgical connection; (c) thread riveting
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Fig. 13 Schematic of friction plug welding. (a) friction
push plug welding; (b) friction pull plug welding
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Fig. 14 Microstructure of the S355 steel joint produced by underwater blind hole friction plug welding. (a) macro-
structure of the joint cross-section; (b) base metal (region A); (c) upper weld metal (region B); (d) lower weld

metal (region C); (e) heat affected zone (region D)
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Fig. 15 Through-hole friction plug welding. (a) sche-
matic of the process; (b) macrostructure of the
joint; (c) friction interface (region c); (d) weld

root zone (region d)
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Fig. 16  Friction pull plug welding. (a) geometry of the
plug (mm); (b) morphology of the joints; (c) mac-
rostructure of the joint cross-section
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Fig. 17 Schematic of friction surfacing
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Additive manufacturing of AA6082-T6 by friction
surfacing. (a) successive deposition; (b) bulk
produced from four overlapped passes; (c)
detail of final thickness achieved; (d) milling of
linear rail
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Fig. 19 Additive friction stir deposition. (a) schematic of
process principle; (b) deposition process; (c)
workblank and machined component
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Fig. 20 Schematic of vortex-friction stir welding
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Weld formation and stir bar shape in VFSW. (a)
weld top surface; (b) weld bottom surface; (c)
lug boss at weld end; (d) stir bar
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Fig. 22 Cross-sections macrostructures of the weld and
the lug boss in VFSW. (a) weld transverse cross-
section; (b) longitudinal cross-section of lug boss
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