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Fig. 2 Schematic diagram of friction plug repair welding
process with shaft shoulder auxiliary heating. (a)
shoulder preheating; (b) feed filling; (c) initial
weld joint; (d) stop feed; (e) top forging of plug
rod; (f) push out horizontally
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Fig. 3 Dimensions of plug, keyhole and tensile sample.
(a) size of plug rod; (b) size of base metal and
keyhole; (c) size of tensile specimen
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Fig. 4 Cross section and macroscopic morphology of jo
int at different plug rotation speeds. (a) 1 600
r/min; (b) 1 800 r/min; (c) 2 000 r/min
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Fig. 5 Schematic diagram of joint partition and EBSD
sampling
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Fig. 6 Microstructure and distribution of joint. (a) bonding surface zone; (b) nugget zone; (c) shoulder affected zone;
(d) filling zone; (e) thermos-mechanically affected zone; (f) heat affected zone
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Fig. 10 Tensile fracture morphology of samples at
different plug rotation speeds. (a) front side of
tensile specimen; (b) back side of tensile
specimen
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Fig. 11 Tensile fracture morphology of joint. (a) sam-
pling location; (b) region A; (c) region B; (d)
region C
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