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Development of fati?ue_damgge healing technology of metals by electron wind
force control and elucidation of atom rearrangement and recombination mechanism
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PSB channel

Fatigue damage and crack healing of metallic materials were achieved by
controlling high-density current field, and its mechanism was investigated. It was found that the
growth of extrusion on the surface of metallic materials could be retarded by applying high-density
current. It was shown that the current application could reduce the atomic vacancy density by acting
on atomic vacancies in the channel of the PSB, and thus suppress the growth of the extrusion. It

was also shown that the effect of pulsed current on fatigue cracks is to reduce the stress intensity
factor by acting on the thermal compressive stress around the crack, resulting in crack closure and
inter-plane bridging.
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Fig. 1 Geometry and dimension of specimen
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Fig. 2 AFM image of replica film surface; (a)~(c) without pulsed specimen, (d)~(f) pulsed specimen
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Fig. 3  Growth of extrusion height
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Fig.4 Schematic image of the application of electropulsing to PSB
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Fig. 5 Prediction of extrusion height with the application of electropulsing
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Table 1 Effect of electropulsing conditions on stress intensity factor range.

) AK MPa - m'?
Sample n times CL kN Before Aftor
EPT50 50 0 17.64 16.93
EPTCL50 50 2.5 17.84 17.73
EPT200 200 0 17.50 18.11
EPTCL200 200 2.5 17.57 17.61

Fig.6 Fracture surface observed by microscope
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Fig.4 Crack opening displacement difference
by healing treatment (n=200).

Fig.3 Displacement distribution of y direction after
electropulsing (n=50).
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