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The purpose of this study is to experimentally and analytically clarify the
crack closure mechanism and damage recovery before crack initiation in high-density pulsed current.
The fatigue crack closure mechanism in high-density pulsed currents is that the current bypassing
the crack densifies at the crack tip, and compressive thermal stresses act on the crack tip. The
yield stress is lowered under high temperature environment, resulting in plastic deformation, and
after cooling, tensile residual stress is generated. Balanced compressive stresses act in the
vicinity of the crack. Localized bending deformation and crack closure are observed. On the other
hand, it was also found that the growth of the slip zone was suppressed by applying a high-density
pulsed current before the crack initiation.
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Fig. 1 Specimen geometry for crack healing. Fig. 2 Specimen geometry for damage healing.
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Fig. 3 Crack observation before and after electropulsing treatment (EPT) in SUS304.
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Fig. 4 Plastic zone distribution after EPT. Fig. 5 Normal stress o, distribution after EPT.
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Fig.6 AFM images of PSM A with electropulsing.
(a) N=2x103 cycles (before electropulsing). (b) N = 2x103 cycles (after electropulsing).
(c) N=6x103 cycles (before electropulsing). (d) N = 6x103 cycles (after electropulsing).
(e) N=1x10* cycles (before electropulsing). (f) N = 1x10* cycles (after electropulsing).
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Fig. 7 Growth of extrusion height observed Fig. 8 Comparison of extrusion growth rates with
through AFM of PSM A. and without electropulsing.
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(a) Electropulsing. (b) After electropulsing.

Fig.9 Image of the effect of electropulsing to vacancy in PSB.
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Fig.10 Predicted extrusion height. Electropulsing was performed once every 2000 cycles.
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