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Cyclic Softening of the High-strength Steel HT780 Studied by Positron Annihilation Spectroscopy

Masashi YOSHIDA, Tetsuo ASANO, Yasufumi FUJISHIRO and Yasuharu SHIRAI

Synopsis : Cyclic softening mechanism of the high strength steel HT780 has been investigated using transmission electron microscopy (TEM) and
positron annihilation lifetime spectroscopy. It has been found by the TEM observation that a high density of dislocation exists in the speci-
men before fatigue test, which moves from inside to the boundaries of ferrite grains in the rapid softening stage. The positron lifetime is
found to increase rapidly in the rapid softening stage indicating that the positron lifetime of the mobile dislocation created by the fatigue test
is longer than that of the dislocation which exists before the fatigue test. The positron lifetime becomes nearly constant as softening saturates.
The positron lifetime at the saturation is longer as the strain amplitude is larger, showing that the density of the mobile dislocation depends
on the strain amplitude while is kept constant during the cyclic deformation with a given strain amplitude.
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Table 1. Chemical composition of HT80 (wt%).

Element C Si Mn P S Cu Cr Ni

Composition | 0.13 [0.13 |0.97 |0.009 |0.003 |0.02 |0.73 |C.03

Element Mo \ Ti Al N B

Composition | 0.24 0.04 0.018 |0.028 |0.0025 |0.0010
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Fig. 1. Stress-strain curve for HT780.
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Fig. 2. Change of maximum stress amplitude for cyclic

tension-compression test for HT780 with total
strain amplitudes 1.2% (@) and 0.7% (O).
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Fig. 3. Change of plastic strain amplitude during tension-
compression test for HT780 with total strain ampli-
tudes 1.2% (@) and 0.7% (O).
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Fig. 4. Change of positron annihilation lifetime during

tension-compression test for HT780 with strain
amplitudes of 1.2% (@) and 0.7% (O). A denotes
positron lifetime of the specimen before fatigue
test. The error bar is the same size as the marks.
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Fig. 5. (A) TEM image of HT780 before fatigue test. (B) TEM image of HT780 fatigue specimen (N/Nf=10%) with strain ampli-
tude 1.2%. (C) TEM image of HT780 fatigue specimen (N/Nf=100%) with strain amplitude 1.2%.
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