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Table 1 Chemical compositions of each material (wt%).
C Si Mn P S Cu Ni Cr Al Fe
uG 0.05 0.04 0.38 0.008 0.013 0.01 0.02 0.02 0.036 bal.
NFG 0.17 0.36 1.30 0.011 0.007 - - - - bal.
Table 2 Mechanical properties of specimens.
(a) UG
Heat treatment Grain size, d(um) oy (MPa) | 0p(MPa) W (%) HV
(As received) 0.6 543 881 69 263
Annealed at 823K 0.9 501 869 73 241
Annealed at 1073K 14 299 316 81 99
Annealed at 1273K 48 144 287 79 84
(b) NFG
Heat treatment Grain size, d (um) 0y (MPa) 0g (MPa) €1 (%) HV
(As received) 4 433 587 31 183
Annealed at 1073K 30 362 503 37 161
Annealed at 1423K 70 277 472 34 153
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STUDY ON MICROSTRUCTURAL CHANGE AND ROTATING BENDING
FATIGUE STRENGTH OF ANNEALED FINE-GRAIN STEELS

Masayuki SHOZU, Kouichi ANDATSU, Masahide GOTOH and Yukio HIROSE

ABSTRACT : In this study, a rotating-bending fatigue test was carried out on annealed hot-rolled steel plates used

for welded structures (Nakayama fine grain (NFG) plates) and ultrafine-grain (UG) wires, both of which have a fine

grain structure before annealing. We examined the relationship between fatigue strength and grain size, and also

examined the behavior of crack initiation by comparing these characteristics with those of the as-received plate and

wire. We obtained the following results. (1)The fatigue limits of the as-received and annealed NFG plates were

approximately half of their tensile strengths, whereas the fatigue limits of the as-received and annealed UG wires

were 30-38% of their tensile strengths. (2)A clear linear relationship that satisfies the Hall-Petch’s equation was

observed between the fatigue limit and grain size for both UG wires and NFG plates, and we proposed an equation

for estimating the fatigue limit using the grain size as a parameter. (3)The feature of the fracture surface of the

as-received and annealed UG wires depended on the number of applications of bending load until failure. The

cracks were classified into those that are initiated from the surface and those that are initiated from the interior. In

contrast, all the cracks in the as-received and annealed NFG plates were initiated from the surface.

Key Words - Fine-grain steel, ultrafine-grain wire, Annealed treatment, Rotating bending fatigue test,

fatigue strength, Hall-Petch’s equation




