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Effect of Surface Treatment on Super-Long-Life Fatigue Behavior in High
Speed Tool Steel, JIS SKH51
Liantao LU and Kazuaki SHIOZAWA*®

*3 Department of Mechanical and Intellectual System Engineering, Toyama Umversnty,
3190 Gofuku, Toyama-shi, Toyama, 930-8555 Japan

Effect of surface treatment on fatlgue behavior in gigacycle regime was investigated in order to
clarify the duplex S-N curve characteristics. A cantilever-type rotating-bending fatigue tests were
performed in laboratory air at room temperature using hour-glass-shaped specimen of high speed
tool steel, JIS SKH 51 with four kinds of surface treatment conditions, such as grind-stone polishing,
emery-paper polishing, electro-polishing and plasma-nitriding. The fatigue limit of surface failure
mode depended on compressive residual stress value on specimen surface. On the other hand, no
difference in fatigue life controlled by subsurface crack initiation was observed among four kinds of
surface-treated specimen in high cycle region. Fatigue crack initiation site changed from the surface
of untreated specimen to the subsurface of the specimen because of hardening and compressive
residual stress with plasma-nitriding in the region of high-stress amplitude. It is suggested that the
S-N curve corresponding to internal failure mode is as inherent in the material, as compared with

_that the S-N curve of surface failure mode is affected by surface conditions. It was pointed out
through the detailed measurement of crack initiation area that the formation of GBF (granular-
bright-facet) around an inclusion controls the internal failure in long-life fatigue regime.

Key Words : Gigacycle Fatigue, Surface Treatment, Surface Crack Initiation, Subsurface Crack
Initiation, Fish-Eye, Duplex S-N Characteristics, High Speed Tool Steel
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Fig.1 Classification of S-N curve for surface treated
materials (S: surface failure mode in untreated
specimen, SM : surface failure mode in surface-
modified specimen and I : Internal failure mode)
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Fig.2 Vickers hardness distribution for surface-treat-
ed specimens
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Fig.3 Residual stress distribution for specimens pol-
ished by grind stone and emery-paper, and
plasma-nitrided
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Fig.4 S-N curves for various surface-treated speci-
mens of high-speed tool steel, SKH 51
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Fig.5 SEM observation of internal crack initiation site
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