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Effect of Phase in Surface Compound Layer on Rotating Bending
Fatigue Strength for Gas-nitrided SCM435 Steel

Yasushi HIRAOKA, Akihiro ISHIDA and Osamu UMEZAWA
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[Synopsis]

The bending fatigue strength (10°-107 cycle) of gas nitrided or gas nitrocarburized SCM435 steels was evaluat-
ed. The steel formed compound layer on the surface exhibited higher fatigue strength than that with less com-
pound layer. When the compound layer was mainly with y’-Fe,N phase, the strength was remarkably high. The
yield stress and residual compressive stress of the compounds were higher than those of the diffusion layer, re-
spectively. The compound layer may prevent initial crack generation. In both of e-Fe;N and y’ compounds, multiple
microcrackings on the specimen surface may reduce the stress concentration at the main crack tip and make the
steel toughed. The y’ compound showed the higher residual compressive near the surface stress than € one, was
plastically deformed, and was of fine grains so that the microcrack growth in the y’ compound may be prevented.
Therefore, y” compound showed the higher fatigue crack initiation resistance than that of the € compound showing

brittle crack growth, and then the nitrided steel with y” compound layer exhibited higher fatigue strength.
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Table 1 The chemical compositions of JIS-SCM435 steel
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Fig.1 Geometry of bending fatigue test specimen.
Table 2 The conditions of gas nitriding (Ky) and gas nitrocarburizing (Kcy) for the test materials.
No Materials Temperature [K] | Time [ks] Ky [atm™"], Kew [atm] Induced gas compositions
1 Compound layer less 10.8 Ky=0.15 NH; +H,+N,
2 £-20 um 853 7.2 Ky=1.2, Kew=0.44 NH;+ CO,
3 y’-20 ym 7.2 Ky=1.2 (Ky=0.3 during cooling) NH;+H, + N,
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Fig.2 Optical micrographs near the specimen surface in the cross section after the treatment of gas-nitriding or
gas-nitrocarburizing: (a) No.1 (Compound layer less) (b) No.2 (&-20 um) (¢) No.3 (y’-20 um).
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Fig.3 Phase and orientation analyses by EBSD as inverse pole figure (IPF) in the RD plane for compound layers of
the No.2 and No.3. High angle grain boundaries (misorientation angle higher than 15 degree) are drawn by

black color.
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Fig.4 Secondary electron images of the compound layers in the cross section : (a) No.2 and (b) No.3.
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Fig.5 Residual stress distribution near the specimen sur-
face. Solid marks indicate the reference values using
the diffraction profiles of y’-Fe,N (220) and the
stress constant of e-Fe;N (103).
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Fig. 6 Hardness profiles in the diffusion zone of the test

materials.
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Fig. 7 Residual stress distribution in the diffusion zone of

the test materials.
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Fig.8 S-N data by rotating-bending fatigue test. As
quenched and tempered material (As QT) was eval-
uated as a reference.
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Fig.9 Fractured surfaces of the tested specimens of (a) No.1, 6,=350 MPa, 7.7 x 10° cycles,
(d) No.2, 0,=470 MPa, 3.8 x10* cycles and (g) No.3, o, =529 MPa, 6.0 x 10° cycles.
Photographs (b), (e) and (h) are magnified images of photographs (a), (d) and (g)

in the initial crack propagating regime, respectively. dg and dq, represent the thick-

ness of compound layer and diffusion zone. Photographs (c), (f) and (i) show crack

initiation sites of the specimens.
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Fig. 10 Microcracks near the notch root of test specimens in the cross section after 10" cycles :
(a) No.1, 0,=290 MPa, (b) No.2, 6,=431 MPa and (c) No.3, 0,=519 MPa.
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Fig. 11 Schematic illustration of facture surface and sub-cracks at the stress level of fatigue limit

for each material.
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Fig. 12 Microcracks around Vickers indent with 9.8 N : (a) No.2 and (b) No.3.
Dashed white lines represent the edge of the indent before surface pol-

ishing.
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