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The Analysis of Fatigue Crack Initiation and
Microstructure of Plasma Ion Nitrided SACM645 Steel
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Dept. of Metallurgical Engineering, Korea University, Seoul 136-701

ABSTRACT

The fatigue crack initiation behavior of plasma ion nitrided SACM645 steel was investigated
through the rotary bending fatigue test and residual stress measurement by XRD. It was shown by
XRD and EPMA that the plasma ion nitrided surface was composed of ¥ (FeaN)phase and e(FexsN)phase,
and that the nitrogen atoms existed in Fe matrix in diffusion layer. The OM, SEM and Auger
spectroscopy showed that the depth of compound layer, mixed compound and diffusion layer, and
diffusion layer was 8, 30mm and 300mm, respectively. However, the microhardness test showed that
the depth of hardened layer was 500um. The tensile strength of the ion nitrided SACM645 was lower
than that of the unnitrided SACM645, and the ion nitrided specimen was fractured without plastic
deformation. The nitrided SACM645 showed much poorer low cycle fatigue properties than the
unnitrided one. In rotary bending fatigue, the fatigue strength of the ion nitrided SACM645 was
higher than that of the unnitrided specimen, and the fatigue crack initiation sites changed by applied
fatigue stress levels. The XRD result showed that the ion nitrided SACM645 has the compressive
residual stress from surface to 600um deep and the tensile residual stress from 600um to deeper site. It
is thought that crack initiation takes place at the point where the total stress of residual stress and
applied stress is maximum.
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Table 1 Chemical composition of SACM645.

C|{S [Mn|P| S |Cr|Mo| Al

wt% |0.45{0.16/0.4110.01{0.02|0.55|0.39| 1.02
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Table 2 Conditions of X-ray diffraction for
residual stress measurement.

characteristic X-ray Cr-Ke
Diffraction plane (211)a -Fe
Tube Voltage 30kV
Tube ampere 10mA
Scan speed 2° /min

26 range 151° ~162°
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Fig.1 XRD of the ion nitreded SACM645 at
various depth.
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Fig. 2 SEM of the ion nitrided SACM645 from
surface to interior.
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Fig. 3 EPMA of compound layer and diffusion
layer.
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Fig. 4 Variation of Vickers hardness with the
depth of the ion nitrided SACM645.
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Fig. 5 Auger nitrogen line profice with respect to
the depth from the surface.
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Fig. 6 .The folw curve of the ion nitrided and the
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Fig. 7 S-N curve of the ion nitrided and the
unnitrided SACM645.
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Fig. 8 Optical micrograph of the ion nitrided
specimen fractured by rotary bending
fatigue.
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Fig. 9 SEM of the fractured surface cf the ion
nitrided specimen at various applied stresses.
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Fig. 10 SEM of the fractured surface of

the ion nitrided specimen(o
=41.5kg/m) and EPMA of the
inclusions.(a and b stand for the
inclusions indicated as arrows in
the photograph.)
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Fig. 11 Variation of fatigue crack initiation sites
with respect to the applied stresses.
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Fig. 13 Stress distribution in the ion nitrided

SACM645.
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