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Evolution of Dislocation Structure and Fatigue Crack Behavior in Fe—Si Alloys during Cyclic Bending Test

Kohsaku USHIODA, Shoji GOTO, Yoshinari KOMATSU, Akinori HOSHINO and Shigeto TAKEBAYASHI

Synopsis : The evolution of dislocation structures was investigated by TEM in Fe—Si alloys with 0, 0.5 and 1.0 mass% Si during a cyclic bending test in
conjunction with fatigue crack behavior. The addition of Si increased the fatigue strength. The evolution of dislocation structures was signifi-
cantly influenced by the Si addition. Namely, in the steel without Si the dislocation cell structure develops, whereas in the steel with 1 mass%
Si the vein structure develops which is considered to lead to increased fatigue strength. The dislocation cell structure observed in the steel
without Si is postulated to be caused by the easy cross slip of dislocations during cyclic deformation, whereas the vein structure developed in
the steels with Si is inferred to be caused by the difficulty in cross slip due to the decrease in stacking fault energy. Furthermore, the Si added
steel shows a characteristic structure in a manner such that the dislocations are free in approximately 0.5 ¢m zones along grain boundaries.
The examinations of the fatigue fracture surface revealed that the transgranular fracture takes place in steel without Si, whereas in steel with
1 mass% Si many intergranular cracks were observed just beneath the top surface. The intergranular cracks in the 1 mass% Si steel were
thought to be caused by the fact that a) strains are dispersed within grains owing to the vein structure and b) micro cracks are initiated and
propagated along grain boundaries due to the dislocation free zones.
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Table 1. Chemical compositions of steels used for fatigue
test (mass%o).

Steels C Si Mn P S Al Ti N

ULCI | 0.0024 | <0.001 | <0.001 | <0.001 | 0.0002 | 0.0360 0.0015
ULC2 | 0.0014 | 0.4900 | 0.0045 | <0.002 | 0.0001 | 0.0460 0.0011
ULC3 | 0.0027 | 0.9900 | 0.0049 | <0.002 | 0.0001 | 0.0450 0.0009
TiHIF1 | 0.0025 | 0.0021 | <0.001 | 0.0013 | 0.0005 | 0.0460 | 0.0360 | 0.0007
TiIF2 | 0.0023 | 0.4800 | <0.001 | 0.008 | 0.0005 | 0.0460 | 0.0360 | 0.0006
Ti-IF3 | 0.0032 | 0.9600 | <0.001 | 0.0009 | 0.0005 | 0.0440 | 0.0360 | 0.0008
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Fig. 1. Shapes and dimensions of the specimens used for (a) tensile and (b) fatigue test (mm).
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Fig. 2. Stress—strain curves of the specimens of ULC and

Ti-IF with and without Si addition.

600
«
=W —O—  ULCI(0%Si)
z B
o 500[ e gi-lﬁz((lﬂ//Zs‘i))
&
E
= 400
="
g
= .
w2
2 300
=
=
2
23 200,
&}

100 *

10 100 100 100 10

Number of cycles to failure

Fig. 3. Influence of Si and Ti addition on S—N curves.
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Fig. 4. TEM micrograph of Ti-IF1 (0% Si) tested under a
low stress amplitude showing the stage of cell
structure formation with a relatively large size of
5~10um near the top surface (o=162.8 MPa,
N=1,673,800).
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Fig. 5. TEM micrographs of Ti-IF1 (0% Si) tested under a
middle stress amplitude showing dislocation struc-
tures near the top surface (0=222.7MPa,
N=36,300). (a) The cell structure with a reduced
size of 4~5 um, (b) the stage of forming cell walls.
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Fig. 6. TEM micrographs of Ti-IF1 (0% Si) tested under a high stress amplitude showing 3~4 um relatively fine cell structures
developed in grains with various orientations near the top surface (0=267.8 MPa, N=15,100).
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Fig. 7. TEM micrograph of Ti-IF1 (0% Si) tested under a
high stress amplitude showing the cell structures
developed in the vicinity of grain boundaries
(G.B.) and triple point (T.P) (6=267.8 MPa, N=
15,100).

Fig. 8. TEM micrographs of ULC2 (0.5% Si) tested under
a low stress amplitude showing dislocation bundles
near the top surface (6=189.3 MPa, N=498,000).
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Fig. 9. TEM micrographs of ULC2 (0.5% Si) tested under
a middle stress amplitude showing the vein struc-
ture and the periodically arranged dislocation wall
structure near the top surface (0=221.8 MPa,
N=41,300).
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Fig. 10. TEM micrographs of ULC2 (0.5% Si) tested under a high stress amplitude showing (a) the well developed cell-like struc-
ture and (b) the periodically arranged dislocation wall structure coexisting with the vein structure near the top surface

(0=251.4MPa, N=39,700).

Fig. 11. TEM micrographs of Ti-IF3 (1% Si) tested under
a low stress amplitude showing planar dislocation
structures near the top surface (0=210.0 MPa,
N=1,353,200).

Fig. 12. TEM micrographs of Ti-IF3 (1% Si) tested under
a middle stress amplitude showing development
of the vein structure near the top surface (o=
267.8 MPa, N=129,600).
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Fig. 13. TEM micrographs of Ti-IF3 (1% Si) tested under
a high stress amplitude showing development of
the vein structure near the top surface (6=305.3
MPa, N=35,600).
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Fig. 14. TEM micrographs of Ti-IF3 (1% Si) tested under
a high stress amplitude showing development of
the periodically arranged dislocation wall struc-
ture near the top surface (0=2380.9MPa,
N=8,500).
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Fig. 15. SEM images showing the fatigue fractured surfaces in the specimens tested in (a) Ti-IF1 (0% Si) under a lower stress am-
plitude (174.1 MPa), (b) Ti-IF1 under a high stress amplitude (267.8 MPa), (¢) Ti-IF3 (1% Si) under a lower stress ampli-
tude (242.2 MPa), (d) Ti-IF3 under a high stress amplitude (364.2 MPa). Single arrows (—) show striations on fractured
surfaces and double arrows (=) in (¢) and (d) show the grain boundary fractured surface.
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Fig. 16. Three dimensional representation of dislocation
structures of specimens tested under a high stress
amplitude of (a) Ti-IF1 (0% Si) (0=267.8 MPa,
N=15,100) and b) Ti-IF3 (1% Si) (0=305.3
MPa, N=35,600).
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Fig. 19. SEM image of intergranular cracks observed just
beneath the top surface of Ti-IF3 (1% Si) tested
under a high stress amplitude (o=364.2MPa,
N=19,200).
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Fig. 20. Schematic representations of the fatigue crack be-
havior in terms of dislocation arrangements in the
specimens having (a) the cell structure without Si
and (b) the vein structures with Si.
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