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Effect of Core Hardness and Notch Shape on the Rotating Bending
Fatigue Limit of Induction Surface Hardened S45C Steel

Téru FURUKAWA, Shizuyo ONUMA and Kazufumi Hosocal

Synopsis :

This report revealed the effects of preheat treatment, core hardness and notch shape on the rotating
bending fatigue limit of induction surface hardened S45C steel. In addition, the effect of fracture mode
on it was discussed. The results obtained are as follows;

1) Fatigue limit of test specimens with gentle notch (stress concentration factor «=1.46) is higher
than that of smooth. This reason will be that, the crack initiation of the notch specimen is at specimen
surface, but that of the smooth specimen is at fish eye. Therefore, in the case of the fracture starting
from fish eye in smooth specimens, the fatigue limit can be increased by the method of making a gentle
notch on the smooth specimen.

2) In the case of the effective depth of about 1.1 mm and 1.5 mm (diameter of the test specimen : 8
mm), the fracture mode starting from surface occurred when the core hardness was more than about HV
260, but the fracture mode starting from fish eye occurred when the core hardness was less than about
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HV 260. The fatigue limit decreased with the decrease of the core hardness.
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Table 1. Chemical composition of steel used

(wt9p) .
Steel | C | Si | Mn p s |ca | Ni J Cr
S45C | 0.48 | 0.22 | 0.77 0.017 | 0.017 0.01 0.01 J 0.01

a : specimen N, 830°C X 20min + AC, HV=230.
b : specimen R, 830°C X 20min - WQ and 650°C X 1h- AC,
HV =260,

Photo. 1. Micrograph of specimen N and R.

Table 2. Mechanical properties of specimen
N and R.

. (3% aB J ¢ CIv W
Specimen kgf/mm?|kgf/mm?| % | % HV kgf - m/cm? kgf/n};mz

N 45.3 75.9 |24.4|48.2|230 6.5 26

R 76.1 85.0 17.0(53. 1{260 12. 4 42

Note; specimen N: 830°C - 20 min - AC.
" R: 830°C - 20 min - WQ+650°C - 1h - AC.
CIV: U notch charpy impact value (JIS No. 3 test piece).
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Fig. 1. Shapes and dimensions of rotating bend-

ing fatigue test pieces (Dimension are in mm and
a denotes the stress concentration factor.).
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a,b : specimen N,
hardened zone,

¢,d : specimen R, a,c : surface

b,d : boundary zone
Photo. 2. Micrographs of surface hardened
zone and boundary zone.

specimen R, notch root dia. =8 mm
a : smooth specimen, b~ d : notched specimen,
b:p=2.0mm, c :p=0.4mm, d: p=0.lmm
Photo. 3. Macrographs near the notch root.
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Fig. 2. Distribution of hardness and residual
stress in surface hardened zone.
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Fig. 3. Distribution of hardness near the notch
root (specimen R).
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Fig. 4. S-N curves for smooth specimens.
(f: F.E. fracture)

a : 04mp=77.3 kgf/mm?, Nf=1.93x 106

b : 04mp=75.0 kgf/mm?2, Nf=2.98x 106
Photo. 4. Fish eye patterns in rotating bending
fatigue fractured surface.
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Fig. 5. S-N curves for notched specimens.
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Fig. 6. Non-propagating crack length at 107
cycles.
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Fig. 7. Relation between fatigue strength and
stress concentration factor.
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Fig. 8. Distribution of hardness and residual

stress in surface hardened zone (Specimen 1A
~4A).
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Fig. 9. S-N curves for smooth specimens.
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Fig. 10. S-N curves for smooth specimens.
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Fig. 11. Relation between core hardness and
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Fig. 12. Schematic illustration of the influence
of notch on the fracture pattern of surface hard-
ened specimen (o,g: fatigue limit of smooth
specimen, ¢,y : nominal fatigue limit of notched
specimen.).
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