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Effects of Case Depth and Notch Shape on the Rotating
Bending Fatigue Properties of Carburized Steel

Téru FURURAWA, Shizuyo KoNuma,

Hideyasu SAKANIWA, and Tadashi Kasuva

Synopsis:

For various kinds of carburized case depths in SCM-21, both smooth specimens and notched speci-
mens with various notch shapes were tested under the rotating bending fatigue to evaluate the fatigue
strength properties of carburized steel. The main results obtained are as follows: (1) The makimum
value of the crack initiating stress gy and of the crack propagating stress oy, namely, the maximum
fatigue strength at 107 cycles, were obtained for notched specimen as well as the maximum fatigue
limit oy for smooth specimen in the case of the specimen with effective carburized case depth of
about 0.9~1.2 mm, corresponding to 18~249%, of the half the diameter of the specimen. (2) The
existence of the non-propagating crack at 107 cycles was observed in the case of the notched specimens
with the notch depth of ¢{>0.24 mm and the notch root radius of p=0.08mm. (3) The following
equation was found to hold between the nominal crack propagating stress at the crack tip ¢}y and the
effective crack length lgsr. 64%-lgrs=Const.

The exponent 7 determined was 7.2 for specimen A, 14 for specimen B and 22 for specimen C.
(4) For smooth specimen, the appearance of the fish-eye pattern was observed on the fractured
surfaces in the case of the specimen with the effective carburized case about 1.0mm or less deep, but
could not be certainly observed in the case of the craburized case depth exceeding 1.2 mm.
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Table 1. Chemical composition of material
used (wt.%).

Steel C |{Si {Mn| P S |Cu | Ni [Cr |'Mo
SCM 21 {0.15]0.33 {0.70(0.016]0.01 |0.18 {0.06 {1.03 |0.19

80 50 80
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Q&
$15

210
80 50 80
o 7
s ° s
' 80° D Pt |l
10.48 0.2414.0
1117 0.5915.0
12.00 |0.08[1.00]|5.5
q 13.45 1.73[6.0
18.00 4.00]{6.5
12.00 (0.5 {1.00]2.8

Fig. 1. Shapes and dimensionsTof specimens
(Dimensions are in mm and a denotes
the stress concentration factor.).
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Table 2. Austenite grain size and transformation
temperature of carburized SCM21.

JIS No.| Trans.Temp. (°C)
of G.S. | Ac1|Ac3| Ar3 | Arn
Case | 9.0 |755[795]|715|680
Core 8.2 765865800 |685

Rate of heating or cooling : 2°C/min
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Fig. 4. S-N curves for smooth specimens.
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a, overall viewof fractured surface,

b, initiation regionof fish-eye,

c, carburized case away about 0.3mm
from the specimen surface,

d, non-carburized core away about 3mm
from the specimen surface, '

e, final fractured region.
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Photo. 1. Scanning electronmicrographs of fatigue fractured surface.
L (specimen B, smooth specimen, ¢ =67.3 kg/mm?)
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Fig. 5. S-N curves for notched specimens.
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Photo. 2. The influence of stress amplitude and prior austenite grain boundaries on propaga-
tion behaviours of non-propagating crack.
a, specimen B, p=0.08 mm, :=1.00mm, ¢=>55.1 kg/mm?
b, specimen G, p=0.08 mm, {=4.00 mm, ¢=234.9 kg/mm?
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Fig. 6. Non-propagating crack length at 107
cycles
(O : specimen A, (P :specimen B,
@ : specimen C).
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b EETETTS.

3) p=0.08mm T £>0.24 mm DOFREH DYIX &
CAETLIRAEGEAE XL, UREPBRVBETREK
WEANB G EEID, FIREVEL 10D ERKEE
¥ X OWIR B X CEBRCE—EC LS.

4) HHEIHUEI L EUERMCRT HAHEHERID
PO (owa') lere=C DBIFREM B Y 7o, # OEIX
AZEC 7.2, BaRC 13.8, CR¥Ciz 21.7 T, IE
BRI OECHENTELLAE . LEADT F
SHEUE I VB LT, FEERCET HAH

X ZGER LTI OBLT A Ts .

5) SERBEBAC KT, BRBRE I lmm [
TOBESTILTFOWMEIT 7 4 » Vo » TAHRD LR
7o, ARNBRE SIS 1.2 mm [ EOBHEII L OBM
W7 4 v Yo 7TARBD RO Itk, 74
v Vo o 7 A OEEMECH b IEE BN YR
Pyic L1 bivs ol

AR EETTHECHIh, BYRPELH RS
HH O EIFEL I ORARBOCERCH I S e AFEEH
BENBFEBECER BH#HT 5. Ik, S ORKRIAE
EREE () otk sfiFEc Lok, EBHFE
Zomh o, AHEOBNAE LI IA TS 2R
Bt OMFECS U CEELSHEYRTS.
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