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A Study on Stress Analysis and Fatigue Behaviors
of Carbonitrided Cr-Mo(SCM415) Steel
- About the Prediction of Fatigue Strength -

Sam-Hong Song*, and Sang-Hoon Lee**

ABSTRACT

In this research, the fatigue behaviors of carbonitrided Cr-Mo(SCM415) steel are examined. From fatigue test
results, we propose a modified fatigue strength evaluation model and modified formulae. That is, we develop
improved models for evaluating and predicting the fatigue strength of carbonitrided SCM415 by modifying specific
terms in the Murakami and Endo‘s model which is the representative fatigue strength evaluation formulae for high

strength steel.
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Table 1 Mechanical properties of specimens

Tensile | Yield . |Young's
strength | strength .Elongat Reduction modulus
ion (%)| of area
CNTS* | 1044.8 | 7554 2.10 233 218.2
RCNTS** | 922.1 760.3 2.24 2.59 208.3

* : CarboNitriding Treatment Specimen
** . Releasing residual stresses of CNTS

014 |

Fig. 1 Geometries of fatigue test specimen
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Fig. 3 Fractured surface of carburized SCM415
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Table 2 Size and location of inclusions and fatigue limit predicted by eq. (10) and (11)

. Applied Inclusion size Distance Nominal Fatigue limit
Mat?r;(al and stress at Cycles to ’ from stress at | predicted by Eq. g
vickers surface, failure, Ny V area; surface, inclusion, (10) and (11), O'l
hard H ’ w
ardness, Hv (MPa) (um) H(mm) 0, O'I y
580 1.09x10° 86.69 0.686 490.2 460.5 1.064
RCNTS,
600 2.75x10° 23.01 0.531 528 579 0.912
Hv=532
632 1.08x10° 34.0 0.58 547.6 538.2 1.017
750 1.41x10° 27.0 0.78 618 649 0.952
770 3.70x10° 36.49 0.857 621 593.9 1.046
790 1.02x10° 19.43 0.714 664.4 688 0.966
810 3.68x10° 30.9 0.647 691.7 637.9 1.084
CNTS, fv=s73 830 4.60x10° 419 0.92 657.6 576.8 1.140
850 137x10° 72.89 0.65 728 549.1 1.326
880 1.26x10° 24.6 0.645 752.7 655 1.149
380 4.17x10° 18.82 0.63 754.9 698.2 1.081

osh ge ARE FHOoE YRR YUA%
A AP By e e 2o

FFSH0) Sl 99 J2RE B4

rlo

6,=1.56(Hv+331)/(V area)
AFEEol st Aeel H2PE FrAe
6,=1.56(Ho+331)/(V area) ' x [ (1 - R)/2]°

o7]1A RE& ZHulo|n, oE

x10 742 dBH oz A

0.226 + Hv

o

3

8l

Mo

1. &%, o4&, "Ie2dst Heg 25-2eae
(SCM415)29] B 2AF 3 3N, =42
&3] 2], #1534, A8Z, pp. 135-144, 1998.

2. D. Lukas, L. Kunz, B. Weiss and R. Stickler,
"Notch Size Effect in Fatigue," Fatigue of Fracture

Engineering Materials and Structures, Vol. 12, No.
3, pp- 175-186, 1989.

3. H. Abdel-Raouf, T. M. Topper and A. Plumtree,
"A Model for the Fatigue Limit and Short Crack
Behavior Related to Surface Strain Redistribution,"
Fatigue Fracture Engineering Material Structure,
Vol. 15, No. 9, pp. 895-909, 1992.

4. S. H. Song and S. H. Lee, "The quantitative
Fatigue Strength Evaluation for Carbonitrided Case
Hardening Material," Proceedings of Asian Pacific
Conference for Fracture and Strength '96, pp.
633-638, Kyungju, Korea, 1996.

5. Y. Murakami and M. Endo, "Effects of Hardness
and Crack Geometries of 4K, of Small Cracks
Emanating from Small Defects," The Behavior of
Short Fatigue Cracks, Mech. Engng. pub., pp.
275-293, 1986.

6. Y. Murakami, "Effects of Small Defects and
Nonmetallic Inclusions on the Fatigue Strength of
Metals," JSME International Journal, Series I, Vol.
32, No. 2, pp. 167-180, 1989.

7. A. L. Gustavsson and A. Melander, "Fatigue Limit
Mode! for Hardened Steels,”
Engineering Material Structure, Vol. 15, No. 9, pp.

Fatigne Fracture

166



FAE - olAE . FFHLIHIA A17d AsE

881-894, 1992,

8. PIERALT, &R, "SREHONSRE LY
ERFE - R M, 404, F4585%, pp.
39-44, 1991.

9. o], AFE, A4, "s45CHe] 1 v EA
g BHASA F2gE oS #e 9+ @
FAFRTEI =T, Aed, AlF,

-142, 1998.

10. 4 E8CE S2A, "ESRERMOKEHEICRITT
NEHOEENTEBWAELE," BRERBeHR
SHE(ASR), BE5448, 50055, pp. 688-696, 1988.

11. Y. Murakami and H. Usuki, "Prediction of
Fatigue Strength of High-Strength Steels Based
on Statistical Evaluation of Inclusion Size,"
Trans. Japan Society Mech. Eng., Vol. 55, No.
510, pp. 213, 1989.

12. Y. Murakami, S. Kodama and S. Konuma,
"Quantitative  Evaluation of  Effects of

pp. 134

Non-metallic Inclusions on Fatigue Strength of
High Strength Steels. I : Basic Fatigue
Mechanism and Evaluation of Correlation
between the Fatigue Fracture Stress and the Size
and Location of Non-metallic Inclusions,”
International Journal of Fatigue, Vol. 11, No. 5,
pp. 291-298, 1989.

3. HETH], EEHE, TR, "EREOESIC
BII57 4 3aTABBIZOWT," BERBEM
FAfrdn SUR(ARR), BB4948, 2B440%%, pp. 413-
423, 1983.

167



