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Subsurface Crack Initiation and Propagation Mechanism in the Super-Long
Fatigue Regime for High Speed Tool Steel, JIS SKH51,
by Fracture Surface Topographic Analysis
Kazuaki SHIOZAWA** Yuuichi MORII and Seiichi NISHINO

** Department of Mechanical and Intellectual Systems Engineering, Toyama University,
3190 Gofuku, Toyama-shi, Toyama, 930-8555 Japan

In order to study the subsurface crack initiation and propagation mechanism of high strength
steel in very high cycle fatigue regime, computational simulation with fracture surface topographic
analysis (FRASTA) was carried out for subsurface fatigue crack initiated specimens of high speed
tool steel, JIS SKH 51, obtained from the rotating bending fatigue test in air. A remarkable area
formed around the nonmetallic inclusion inside the fish-eye region on the fracture surface, which is
a feature on the fracture surface in super long fatigue and named as GBF (granular-bright-facet),
was observed in detail by a scanning probe microscope and a three-dimensional SEM. The GBF
area, in which a rich carbide distribution was detected by EPMA, revealed a very rough and granular
morphology in comparison with the area inside the fish-eye. It was clearly simulated by FRASTA
method that multiple microcracks initiated depressively by the decohesion of spherical carbide from
the matrix around a nonmetallic inclusion and coalesce each other into the GBF area during fatigue
process. After the formation of GBF area, interior crack grew radially and the fish-eye pattern
formed on the fracture surface.

Key Words: Long Life Fatigue, Subsurface Crack, Crack Initiation Mechanism, Fractography,
Topographic Analysis, High Speed Tool Steel
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(a) Etched by nital (b) Electro-polished

Fig.1 Microstructure of testing material

(a) Secondary electron (b) Back scattered electron
image image

Fig.2 SEM images of microstructure in tested
material
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Fig.3 S-N cur\}e for high-speed tool steel, SKH 5147
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Fig.4 SEM micrographs of fish-eye on the fracture
surface
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Fig.5 Surface roughness plot along a cutting line on
the fracture surface of the specimen in Fig. 4
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Table 1 Experimental measurement of surface
roughness on the fracture surface

(um)

. Insideof | Outsideof

Specimen | Roughness | GBF® fisheye® | fisheye @
Ra 0.130 0027 0227
Type A Rmax 0395 0.124 0937
S 1204 1.546 1.990
. Ra - 0028 0221
TypeB | Rmax | - 0.137 1120
S - 1.408 1931

(a) Secondary electron image

(b) Back scattered electron image

Fig.6 SEM matching photograph in the GBF area on
the fracture surface of Type A specimen
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Fig.7 Surface roughness plot along a cutting line X-Y

in the vicinity of Mo-V-W carbide on the frac-
ture surface
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(a) SEM micrograph of analyzed area
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(a) SEM micrograph of analyzed area

(b) Fracture area projection plots, FAPPs

Fig.9 A series of FAPPs generated by FRASTA
method for Type B specimen

(m CHOI24nm
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(b) Fracture area projection plots, FAPPs.

Fig.10 Analytical results of XSPs in the region of GBF
for the Type A specimen regarding to fracture
of the large carbide

Fig.8 A series of FAPPs generated by FRASTA
method for Type A specimen with GBF area
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(a) SEM micrograph show- (b) SPM image of the GBF
ing the area observed area
by SPM

(c¢) Birds-eye pattern of the GBF area in (b)

Fig.11 Detail observation of the GBF area on the

fracture surface of Type A specimen by SPM

(a) SEM micrograph show- (b) SPM image of
ing the area observed by microstructure
SPM

0.00

(¢) Birds-eye pattern of the area in (b)

Fig. 12 Detail observation of the microstructure of the
tested materials by SPM
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Fig. 13 Experimental results for particle distribution
in the GBF and the microstructure of
specimen

(c) Mo

Fig. 14 Distribution of C, Mo and W around an inclu-
sion of Type A specimen by EPMA
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(a) SEM

(¢c) Mo

Fig. 15 Distribution of C, Mo and W around an inclu-
sion of Type B specimen by EPMA
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Fracture surface ‘ Inclusion
2 GBF QFish-eye »

i1

¥ Prior austenitic grain
@ Spherical carbide
Mo-V-W-carbide
(d) ;g====3 Crack

Fig. 16 Model for the formation of GBF area around an inclusion during the super long fatigue process
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