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Fatigue Behaviour of Cast Irons with Spheroidal Carbides Dispersed within
Fully Martensitic and Martensitic/Bainitic Matrix Microstructures
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The objective of the present study is to understand the fatigue behaviour and fracture mechanisms of cast irons
with spheroidal vanadium carbides dispersed within martensitic matrix microstructure. At first, rotary bending
fatigue tests have been performed using smooth specimens of cast irons with two different matrix microstructures:
fully martensitic microstructure and martensitic/bainitic microstructure. It was found that there existed a consider-
able scatter, but the former showed higher fatigue strength than the latter. Fatigue cracks invariably initiated from
casting defects in both cast irons, and thus their fatigue strengths depended strongly on casting defects. Then, addi-
tional fatigue tests have been conducted using a cast iron with fully martensitic microstructure whose castability was
improved by varying chemical composition. Fatigue cracks were still generated from casting defects, but the fatigue
strength was significantly high with a small scatter because the casting defect sizes were very small compared with
the cast irons described above. The +/area parameter model was applied to predict the fatigue limit of those cast
irons. Although the maximum casting defect sizes estimated from the statistics of extremes were considerably small-
er than the sizes of the casting defects from which the crack initiated, the area parameter model gave a reasonable

prediction of fatigue limit.
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Table I. Chemical compositions of the materials (wt.%).

Material C Si Mn S Cr Ni \"
FM  3.11 0.81 0.16 0.01 0.04 5.1 13.27
HM 3.11 0.8 0.16 0.01 0.03 3.1 13.27
M-FM 34 1 0.1 4 113

Fig. 1. Microstructure of FM : (a) low-magnification,
(b) high-magnification.

Fig. 2. Microstructure of HM : (a) low-magnification,
(b) high-magnification.

Fig. 3. Microstructure of M-FM : (a) low-magnification,
(b) high-magnification.
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Fig. 4. S-N diagrams for FM and HM characterized in
terms of (a) stress amplitude, (b) fatigue ratio.
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Fig. 5. SEM micrographs showing casting defects from
which the cracks initiated : (a) FM (o = 650MPa,

Nt = 6.61 x 10%, Jarea = 308um), (b) HM (c =
300MPa, N; = 3.68 x 10°, Jarea = 489um).
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Fig. 6. S-N curve for M-FM.
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Fig. 7. SEM micrographs showing a casting defect
from which crack initiated in M-FM: (a) low-
magnification, (b) high-magnification (o = 700
MPa, N; = 9.09 x 10%, Jarea = 77um).
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Fig. 8. Extreme value distributions of size of casting
defects from which cracks initiated.
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Fig. 9. Relationship between casting defect size and
fatigue life.
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Fig. 10. Relationship between maximum stress intensity
factor for casting defect and fatigue life.
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Fig. 11. Extreme value distributions of casting defect size.
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Table 1. Fatigue limits predicted by the « area parameter
model.

Vickers Casting defect Experimental Predicted

Material hardness size fatigue limit fatigue limit
code HV (area)'™,,,. O e Oup
(kg/mm?)  (um) (MPa) (MPa)
FM 470 218 350 339
HM 348 258 270 262
M-FM 644 117 500 487
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Fig. 12. Predicted fatigue limits compared with
experimental S-N curves.
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