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A Fracture Mechanics and Fractographic Study on the

Fatigue Crack Propagation Behaviours in Some Castings

Masazumi TANAKA

Fatigue crack gfowth behaviours were examined using the methods of fractography and fracture
mechanics, for five kinds of castings (an Al-alloy casting, two spheroidal graphite (S.G.) cast irons
and two grey cast irons). This work was carried out as a part of a series of experimental works in
this Reserch Institute to clarify the fatigue failure phenomena of metalic materialls and also to get
the information for analysis and prevention of failure accidents. The characteristic feature of these
castings in this aspect was discussed in comparison with that of rolled materials (an Al-alloy 2017-
T 3 and a mild steel SB42) studied in the previous work.

Plate specimens of 4mm thick, 100mm width and 200mm length with a central slot were fatigued
at the frequency range of 135~150Hz, with stress ratios R (the ratio of minimum to maximum stress
in 'pne load cycle) ranging from —1.0 to 0.7. The macroscopic crack growth rates were determined
as the slope of the surface crack length (1) to number of cycle (n) curves. Fracture surfaces
were mainly observed directly, using a scanning electron microscope, and in some cases, using a
transmission electron microscope with 2 stage chromium shadowed carbon replica. And a X-ray
microanalyzer was used to measure the microscopic distribution of Si in a S.G.cast iron. The defini-
tion of striation and the measuring method of their Spacingé were based on those in the previous work.

The main results of this work are summarized as follows;

(1) Macroscopic fatigue crack propagation rates for five kinds of castings are well described as a
function of the effective stress intensity factor based on the Elber’s crack closure concept taking
account of stress ratio R.

(2) The Al-alloy casting and S.G.cast irons have fairly high fatigue crack growth resistance
similar to those of the rolled materials (an Al-alloy and steels reépectively), but that resistance is
lower for two grey cast irons.

(8) Fatigue fracture and static fracture are easily distinguished macroscopically for Al-alloy
casting and S.G. cast irons, but that is not the case for grey cast irons.

(4) Besides fatigue striations, various microscopic features of fatigue fracture surface are observed
in Al-alloy casting and S.G.castings, but few of them in grey cast irons.

(5) The correlation between striation spacing and macroscopic crack propagation rate is good for
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S. G cast iron, but not so good for Al-alloy casting.

(6) The area ‘percentage of 1ntergranular fracture surface and spheroidal graphite area in S G.
cast irons, and that of transgranular fracture surface of pearlite colony in the sandmold grey cast

iron, are respectively correlated to stress 'intensity factor, and may be used for the gquantitative

analysis of fatigue fracture surfaces of these castings.
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Table | Chemical compositions of test materials (Wt %)
HEM o LERS
Material Mg Fe Be C Si Mn P S
AC7B-T4 10.5 0.09 0. 004 —_ 0.08 — — —_—
FCD45 A —_ — — 3.44 | 2.8 0.59 0.023 0.026
FCD45B — — — 3.52 2.43 0.24 0.070 0.014
FC20M —_— —_— —_— 3.05 2,15 0.63 0. 092 0.041
FC20° — — —_ 3.60 1.80 0.38 0. 030 0.028
Table 2 Mechanical properties of test materials
PR O B RA R E Bt '
Mét erial Yield Strength Tensile Strength Elongation Hardness
L kg/mm? kg/mm? % (Brinell)
AC7B-T4 18,4 ) 19.5 2.8 75
FDC45A e 52. 8 16.4 201
FCD45B - —_ 47.8 13.0 201
FC20M —_ 21.5 e 163
FC20. —_— 20.5 —_— 175

(b) FCD45A
"~ Fig. 1

M o ER ST

Microstructures of test materials

(d) FC20
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Fig. 4 Examples of crack growth curves.
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Fig. 15 Relations: of stiriation spacing
and crack propagation - rate to
the effective stress intensity -
factor (AC7B-T 4).
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effective stress intensity factor
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Fig. 19 The microscopic crack growth
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Application of a maximum tensile strain criterion to the fracture of grinding
wheels

—In a case of the fracture of vitrified grinding wheels under diametral com-

pression test—
Soichi Kumekawa, Etsuji Yoshihisa
Research Report of the Research Institute of Industrial Safety RIIS-RR-28-4

Disk specimens and ring specimens are loaded along the diameter until they
split, and the relation between grinding wheel strength in biaxial state of stress
and that in uniaxial state of stress are investigated by adopting the maximum
tensile strain criterion for fracture.

Therefore the both equivalent stress of the maximum tensile strain in each

state of stress are in good agreement.
(11 Figures, 3 Photographs, 4 Tables, 11 References)
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