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Effect of Stress Ratio on the Short Fatigue Crack Growth Behavior
in Cemented Carbides

Sotomi ISHIHARA, Takahito GOSHIMA,
Koichi ADACHI and Takashi YOSHIMOTO

Four point bending fatigue tests were performed on cemented carbides to investigate an effect of
stress ratio on the short fatigue crack growth behavior in air. At the region of high crack growth
rates, the maximum stress intensity factor, Kmay, is a dominating factor for crack growth behavior,
while at the region of low crack growth rates, stress intensity factor range, 4K accelerates the crack
growth rates with the aid of the maximum stress intensity factor, Kmax. The enhanced crack growth
rate brought by cyclic stressing at the low Kmax region is expected to be concerned with cyclic fatigue
damages ; i.e., loosening of a interface between WC grain and binder phase ahead of the crack tip,
and also removal of bridging parts at the crack wake.
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Table 1 Chemical compositions of the material

Wi(%)
WC TiC TaC NbC Co
72 8 8 2 10

Table 2 Mechanical properties of the material

Young’s ratio (GPa) 52712
Fracture toughness (MPam ) 127
Bending strength (MPa) 2600
Poisson’s ratio 0222
v
25 2

Fig.1 Spape and dimensions of specimen
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Fig.2 Relationships between dc/dN and stress inten-
sity factor range, 4K, at several stress ratios
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Fig.3 Relationships between dc/dN and maximum
stress intensity factor, Kmex, at several stress
ratios
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Crack Grow‘tb

(a) R=0.1, Knx=4.] MPa-m"% 6.2x107" m/cycle

Crack Growtn

(b) R=0.1, Knax=7.2 MPa-m"? 1.1x10"®m/cycle

Fig.4 Typical examples of crack morphologies for the
propagating crack at stress ratio, K=0.1

Fig.5 A schematic illustration of the zig-zag crack
which define the unit crack length Ci, and the
deflecting crack angle, a:
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Fig.6 Distributions of the unit crack length, C:, and
deflecting crack angle, @:, obtained at Kmax=4.0,
and 7.2 MPa-m'?
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Crack growth

(2) Kpax=4.2 MPa-m'?

Crack growth

(b)) Koax=7.4 MPa-m'?

Fig.7 Fractography for both Kmax=4.2 and 7.4
MPa-m!?
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Fig.8 Variation of crack growth rate due to an interac-

tion between crack and WC grains
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Table 3 Plastic zone size at Kmax.

R | Kot(MPan™) | Rp(um)| Rp/idm
01 41 06 044
05 52 1.0 0.75
08 59 1.3 0.96
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Fig.9 Crack growth acceleration mechanism due to
cyclic stress at lower stress intensity factor, Kmax
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Fig. 10 Crack growth mechanism at higher stress inten-
sity factor
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