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Abstract: The stage II fretting fatigue crack growth and branching, i.e., the process of fretting fatigue crack
growth starting in an inclined direction and then changing to the normal direction, is analyzed using the finite
element method. The fretting fatigue experiment data of A7075-T6 are used in the analysis. The applicability
of maximum tangential stress intensity factor, maximum tangential stress intensity factor range, and maximum
crack growth rate as the crack growth direction criteria is examined. It is revealed that the stage Il crack
growth before and after the branching cannot be simulated with a single criterion, but can be done when
different criteria are applied to the two stages of crack growth. Moreover, a method to determine the crack
length at which the branching occurs is proposed.
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ig. 1 Fretting fatigue cracks and nomenclatures
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Table 1 Fretting fatigue test results

Exp. | Pad F, o, a;

no. type N) (MPa) | (um) | (deg.)
1 Flat 800 89 464 72.5
2 Flat 800 142 458 76
3 Flat 800 178 438 75
4 Flat 2400 142 551 75
5 Flat | 2400 178 646 73
6 Cyl. 1920 142 331 69
7 Cyl. 1920 178 361 70

320
Ef

Fig. 2 Specimen and two types of pads for fretting
fatigue experiment

specimen surface

Fig. 3 Side view of fracture surface
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Fig. 4 Finite element model
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Fig. 5 Mises stress distribution in the specimen and
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Table 2 Measured and predicted length of inclined

crack
Exp. a; (pm) Error
N0. | Experiment | Prediction (%0)
1 464 450 3.0
2 458 400 12.7
3 438 400 8.7
4 551 550 0.2
5 646 700 8.4
6 331 300 9.4
7 361 320 11.4
2.8
— | 2in fatigue
—— Ep 1
—a—Exp. 2
—_ —r—Exp. 3
*352_4 | o iy
—s—Exp.5
E +Ex|p:.E
g —d—Exp. 7
g‘ 2
16
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Crack length [mm)

Fig. 9 Variation of KA

o,max

with crack length
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Fig. 10 Crack path prediction at various condition
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