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Fatigue Crack Propagation Life Evaluation of an
Autofrettaged Thick-Walled Cylinder
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Abstract

To ensure the structural integrity of the autofrettaged thick-walled cylinder subjected to cyclic
internal pressure loading, the fatigue crack propagation life of the cylinder was evaluated. Stress
intensity factors of the external cracked cylinder due to internal pressure and
autofrettage loadings were calculated using the finite element method. The fatigue crack propa-
gation lives of the cylinder based on the fracture mechanics concepts were predicted and compar-
ed to the experimental fatigue lives evaluated from the C-shaped simulation specimens. There
were good correlations between the predicted and experimental fatigue lives within a factor of 3
for the single and double grooved C-shaped simulation specimens. Predicted fatigue crack
propagation lives of the double grooved cylinders were about 1.5~5 times longer than those of

the single grooved cylinders depending on the levels of autofrettage.
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Fig. 1 External grooved thick-walled cylinder.
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Fig. 2 Finite element model of think-walled cylinder
witth an externalcrack.
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Fig. 3 Stress intensity factors of a cylinder due to
internal pressure and autofrettage loading
conditions.
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Fig. 4 Simulation fatigue test specimens in this
study.
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Table 1 Initial and critical crack lengths at the outside surface of the autofrettaged thick-walled
cylinder.
¢ (mm)
9% 0. S Present crack Socie Dowling Crr (mm)
( Single Double Single Double Single Double w
100 12 9 10 7 10.8 8.37 11.5
75 12 9 10 7 10.92 8.47 14.5
50 T 12 9 10 7 10.92 8.47 20.5

Table 2 Maximum equivalent stresses geq.max, Nominal stresses SN and theoretical stress concentration

factors K, at the external groove root of thick-walled cylinder.

Groove type 9% 0. S Sy(MPa) 0Goq-max (MPa) Ki.eq
100 969.7 3567.8 3.67

Single 75 855.4 2934.8 3.43

50 639.8 2196.5 3.43

100 958.5 2366.4 2.47

Double 75 804.3 1931.6 2.40
50 } 601.3 1445.5 2.40
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