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Analysis of the Residual Stress due to Cold Expansion and Stress Intensity
Factor in CT specimen Using Finite Element Method
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Abstract

Recently, cold expansion of fastener holes is commonly used in the aerospace industry to increase the
fatigue endurance of airframes. Cold expansion process is used as the retardation of crack initiation in the hole.
This treatment leads to an improvement of fatigue behavior due to the compressive residual stresses
developed on the hole surface. The residual stress profile depends on the cold expansion ratio. In the present
paper, it is shown that residual stress is redistributed due to the application of cold expansion process for CT
specimen. It is further shown that residual stress increases in proportion to cold expansion ratio. It is thought
that crack growth rate increases as cold expansion ratio.
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Fig. 1 Schematic of the cold expansion process
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Fig. 2 Geometry of tension specimen

Table 1 Monotonic properties of A16061-T6
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Fig. 3 True stress-strain refation of Al6061-T6
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Fig. 4 Geometry of CT specimen
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Fig. 6 Finite element model for cold expansion and stress
intensity factor analysis
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Fig. 7 Stress intensity factors for standard CT specimen
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Fig. 8 Residual stress distribution at mid thickness in
the case of 4% cold expansion
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Fig. 9 Residual stress distribution by cold expansion for
the specimen with crack and without crack
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Fig. 10 Residual stress by cold expansion for different
crack lengths
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Fig. 11 Residual stress distribution according to cold
expansion ratio
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Fig. 12 SIF of thickness direction according to cold
expansion ratio
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Fig. 13 SIF in the thickness direction according to

crack length
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Fig.14 SIF according to cold expansion ratio
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