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Failure modes

> Failure mode 1: The tube tears at edge 1, at the complete
circumference

> Failure mode 2: The tube tears at edge 2, at the complete
circumference

> Failure mode 3: The tube gets pulled off the internal workpiece,
no tearing occurs
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> Failure mode 1 : The tube tears at edge 1, at the complete
circumference
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> Failure mode 1 : The tube tears at edge 1, at the complete
circumference
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> Failure mode 2 : The tube tears at edge 2, at the complete
circumference
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> Failure mode 2 : The tube tears at edge 2, at the complete
circumference
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> Failure mode 2 : The tube tears at edge 2, at the complete

circumference
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> Failure mode 1: The tube tears at edge 1, at the complete
circumference

> Failure mode 2: The tube tears at edge 2, at the complete
circumference

> Failure mode 3: The tube gets pulled off the internal workpiece,
no tearing occurs

Average relative | Percentage of
Failure behaviour tensile strength occurrence
[%] [%]
Failure mode 1 81.7 63.0
Subgroup 1 74.0 16.8
Subgroup 2 80.0 29.4
Subgroup 3 91.0 16.8
Failure mode 2 75.3 12.0
Failure mode 3 66.4 14.0
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> Free deformation experiments :

> Relation between the thickness reduction and radial
deformation into a groove as function of the groove
dimensions and energy level

> Optimisation of crimp joints with a double groove design :
> DoE : optimal double groove design
> Tensile strength of 96 - 100%

» DIC: 3 failure modes
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